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A +2`iB7v i?�i 2t+2Ti r?2`2 /m2 �+FMQrH2/;K2Mi ?�b #22M ;Bp2M- i?2 rQ`F
T`2b2Mi2/ BM i?Bb i?2bBb Bb i?�i Q7 i?2 �mi?Q` �HQM2c i?2 rQ`F ?�b MQi #22M bm#@
KBii2/ T`2pBQmbHv- BM r?QH2 Q` BM T�`i- iQ [m�HB7v 7Q` �Mv Qi?2` �+�/2KB+ �r�`/c
�M/ i?2 +QMi2Mi Q7 i?2 i?2bBb Bb i?2 `2bmHi Q7 rQ`F r?B+? ?�b #22M +�``B2/ Qmi
bBM+2 i?2 Q{+B�H +QKK2M+2K2Mi /�i2 Q7 i?2 �TT`Qp2/ `2b2�`+? T`Q;`�KX
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�#bi`�+i

_2+2Mi i`2M/b BM BM/mbi`v b?Qr BM+`2�bBM; �/QTiBQM Q7 .2p2HQTK2Mi �M/ PT@
2`�iBQMb U.2pPTbV T`�+iB+2bX _2�bQMb 7Q` BM+`2�bBM; .2pPTb �/QTiBQM �`2 i?2
7Q+mb QM i?2 +`2�iBQM Q7 +`Qbb@7mM+iBQM�H i2�Kb- �M/ i?2 �#BHBiv iQ `2H2�b2 ?B;?@
[m�HBiv bQ7ir�`2 �i � 7�bi T�+2X �HQM;bB/2 i?2 �/QTiBQM Q7 .2pPTb- T2`7Q`@
K�M+2 i2biBM; +QMiBMm2b iQ 2pQHp2 iQ K22i i?2 ;`QrBM; /2K�M/b Q7 i?2 KQ/@
2`M 2Mi2`T`Bb2 �M/ Bib M22/ 7Q` �miQK�iBQMX �b .2pPTb �/QTiBQM +QMiBMm2b
�M/ b2H7@b2`pB+2 2MpB`QMK2Mi T`QpBbBQMBM; #2+QK2b +QKKQMTH�+2 BM AM7Q`K�@
iBQM h2+?MQHQ;v UAhV /2T�`iK2Mib- KQ`2 /2p2HQT2`b rBHH #2 rQ`FBM; QM 2t2+mi@
BM; T2`7Q`K�M+2 i2bib- iQ 2Mbm`2 i?2 [m�HBiv Q7 `2H2�b2/ b2`pB+2b b�iBb}2b mb2`bǶ
2tT2+i�iBQMb r?BH2 +QMbi`�BMBM; i?2 `2bQm`+2b M22/2/ iQ /Q bQX

JQ/2HBM; �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �`2 iBK2@+QMbmKBM;
�M/ /B{+mHi �+iBpBiB2b- `2[mB`BM; 2tT2`i FMQrH2/;2- +QKTH2t BM7`�bi`m+im`2- �M/
� `B;Q`Qmb T`Q+2bb iQ ;m�`�Mi22 i?2 [m�HBiv Q7 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/
i?2 Q#i�BM2/ `2bmHibX *m``2MiHv �p�BH�#H2 T2`7Q`K�M+2 i2biBM; �TT`Q�+?2b �`2
MQi r2HH BMi2;`�i2/ rBi? .2pPTb T`�+iB+2b �M/ iQQHb �M/ �`2 Q7i2M 7Q+mbBM;
QMHv QM bT2+B}+ M22/b Q7 T2`7Q`K�M+2 i2biBM; KQ/2HBM; �M/ �miQK�iBQMX

� `2+2Mi bm`p2v #v i?2 ai�M/�`/ S2`7Q`K�M+2 1p�Hm�iBQM *Q`TQ`�iBQM UaS1*V
_2b2�`+? :`QmT U_:V QM .2pPTb `2TQ`i2/ i?2 M22/ 7Q` � M2r T�`�/B;K 7Q`
T2`7Q`K�M+2 �+iBpBiB2b iQ #2 bm++2bb7mHHv BMi2;`�i2/ rBi? .2pPTb T`�+iB+2b �M/
iQQHb- bm+? �b i?2 QM2 T`QTQb2/ #v .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM; U.S1VX
S`2pBQmb bim/B2b `2TQ`i2/ bm++2bb7mH �TTHB+�iBQMb Q7 .S1 iQ .2pPTb +QMi2tib-
/m2 iQ i?2 QTTQ`imMBiv iQ KQ/2H i?2 T2`7Q`K�M+2 i2biBM; /QK�BM FMQrH2/;2
�b � }`bi@+H�bb +BiBx2M �M/ Bib �#BHBiv iQ Qz2` /Bz2`2Mi H2p2Hb Q7 �#bi`�+iBQM iQ
/Bz2`2Mi T2QTH2 `2HvBM; QM BiX

AM i?Bb /Bbb2`i�iBQM- r2 BMi`Q/m+2 � ǳ.2+H�`�iBp2 �TT`Q�+? 7Q` S2`7Q`K�M+2
h2bib 1t2+miBQM �miQK�iBQMǴ 2M�#HBM; i?2 +QMiBMmQmb �M/ �miQK�i2/ 2t2@
+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi
GB72+v+H2 U*a.GV- �M BMi2;`�H T�`i Q7 .2pPTb T`�+iB+2bX q2 +QMi`B#mi2 �M
�miQK�iBQM@Q`B2Mi2/ +�i�HQ; Q7 T2`7Q`K�M+2 i2bi ivT2b �M/ ;Q�Hb �M/ � /2b+`BT@
iBQM Q7 ?Qr i?2v }i BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G- � /2+H�`�iBp2 .QK�BM
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aT2+B}+ G�M;m�;2 U.aGV 2M�#HBM; i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2
i2bib �M/ i?2B` �miQK�i2/ Q`+?2bi`�iBQM T`Q+2bb2b �HQM;bB/2 i?2 *a.G- �M/ �
7`�K2rQ`F 7Q` 2M/@iQ@2M/ �miQK�i2/ T2`7Q`K�M+2 i2biBM; Q7 _1ah7mH U_1ah@
7mHV q2# b2`pB+2b �M/ "mbBM2bb S`Q+2bb JQ/2H �M/ LQi�iBQM kXy U"SJL kXyV
qQ`F~Qr J�M�;2K2Mi avbi2Kb Uq7JabV `2HvBM; QM i?2 +QMi`B#mi2/ .aGX q2
2p�Hm�i2 i?2 T`QTQb2/ .aG #v +QM/m+iBM; �M 2tT2`i `2pB2r i�`;2iBM; Bib Qp2`@
�HH 2tT`2bbBp2M2bb �M/ bmBi�#BHBiv 7Q` i?2 i�`;2i mb2`b- T2`+2Bp2/ mb�#BHBiv �M/
2zQ`i- �M/ `2mb�#BHBiv Q7 bT2+B}2/ i2bibX q2 �HbQ T2`7Q`K � bmKK�iBp2 2p�H@
m�iBQM Q7 i?2 .aGǶb mb�#BHBiv BM i2`Kb Q7 H2�`M�#BHBiv- �M/ `2mb�#BHBiv Q7 i2bi
bT2+B}+�iBQMbX h?2 bm`p2vb +QM}`K i?2 T`QTQb2/ �TT`Q�+? Bb p�HB/ 7Q` i?2 �BKb
Bi ?�b #22M #mBHi 7Q`- �M/ Bi Bb +QMbB/2`2/ QM �p2`�;2 ;QQ/ 7Q` �HH i?2 2p�Hm�i2/
mb�#BHBiv /BK2MbBQMbX q2 2p�Hm�i2 i?2 BKTH2K2Mi2/ 7`�K2rQ`F #v T2`7Q`KBM;
Bi2`�iBp2 `2pB2rb Q7 i?2 /Bz2`2Mi p2`bBQMb Q7 i?2 7`�K2rQ`F- �M/ � +QKT�`�iBp2
2p�Hm�iBQM Q7 i?2 T`QTQb2/ 7`�K2rQ`FǶb 72�im`2b +QKT�`2/ iQ bi�i2@Q7@i?2@�`i
�p�BH�#H2 bQHmiBQMbX h?2 Bi2`�iBp2 `2pB2rb H2/ iQ K�Mv BKT`Qp2K2Mib /m2 iQ
i?2 `2+2Bp2/ +QMbi`m+iBp2 722/#�+F- r?BH2 i?2 +QKT�`�iBp2 2p�Hm�iBQM b?Qr2/
MQ Qi?2` bQHmiBQMb bBKBH�` iQ i?2 T`QTQb2/ QM2 �`2 �p�BH�#H2 BM i?2 HBi2`�im`2X
q2 �bb2bb i?2 Qp2`�HH +QMi`B#mi2/ bQHmiBQM #v 2t2+miBM; � H�`;2 MmK#2` Q7 +�b2
bim/B2b- #v +QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`b BM 2ti2M/BM; #Qi? i?2 .aG �M/
i?2 7`�K2rQ`FX



�+FMQrH2/;K2Mib

�HKQbi 7Qm` v2�`b �b � S?. +�M/B/�i2 �i i?2 �`+?Bi2+im`2- .2bB;M �M/ q2#
AM7Q`K�iBQM avbi2Kb 1M;BM22`BM; :`QmT UaQ7ir�`2 AMbiBimi2- lMBp2`bBi¨ /2HH�
apBxx2`� Bi�HB�M� UlaAVV- bBt KQMi?b �b pBbBiBM; `2b2�`+?2` �i i?2 aQ7ir�`2 Zm�H@
Biv �M/ �`+?Bi2+im`2 :`QmT UlMBp2`bBiv Q7 aimii;�`iV �M/ KQ`2 i?�M irQ v2�`b
�b *HQm/ L�iBp2 h2+? G2�/ BM EB`�i2+?- rQ`FBM; rBi? 2Mi2`T`Bb2b BM arBix2`@
H�M/ �M/ Ai�HvX .m`BM; i?Bb iBK2 A /2p2HQT2/ Kv /Bbb2`i�iBQM +QHH�#Q`�iBM;
rBi? K�Mv T2QTH2- 2tT2`B2M+BM; 7�BHm`2b �M/ bm++2bb2b- �M/ 7�+BM; KmHiBTH2
+?�HH2M;2b BM /Bz2`2Mi +QMi2tibX

h?2 }`bi T2`bQM r?Q K�/2 Kv S?. DQm`M2v TQbbB#H2 Bb Kv �/pBbQ`- *2b�`2
S�mi�bbQX q2 K2i i?2 }`bi iBK2 BM H�i2 kyRj 7Q` i?2 BMi2`pB2rb iQ ;2i �++2Ti2/
7Q` � S?. TQbBiBQM- �7i2` A �TTHB2/ 7Q` Bi �M/ ?�/ i?2 BMBiB�H BMi2`pB2r rBi?
JB+?2H2 G�Mx�X A rBHH M2p2` i?�MF vQm 2MQm;? 7Q` �/pBbBM; K2 i?`Qm;?Qmi
i?2b2 v2�`b- 7Q` ?2HTBM; K2 bQ`i Qmi Kv UbQK2iBK2b iQQ K�Mv �M/ 7mxxvV B/2�b-
�M/ 7Q` rQ`FBM; iQ;2i?2` iQ BKT`Qp2 �M/ 2t2+mi2 i?2K Bi2`�iBp2HvX A �K �HbQ
i?�MF7mH 7Q` K�FBM; K2 `2�HBx2 #v 2tT2`B2M+2- �HH i?2 rQ`F i?2`2 Bb #2?BM/ 2p2`v
bBM;H2 H2+im`2X

� r�`K i?�MF vQm iQ Kv +QHH2�;m2b J�bB�` "�#�x�/2?- �M/`2� :�HHB/@
�#BMQ- �M� Ap�M+?BFD- �M/ o�bBH2BQb h`B;HB�MQb 7Q` �++2TiBM; Kv B/BQbvM+`�bB2b-
�M/ b?�`BM; rBi? K2 KQbi Q7 Kv S?. DQm`M2v- bQK2 i`�p2Hb �`QmM/ i?2 qQ`H/-
�M/ 7Q` DQBMBM; K2 �i Kv q2//BM; T�`ivX � T�`iB+mH�` i?�MF vQm iQ �M�
Ap�M+?BFD 7Q` rQ`FBM; iQ;2i?2` QM K�Mv `2b2�`+? rQ`FX

� #B; i?�MF vQm �HbQ iQ Kv +QHH2;m2b ai2z2M "2+F2`- h?QK�b 6X .ɃHHK�MM-
J�`Fmb 6`�MF- 6HQ`BK2Mi EHBM�Fm- .mȒ�M PF�MQpBÉ- h22`�i SBi�F`�i- �M/`û
p�M >QQ`M- �M/ >2MMBM; a+?mHx 7Q` r2H+QKBM; K2 BM aimii;�`i �M/ b?�`BM;
rBi? K2 ;`2�i T`Q72bbBQM�H �M/ T2`bQM�H KQK2MibX

� ;`�i27mH i?�MF vQm iQ PHBp2` EQTT- J�`B;B�MM� aFQm`�/�FB- �M/ 6`�MF
G2vK�MM- �M/ Qi?2` +QHH2�;m2b 7`QK i?2 AMbiBimi2 Q7 �`+?Bi2+im`2 Q7 �TTHB@
+�iBQM avbi2Kb �i i?2 lMBp2`bBiv Q7 aimii;�`i- �M/ J�ii?B�b :2B;2`- aBKQM
>�``2`- �M/ Cƺ`; G2M?�`/ 7`QK i?2 lMBp2`bBiv Q7 "�K#2`;X q2 �ii2M/2/ ;`2�i
`2b2�`+? ;`QmT `2i`2�ib BM G�mi2`#�/ �M/ b?�`2/ �mi?2MiB+ :2`K�M +mHim`2
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2tT2`B2M+2b �M/ ;`2�i #QM/BM; iBK2X � T�`iB+mH�` i?�MF vQm iQ J�`B;B�MM�
aFQm`�/�FB 7Q` rQ`FBM; iQ;2i?2` QM K�Mv `2b2�`+? rQ`F �b T�`i Q7 i?2 "2M+?@
6HQr T`QD2+iX

h?�MFb �HbQ iQ C�MBM2 *�;;B�MQ- 1HBb� G�`;?B- .�MBD2H� JBHB+2pB+- S�QHQ
a+?KB/i- :B�+QKQ hQz2iiB@*�`m;?B- �M/ C�+BMi� oB;BMB 7Q` #2BM; �Hr�vb `2@
bTQMbBp2 �M/ bmTTQ`iBp2 i?`Qm;?Qmi Kv DQm`M2v �i lMBp2`bBi� /2HH� apBxx2`�
Bi�HB�M�X

� r?QH2?2�`i2/Hv i?�MF vQm iQ Kv 2MiB`2 2ti2M/2/ 7�KBHv 7Q` �Hr�vb #2BM;
bmTTQ`iBp2 Q7 Kv HB72 �M/ rQ`F +?QB+2b- �M/ 7Q` #2BM; T`2b2Mi BM ?�TTv iBK2b
�M/ `2�bbm`BM; BM /B{+mHi iBK2bX aQK2 Q7 vQm /B/ MQi HBp2 HQM; 2MQm;? iQ b22
i?2 bi�`i �M/fQ` i?2 2M/ Q7 i?Bb S?. DQm`M2v BM T2`bQM- #mi A �K bm`2 vQm �`2
rBi? K2 �M/ vQm �`2 �bbBbiBM; K2 rBi? vQm` HQp2X

� 7`B2M/Hv i?�MF vQm �HbQ iQ Kv 7`B2M/b 7Q` b?�`BM; Kv HB72 DQm`M2vX aQK2
Q7 vQm ?�p2 #22M �Hr�vb i?2`2 �b r2 ;`2r mT iQ;2i?2`- bQK2 Q7 vQm b?�`2/
rBi? K2 i?2 ?B;?@b+?QQH 2tT2`B2M+2- Kv "�+?2HQ` bim/B2b BM L�TH2b- Kv J�bi2`
bim/B2b BM JBH�M- Kv S?. bim/B2b �M/ 2tT2`B2M+2b BM /Bz2`2Mi T�`ib Q7 i?2
qQ`H/- �M/ Kv rQ`F 2tT2`B2M+2 r?BH2 HBpBM; BM *QKQX LQ K�ii2` r?2M Qm`
7`B2M/b?BT bi�`i2/ vQm K�/2 K2 722H �i ?QK2- �M/ vQm ?�p2 �Hr�vb #22M rBi?
K2 �M/ vQm �`2 biBHH ?2`2X uQm` mM+QM/BiBQM�H bmTTQ`i T`Qp2/ KQMmK2Mi�H
iQr�`/b i?2 bm++2bb Q7 Kv DQm`M2v �M/ A �K bm`2 Bi rBHH #2 7Q` i?2 +QMiBMm�iBQM
Q7 i?2 b�K2X

A rBb? iQ b?Qr Kv ;`�iBim/2 �HbQ iQ �HH i?2 i2�+?2`b- �bbBbi�Mib- �M/ +H�bb@
K�i2b A 2M+QmMi2`2/ /m`BM; Kv �+�/2KB+ DQm`M2vX A �K r?�i A �K �HbQ #2+�mb2
Q7 vQm- �M/ rBi?Qmi i?2 bmTTQ`i Q7 bQK2 Q7 vQm- A rQmH/ ?�p2 MQi bi�`i2/- �M/
/2}MBi2Hv- A rQmH/ ?�p2 MQi `2�+?2/ i?2 2M/ Q7 i?Bb ;`2�i S?. 2tT2`B2M+2X

h?�MF vQm iQ i?2 bim/2Mib r?Q /2+B/2/ iQ b?�`2 i?2B` i?2bBb 2tT2`B2M+2
rBi? K2, J�`+Q �`;2MiB- 6`�M+2b+Q "2`H�- :�#`B2H2 *2`7Q;HBQ- aBKQM2 .Ƕ�pB+Q-
C2bT2` 6BM/�?H- �M� Ap�M+?BFD- J�`+Q LBpBMB- J�Mm2H S�H2M;�- �M/ *?`BbiQT?
wQ`MX A H2�`M2/ bQK2i?BM; 7`QK 2�+? QM2 Q7 vQm- �M/ A ?QT2 vQm �HH H2�`M2/
bQK2i?BM; mb27mH 7`QK K2X h?�MF vQm �HbQ iQ �HH i?2 bim/2Mib A i�m;?i /m`BM;
Kv 2tT2`B2M+2 �b � i2�+?BM; �bbBbi�MiX A H2�`M2/ � HQi 7`QK /2�HBM; rBi? bQ
K�Mv /Bz2`2Mi T2QTH2 �M/ +mHim`2bX

h?�MF vQm �HbQ iQ �HH i?2 Qi?2` T2QTH2 A K2i /m`BM; Kv �+�/2KB+ DQm`@
M2v- KQbi Q7 r?QK r?BH2 i`�p2HBM; �i `2b2�`+? `2i`2�ib �M/ K�Mv +QM72`2M+2b
�`QmM/ i?2 qQ`H/X 1bT2+B�HHv- +QHH�#Q`�iBM; rBi? `2b2�`+?2`b BM i?2 aS1* _:
.2pPTb S2`7Q`K�M+2 qQ`FBM; :`QmT ?�b #22M � ;`2�i bQm`+2 Q7 BMbTB`�iBQMX
Pm` DQBMi rQ`F #`Q�/2M2/ Kv pB2r QM T2`7Q`K�M+2 2M;BM22`BM;X h?�MF vQm iQ
Kv +QHH2�;m2b BM EB`�i2+? �M/ i?2 ;`2�i T2QTH2 A K2i r?BH2 rQ`FBM; BM EB`�i@
2+? �b r2HHX A �K H2�`MBM; � HQi 7`QK vQmX h?�MFb �HbQ iQ �HH i?2 T�`iB+BT�Mib



tB

r?Q `2THB2/ iQ i?2 bm`p2vb A b?�`2/ 7Q` ;2iiBM; 722/#�+F QM Kv rQ`FX �HH vQm`
BMTmib ?2HT2/ K2 b?�T2 i?Bb /Bbb2`i�iBQMX

A �HbQ r�Mi iQ b?Qr Kv ;`�iBim/2 iQ i?2 K2K#2`b Q7 Kv /Bbb2`i�iBQM +QK@
KBii22, S`Q7X q�Hi2` "BM/2`- S`Q7X GBQM2H "`B�M/- S`Q7X .`X .`X ?X +X 6`�MF
G2vK�MM- �M/ S`Q7X J�m`Q S2xxĕX h?�MF vQm 7Q` i?2 iBK2 vQm BMp2bi2/ BM
T`QpB/BM; BMbB;?i7mH 722/#�+F QM Kv /Bbb2`i�iBQMX

G�bi #miěM22/H2bb iQ b�věMQi H2�bi- i?2`2 �`2 MQi 2MQm;? rQ`/b iQ i?�MF
Kv rB72 *�i2`BM� 7Q` bi�vBM; +HQb2 iQ K2 /m`BM; Kv 2MiB`2 �+�/2KB+ DQm`M2v-
7`QK Kv "�+?2HQ` iQ Kv S?.X AM i?2 H�bi v2�`b- A bi`m;;H2/ iQ #2�` rBi? Kvb2H7X
A +�M MQi BK�;BM2 ?Qr /B{+mHi Bi Kmbi ?�p2 #22M 7Q` vQmX h?�MF vQm 7Q` �Hr�vb
#2BM; bmTTQ`iBp2 �M/ 2M/m`BM; Kv �#b2M+2bX
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*QMi2Mib

A S`QHQ;m2 R

R AMi`Q/m+iBQM j
RXR *QMi2ti �M/ JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X j
RXk S`Q#H2K ai�i2K2Mi �M/ _2b2�`+? :Q�Hb X X X X X X X X X X X X X X X X 8

RXkXR _2b2�`+? :Q�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X e
_X:X R @ �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ; e
_X:X k @ .2+H�`�iBp2 aT2+B}+�iBQM G�M;m�;2 X X X X X X X X X d
_X:X j @ �miQK�i2/ 1t2+miBQM Q7 .2+H�`�iBp2 S2`7Q`@

K�M+2 h2bib X X X X X X X X X X X X X X X X X X X X X X X d
_X:X 9 @ 1t2+miBM; S2`7Q`K�M+2 h2biBM; BM *a.G X X X X X 3

RXj *QMi`B#miBQMb �M/ 1p�Hm�iBQM amKK�`v X X X X X X X X X X X X X X X X 3
RXjXR JQ/2HBM; �M/ �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X N
RXjXk hQQHb �M/ �`iB7�+ib X X X X X X X X X X X X X X X X X X X X X X X X Ry
RXjXj Pi?2` *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X RR

RX9 h?2bBb PmiHBM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RX9XR S�`i A @ S`QHQ;m2 X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RX9Xk S�`i AA @ .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM; �miQK�iBQM X X Rj
RX9Xj S�`i AAA @ 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X R9
RX9X9 S�`i Ao @ 1TBHQ;m2 X X X X X X X X X X X X X X X X X X X X X X X X X R8

RX8 Sm#HB+�iBQM �M/ *�`22` Pp2`pB2r X X X X X X X X X X X X X X X X X X X X R8

k 6QmM/�iBQMb Q7 S2`7Q`K�M+2 h2biBM; �miQK�iBQM kd
kXR S2`7Q`K�M+2 h2biBM; 6mM/�K2Mi�Hb X X X X X X X X X X X X X X X X X X X kd
kXk .Bz2`2Mi EBM/b Q7 S2`7Q`K�M+2 h2bib X X X X X X X X X X X X X X X X X k3
kXj �miQK�iBQM BM S2`7Q`K�M+2 h2biBM; X X X X X X X X X X X X X X X X X X kN

kXjXR J�BM *?�HH2M;2b BM �miQK�iBM; S2`7Q`K�M+2 h2biBM; X X X kN
kXjXk S2`7Q`K�M+2 h2biBM; �miQK�iBQM BM .2pPTb X X X X X X X X jy

kX9 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

j ai�i2@Q7@i?2@�`i jj
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jXR "B`/Ƕb@2v2 pB2r Q7 S2`7Q`K�M+2 1M;BM22`BM; �M/ S2`7Q`K�M+2
h2biBM; GBi2`�im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj

jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM; X X X X X X X X X X X X X X X X X jd
jXkXR q?�i Bb ǳ.2pPTbǴ X X X X X X X X X X X X X X X X X X X X X X X X X jd
jXkXk *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2 X X X X X X X X X j3
jXkXj S2`7Q`K�M+2 1M;BM22`BM; �M/ *a.G X X X X X X X X X X X X X j3

jXj �miQK�iBQM Q7 q2# a2`pB+2b S2`7Q`K�M+2 h2biBM; X X X X X X X X X 9R
jX9 �miQK�iBQM Q7 qQ`F~QrJ�M�;2K2Mi avbi2Kb S2`7Q`K�M+2 "2M+?@

K�`FBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k
jX8 .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM; X X X X X X X X X X X X X X X X X 9j
jXe S2`7Q`K�M+2 h2biBM; .QK�BM aT2+B}+ G�M;m�;2b X X X X X X X X X X 9e
jXd S2`7Q`K�M+2 h2biBM; �miQK�iBQM hQQHb X X X X X X X X X X X X X X X X 9N
jX3 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d

AA .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM; �miQK�iBQM 8N

9 �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ; 7Q` .S1 eR
9XR AMi`Q/m+iBQM �M/ Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X eR
9Xk �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib .2}MBiBQM X X X X X X X X X ek

9XkXR *QMi2tib �M/ 6�+iQ`b .2}MBM; S2`7Q`K�M+2 h2bib hvT2b X ej
h?2 alh *QMi2ti X X X X X X X X X X X X X X X X X X X X X X X X X ej
h?2 *HB2Mi *QMi2ti X X X X X X X X X X X X X X X X X X X X X X X X ee

9XkXk 6�+iQ`b AKT�+iBM; S2`7Q`K�M+2 h2bib �miQK�iBQM X X X X X ed
9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ; X X X X X X X X X X eN

9XjXR h?2 S2`7Q`K�M+2 h2bib *�i�HQ; h2KTH�i2 X X X X X X X X X X eN
9XjXk h?2 S2`7Q`K�M+2 h2bib *�i�HQ; X X X X X X X X X X X X X X X X dj

9X9 S2`7Q`K�M+2 h2bib :Q�Hb �M/ .2pPTb X X X X X X X X X X X X X X X X X Ryj
9X9XR *QM+2Tib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
9X9Xk *a.G �M/ S2`7Q`K�M+2 h2bib 1t2+miBQM X X X X X X X X X X X Ry9
9X9Xj *a.G �M/ S2`7Q`K�M+2 h2bib a2H2+iBQM X X X X X X X X X X X X Ry8

J�Mm�HHv a+?2/mH2/ S2`7Q`K�M+2 h2bib X X X X X X X X X X X X Rye
a2H2+iBQM "�b2/ QM i?2 .2p2HQTK2Mi 6HQr X X X X X X X X X X Ryd
a2H2+iBQM "�b2/ QM i?2 alh J�im`Biv G2p2H X X X X X X X X X RyN
a2H2+iBQM "�b2/ QM i?2 alh *HB2Mi- .2THQvK2Mi �M/ _mM@

iBK2 *QMi2tib X X X X X X X X X X X X X X X X X X X X X X RRR
9X8 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR
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8 "2M+?6HQr .aG, .2+H�`�iBp2 aT2+X Q7 S2`7X h2bi �miQK�@
iBQM S`Q+2bb2b RRj
8XR AMi`Q/m+iBQM �M/ _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X X RRj
8Xk *QM+2Tib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR8
8Xj "2M+?6HQr .aG J2i�@KQ/2H X X X X X X X X X X X X X X X X X X X X X X X RRd

8XjXR h2bi J2i�@KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X RR3
8XjXk 1tT2`BK2Mi J2i�@KQ/2H X X X X X X X X X X X X X X X X X X X X X RkN
8XjXj alh .2THQvK2Mi .2b+`BTiQ` J2i�@JQ/2H X X X X X X X X X X Rjy

8X9 "2M+?6HQr .aG JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X RjR
8X9XR h2bi JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjR
8X9Xk 1tT2`BK2Mi JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X R8R
8X9Xj alh .2THQvK2Mi .2b+`BTiQ` JQ/2H X X X X X X X X X X X X X X R8j

8X8 "2M+?6HQr .aG 7Q` *a.G X X X X X X X X X X X X X X X X X X X X X X X X R89
8X8XR "2M+?6HQr .aG 7Q` *a.G J2i�@KQ/2H X X X X X X X X X X X X R8e
8X8Xk "2M+?6HQr .aG 7Q` *a.G JQ/2H X X X X X X X X X X X X X X X R8e

8Xe "2M+?6HQr .aG �M/ .aG 7Q` *a.G AKTH2K2Mi�iBQM X X X X X X X X R8N
8XeXR .aG u�JG *QKTH2i2 aT2+B}+�iBQM X X X X X X X X X X X X X X R8N
8XeXk .aG 7Q` *a.G u�JG *QKTH2i2 aT2+B}+�iBQM X X X X X X X Rdj
8XeXj u�JG 1t�KTH2b X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8

.aG u�JG 1t�KTH2b X X X X X X X X X X X X X X X X X X X X X X Rd8
alh .2THQvK2Mi .2b+`BTiQ` u�JG 1t�KTH2b X X X X X X X R3d
.aG :Q�H u�JG 1t�KTH2b X X X X X X X X X X X X X X X X X X X R3N
.aG 7Q` *a.G u�JG 1t�KTH2b X X X X X X X X X X X X X X X X kRR

8XeX9 h?2 a+�H�@C�p� GB#`�`v X X X X X X X X X X X X X X X X X X X X X X kRj
avMi�+iB+ �M/ a2K�MiB+b o�HB/�iBQM X X X X X X X X X X X X X X kR9
*QKTmi�iBQM Q7 1tTHQ`�iBQM aT�+2 X X X X X X X X X X X X X X kRd

8Xd *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkk

e "2M+?6HQr, � 6`�K2rQ`F 7Q` .2+H�`�iBp2 S2`7Q`K�M+2 h2bi@
BM; kkj
eXR AMi`Q/m+iBQM �M/ _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X X kkj
eXk "2M+?6HQr 6`�K2rQ`F �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X kk8

eXkXR .2bB;M S`BM+BTH2b X X X X X X X X X X X X X X X X X X X X X X X X X X kke
eXkXk *QKTQM2Mib .B�;`�Kb X X X X X X X X X X X X X X X X X X X X X X kkd

a2`pB+2b �M/ _2bTQMbB#BHBiB2b X X X X X X X X X X X X X X X X X X kjy
1tTHQ`�iBQM S?�b2 X X X X X X X X X X X X X X X X X X X X X kjR
1t2+miBQM S?�b2 X X X X X X X X X X X X X X X X X X X X X X kj9
�M�HvbBb S?�b2 X X X X X X X X X X X X X X X X X X X X X X X kje

eXkXj a2[m2M+2 .B�;`�Kb X X X X X X X X X X X X X X X X X X X X X X X X kj3
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eXkX9 �miQK�iBQM GB72@+v+H2bǶ ai�i2 J�+?BM2b .B�;`�Kb X X X X X k98
eXkX8 S2`7Q`K�M+2 .�i� *QHH2+iBQM a2`pB+2b X X X X X X X X X X X X X ke8
eXkXe J2i`B+b *QKTmi�iBQM 6`�K2rQ`F X X X X X X X X X X X X X X X ke3
eXkXd h`B�H 1t2+miBQM 6`�K2rQ`Fb X X X X X X X X X X X X X X X X X X X keN
eXkX3 *QMbi`m+iBQM Q7 i?2 "mM/H2b �M/ GQ�/ .`Bp2`b X X X X X X X kdk

eXj "2M+?6HQr 6`�K2rQ`F AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X kdj
eXjXR a2`pB+2bǶ h2+?MQHQ;B2b X X X X X X X X X X X X X X X X X X X X X X X kdj

ai�i2 J�+?BM2 AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X kd9
eXjXk .2THQvK2Mi .B�;`�K X X X X X X X X X X X X X X X X X X X X X X X kd9
eXjXj J�BM a2`pB+2bǶ �SAb AKTH2K2Mi�iBQM .2i�BHb X X X X X X X X kde
eXjX9 S2`7Q`K�M+2 .�i� *QHH2+iBQM a2`pB+2b X X X X X X X X X X X X X kd3
eXjX8 .�i� h`�Mb7Q`K�iBQM �M/ J2i`B+b *QKTmi�iBQM 6mM+iBQMb k39

*�i�HQ; Q7 �p�BH�#H2 S2`7Q`K�M+2 J2i`B+b- ai�iBbiB+b- �M/
ai�iBbiB+�H h2bib X X X X X X X X X X X X X X X X X X X X X k39

J2i`B+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X k38
ai�iBbiB+b X X X X X X X X X X X X X X X X X X X X X X X X X X k33
ai�iBbiB+�H h2bib X X X X X X X X X X X X X X X X X X X X X X kNy

eXjXe lb2`@bB/2 hQQHb X X X X X X X X X X X X X X X X X X X X X X X X X X X kNR
eXjXd AMi2;`�iBQM rBi? .2pPTb iQQHb �M/ *a.G X X X X X X X X X X kNk
eXjX3 1ti2MbBQMb SQBMib X X X X X X X X X X X X X X X X X X X X X X X X X kNk

eX9 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNj

AAA 1p�Hm�iBQM kN8

d 1p�Hm�iBQMb kNd
dXR 1tT2`i _2pB2r Q7 i?2 "2M+?6HQr .aG X X X X X X X X X X X X X X X X X kNd

dXRXR 1p�Hm�iBQM Zm2biBQMb �M/ >vTQi?2b2b X X X X X X X X X X X X kN3
dXRXk 1p�Hm�iBQM J2i?Q/b Pp2`pB2r X X X X X X X X X X X X X X X X X kNN
dXRXj .�i� *QHH2+iBQM J2i?Q/ �M/ am`p2v .Bbb2KBM�iBQM X X X X kNN
dXRX9 ai`m+im`2 Q7 i?2 1p�Hm�iBQM am`p2v X X X X X X X X X X X X X X jyy
dXRX8 1p�Hm�iBQM S`Q+2/m`2 X X X X X X X X X X X X X X X X X X X X X X X jyR

AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyR
ai�`i2` Zm2biBQMb X X X X X X X X X X X X X X X X X X X X X X X X X jyR
G2�`MBM; i?2 .aG �M/ i?2 "2M+?6HQr �TT`Q�+? X X X X X X jyR
1tT2`i _2pB2r Zm2biBQMb X X X X X X X X X X X X X X X X X X X X jyj
q`�T@mT Zm2biBQMb X X X X X X X X X X X X X X X X X X X X X X X X jy9

dXRXe _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy9
LmK#2` Q7 _2bTQM/2Mib X X X X X X X X X X X X X X X X X X X X X jy9



tpBB *PLh1Lha

_2bTQM/2Mi 1tT2`B2M+2 �M/ 1tT2`iBb2 X X X X X X X X X X X X jy9
1tT`2bbBp2M2bb _2bmHib X X X X X X X X X X X X X X X X X X X X X X jyd
lb�#BHBiv �M/ 1zQ`i _2bmHib X X X X X X X X X X X X X X X X X X X jy3
_2mb�#BHBiv _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X jRy
amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b _2bmHib X X X X X X X X X X X jRR
q`�T@mT *QMbB/2`�iBQMb X X X X X X X X X X X X X X X X X X X X X jRk
*QM+HmbBQM �M/ G2bbQMb G2�`M2/ X X X X X X X X X X X X X X X X jR9

dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG X X X X X X X X X X X X jR9
dXkXR 1p�Hm�iBQM Zm2biBQMb �M/ >vTQi?2b2b X X X X X X X X X X X X jR8
dXkXk 1p�Hm�iBQM J2i?Q/b Pp2`pB2r X X X X X X X X X X X X X X X X X jR8
dXkXj .�i� *QHH2+iBQM J2i?Q/ �M/ am`p2v .Bbb2KBM�iBQM X X X X jR8
dXkX9 ai`m+im`2 Q7 i?2 1p�Hm�iBQM am`p2v X X X X X X X X X X X X X X jRe
dXkX8 1p�Hm�iBQM S`Q+2/m`2 X X X X X X X X X X X X X X X X X X X X X X X jRd

AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRd
ai�`i2` Zm2biBQMb X X X X X X X X X X X X X X X X X X X X X X X X X jRd
G2�`MBM; i?2 .aG �M/ i?2 "2M+?6HQr �TT`Q�+? X X X X X X jR3
�bb2bbK2Mi h�bFb X X X X X X X X X X X X X X X X X X X X X X X X X jR3
SQbi@�bb2bbK2Mi Zm2biBQMb X X X X X X X X X X X X X X X X X X X jky
q`�T@mT X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jky

dXkXe _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jky
LmK#2` Q7 _2bTQM/2Mib X X X X X X X X X X X X X X X X X X X X X jkR
_2bTQM/2Mi 1tT2`B2M+2 �M/ 1tT2`iBb2 X X X X X X X X X X X X jkR
h�bF@#�b2/ 1p�Hm�iBQM _2bmHib X X X X X X X X X X X X X X X X X jkj

G2�`M�#BHBiv �bb2bbK2Mi _2bmHib X X X X X X X X X X X X jkj
_2mb�#BHBiv �bb2bbK2Mi _2bmHib X X X X X X X X X X X X jk8

SQbi@�bb2bbK2Mi *QMbB/2`�iBQMb X X X X X X X X X X X X X X X X jk3
1tT`2bbBp2M2bb X X X X X X X X X X X X X X X X X X X X X X X jk3
Pp2`�HH lb�#BHBiv X X X X X X X X X X X X X X X X X X X X X jk3
:Q�H@#�b2/ aT2+B}+�iBQM lb�#BHBiv X X X X X X X X X X X jkN
*QKT�`BbQM rBi? ai�M/�`/ AKT2`�iBp2 �TT`Q�+?2b jjy

q`�T@mT *QMbB/2`�iBQMb X X X X X X X X X X X X X X X X X X X X X jjR
*QM+HmbBQM �M/ G2bbQMb G2�`M2/ X X X X X X X X X X X X X X X X jjk

dXj Ai2`�iBp2 _2pB2r Q7 i?2 "2M+?6HQr 6`�K2rQ`F X X X X X X X X X X X jjj
dX9 *QKT�`�iBp2 1p�Hm�iBQM Q7 S2`7Q`K�M+2 h2biBM; �miQK�iBQM 6`�K2@

rQ`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9y
dX8 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X j98

3 *�b2 aim/B2b j9d
3XR "2M+?K�`FBM; qQ`F~Qr J�M�;2K2Mi avbi2Kb X X X X X X X X X X X j9d



tpBBB *PLh1Lha

3Xk AMi2;`�iBQM Q7 i?2 "2M+?6HQr �TT`Q�+? rBi? i?2 *QMiBMmAhv
�TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8R

3Xj "2?�pBQ`�H@/`Bp2M S2`7Q`K�M+2 h2biBM; X X X X X X X X X X X X X X X X j8j
3X9 .2}MBiBQM Q7 � S2`7Q`K�M+2@#�b2/ .QK�BM J2i`B+ 7Q` a2`pB+2bǶ

.2THQvK2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j88
3X8 *QM+Hm/BM; _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8N

Ao 1TBHQ;m2 jeR

N G2bbQMb G2�`M2/ jej
NXR G2bbQMb G2�`M2/ BM Qi?2` S2QTH2 lbBM; i?2 "2M+?6HQr .aG �M/

6`�K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jej
NXk G2bbQMb G2�`M2/ BM 1ti2M/BM; i?2 "2M+?6HQr .aG �M/ 6`�K2rQ`Fje9
NXj G2bbQMb G2�`M2/ BM AMi2;`�iBM; i?2 "2M+?6HQr .aG �M/ 6`�K2@

rQ`F rBi? Qi?2` avbi2Kb X X X X X X X X X X X X X X X X X X X X X X X X X je8

Ry *QM+HmbBQM jed
RyXR h?2bBb amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jed
RyXk amKK�`v Q7 *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X jdy
RyXj h?`2�ib iQ o�HB/Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jdy

RyXjXR *QMbi`m+i o�HB/Biv X X X X X X X X X X X X X X X X X X X X X X X X X jdR
RyXjXk AMi2`M�H o�HB/Biv X X X X X X X X X X X X X X X X X X X X X X X X X X jdR
RyXjXj *QM+HmbBQM o�HB/Biv X X X X X X X X X X X X X X X X X X X X X X X X jdR
RyXjX9 1ti2`M�H o�HB/Biv X X X X X X X X X X X X X X X X X X X X X X X X X X jdR

RR PT2M *?�HH2M;2b �M/ PmiHQQF jdj
RRXR GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jdj
RRXk GQM;@i2`K oBbBQM �M/ PmiHQQF X X X X X X X X X X X X X X X X X X X X X jd9
RRXj 6BM�H _2K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jde

o �TT2M/Bt jdN

� .aG, *QKTH2i2 h2bi �M/ 1tT2`BK2Mi u�JG aT2+B}+�iBQM j3R

" .aG, u�JG aT2+B}+�iBQM 1t�KTH2b jN8

* 1tT2`i _2pB2r am`p2v 9yR
*XR .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM; X X X X X X X X X X X X X X X X X X X X 9yR
*Xk 1tT2`i _2pB2r Q7 h?2 S`QTQb2/ �TT`Q�+? X X X X X X X X X X X X X X 9yk



tBt *PLh1Lha

*Xj 1tT2`B2M+2 �M/ 1tT2`iBb2 X X X X X X X X X X X X X X X X X X X X X X X X X 9y9
*XjXR 1/m+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y9
*XjXk S`Q72bbBQM�H _QH2 X X X X X X X X X X X X X X X X X X X X X X X X X X 9y9
*XjXj 1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2 X X X X X X X X X X 9y8
*XjX9 1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; X X X X 9y8
*XjX8 q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\ X X X X X X X X X X 9y8
*XjXe >Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\ X X X X X 9y8

*X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b X X X X X X X X X X X X X X X 9ye
*X9XR u�JG aT2+B}+�iBQM 6Q`K�i X X X X X X X X X X X X X X X X X X X 9yd
*X9Xk 1t�KTH2b Q7 .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}+�iBQM

�M/ AMi2;`�iBQM rBi? *a.G X X X X X X X X X X X X X X X X X X X 9kd
*X8 _2pB2r Q7 i?2 �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X 9j3

*X8XR 1tT`2bbBp2M2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j3
*X8Xk lb�#BHBiv �M/ 1zQ`i X X X X X X X X X X X X X X X X X X X X X X X X 9j3
*X8Xj _2mb�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9jN
*X8X9 amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b X X X X X X X X X X X X X X X X X 9jN

*Xe 6BM�H 1p�Hm�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99y
*Xd h?�MF vQm5 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99y

. amKK�iBp2 1p�Hm�iBQM am`p2v 99j
.XR .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM; X X X X X X X X X X X X X X X X X X X X 99j
.Xk amKK�iBp2 1p�Hm�iBQM Q7 h?2 S`QTQb2/ �TT`Q�+? X X X X X X X X X 999
.Xj 1tT2`B2M+2 �M/ 1tT2`iBb2 X X X X X X X X X X X X X X X X X X X X X X X X X 99e

.XjXR 1/m+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99e

.XjXk S`Q72bbBQM�H _QH2 X X X X X X X X X X X X X X X X X X X X X X X X X X 99e

.XjXj 1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2 X X X X X X X X X X 99d

.XjX9 1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; X X X X 99d

.XjX8 q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\ X X X X X X X X X X 99d

.XjXe >Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\ X X X X X 99d
.X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b X X X X X X X X X X X X X X X 993

.X9XR u�JG aT2+B}+�iBQM 6Q`K�i X X X X X X X X X X X X X X X X X X X 98y

.X9Xk 1t�KTH2b Q7 .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}+�iBQM
�M/ AMi2;`�iBQM rBi? *a.G X X X X X X X X X X X X X X X X X X X 9eN

.X8 _2pB2r Q7 i?2 �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X 9d8
.X8XR G2�`M�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9de

:Q�H aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X 9de
1tTHQ`�iBQM aT�+2 aT2+B}+�iBQM X X X X X X X X X X X X X X X X 9d3
P#b2`p2 aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X 9dN
h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM X X X X X X X X X X X X X X X 9dN



Zm�HBiv :�i2b aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X 93y
qQ`FHQ�/b aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X 93R
PT2`�iBQMb aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X 93k
JBt aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X 939
alh aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X 938
.�i� *QHH2+iBQM aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X 93e
*QKTH2i2 h2bi aT2+B}+�iBQM @ _2;`2bbBQM h2bi X X X X X X X 93e
h2bi amBi2 aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X 933

.Xe _2mb�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93N
:Q�H aT2+B}+�iBQM _2mb2 X X X X X X X X X X X X X X X X X X X X X 93N
h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM _2mb2 X X X X X X X X X X X 9Ny
Zm�HBiv :�i2 aT2+B}+�iBQM _2mb2 X X X X X X X X X X X X X X X 9NR
h2bi amBi2 aT2+B}+�iBQM _2mb2 X X X X X X X X X X X X X X X X X 9Nk

.Xd 6BM�H 1p�Hm�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9Nj
.XdXR 1tT`2bbBp2M2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X 9Nj
.XdXk lb�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9Nj
.XdXj Pi?2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N9
.XdX9 :2M2`B+ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N9

.X3 h?�MF vQm5 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N8

6B;m`2b

9XR *a.G, 1t�KTH2 Q7 S2`7Q`K�M+2 h2bi AMi2;`�iBQM X X X X X X X X X X Ry8

8XR .aG, h?2 h2bi J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X X X RR3
8Xk .aG, h?2 :Q�H J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X X X RRN
8Xj .aG, h?2 1tTHQ`�iBQM J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X Rky
8X9 .aG, h?2 1tTHQ`�iBQM ai`�i2;v J2i�@JQ/2H X X X X X X X X X X X X X RkR
8X8 .aG, h?2 P#b2`p2 J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X Rkk
8Xe .aG, h?2 h2`KBM�iBQM *`Bi2`BQM J2i�@JQ/2H X X X X X X X X X X X X Rkj
8Xd .aG, h?2 Zm�HBiv :�i2 J2i�@JQ/2H X X X X X X X X X X X X X X X X X X Rkj
8X3 .aG, h?2 qQ`FHQ�/ J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X Rk9
8XN .aG, h?2 PT2`�iBQM J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X Rk8
8XRy .aG, h?2 JBt J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X Rke
8XRR .aG, h?2 ami J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X Rkd

tt
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8XRk .aG, h?2 o2`bBQM J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X X X X Rkd
8XRj .aG, h?2 .�i� *QHH2+iBQM J2i�@JQ/2H X X X X X X X X X X X X X X X X Rk3
8XR9 .aG, h?2 1tT2`BK2Mi J2i�@JQ/2H X X X X X X X X X X X X X X X X X X X Rjy
8XR8 .aG, h?2 .2THQvK2Mi .2b+`BTiQ` J2i�@JQ/2H X X X X X X X X X X X RjR
8XRe .aG, h?2 h2bi JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjk
8XRd .aG, h?2 :Q�H JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjj
8XR3 .aG, h?2 1tTHQ`�iBQM JQ/2H X X X X X X X X X X X X X X X X X X X X X X Rj8
8XRN .aG, h?2 1tTHQ`�iBQM ai`�i2;v JQ/2H X X X X X X X X X X X X X X X X X Rjd
8Xky .aG, h?2 P#b2`p2 JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X RjN
8XkR .aG, h?2 h2`KBM�iBQM *`Bi2`B� JQ/2H X X X X X X X X X X X X X X X X X R9y
8Xkk .aG, h?2 Zm�HBiv :�i2 JQ/2H X X X X X X X X X X X X X X X X X X X X X X R9k
8Xkj .aG, h?2 qQ`FHQ�/ JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X R99
8Xk9 .aG, h?2 PT2`�iBQM JQ/2H 7Q` >hhS X X X X X X X X X X X X X X X X X R98
8Xk8 .aG, h?2 JBt JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X R9e
8Xke .aG, h?2 alh JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X R93
8Xkd .aG, h?2 o2`bBQM JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X R9N
8Xk3 .aG, h?2 .�i� *QHH2+iBQM JQ/2H X X X X X X X X X X X X X X X X X X X X R8y
8XkN .aG, h?2 1tT2`BK2Mi JQ/2H X X X X X X X X X X X X X X X X X X X X X X X R8k
8Xjy .aG, h?2 .2THQvK2Mi .2b+`BTiQ` JQ/2H X X X X X X X X X X X X X X X R89
8XjR .aG, h?2 *a.G J2i�@KQ/2H X X X X X X X X X X X X X X X X X X X X X X R88
8Xjk .aG, h?2 *a.G JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X R8d
8Xjj h?2 .aG S�`bBM; �M/ o�HB/�iBQM S`Q+2bb X X X X X X X X X X X X X X X kRe
8Xj9 � *QM+`2i2 1tTHQ`�iBQM aT�+2 :2M2`�iBQM 1t�KTH2 X X X X X X X X kkR

eXR "2M+?6HQr 6`�K2rQ`F, >B;?@G2p2H .B�;`�K X X X X X X X X X X X X X kk9
eXk "2M+?6HQr 6`�K2rQ`F, >B;?@G2p2H �`+?Bi2+im`2 X X X X X X X X X X kke
eXj "2M+?6HQr 6`�K2rQ`F, a2`pB+2b �M/ 6`�K2rQ`Fb *QKTQM2Mi

.B�;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk3
eX9 "2M+?6HQr 6`�K2rQ`F, h2bi J�M�;2` *QKTQM2Mi .B�;`�K X X X kjR
eX8 "2M+?6HQr 6`�K2rQ`F, 1tT2`BK2Mi J�M�;2` *QKTQM2Mi .B�@

;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjj
eXe "2M+?6HQr 6`�K2rQ`F, h`B�H 1t2+miBQM 6`�K2rQ`Fb *QKTQ@

M2Mi .B�;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj8
eXd "2M+?6HQr 6`�K2rQ`F, .2THQvK2Mi J�M�;2` *QKTQM2Mi .B�@

;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kje
eX3 "2M+?6HQr 6`�K2rQ`F, �M�HvbBb J�M�;2` *QKTQM2Mi .B�;`�K kjd
eXN "2M+?6HQr 6`�K2rQ`F, J�BM S`Q+2bb2b a2[m2M+2 .B�;`�K X X X X kjN
eXRy "2M+?6HQr 6`�K2rQ`F, *HB2Mi S`Q+2bb a2[m2M+2 .B�;`�K X X X X k9y
eXRR "2M+?6HQr 6`�K2rQ`F, h2bi J�M�;2` a2[m2M+2 .B�;`�K X X X X X k9R
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eXRk "2M+?6HQr 6`�K2rQ`F, 1tT2`BK2Mi J�M�;2` a2[m2M+2 .B�;`�K k9k
eXRj "2M+?6HQr 6`�K2rQ`F, h`B�H 1t2+miBQM 6`�K2rQ`Fb a2[m2M+2

.B�;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9j
eXR9 "2M+?6HQr 6`�K2rQ`F, �M�HvbBb J�M�;2` a2[m2M+2 .B�;`�K X X k99
eXR8 "2M+?6HQr 6`�K2rQ`F, ai�i2 J�+?BM2 Pp2`pB2r X X X X X X X X X X k9e
eXRe "2M+?6HQr 6`�K2rQ`F, S`2/B+iBQM GB72@+v+H2 ai�i2 J�+?BM2 Pp2`pB2rk9e
eXRd "2M+?6HQr 6`�K2rQ`F, h2bi J�M�;2` ai�i2 J�+?BM2 X X X X X X X k9d
eXR3 "2M+?6HQr 6`�K2rQ`F, aBM;H2 1tT2`BK2Mi ai�i2 J�+?BM2 X X X X k8k
eXRN "2M+?6HQr 6`�K2rQ`F, 1t?�mbiBp2 1tTHQ`�iBQM rBi? LQ _2@

;`2bbBQM JQ/2H ai�i2 J�+?BM2 X X X X X X X X X X X X X X X X X X X X X X k89
eXky "2M+?6HQr 6`�K2rQ`F, 1tT2`BK2Mi J�M�;2` ai�i2 J�+?BM2 X X k88
eXkR "2M+?6HQr 6`�K2rQ`F, h`B�H 1t2+miBQM 6`�K2rQ`Fb ai�i2 J�@

+?BM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k83
eXkk "2M+?6HQr 6`�K2rQ`F, .2THQvK2Mi J�M�;2` ai�i2 J�+?BM2 X X kek
eXkj "2M+?6HQr 6`�K2rQ`F, �M�HvbBb J�M�;2` ai�i2 J�+?BM2 X X X X X ke9
eXk9 �T�+?2 aT�`F �`+?Bi2+im`2R X X X X X X X X X X X X X X X X X X X X X X X keN
eXk8 6�#�M �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdy
eXke CJ2i2` �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdR
eXkd "2M+?6HQr 6`�K2rQ`F, .2THQvK2Mi .B�;`�K X X X X X X X X X X X X kd8

dXR 1tT2`i _2pB2r, 1/m+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X jy9
dXk 1tT2`i _2pB2r, S`Q72bbBQM�H _QH2 X X X X X X X X X X X X X X X X X X X X jy8
dXj 1tT2`i _2pB2r, 6�KBHB�`Biv rBi? *QM+2Tib X X X X X X X X X X X X X X jye
dX9 1tT2`i _2pB2r, 1tT`2bbBp2M2bb 1p�Hm�iBQM X X X X X X X X X X X X X X jyd
dX8 1tT2`i _2pB2r, lb�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X jy3
dXe 1tT2`i _2pB2r, 1zQ`i 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X jyN
dXd 1tT2`i _2pB2r, _2mb�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X X X X X X jRy
dX3 1tT2`i _2pB2r, amBi�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X X X X X X X jRR
dXN 1tT2`i _2pB2r, amBi�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b 1p�Hm�iBQM jRk
dXRy amKK�iBp2 1p�Hm�iBQM, 1/m+�iBQM X X X X X X X X X X X X X X X X X X X jkR
dXRR amKK�iBp2 1p�Hm�iBQM, S`Q72bbBQM�H _QH2 X X X X X X X X X X X X X X X jkk
dXRk amKK�iBp2 1p�Hm�iBQM, 6�KBHB�`Biv rBi? *QM+2Tib X X X X X X X X X jkj
dXRj amKK�iBp2 1p�Hm�iBQM, G2�`M�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X jke
dXR9 amKK�iBp2 1p�Hm�iBQM, _2mb�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X jkd
dXR8 amKK�iBp2 1p�Hm�iBQM, 1tT`2bbBp2M2bb 1p�Hm�iBQM X X X X X X X X X jk3
dXRe amKK�iBp2 1p�Hm�iBQM, lb�#BHBiv 1p�Hm�iBQM X X X X X X X X X X X X X jkN
dXRd amKK�iBp2 1p�Hm�iBQM, :Q�H@#�b2/ aT2+B}+�iBQM lb�#BHBiv 1p�H@

m�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jjy



dXR3 amKK�iBp2 1p�Hm�iBQM, amBi�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b
1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jjR

3XR q7Jab J�BM AMi2`M�H *QKTQM2Mib X X X X X X X X X X X X X X X X X X X j93

3Xk *QMiBMmAhv �M/ "2M+?6HQr 6`�K2rQ`F AMi2;`�iBQM X X X X X X X X j8k

3Xj "2?�pBQ`@/`Bp2M GQ�/ h2biBM; J�TTBM; iQ "2M+?6HQr .aG (a+?mHx
2i �HX- kyRN) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j89

3X9 *QM+2`M@/`Bp2M _2TQ`iBM; Q7 aQ7ir�`2 S2`7Q`K�M+2 �M�HvbBb _2@
bmHib (PF�MQpBÉ 2i �HX- kyRN) X X X X X X X X X X X X X X X X X X X X X X X j88

3X8 a+�H�#BHBiv �bb2bbK2Mi Q7 JB+`Qb2`pB+2 �`+?Bi2+im`2 .2THQvK2Mi
*QM};m`�iBQMb (�p`Bix2` 2i �HX- kyky) X X X X X X X X X X X X X X X X X X j83

RRXR GQM;@i2`K oBbBQM �M/ PmiHQQF X X X X X X X X X X X X X X X X X X X X X jd9

h�#H2b

RXR _X:Xb J�TT2/ iQ i?2 .Bz2`2Mi *?�Ti2`b �M/ a2+iBQMb X X X X X X X R9

RXk Sm#HB+�iBQMb _2H�i2/ iQ ǳq7Jab S2`7Q`K�M+2 "2M+?K�`FBM;Ǵ X X ky

RXj Sm#HB+�iBQMb _2H�i2/ iQ ǳS2`7Q`K�M+2 h2biBM; �miQK�iBQM U.2+H�`@
�iBp2 �M/ MQiVǴ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj

jXR S2`7Q`K�M+2 h2biBM; hQQHb Pp2`pB2r X X X X X X X X X X X X X X X X X X 8e

9XR S2`7Q`K�M+2 h2bib a2H2+iBQM "�b2/ QM i?2 .2p2HQTK2Mi 6HQr X X Ry3

dXR .2p2HQTK2Mi Ai2`�iBQMb Q7 i?2 "2M+?6HQr 6`�K2rQ`F X X X X X X X jjd

dXk S2`7Q`K�M+2 h2biBM; hQQHb �M/ .S1 .BK2MbBQMb BM *a.G X X X X j99

ttBBB
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GBbiBM;b

9XR h?2 S2`7Q`K�M+2 h2bib *�i�HQ; h2KTH�i2 X X X X X X X X X X X X X X dy
8XR .aG, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X ReR
8Xk .aG, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X ReR
8Xj .aG, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM ai`�i2;v u�JG

6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej
8X9 .aG, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X Rej
8X8 .aG, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`K�i aT2+B}+�iBQM X X Re9
8Xe .aG, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X Re8
8Xd .aG, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X Ree
8X3 .aG, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X Re3
8XN .aG, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X ReN
8XRy .aG, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X Rdy
8XRR .aG, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X RdR
8XRk .aG, h?2 1tT2`BK2Mi u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X Rdj
8XRj .aG 7Q` *a.G, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B}+�iBQM X X Rd9
8XR9 .aG, h?2 h2bi u�JG aF2H2iQM 1t�KTH2 X X X X X X X X X X X X X X X Rde
8XR8 .aG, h?2 :Q�H u�JG 1t�KTH2 X X X X X X X X X X X X X X X X X X X X Rdd
8XRe .aG, h?2 GQ�/ 6mM+iBQM u�JG 1t�KTH2 X X X X X X X X X X X X X X Rd3
8XRd .aG, h?2 h2`KBM�iBQM *`Bi2`B� u�JG 1t�KTH2 X X X X X X X X X X RdN
8XR3 .aG, h?2 Zm�HBiv :�i2b u�JG 1t�KTH2 X X X X X X X X X X X X X X R3y
8XRN .aG, h?2 alh u�JG 1t�KTH2 X X X X X X X X X X X X X X X X X X X X R3R
8Xky .aG, h?2 qQ`FHQ�/b- qQ`FHQ�/ Ai2Kb- �M/ PT2`�iBQMb u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3k
8XkR .aG, 6Bt2/ a2[m2M+2 JBt u�JG 1t�KTH2 X X X X X X X X X X X X X X R3j
8Xkk .aG, 6H�i a2[m2M+2 JBt u�JG 1t�KTH2 X X X X X X X X X X X X X X R3j
8Xkj .aG, J�i`Bt JBt u�JG 1t�KTH2 X X X X X X X X X X X X X X X X X X X R39
8Xk9 .aG, h?2 .�i� *QHH2+iBQM u�JG 1t�KTH2 X X X X X X X X X X X X X R39
8Xk8 .aG, h?2 1tT2`BK2Mi u�JG 1t�KTH2 X X X X X X X X X X X X X X X X R3d
8Xke alh .2THQvK2Mi .2b+`BTiQ` u�JG 1t�KTH2 X X X X X X X X X X X X R33
8Xkd .aG, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X X X X X R3N
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8Xk3 .aG, � GQ�/ h2bi 7Q` � q7Jab u�JG 1t�KTH2 X X X X X X X X X X RNR
8XkN .aG, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X X X X RNj
8Xjy .aG, � a�MBiv h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X X X X RN9
8XjR .aG, � *QM};m`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X RN8
8Xjk .aG, � a+�H�#BHBiv h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X RNd
8Xjj .aG, � aTBF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X X X X X RNN
8Xj9 .aG, �M 1t?�mbiBp2 1tTHQ`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kyR
8Xj8 .aG, � ai�#BHBiv "QmM/�`v h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2kyj
8Xje .aG, � *�T�+Biv *QMbi`�BMib h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kye
8Xjd .aG, �M �++2Ti�M+2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X ky3
8Xj3 .aG, � _2;`2bbBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 X X X kRy
8XjN .aG 7Q` *a.G, � aKQF2 h2bib amBi2 u�JG 1t�KTH2 X X X X X X X kRk
8X9y .aG 7Q` *a.G, �M �++2Ti�M+2 h2bib amBi2 u�JG 1t�KTH2 X X X kRk
8X9R .aG 7Q` *a.G, � _2;`2bbBQM h2bib amBi2 u�JG 1t�KTH2 X X X X kRj
8X9k 1tTHQ`�iBQM aT�+2 .�i� ai`m+im`2 X X X X X X X X X X X X X X X X X X X kR3
8X9j 1tTHQ`�iBQM aT�+2 .BK2MbBQMb .�i� ai`m+im`2 X X X X X X X X X X X kRN
8X99 1tTHQ`�iBQM aT�+2 :2M2`�iBQM �H;Q`Bi?K X X X X X X X X X X X X X X X kky
eXR "2M+?6HQr 6`�K2rQ`F, h?2 *QM};m`�iBQM 6BH2 X X X X X X X X X X X kjk
eXk h?2 JQMBiQ`bf*QHH2+iQ`b u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X k3y
�XR .aG, *QKTH2i2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X j3N
�Xk .aG, *QKTH2i2 1tT2`BK2Mi u�JG 6Q`K�i aT2+B}+�iBQM X X X X X jN9
"XR .aG, � S`2/B+iBp2 ai�#BHBiv "QmM/�`v h2bi u�JG 1t�KTH2 X X X jNN
*XR 1tT2`i _2pB2r, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X 9y3
*Xk 1tT2`i _2pB2r, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X 9yN
*Xj 1tT2`i _2pB2r, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM ai`�i@

2;v u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X 9RR
*X9 1tT2`i _2pB2r, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM X X X X 9Rk
*X8 1tT2`i _2pB2r, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`K�i aT2+@

B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R9
*Xe 1tT2`i _2pB2r, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+B}+�iBQM 9Re
*Xd 1tT2`i _2pB2r, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}+�iBQM X X X 9R3
*X3 1tT2`i _2pB2r, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B}+�iBQM X X 9ky
*XN 1tT2`i _2pB2r, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X 9kR
*XRy 1tT2`i _2pB2r, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X 9kj
*XRR 1tT2`i _2pB2r, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i aT2+B}+�iBQM9k9
*XRk 1tT2`i _2pB2r, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B}+�iBQM X X 9ke
*XRj 1tT2`i _2pB2r, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2 9jy
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*XR9 1tT2`i _2pB2r, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH29jR
*XR8 1tT2`i _2pB2r, � *QM};m`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9jj
*XRe 1tT2`i _2pB2r, � _2;`2bbBQM h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j8
*XRd 1tT2`i _2pB2r, � h2bi amBi2 u�JG 1t�KTH2 X X X X X X X X X X X X 9jd
.XR amKK�iBp2 1p�Hm�iBQM, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM X 98y
.Xk amKK�iBp2 1p�Hm�iBQM, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM X 98R
.Xj amKK�iBp2 1p�Hm�iBQM, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM

ai`�i2;v u�JG 6Q`K�i aT2+B}+�iBQM X X X X X X X X X X X X X X X X X 98j
.X9 amKK�iBp2 1p�Hm�iBQM, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM989
.X8 amKK�iBp2 1p�Hm�iBQM, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`@

K�i aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98e
.Xe amKK�iBp2 1p�Hm�iBQM, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+@

B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 983
.Xd amKK�iBp2 1p�Hm�iBQM, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}@

+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9ey
.X3 amKK�iBp2 1p�Hm�iBQM, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B@

}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9ek
.XN amKK�iBp2 1p�Hm�iBQM, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM X 9ej
.XRy amKK�iBp2 1p�Hm�iBQM, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM X 9e8
.XRR amKK�iBp2 1p�Hm�iBQM, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i

aT2+B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9ee
.XRk amKK�iBp2 1p�Hm�iBQM, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B@

}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e3
.XRj amKK�iBp2 1p�Hm�iBQM, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9dk
.XR9 amKK�iBp2 1p�Hm�iBQM, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG

1t�KTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9dj
.XR8 amKK�iBp2 1p�Hm�iBQM, � h2bi amBi2 u�JG 1t�KTH2 X X X X X X X 9d8
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*?�Ti2` R

AMi`Q/m+iBQM

AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 +QMi2ti BM r?B+? i?Bb S?. Bb /2p2HQT2/ �M/ i?2
KQiBp�iBQMb Q7 Qm` rQ`FX "�b2/ QM i?2b2 r2 2tT`2bb Qm` T`Q#H2K bi�i2K2Mi �M/
`2b2�`+? ;Q�Hb �M/ i?2M /Bb+mbb Qm` +QMi`B#miBQM iQ i?2 +m``2Mi bi�i2@Q7@i?2@�`i
BM i?2 �`2�- �b r2HH �b ?Qr r2 2p�Hm�i2 Qm` rQ`FX q2 +QM+Hm/2 i?2 +?�Ti2` #v
Qz2`BM; � i?`Qm;?Qmi i?2bBb QmiHBM2 �M/ �M 2t?�mbiBp2 HBbi Q7 Tm#HB+�iBQMb r2
+QMi`B#mi2 �b T�`i Q7 i?Bb rQ`F �M/ �b T�`i Q7 i?2 Qp2`�HH +�`22`X

RXR *QMi2ti �M/ JQiBp�iBQM
*QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2 U*a.GV Bb p2`v +QKKQM MQr�@
/�vb (6Bix;2`�H/ �M/ aiQH- kyRd)X *QKT�MB2b �`2 �/QTiBM; �;BH2 T`�+iB+2b- bm+?
�b .2p2HQTK2Mi �M/ PT2`�iBQMb U.2pPTbV (C�##�`B 2i �HX- kyRe)- BM i?2B` bQ7i@
r�`2 /2p2HQTK2Mi T`Q+2bb2b- iQ BMi`Q/m+2 KQ`2 �M/ KQ`2 �miQK�iBQM �M/ p2@
HQ+Biv BM i?2B` bQ7ir�`2 /2p2HQTK2Mi �M/ `2H2�b2 HB72+v+H2b- +?�`�+i2`Bx2/ #v
+QMiBMmQmb BKT`Qp2K2Mi #�b2/ QM 722/#�+F (>mK#H2 �M/ 6�`H2v- kyRyc AiFQM2M
2i �HX- kyRd)X �;BH2 T`�+iB+2b- bm+? �b .2pPTb- �`2 +?�`�+i2`Bx2/ #v,

�V +QMiBMmQmb /2p2HQTK2Mi �M/ `2H2�b2 Q7 �TTHB+�iBQMb 7QHHQrBM; � *QMiBMm@
Qmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2- Q7i2M Q`;�MBx2/ �b KmHiBTH2 b2`pB+2b
+QKKmMB+�iBM; rBi? 2�+? Qi?2` �M/ +QMi`B#miBM; +Q?2bBp2 7mM+iBQM�HBiB2b
iQ i?2 Qp2`�HH �TTHB+�iBQMc

#V T2`p�bBp2 �miQK�iBQM �b � K2/BmK iQ 2M�#H2 +QMiBMmQmb /2p2HQTK2Mi �M/
`2H2�b2c

+V i?2 T`2b2M+2 Q7 K�Mv bK�HH- b2H7@Q`;�MBx2/- �M/ +`Qbb@7mM+iBQM�H i2�Kb
/2T2M/BM; QM 2�+? Qi?2`c

j
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/V b2`pB+2 QrM2`b?BT �M/ `2bTQMbB#BHBiv 7`QK /2p2HQTK2Mi iQ T`Q/m+iBQM �b@
bB;M2/ iQ i?Qb2 i2�Kbc

2V T`Q72bbBQM�H };m`2b ?�pBM; /Bp2`bB}2/ `QH2b �M/ ?2i2`Q;2M2Qmb FMQrH@
2/;2 (q2iiBM;2` 2i �HX- kyRe)X

AM �;BH2- 7�bi- �M/ +QMiBMmQmb /2p2HQTK2Mi HB72+v+H2b- bQ7ir�`2 T2`7Q`K�M+2
i2biBM; Bb 7mM/�K2Mi�H iQ +QM}/2MiHv `2H2�b2 +QMiBMmQmbHv BKT`Qp2/ bQ7ir�`2
p2`bBQMb (AiFQM2M 2i �HX- kyRdc "Qb+?- kyR9)- �M/ KQ`2 �M/ KQ`2 AM7Q`K�iBQM
h2+?MQHQ;v UAhV T`�+iBiBQM2`b �`2 �TT`Q�+?BM; T2`7Q`K�M+2 i2biBM; (S`�+iBh2bi-
kykyc h`B+2MiBb- kyky)X Ai �HbQ BMi`Q/m+2b /Bz2`2Mi +?�HH2M;2b ("`mMM2`i 2i �HX-
kyR8c q�Hi2` 2i �HX- kyRe)X aQ7ir�`2 T2`7Q`K�M+2 i2biBM; M22/b iQ 2Mbm`2 i?�i
+?�`�+i2`BbiB+b Q7 i?2 avbi2K lM/2` h2bi UalhV `2H�i2/ iQ bT22/ U2X;X- `2bTQM@
bBp2M2bb- �M/ mb2` 2tT2`B2M+2V- b+�H�#BHBiv U2X;X- +�T�+Biv- HQ�/- �M/ pQHmK2V-
�M/ bi�#BHBiv U2X;X- +QMbBbi2M+v- �M/ `2HB�#BHBivV `2�+?- K�BMi�BM �M/ �/Dmbi iQ
i?2 /2}M2/ �M/ 2pQHpBM; T2`7Q`K�M+2 �M/ �++2Ti�M+2 +`Bi2`B�X �Hi?Qm;? i?2
KQ/2`M �TT`Q�+? iQ bQ7ir�`2 /2p2HQTK2Mi K�F2b T2`7Q`K�M+2 i2biBM; KQ`2
/B{+mHi (1BbK�MM 2i �HX- kyky)- �M/ �p�BH�#H2 bQHmiBQMb i2M/ iQ bFBT BM@/2Ti?
T2`7Q`K�M+2 i2biBM; (.vM�i`�+2- kyRN)- r2 +QMbB/2` T2`7Q`K�M+2 i2biBM; BM i?Bb
+QMi2ti p2`v BKTQ`i�Mi- 2bT2+B�HHv 7Q` bvbi2Kb ?�pBM; +HB2Mib i?�i 2tT2+i �;`22/
a2`pB+2 G2p2H �;`22K2Mi UaG�V iQ #2 `2bT2+i2/- 7Q` r?B+? bQ7ir�`2 T`QpB/2`b
?�p2 iQ /2KQMbi`�i2 i?�i i?2 bvbi2K +�M ?QH/ i?2 aG�bX S2`7Q`K�M+2 i2biBM;
`2[mB`2b /Bz2`2Mi bFBHH@b2ib r?B+? +QKT`Bb2, ǳr`BiBM; i2bi b+`BTib- KQMBiQ`BM;
�M/ �M�HvxBM; i2bi `2bmHib- ir2�FBM; i?2 �TTHB+�iBQM �M/ `2T2�iBM; i?2 r?QH2
T`Q+2bb �;�BMǴ (Jm`iv- kyRe)X �b �`;m2/ #v mb (62`K2 �M/ S�mi�bbQ- kyRd)- �M/
#v Qi?2` `2b2�`+?2`b U2X;X- ("`mMM2`i 2i �HX- kyR8)V- 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib b?QmH/ #2 �miQK�i2/- ~2tB#H2- +QMi2ti@ �M/ #mbBM2bb@�r�`2- bQ i?�i Bi +�M
+QT2 rBi? i?2 p2HQ+Biv BMi`Q/m+2/ #v KQ/2`M HB72@+v+H2b �M/ +QMi`B#mi2 iQ i?2
p�HB/�iBQM Q7 i?2 `2H2�b2/ bQ7ir�`2 [m�HBivX �b � `2+2Mi bm`p2v ("2x2K2` 2i �HX-
kyRN) #v i?2 ai�M/�`/ S2`7Q`K�M+2 1p�Hm�iBQM *Q`TQ`�iBQM _2b2�`+? :`QmT
QM .2pPTb `2TQ`i2/- i?2 +QKTH2tBiv Q7 T2`7Q`K�M+2 2M;BM22`BM; �TT`Q�+?2b
Bb b22M �b � #�``B2` 7Q` rB/2@bT`2�/ �/QTiBQM #v T`�+iBiBQM2`b (ai`2Bix 2i �HX-
kyR3)- #2+�mb2 T2`7Q`K�M+2 2M;BM22`BM; �TT`Q�+?2b �`2 MQi HB;?ir2B;?i 2MQm;?
�M/ �`2 MQi r2HH BMi2;`�i2/ rBi? 2tBbiBM; iQQHb BM i?2 .2pPTb 2+Qbvbi2KX h?2
bm`p2v �HbQ `2TQ`i2/ � M2r T�`�/B;K Bb M22/2/ 7Q` T2`7Q`K�M+2 �+iBpBiB2b iQ
#2 bm++2bb7mHHv BMi2;`�i2/ BMiQ .2pPTb T`�+iB+2b �M/ iQQHb- bm+? �b i?2 QM2
T`QTQb2/ #v .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM; U.S1VX hrQ Q7 i?2 K�BM `2@
TQ`i2/ �/p�Mi�;2b Q7 �TT`Q�+?2b bm+? �b .S1 �`2 i?2 QTTQ`imMBiv iQ KQ/2H
i?2 T2`7Q`K�M+2 i2biBM; /QK�BM FMQrH2/;2 �b � }`bi@+H�bb +BiBx2M �M/ Bib �#BHBiv
iQ Qz2` /Bz2`2Mi H2p2Hb Q7 �#bi`�+iBQM iQ /Bz2`2Mi T2QTH2 `2HvBM; QM BiX
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hrQ Qmibi�M/BM; `2b2�`+? �+iBpBiB2b T`QTQbBM; .S1 �b �M �TT`Q�+? iQ +QT2
rBi? i?2 K2MiBQM2/ +?�HH2M;2b- �`2 i?2 .1*G�_1 T`QD2+iR- �M/ i?2 *QMiBMm@
Ahv T`QD2+ikX h?2 .1*G�_1 T`QD2+i 7Q+mb2b K�BMHv QM 2M�#HBM; i?2 TQbbB@
#BHBiv Q7 /2+H�`�iBp2Hv [m2`vBM; T2`7Q`K�M+2 FMQrH2/;2 i?�i ?�b #22M +QHH2+i2/
�M/ KQ/2H2/ #v Qi?2` bvbi2KbX h?2 *QMiBMmAhv T`QD2+i 7Q+mb2b QM /2�HBM;
rBi? i?2 +?�HH2M;2b Q7 +QMiBMmQmbHv mT/�iBM; T2`7Q`K�M+2 i2bib- #v H2p2`�;@
BM; T2`7Q`K�M+2 FMQrH2/;2 Q7 b2`pB+2b +QHH2+i2/ �M/ KQ/2H2/ 7`QK T`Q/m+iBQM
2MpB`QMK2MibX h?2b2 i2bib +�M #2 i?2M +QMiBMmQmbHv 2t2+mi2/ /m`BM; i?2 bQ7i@
r�`2 /2p2HQTK2Mi HB72+v+H2 #v Qi?2` 7`�K2rQ`Fb- iQ p�HB/�i2 i?2 T2`7Q`K�M+2
Q7 i?2 bvbi2K Qp2` iBK2 �M/ TQi2MiB�HHv B/2MiB7vBM; bB;MB}+�Mi T2`7Q`K�M+2 Bb@
bm2b BM i?2 /2p2HQT2/ bQ7ir�`2 �M/fQ` Bib i?B`/@T�`iv /2T2M/2M+B2b- 2�`Hv BM
i?2 T`QD2+iX � i?B`/ `2H2p�Mi `2b2�`+? �+iBpBiv BM i?2 +QMi2ti Q7 i?Bb i?2bBb Bb
i?2 h1ahPJ�h T`QD2+ij- T`QTQbBM; iQ ǳ�/p�M+2 i?2 bi�i2@Q7@i?2@�`i BM i2bi
�miQK�iBQM 7Q` bQ7ir�`2 i2�Kb KQpBM; iQr�`/b � KQ`2 �;BH2 /2p2HQTK2Mi T`Q@
+2bbǴX

h?2 �#Qp2@K2MiBQM2/ T`QD2+ib /2}M2 i?2 +QMi2ti BM r?B+? i?Bb S?. rQ`F
Bb +�``B2/ QM- �M/ r2 }HH �M B/2MiB}2/ `2b2�`+? ;�T �#Qmi i?2 M22/ Q7 +Q/B7vBM;
T2`7Q`K�M+2 i2bib FMQrH2/;2- �#bi`�+iBM; �r�v +QKTH2tBiv- �M/ Qz2`BM; Bi �b �
b2`pB+2 iQ i?2 /Bz2`2Mi T2QTH2 �M/ bvbi2Kb M22/BM; �++2bb iQ Bi- #v i?2 K2�Mb
Q7 �miQK�iBQMX

RXk S`Q#H2K ai�i2K2Mi �M/ _2b2�`+? :Q�Hb

AM i?Bb i?2bBb- r2 7Q+mb QM i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQM �M/ 2t2+miBQM 7�+2i
Q7 T2`7Q`K�M+2 2M;BM22`BM; �M/ r2 +QMi`B#mi2 iQ 2M�#HBM; .S1 #v HQQFBM;
�i i?2 �miQK�iBQM Q7 T2`7Q`K�M+2 i2biBM; �+iBpBiB2bX h?2 7Q`KmH�iBQM Q7 i?2
T`Q#H2K bi�i2K2Mi Bb �b 7QHHQrb,

Rhttp://www.dfg-spp1593.de/declare- H�bi pBbBi2/ QM 62#`m�`v d- kykR
khttps://continuity-project.github.io- H�bi pBbBi2/ QM 62#`m�`v d- kykR
jhttps://itea3.org/project/testomatproject.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR

http://www.dfg-spp1593.de/declare
https://continuity-project.github.io
https://itea3.org/project/testomatproject.html


e RXk S`Q#H2K ai�i2K2Mi �M/ _2b2�`+? :Q�Hb

hQ /2bB;M M2r K2i?Q/b �M/ i2+?MB[m2b 7Q` i?2 /2+H�`�iBp2 bT2+B}@
+�iBQM Q7 T2`7Q`K�M+2 i2bib �M/ i?2B` �miQK�iBQM T`Q+2bb2b- �M/ iQ
T`QpB/2 KQ/2Hb �M/ 7`�K2rQ`Fb 2M�#HBM; +QMiBMmQmb �M/ �miQK�i2/
2t2+miBQM Q7 T2`7Q`K�M+2 i2bib- BM T�`iB+mH�` 7Q` i?2 +�b2 Q7 _1ah@
7mH U_1ah7mHV q2# b2`pB+2b �M/ "mbBM2bb S`Q+2bb JQ/2H �M/ LQ@
i�iBQM kXy U"SJL kXyV qQ`F~Qr J�M�;2K2Mi avbi2Kb Uq7JabV
/2THQv2/ �b .Q+F2` b2`pB+2bX h?2 T`QTQb2/ K2i?Q/b- i2+?MB[m2b-
KQ/2Hb- �M/ 7`�K2rQ`Fb b?QmH/ #2 BV bmBi�#H2 iQ #2 mb2/ �HQM;bB/2
i?2 *a.G- �M/ BBV QT2M 7Q` 2ti2MbBQM �M/ BMi2;`�iBQM BM i?2 Qp2`�HH
.2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM; pBbBQMX

h?2 K�BM i�`;2i mb2`b Q7 i?2 T`QTQb2/ K2i?Q/b �M/ i2+?MB[m2b �`2 T`�+@
iBiBQM2`b BMpQHp2/ BM i?2 *a.G- �M/ BM T�`iB+mH�` /2p2HQT2`b- bQ7ir�`2 i2bi2`b-
[m�HBiv �bbm`�M+2 2M;BM22`b- .2pPTb 2M;BM22`- �M/ QT2`�iBQMb 2M;BM22`bX �+@
+Q`/BM; iQ `2+2Mi bm`p2vb �#Qmi bQ7ir�`2 i2biBM; (S`�+iBh2bi- kykyc h`B+2MiBb-
kyky)- i?2 K2MiBQM2/ T`�+iBiBQM2`b �`2 KQ`2 �M/ KQ`2 BMpQHp2/ BM /2}MBM; �M/
2t2+miBM; 7mM+iBQM�H �M/ MQM@7mM+iBQM�H i2bib- BM+Hm/BM; T2`7Q`K�M+2 i2bibX

RXkXR _2b2�`+? :Q�Hb
q2 b2i 7Qm` K�BM `2b2�`+? ;Q�Hb iQ �++QKTHBb? Qm` Q#D2+iBp2b bi�i2/ �#Qp2X
6`QK i?2 }`bi ;Q�H �#Qmi /2}MBM; �M �miQK�iBQM@Q`B2Mi2/ +�i�HQ; Q7 T2`7Q`@
K�M+2 i2bib iQ i?2 H�bi QM2 �#Qmi KQ/2Hb- H�M;m�;2b- �M/ iQQHb iQ 2t2+mi2
T2`7Q`K�M+2 i2bib BM *a.G- r2 /2p2HQT M2r K2i?Q/b- i2+?MB[m2b- �M/ iQQHb
2M�#HBM; /2+H�`�iBp2 T2`7Q`K�M+2 2M;BM22`BM; BM i?2 +QMi2ti Q7 �miQK�i2/ 2t@
2+miBQM Q7 T2`7Q`K�M+2 i2bibX

_X:X R @ �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

h?2 }`bi `2b2�`+? ;Q�H U_X:X RV Bb �#Qmi /2}MBM; �M �miQK�iBQM@Q`B2Mi2/ T2`@
7Q`K�M+2 i2bi +�i�HQ; T`2b2MiBM; i?2 /Bz2`2Mi FBM/b Q7 T2`7Q`K�M+2 i2bib i?�i
;2i 2t2+mi2/ �;�BMbi bQ7ir�`2 bvbi2KbX q2 i�F2 BMiQ +QMbB/2`�iBQM i?2 7�+iQ`b
BM~m2M+BM; i?2 b2H2+iBQM �M/ i?2 +QKTH2tBiv Q7 i?2 2t2+mi2/ i2bib 7`QK i?2
TQBMi Q7 pB2r Q7 i?2B` �miQK�iBQM- �M/ i?2 +QMi2tib BM r?B+? i?2v �`2 2t2@
+mi2/X S2`7Q`K�M+2 i2bib �`2 Q7 K�Mv /Bz2`2Mi ivT2b �M/ �`2 BM~m2M+2/ #v
K�Mv /Bz2`2Mi 7�+iQ`b bm+? �b i?2 bvbi2KǶb �`+?Bi2+im`2 �M/ Bib /2THQvK2Mi
2MpB`QMK2MiX �//BiBQM�HHv- i?2 /2p2HQTK2Mi T`Q+2bb BM r?B+? i?2v ?�p2 iQ #2
2t2+mi2/ ?�b �M BKT�+i QM i?2 ivT2b Q7 T2`7Q`K�M+2 i2bib i?�i ;2i /2}M2/X q2
B/2MiB}2/ i?2 M22/ Q7 +QHH2+iBM; �M/ `�iBQM�HBx2 i?2 FMQrH2/;2 QM T2`7Q`K�M+2
i2bi ivT2b- #v T`QpB/BM; � +�i�HQ; HQQFBM; �i 7�+iQ`b BM~m2M+BM; i?2 /2}MBiBQM
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�M/ �miQK�iBQM Q7 T2`7Q`K�M+2 i2bib 7`QK /Bz2`2Mi TQBMib Q7 pB2r- bm+? �b
i?2 bvbi2K �`+?Bi2+im`2- i2+?MQHQ;B2b- /2THQvK2Mi 2MpB`QMK2Mi- �M/ bQ7ir�`2
/2p2HQTK2Mi HB72+v+H2X "v /2}MBM; � +H2�` +�i�HQ;- r2 2M�#H2 i?2 QTTQ`imMBiv
iQ /2}M2 �M/ KQ/2H i?2 /�i� �M/ i?2 T`Q+2bb2b M22/2/ iQ 2M�#H2 � /2+H�`�iBp2
bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib �M/ �miQK�i2/ 2t2+miBQM Q7 i?2 b�K2X

_X:X k @ .2+H�`�iBp2 aT2+B}+�iBQM G�M;m�;2

h?2 b2+QM/ `2b2�`+? ;Q�H U_X:X kV Bb �#Qmi /2bB;MBM; �M/ BKTH2K2MiBM; �
.QK�BM aT2+B}+ G�M;m�;2 U.aGV 2M�#HBM; /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`@
K�M+2 i2bi �miQK�iBQM T`Q+2bb2bX h?2 .aG r2 T`QTQb2 �HHQrb mb2`b iQ /2+H�`@
�iBp2Hv bT2+B7v T2`7Q`K�M+2 i2bib �M/ i?2B` �miQK�iBQM T`Q+2bb2b +QHH2+iBM; i?2
mb2`bǶ BMi2Mi �M/ Qz2`BM; �M �#bi`�+iBQM H�v2` 7Q` i?2 mb2`b iQ bT2+B7v �HH i?2
/�i� M22/2/ 7Q` i?2 �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib Qmi Q7 i?2 T`Q@
TQb2/ +�i�HQ;X h?Bb Bb Qm` }`bi +QMi`B#miBQM iQr�`/b /2}MBM; � .S1 �TT`Q�+?
7Q` T2`7Q`K�M+2 i2biBM;- �M/ Bi Bb �M BKTQ`i�Mi QM2 #2+�mb2 Q7 i?2 M22/ iQ 2K@
#`�+2 T2QTH2 rBi? /Bp2`bB}2/ bFBHH b2ib #v 2M�#HBM; i?2K iQ `2Hv QM �M/ +Q/B7v
i?2B` T2`7Q`K�M+2 i2biBM; M22/b mbBM; �M 2tT`2bbBp2 .aGX

_X:X j @ �miQK�i2/ 1t2+miBQM Q7 .2+H�`�iBp2 S2`7Q`K�M+2 h2bib

h?2 i?B`/ `2b2�`+? ;Q�H U_X:X jV Bb �#Qmi T`QpB/BM; � 7`�K2rQ`F 7Q` �miQ@
K�i2/ 2t2+miBQM Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM;X h?2 7`�K2rQ`F +Q/B}2b
i?2 KQ/2Hb #2?BM/ i?2 T`QpB/2/ .aG �M/ +�M #2 T`Q;`�KK2/ mbBM; bm+? .aG
iQ 2t2+mi2 T2`7Q`K�M+2 i2bib �M/ +QHH2+i T2`7Q`K�M+2 /�i� 7QHHQrBM; /2}M2/
�M/ p�HB/�i2/ �miQK�iBQM T`Q+2bb2bX h?2 7`�K2rQ`F 2M�#H2b i?2 b+?2/mHBM;
Q7 T2`7Q`K�M+2 i2bib i?�i �`2 K�M�;2/ #v �M 2tT2`i bvbi2KX h?2 2tT2`i bvb@
i2K +�M #2 +QM};m`2/ mbBM; i?2 .aG iQ �/Dmbi i?2 2tT2+i2/ #2?�pBQ` Q7 i?2
�miQK�iBQM T`Q+2bb iQ i?2 mb2`Ƕb �M/ i2biǶb M22/bX S`QpB/BM; � 7`�K2rQ`F Bb
� M22/2/ bi2T iQr�`/b 2M�#HBM; .S1 BM i?2 +QMi2ti Q7 i?2 i?2bBb- #2+�mb2 7Q`
.S1 iQ #2 bm++2bb7mH i?2 +QKTH2tBiv Q7 2t2+miBM; �miQK�i2/ T2`7Q`K�M+2 i2bib
?�b iQ #2 i�F2M �r�v 7`QK mb2`bǶ �b Km+? �b TQbbB#H2 �M/ Qz2`2/ iQ i?2K �b �
b2`pB+2 (>BHiQM 2i �HX- kyRe)X _2+2Mi bim/B2b �#Qmi .2pPTb T`�+iB+2b b?Qr i?�i
iQQHb �`2 rB/2Hv mb2/ BM i?2 T`Q+2bb- �M/ /2p2HQT2`b �M/ bQ7ir�`2 QT2`�iBQMb
2M;BM22`b ?2�pBHv `2Hv QM iQQHb �miQK�iBM; �M/ �bbBbiBM; i?2B` rQ`F (GQ;xXBQ-
kyRec :QT�`�Dm 2i �HX- kyRk)X



3 RXj *QMi`B#miBQMb �M/ 1p�Hm�iBQM amKK�`v

_X:X 9 @ 1t2+miBM; S2`7Q`K�M+2 h2biBM; BM *a.G

h?2 7Qm`i? �M/ H�bi `2b2�`+? ;Q�H U_X:X 9V Bb �#Qmi 2M�#HBM; i?2 BMi2;`�iBQM
Q7 i?2 T`QTQb2/ .aG 7Q` �miQK�i2/ T2`7Q`K�M+2 i2bi 2t2+miBQM- BM i?2 *a.GX
�Hi?Qm;? i?2 .aG �M/ i?2 7`�K2rQ`F �H`2�/v T`QpB/2 mb2`bǶ rBi? � .S1 TH�i@
7Q`K 7Q` �miQK�i2/ T2`7Q`K�M+2 i2bi 2t2+miBQM- BM KQ/2`M bQ7ir�`2 /2p2HQT@
K2Mi HB72+v+H2b Bi Bb `2[mB`2/ i?�i bm+? bQHmiBQMb �`2 r2HH BMi2;`�i2/ rBi? *a.G
T`Q+2bb2b �M/ iQQHb /`BpBM; i?2 �miQK�i2/ bQ7ir�`2 /2HBp2`v T`Q+2bbX q2 2M@
�#H2 i?2 BMi2;`�iBQM Q7 i?2 T`QTQb2/ .S1 bQHmiBQM rBi? i?2 *a.G- #v T`QpB/BM;
�//BiBQM�H /2+H�`�iBp2 �#bi`�+iBQMb BM i?2 .aG �HHQrBM; i?2 mb2` iQ bT2+B7v i2bi
bmBi2b- �M �M�HvbBb Q7 � T`QTQb2/ K�TTBM; Q7 *a.G 2p2Mib iQ b2H2+i2/ T2`7Q`@
K�M+2 i2bi bmBi2b bmTTQ`i2/ #v i?2 +QMi`B#mi2/ .aG- �M/ � *QKK�M/@HBM2
AMi2`7�+2 U*GAV miBHBiv iQ i`B;;2` /Bz2`2Mi /2+H�`�iBp2Hv bT2+B}2/ i2bi bmBi2b BM
/Bz2`2Mi KQK2Mib Q7 i?2 *a.GX h?2 i`B;;2`2/ i2bi bmBi2b i?2M T`QpB/2 #�+F
iQ i?2 *a.G rBi? /�i� i?�i +�M #2 `2HB2/ QM iQ /2}M2 *a.G@H2p2H [m�HBiv ;�i2bX

Pp2`�HH i?2 T`QTQb2/ `2b2�`+? ;Q�Hb +QMi`B#mi2 iQ i?2 }`bi .S1 �TT`Q�+? 7Q`
+QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.G-
�M/ 2K#`�+2 .2pPTb ;Q�Hb #v 2M�#HBM; i?2 2M/@iQ@2M/ 2t2+miBQM Q7 T2`7Q`@
K�M+2 i2bib- BM+Hm/BM; alh HB72+v+H2 K�M�;2K2MiX

RXj *QMi`B#miBQMb �M/ 1p�Hm�iBQM amKK�`v
q2 +QMi`B#mi2 KQ/2Hb- �M�HvbBb- iQQHb- �M/ �`iB7�+ib iQ �Mbr2` i?2 bi�i2/ `2@
b2�`+? ;Q�HbX

AM i?Bb /Bbb2`i�iBQM r2 K�BMHv 7Q+mb QM T2`7Q`K�M+2 i2biBM; Q7 _1ah7mH q2#
b2`pB+2b �M/ "SJL kXy q7Jab /2THQv2/ mbBM; � /2THQvK2Mi /2b+`BTiQ` `2HvBM;
QM .Q+F2` +QMi�BM2`b (.Q+F2` AM+X- kyRj)- i?mb Qm` +QMi`B#miBQMb `272` K�BMHv iQ
i?2b2 FBM/b Q7 alhbX _1ah7mH q2# b2`pB+2b �M/ "SJL kXy q7Jab �`2 bvbi2Kb
mbm�HHv 2tT2`B2M+BM; K�Mv +mbiQK2`b BMi2`�+iBM; rBi? i?2K- #Qi? ?mK�Mb �M/
Qi?2` bvbi2KbX 6Q` i?2b2 bvbi2Kb Bb BKTQ`i�Mi iQ 2Mbm`2 T2`7Q`K�M+2 Bb ;m�`@
�Mi22/X h?2 +?QB+2 BM `272``BM; iQ bvbi2Kb /2THQv2/ mbBM; .Q+F2` Bb KQiBp�i2/
#v i?2 7�+i i?�i .Q+F2` �/QTiBQM r�b [mB+FHv `BbBM;9 �i i?2 iBK2 r2 bi�`i2/ Qm`
rQ`F- BKTHvBM; i?�i K�Mv /2p2HQT2`b K�v �H`2�/v ?�p2 /2}M2/ .Q+F2` }H2b 7Q`
i?2B` bQ7ir�`2 T`Q/m+ibX .Q+F2` �M/ .Q+F2`@#�b2/ /2THQvK2Mi BM7`�bi`m+im`2b
�/QTiBQM `Qb2 2tTQM2MiB�HHv BM i?2 v2�`b 7QHHQrBM; Qm` /2+BbBQM (>�+F2`MQQM-

9https://www.datadoghq.com/docker-adoption/- mT/�i2/ CmM2 kyR9@kyR3X G�bi pBbBi2/
QM 62#`m�`v d- kykR
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kyky)- 7m`i?2` p�HB/�iBM; Qm` +?QB+2 BM `2HvBM; QM i?Bb i2+?MQHQ;vX
AM i?2 7QHHQrBM; bm#b2+iBQMb r2 /2b+`B#2 i?2 /Bz2`2Mi +QMi`B#miBQMb- ?Qr

i?2v �`2 K�TT2/ iQ i?2 `2b2�`+? ;Q�Hb T`2b2Mi2/ BM a2+iX RXkXR- ?Qr r2 2p�Hm�i2
i?2K- �M/ ?Qr i?2v +QMi`B#mi2 iQ i?2 Qp2`�HH T`QTQb2/ .S1 �TT`Q�+? 7Q`
+QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX

RXjXR JQ/2HBM; �M/ �M�HvbBb
�b T�`i Q7 i?2 rQ`F /QM2 7Q` i?2 _X:X R- r2 +QMi`B#mi2 �M �M�HvbBb Q7 /Bz2`@
2Mi 7�+iQ`b BM~m2M+BM; i?2 /2}MBiBQM- b2H2+iBQM- �M/ +QM};m`�iBQM Q7 T2`7Q`@
K�M+2 i2bibX Pmi Q7 i?2 +�``B2/ �M�HvbBb- r2 T`QTQb2 �M �miQK�iBQM@Q`B2Mi2/
T2`7Q`K�M+2 i2bi +�i�HQ; i�FBM; BMiQ +QMbB/2`�iBQM i?2 B/2MiB}2/ 7�+iQ`b �M/
T`2b2MiBM; �M Qp2`pB2r Q7 i?2 /Bz2`2Mi FBM/b Q7 T2`7Q`K�M+2 i2bib �M�HvxBM;
i?2B` +QM};m`�iBQMb U2X;X- BMTmi /�i�- �M/ alh /2THQvK2Mi +QM/BiBQMbV �M/
2t2+miBQM T`Q+2bb2b iQ 2M�#H2 /2+H�`�iBp2 bT2+B}+�iBQM �M/ �miQK�iBQM Q7 i?2
b�K2X

hQ 2M�#H2 i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7 i2bib- r2 T`QTQb2 � .aG �b T�`i
Q7 i?2 +QMi`B#miBQM `2H�i2/ iQ i?2 _X:X kX h?2 T`QTQb2/ .aG Qz2`b /2+H�`�@
iBp2 �#bi`�+iBQMb iQ bT2+B7v /Bz2`2Mi FBM/b Q7 T2`7Q`K�M+2 i2bib B/2MiB}2/ BM i?2
+�i�HQ; `2bmHi Q7 _X:X RX h?2 .aGǶb 2tT`2bbBp2M2bb 2M�#H2b mb2`b iQ 2Bi?2` bT2+@
B7v T2`7Q`K�M+2 i2bib �M/ +QM};m`2 i?2B` �miQK�iBQM T`Q+2bb- Q` `2mb2 �H`2�/v
/2}M2/ T2`7Q`K�M+2 i2bib T`QpB/2/ �b i2KTH�i2b iQ `2/m+2 i?2 +QKTH2tBiv Q7
/2}MBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib �;�BMbi i?2 alh mM/2` /2p2HQTK2MiX
_2HvBM; QM i?2 T`QTQb2/ .aG- mb2`b +�M bi�i2 i?2B` T2`7Q`K�M+2 i2bi ;Q�Hb-
+QM};m`2 ?Qr iQ /2THQv �M/ BMi2`�+i rBi? i?2 alh- /2}M2 K2�bm`2K2Mib /�i�
iQ +QHH2+i �M/ K2i`B+b iQ +QKTmi2- �M/ T�`�K2i2`Bx2 i?2 �miQK�iBQM T`Q+2bb
iQ /2+B/2 r?2M iQ i2`KBM�i2 i?2 2t2+miBQM �M/ ?Qr iQ �bb2bb i?2 [m�HBiv Q7 i?2
alh 7`QK i?2 T2`7Q`K�M+2 TQBMi Q7 pB2rX 6Q` � b2H2+i2/ bm#b2i Q7 i?2 B/2MiB}2/
T2`7Q`K�M+2 i2bib BM i?2 +QMi`B#mi2/ +�i�HQ;- r2 T`QpB/2 �#bi`�+iBQMb BM i?2
.aG 7Q` i?2 mb2`b iQ /2+H�`�iBp2Hv bT2+B7v i?2b2 T2`7Q`K�M+2 i2bib- �b r2HH �b
T`QpB/2 i2KTH�i2b iQ #2 /B`2+iHv `2mb2/ #v i?2 mb2`bX q2 2p�Hm�i2 i?2 T`QTQb2/
.aGǶb mb�#BHBiv (_Q/`B;m2b 2i �HX- kyR3) BM i2`Kb Q7 Bib H2�`M�#BHBiv- mb�#BHBiv-
�M/ `2mb�#BHBiv #v T2`7Q`KBM; � bmKK�iBp2 2p�Hm�iBQM- �HbQ #v +QKT�`BM; Bi
rBi? bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b- HBF2 i?2 QM2 T`QTQb2/ #v CJ2i2` (CJ2i2`-
RNN3)X q2 �HbQ T2`7Q`K � bm`p2v@#�b2/ 2tT2`i `2pB2r- iQ �bb2bb i?2 Qp2`�HH .aG
KQ/2H- Bib 2tT`2bbBp2M2bb- T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i- �b r2HH �b i?2 Qp2`�HH
bmBi�#BHBiv Q7 i?2 �TT`Q�+? 7Q` i?2 i�`;2i mb2`b- �HbQ r?2M +QKT�`2/ iQ bi�M@
/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?2 2tT`2bbBp2M2bb Q7 i?2 .aG Bb �HbQ 2p�Hm�i2/
BM KmHiBTH2 +�b2 bim/B2b BM i?2 T2`7Q`K�M+2 i2biBM; /QK�BM- �M/ #v Bi2`�iBp2Hv
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2M?�M+BM; Bi #�b2/ QM +QMiBMmQmb 722/#�+F +QHH2+i2/ BM +QHH�#Q`�iBM; rBi? Qi?2`
`2b2�`+?2`b- �b r2HH �b /m`BM; /Bz2`2Mi J�bi2` �M/ "�+?2HQ` i?2b2bX

�b T�`i Q7 i?2 rQ`F /QM2 iQ �Mbr2` i?2 _X:X 9- r2 2ti2M/ i?2 .aG �b
r2HH �b T`QpB/2 �//BiBQM�H �#bi`�+iBQMb �M/ KQ/2Hb iQ 2M�#H2 +QMiBMmQmb 2t@
2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX h?2 T`QTQb2/ �#bi`�+iBQMb
�HHQr mb2`b iQ K�T *a.G 2p2Mib iQ /Bz2`2Mi T2`7Q`K�M+2 i2bi bmBi2b Q7 b2H2+i2/
T2`7Q`K�M+2 i2bib- i?�i �`2 i`B;;2`2/ BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.GX h?2
i`B;;2`2/ i2bi bmBi2b T`QpB/2 #�+F iQ i?2 *a.G rBi? /�i� i?�i +�M #2 `2HB2/
QM iQ /2}M2 *a.G@H2p2H [m�HBiv ;�i2bX q2 �HbQ +QMi`B#mi2 �M �M�HvbBb Q7 �
T`QTQb2/ K�TTBM; Q7 *a.G 2p2Mib iQ b2H2+i2/ T2`7Q`K�M+2 i2bi bmBi2b bmT@
TQ`i2/ #v i?2 +QMi`B#mi2/ .aGX q2 2p�Hm�i2 i?2 T`QTQb2/ *a.G 2ti2MbBQM
iQ i?2 .aG �b T�`i Q7 i?2 bm`p2v@#�b2/ 2tT2`i `2pB2r �M/ BM i?2 bmKK�iBp2
2p�Hm�iBQM T2`7Q`K2/ 7Q` i?2 .aGX

RXjXk hQQHb �M/ �`iB7�+ib
�b T�`i Q7 i?2 rQ`F T2`7Q`K2/ QM _X:X k- r2 +QMi`B#mi2 �M BKTH2K2Mi�iBQM Q7
i?2 T`QTQb2/ .aG (62`K2 �M/ S�mi�bbQ- kyR3)X h?2 .aG Bb BKTH2K2Mi2/ �b �
bQ7ir�`2 HB#`�`v K2�Mi iQ #2 BMi2;`�i2/ rBi? iQQHb M22/BM; iQ ;2M2`�i2 T2`7Q`@
K�M+2 i2bib- �M/ iQQHb BKTH2K2Mi2/ iQ `2�/ /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B@
}+�iBQMbX h?2 H�M;m�;2 r2 miBHBx2 iQ T`2b2Mi i?2 .aG iQ mb2`b Bb u�JG (1p�Mb-
kyyR)- � /2@7�+iQ bi�M/�`/ 7Q` /2+H�`�iBp2 .aGb BKTH2K2Mi�iBQMb �M/ iQQHb iQ
#2 mb2/ rBi?BM *a.GX h?2 .aG BKTH2K2Mi�iBQM Bb K�/2 �p�BH�#H2 �b �M QT2M@
bQm`+2 T`QD2+i QM :Bi>m#8 M�K2/ "2M+?6HQrX q2 +QMiBMmQmbHv 2p�Hm�i2 �M/
BKT`Qp2 i?2 .aG #v +QHH�#Q`�iBM; rBi? /Bz2`2Mi `2b2�`+?2`b �b T�`i Q7 i?2
aS1* _: QM .2pPTb- T2`7Q`KBM; K�Mv +�b2 bim/B2b miBHBxBM; i?2 .aG- �b
r2HH �b #v /2p2HQTBM; BMi2;`�iBQM �M/ �#bi`�+iBQMb #�b2/ QM i?2 .aG �b T�`i
Q7 i?2 `2b2�`+? rQ`F /QM2 BM T`QD2+ib bm+? �b i?2 .1*G�_1 T`QD2+i �M/ i?2
*QMiBMmAhv T`QD2+iX

h?2 K�BM iQQH +QMi`B#miBQM Bb i?2 `2bmHi Q7 i?2 _X:X jX q2 /2bB;M �M/
BKTH2K2Mi � 7`�K2rQ`F (62`K2 �M/ S�mi�bbQ- kyRe) �++2TiBM; T2`7Q`K�M+2
i2bib bT2+B}2/ mbBM; i?2 /2p2HQT2/ .aG- T`QpB/BM; i?2 �miQK�iBQM M22/2/ 7Q`
2M�#HBM; i?2 2t2+miBQM Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bibX h?2 7`�K2rQ`F Bb
`2�HBx2/ #v KmHiBTH2 +Q?2bBp2 �M/ BMi2`+QMM2+i2/ b2`pB+2b- +QHH�#Q`�iBM; BM T`Q@
pB/BM; `B;Q`Qmb �miQK�iBQM T`Q+2bb2b iQ ;m�`�Mi22 i?2 [m�HBiv Q7 +QHH2+i2/ T2`@
7Q`K�M+2 /�i� �M/ i?2 Q#i�BM2/ `2bmHib- �miQK�i2/ alh /2THQvK2Mi- b+?2/mH@
BM;- /�i� +QHH2+iBQM- �M/ K2i`B+b +QKTmi�iBQM 7�+BHBiB2b- �M/ BMi2;`�iBQM rBi?

8https://github.com/benchflow/benchflow- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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Qi?2` 7`�K2rQ`Fb r2 `2Hv QM 7Q` T2`7Q`K�M+2 i2bi 2t2+miBQMX q2 BKTH2K2Mi
i?2 /Bz2`2Mi b2`pB+2b #v `2HvBM; QM bi�i2@Q7@i?2@�`i bQHmiBQMb �M/ ?2�pBHv `2Hv QM
.Q+F2` (.Q+F2` AM+X- kyRj) 7Q` #Qi? 7`�K2rQ`FǶb /2THQvK2Mi �M/ BKTH2K2Mi�@
iBQM Q7 bQK2 Q7 i?2 Qz2`2/ 7mM+iBQM�HBiB2b- bm+? �b �miQK�i2/ alh /2THQvK2MiX
h?2 mb2`b +�M �++2bb i?2 7`�K2rQ`F 7mM+iBQM�HBiB2b #v `2HvBM; QM � T`QpB/2/
*GA- Q` #v /B`2+iHv BMi2`�+iBM; rBi? 2tTQb2/ _2T`2b2Mi�iBQM�H ai�i2 h`�Mb72`
U_1ahV �TTHB+�iBQM S`Q;`�KKBM; AMi2`7�+2 U�SAV 7Q` �++2bbBM; i?2 Qz2`2/
7mM+iBQM�HBiB2b rBi?BM i?2B` *a.G iQQHbX q2 2p�Hm�i2 i?2 }`bi p2`bBQMb Q7 i?2
7`�K2rQ`F- #v +QKT�`BM; Bi rBi? bi�i2@Q7@i?2@�`i +QKT2iBiBp2 bQHmiBQMb �p�BH@
�#H2 QM i?2 K�`F2i- 2bT2+B�HHv i?2 QT2M@bQm`+2 QM2X q2 i?2M +QMiBMmQmbHv
2p�Hm�i2 �M/ BKT`Qp2 i?2 7`�K2rQ`F #v miBHBxBM; Bi 7Q` K�Mv `2b2�`+? Tm#HB@
+�iBQMb- #v /2THQvBM; Bi BM /Bz2`2Mi `2b2�`+? ;`QmTb �+`Qbb i?2 ;HQ#2 /2+B/BM;
iQ mb2 Qm` 7`�K2rQ`F 7Q` 2M?�M+BM; i?2B` �#BHBiv iQ +�``v Qmi i?2B` `2b2�`+?
BMBiB�iBp2b i?�i �`2 #�b2/ QM T2`7Q`K�M+2 i2bib 2t2+miBQM- �M/ #v 2ti2M/BM;
�M/ BKT`QpBM; Bi �b T�`i Q7 i?2 rQ`F /QM2 BM /Bz2`2Mi bm++2bb7mH J�bi2` �M/
"�+?2HQ` i?2bBb- �b r2HH �b BM /Bz2`2Mi +�b2 bim/B2bX

hQ 2M�#H2 i?2 +QMiBMmQmb 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2
*a.G- �b T�`i Q7 i?2 _X:X 9 r2 �HbQ 2ti2M/ i?2 *GA iQ i`B;;2` /Bz2`2Mi /2+H�`@
�iBp2Hv bT2+B}2/ i2bi bmBi2b BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G- �M/ 2ti2M/ i?2
7`�K2rQ`FǶb _1ah �SAb iQ b+?2/mH2 i2bi bmBi2b �M/ i?2 *GA iQ `2TQ`i #�+F
i2bi bmBi2b `2bmHibX

h?2 7`�K2rQ`F- i?2 *GA �M/ �HH i?2 `2H�i2/ iQQHb �M/ *a.G +QM};m`�iBQMb
�`2 K�/2 �p�BH�#H2 �b �M QT2M@bQm`+2 T`QD2+i QM :Bi>m#e

RXjXj Pi?2` *QMi`B#miBQMb
�HQM;bB/2 i?2 K2MiBQM2/ K�BM +QMi`B#miBQMb- �b T�`i Q7 i?2 `2b2�`+? rQ`F /QM2
/m`BM; i?Bb /Bbb2`i�iBQM r2 �HbQ +QMi`B#mi2,

�V �M 2ti2MbBQM Q7 i?2 T`QTQb2/ .aG �M/ i?2 7`�K2rQ`F BM i?2 +QMi2ti Q7
T2`7Q`K�M+2@#�b2/ b2+m`Biv i2biBM; 7Q` i?2 *HQm/ (_m}MQ 2i �HX- kyky)c

#V �M 2ti2MbBQM Q7 i?2 T`QTQb2/ .aG �M/ i?2 7`�K2rQ`F BM i?2 +QMi2ti Q7
;2M2`�iBM; bT2+B}+�iBQMb 7Q` 2H�biB+ b2`pB+2b /2THQv2/ QM Em#2`M2i2bd (EHB@
M�Fm �M/ 62`K2- kyR3)c

+V � #2?�pBQ`�H@/`Bp2M T2`7Q`K�M+2 i2biBM; /2}MBiBQM H�M;m�;2 2M�#HBM; ?mK�M@
`2�/�#H2 T2`7Q`K�M+2 i2bib /2}MBiBQM `2HvBM; QM � +QMi`QHH2/ M�im`�H H�M@

ehttps://github.com/benchflow/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
dhttps://kubernetes.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://github.com/benchflow/
https://kubernetes.io/


Rk RX9 h?2bBb PmiHBM2

;m�;2 (a+?mHx 2i �HX- kyRN)X h?2 T`QTQb2/ H�M;m�;2 Bb +QMp2`i2/ iQ i?2
.aG T�`i Q7 i?Bb /Bbb2`i�iBQM 7Q` i2bi 2t2+miBQM Ua2+iX 3XjVc

/V �M �TT`Q�+? �M/ � iQQH 7Q` ;2M2`�iBM; T2`7Q`K�M+2 i2biBM; `2TQ`i i�FBM;
BMiQ �++QmMi i?2 T2`7Q`K�M+2 i2bi ;Q�H bi�i2/ #v i?2 mb2` (PF�MQpBÉ 2i �HX-
kyRN) Ua2+iX 3XjVc

2V BM /2}MBM; � b+�H�#BHBiv �bb2bbK2Mi �TT`Q�+? 7Q` JB+`Qb2`pB+2b /2THQv@
K2Mi �`+?Bi2+im`2b #�b2/ QM QT2`�iBQM�H T`Q}H2b �M/ HQ�/ i2bib 2t2+m@
iBQM (�p`Bix2` 2i �HX- kyky) Ua2+iX 3X9Vc

7V BM 2M�#HBM; i?2 /2}MBiBQM �M/ 2t2+miBQM Q7 i?2 }`bi T2`7Q`K�M+2 KB+`Q@
#2M+?K�`F 7Q` "SJL kXy q7Jab- �b r2HH �b 2bi�#HBb? �M/ 2M�#H2 `2b2�`+?
QM "SJL kXy q7JabǶ T2`7Q`K�M+2 �M�HvbBb- T2`7Q`K�M+2 +QKT�`BbQM
�M/ T2`7Q`K�M+2 `2;`2bbBQM Q7 bm+? bvbi2Kb Ua2+iX 3XRVX

h?2 �#Qp2@K2MiBQM2/ +QMi`B#miBQMb bi2K 7`QK i?2 KmHiBTH2 +QHH�#Q`�iBQMb
rBi? BMi2`M�iBQM�H `2b2�`+? ;`QmTb +�``B2/ QM /m`BM; i?2 S?.- �M/ /2KQMbi`�i2
i?2 2ti2MbB#BHBiv Q7 i?2 QT2MM2bb 7Q` 2ti2MbBQM Q7 i?2 T`QTQb2/ �TT`Q�+?X aQK2
Q7 i?Qb2 +QHH�#Q`�iBQMb ?�p2 #22M 2M�#H2/ #v i?2 BMBiB�H +QMi`B#miBQMb BM /2}M@
BM; � .S1 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM- �M/ ?�p2 #22M bi�`i2/
�7i2` r2 +QMi`B#mi2/ i?2 .S1 �TT`Q�+? Qp2`pB2r �i j`/ AMi2`M�iBQM�H qQ`F@
b?QT QM Zm�HBiv@�r�`2 .2pPTb UZl.PaǶRdV (62`K2 �M/ S�mi�bbQ- kyRd)- �M/
/m`BM; i?2 BMi2`Mb?BT #�b2/ QM i?2 arBbb L�iBQM�H a+B2M+2 6QmM/�iBQM UaLa6V
T`QD2+i ǳ.2+H�`�iBp2 *QMiBMmQmb S2`7Q`K�M+2 h2biBM; 7Q` JB+`Qb2`pB+2b BM .2@
pPTbǴ3 A ?�p2 #22M �r�`/2/ Q7X

RX9 h?2bBb PmiHBM2
h?Bb i?2bBb Bb /BpB/2/ BMiQ 7Qm` T�`ib �M/ RR +?�Ti2`b- THmb 7Qm` �TT2M/B+2bX

RX9XR S�`i A @ S`QHQ;m2
S�`i A BM+Hm/2b �M BMi`Q/m+iBQM U*?�TX RV iQ i?2 iQTB+b Q7 i?Bb /Bbb2`i�iBQM-
�M Qp2`pB2r Q7 i?2 7QmM/�iBQM Q7 T2`7Q`K�M+2 i2biBM; �miQK�iBQM U*?�TX kV-
�M/ �M �M�HvbBb Q7 i?2 bi�i2@Q7@i?2@�`i BM i?2 }2H/b `2H�i2/ iQ i?Bb /Bbb2`i�iBQM
U*?�TX jVX

3http://p3.snf.ch/project-178653- H�bi pBbBi2/ QM 62#`m�`v d- kykR

http://p3.snf.ch/project-178653


Rj RX9 h?2bBb PmiHBM2

AM *?�TX R r2 T`2b2Mi i?2 +QMi2ti �M/ KQiBp�iBQM 7Q` Qm` rQ`F- i?2 T`Q#@
H2K bi�i2K2Mi- `2b2�`+? ;Q�Hb �M/ r2 T`QpB/2 �M Qp2`pB2r Q7 i?2 /Bz2`2Mi +QM@
i`B#miBQMb �M/ 2p�Hm�iBQMb r2 T2`7Q`KX q2 +QM+Hm/2 i?2 +?�Ti2` rBi? i?Bb
i?2bBb QmiHBM2 �M/ �M Qp2`pB2r Q7 Tm#HB+�iBQMb r2 +QMi`B#mi2 �M/ i?2 Qp2`�HH
+�`22` mT iQ MQrX

AM *?�TX k r2 /Bb+mbb i?2 +?�HH2M;2b BM T2`7Q`K�M+2 i2biBM; �miQK�iBQM-
�M/ �M�Hvx2 i?2 BKT�+i Q7 KQ/2`M /2p2HQTK2Mi �M/ `2H2�b2 T`Q+2bb2b- bm+? �b
.2pPTb- QM i?2 T2`7Q`K�M+2 i2biBM; �+iBpBiB2bX

AM *?�TX j r2 �M�Hvb2 i?2 bi�i2@Q7@i?2@�`i BM i?2 }2H/ `2H2p�Mi iQ i?Bb
/Bbb2`i�iBQMX q2 T`2b2Mi r?�i .2pPTb Bb �M/ ?Qr Bi Bb `2H�i2/ iQ T2`7Q`K�M+2
2M;BM22`BM;- Qi?2` i?�M �M Qp2`pB2r Q7 i?2 K�BM T2`7Q`K�M+2 i2biBM; i2+?MB[m2b
7Q` i?2 irQ K�BM i�`;2i bvbi2K Q7 i?2 T`QTQb2/ �TT`Q�+?X q2 i?2M BMi`Q/m+2
.S1- �M/ �M�Hvx2 i?2 bi�i2@Q7@i?2@�`i BM i?2 +QMi2ti Q7 T2`7Q`K�M+2 i2biBM;
.aGb �M/ T2`7Q`K�M+2 i2biBM; �miQK�iBQM 7`�K2rQ`F- rBi? � T�`iB+mH�` 7Q+mb
QM i?2 bQHmiBQMb Qz2`BM; � .S1 �TT`Q�+?X

RX9Xk S�`i AA @ .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM; �miQK�iBQM
S�`i AA T`2b2Mib i?2 +Q`2 +?�Ti2`b Q7 i?Bb /Bbb2`i�iBQM- �M/ BM+Hm/2b i?2 �miQK�iBQM@
Q`B2Mi2/ T2`7Q`K�M+2 i2bi +�i�HQ; U*?�TX 9V- i?2 /2+H�`�iBp2 .aG 2M�#HBM;
i?2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb2b U*?�TX 8V- �M/ i?2
"2M+?6HQr 7`�K2rQ`F 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM U*?�TX eVX

AM *?�TX 9 r2 T`2b2Mi i?2 �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bi +�i�HQ;
r2 +QMi`B#mi2 �b T�`i Q7 _X:X RX AM /QBM; bQ r2 �HbQ /Bb+mbb 7�+iQ`b BKT�+iBM;
i?2 i2bi /2}MBiBQM �M/ i?2 i2bi �miQK�iBQMX q2 �HbQ +QMi`B#mi2 � T`QTQb�H QM
?Qr iQ b2H2+i /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib r?2M T2`7Q`K�M+2 i2biBM; Bb
BMi2;`�i2/ �b T�`i Q7 *a.GX h?2 �M�HvbBb +QMi`B#mi2b iQ _X:X 9X

AM *?�TX 8 r2 T`2b2Mi i?2 "2M+?6HQr .aG r2 T`QTQb2 �b �M �Mbr2` iQ
_X:X k �M/ _X:X 9X h?2 T`QTQb2/ /2+H�`�iBp2 .aG 2M�#H2b i?2 bT2+B}+�iBQM Q7
T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bbX q2 T`2b2Mi i?2 .aG K2i�@KQ/2H- i?2M
r2 BMi`Q/m+2 i?2 .aG KQ/2H �M/ BM i?2 H�bi T�`i Q7 i?2 +?�Ti2` r2 T`QpB/2
2t�KTH2b Q7 ?Qr i?2 mb2`b +�M bT2+B7v /2+H�`�iBp2 T2`7Q`K�M+2 i2bib- �M/ i2bi
bmBi2b- ?�pBM; /Bz2`2Mi ;Q�Hb- �b r2HH �b BKTH2K2Mi�iBQM /2i�BHbX

AM *?�TX e r2 T`2b2Mi i?2 "2M+?6HQr 7`�K2rQ`F r2 +QMi`B#mi2 �b �M
�Mbr2` iQ _X:X jX h?2 "2M+?6HQr 7`�K2rQ`F 2M�#H2b i?2 �miQK�i2/ 2t2+miBQM
Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bibX q2 T`2b2Mi i?2 "2M+?6HQr 7`�K2rQ`F /2bB;M
�M/ �`+?Bi2+im`2 }`bi �M/ i?2M r2 T`QpB/2 BKTH2K2Mi�iBQM /2i�BHbX

"2BM; i?Bb i?2 +Q`2 T�`i Q7 i?2 i?2bBb- BM i?Bb T�`i- r2 +Qp2` �HH i?2 _X:Xb r2
bi�i2 BM a2+iX RXkXRX AM h�#X RXR r2 T`QpB/2 �M Qp2`pB2r Q7 i?2 K�TTBM; #2ir22M



R9 RX9 h?2bBb PmiHBM2

O _2b2�`+? :Q�H *?�Ti2`UbV �M/
a2+iBQMUbV

R _X:X R @ �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2
h2bib *�i�HQ;

*?�Ti2`b, *?�TX 9-
a2+iBQMb, a2+iX 9Xj

k _X:X k @ .2+H�`�iBp2 aT2+B}+�iBQM G�M;m�;2 *?�Ti2`b, *?�TX 8-
a2+iBQMb, a2+iX 8X9-
a2+iX 8XeXR-
a2+iX 8XeXj-
a2+iX 8XeX9

j _X:X j @ �miQK�i2/ 1t2+miBQM Q7 S2`7Q`K�M+2
h2bib

*?�Ti2`b, *?�TX e -
a2+iBQMb, a2+iX eXkXk-
a2+iX eXkX9-
a2+iX eXkX8-
a2+iX eXjX9-
a2+iX eXjX8

9 _X:X 9 @ 1t2+miBM; S2`7Q`K�M+2 h2biBM; BM
*a.G

*?�Ti2`b, *?�TX 9-
*?�TX 8- a2+iBQMb,
a2+iX 9X9- a2+iX 8X8-
a2+iX 8XeXk- GBbi@
BM; 8Xj3

h�#H2 RXRX _X:Xb J�TT2/ iQ i?2 .Bz2`2Mi *?�Ti2`b �M/ a2+iBQMb

2�+? _X:X �M/ i?2 K�BM +?�Ti2`b �M/ b2+iBQMb r?2`2 r2 /Bb+mbb +QMi`B#miBQMb
iQ i?2 _X:XX

RX9Xj S�`i AAA @ 1p�Hm�iBQM
S�`i AAA `2TQ`ib QM i?2 /Bz2`2Mi 2p�Hm�iBQMb U*?�TX dV �M/ +�b2 bim/B2b U*?�TX 3V
r2 T2`7Q`KX

AM *?�TX d r2 `2TQ`i i?2 `2bmHib Q7 i?2 2tT2`i `2pB2r Ua2+iX dXRV �M/ i?2
bmKK�iBp2 2p�Hm�iBQM Ua2+iX dXkV r2 T2`7Q`K iQ p�HB/�i2 Qmi +H�BKb QM i?2 T`Q@
TQb2/ /2+H�`�iBp2 .aG �M/ i?2 Qp2`�HH /2+H�`�iBp2 �TT`Q�+? 7Q` T2`7Q`K�M+2
i2biBM; �miQK�iBQMX q2 i?2M �HbQ `2TQ`i i?2 /2i�BHb Q7 i?2 Bi2`�iBp2 `2pB2r
Ua2+iX dXjV r2 �TTHB2/ r?BH2 /2p2HQTBM; i?2 "2M+?6HQr 7`�K2rQ`F �M/ � +QK@
T�`�iBp2 2p�Hm�iBQM Ua2+iX dX9V Q7 i?2 "2M+?6HQr 7`�K2rQ`F rBi? Qi?2` �p�BH�#H2
iQQHb 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQMX

AM *?�TX 3 r2 T`2b2Mi `2H2p�Mi +�b2 bim/B2b BM r?B+? r2 �TTHB2/ �M/ 2t@



R8 RX8 Sm#HB+�iBQM �M/ *�`22` Pp2`pB2r

i2M/2/ i?2 T`QTQb2/ �TT`Q�+? r?BH2 +QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`bX

RX9X9 S�`i Ao @ 1TBHQ;m2
S�`i Ao �M�Hvb2b i?2 H2bbQMb H2�`M2/ U*?�TX NV- �M/ bmKK�`Bx2 i?2 +QMi`B#m@
iBQMb �M/ `2bmHib Q#i�BM2/ BM i?Bb /Bbb2`i�iBQM U*?�TX RyVX Ai i?2M �HbQ T`QpB/2b
�M Qp2`pB2r Q7 QT2M +?�HH2M;2b �M/ QmiHQQF U*?�TX RRV BM .S1 �TTHB2/ iQ
T2`7Q`K�M+2 i2biBM; �miQK�iBQMX

AM *?�TX N T`2b2Mib i?2 H2bbQMb H2�`M2/ BM /2p2HQTBM; �M/ 2ti2M/BM; i?2
T`QTQb2/ �TT`Q�+?- �b r2HH �b `2H�i2/ iQ Qi?2` T2QTH2 mbBM; i?2 T`QTQb2/ �T@
T`Q�+?X

AM *?�TX Ry r2 bmKK�`Bx2 i?2 +QMi`B#miBQMb �M/ r2 /Bb+mbb i?`2�ib iQ
p�HB/BivX

AM *?�TX RR r2 /Bb+mbb HBKBi�iBQMb Q7 Qm` �TT`Q�+?- �M/ r2 T`2b2Mi i?2
QmiHQQF �M/ Qm` pBbBQM 7Q` .S1 �TT`Q�+?2b 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM
�M/ QT2M +?�HH2M;2b 7Q` K�BMbi`2�K �/QTiBQM Q7 i?2 b�K2X

hQ 7�+BHBi�i2 �++2bb iQ i?2 BM7Q`K�iBQM r2 `2TQ`i BM /Bz2`2Mi +?�Ti2`b- 2�+?
+?�Ti2` T`2b2Mib � T`2�K#H2 #`B2~v `2TQ`iBM; i?2 +QMi2Mi /Bb+mbb2/ BM i?2 +?�T@
i2`X 6Q` +?�Ti2`b BM S�`i AA �M/ AAA r2 �HbQ T`QpB/2 � *QM+Hm/BM; _2K�`Fb b2+@
iBQM r?2`2 r2 ?B;?HB;?i i?2 KQbi `2H2p�Mi BM7Q`K�iBQM `2TQ`i2/ BM i?2 +?�Ti2`X

AM S�`i o r2 `2TQ`i `2H2p�Mi �`iB7�+ib �b T�`i Q7 i?2 �TT2M/B+2bX

RX8 Sm#HB+�iBQM �M/ *�`22` Pp2`pB2r
h?2 rQ`F BM i?Bb /Bbb2`i�iBQM ?�b #22M /2p2HQT2/ #mBH/BM; 2tT2`B2M+2 Qp2` KmH@
iBTH2 v2�`b BM �+�/2KB� �M/ BM/mbi`v �M/ +QHH�#Q`�iBM; rBi? K�Mv ;`2�i T2QTH2X
A bT2Mi �HKQbi 7Qm` v2�`b �b S?. +�M/B/�i2 �i i?2 �`+?Bi2+im`2- .2bB;M �M/
q2# AM7Q`K�iBQM avbi2Kb 1M;BM22`BM; :`QmT UaQ7ir�`2 AMbiBimi2- lMBp2`bBi¨
/2HH� apBxx2`� Bi�HB�M�V mM/2` i?2 bmT2`pBbBQM Q7 *2b�`2 S�mi�bbQX A i?2M bT2Mi
bBt KQMi?b �b � pBbBiBM; `2b2�`+?2` �i i?2 aQ7ir�`2 Zm�HBiv �M/ �`+?Bi2+im`2
:`QmT UlMBp2`bBiv Q7 aimii;�`iV �M/ KQ`2 i?�M irQ v2�`b �b *HQm/ L�iBp2
h2+? G2�/ +QMbmHi�Mi BM EB`�i2+?- rQ`FBM; rBi? #B; 2Mi2`T`Bb2b BM arBix2`H�M/
�M/ Ai�HvX .m`BM; Kv 2tT2`B2M+2 �b S?. +�M/B/�i2 �M/ pBbBiBM; `2b2�`+?2`- A
rQ`F2/ BM i?2 `2b2�`+? }2H/b Q7 ǳqQ`F~Qr J�M�;2K2Mi avbi2Kb S2`7Q`K�M+2
"2M+?K�`FBM;Ǵ �M/ ǳS2`7Q`K�M+2 h2biBM; �miQK�iBQM U.2+H�`�iBp2 �M/ MQiVǴX
.m`BM; Kv `2b2�`+? +�`22`- BM+Hm/BM; i?2 QM2 �b � J�bi2` bim/2Mi T`BQ` iQ i?2
S?. BM i?2 }2H/ Q7 ǳ_2p2`b2 1M;BM22`BM; �M/ aQ7ir�`2 Zm�HBivǴ- A ?�/ i?2



Re RX8 Sm#HB+�iBQM �M/ *�`22` Pp2`pB2r

QTTQ`imMBiv iQ +QHH�#Q`�i2 rBi? K�Mv UKQ`2 i?�M 9y iQ 62#`m�`v d- kykRNV
`2b2�`+?2`b �`QmM/ i?2 qQ`H/- QM /Bz2`2Mi iQTB+b- �M/ Tm#HBb? � 7�B` �KQmMi
Uj3 +QMi`B#miBQMbRyV Q7 `2b2�`+? rQ`F Qp2` i?2 v2�`b kyRj@kyky �i K�DQ` BMi2`@
M�iBQM�H +QM72`2M+2b �M/ rQ`Fb?QTbX hQ 62#`m�`v d- kykR- i?2 `2b2�`+? rQ`F A
+QMi`B#mi2/ ?�b #22M +Bi2/ djy iBK2b- rBi? �M ?@BM/2t Q7 R8 �M/ � BRy@BM/2t Q7
RNRRX .m`BM; Kv `2+2Mi 2tT2`B2M+2 BM i?2 BM/mbi`v- A K�BMHv rQ`F2/ �b ǳ*HQm/
*QKTmiBM; �M/ .2pPTb �/pQ+�i2Ǵ +QMi`B#miBM; iQ i?2 /B;Bi�H i`�Mb7Q`K�iBQM
DQm`M2vb Q7 #B; 2Mi2`T`Bb2b- T`QpB/BM; �/p�M+2/ r2#BM�`b- i`�BMBM;- �M/ rQ`FBM;
rBi? K�Mv Q7 i?2 i2+?MQHQ;B2b �M/ T`Q+2bb2b A `2Hv QM 7Q` i?Bb /Bbb2`i�iBQMX

AM i?2 7QHHQrBM; r2 `2TQ`i i?2 K�BM +QMi`B#miBQMb BM i?2 `2b2�`+? �`2�b A
rQ`F2/ QM /m`BM; Kv S?.@`2H�i2/ `2b2�`+? +�`22`- M�K2Hv ǳqQ`F~Qr J�M@
�;2K2Mi avbi2Kb S2`7Q`K�M+2 "2M+?K�`FBM;Ǵ �M/ ǳS2`7Q`K�M+2 h2biBM; �m@
iQK�iBQM U.2+H�`�iBp2 �M/ MQiVǴX q2 T`2b2Mi i?2 +QMi`B#miBQMb Qp2` i?2 v2�`b
�M/ #v +H�bbB7vBM; i?2K BMiQ i?2 7QHHQrBM; +�i2;Q`B2b, RV S22`@`2pB2r2/ DQm`M�H
�`iB+H2bc kV S22`@`2pB2r2/ #QQF +?�Ti2`bc jV S22`@`2pB2r2/ T`Q+22/BM;b- +H�b@
bB}2/ BM +QM72`2M+2 T`Q+22/BM;b- rQ`Fb?QT T`Q+22/BM;b- /2KQb- �M/ TQbi2`bc
9V _2b2�`+? T`QD2+ibc 8V Pmi`2�+? �+iBpBiB2b- +H�bbB}2/ BM BMpBi2/ bT2�F2`- imiQ@
`B�H- �M/ r2#BM�`bc eV Pi?2` �`iB7�+ib rBi? /Q+mK2Mi2/ mb2X

Sm#HB+�iBQMb
S22`@`2pB2r2/ #QQF +?�Ti2`b
oX 62`K2- �X Ap�M+?BFD- �M/ *X S�mi�bbQX Ah@*2Mi`B+ S`Q+2bb �m@
iQK�iBQM, aim/v �#Qmi i?2 S2`7Q`K�M+2 Q7 "SJL kXy 1M;BM2bX
1KTB`B+�H aim/B2b QM i?2 .2p2HQTK2Mi Q7 1t2+mi�#H2 "mbBM2bb S`Q+2bb2b-
T�;2b Red@RNd- kyRN- aT`BM;2`X (62`K2 2i �HX- kyRN)

ky
RN

UhQ #2 +QMiBMm2/V

NaQm`+2, https://scholar.google.com/citations?user=ju3e7M0AAAAJ&hl=en- H�bi pBbBi2/
QM 62#`m�`v d- kykR

RyaQm`+2, https://scholar.google.com/citations?user=ju3e7M0AAAAJ&hl=en- H�bi pBbBi2/
QM 62#`m�`v d- kykR

RRaQm`+2, https://scholar.google.com/citations?user=ju3e7M0AAAAJ&hl=en- H�bi pBbBi2/
QM 62#`m�`v d- kykR
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Sm#HB+�iBQMb

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
:X _QbBMQbFv- *X G�##�- oX 62`K2- aX uQm+27- 6X *?�`Qv- �M/ *X S�m@
i�bbQX 1p�Hm�iBM; JmHiB@i2M�Mi GBp2 JB;`�iBQMb 1z2+ib QM S2`7Q`@
K�M+2X AM S`Q+X Q7 i?2 Rei? *QM72/2`�i2/ AMi2`M�iBQM�H *QM72`2M+2b ǳPM
i?2 JQp2 iQ J2�MBM;7mH AMi2`M2i avbi2KbǴ UPhJ ǶR3V- T�;2b eR@dd- kyR3-
aT`BM;2`X (_QbBMQbFv 2i �HX- kyR3)

ky
R3

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
oX 62`K2- JX aFQm`�/�FB- �X Ap�M+?BFD- *X S�mi�bbQ- �M/ 6X G2vK�MMX
S2`7Q`K�M+2 *QKT�`BbQM "2ir22M "SJL kXy qQ`F~Qr J�M�;2@
K2Mi avbi2Kb o2`bBQMbX AM S`Q+X Q7 i?2 R3i? AMi2`M�iBQM�H *QM72`2M+2
QM 1Mi2`T`Bb2- "mbBM2bb@S`Q+2bb �M/ AM7Q`K�iBQM avbi2Kb JQ/2HBM; U"S@
J.a ǶRdV- T�;2b R@R8- kyRd- aT`BM;2`X (62`K2 2i �HX- kyRd#) @ S`2b2Mi�iBQM,
https://www.slideshare.net/aivancik/bpmds17-performance-comparison-between-bpmn
-20-wfms-versions- H�bi pBbBi2/ QM 62#`m�`v d- kykR

ky
Rd �X Ap�M+?BFD- oX 62`K2- �M/ *X S�mi�bbQX PM i?2 S2`7Q`K�M+2 Pp2`@

?2�/ Q7 "SJL JQ/2HBM; S`�+iB+2bX AM S`Q+X Q7 i?2 R8i? AMi2`M�iBQM�H
*QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2K2Mi U"SJ ǶRdV- T�;2b kRe@kjk-
kyRd- aT`BM;2`X (Ap�M+?BFD 2i �HX- kyRd) @ S`2b2Mi�iBQM, https://www.slideshare.
net/aivancik/on-the-performance-overhead-of-bpmn-modeling-practices- H�bi pBbBi2/
QM 62#`m�`v d- kykR
aX >�``2`- CX G2M?�`/- PX EQTT- oX 62`K2- �M/ *X S�mi�bbQX � S�ii2`M
G�M;m�;2 7Q` qQ`F~Qr 1M;BM2 *QM7Q`K�M+2 �M/ S2`7Q`K�M+2
"2M+?K�`FBM;X AM S`Q+X Q7 i?2 kkM/ 1m`QT2�M *QM72`2M+2 QM S�ii2`M
G�M;m�;2b Q7 S`Q;`�Kb U1m`QSGQS ǶRdV- T�;2b R@9e- kyRd- �*JX (>�``2`
2i �HX- kyRd)

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ qQ`Fb?QT T`Q+22/BM;b
CX G2M?�`/- oX 62`K2- aX >�``2`- JX :2B;2`- �M/ *X S�mi�bbQX G2bbQMb
G2�`M2/ 7`QK 1p�Hm�iBM; qQ`F~Qr J�M�;2K2Mi avbi2KbX AM
S`Q+X Q7 i?2 Rji? AMi2`M�iBQM�H qQ`Fb?QT QM 1M;BM22`BM; a2`pB+2@P`B2Mi2/
�TTHB+�iBQMb �M/ *HQm/ a2`pB+2b Uq1aP�*a ǶRdV- T�;2b kR8@kkd- kyRd-
aT`BM;2`X (G2M?�`/ 2i �HX- kyRd)
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Sm#HB+�iBQMb
*QMi`B#miBQMb iQ BMi2`M�iBQM�H +QM72`2M+2b @ SQbi2`b
oX 62`K2- CX G2M?�`/- aX >�``2`- JX :2B;2`- �M/ *X S�mi�bbQX qQ`F~Qr
J�M�;2K2Mi avbi2Kb "2M+?K�`FBM;, lM7mH}HH2/ 1tT2+i�iBQMb
�M/ G2bbQMb G2�`M2/X AM S`Q+X Q7 i?2 jNi? AMi2`M�iBQM�H *QM72`2M+2
QM aQ7ir�`2 1M;BM22`BM; UA*a1 ǶRdV- T�;2b jdN@j3R- kyRd- A111X (62`K2
2i �HX- kyRd�) @ SQbi2`, http://design.inf.usi.ch/sites/default/files/biblio/benc
hflow-icse2017-poster.pdf- H�bi pBbBi2/ QM 62#`m�`v d- kykR

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
oX 62`K2- �X Ap�M+?BFD- *X S�mi�bbQ- JX aFQm`�/�FB- �M/ 6X G2vK�MMX
� *QMi�BM2`@+2Mi`B+ J2i?Q/QHQ;v 7Q` "2M+?K�`FBM; qQ`F~Qr
J�M�;2K2Mi avbi2KbX AM S`Q+X Q7 i?2 ei? AMi2`M�iBQM�H *QM72`2M+2 QM
*HQm/ *QKTmiBM; �M/ a2`pB+2 a+B2M+2 U*GPa1_ kyReV- T�;2b d9@39- kyRe-
1Hb2pB2`X (62`K2 2i �HX- kyRe#) @ S`2b2Mi�iBQM, https://www.slideshare.net/vince
nzoferme/a-containercentric-methodology-for-benchmarking-workflow-management-sy
stems- H�bi pBbBi2/ QM 62#`m�`v d- kykR

ky
Re JX aFQm`�/�FB- oX 62`K2- *X S�mi�bbQ- 6X G2vK�MM- �M/ �X p�M >QQ`MX

JB+`Q@"2M+?K�`FBM; "SJL kXy qQ`F~Qr J�M�;2K2Mi avbi2Kb
rBi? qQ`F~Qr S�ii2`MbX AM S`Q+X Q7 i?2 k3i? AMi2`M�iBQM�H *QM72`2M+2
QM �/p�M+2/ AM7Q`K�iBQM avbi2Kb 1M;BM22`BM; U*�Ba1 ǶReV- T�;2b keR@
kdk- kyRe- �*JX (62`K2 �M/ S�mi�bbQ- kyR3) @ S`2b2Mi�iBQM, https://www.sli
deshare.net/MarigiannaSkouradaki/micro-benchmarking-wfms-with-workflow-pattern
s- H�bi pBbBi2/ QM 62#`m�`v d- kykR
*X CɃ`;2M- oX 62`K2- �M/ >X*X :�HHX lbBM; .Q+F2` *QMi�BM2`b iQ
AKT`Qp2 _2T`Q/m+B#BHBiv BM aQ7ir�`2 �M/ q2# 1M;BM22`BM; _2@
b2�`+?X AM S`Q+X Q7 i?2 Rei? AMi2`M�iBQM�H *QM72`2M+2 QM q2# 1M;BM22`BM;
UA*q1 ǶReV- T�;2b eyN@eRk- kyRe- aT`BM;2`X (*BiQ 2i �HX- kyRe) @ S`2b2Mi�iBQM,
https://www.slideshare.net/vincenzoferme/using-docker-containers-to-improve-rep
roducibility-in-software-and-web-engineering- H�bi pBbBi2/ QM 62#`m�`v d- kykR
oX 62`K2- �X Ap�M+?BFD- �M/ *X S�mi�bbQX 1biBK�iBM; i?2 *Qbi 7Q`
1t2+miBM; "mbBM2bb S`Q+2bb2b BM i?2 *HQm/X AM S`Q+X Q7 i?2 R9i?
AMi2`M�iBQM�H *QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2K2Mi U"SJ 6Q`mK
ǶReV- T�;2b dk@33- kyRe- aT`BM;2`X (62`K2 2i �HX- kyRe�) @ S`2b2Mi�iBQM, https
://www.slideshare.net/vincenzoferme/estimating-the-cost-for-executing-business-
processes-in-the-cloud- H�bi pBbBi2/ QM 62#`m�`v d- kykR

UhQ #2 +QMiBMm2/V
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Sm#HB+�iBQMb
*QMi`B#miBQMb iQ BMi2`M�iBQM�H +QM72`2M+2b @ SQbi2`b
oX 62`K2- �M/ *X S�mi�bbQX AMi2;`�iBM; 6�#�M rBi? .Q+F2` 7Q`
S2`7Q`K�M+2 "2M+?K�`FBM;X AM S`Q+X Q7 i?2 di? �*JfaS1* AMi2`M�@
iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1 ǶReV- T�;2b keR@kdk-
kyR3- �*JX (62`K2 �M/ S�mi�bbQ- kyR3)

Pmi`2�+? �+iBpBiB2b @ AMpBi2/ aT2�F2`
oX 62`K2X hQr�`/b � "2M+?K�`F 7Q` "SJL 1M;BM2bX Rbi AMi2`M�@
iBQM�H qQ`Fb?QT QM S2`7Q`K�M+2 �M/ *QM7Q`K�M+2 Q7 qQ`F~Qr 1M;BM2b-
yeXyNXkyReX @ S`2b2Mi�iBQM, https://www.slideshare.net/vincenzoferme/workflow-en
gine-performance-benchmarking-with-benchflow- H�bi pBbBi2/ QM 62#`m�`v d- kykR

Pmi`2�+? �+iBpBiB2b @ AMpBi2/ hmiQ`B�Hb
CɃ`;2M *BiQ- oX 62`K2- �M/ >�`�H/ *X :�HHX lbBM; .Q+F2` *QMi�BM@
2`b iQ AKT`Qp2 _2T`Q/m+B#BHBiv BM aQ7ir�`2 �M/ q2# 1M;BM22`BM;X
Rei? AMi2`M�iBQM�H *QM72`2M+2 QM q2# 1M;BM22`BM; UA*q1 ǶReV �M/ lMB@
p2`bBiv Q7 JBH�MQ@"B+Q++�- kyReX @ S`2b2Mi�iBQM, https://www.slideshare.net/vi
ncenzoferme/using-docker-containers-to-improve-reproducibility-in-software-and-
web-engineering- H�bi pBbBi2/ QM 62#`m�`v d- kykR

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
*X S�mi�bbQ- oX 62`K2- .X _QHH2`- 6X G2vK�MM- �M/ JX aFQm`�/�FBX hQ@
r�`/b rQ`F~Qr #2M+?K�`FBM;, PT2M `2b2�`+? +?�HH2M;2bX AM S`Q+X
Q7 i?2 Rei? +QM72`2M+2 QM .�i�#�b2 avbi2Kb 7Q` "mbBM2bb- h2+?MQHQ;v- �M/
q2# U"hq kyR8V- T�;2b R@ky- kyRe- "hqX (S�mi�bbQ 2i �HX- kyR8) @ S`2b2M@
i�iBQM, https://www.slideshare.net/MarigiannaSkouradaki/benchmarking-workflow-en
gines-open-research-challenges-btw-2015- H�bi pBbBi2/ QM 62#`m�`v d- kykR

ky
R8 JX aFQm`�/�FB- .X >X _QHH2`- GX 6`�MF- oX 62`K2- �M/ *X S�mi�bbQX PM

i?2 _Q�/ iQ "2M+?K�`FBM; "SJL kXy qQ`F~Qr 1M;BM2bX AM
S`Q+X Q7 i?2 ei? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2
1M;BM22`BM; UA*S1 ǶR8V- T�;2b jyR@jy9- kyR8- �*JX (aFQm`�/�FB 2i �HX-
kyR8#) @ S`2b2Mi�iBQM, https://www.slideshare.net/vincenzoferme/on-the-road-to-b
enchmarking-bpmn-20-workflow-engines- H�bi pBbBi2/ QM 62#`m�`v d- kykR
JX aFQm`�/�FB- oX 62`K2- 6X G2vK�MM- *X S�mi�bbQ- �M/ .X >X _QHH2`X
ǳ"S1G�MQMǴ, S`Qi2+i #mbBM2bb T`Q+2bb2b QM i?2 *HQm/X AM S`Q+X
Q7 i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM *HQm/ *QKTmiBM; �M/ a2`pB+2 a+B@
2M+2 U*GPa1_ kyR8V- T�;2b k9R@k8y- kyR8- 1Hb2pB2`X (aFQm`�/�FB 2i �HX-
kyR8�)

UhQ #2 +QMiBMm2/V
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Sm#HB+�iBQMb
oX 62`K2- �X Ap�M+?BFD- �M/ *X S�mi�bbQX � 6`�K2rQ`F 7Q` "2M+?@
K�`FBM; "SJL kXy qQ`F~Qr J�M�;2K2Mi avbi2KbX AM S`Q+X Q7
i?2 Rji? AMi2`M�iBQM�H *QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2K2Mi U"SJ
ǶR8V- T�;2b k8R@k8N- kyR8- aT`BM;2`X (62`K2 2i �HX- kyR8) @ S`2b2Mi�iBQM, http
s://www.slideshare.net/vincenzoferme/benchflow-a-framework-for-benchmarking-bpm
n-20-workflow-management-systems- H�bi pBbBi2/ QM 62#`m�`v d- kykR

*QMi`B#miBQMb iQ BMi2`M�iBQM�H +QM72`2M+2b @ .2KQb
�X Ap�M+?BFD- oX 62`K2- �M/ *X S�mi�bbQX "SJ2i2`, q2# a2`pB+2 �M/
�TTHB+�iBQM 7Q` ai�iB+ �M�HvbBb Q7 "SJL kXy *QHH2+iBQMbX AM S`Q+X
Q7 i?2 Rji? AMi2`M�iBQM�H *QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2K2Mi
(.2KQ) U"SJ ǶR8V- T�;2b jy@j9- kyR8- aT`BM;2`X (Ap�M+?BFD 2i �HX- kyR8) @
a+`22M+�bi, https://www.youtube.com/watch?v=NaQ79VHoOgE- H�bi pBbBi2/ QM 62#`m�`v d-
kykR

Pmi`2�+? �+iBpBiB2b @ AMpBi2/ aT2�F2`
oX 62`K2X hQr�`/b � "2M+?K�`F 7Q` "SJL 1M;BM2bX hAJ aQHm@
iBQMb U*QKT�MvV- JmMB+?- :2`K�Mv- yjXRRXkyR8X @ S`2b2Mi�iBQM, https://www
.slideshare.net/vincenzoferme/towards-a-benchmark-for-bpmn-engines- H�bi pBbBi2/
QM 62#`m�`v d- kykR
oX 62`K2- �M/ *X S�mi�bbQX hQr�`/b � "2M+?K�`F 7Q` "SJL 1M@
;BM2bX q@C�s *QM72`2M+2- JmMB+?- :2`K�Mv- y9XRRXkyR8X @ S`2b2Mi�iBQM,
https://www.slideshare.net/vincenzoferme/towards-a-benchmark-for-bpmn-engines-
H�bi pBbBi2/ QM 62#`m�`v d- kykR

Pi?2` �`iB7�+ib rBi? /Q+mK2Mi2/ mb2
"SJ2i2`X http://benchflow.inf.usi.ch/bpmeter- kyR8X @ a+`22M+�bi, htt
ps://www.youtube.com/watch?v=NaQ79VHoOgE- H�bi pBbBi2/ QM 62#`m�`v d- kykR

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ qQ`Fb?QT T`Q+22/BM;b
JX aFQm`�/�FB- .X >X _QHH2`- 6X G2vK�MM- oX 62`K2- �M/ *X S�mi�bbQX
h2+?MB+�H QT2M +?�HH2M;2b QM #2M+?K�`FBM; rQ`F~Qr K�M�;2@
K2Mi bvbi2KbX AM S`Q+X Q7 i?2 kyR9 avKTQbBmK QM aQ7ir�`2 S2`7Q`@
K�M+2 UaaS kyR9V- T�;2b Ry8@RRk- kyR9- avKTQbBmK QM aQ7ir�`2 S2`7Q`@
K�M+2X (aFQm`�/�FB 2i �HX- kyR9)

ky
R9

h�#H2 RXkX Sm#HB+�iBQMb _2H�i2/ iQ ǳq7Jab S2`7Q`K�M+2 "2M+?K�`FBM;Ǵ

AM h�#X RXk r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 K�BM +QMi`B#miBQMb BM i?2 �`2� Q7
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https://www.slideshare.net/vincenzoferme/towards-a-benchmark-for-bpmn-engines
http://benchflow.inf.usi.ch/bpmeter
https://www.youtube.com/watch?v=NaQ79VHoOgE
https://www.youtube.com/watch?v=NaQ79VHoOgE
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qQ`F~Qr J�M�;2K2Mi avbi2Kb T2`7Q`K�M+2 #2M+?K�`FBM;X A +QMi`B#mi2/- BM
+QHH�#Q`�iBQM rBi? +QHH2�;m2b �i i?2 laA- �M/ i?2 lMBp2`bBiv Q7 aimii;�`i- iQ i?2
/2p2HQTK2Mi Q7 i?2 }`bi b2i Q7 #2M+?K�`Fb 7Q` #2M+?K�`FBM; i?2 T2`7Q`K�M+2
Q7 q7Jab 2t2+miBM; i?2 "SJL kXy bi�M/�`/X Jv K�BM +QMi`B#miBQMb ?�p2
#22M i?2 /2}MBiBQM Q7 � K2i?Q/QHQ;v �M/ � T�ii2`M H�M;m�;2 7Q` #2M+?K�`FBM;
bm+? KB//H2r�`2- �M/ i?2 /2p2HQTK2Mi Q7 �M QT2M@bQm`+2 7`�K2rQ`F 7Q` T2`7Q`@
K�M+2 #2M+?K�`FBM; bm+? KB//H2r�`2X A i?2M +QMi`B#mi2/ rQ`F QM �bb2bbBM;
i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi q7Jab �M/ /Bz2`2Mi p2`bBQMb Q7 i?2 b�K2 q7JabX

Sm#HB+�iBQMb
S22`@`2pB2r2/ DQm`M�H �`iB+H2b
�X �p`Bix2`- oX 62`K2- �X C�M2b- "X _mbbQ- �X p�M >QQ`M- >X a+?mHx- .X
a�/Q+ J2M�b+?ĕ- �M/ oX _m}MQX a+�H�#BHBiv �bb2bbK2Mi Q7 JB+`Qb2`@
pB+2 �`+?Bi2+im`2 .2THQvK2Mi *QM};m`�iBQMb, � .QK�BM@#�b2/
�TT`Q�+? G2p2`�;BM; PT2`�iBQM�H S`Q}H2b �M/ GQ�/ h2bibX CQm`@
M�H Q7 avbi2Kb �M/ aQ7ir�`2 UCaaV- pQHmK2 Re8 URV- T�;2b R@Re- kyky-
1Hb2pB2`X (�p`Bix2` 2i �HX- kyky)

ky
ky

oX _m}MQ- JX LQ;m2B`�- �X �p`Bix2`- .X a�/Q+ J2M�b+?û- "X _mbbQ- �X
C�M2b- oX 62`K2- �X p�M >QQ`M- >X a+?mHx- �M/ *X GBK�X AKT`Qp@
BM; S`2/B+i�#BHBiv Q7 lb2`@�z2+iBM; J2i`B+b iQ amTTQ`i �MQK�Hv
.2i2+iBQM BM *HQm/ a2`pB+2bX A111 �++2bb- pQHmK2 3- T�;2b RN3R8k@
RN3Red- kyky- A111X (_m}MQ 2i �HX- kyky)
S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
.X PF�MQpBÉ- �X p�M >QQ`M- *X wQ`M- 6X "2+F- oX 62`K2- �M/ CX q�H@
i2`X *QM+2`M@/`Bp2M _2TQ`iBM; Q7 aQ7ir�`2 S2`7Q`K�M+2 �M�HvbBb
_2bmHibX AM S`Q+X Q7 i?2 Ryi? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM
S2`7Q`K�M+2 1M;BM22`BM; UA*S1 ǶRNV- T�;2b R@9- kyRN- �*JX (PF�MQpBÉ
2i �HX- kyRN) @ S`2b2Mi�iBQM, https://continuity-project.github.io/files/20190410
-ICPE-ConcernDriven-16zu10-handout.pdf- H�bi pBbBi2/ QM 62#`m�`v d- kykR

ky
RN

�X �p`Bix2`- .X a�/Q+ J2M�b+?û- oX _m}MQ- "X _mbbQ- �X C�M2b- oX 62`K2-
�X p�M >QQ`M- �M/ >X a+?mHxX SSh�J, S`Q/m+iBQM �M/ S2`7Q`@
K�M+2 h2biBM; "�b2/ �TTHB+�iBQM JQMBiQ`BM;X AM S`Q+X Q7 i?2 Ryi?
�*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1
ǶRNV- T�;2b jN@9y- kyRN- �*JX (�p`Bix2` 2i �HX- kyRN)

UhQ #2 +QMiBMm2/V

https://continuity-project.github.io/files/20190410-ICPE-ConcernDriven-16zu10-handout.pdf
https://continuity-project.github.io/files/20190410-ICPE-ConcernDriven-16zu10-handout.pdf
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Sm#HB+�iBQMb
*@SX "2x2K2`- aX 1BbK�MM- oX 62`K2- CX :`Q?K�MM- _X >2BM`B+?- SX
C�Kb?B/B- qX a?�M;- �X p�M >QQ`M- JX oBHH�pB+2M+BQ- CX q�Hi2`- �M/ 6X
qBHHM2+F2`X >Qr Bb S2`7Q`K�M+2 �//`2bb2/ BM .2pPTb\ � am`p2v
QM AM/mbi`B�H S`�+iB+2bX AM S`Q+X Q7 i?2 Ryi? �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1 ǶRNV- T�;2b 98@8y- kyRN-
�*JX ("2x2K2` 2i �HX- kyRN) @ S`2b2Mi�iBQM, https://continuity-project.github
.io/files/20190409-ICPE-Industry-Survey-ICPE.pdf- H�bi pBbBi2/ QM 62#`m�`v d- kykR
>X a+?mHx- .X PF�MQpBÉ- �X p�M >QQ`M- oX 62`K2- �M/ *X S�mi�bbQX
"2?�pBQ`@/`Bp2M GQ�/ h2biBM; lbBM; *QMi2tim�H EMQrH2/;2 @ �T@
T`Q�+? �M/ 1tT2`B2M+2bX AM S`Q+X Q7 i?2 Ryi? �*JfaS1* AMi2`M�@
iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1 ǶRNV- T�;2b ke8@kdk-
kyRN- �*JX (a+?mHx 2i �HX- kyRN) @ S`2b2Mi�iBQM, http://design.inf.usi.ch/sites
/default/files/talks/20190410-ICPE-BehaviorDriven-16zu10-handout.pdf- H�bi pBbBi2/
QM 62#`m�`v d- kykR

Pi?2` �`iB7�+ib rBi? /Q+mK2Mi2/ mb2
SSh�JX https://github.com/pptam/pptam-tool- kyRNX
S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ *QM72`2M+2 T`Q+22/BM;b
oX 62`K2- �M/ *X S�mi�bbQX � .2+H�`�iBp2 �TT`Q�+? 7Q` S2`7Q`@
K�M+2 h2bib 1t2+miBQM BM *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi 1M@
pB`QMK2MibX AM S`Q+X Q7 i?2 Ni? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM
S2`7Q`K�M+2 1M;BM22`BM; UA*S1 ǶR3V- T�;2b keR@kdk- kyR3- �*JX (62`K2
�M/ S�mi�bbQ- kyR3) @ S`2b2Mi�iBQM, https://www.slideshare.net/vincenzoferme/a
-declarative-approach-for-performance-tests-execution-in-continuous-software-d
evelopment-environments- H�bi pBbBi2/ QM 62#`m�`v d- kykR

ky
R3

6X EHBM�Fm- �M/ oX 62`K2X hQr�`/b :2M2`�iBM; 1H�biB+ JB+`Qb2`@
pB+2b, � .2+H�`�iBp2 aT2+B}+�iBQM 7Q` *QMbBbi2Mi 1H�biB+Biv *QM@
};m`�iBQMbX AM S`Q+X Q7 i?2 99i? 1m`QKB+`Q *QM72`2M+2 QM aQ7ir�`2
1M;BM22`BM; �M/ �/p�M+2/ �TTHB+�iBQMb Ua1�� ǶR3V- T�;2b 8Ry@8Rj- kyR3-
A111X (EHBM�Fm �M/ 62`K2- kyR3)
�X �p`Bix2`- oX 62`K2- �X C�M2b- "X _mbbQ- >X a+?mHx- �M/ �X p�M >QQ`MX
� Zm�MiBi�iBp2 �TT`Q�+? 7Q` i?2 �bb2bbK2Mi Q7 JB+`Qb2`pB+2 �`@
+?Bi2+im`2 .2THQvK2Mi �Hi2`M�iBp2b #v �miQK�i2/ S2`7Q`K�M+2
h2biBM;X AM S`Q+X Q7 i?2 Rki? 1m`QT2�M *QM72`2M+2 QM aQ7ir�`2 �`+?Bi2+@
im`2 U1*a� ǶR3V- T�;2b R8N@Rd9- kyR3- aTBM;2`X (�p`Bix2` 2i �HX- kyR3)

UhQ #2 +QMiBMm2/V

https://continuity-project.github.io/files/20190409-ICPE-Industry-Survey-ICPE.pdf
https://continuity-project.github.io/files/20190409-ICPE-Industry-Survey-ICPE.pdf
http://design.inf.usi.ch/sites/default/files/talks/20190410-ICPE-BehaviorDriven-16zu10-handout.pdf
http://design.inf.usi.ch/sites/default/files/talks/20190410-ICPE-BehaviorDriven-16zu10-handout.pdf
https://github.com/pptam/pptam-tool
https://www.slideshare.net/vincenzoferme/a-declarative-approach-for-performance-tests-execution-in-continuous-software-development-environments
https://www.slideshare.net/vincenzoferme/a-declarative-approach-for-performance-tests-execution-in-continuous-software-development-environments
https://www.slideshare.net/vincenzoferme/a-declarative-approach-for-performance-tests-execution-in-continuous-software-development-environments
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Sm#HB+�iBQMb
_2b2�`+? S`QD2+ib
oX 62`K2X .2+H�`�iBp2 *QMiBMmQmb S2`7Q`K�M+2 h2biBM; 7Q` JB@
+`Qb2`pB+2b BM .2pPTbX �r�`/2/ #v, arBbb L�iBQM�H a+B2M+2 6QmM/�iBQM
U.Q+XJQ#BHBiv S`Q;`�KV- yRXykXkyR3 @ jRXydXkyR3X @ S`QD2+i, http://p3.snf.ch
/project-178653- H�bi pBbBi2/ QM 62#`m�`v d- kykR
�X p�M >QQ`M- oX 62`K2- �M/ >X a+?mHxX .2pPTb@Q`B2Mi2/ .2+H�`�iBp2
S2`7Q`K�M+2 h2biBM; 7Q` JB+`Qb2`pB+2bX �r�`/2/ #v, >SA 6mim`2
aP* G�#- yRXy8XkyR3 @ jRXydXkyR3X @ S`QD2+i, https://hpi.de/forschung/future-
soc-lab-service-oriented-computing/devops-oriented-declarative-load-testing-for
-microservices.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR

Pmi`2�+? �+iBpBiB2b @ AMpBi2/ aT2�F2`
oX 62`K2X *QMiBMmQmb S2`7Q`K�M+2 h2biBM; 7Q` JB+`Qb2`pB+2bX
>SA 6mim`2 aP* @ G�# .�v UaT`BM; kyR3V- RdXy9XkyR3X @ S`2b2Mi�iBQM, http
s://www.slideshare.net/vincenzoferme/continuous-performance-testing-for-micro
services- _2+Q`/BM;, https://www.tele-task.de/lecture/video/6774/- H�bi pBbBi2/ QM
62#`m�`v d- kykR

S22`@`2pB2r2/ +QM72`2M+2 T`Q+22/BM;b @ qQ`Fb?QT T`Q+22/BM;b
oX 62`K2- �M/ *X S�mi�bbQX hQr�`/b >QHBbiB+ *QMiBMmQmb aQ7i@
r�`2 S2`7Q`K�M+2 �bb2bbK2MiX AM S`Q+X Q7 i?2 j`/ AMi2`M�iBQM�H
qQ`Fb?QT QM Zm�HBiv �r�`2 .2pPTb UZl.Pa ǶRdV- T�;2b R8N@Re9- kyRd-
�*JX (62`K2 �M/ S�mi�bbQ- kyRd) @ S`2b2Mi�iBQM, https://www.slideshare.net/
vincenzoferme/towards-holistic-continuous-software-performance-assessment- H�bi
pBbBi2/ QM 62#`m�`v d- kykR

ky
Rd Pmi`2�+? �+iBpBiB2b @ AMpBi2/ aT2�F2`

oX 62`K2X "2M+?6HQr, � SH�i7Q`K 7Q` 1M/@iQ@2M/ �miQK�iBQM
Q7 S2`7Q`K�M+2 h2biBM; �M/ �M�HvbBbX aS1* _: .2pPTb J22iBM;-
RkXy8XkyRdX @ S`2b2Mi�iBQM, https://www.slideshare.net/vincenzoferme/benchflow
-a-platform-for-endtoend-automation-of-performance-testing-and-analysis- H�bi
pBbBi2/ QM 62#`m�`v d- kykR

Pi?2` �`iB7�+ib rBi? /Q+mK2Mi2/ mb2
"2M+?6HQr 6`�K2rQ`FX https://github.com/benchflow/benchflow-
kyRe@kykyX

h�#H2 RXjX Sm#HB+�iBQMb _2H�i2/ iQ ǳS2`7Q`K�M+2 h2biBM; �miQK�iBQM U.2+H�`�iBp2
�M/ MQiVǴ

http://p3.snf.ch/project-178653
http://p3.snf.ch/project-178653
https://hpi.de/forschung/future-soc-lab-service-oriented-computing/devops-oriented-declarative-load-testing-for-microservices.html
https://hpi.de/forschung/future-soc-lab-service-oriented-computing/devops-oriented-declarative-load-testing-for-microservices.html
https://hpi.de/forschung/future-soc-lab-service-oriented-computing/devops-oriented-declarative-load-testing-for-microservices.html
https://www.slideshare.net/vincenzoferme/continuous-performance-testing-for-microservices
https://www.slideshare.net/vincenzoferme/continuous-performance-testing-for-microservices
https://www.slideshare.net/vincenzoferme/continuous-performance-testing-for-microservices
https://www.tele-task.de/lecture/video/6774/
https://www.slideshare.net/vincenzoferme/towards-holistic-continuous-software-performance-assessment
https://www.slideshare.net/vincenzoferme/towards-holistic-continuous-software-performance-assessment
https://www.slideshare.net/vincenzoferme/benchflow-a-platform-for-endtoend-automation-of-performance-testing-and-analysis
https://www.slideshare.net/vincenzoferme/benchflow-a-platform-for-endtoend-automation-of-performance-testing-and-analysis
https://github.com/benchflow/benchflow
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AM h�#X RXj r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 K�BM +QMi`B#miBQMb BM i?2 �`2� Q7
T2`7Q`K�M+2 i2biBM; �miQK�iBQM- /2+H�`�iBp2- �M/ MQiX �b T�`i Q7 i?2 2zQ`i QM
#2M+?K�`FBM; q7Jab- A B/2MiB}2/ bQK2 /`�r#�+Fb Q7 bi�i2@Q7@i?2@�`i T2`7Q`@
K�M+2 #2M+?K�`FBM; bQHmiBQMb- r?2M Bi +QK2b iQ �miQK�iBQM �M/ BMi2;`�iBQM
Q7 i?2 b�K2 BM *a.GX h?2 B/2MiB}2/ /`�r#�+Fb H2/ mb iQ i?2 B/2MiB}+�iBQM Q7
+?�HH2M;2b 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM BM (62`K2 �M/ S�mi�bbQ- kyRd)
�M/ iQ � .aG �M/ 7`�K2rQ`F 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM
Tm#HBb?2/ BM (62`K2 �M/ S�mi�bbQ- kyR3)X q2 `2HB2/ QM i?2 T`QTQb2/ /2+H�`�iBp2
�M/ ;Q�H@/`Bp2M �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM 7Q` +QMi`B#miBM;
KmHiBTH2 rQ`Fb BM +QHH�#Q`�iBQM rBi? Qi?2` `2b2�`+?2`b �b `2TQ`i2/ BM i?2 `272`@
2M+2/ i�#H2X

.m`BM; Kv S?.@`2H�i2/ `2b2�`+? +�`22`- A �HbQ ?�/ i?2 QTTQ`imMBiv iQ b2`p2
BM i?2 +QKKBii22 Q` �b � `2pB2r2` Q7 /Bz2`2Mi +QM72`2M+2b- rQ`Fb?QTb- �M/
DQm`M�Hb- �bbBbiBM; BM i2�+?BM; "�+?2HQ` �M/ J�bi2` +Qm`b2- bmT2`pBb2 Q` +Q@
bmT2`pBb2 "�+?2HQ` �M/ J�bi2` i?2b2b- �M/ �ii2M/ S?. +Qm`b2bX

A b2`p2/ �b T�`i Q7 i?2 T`Q;`�K +QKKBii22 Q7 i?2 7QHHQrBM; +QM72`2M+2b Q`
rQ`Fb?QTb, S1�*1 kyRe- Jh. kyRd- A*S1 kyR3 @ �`i27�+i 1p�Hm�iBQM h`�+FX
A b2`p2/ �b � `2pB2r2` 7Q` i?2 7QHHQrBM; +QM72`2M+2b- rQ`Fb?QTb- Q` DQm`M�Hb,
1�a1 kyR9- q2haPJ kyR9- A111 h`�Mb�+iBQMb QM a2`pB+2b *QKTmiBM;- "SJ@
qa kyR8- A111 *HQm/ *QKTmiBM;- aQ7ir�`2 1M;BM22`BM; CQm`M�HX A b2`p2/ �b
� i2�+?BM; �bbBbi�Mi BM }p2 "�+?2HQ` +Qm`b2b U>mK�M@*QKTmi2` AMi2`�+iBQM
�i2HB2` BM kyR8- aQ7ir�`2 �i2HB2` j, h?2 q2# BM kyR9- kyR8- kyRe- �M/ kyRdV
�M/ irQ J�bi2` +Qm`b2b U"mbBM2bb S`Q+2bb JQ/2HBM;- J�M�;2K2Mi �M/ JBMBM;
BM kyRe- �M/ kyRdVX A bmT2`pBb2/ Q` +Q@bmT2`pBb2/ bBt bm++2bb7mH J�bi2` i?2b2b
�M/ i?`22 bm++2bb7mH "�+?2HQ` i?2b2bX h?2 bmT2`pBb2/f+Q@bmT2`pBb2/ J�bi2`
i?2b2b �`2,

RV *?�`�+i2`BbBM; _2T`2b2Mi�iBp2 JQ/2Hb 7Q` "SJL kXy qQ`F~Qr 1M;BM2
S2`7Q`K�M+2 1p�Hm�iBQMX aim/2Mi UlMBp2`bBiv- .�i2V, �M� Ap�M+?BFD
UlaA- y8XyNXkyR9Vc

kV S2`7Q`K�M+2 J2�bm`2K2Mi Q7 >2i2`Q;2M2Qmb qQ`F~Qr 1M;BM2bX aim@
/2Mi UlMBp2`bBiv- .�i2V, J�`+Q �`;2MiB UlaA �M/ SQHBi2+MB+Q /B JBH�MQ-
RRXyNXkyR8Vc

jV h?2 "2M+?6HQr 6`�K2rQ`F 7Q` 6H2tB#H2 S2`7Q`K�M+2 .�i� *QHH2+iBQM �M/
�M�HvbBbX aim/2Mi UlMBp2`bBiv- .�i2V, :�#`B2H2 *2`7Q;HBQ UlaA- yNXyNXkyReVc

9V h?2 "2M+?6HQr 6`�K2rQ`F 7Q` �miQK�i2/ S2`7Q`K�M+2 1tT2`BK2Mib 1t@
2+miBQM QM >2i2`Q;2M2Qmb JB//H2r�`2 avbi2KbX aim/2Mi UlMBp2`bBiv-
.�i2V, aBKQM2 .Ƕ�pB+Q UlaA- yNXyNXkyReVc
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8V �miQK�iBM; :Q�H@.`Bp2M S2`7Q`K�M+2 h2bib BM "2M+?6HQrX aim/2Mi UlMB@
p2`bBiv- .�i2V, C2bT2` 6BM/�?H UlaA- yeXyNXkyRdVc

eV .2+H�`�iBp2 lb2` 1tT2`B2M+2 _2;`2bbBQM �M�HvbBb BM *QMiBMmQmb S2`7Q`@
K�M+2 1M;BM22`BM;X aim/2Mi UlMBp2`bBiv- .�i2V, J�Mm2H S�H2M;� UlMB@
p2`bBiv Q7 aimii;�`i- 6�HH kyR3VX

h?2 bmT2`pBb2/f+Q@bmT2`pBb2/ "�+?2HQ` i?2b2b �`2,

RV *QM+2`M@/`Bp2M _2TQ`iBM; Q7 .2+H�`�iBp2 S2`7Q`K�M+2 �M�HvbBb _2bmHib
lbBM; L�im`�H G�M;m�;2 �M/ oBbm�HBx�iBQMX aim/2Mi UlMBp2`bBiv- .�i2V,
*?`BbiQT? wQ`M UlMBp2`bBiv Q7 aimii;�`i- 6�HH kyR3Vc

kV AKTH2K2Mi�iBQM Q7 � b2+m`Biv pmHM2`�#BHBiB2b �;;`2;�iQ` 7Q` *HQm/@M�iBp2
2MpB`QMK2MibX aim/2Mi UlMBp2`bBiv- .�i2V, 6`�M+2b+Q "2`H� UlaA- CmM2-
kykyVc

jV �;;`2;�iBM; Em#2`M2i2b _2bQm`+2 J2i`B+bX aim/2Mi UlMBp2`bBiv- .�i2V,
J�`+Q LBpBMB UlaA- CmM2- kykyVX



ke RX8 Sm#HB+�iBQM �M/ *�`22` Pp2`pB2r



*?�Ti2` k

6QmM/�iBQMb Q7 S2`7Q`K�M+2
h2biBM; �miQK�iBQM

AM i?Bb +?�Ti2`- r2 T`2b2Mi �M Qp2`pB2r Q7 T2`7Q`K�M+2 i2biBM; �miQK�iBQM
�M/ Bib +?�HH2M;2b �b bi�M/�HQM2 �+iBpBiv �b r2HH �b r?2M BMi2;`�i2/ �b T�`i
Q7 *a.GX q2 HQQF #Qi? �i �+�/2KB+ HBi2`�im`2 �M/ BM/mbi`v HBi2`�im`2- �M/
bi�i2@Q7@i?2@�`i bQHmiBQMbX

kXR S2`7Q`K�M+2 h2biBM; 6mM/�K2Mi�Hb
ǳS2`7Q`K�M+2 i2biBM; Bb �M 2t2`+Bb2 BM r?B+? � bvbi2K Bb bm#D2+i iQ HQ�/b BM �
+QMi`QHH2` K�MM2`X J2�bm`2K2Mib Q7 `2bQm`+2 mb�;2 �M/ bvbi2K T2`7Q`K�M+2
�`2 i�F2M /m`BM; i?2 T2`7Q`K�M+2 i2bi 7Q` bm#b2[m2Mi �M�HvbBbXǴ ("QM/B- kyR9)
S2`7Q`K�M+2 i2biBM; BM+Hm/2b T2`7Q`K�M+2 i2bi TH�MMBM;- T2`7Q`K�M+2 i2bi /27@
BMBiBQM- rQ`FHQ�/ KQ/2HBM;- T2`7Q`K�M+2 i2bi 2t2+miBQM- T2`7Q`K�M+2 `2bmHi
�M�HvbBb- �M/ `2TQ`i `2/�+iBQM ("QM/B- kyR9)X S2`7Q`K�M+2 i2biBM; Bb T�`i Q7
i?2 T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2b 2t2+mi2/ iQ ;m�`�Mi22 i?2 T2`7Q`K�M+2
Q7 � bQ7ir�`2 bvbi2KX Pi?2` �+iBpBiB2b T�`i Q7 T2`7Q`K�M+2 2M;BM22`BM; �`2 i?2
+QHH2+iBQM Q7 T2`7Q`K�M+2 `2[mB`2K2Mib- T2`7Q`K�M+2 `BbFb �bb2bbK2Mi- T2`7Q`@
K�M+2 /2#m;;BM;- T2`7Q`K�M+2 BKT`Qp2K2Mib Q7 i?2 bvbi2K- +�T�+Biv K�M@
�;2K2Mi- �M/ TH�MMBM; ("QM/B- kyR9)X S2`7Q`K�M+2 i2biBM; Bb 7mM/�K2Mi�H iQ
;m�`�Mi22 i?2 bvbi2K Bb /2p2HQT2/ �++Q`/BM; iQ T2`7Q`K�M+2 `2[mB`2K2Mib �M/
iQ BbQH�i2 �M/ 2tTQb2 i?2 `2bQm`+2 Q` `2bQm`+2b i?�i HBKBib i?2 bvbi2K b+�H�#BH@
BivX h?Bb Bb BKTQ`i�Mi iQ ;m�`�Mi22 � +Q``2+i /2THQvK2Mi BM T`Q/m+iBQM- �M/
T`QT2` +�T�+Biv K�M�;2K2Mi �M/ TH�MMBM;X h?2 T2`7Q`K�M+2 i2biBM; T`Q+2bb
Bi2`�iBp2- i?2 b�K2 r�v bQ7ir�`2 /2p2HQTK2Mi Bb �M Bi2`�iBp2 T`Q+2bb MQr�/�vbX
�7i2` i?2 BMBiB�H �bb2bbK2Mi Q7 T2`7Q`K�M+2 �M/ `2bQm`+2b HBKBiBM; i?2 b+�H�#BH@

kd



k3 kXk .Bz2`2Mi EBM/b Q7 S2`7Q`K�M+2 h2bib

Biv- �HHQrBM; i?2 /2}MBiBQM Q7 i?2 }`bi p2`bBQM Q7 i?2 bvbi2KǶb i2bi bmBi2- i?2
bQ7ir�`2 Bb bm#D2+i iQ +?�M;2 BM 7mM+iBQM�HBiB2b- �b r2HH �b i?2 T2`7Q`K�M+2 `2@
[mB`2K2Mib �`2 bm#D2+i iQ +?�M;2 �++Q`/BM; iQ i?2 #2?�pBQ` �M/ i?2 MmK#2`
Q7 i?2 2M/@mb2`bX Ai Bb BKTQ`i�Mi iQ +QMbi�MiHv mT/�i2 i?2 i2bi bmBi2- i?2 i2bi
T�`�K2i2`b- �M/ i?2 FBM/b Q7 /2}M2/ �M/ 2t2+mi2/ i2bib iQ B/2MiB7v M2r �M/
mT+QKBM; TQbbB#H2 #QiiH2M2+Fb- 2p2M B7 i?2`2Ƕb MQ M22/ iQ 2HBKBM�i2 i?2K BM i?2
+m``2Mi bvbi2K p2`bBQMX .QBM; bQ rBHH b�p2 p�Hm�#H2 iBK2 �b rQ`FHQ�/ BM+`2�b2bX

:m�`�Mi22BM; i?2 TQbbB#BHBiv iQ /2}M2 �M/ 2t2+mi2 T2`7Q`K�M+2 i2bib b2i
MmK2`Qmb +?�HH2M;2bX S2`7Q`K�M+2 i2bib ?�p2 iQ #2 /2}M2/ iQ T`QT2`Hv p2`B7v
i?2 T2`7Q`K�M+2 `2[mB`2K2Mib- �M/ /Bz2`2Mi i2bi ivT2b ?�p2 iQ #2 2t2+mi2/X
�miQK�iBQM Q7 bm+? i2bib Bb p2`v BKTQ`i�Mi iQ bm++2bb7mHHv 7QHHQr �HQM; rBi?
Bi2`�iBp2 /2p2HQTK2Mi T`Q+2bb2bX h?mb- �HbQ i?2 +QM};m`�iBQM Q7 �miQK�iBQM
M22/2/ 7Q` i2bi 2t2+miBQM Bb p2`v BKTQ`i�Mi BM i?Bb +QMi2tiX h?Bb K2�Mb /2THQv@
K2Mi Q7 i?2 bvbi2K- /2THQvK2Mi Q7 i?2 i2biBM; BM7`�bi`m+im`2- /�i� +QHH2+iBQM-
K2i`B+b +QKTmi�iBQM- �M/ `2bmHib �M�HvbBb ?�b iQ #2 �miQK�i2/ �b r2HHX :Bp2M
i?2 bQ7ir�`2 Bb 2tT2+i2/ iQ +?�M;2 Qp2` iBK2- �b r2HH �b Bib �SAb- Bi Bb �HbQ
BKTQ`i�Mi iQ 7�+BHBi�i2 mT/�i2b �M/ `2mb2 Q7 i2bi /2}MBiBQMb �M/ �/�Ti�iBQM
iQ i?2 /Bz2`2Mi +?�M;2bX AM i?Bb rQ`F- r2 7Q+mb QM i?2 i2bi bT2+B}+�iBQM �M/
2t2+miBQM �miQK�iBQM +?�HH2M;2bX

kXk .Bz2`2Mi EBM/b Q7 S2`7Q`K�M+2 h2bib
h2biBM; bvbi2Kb T2`7Q`K�M+2 `2[mB`2b K�Mv /Bz2`2Mi i2bi ivT2b- p�HB/�iBM; /B7@
72`2Mi T2`7Q`K�M+2 `2[mB`2K2MibX .Bz2`2Mi i2bi ivT2b �`2 +?�`�+i2`Bx2/ #v
/Bz2`2Mi HQ�/ 7mM+iBQMb- /Bz2`2Mi FBM/ Q7 BMi2`�+iBQMb rBi? i?2 bvbi2K �b r2HH
�b /Bz2`2Mi +QM};m`�iBQMb 7Q` i?2 bvbi2KǶb b2`pB+2bX aQK2 2t�KTH2b Q7 T2`@
7Q`K�M+2 i2bi ivT2b �`2, RV i?2 HQ�/ i2bi- BbbmBM; � T`2/2}M2/ HQ�/ QM � ;Bp2M
bvbi2KǶb +QM};m`�iBQM iQ �bb2bb i?2 #2?�pBQ` Q7 i?2 bvbi2Kc kV i?2 +QM};m`�iBQM
i2bi- BbbmBM; � T`2/2}M2/ HQ�/ QM � +?�M;BM; bvbi2K +QM};m`�iBQM iQ B/2MiB7v
i?2 #2bi +QM};m`�iBQM 7Q` i?2 Bbbm2/ HQ�/c jV i?2 �++2Ti�M+2 i2bi- BbbmBM; � T`2@
/2}M2/ HQ�/ QM � }t2/ bvbi2KǶb +QM};m`�iBQM �M/ p�HB/�iBM; i?2 bvbi2K T�bb2b
/2}M2/ �++2Ti�M+2 +`Bi2`B�c 9V i?2 `2;`2bbBQM i2bi- BbbmBM; � T`2/2}M2/ HQ�/ QM
� bi�#H2 bvbi2KǶb +QM};m`�iBQM �M/ p�HB/�iBM; i?2 M2r p2`bBQM Q7 i?2 bvbi2Kb
/Q2b MQi /2pB�i2 KQ`2 i?�M � ;Bp2M i?`2b?QH/ 7`QK i?2 T`2pBQmb p2`bBQMX

h2bi 2t2+miBQM KB;?i ?�p2 /Bz2`2Mi b+QT2b �b r2HHX h2bib +�M #2 2t2+mi2/
iQ p�HB/�i2 T2`7Q`K�M+2 `2[mB`2K2Mib- #mi �HbQ 7Q` 2tTHQ`BM; Q` T`Q}HBM; i?2
bvbi2KǶb T2`7Q`K�M+2- �b r2HH �b 7Q` /2#m;;BM; i?2 bvbi2K �7i2` B/2MiB7vBM;
T2`7Q`K�M+2 #QiiH2M2+FbX h2bib 2t2+mi2/ iQ p�HB/�i2 i?2 T2`7Q`K�M+2 `2[mB`2@



kN kXj �miQK�iBQM BM S2`7Q`K�M+2 h2biBM;

K2Mib `2[mB`2b T`QT2` �miQK�iBQM bQ i?2v +�M #2 2t2+mi2/ KmHiBTH2 iBK2b Qp2`
i?2 /2p2HQTK2Mi Q7 i?2 bvbi2KX 1tTHQ`BM; bvbi2K T2`7Q`K�M+2 Bb mbm�HHv /QM2
7Q` b2iiBM; T2`7Q`K�M+2 `2[mB`2K2Mib- Q` 7Q` 2tTHQ`BM; ?Qr i?2 bvbi2K #2?�p2b
�7i2` �TTHvBM; T2`7Q`K�M+2@BKT�+iBM; +?�M;2bX �MQi?2` +�b2 BM r?B+? 2tTHQ@
`�iBQM i2biBM; Bb T2`7Q`K2/ Bb r?2M � bvbi2K Bb ;QBM; iQ #2 /2THQv2/ QM � M2r
/2THQvK2Mi 2MpB`QMK2Mi- �M/ i?2 T2`7Q`K�M+2 #2?�pBQ` Q7 i?2 bvbi2K ?�b iQ
#2 �bb2bb2/ BM bm+? � M2r 2MpB`QMK2MiX � T`Q}H2` Bb mbm�HHv mb2/ /m`BM; i?2
/2p2HQTK2Mi Q7 � bQ7ir�`2 bvbi2K �M/ KQMBiQ`b `2bQm`+2 mb�;2 �b r2HH �b i?2
+�HH i`22 �KQM; i?2 bvbi2KǶb 7mM+iBQMb 7Q` +QKTmiBM; i?2 iBK2 bT2Mi BM 2�+? Q7
i?2 7mM+iBQMbX S`Q}HBM; i2+?MB[m2b �`2 �HbQ �TTHB2/ r?2M T2`7Q`K�M+2 i2biBM;
Bb 2t2+mi2/ iQ /2#m; i?2 bvbi2KǶb T2`7Q`K�M+2X

.Bz2`2Mi i2bi ivT2b �M/ b+QT2b BMi`Q/m+2 /Bz2`2Mi +?�HH2M;2b QM i2bi bT2+B}@
+�iBQM �M/ �miQK�iBQMX .2}MBM; +QM};m`�iBQM i2bib- `2[mB`2b i?2 TQbbB#BHBiv iQ
KQ/2H � T2`7Q`K�M+2 bT�+2 Q7 TQbbB#H2 +QM};m`�iBQMb �M/ �miQK�iB+�HHv +QM@
};m`BM; i?2 alh 7Q` i?2 /Bz2`2Mi +QM};m`�iBQMb- �b r2HH �b /2THQvBM; /�i�
+QHH2+iBQM b2`pB+2bX 1t2+miBM; T2`7Q`K�M+2 `2;`2bbBQM i2bib `2[mB`2b �++2bb iQ
T`2pBQmb 2t2+miBQM `2bmHib- iQ +QKT�`2 i?2 T2`7Q`K�M+2 rBi? T`2pBQmb alhǶb
p2`bBQMbX S2`7Q`KBM; � i2bi 2t2+miBQM rBi? i?2 b+QT2 Q7 T`Q}HBM; Q` /2#m;;BM;
i?2 bvbi2K- `2[mB`2b i?2 /2THQvK2Mi Q7 �//BiBQM�H b2`pB+2b M2ti iQ i?2 alh iQ
2M�#H2 i?2 T`Q}HBM; �M/ /2#m;;BM; +�T�#BHBiB2bX

kXj �miQK�iBQM BM S2`7Q`K�M+2 h2biBM;
�miQK�iBQM Bb 7mM/�K2Mi�H iQ ;m�`�Mi22 T`QT2` �M/ b+�H�#H2 T2`7Q`K�M+2 i2bi
2t2+miBQMX �b BHHmbi`�i2/ BM T`2pBQmb b2+iBQMb- 2t2+miBM; T2`7Q`K�M+2 i2bib b2ib
KmHiBTH2 +?�HH2M;2b- i?mb �miQK�iBM; �HH i?2 �miQK�i�#H2 �+iBpBiB2b Bb 7mM/�@
K2Mi�H iQ ;m�`�Mi22 i?2 +?�HH2M;2b +�M #2 bm++2bb7mHHv 7�+2/X

kXjXR J�BM *?�HH2M;2b BM �miQK�iBM; S2`7Q`K�M+2 h2biBM;
�miQK�iBM; T2`7Q`K�M+2 i2bi 2t2+miBQM `2[mB`2b iQ �miQK�i2 i?2 +QM};m`�@
iBQM Q7 i?2 i2bi BM7`�bi`m+im`2- i?2 +QM};m`�iBQM Q7 i?2 alh �b r2HH �b Bib
/2THQvK2Mi QM /2/B+�i2/ b2`p2`b- i?2 KQMBiQ`BM; Q7 i?2 ?2�Hi?BM2bb Q7 i2bi BM@
7`�bi`m+im`2 �M/ alh /m`BM; i?2 i2bi 2t2+miBQM- T2`7Q`K�M+2 /�i� +QHH2+iBQM-
K2i`B+b +QKTmi�iBQM �M/ �miQK�i2/ 2p�Hm�iBQM �#Qmi r?2M iQ BMi2``mTi i?2
i2bi 2t2+miBQM �b r2HH �b BM 2p�Hm�iBM; i?2 [m�HBiv Q7 i?2 alhǶb T2`7Q`K�M+2
�7i2` i2bi 2t2+miBQMX

h?2 K2MiBQM2/ +?�HH2M;2b `2[mB`2 i2bi bT2+B}+�iBQM H�M;m�;2b �M/ 2t2+miBQM



jy kXj �miQK�iBQM BM S2`7Q`K�M+2 h2biBM;

7`�K2rQ`Fb 2K#2//BM; i?2 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb +QM};m`�iBQM
�b T�`i Q7 i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX h?2 mb2`b ?�p2 iQ #2 �#H2 iQ
bT2+B7v i?2 i2bib- �b r2HH �b +`Bi2`B� iQ /2+B/2 r?2M iQ BMi2``mTi i?2 i2bi 2t2@
+miBQM #2+�mb2 Q7 mM2tT2+i2/ Bbbm2b- r?BH2 i?2 2t2+miBQM 7`�K2rQ`F Kmbi #2
�#H2 iQ +QMiBMmQmbHv �bb2bb i?2 ?2�Hi?BM2bb Q7 i?2 i2bi 2t2+miBM; BM7`�bi`m+im`2
�M/ i?2 alhǶb b2`pB+2b iQ ;m�`�Mi22 +Q``2+i 2``Q` ?�M/HBM; �b r2HH �b 2Mbm`BM;
i?2 [m�HBiv Q7 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ +QKTmi2/ K2i`B+bX

h?2 alh ?�b iQ #2 i?`2�i2M2/ �b � }`bi@+H�bb +BiBx2M Q7 i?2 i2bi bT2+B}+�iBQM
H�M;m�;2- bQ i?�i +QM};m`�iBQM Q7 i?2 b�K2 +�M #2 +QMi`QHH2/ 7Q` +QKTH2t i2bi
bT2+B}+�iBQMbX .�i� +QHH2+iBQM ?�b iQ #2 2Mbm`2/- �b r2HH �b i?2 B/2MiB}+�iBQM
Q7 i?2 /Bz2`2Mi T?�b2b Q7 2t2+miBQM Q7 � T2`7Q`K�M+2 i2bi iQ p�HB/�i2 i?2 [m�H@
Biv Q7 i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i�X J2i`B+b +QKTmi2/ QM iQT Q7 +QHH2+i2/
T2`7Q`K�M+2 /�i� ?�p2 iQ #2 p�HB/�i2/ �b r2HH- i?mb T`QpB/BM; bi�iBbiB+b �M/
bi�iBbiB+�H i2bib �HQM; rBi? �+im�H K2i`B+b Bb BKTQ`i�Mi iQ p�HB/�i2 i?2 [m�HBiv
Q7 Q#i�BM2/ `2bmHibX J2i`B+b- bi�iBbiB+b- �M/ bi�iBbiB+�H i2bib +�M #2 mb2/ �b
� `272`2M+2 iQ /2}M2 [m�HBiv +`Bi2`B� iQ 2p�Hm�i2 r?2i?2` i?2 bvbi2K `2bT2+ib
/2}M2/ T2`7Q`K�M+2 `2[mB`2K2Mib Q` MQiX

kXjXk S2`7Q`K�M+2 h2biBM; �miQK�iBQM BM .2pPTb
q?2M BMi2;`�iBM; T2`7Q`K�M+2 i2biBM; �miQK�iBQM rBi? Bi2`�iBp2 T`Q+2bb2b bm+?
�b .2pPTb- i?2 2MiB`2 BM7`�bi`m+im`2 7Q` i2bib ?�p2 iQ #2 ?�M/H2/ �miQK�iB+�HHv-
�b r2HH �b T`QT2` BMi2;`�iBQM #2ir22M /2p2HQTK2Mi HB72+v+H2b �M/ QT2`�iBQMb
HB72+v+H2b ?�p2 iQ #2 T`QpB/2/X q?2M b+?2/mHBM; i2bib �b T�`i Q7 �M �miQK�i2/
bQ7ir�`2 #mBH/ TBT2HBM2- Bi Bb BKTQ`i�Mi iQ T`QpB/2 K2�Mb iQ b2H2+i i2bib �M/
KQK2Mib Q7 bm+? �miQK�i2/ bQ7ir�`2 #mBH/ TBT2HBM2b BM r?B+? iQ 2t2+mi2 bT2+B}+
i2bibX :Bp2M i?2 +QMiBMmQmb 2t2+miBQM Q7 i2bib- �M/ p2HQ+Biv `2[mB`2K2Mib Q7
.2pPTb T`Q+2bb2b- i2+?MB[m2b iQ `2/m+2 i?2 MmK#2` Q7 2t2+mi2/ T2`7Q`K�M+2
i2bib- � }M2@;`�BM b2H2+iBQM Q7 i2bib 7Q` 2t�KTH2 #�b2/ QM i?2 `BbF Q7 2t2+miBM; Q`
MQi 2t2+miBM; Bi- �b r2HH �b QTiBKBx�iBQM �M/ `2@mb2 Q7 T`2pBQmbHv �++mKmH�i2/
T2`7Q`K�M+2 FMQrH2/;2 Bb p2`v BKTQ`i�MiX

S`QT2` BMi2;`�iBQM rBi? .2pPTb �M/ .2pPTb@HBF2 T`Q+2bb2b `2[mB`2b i?2
/2}MBiBQM Q7 i2bi bmBi2b iQ #2 2t2+mi2/ �b T�`i Q7 bQ7ir�`2 #mBH/ �M/ /2THQv@
K2Mi TBT2HBM2bX am+? i2bi bmBi2b /2}M2 � b2i Q7 i2bib iQ #2 2t2+mi2/ �M/ B/2MiB7v
i?2 KQK2Mib BM i?2 /2p2HQTK2Mi HB72+v+H2 Q7 i?2 bvbi2K r?2`2 i?2 2t2+miBQM Bb
2tT2+i2/ iQ ?�TT2MbX Ai Bb �HbQ BKTQ`i�Mi iQ T`QpB/2 K2�Mb iQ /2}M2 i?2 Qp2`@
�HH `2bmHi Q7 � i2bi bmBi2 2t2+miBQM- bQ TBT2HBM2b +�M /2+B/2 �+iBQMb iQ #2 i�F2M
�++Q`/BM; iQ i?2 Q#i�BM2/ `2bmHib- i?2 ivT2b Q7 2t2+mi2/ i2bib- �M/ i?2 KQK2Mi
BM i?2 bvbi2K HB72+v+H2 BM r?B+? i?2 2t2+miBQM ?�TT2M2/X bi�i2@Q7@i?2@�`i iQQHb



jR kX9 *QM+Hm/BM; _2K�`Fb

7Q` /2bB;MBM; �M/ BKTH2K2MiBM; +QKTH2t .2pPTb T`Q+2bb2b- bm+? �b :BiG�#R-
`2+2MiHv bi�`i2/ iQ Qz2` BMi2;`�iBQM Q7 T2`7Q`K�M+2 i2bi 2t2+miBQM �b T�`i Q7
bQ7ir�`2 #mBH/ �M/ /2HBp2`v T`Q+2bb2bX h?2 BMi2;`�iBQM Bb biBHH T`2HBKBM�`v- �M/
HBKBi2/ bmTTQ`i 7Q` i?2 Qp2`�HH T2`7Q`K�M+2 i2bi 2t2+miBQM �+iBpBiB2b Bb T`QpB/2/X
LQM2i?2H2bb- bm+? rB/2Hv@mb2/ iQQHb �+FMQrH2/;2 i?2 BKTQ`i�M+2 Q7 BMi2;`�i@
BM; T2`7Q`K�M+2 i2bib �b T�`i Q7 i?2 HB72+v+H2b �M/ 7�+BHBi�i2 i?2 BMi2;`�iBQM Q7
T2`7Q`K�M+2 `2[mB`2K2Mib �b T�`i Q7 i?2 bvbi2K #�+FHQ; 7Q` #2ii2` b+?2/mHBM;
T2`7Q`K�M+2@`2H�i2/ �+iBpBiB2b /m`BM; i?2 bQ7ir�`2 /2p2HQTK2Mi Bi2`�iBQMbX h?Bb
Bb p2`v BKTQ`i�Mi #2+�mb2 ǳi?2 F2vb iQ 7mHHv BMi2;`�iBM; T2`7Q`K�M+2 i2biBM;
BMiQ �M �;BH2 T`Q+2bb �`2 i2�K@rB/2 +QHH�#Q`�iBQM- 2z2+iBp2 +QKKmMB+�iBQM- �
+QKKBiK2Mi iQ �//BM; p�Hm2 iQ i?2 T`QD2+i rBi? 2p2`v i�bF- �M/ i?2 ~2tB#BHBiv
iQ +?�M;2 7Q+mbǴkX

kX9 *QM+Hm/BM; _2K�`Fb
AM i?Bb +?�Ti2`- r2 #`B2~v BMi`Q/m+2 bQ7ir�`2 T2`7Q`K�M+2 i2biBM;X q2 i?2M
BHHmbi`�i2 i?2 /Bz2`2Mi FBM/b Q7 i2bib iQ #2 /2}M2/ 7Q` bm++2bb7mHHv �bb2bbBM;
T2`7Q`K�M+2 `2[mB`2K2MibX q2 T`2b2Mi i?2 +?�HH2M;2b QM2 ?�b iQ 7�+2 r?2M
/2}MBM; �M/ BKTH2K2MiBM; T2`7Q`K�M+2 i2bib- �b r2HH �b r2 /Bb+mbb /Bz2`2Mi
b+QT2b 7Q` r?B+? T2`7Q`K�M+2 i2bi �`2 /2}M2/ �M/ 2t2+mi2/X q2 i?2M BHHmbi`�i2
i?2 BKTQ`i�M+2 Q7 �miQK�iBQM 7Q` bm++2bb7mH T2`7Q`K�M+2 i2bi 2t2+miBQM �HQM;
rBi? i?2 bQ7ir�`2 /2p2HQTK2Mi- i?2 KmHiBTH2 +?�HH2M;2b BM bmTTQ`iBM; T`QT2`
�M/ +QKTH2i2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQM �M/ �miQK�iBQM- �M/ �//BiBQM�H
+?�HH2M;2b BMi`Q/m+2/ #v i?2 �miQK�i2/ �M/ +QMiBMmQmb 2t2+miBQM Q7 T2`7Q`@
K�M+2 i2bib �b T�`i Q7 i?2 *a.GX h?2 K�BM +?�HH2M;2b r2 B/2MiB7v �`2 `2H�i2/ iQ
T2`7Q`K�M+2 i2biBM; �miQK�iBQM �M/ BM+Hm/2b i?2 bmTTQ`i 7Q` T2`7Q`K�M+2 i2bi
�miQK�iBQM T`Q+2bb +QM};m`�iBQM �M/ BMi2;`�iBQM BM *a.G- Qi?2` i?�M �+im�H
T2`7Q`K�M+2 i2bib /2}MBiBQM �b T�`i Q7 H�M;m�;2 �M/ iQQHb QM2 `2HB2b QM iQ �miQ@
K�i2 i?2 T2`7Q`K�M+2 i2bibX h?Bb Bb BKTQ`i�Mi iQ T`QpB/2 � +QKTH2i2 bQHmiBQM-
�M/ 7Q` b?�`BM; T2`7Q`K�M+2 i2bib �+`Qbb i?2 /Bz2`2Mi i2�Kb +QMi`B#miBM; iQ i?2
/2p2HQTK2Mi Q7 i?2 bvbi2KX "v /2}MBM; � +QKTH2i2 /2}MBiBQM- �M/ +QM};m`BM;
i?2 i2bi �miQK�iBQM T`Q+2bb- /Bz2`2Mi T2QTH2 +�M 2t2+mi2 i?2 b�K2 Q` bBKBH�`
i2bibX h?2 BMi2;`�iBQM rBi? *a.G 2M�#H2b i?2 b?B7i@H27i BM T2`7Q`K�M+2 i2bib
2t2+miBQM- ;m�`�Mi22BM; � +QKTH2i2 BMi2;`�iBQM rBi? .2pPTb �M/ .2pPTb@HBF2
T`�+iB+2bX

Rhttps://about.gitlab.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
khttp://www.perftestplus.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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http://www.perftestplus.com/
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*?�Ti2` j

ai�i2@Q7@i?2@�`i

AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 bi�i2@Q7@i?2@�`i `2H�i2/ iQ i?2 +QMi2ti Q7 Qm`
i?2bBbX q2 #`B2~v Qp2`pB2r /Bz2`2Mi �`2�b Q7 T2`7Q`K�M+2 i2biBM; HBi2`�im`2-
�M/ i?2M r2 7Q+mb QM T2`7Q`K�M+2 i2biBM; K2i?Q/b �M/ i2+?MB[m2b �TTHB2/ BM
.2pPTb �M/ �HQM;bB/2 i?2 *a.GX q2 T`2b2Mi i?2 K�BM T2`7Q`K�M+2 i2biBM;
i2+?MB[m2b 7Q` i?2 K�BM i�`;2i bvbi2K Q7 Qm` �TT`Q�+?- M�K2Hv _1ah7mH q2#
b2`pB+2b �M/ "SJL kXy q7Jab /2THQv2/ �b .Q+F2` b2`pB+2bX h?2 H�bi T�`i
Q7 i?2 bi�i2@Q7@i?2@�`i Qp2`pB2r 7Q+mb2b QM .S1 �M/ Bib +QMi`B#miBQM iQ T2`7Q`@
K�M+2 i2biBM;- T2`7Q`K�M+2 i2biBM; /QK�BM bT2+B}+ H�M;m�;2b- �M/ T2`7Q`K�M+2
i2biBM; �miQK�iBQM iQQHb #Qi? 7`QK �+�/2KB� �M/ BM/mbi`vX

jXR "B`/Ƕb@2v2 pB2r Q7 S2`7Q`K�M+2 1M;BM22`BM;
�M/ S2`7Q`K�M+2 h2biBM; GBi2`�im`2

ǳaQ7ir�`2 S2`7Q`K�M+2 1M;BM22`BM; UaS1V Bb � bvbi2K�iB+- [m�MiBi�iBp2 �T@
T`Q�+? iQ i?2 +Qbi@2z2+iBp2 /2p2HQTK2Mi Q7 bQ7ir�`2 bvbi2Kb iQ K22i T2`7Q`@
K�M+2 `2[mB`2K2MibǴ (aKBi? �M/ qBHHB�Kb- kyyR)X S2`7Q`K�M+2 2M;BM22`BM; Bb
� rB/2Hv /Bb+mbb2/ iQTB+ BM �+�/2KB�- ?�pBM; /2/B+�i2/ +QM72`2M+2b bm+? �b
AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V �M/ /2/B+�i2/
i`�+Fb BM T`QKBM2Mi bQ7ir�`2 2M;BM22`BM; +QM72`2M+2b- bm+? �b AMi2`M�iBQM�H
*QM72`2M+2 QM aQ7ir�`2 1M;BM22`BM;X h?2 b�K2 Bb i`m2 BM BM/mbi`v- rBi? K�Mv
+QKT�MB2b Qz2`BM; iQQHb �M/ +QMbmHi�M+v b2`pB+2b 7Q` T2`7Q`K�M+2 i2bi /2}MB@
iBQM �M/ 2t2+miBQM- �b r2HH �b ;mB/2HBM2b �M/ T`�+iB+2b 7Q` 2z2+iBp2 T2`7Q`K�M+2
i2bi 2t2+miBQMX LQM2i?2H2bb- T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2b �`2 MQi +QK@
KQMHv 2t2+mi2/ �b T�`i Q7 bQ7ir�`2 /2p2HQTK2Mi (G2BiM2` �M/ "2x2K2`- kyRd)-
K�BMHv /m2 iQ i?2 BM?2`2Mi +QKTH2tBiv Q7 /2}MBM; �M/ 2t2+miBM; T2`7Q`K�M+2

jj



j9
jXR "B`/Ƕb@2v2 pB2r Q7 S2`7Q`K�M+2 1M;BM22`BM; �M/ S2`7Q`K�M+2 h2biBM;

GBi2`�im`2

i2bibX h?mb BM `2+2Mi v2�`b- i2+?MB[m2b iQ BKT`Qp2 i?2 BMi2;`�iBQM Q7 T2`7Q`@
K�M+2 2M;BM22`BM; �+iBpBiB2b rBi? KQ/2`M bQ7ir�`2 /2p2HQTK2Mi T`Q+2bb2b ?�p2
#22M T`QTQb2/- �b r2HH �b M2r T�`�/B;Kb bm+? �b .S1 ?�p2 #22M +QM+2Bp2/X

.Bz2`2Mi i?2Q`B2b �M/ i2+?MB[m2b ?�p2 #22M /2p2HQT2/ iQ BMi`Q/m+2 T2`7Q`@
K�M+2 2M;BM22`BM; BM /Bz2`2Mi KQK2Mib Q7 i?2 bQ7ir�`2 /2p2HQTK2Mi HB72+v+H2-
�M/ i?2 K�BM QM2b �`2 KQ/2H@#�b2/ T2`7Q`K�M+2 2M;BM22`BM; �M/ 2tT2`BK2Mi@
#�b2/ T2`7Q`K�M+2 2M;BM22`BM; i2+?MB[m2b ("QM/B- kyR9)X S2`7Q`K�M+2 i2biBM;
#2HQM;b K�BMHv iQ i?2 H�ii2` i2+?MB[m2- 2M�#HBM; i?2 K2�bm`2K2Mi Q7 i?2 bvb@
i2KǶb T2`7Q`K�M+2 mM/2` /Bz2`2Mi HQ�/ +QM/BiBQMb- +QM};m`�iBQMb- �M/ /2THQv@
K2Mi +QMi2tibX

aQK2 Q7 i?2 T`QTQb2/ T2`7Q`K�M+2 2M;BM22`BM; i2+?MB[m2b +�M #2 �TTHB2/
�i bQ7ir�`2 /2bB;M iBK2 ("�Hb�KQ 2i �HX- kyy9c JQHvM2�mt- kyR9c J�MB 2i �HX-
kyRjc qQQ/bB/2 2i �HX- kyRjc .Ƕ�K#`Q;BQ 2i �HX- kyyRc �H?�D- kyR9)- 7Q` 2t�K@
TH2- T2`7Q`K�M+2 KQ/2HBM; i2+?MB[m2b (*Q`i2HH2bb� 2i �HX- kyRRc L�K#B�` 2i �HX-
kyRe)X h?2 i2+?MB[m2b �TTHB2/ �i bQ7ir�`2 /2bB;M iBK2 /Q MQi `2[mB`2 �M BK@
TH2K2Mi2/ bQ7ir�`2 #mi `2[mB`2 T2`7Q`K�M+2 2tT2`ib 7Q` i?2B` /2}MBiBQM �M/
2t2+miBQM #2+�mb2 KQ/2HBM; i2+?MB[m2b �`2 mbm�HHv +QKTH2t iQ #2 �/QTi2/ �M/
/B{+mHi iQ imM2 iQ i?2 �+im�H mb2 +�b2 iQ r?B+? i?2v �`2 �TTHB2/ iQ (L�K#B�`
2i �HX- kyRe)X JQ/2HBM; �TT`Q�+?2b +�M �HbQ #2 �TTHB2/ BM /Bz2`2Mi KQK2Mib
Q7 i?2 bQ7ir�`2 /2p2HQTK2Mi HB72+v+H2 r?2M bQ7ir�`2 ?�b #22M /2p2HQT2/ �M/
2M;BM22`b TH�M iQ BKT`Qp2 Bib T2`7Q`K�M+2 (L�K#B�` 2i �HX- kyRec �`+2HHB 2i �HX-
kyR8c *Q`i2HH2bb� 2i �HX- kyRR)- BM r?B+? +�b2 Bi Bb TQbbB#H2 iQ mb2 �+im�H T2`@
7Q`K�M+2 K2�bm`2K2Mi /�i� iQ imM2 KQ/2HbǶ T�`�K2i2`b (q2bi2`K�MM- kyR9c
G2pv �M/ ai2BM#2`;- kyRR)X h?2 b�K2 i2+?MB[m2b +�M �HbQ #2 �TTHB2/ r?2M i?2
bvbi2K Bb /2THQv2/ BM T`Q/m+iBQM �M/ i?2 2M;BM22`b ?�p2 �++2bb iQ QT2`�iBQMb
/�i� ("`2#M2`- kyRec �`/�;M� 2i �HX- kyRyc S�+?B/B �M/ aT`mBi- kyR8)X S2`@
7Q`K�M+2 KQ/2HBM; i2+?MB[m2b `2HvBM; QM K2�bm`2K2Mi /�i� �`2 Q7i2M 7Q+mb2/
QM bT2+B}+ T`Q;`�KKBM; H�M;m�;2b �M/ /2THQvK2Mi �`+?Bi2+im`2b (*Q`i2HH2bb�
2i �HX- kyRR)- #2+�mb2 i?2v `2[mB`2 }M2@;`�BM /�i� U2X;X- +QHH2+i2/ i?`Qm;? bQ7i@
r�`2 BMbi`mK2Mi�iBQM (E2KT7 2i �HX- kyy3c >Q`Fɷ 2i �HX- kyRec EmT2`#2`;- kyRy)V
iQ 2M?�M+2 KQ/2H T`2/B+iBQM T`2+BbBQM (EmT2`#2`;- kyRy)X h?2 K�BM �/p�Mi�;2
Q7 KQ/2H@#�b2/ bQHmiBQMb- Q7i2M QM+2 i?2 KQ/2H ?�b #22M /2}M2/ �M/ i`�BM2/f@
T�`�K2i2`Bx2/ rBi? }M2@;`�BM `2�H /�i� Bb i?�i i?2v +�M #2 mb2/ 7Q` 7�bi �M/
�++m`�i2 T`2/B+iBQMb Q7 i?2 �TTHB+�iBQM T2`7Q`K�M+2 7Q` M2r b+2M�`BQb (J�`BM
2i �HX- kyR9)- QM M2r ?�`/r�`2 (>2`#QH/- kyR8c J�`BM �M/ J2HHQ`@*`mKK2v-
kyy9c w?2M; 2i �HX- kyR8c u�M; 2i �HX- kyy8)- BM T`2b2M+2 Q7 mMbi�#H2 T2`7Q`K�M+2
#2?�pBQ` Q7 i?2 /2THQvK2Mi b2`p2`b (CBK2M2x 2i �HX- kyRe) �M/ 2p2M �+`Qbb /B7@
72`2Mi ?�`/r�`2 (1/2M- kyRRc w?2M; 2i �HX- kyR8c CBK2M2x 2i �HX- kyRec _m/QHT?
�M/ aiBii- kyR8c J�`BM �M/ J2HHQ`@*`mKK2v- kyy9)- 2bT2+B�HHv B7 BMi2`2bi2/
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jXR "B`/Ƕb@2v2 pB2r Q7 S2`7Q`K�M+2 1M;BM22`BM; �M/ S2`7Q`K�M+2 h2biBM;

GBi2`�im`2

BM `2H�iBp2 T2`7Q`K�M+2 /Bz2`2M+2b #2ir22M irQ /Bz2`2Mi b2`p2`b (u�M; 2i �HX-
kyy8) �M/ MQi +`Qbb@b2`p2` �#bQHmi2 T2`7Q`K�M+2 T`2/B+iBQMX

*QKTH2K2Mi�`v �M/fQ` �Hi2`M�iBp2Hv iQ bQ7ir�`2 T2`7Q`K�M+2 KQ/2HBM;
T`�+iB+2b- K�Mv i2+?MB[m2b 7Q` 2tT2`BK2Mib@#�b2/ bQ7ir�`2 T2`7Q`K�M+2 ?�p2
#22M /2p2HQT2/ (CB�M; �M/ >�bb�M- kyR8)X aQK2 Q7 i?2b2 i2+?MB[m2b �`2 �HbQ
mb2/ iQ }M2@imM2 T2`7Q`K�M+2 KQ/2Hb- i?�i �`2 i?2M mb2/ 7Q` T2`7Q`K�M+2 T`2@
/B+iBQMb (q2bi2`K�MM- kyR9c J�`BM 2i �HX- kyR9c "`2#M2`- kyRe)X 1tT2`BK2Mib
#�b2/ i2+?MB[m2b 2M�#H2 i?2 mb2`b iQ Q#i�BM T2`7Q`K�M+2 BMbB;?ib QM /2p2HQT2/
�M/ 2pQHpBM; bQ7ir�`2- #v `2T2�i2/ T2`7Q`K�M+2 2tT2`BK2Mib i�`;2iBM; i?2 bvb@
i2K /m`BM; Bib 2pQHmiBQMX 1tT2`BK2Mib #�b2/ i2+?MB[m2b �`2 Q7i2M Qz2`2/ iQ
`2Hv QM iQQHb �miQK�iBM; i?2 T2`7Q`K�M+2 i2biBM; T`Q+2bb2b �M/ �`2 KQ`2 �M/
KQ`2 2tTQb2/ iQ i?2 mb2`b #v `2HvBM; QM � .aG bBKTHB7vBM; i?2 /2}MBiBQM Q7 T2`@
7Q`K�M+2 2tT2`BK2MibX Sm`2 2tT2`BK2Mi@#�b2/ i2+?MB[m2b +QmH/ `2[mB`2 K�Mv
2tT2`BK2Mib iQ +QHH2+i T2`7Q`K�M+2 FMQrH2/;2 �#Qmi i?2 alh- i?�i Bb i?2 `2�@
bQM r?v i?2v �`2 Q7i2M +QmTH2/ rBi? KQ/2H@#�b2/ i2+?MB[m2b (q2bi2`K�MM-
kyR9)- BM � ?v#`B/ KQ/2H@ �M/ 2tT2`BK2Mi@#�b2/ i2+?MB[m2bX 1tT2`BK2Mib #�b2/
i2+?MB[m2b �`2 /2}M2/ �++Q`/BM; iQ /Bz2`2Mi `2[mB`2K2MibX 1tTHQ`�iQ`v T2`@
7Q`K�M+2 i2biBM; Bb T2`7Q`K2/ iQ H2�`M �#Qmi i?2 T2`7Q`K�M+2 Q7 i?2 bvbi2K
Q` i?B`/@T�`iv /2T2M/2M+B2b (SQ/2HFQ- kyy3c >�m+F 2i �HX- kyRj)X GQ�/- ai`2bb-
aTBF2 T2`7Q`K�M+2 i2bib �`2 /2}M2/ �M/ 2t2+mi2/ iQ i2bi `2�H@rQ`H/ bvbi2Kb
iQ 2Mbm`2 i?2v +�M 7mM+iBQM +Q``2+iHv mM/2` HQ�/ (CB�M; �M/ >�bb�M- kyR8c
*?2M 2i �HX- kyRd)X h?2 ivT2b Q7 2t2+mi2/ i2bib �HbQ /2T2M/ QM i?2 bvbi2K
�`+?Bi2+im`2 �M/ /2THQvK2Mi +QMi2tiX JQ/2`M bvbi2K �`+?Bi2+im`2b- 7Q` 2t�K@
TH2- JB+`Qb2`pB+2@#�b2/ �`+?Bi2+im`2b (G2rBb �M/ 6QrH2`- kyR9)- BMi`Q/m+2 K�Mv
+?�HH2M;2b BM /2}MBM; `2HB�#H2 T2`7Q`K�M+2 i2bib �M/ +QHH2+iBM; `2HB�#H2 T2`7Q`@
K�M+2 `2bmHibX h?Bb Bb K�BMHv #2+�mb2 2bi�#HBb?BM; � T2`7Q`K�M+2 #�b2HBM2 Bb
+?�HH2M;BM; BM JB+`Qb2`pB+2 �TTHB+�iBQMb (1BbK�MM 2i �HX- kyky)- �M/ � #�b2@
HBM2 Bb M22/2/ 7Q` 2z2+iBp2 T2`7Q`K�M+2 i2biBM;X .2}M2/ �M/ 2t2+mi2/ T2`7Q`@
K�M+2 i2bib 2pQHp2/ rBi? bvbi2K /2THQvK2Mi BM7`�bi`m+im`2- �M/ i?2 KQ`2 �M/
KQ`2 p�`B�M+2 BM T2`7Q`K�M+2 /2KQMbi`�i2/ #v KQ/2`M /2THQvK2Mi BM7`�bi`m+@
im`2b- 7Q` 2t�KTH2- i?2 *HQm/ (G2BiM2` �M/ *BiQ- kyRe)X .m2 iQ i?2 BMbi�#BHBiv
Q7 T2`7Q`K�M+2 #2?�pBQ` /2KQMbi`�i2/ #v KQ/2`M /2THQvK2Mi BM7`�bi`m+im`2-
T2`7Q`K�M+2 i2bib �`2 �HbQ /2}M2/ iQ 2tTHQ`2 �M/ H2�`M �#Qmi BM7`�bi`m+im`2
T2`7Q`K�M+2 (C�v�bBM;?2 2i �HX- kyR9)X �//BiBQM�HHv- i2+?MB[m2b 7Q` BKT`QpBM;
i?2 `2HB�#BHBiv Q7 T2`7Q`K�M+2 `2bmHib BM bm+? /2THQvK2Mi 2MpB`QMK2Mib ?�p2
#22M T`QTQb2/ Qp2` iBK2 (�`B7 2i �HX- kyR3c "�+?B2;� 2i �HX- kyR3)X �Hi?Qm;?
bQK2 /2THQvK2Mi 2MpB`QMK2Mib /2KQMbi`�i2 p�`B�M+2b BKT�+iBM; T2`7Q`K�M+2
i2bi `2bmHi `2HB�#BHBiv ("�`BF 2i �HX- kyRe)- Bi Bb biBHH BKTQ`i�Mi iQ i2bi i?2 T2`7Q`@
K�M+2 Q7 i?2 bvbi2Kb BM bm+? 2MpB`QMK2Mib- #2BM; i?2 2MpB`QMK2Mi BM r?B+? i?2



je
jXR "B`/Ƕb@2v2 pB2r Q7 S2`7Q`K�M+2 1M;BM22`BM; �M/ S2`7Q`K�M+2 h2biBM;

GBi2`�im`2

bvbi2K Bb ;QBM; iQ #2 /2THQv2/ BM T`Q/m+iBQMX hQ +QT2 rBi? i?2 +QKTH2tBiv Q7
KQ/2`M /2THQvK2Mi 2MpB`QMK2Mib �M/ bvbi2Kb- �`iB}+B�H BMi2HHB;2M+2 �M/ K�@
+?BM2 H2�`MBM; ?�p2 #22M �TTHB2/ iQ T2`7Q`K�M+2 K�M�;2K2Mi �M/ T2`7Q`K�M+2
i2biBM;X aQHmiBQMb ;mB/BM; i?2 T2`7Q`K�M+2 i2biBM; T`Q+2bb (>2H�HB JQ;?�/�K
2i �HX- kyRN)- �TT`Q�+?2b 7Q` T2`7Q`K�M+2 i2bi ;2M2`�iBQM (:`�MQ 2i �HX- kyRN)-
�b r2HH �b bQHmiBQMb iQ QTiBKBx2 i?2 T2`7Q`K�M+2 i2bi 2t2+miBQM T`Q+2bb (�#2/B
�M/ "`2+?i- kyRd) �M/ iQ +�Tim`2 T2`7Q`K�M+2 FMQrH2/;2 iQ �/pBb2 /2p2HQT2`b
�#Qmi TQbbB#H2 T2`7Q`K�M+2 BKT`Qp2K2Mib ?�p2 #22M T`QTQb2/ (>m+F 2i �HX-
kyy3)X

.2p2HQTK2Mi T`Q+2bb2b �HbQ BKT�+i2/ i?2 �TT`Q�+? iQ T2`7Q`K�M+2 i2bi@
BM;- 2bT2+B�HHv r?2M bQ7ir�`2 /2p2HQTK2Mi KQp2/ 7`QK � q�i2`7�HH �TT`Q�+?
iQ � KQ`2 Bi2`�iBp2 �M/ rBi? +QMiBMmQmb /2THQvK2Mi iQ T`Q/m+iBQM 2MpB`QM@
K2Mib �TT`Q�+? U2X;X- r?2M �TTHvBM; .2pPTbVX JQ/2`M Bi2`�iBp2 /2p2HQTK2Mi
�M/ `2H2�b2 T`Q+2bb2b BMi`Q/m+2 KQ`2 mM+2`i�BMiv QM i?2 TQbbB#BHBiv iQ +QMi`QH
bQ7ir�`2 T2`7Q`K�M+2 (h`m#B�MB 2i �HX- kyR3)- i?mb `2[mB`BM; M2r i2+?MB[m2b
7Q` T2`7Q`K�M+2 i2bi 2t2+miBQM- i?�i MQr ?�b iQ ?�TT2M +QMiBMmQmbHvX JQ`2
/2i�BHb �#Qmi ?Qr Bi2`�iBp2 T`Q+2bb2b BKT�+i i?2 /2}MBiBQM �M/ 2t2+miBQM Q7
T2`7Q`K�M+2 i2bib �`2 /Bb+mbb2/ BM a2+iX jXkXj- �M/ BM i?2 `2K�BM/2` Q7 i?Bb
rQ`FX hQ #`BM; T2`7Q`K�M+2 �r�`2M2bb +HQb2` iQ /2p2HQT2`b BM i?2 +QMi2ti Q7
.2pPTb T`�+iB+2b �TT`Q�+?2b iQ BMi2;`�i2 T2`7Q`K�M+2 722/#�+F BMiQ i?2 AMi2@
;`�i2/ .2p2HQTK2Mi 1MpB`QMK2Mi UA.1V ?�p2 #22M BMi`Q/m+2/ (oƺ;2H2 2i �HX-
kyR9)X h?2 BMi2;`�iBQM Q7 T2`7Q`K�M+2 722/#�+F BM i?2 A.1 �BKb �i #`BM;BM;
T2`7Q`K�M+2 FMQrH2/;2 �#Qmi i?2 bvbi2K BM T`Q/m+iBQM iQ i?2 /2p2HQT2`b /B@
`2+iHv BM i?2 2MpB`QMK2Mi r?2`2 i?2v �`2 /2p2HQTBM; i?2 bQ7ir�`2X hQ 7�+BHBi�i2
Ah T`Q72bbBQM�Hb iQ �TT`Q�+? T2`7Q`K�M+2 i2biBM;- bQK2i?BM; /22K2/ KQ`2 �M/
KQ`2 BKTQ`i�Mi r?2M �TTHvBM; �TT`Q�+?2b +QMiBMmQmbHv /2THQvBM; Bi2`�iBp2Hv
BKT`Qp2/ p2`bBQMb Q7 i?2 bQ7ir�`2 iQ T`Q/m+iBQM- iQQHb- �M/ i2+?MB[m2b ?�p2
#22M T`QTQb2/ iQ bBKTHB7v T2`7Q`K�M+2 i2bib /2}MBiBQM #v miBHBxBM; ?B;?@H2p2H
.aG U`272` iQ a2+iX jXeV Q` ;`�T?B+�H BMi2`7�+2b- �M/ 7`�K2rQ`Fb iQ �miQK�i2
T2`7Q`K�M+2 i2bi b+?2/mHBM; �M/ 2t2+miBQM U`272` iQ a2+iX jXdVX Pp2` iBK2- i?2
iQQHb 2pQHp2/ �HbQ iQ #2 KQ`2 �M/ KQ`2 BMi2;`�i2/ rBi? *a.G- Qz2`BM; i?2
QTTQ`imMBiv iQ b+?2/mH2 T2`7Q`K�M+2 i2bib 2t2+miBQM 7`QK bQ7ir�`2 #mBH/ �M/
/2THQvK2Mi T`Q+2bb2b- 2X;X `2HvBM; QM #Qib (PF�MQpBÉ 2i �HX- kyky) Q` QM Q`@
+?2bi`�iBQM iQQHb 2M�#HBM; /2}MBiBQM Q7 +QKTH2t T`Q+2bb2b �M/ BMi2`�+iBQM rBi?
T2`7Q`K�M+2 i2biBM; iQQHb (.vM�i`�+2- kyRN)- �b r2HH �b r?BH2 i?2 bQ7ir�`2 Bb
/2THQv2/ BM T`Q/m+iBQM ("`mMM2`i �M/ E`+K�`- kyRd)X

JQbi `2+2MiHv- iQ BKT`Qp2 QM i?2 bmTTQ`i �M/ �++2bbB#BHBiv Q7 T2`7Q`K�M+2
i2biBM; 7Q` T`Q72bbBQM�H };m`2b BMpQHp2/ BM KQ/2`M bQ7ir�`2 /2p2HQTK2Mi- .S1
�TT`Q�+?2b ?�p2 #22M /2}M2/ �M/ T`QTQb2/X JQ`2 /2i�BHb QM .S1 �TT`Q�+?2b



jd jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM;

7Q` T2`7Q`K�M+2 i2biBM; /2}MBiBQM �M/ �miQK�iBQM- �M/ T2`7Q`K�M+2 2M;BM22`@
BM; �+iBpBiB2b �`2 /Bb+mbb2/ BM a2+iX jX8X

jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM;
AM i?Bb b2+iBQM- r2 T`2b2Mi r?�i .2pPTb Bb- ?Qr Bi Bb `2H�i2/ iQ *a.G- �M/
?Qr T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2b- �M/ 2bT2+B�HHv T2`7Q`K�M+2 i2biBM; �`2
BKT�+i2/ #v i?2 +?�`�+i2`BbiB+b Q7 .2pPTb �M/ *a.GX

jXkXR q?�i Bb ǳ.2pPTbǴ
.2pPTb Bb � b2i Q7 +mHim`�H �TT`Q�+?2b �M/ T`Q+2bb2b �BKBM; �i +QQ`/BM�iBM;
bQ7ir�`2 /2p2HQTK2Mi- /2THQvK2Mi- �M/ QT2`�iBQMb �b � mMB7Q`K T`Q+2bb #`B/;@
BM; i?2 Q7i2M T`2b2Mi ;�T #2ir22M /2p2HQTK2Mi �M/ QT2`�iBQMb i2�Kb (6Q`b;`2M
2i �HX- kyR3c q2#2` 2i �HX- kyR8)X AM KQbi +QKT�MB2b- i?2 bQ7ir�`2 Bb /2p2HQT2/
#v /2p2HQTK2Mi i2�Kb- �M/ /2THQv2/ �M/ QT2`�i2/ #v QT2`�iBQMb i2�KbX "Qi?
i2�Kb BMi2`�+i rBi? i?2 b2+m`Biv i2�K iQ BM+Hm/2 b2+m`Biv ;mB/2HBM2b BM i?2
7QHHQr2/ T`Q+2bb2bX Ai Bb +QKKQM iQ ?�p2 i?2 K2MiBQM2/ i2�Kb �b b2T�`�i2/
bBHQb- H�+FBM; +QKKmMB+�iBQMb- �M/ FMQrH2/;2 i`�Mb72`X h?2 .2pPTb �TT`Q�+?
�ii2KTi iQ bQHp2 i?Bb b2T�`�iBQM- #v �bFBM; /Bz2`2Mi i2�Kb iQ +QHH�#Q`�i2 iQ@
r�`/b i?2 K�BM +QKT�Mv ;Q�H 7Q` Ah- r?B+? Bb 2M�#HBM; #mbBM2bb p�Hm2X .2pPTb
T`QTQb2 iQ /Q i?Bb #v +?�M;BM; i?2 +mHim`2 Q7 i?2 +QKT�Mv- 7Qbi2`BM; +QKKmMB@
+�iBQM- `2bTQMbB#BHBiv@b?�`BM;- 2K#`�+BM; 7�BHm`2- �M/ T`QTQbBM; /Bz2`2Mi i2�K
iQTQHQ;B2b (aF2HiQM �M/ S�Bb- kyRN) bmBi�#H2 iQ BMi`Q/m+2 � M2r .2pPTb i2�K
�b � 7�+BHBi�iQ` Q7 .2pPTb �TT`Q�+?2b BM+Hm/BM; ?2�pv �miQK�iBQM- i`�+2�#BHBiv-
�M/ T2`p�bBp2 K2�bm`2K2Mib Q7 T`Q+2bb2b 2{+B2M+v �M/ #mbBM2bb p�Hm2 BKT`Qp2@
K2Mib ("`m2H 2i �HX- kyRNc Gr�F�i�`2 2i �HX- kyR8)X h?2 /Bz2`2Mi i2�KbǶ iQTQHQ@
;B2b �`2 �HH +?�`�+i2`Bx2/ #v i?2 T`2b2M+2 Q7 T`Q72bbBQM�H Ah T`�+iBiBQM2`b 7`QK
/Bz2`2Mi �`2�b Q7 i?2 +QKT�Mv- ?�pBM; ?2i2`Q;2M2Qmb FMQrH2/;2 BM /Bz2`2Mi
�`2�b Q7 Ah �M/ QT2MM2bb iQ +QHH�#Q`�iBQM- BM7Q`K�iBQM b?�`BM;- �M/ bmTTQ`i@
BM; +QHH2�;m2bX hvTB+�H Q7 +QKT�MB2b �/QTiBM; .2pPTb Bb �HbQ i?2 miBHBx�iBQM Q7
KQ/2`M bQ7ir�`2 /2THQvK2Mi �M/ QT2`�iBQM TH�i7Q`Kb- bm+? �b .Q+F2` (.Q+F2`
AM+X- kyRj) �M/ Em#2`M2i2b (Em#2`M2i2b- kyR9)- /2bB;M2/ iQ M�iBp2Hv bmTTQ`i
�miQK�iBQM �M/ .2pPTbX JQ`2 �M/ KQ`2 +QKT�MB2b �/QTi2/ .2pPTb T`�+@
iB+2b Qp2` i?2 v2�`b (SmTT2i- kyRNc :QQ;H2- kyRN)- �M/ bim/B2b 7QmM/ .2pPTb
T`�+iB+2b �`2 2z2+iBp2 BM BKT`QpBM; Ah �#BHBiv iQ T`Q/m+2 #mbBM2bb p�Hm2 (1`B+?
2i �HX- kyRd)X



j3 jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM;

jXkXk *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2
*QMiBMmQmb bQ7ir�`2 /2p2HQTK2Mi- `2H2�b2- �M/ Bi2`�iBp2 BKT`Qp2K2Mib Q7 i?2
b�K2 Bb �M BMi2;`�H T�`i Q7 .2pPTbX q2 `272` iQ i?Bb T`Q+2bb �b *QMiBMmQmb
aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2X *a.G bi`Bp2b iQ +QMiBMmQmbHv BMi2;`�i2 U*QM@
iBMmQmb AMi2;`�iBQM U*AVV (.mp�HH 2i �HX- kyyd) �M/ #mBH/ i?2 bQ7ir�`2 /2p2HQT2/
BM /Bz2`2Mi /2p2HQTK2Mi #`�M+?2b #v /Bz2`2Mi /2p2HQT2`b bQ i?�i Bi Bb #mBHi- p�H@
B/�i2/- i2bi2/- �M/ T�+F�;2/ iQ #2 `2�/v 7Q` /2THQvK2Mi �i �Mv ;Bp2M TQBMi BM
iBK2- 2M�#HBM; *QMiBMmQmb .2HBp2`v U*.V (>mK#H2 �M/ 6�`H2v- kyRy)X

.2p2HQTBM; bQ7ir�`2 7QHHQrBM; � *a.G Bb BKTQ`i�Mi 7Q` 2K#`�+BM; i?2 K�BM
�bT2+ib Q7 .2pPTb- M�K2Hv b?�`BM;- �miQK�iBQM- �M/ K2�bm`2K2MiX h?Bb Bb
K�/2 TQbbB#H2 #v i?2 bi�M/�`/Bx�iBQM Q7 T`Q+2bb2b ;QBM; 7`QK +Q/2 +QKKBib iQ
bQm`+2 +Q/2 `2TQbBiQ`B2b #v /2p2HQT2`b- mT iQ i?2 /2THQvK2Mi Q7 i?2 bQ7ir�`2
BM T`Q/m+iBQM #v .2pPTb Q` QT2`�iBQMb 2M;BM22`- �b r2HH �b QT2`�iBQMb �M/
K�BMi2M�M+2 Q7 i?2 b�K2X ai�M/�`/Bx2/ T`Q+2bb2b BM+Hm/2 +QMi`B#miBQMb 7`QK
i?2 /Bz2`2Mi i2�Kb BMpQHp2/ BM bQ7ir�`2 /2p2HQTK2Mi �M/ b2+m`2 �M/ `2HB�#H2
QT2`�iBQMb- i?mb 7�+BHBi�iBM; FMQrH2/;2 b?�`BM;X am+? T`Q+2bb2b �`2 KQbiHv
�miQK�i2/ �M/ K2�bm`2/ BM i2`Kb Q7 i?2 iBK2 Bi i�F2b iQ #`BM; M2r bQ7ir�`2
p2`bBQMb iQ T`Q/m+iBQM- �M/ Qi?2` #mbBM2bb@`2H2p�Mi K2i`B+bX

�/QTiBM; � *a.G BMi`Q/m+2b K�Mv +?�HH2M;2b 7Q` T2`7Q`K�M+2 i2biBM; 2t2@
+miBQM �M/ �TTHB+�iBQM Q7 T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2bX Ai �HbQ BMi`Q/m+2b
QTTQ`imMBiB2b- 7Q` 2t�KTH2- `2HvBM; QM i?2 bi�M/�`/Bx�iBQM Q7 T`Q+2bb2b ivTB+�H
Q7 .2pPTb QM2 +�M /2+B/2 /Bz2`2Mi KQK2Mib Q7 i?2 *a.G BM r?B+? iQ 2t2+mi2
/Bz2`2Mi ivT2b Q7 i2bib �M/ +QMiBMmQmbHv BKT`Qp2 T2`7Q`K�M+2 FMQrH2/;2 �#Qmi
i?2 /2p2HQT2/ �TTHB+�iBQMX

jXkXj S2`7Q`K�M+2 1M;BM22`BM; �M/ *a.G
h`�/BiBQM�H bQ7ir�`2 T2`7Q`K�M+2 2M;BM22`BM; T`�+iB+2b �`2 BMi`BMbB+�HHv bHQrX
hQ +�`27mHHv i2bi i?2 T2`7Q`K�M+2 Q7 � bvbi2K �M/ +QHH2+i T2`7Q`K�M+2 FMQrH@
2/;2- Bi b?QmH/ #2 i2bi2/ BM � `2�HBbiB+ 2MpB`QMK2Mi- rBi? `2�HBbiB+ HQ�/b �M/
/�i� (qBHHM2+F2` 2i �HX- kyRe)X �//BiBQM�HHv- T2`7Q`K�M+2 2M;BM22`BM; T`�+iB+2b
�`2 �HbQ +QMbB/2`2/ [mBi2 +QKTH2t iQ #2 �TT`Q�+?2/ �M/ 2t2+mi2/ BM i?2 `B;?i
r�v- r?B+? Bb �HbQ K�/2 2pB/2Mi #v i?2 2tBbi2M+2 Q7 /2/B+�i2/ T`Q72bbBQM�H
};m`2b- 2X;X- bQ7ir�`2 T2`7Q`K�M+2 2M;BM22`b ("Qb+?- kyR9)X q?2M �TTHvBM;
T2`7Q`K�M+2 2M;BM22`BM; iQ .2pPTb T`Q+2bb2b- i?2 bHQrM2bb- �M/ i?2 +QKTH2t@
Biv Q7 i?2 b�K2 Bb �M Bbbm2X Pp2` iBK2 /Bz2`2Mi �TT`Q�+?2b ?�p2 #22M T`QTQb2/
�M/ BKTH2K2Mi2/ iQ i�+FH2 i?2 +?�HH2M;2b Q7 K�FBM; Bi TQbbB#H2 iQ �TTHv T2`7Q`@
K�M+2 2M;BM22`BM; BM � KQ`2 2{+B2Mi �M/ mb2`@7`B2M/Hv r�vX h?2 +?�HH2M;2b Q7



jN jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM;

�/�TiBM; �M/ BMi2;`�iBM; T2`7Q`K�M+2 T`�+iB+2b BM i?2 *a.G �`2 �+FMQrH2/;2/
#v i?2 b+B2MiB}+ +QKKmMBiv ("`mMM2`i 2i �HX- kyR8c q�Hi2` 2i �HX- kyRe) �M/ #v
i?2 BM/mbi`v (_2Bi#�m2` 2i �HX- kyR8c w�H�p�/B�- kyRe)X

h?2 K�BM +?�HH2M;2b ("`mMM2`i 2i �HX- kyR8) BM �+?B2pBM; � bm++2bb7mH BMi2@
;`�iBQM- �`2 /m2 iQ i?2 +?�`�+i2`BbiB+b Q7 i?2 +QMi2ti- 2X;X- iBK2HBM2bb iQ `2�+?
i?2 /2THQvK2Mi Q7 � M2r BM+`2K2Mi�H `2H2�b2- �M/ i?2 M22/ 7Q` T2`p�bBp2 �m@
iQK�iBQM iQ �+?B2p2 BiX Pi?2` +?�HH2M;2b �`2 /m2 iQ i?2 T`Q72bbBQM�H };m`2b
i?�i �`2 BMpQHp2/- 2X;X- i?2 M22/ iQ bBKTHB7v i?2 r�v /2p2HQT2`b +�M Q#i�BM
T2`7Q`K�M+2 BMbB;?ib (q�Hi2` 2i �HX- kyRe)X �Mv T2`7Q`K�M+2 i2biBM; T`�+iB+2
BMi`Q/m+2/ BM i?Bb +QMi2ti b?QmH/ 2M�#H2 �M/ �bbBbi i?2 /Bz2`2Mi T`Q72bbBQM�H
};m`2b i�FBM; T�`i BM +QMiBMmQmb bQ7ir�`2 BKT`Qp2K2Mi (6Bix;2`�H/ �M/ aiQH-
kyRd) iQ BKTH2K2Mi �M/fQ` �/QTi T2`7Q`K�M+2@`2H�i2/ �+iBpBiB2b �b Km+? �b
BM/2T2M/2MiHv �b TQbbB#H2 7`QK i?2B` T2`7Q`K�M+2 2tT2`iBb2X

AM .2pPTb T`Q+2bb2b- T2`7Q`K�M+2 T`�+iB+2b �`2 T2`p�bBp2Hv BMi2;`�i2/ BMiQ
K�Mv �+iBpBiB2b- #2+�mb2 Q7 i?2 7�bi2` Bi2`�iBQM +v+H2b 7`QK /2p2HQTK2Mi iQ /2@
THQvK2Mi iQ T`Q/m+iBQM (q�Hi2` 2i �HX- kyRec qBHHM2+F2` 2i �HX- kyRe)X h?2v +Qp2`
7`QK bQ7ir�`2 /2bB;M iBK2- mT iQ QT2`�iBQMb #v `2HvBM; QM /�i� �M/ BMbB;?ib
+QHH2+i2/ mbBM; �TTHB+�iBQM S2`7Q`K�M+2 J�M�;2K2Mi U�SJVb (�?K2/ 2i �HX-
kyRec EQr�HH- kyRe) �M/fQ` #v /2THQvBM; �miQMQKB+ T2`7Q`K�M+2 K�M�;2K2Mi
�;2Mib KQMBiQ`BM; i?2 T2`7Q`K�M+2 Q7 i?2 bQ7ir�`2 BM T`Q/m+iBQM �M/ �/�TiBM;
T�`�K2i2`b U2X;X- +QM};m`�iBQMbV iQ BKT`Qp2 Bib T2`7Q`K�M+2 7Q` i?2 +m``2MiHv
2tT2`B2M+2/ rQ`FHQ�/ (:�K#B 2i �HX- kyRec G�?K�` 2i �HX- kyR8c �`/�;M� 2i �HX-
kyRy)X h?2 BMi2;`�iBQM Q7 T2`7Q`K�M+2 i2biBM;- �M�HvbBb- �M/ 2M;BM22`BM; �+iBpB@
iB2b rBi?BM i?2 *a.G Bb � rB/2Hv `2+Q;MBx2/ +?�HH2M;2 BM i?2 HBi2`�im`2 ("2x2K2`
2i �HX- kyRNc q�Hi2` 2i �HX- kyRec aS1*- kyRec "`mMM2`i 2i �HX- kyR8c *�b�H2- kyRec
:Qii2b?2BK- kyR8c E`QĽ 2i �HX- kyRec SBi�F`�i �M/ >2BMBb?- kyRe)X *A HB72+v+H2
�miQK�iBQM (*Q/2a?BT- kyRec >�;?B;?�iF?�? 2i �HX- kyRdc 1H#�mK 2i �HX- kyR9c
>mK#H2 �M/ 6�`H2v- kyRy) #2bi T`�+iB+2b Q`;�MBx2 i2bib BM rQ`F~Qrb- TBT2HBM2b-
�M/ bi2TbX Ai Bb `2+Q;MBx2/ i?2 +QKTH2tBiv Q7 T2`7Q`K�M+2 i2biBM;- i?2 +QKTH2t@
Biv Q7 BMi2;`�iBM; T2`7Q`K�M+2 i2biBM; iQQHb BM *a.G- �M/ i?2 H�+F Q7 M�iBp2
bmTTQ`i 7Q` BMi2;`�iBQM Q7 T2`7Q`K�M+2 i2bib BM *A �M/ *. iQQHb HBKBib i?2
�/QTiBQM Q7 T2`7Q`K�M+2 i2biBM; BM *a.G (um 2i �HX- kyky)X

�b �MiB+BT�i2/ BM a2+iX RXR- irQ `2b2�`+? �+iBpBiB2b BM i?2 �`2�- `2H2p�Mi 7Q`
i?2 rQ`F Q7 i?Bb /Bbb2`i�iBQM- �`2 i?2 .1*G�_1 T`QD2+iR- �M/ i?2 *QMiBMmAhv
T`QD2+ikX h?2 .1*G�_1 T`QD2+i ǳ2MpBbBQMb iQ `2/m+2 i?2 +m``2Mi �#bi`�+@
iBQM ;�T #2ir22M i?2 H2p2H QM r?B+? T2`7Q`K�M+2@`2H2p�Mi +QM+2`Mb �`2 7Q`Km@

Rhttp://www.dfg-spp1593.de/declare- H�bi pBbBi2/ QM 62#`m�`v d- kykR
khttps://continuity-project.github.io- H�bi pBbBi2/ QM 62#`m�`v d- kykR

http://www.dfg-spp1593.de/declare
https://continuity-project.github.io


9y jXk .2pPTb �M/ S2`7Q`K�M+2 1M;BM22`BM;

H�i2/ �M/ i?2 H2p2H QM r?B+? T2`7Q`K�M+2 2p�Hm�iBQMb �`2 �+im�HHv 2t2+mi2/Ǵ-
i?mb /2�HBM; rBi? i?2 +?�HH2M;2b `2H�i2/ iQ i?2 ?2i2`Q;2M2Biv BM T2`7Q`K�M+2
2tT2`iBb2 Q7 bQ7ir�`2 T`�+iBiBQM2`bX h?2 .1*G�_1 T`QD2+i 7Q+mb2b K�BMHv
QM 2M�#HBM; i?2 TQbbB#BHBiv Q7 /2+H�`�iBp2Hv [m2`vBM; T2`7Q`K�M+2 FMQrH2/;2
i?�i ?�b #22M +QHH2+i2/ �M/ KQ/2H2/ #v Qi?2` bvbi2Kb �M/ T`QTQb2b H�M;m�;2b
�M/ iQQHb 7Q` bT2+B7vBM; T2`7Q`K�M+2 +QM+2`Mb �M/ Q#i�BMBM; �miQK�i2/ �M@
br2`b (q�Hi2`- kyR3)X h?2 *QMiBMmAhv T`QD2+i 7Q+mb2b QM /2�HBM; rBi? i?2
+?�HH2M;2b Q7 +QMiBMmQmbHv mT/�iBM; T2`7Q`K�M+2 i2bib (a+?mHx 2i �HX- kyky)- #v
H2p2`�;BM; T2`7Q`K�M+2 FMQrH2/;2 Q7 bQ7ir�`2 bvbi2Kb +QHH2+i2/ �M/ KQ/2H2/
7`QK i?2 bQ7ir�`2 QT2`�iBM; BM T`Q/m+iBQM 2MpB`QMK2MibX AM i?2 +QMi2ti Q7 i?2
*QMiBMmAhv T`QD2+i- T2`7Q`K�M+2 i2bib �`2 +QMbB/2`2/ �b /BbTQb�#H2 �`iB7�+ib-
2pQHpBM; �++Q`/BM; iQ i?2 +m``2Mi �M/ 7Q`2b22M `2[mB`2K2Mib Q7 i?2 bvbi2K i?2v
i�`;2iX "v KQMBiQ`BM; b2`pB+2b BM T`Q/m+iBQM 2MpB`QMK2Mib- i?2 T`QD2+i �BKb
�i +QHH2+iBM; T2`7Q`K�M+2 FMQrH2/;2 i?�i +�M #2 i?2M miBHBx2/ iQ +QMbi�MiHv
mT/�i2- BM � b2KB@�miQK�i2/ K�MM2`- i?2 T2`7Q`K�M+2 i2bib /2}M2/ 7Q` � bvb@
i2KX h?Qb2 i2bib +�M #2 i?2M +QMiBMmQmbHv 2t2+mi2/ /m`BM; i?2 *a.G- #v Qi?2`
7`�K2rQ`Fb- iQ p�HB/�i2 i?2 T2`7Q`K�M+2 Q7 i?2 bvbi2K Qp2` iBK2X

Pi?2` i?�M r?�i +Qp2`2/ #v i?2 irQ `2b2�`+? T`QD2+ib K2MiBQM2/ �#Qp2-
i?2 /Bz2`2Mi `2b2�`+? �M/ T`�+iB+�H /B`2+iBQMb QM i?2 iQTB+ +Qp2` i?2 bim/v Q7
i?2 TQbbB#BHBiv iQ BMi2;`�i2 2tBbi2Mi T2`7Q`K�M+2 i2biBM; iQQHb BM i?2 *a.G iQ
2M�#H2 +QMiBMmQmb 2tT2`BK2Mi�iBQM- 2K#`�+BM; 7�BHm`2 (:2B;2` 2i �HX- kyR9)- i?2
mb2 Q7 T2`7Q`K�M+2 mMBi i2bib (>Q`Fɷ 2i �HX- kyRjc _2B+?2Hi �M/ a+?2HH2`- kyR8c
"mH2D 2i �HX- kyR9c >Q`Fɷ 2i �HX- kyR8c "mH2D- kyRec .BM;- kyRN) �M/ #2M+?K�`Fb
�TTHB2/ +QMiBMmQmbHv (:`�K#Qr 2i �HX- kyRN) Q` iQ MB;?iHv #mBH/b (q�HH2` 2i �HX-
kyR8c "mH2D 2i �HX- kyy8) 7Q` 2�`Hv T2`7Q`K�M+2 `2;`2bbBQM /2i2+iBQM- i?2 mb2 Q7
+QMiBMmQmbHv +QHH2+i2/ T2`7Q`K�M+2 FMQrH2/;2 iQ QTiBKBx2 i?2 b2i Q7 2t2+mi2/
T2`7Q`K�M+2 i2bib iQ K�tBKBb2 7�BHm`2 /2i2+iBQM r?BH2 `2/m+BM; i?2 MmK#2` Q7
2t2+mi2/ i2bib (J2KQM 2i �HX- kyRdc C�2rQM 2i �HX- kyR3c >�b?2KB�M 2i �HX- kyRd)-
i?2 mb2 Q7 �f" i2biBM; U2X;X- �b /QM2 BM :QQ;H2 oBxB2` (:QHQpBM 2i �HX- kyRd)V iQ
2p�Hm�i2 T2`7Q`K�M+2 +?�M;2b #2ir22M /Bz2`2Mi p2`bBQMb Q7 i?2 b�K2 bvbi2K-
i?2 mb2 Q7 HBp2 i2biBM; (:2`Qbi�i?QTQmHQb 2i �HX- kyRec a+?2`K�MM 2i �HX- kyRec
q2�p2rQ`Fb- kyR3c .vM�i`�+2- kyRN) 7Q` BM+`2K2Mi�HHv `QHH@Qmi � M2r p2`bBQM
Q7 � JB+`Qb2`pB+2 �TTHB+�iBQM �++Q`/BM; iQ Bib T2`7Q`K�M+2 #2?�pBQ`- i?2 mb2 Q7
KQ/2HBM; i2+?MB[m2b (.Hm;B 2i �HX- kyR8) �M/ K�+?BM2 H2�`MBM; (aBKQM- kyR9) iQ
`2/m+2 i?2 iBK2 M22/2/ iQ ;�BM T2`7Q`K�M+2 BMbB;?ib QM i?2 /2p2HQT2/ bQ7ir�`2
�i �Mv KQK2Mi Q7 i?2 /2p2HQTK2Mi HB72+v+H2- �M/ i?2 mb2 Q7 QT2`�iBQMb T2`7Q`@
K�M+2 /�i� iQ �miQK�iB+�HHv #mBH/ �TTHB+�iBQM T2`7Q`K�M+2 KQ/2Hb /2/B+�i2/
iQ bT2+B}+ �`+?Bi2+im`2b �M/ T`Q;`�KKBM; H�M;m�;2b ("`2#M2`- kyRe)X

Pp2`�HH +m``2Mi �TT`Q�+?2b T`QTQb2 iQ BMi2;`�i2 T2`7Q`K�M+2 i2biBM; BM /B7@



9R jXj �miQK�iBQM Q7 q2# a2`pB+2b S2`7Q`K�M+2 h2biBM;

72`2Mi r�vb �M/ KQK2Mib BM i?2 +QMiBMmQmb bQ7ir�`2 BKT`Qp2K2Mib HB72+v+H2X
AM Qm` `2b2�`+? r2 #mBH/ QM i?2 T2`7Q`K�M+2 i2biBM; HBi2`�im`2- �M/ BM T�`iB+@
mH�`- i?2 HBi2`�im`2 BM i?2 +QMi2ti Q7 .2pPTb �M/ *a.G- �M/ r2 2K#`�+2 i?2
.S1 T`QTQbBiBQM iQ T`QpB/2 H�M;m�;2b �M/ iQQHb iQ ?2HT T`Q72bbBQM�Hb rQ`FBM;
BM +QMiBMmQmbHv BKT`QpBM; bQ7ir�`2- iQ /2}M2 �M/ 2t2+mi2 T2`7Q`K�M+2 i2bib �b
T�`i Q7 i?2 +QMiBMmQmb BKT`Qp2K2Mi �+iBpBiB2bX

jXj �miQK�iBQM Q7 q2# a2`pB+2b S2`7Q`K�M+2 h2bi@
BM;

_1ah7mH q2# b2`pB+2b �`2 QM2 Q7 i?2 irQ K�BM i�`;2i bvbi2Kb Q7 Qm` �TT`Q�+?-
BM T�`iB+mH�` r?2M /2THQv2/ mbBM; .Q+F2` i2+?MQHQ;vX h?2 B/2MiB}+�iBQM Q7
i?Bb +�i2;Q`v Q7 bvbi2Kb �b � i�`;2i Q7 Qm` �TT`Q�+? Bb bBM+2 K�Mv bQ7ir�`2
bvbi2Kb �`2 /2p2HQT2/ mbBM; q2# i2+?MQHQ;B2b (aK�`i"2�`- kyky) �M/ bm+?
bvbi2Kb �`2 mbm�HHv 2tTQb2/ #v � TQi2MiB�HHv H�`;2 MmK#2` Q7 mb2`b- #Qi? `2�H
�M/ Qi?2` bvbi2Kb- i?mb `2[mB`BM; +�`27mH T2`7Q`K�M+2 �bb2bbK2Mi �M/ Bi2`�iBp2
/2p2HQTK2MiX

h?2 Tm`TQb2 Q7 q2# b2`pB+2 T2`7Q`K�M+2 i2biBM; Bb iQ +?2+F i?2 `2HB�#BHBiv
�M/ i?2 T2`7Q`K�M+2- Q7 b2`pB+2b �SAbX q2# b2`pB+2b T2`7Q`K�M+2 i2biBM; Bbbm2b
HQ�/ iQ i?2 b2`pB+2b iQ +?2+F ?Qr i?2v T2`7Q`K 7Q` bBM;H2 +HB2Mib �M/ ?Qr i?2v
b+�H2 �b i?2 MmK#2` Q7 +HB2Mib �++2bbBM; Bi BM+`2�b2bX h2biBM; Q7 q2# b2`pB+2b
2M�#H2b i?2 /2i2+iBQM Q7 T2`7Q`K�M+2 Bbbm2b- �M/ �miQK�i2/ �TT`Q�+?2b- BM
T�`iB+mH�`- ?2HT iQ 2{+B2MiHv `2T2�i i2bib r?2M2p2` M22/2/X

o�`BQmb �TT`Q�+?2b ?�p2 #22M T`QTQb2/ 7Q` /2}MBM; �M/ 2t2+miBM; T2`7Q`@
K�M+2 i2biBM; Q7 q2# b2`pB+2bX (*�M7Q`� �M/ .B S2Mi�- kyyNc oƺ;2H2 2i �HX-
kyR9) /Bb+mbb2b /Bz2`2Mi i2+?MB[m2b 7Q` i2biBM; bvbi2Kb aG�b �M/ /2T2M/�#BH@
Biv `2HvBM; QM T2`7Q`K�M+2 i2biBM;X h?2 �mi?Q`b Q7 i?2 `272`2M+2/ bm`p2v �M/
T�T2`b BM/B+�i2 i?2 7QHHQrBM; i2+?MB[m2b �b i?2 KQbi +QKKQMHv �TTHB2/ 7Q`
T2`7Q`K�M+2 i2biBM; Q7 q2# b2`pB+2b,

�V ;2M2`�iBQM Q7 i2bi BMTmi /m`BM; T2`7Q`K�M+2 i2bib mbBM; ;2M2iB+ �H;Q@
`Bi?Kb- i`vBM; iQ K�tBKBx2 i?2 MmK#2` Q7 aG� pBQH�iBQM /m`BM; i2bib-
iQ BKT`Qp2 i?2 bvbi2K �M/ T`Qi2+i Bi 7`QK TQbbB#H2 pBQH�iBQMb BM T`Q@
/m+iBQMX h?2 KQMBiQ`2/ T`QT2`iB2b �`2 `2bTQMb2 iBK2- i?`Qm;?Tmi- �M/
`2HB�#BHBivc

#V 7�mHi BMD2+iBQM /m`BM; i?2 BMi2`�+iBQM rBi? i?2 q2# b2`pB+2 �SAbc



9kjX9 �miQK�iBQM Q7 qQ`F~Qr J�M�;2K2Mi avbi2Kb S2`7Q`K�M+2 "2M+?K�`FBM;

+V mb2 Q7 T2`7Q`K�M+2 KQ/2Hb iQ `2/m+2 i?2 iBK2 iQ 2t2+mi2 T2`7Q`K�M+2
i2biBM; BM H�`;2 q2# b2`pB+2b /2THQvK2MiX

AM (CB�M; �M/ >�bb�M- kyR8) i?2 �mi?Q`b Qp2`pB2r i?2 /Bz2`2Mi i2+?MB[m2b Q7
�TT`Q�+?BM; T2`7Q`K�M+2 i2biBM; Q7 H�`;2@b+�H2 bQ7ir�`2 bvbi2Kb- K�BMHv Q7 q2#
b2`pB+2bX aQK2 Q7 i?2 /Bb+mbb2/ i2+?MB[m2b �`2 bBKBH�` iQ i?2 rQ`F BM (*�M7Q`�
�M/ .B S2Mi�- kyyNc oƺ;2H2 2i �HX- kyR9)- 7Q` 2t�KTH2- i?2 M22/ Q7 /2}MBM;
i2bib BMD2+iBM; 7�mHib- �M/ �//BiBQM�H i2+?MB[m2b �`2 T`2b2Mi2/ 7Q` i?2 7QHHQrBM;
+QM+2`Mb `2H2p�Mi 7Q` T2`7Q`K�M+2 i2biBM; Q7 q2# b2`pB+2b,

�V 2t2+miBQM Q7 /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib iQ �Mbr2` iQ /Bz2`2Mi
T2`7Q`K�M+2 +QM+2`Mbc

#V `2HvBM; QM T`Q/m+iBQM mb�;2 /�i� 7`QK +m``2Mi p2`bBQMb /2THQv2/ BM T`Q@
/m+iBQM iQ BKT`Qp2 i?2 2t2+mi2/ HQ�/ i2bib- �M/ Bbbm2 � KQ`2 `2�HBbiB+
HQ�/ /m`BM; i2biBM; �+iBpBiB2bX

h?2`2 �`2 p�`BQmb q2# b2`pB+2b T2`7Q`K�M+2 i2biBM; iQQHb �p�BH�#H2 BKTH2@
K2MiBM; i?2 /Bb+mbb2/ i2+?MB[m2b- bm+? �b CJ2i2`X aQK2 iQQHb �`2 �p�BH�#H2 QM
i?2 K�`F2i �b QT2M@bQm`+2 Q` �b � +QKK2`+B�H bQHmiBQM- Qi?2`b �`2 `2b2�`+? T`Q@
iQivT2b BKTH2K2MiBM; bi�i2@Q7@i?2@�`i �M/ �/p�M+2/ 2tT2`BK2Mi�H i2+?MB[m2bX
q2 T`2b2Mi �M Qp2`pB2r Q7 i?2 /Bz2`2Mi iQQHb 7Q` T2`7Q`K�M+2 i2biBM; Q7 q2#
b2`pB+2b BM a2+iX jXd- �M/ r2 /Bb+mbb ?Qr i?2 �TT`Q�+? r2 T`QTQb2 /Bz2`2MiB�i2
7`QK i?2 QM2 T`QTQb2/ #v i?2 �p�BH�#H2 iQQHbX

jX9 �miQK�iBQM Q7 qQ`F~Qr J�M�;2K2Mi avb@
i2Kb S2`7Q`K�M+2 "2M+?K�`FBM;

"SJL kXy q7Jab �`2 i?2 b2+QM/ K�BM i�`;2i bvbi2K Q7 Qm` �TT`Q�+?- BM
T�`iB+mH�` r?2M /2THQv2/ mbBM; .Q+F2` i2+?MQHQ;vX h?2 B/2MiB}+�iBQM Q7 i?Bb
+�i2;Q`v Q7 bvbi2K bi2K 7`QK i?2 BMBiB�H +QMi`B#miBQM BM i?2 �`2� Q7 #2M+?K�`F@
BM; "SJL kXy q7Jab T`2b2Mi2/ BM a2+iX RX8 �M/ BM a2+iX 3XR- �M/ 7`QK i?2
7�+i "SJL kXy q7Jab mbm�HHv ?�M/H2 BMi2`�+iBQMb Q7 K�Mv /Bz2`2Mi `2�H mb2`b
�M/ Qi?2` bvbi2Kb- �M/ `2[mB`2 +�`27mH T2`7Q`K�M+2 �bb2bbK2MiX

h?2 M22/ 7Q` #2M+?K�`FBM; q7Jab ?�b #22M B/2MiB}2/ #v K�Mv T`�+iB@
iBQM2`b- �M/ bi�`iBM; 7`QK kyRj@kyR9 ?�b #22M +QKT`2?2MbBp2Hv i�+FH2/ #v i?2
"2M+?6HQr `2b2�`+? T`QD2+ijX AM kyyy- (:BHHK�MM 2i �HX- kyyy) `2H2�b2 � #2M+?@
K�`F 7Q` +QKT�`BM; i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi +QKK2`+B�H q7JabX h?2

jhttp://design.inf.usi.ch/research/projects/benchflow- H�bi pBbBi2/ QM 62#`m�`v d-
kykR

http://design.inf.usi.ch/research/projects/benchflow


9j jX8 .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;

#2M+?K�`F Bb #mBHi iQ K2�bm`2 i?2 q7JabǶ i?`Qm;?Tmi- T�`iB+mH�`Hv 7Q+mbBM;
QM i?2 BKT�+i Q7 i?2 HQ�/ QM i?2 mM/2`HvBM; .�i�#�b2 J�M�;2K2Mi avbi2K
U."JaV i?2 q7Jab `2HB2b QM iQ biQ`2 i?2 bi�i2X �TT`QtBK�i2Hv i2M v2�`b
H�i2`- BM kyRy- aP�"2M+? ("B�M+mHHB 2i �HX- kyRy#) /2}M2b QM2 Q7 i?2 }`bi T2`7Q`@
K�M+2 +QKT�`BbQMb 7Q` "mbBM2bb S`Q+2bb 1t2+miBQM G�M;m�;2 U"S1GV q7JabX
aP�"2M+? +?�`�+i2`Bx2b i?2 T2`7Q`K�M+2 Q7 "S1G q7Jab #v i?2 `2bTQMb2
iBK2 Q7 T`Q+2bb +�HHbX � `2pB2r (_ƺ+F 2i �HX- kyR9) Q7 i?2 rQ`F Tm#HBb?2/ bQ 7�`
7Q` #2M+?K�`FBM; "S1G q7Jab- mM/2`HBM2b i?2 H�+F Q7 �M 2ti2MbBp2 2p�Hm�iBQM
Q7 /Bz2`2Mi q7Jab BM i2`Kb Q7 KmHiBTH2 rQ`FHQ�/ �M/ K2i`B+b- i?2 �K#B;mQmb
/2}MBiBQM Q7 i?2 rQ`FHQ�/ KBt UBX2X- i?2 KBt Q7 T`Q+2bb KQ/2Hb 2t2+mi2/ /m`BM;
i?2 T2`7Q`K�M+2 i2bibV �M/ i?2 HQ�/ 7mM+iBQMb- �b r2HH �b i?2 H�+F Q7 M�``QrHv
7Q+mb2/ K2i`B+b 7Q` +?�`�+i2`BxBM; q7JabǶb T2`7Q`K�M+2- Q7i2M +?�`�+i2`Bx2/
rBi? bi�M/�`/ T2`7Q`K�M+2 2M;BM22`BM; K2i`B+bX

:Bp2M i?2 +QKTH2tBiv Q7 q7Jab- Bi Bb p2`v BKTQ`i�Mi iQ �miQK�i2 �b Km+?
�b TQbbB#H2 i?2 2MiB`2 T2`7Q`K�M+2 i2biBM; T`Q+2bb2bX q7Jab +QK2 rBi? K�Mv
/Bz2`2Mi +QM};m`�iBQM �M/ /2THQvK2Mi QTiBQMb- �M/ K�Mv /Bz2`2Mi FBM/b Q7
T`Q+2bb KQ/2Hb +�M #2 2t2+mi2/ #v i?2 b�K2X JmHiBTH2 `2T2iBiBQMb Q7 T2`7Q`@
K�M+2 i2bib ?�p2 iQ #2 T2`7Q`K2/ iQ T`QpB/2 ?B;?@[m�HBiv `2bmHib- �M/ 2bT2@
+B�HHv BM i?2 +�b2 Q7 #2M+?K�`FBM; bm+? bvbi2Kb- 2tTHQ`BM; i?2 T2`7Q`K�M+2
Q7 i?2 b�K2 rBi? KmHiBTH2 i2bib- /2THQvBM; /Bz2`2Mi T`Q+2bb KQ/2Hb mM/2`
/Bz2`2Mi HQ�/b Bb 7mM/�K2Mi�HX J�Mv +QKK2`+B�H �M/ QT2M@bQm`+2 T2`7Q`@
K�M+2 K2�bm`2K2Mi 7`�K2rQ`Fb �`2 �p�BH�#H2 QM i?2 K�`F2i (JQHvM2�mt- kyR9)-
bQK2 7Q+mbBM; QM ;2M2`B+ q2# �TTHB+�iBQMb U2X;X- 6�#�M (6�#�M- kyyy)- CJ2@
i2` (CJ2i2`- RNN3)V- �M/ Qi?2`b Tm`TQb27mHHv #mBHi 7Q` T2`7Q`K�M+2 i2biBM; KB/@
/H2r�`2b ("B�M+mHHB 2i �HX- kyRy#)X >Qr2p2`- iQ i?2 #2bi Q7 Qm` FMQrH2/;2- MQ
`2�/v@iQ@mb2 bQHmiBQM 7Q` �miQK�i2/ 2M/@iQ@2M/ T2`7Q`K�M+2 i2biBM; "SJL
kXy q7Jab r�b �p�BH�#H2 #27Q`2 i?2 QM2 T`QTQb2/ �b T�`i Q7 i?2 "2M+?6HQr
T`QD2+i (62`K2 2i �HX- kyR8)X

jX8 .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;
.S1- T�`i Q7 r?B+? Bb �HbQ `2H�i2/ iQ T2`7Q`K�M+2 i2biBM;- ?�b #22M T`2b2Mi2/ �b
T�`i Q7 i?2 .1*G�_1 T`QD2+i (q�Hi2` 2i �HX- kyRe) �M/ �M�Hvx2/ KQ`2 BM@/2Ti?
BM (q�Hi2`- kyR3)X .S1 ?�b #22M T`QTQb2/ �b � M2r T�`�/B;K iQ 7�+BHBi�i2 �+@
+2bb iQ T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2b �M/ iQ /Bbb2KBM�i2 �r�`2M2bb �#Qmi
i?2 M22/ Q7 �TTHvBM; T2`7Q`K�M+2 2M;BM22`BM; BM /Bz2`2Mi KQK2Mib Q7 i?2 bQ7i@
r�`2 /2p2HQTK2Mi HB72+v+H2X .S1 7Q+mb2b QM �HHQrBM; mb2`b iQ bT2+B7v i?2 7�+2ib
Q7 i?2 bvbi2KǶb T2`7Q`K�M+2 i?2v �`2 BMi2`2bi2/ BM- rBi?Qmi `2[mB`BM; +QKTH2t



99 jX8 .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;

bT2+B}+�iBQM �M/ BKTH2K2Mi�iBQM Q7 i?2 K2+?�MBbK M22/2/ iQ �Mbr2` iQ i?2
`2[m2bi2/ T2`7Q`K�M+2 BMi2MiX .S1 BM/B+�i2b i?2 +QKTH2tBiv Q7 T2`7Q`K�M+2
2M;BM22`BM; ?�b iQ #2 �#bi`�+i2/ �r�v 7`QK mb2`b �M/ +Q/B}2/ BM 2tT2`i bvb@
i2KbX lb2`b M22/ iQ #2 �#H2 iQ BMi2`�+i rBi? bm+? 2tT2`i bvbi2Kb rBi? �#bi`�+i
2MQm;? H�M;m�;2b iQ bi�i2 i?2B` T2`7Q`K�M+2 BMi2Mi �M/ QTiBQM�HHv +QMi`QH i?2
T`Q+2bb2b 7QHHQr2/ iQ �Mbr2` iQ bm+? BMi2MiX h?2v �`2 MQi `2[mB`2/ iQ bT2+B7v
i?2 /2i�BHb Q7 ?Qr i?2 T`Q+2bb Bb BKTH2K2Mi2/- 2t2+mi2/- �M/ ?Qr T2`7Q`K�M+2
`2bmHib �`2 `2i`B2p2/ �M/ �M�Hvx2/X

_2H�i2/ iQ .S1- (q2bi2`K�MM- kyR9) T`2b2Mi i?2 +QM+2Ti Q7 ;Q�H@/`Bp2M
T2`7Q`K�M+2 i2biBM;- K�BMHv `2H�i2/ iQ i?2 bK�`i 2tTHQ`�iBQM Q7 i?2 bvbi2KǶb
T2`7Q`K�M+2 bT�+2 /2}M2/ #v i?2 +QK#BM�iBQMb Q7 KmHiBTH2 +QM};m`�iBQM QT@
iBQMb i?2 bvbi2Kb �++2TiX h?2 T2`7Q`K�M+2 [m2`B2b i?2 mb2` +�M bT2+B7v BM i?2
rQ`F #v (q2bi2`K�MM- kyR9) �`2 KQbiHv HBKBi2/ iQ +QM};m`�iBQMb 2tTHQ`�iBQMX
(q2bi2`K�MM- kyR9) 2M�#H2 i?2 T2`7Q`K�M+2 bT�+2 2tTHQ`�iBQM T`QpB/BM; � .aG
�M/ � `mMiBK2 7`�K2rQ`F 7Q` �miQK�iB+ T2`7Q`K�M+2 i2bi 2t2+miBQMX h?2 K�BM
/Bz2`2M+2b #2ir22M i?2 rQ`F #v (q2bi2`K�MM- kyR9) �M/ Qm` �TT`Q�+? �`2 i?2
+QMi2ti Q7 i?2 �TTHB+�iBQM- �M/ i?2 7Q+mb Q7 i?2 /2+H�`�iBp2 ;Q�H@/`Bp2M /2}MB@
iBQMbX AM Qm` �TT`Q�+?- r2 7Q+mb QM T2`7Q`K�M+2 i2biBM; Q7 +QMi�BM2`@T�+F�;2/
b2`pB+2b rBi?BM *a.G HB72+v+H2b- �M/ r2 /2}M2/ ;Q�H@/`Bp2M /2}MBiBQM QT2M iQ
�Mbr2` /Bz2`2Mi T2`7Q`K�M+2 BMi2Mib mb2`b KB;?i ?�p2- �M/ MQi QMHv `2H�i2/ iQ
+QM};m`�iBQMb 2tTHQ`�iBQMX Pi?2` `2H2p�Mi rQ`F T`QTQbBM; #Qi? � /2+H�`�iBp2
.aG �M/ �M �miQK�iBQM 7`�K2rQ`F- �`2 *HQm/ qQ`F "2M+? (a+?2mM2` 2i �HX-
kyR9)- *`�rH2` (*mM?� 2i �HX- kyRj)- *HQm/S2`7 (JB+?�2H 2i �HX- kyRd)- �M/ C�;@
;2` (.vM�KB+b- kyR9)- iQQHb 7Q` #2M+?K�`FBM; i?2 T2`7Q`K�M+2 Q7 i?2 bQHmiBQMb
Qz2`2/ #v *HQm/ T`QpB/2`bX h?2 }`bi i?`22 iQQHb T`QTQb2 � /2+H�`�iBp2 .aG
bT2+B}+�HHv i�BHQ`2/ iQ *HQm/ #2M+?K�`FBM;- i?mb i�`;2iBM; � /Bz2`2Mi /QK�BM
i?�M i?2 QM2 T`QTQb2/ BM i?2 +QMi2ti Q7 i?Bb rQ`FX �Hi?Qm;? C�;;2`Ƕb .aG
�HHQrb mb2`b iQ /2+H�`�iBp2Hv bT2+B7v i?2 bm++2bb +`Bi2`B� Q7 i2bib- BM Qm` ;Q�H@
Q`B2Mi2/ �TT`Q�+? r2 �//BiBQM�HHv bmTTQ`i /2b+`B#BM; i?2 BMi2Mi Q7 T2`7Q`K�M+2
i2bibX Pi?2` `2H�i2/ rQ`Fb T`QTQb2 /2/B+�i2/ �TT`Q�+?2b iQ �Mbr2` /Bz2`2Mi
FBM/b Q7 T2`7Q`K�M+2 BMi2Mib- 7Q` 2t�KTH2- +�T�+Biv TH�MMBM; (aTBMM2` 2i �HX-
kyR8)- �M/ T2`7Q`K�M+2 QTiBKBx�iBQM BM i?2 T`2b2M+2 Q7 +QMbi`�BMib (.B �H2@
bBQ 2i �HX- kyRj)- r?Bi2 �M/ #H�+F #Qt `2;`2bbBQM /2i2+iBQM (E�HB#2`� �M/ hɩK�-
kyye)- T2`7Q`K�M+2 #m;b B/2MiB}+�iBQM �M/ T`2/B+iBQM (hb�FBHibB/Bb 2i �HX- kyRe)-
�M/ +?�`�+i2`Bx2 i?2 T2`7Q`K�M+2 Q7 b2`p2` BM7`�bi`m+im`2b (>�m+F 2i �HX- kyRj)
�M/ Q7 bQ7ir�`2 +QKTQM2Mib (EQH# 2i �HX- kyye)X q2 +QMbB/2` i?2b2 i2+?MB[m2b �b
/2+H�`�iBp2 �TT`Q�+?2b iQ T2`7Q`K�M+2 i2biBM; #2+�mb2 i?2 /Bb+mbb2/ bQHmiBQMb
i�`;2i bT2+B}+ T2`7Q`K�M+2 ;Q�Hb iQ #2 �Mbr2`2/ BM � Ub2KBV@�miQK�i2/ r�vX
aQK2 T`2HBKBM�`v �TT`Q�+?2b `2H�i2/ iQ .S1- �M/ BM T�`iB+mH�` iQ ;Q�H@/`Bp2M
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T2`7Q`K�M+2 i2biBM;- �`2 �HbQ T`2b2Mi BM +QKK2`+B�H bQ7ir�`2X GQ�/ _mMM2`
#v JB+`Q7Q+mb9 �HHQrb i?2 /2}MBiBQM Q7 ;Q�H@Q`B2Mi2/ T2`7Q`K�M+2 i2bib r?2`2
i?2 mb2`b bi�i2 i?2 ;Q�H- �M/ i?2 bvbi2K i�F2b +�`2 Q7 ?�M/HBM; i?2 T`Q+2bb2b
iQ `2�+? bm+? ;Q�HX PMHv #�bB+ ;Q�Hb �`2 �p�BH�#H2 iQ /�i2- K�BMHv `2H�i2/ iQ
i2biBM; i?2 bvbi2K +�T�+Biv BM i2`Kb Q7 i?2 MmK#2` Q7 bmTTQ`i2/ mb2`b- ;Bp2M
+QMbi`�BMib BM i2`Kb Q7 K�tBKmK `2bTQMb2 iBK2 �M/ Qi?2` T2`7Q`K�M+2 `2H2@
p�Mi K2i`B+bX � b2+QM/ `2H2p�Mi ;Q�H@Q`B2Mi2/ �TT`Q�+? BM i?2 BM/mbi`v Bb i?2
QM2 �/QTi2/ #v S2`+QM� (a+?r�`ix �M/ w�Bib2p- kyRy) 7Q` i?2B` /�i�#�b2 T2`7Q`@
K�M+2 QTiBKBx�iBQM +QMbmHi�M+v b2`pB+2bX S2`+QM� 2tT2`ib T`QTQb2 � T`Q+2bb
r?2`2 T2`7Q`K�M+2 ;Q�Hb �`2 K�/2 +H2�` �M/ `2TQ`i2/ #27Q`2 bi�`iBM; T2`7Q`@
K�M+2 i2biBM; �+iBpBiB2bX h?2M T2`7Q`K�M+2 i2bib �`2 /2}M2/ bT2+B}+�HHv iQ
K2�bm`2 i?2 +m``2Mi T2`7Q`K�M+2 Q7 i?2 bvbi2K- /2i2+i T2`7Q`K�M+2 Bbbm2b ?BM@
/2`BM; iQ `2�+? T2`7Q`K�M+2 ;Q�Hb- �M/ QTiBKBxBM; i?2 bvbi2K iQ �+?B2p2 i?2
bi�i2/ ;Q�HbX �b Bi Bb 7Q` �HH �#bi`�+iBQM T`Q+2bb2b- BM .S1 HQr@H2p2H +QMi`QH
QM T2`7Q`K�M+2 2M;BM22`BM; �+iBpBiB2b Bb HBKBi2/- iQ 7�pQ` i?2 bBKTHB+Biv Q7 i?2
�TT`Q�+?X *QKTH2tBiv +�M #2 +Q/B}2/ �b T�`i Q7 .S1 �TT`Q�+?2b- #mi +�`27mH
b2H2+iBQM Q7 r?�i Bb 2tTQb2/ iQ i?2 mb2`b �M/ r?�i Bb ?B//2M ?�b iQ #2 T2`7Q`K2/
iQ ;m�`�Mi22 i?2 T`BM+BTH2 Q7 .S1X

hQ i?2 #2bi Q7 Qm` FMQrH2/;2- i?2 bi�i2@Q7@i?2@�`i BM .S1 /Q2b MQi +QK@
T`2?2MbBp2Hv +Qp2` T2`7Q`K�M+2 i2biBM; bT2+B}+�iBQM �M/ �miQK�iBQM- �M/ i?2B`
BMi2;`�iBQM rBi?BM *a.G �M/ .2pPTbX qQ`F QM i?2 iQTB+ ?�b #22M K�BMHv T`2@
b2Mi2/ �M/ /Bb+mbb2/ BM (q�Hi2`- kyR3)- r?2`2 i?2 �mi?Q` T`QTQb2b � H�M;m�;2
7Q` bT2+B7vBM; T2`7Q`K�M+2 BMi2Mi �M/ � TH�i7Q`K �#H2 iQ /2+B/2 �#Qmi i?2 #2bi
i2+?MB[m2 iQ �Mbr2` i?2 bi�i2/ [m2`vX qBi? Qm` rQ`F r2 +QMi`B#mi2 iQr�`/b
}HHBM; � ;�T BM i?2 rQ`F #v (q�Hi2`- kyR3)- K�BMHv 7Q+mbBM; QM T2`7Q`K�M+2
KQ/2HBM;- �M/ +QMi`B#mi2 � bQHmiBQM �HHQrBM; i?2 mb2`b iQ /2+H�`�iBp2Hv bT2+@
B7v �M/ `2mb2 ;Q�H@/`Bp2M T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb �M/ �miQK�i2 i?2B`
2t2+miBQM �HQM;bB/2 i?2 *a.GX S2`7Q`K�M+2 i2bib bT2+B}+�iBQM �M/ 2t2+miBQM
Bb � M22/2/ +�T�#BHBiv r?2M `272``BM; iQ .2pPTb +QMi2tib- r?2`2 +QMiBMmQmb
BKT`Qp2K2Mib �`2 K�/2 QM i?2 bQ7ir�`2- �M/ Bi ?�b iQ #2 +QMiBMmQmbHv i2bi2/
Qp2` Bib /Bz2`2Mi p2`bBQMbX hQ i?2 #2bi Q7 Qm` FMQrH2/;2 MQ bBKBH�` bQHmiBQMb
2tBbiX

9https://www.microfocus.com/en-us/products/loadrunner-enterprise/overview- H�bi
pBbBi2/ QM 62#`m�`v d- kykR

https://www.microfocus.com/en-us/products/loadrunner-enterprise/overview
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jXe S2`7Q`K�M+2 h2biBM; .QK�BM aT2+B}+ G�M;m�;2b
S2`7Q`K�M+2 i2bi bT2+B}+�iBQM `2[mB`2b H�M;m�;2b �M/ iQQHb iQ 2M�#H2 mb2`b iQ
/2b+`B#2 i?2B` T2`7Q`K�M+2 i2bibX J�Mv /Bz2`2Mi �TT`Q�+?2b ?�p2 #22M T`Q@
TQb2/- �M/ KQbi Q7 i?2K �`2 #�b2/ QM .aGb �HHQrBM; iQ +Q/B7v T2`7Q`K�M+2@
`2H�i2/ /QK�BM +QM+2TibX aQK2 Q7 i?2 .aGb �`2 �HbQ bmTTQ`i2/ #v mb2` BMi2`@
7�+2b iQ 7�+BHBi�i2 i?2 bT2+B}+�iBQM Q7 +QKTH2t i2bibX

.aGb �`2 rB/2Hv mb2/ #v Ah T`�+iBiBQM2`b 7Q` /Bz2`2Mi b+QT2b (6QrH2`- kyRy)X
h?2 /2bB;M Q7 .QK�BM@aT2+B}+ G�M;m�;2b Bb �HbQ bim/B2/ BM i?2 HBi2`�im`2 (6QrH2`-
kyRyc oQ2Hi2` 2i �HX- kyRjc 6`�MF- kyRjc E�`b�B 2i �HX- kyR9c aTBM2HHBb- kyyRc p�M
.2m`b2M 2i �HX- kyyy)- rBi? � H�`;2 MmK#2` Q7 TQbbB#H2 +?QB+2b 7Q` H�M;m�;2 bvM@
i�t �M/ b2K�MiB+bX AM i?2 +QMi2ti Q7 bvbi2K i2biBM;- /Bz2`2Mi .aGb ?�p2 #22M
T`QTQb2/ 7Q` #Qi? 7mM+iBQM�H (JB+�HH27 �M/ *QHQK#Q- kyR8) �M/ MQM@7mM+iBQM�H
i2biBM;X _2;�`/BM; T2`7Q`K�M+2 i2biBM; `2H�i2/ .aGb- i?2 H�`;2 MmK#2` Q7 TQb@
bB#H2 +?QB+2b H2/ iQ /Bz2`2Mi /2+BbBQM K�/2 #v .aG /2bB;M2`bX .aGb 7Q` T2`7Q`@
K�M+2 i2biBM; �`2 /2bB;M2/ mbBM; u�JG �BMi� J�`FmT G�M;m�;2 Uu�JGV U2X;X-
(6�`+B+- kyRec "H�x2K2i2`- kyR9)V- lMB}2/ JQ/2HBM; G�M;m�;2 UlJGV U2X;X-
("2`M�`/BMQ 2i �HX- kyRe)V- +Q/2 U2X;X- (q�M;- kyyec hQHH2/Q- kyR9c .vM�KB+b-
kyR9c CJ2i2`- RNN3)V- Q` +mbiQK 7Q`K�HBbKb U2X;X- ("2`M�`/BMQ 2i �HX- kyR9c
aT�zQ`/ �M/ o2ii2`- kyRk)VX �HH i?2 K2MiBQM2/ T2`7Q`K�M+2 i2biBM; 7Q+mb2/
.aGb bmTTQ`i i?2 /2}MBiBQM Q7 HQ�/ 7mM+iBQMb- rQ`FHQ�/b- bBKmH�i2/ mb2`b- �M/
i2bi /�i�X Pi?2` .aGb �HbQ bmTTQ`i i2bi#2/ K�M�;2K2Mi (q�M;- kyyec q2bi@
2`K�MM- kyR9)- �M�HvbBb Q7 +HB2Mi@bB/2 T2`7Q`K�M+2 /�i� 7Q` +?2+FBM; /2}M2/
+QM/BiBQMb ("H�x2K2i2`- kyR9)- �M/ /2}MBiBQM Q7 +QM};m`�iBQM i2bib (q2bi2`@
K�MM- kyR9c "`QrM �M/ >2HH2`bi2BM- kyy9)X

.2+H�`�iBp2 i2biBM; H�M;m�;2b �`2 �p�BH�#H2 7Q` /2}MBM; 7mM+iBQM�H i2bi b+2@
M�`BQb- 2bT2+B�HHv r?2M �TTHvBM; #2?�pBQ`�H /`Bp2M /2p2HQTK2Mi (LQ`i?- kyye)X
PM2 Q7 i?2 KQbi rB/2Hv �++2Ti2/ �M/ mb2/ /2+H�`�iBp2 H�M;m�;2 7Q` /2+H�`�@
iBp2 7mM+iBQM�H i2biBM; Bb *m+mK#2` (qvMM2 �M/ >2HH2bQv- kyRk)X � /2+H�`�iBp2
H�M;m�;2 2M�#H2b i?2 mb2` iQ `2Hv QM b?�`2/ /QK�BM FMQrH2/;2 iQ bT2+B7v i?2B`
`2[m2bi- rBi?Qmi i?2 M22/ 7Q` bT2+B7vBM; ?Qr iQ �+?B2p2 �M �Mbr2` iQ i?2 b�K2X
� /2+H�`�iBp2 H�M;m�;2 +�M #2 +QMbB/2`2/ 2t2+mi�#H2 B7 i?2 T`Q+2bb iQ �+?B2p2
i?2 �Mbr2` iQ � bT2+B}2/ `2[m2bi +�M #2 �miQK�i2/X

6Q` r?�i +QM+2`Mb /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; H�M;m�;2b T`QTQb2/ BM
i?2 HBi2`�im`2- i?2 KQbi T`QKBM2Mi �`2 i?2 QM2b T`QTQb2/ #v (q2bi2`K�MM- kyR9c
"2`M�`/BMQ 2i �HX- kyR9c a+?2mM2` 2i �HX- kyR9c *mM?� 2i �HX- kyRjc JB+?�2H 2i �HX-
kyRdc "HQ?K 2i �HX- kyRe)X (q2bi2`K�MM- kyR9) T`2b2Mib � /2+H�`�iBp2 H�M;m�;2
7Q` T2`7Q`K�M+2 i2biBM; bT2+B}+�iBQMX h?2 T`2b2Mi2/ .aG �HHQrb 7Q` i?2 bT2+B@
}+�iBQM Q7 i?2 i2bi ;Q�H �b r2HHX h?2 �mi?Q`b 7Q+mb K�BMHv QM 2M�#HBM; i?2 bmT@
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TQ`i 7Q` T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb ?�pBM; i?2 ;Q�H Q7 2tTHQ`BM; `2H�iBp2Hv
H�`;2 T2`7Q`K�M+2 bT�+2b �M/ `2HvBM; QM bi�iBbiB+�H KQ/2Hb iQ /Q bQX *QKT�`2/
iQ i?2 �TT`Q�+? r2 T`QTQb2 BM Qm` rQ`F- i?2 .aG BM (q2bi2`K�MM- kyR9) /Q2b
MQi bmTTQ`i � rB/2 MmK#2` Q7 T2`7Q`K�M+2 i2bi ivT2b- 7Q+mbBM; K�BMHv QM 2t@
THQ`�iBQM i2biBM;- �M/ KBbb2b i?2 BMi2;`�iBQM rBi? *a.GX �b T�`i Q7 i?2 rQ`F-
i?2 �mi?Q` �HbQ T`QTQb2b � 7`�K2rQ`F 7Q` 2tTHQ`�iBQM T2`7Q`K�M+2 i2biBM; �m@
iQK�iBQMX q2 iQQF BMbTB`�iBQM 7`QK i?2 �`+?Bi2+im`2 T`QTQb2/ BM (q2bi2`K�MM-
kyR9) 7Q` /2bB;MBM; i?2 7`�K2rQ`F T`QTQb2/ �b T�`i Q7 i?Bb i?2bBbX ("2`M�`/BMQ
2i �HX- kyR9) T`2b2Mi *�MQTmb- � #2?�pBQ`@/`Bp2M H�M;m�;2 7Q` q2# �TTHB+�iBQM
T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX h?2 T`QTQb2/ H�M;m�;2 Bb ;`�T?B+�HHv `2T`2@
b2Mi2/ �M/ b2`B�HBx2/ mbBM; 1ti2MbB#H2 J�`FmT G�M;m�;2 UsJGVX *QKT�`2/ iQ
i?2 .aG T`QTQb2/ BM i?Bb rQ`F- *�MQTmb /Q2b MQi �HHQr i?2 mb2` iQ bT2+B7v i?2
T2`7Q`K�M+2 i2bi ;Q�Hb �M/ ?�b HBKBi2/ 2tT`2bbBp2M2bb BM i2`Kb Q7 /Bz2`2Mi ivT2b
Q7 T2`7Q`K�M+2 i2bib i?�i +�M #2 bT2+B}2/- �b r2HH �b Bi KBbb2b i?2 bmTTQ`i 7Q`
i?2 2M/@iQ@2M/ +QM};m`�iBQM Q7 i?2 i2bi �miQK�iBQM T`Q+2bbX (a+?2mM2` 2i �HX-
kyR9c *mM?� 2i �HX- kyRjc JB+?�2H 2i �HX- kyRd) 2�+? T`QTQb2b � iQQH T`QpB/BM; �
/2+H�`�iBp2 .aG �M/ �M �miQK�iBQM bQHmiBQM /2/B+�i2/ iQ Sm#HB+ *HQm/ #2M+?@
K�`FBM;- �M/ BM T�`iB+mH�`- iQ #2M+?K�`F i?2 T2`7Q`K�M+2 Q7 oB`im�H J�+?BM2
UoJV QM /Bz2`2Mi Sm#HB+ *HQm/ T`QpB/2`bX h?2 T`QTQb2/ /2+H�`�iBp2 .aGb �`2
i�BHQ`2/ iQ i?2 *HQm/ /QK�BM- i?mb i�`;2iBM; � /Bz2`2Mi /QK�BM i?�M i?2 QM2
T`QTQb2/ BM i?2 +QMi2ti Q7 i?Bb rQ`F �M/ H2bb 2tT`2bbBp2 +QM+2`MBM; i?2 ivT2b
Q7 i2bib i?2 mb2` +�M /2}M2- Qi?2` i?�M KBbbBM; BMi2;`�iBQM rBi? *a.GX h?2
T`QTQb2/ 7`�K2rQ`Fb �`2 �HbQ 2t+HmbBp2Hv /2/B+�i2/ iQ i2biBM; *HQm/ TH�i7Q`KbX
LQM2i?2H2bb- r2 iQQF BMbTB`�iBQM 7`QK i?2 �`+?Bi2+im`2 Q7 i?2 7`�K2rQ`F T`Q@
TQb2/ BM i?2 K2MiBQM2/ rQ`F 7Q` /2bB;MBM; Qm` bQHmiBQMX ("HQ?K 2i �HX- kyRe)
T`2b2Mi � /2+H�`�iBp2 H�M;m�;2 7Q` T2`7Q`K�M+2 KQMBiQ`BM;X Ai Bb `2H�i2/ iQ T2`@
7Q`K�M+2 i2biBM;- BM i?2 b2Mb2 i?�i i?2 H�M;m�;2 Bb T`QTQb2/ iQ �miQK�iB+�HHv
+QM};m`2 T2`7Q`K�M+2 /�i� +QHH2+iQ`b /2THQv2/ BM T`Q/m+iBQM /m`BM; HBp2 mb2`
miBHBx�iBQM �M/ Q#i�BM �Mbr2`b �#Qmi T2`7Q`K�M+2 #2?�pBQ` i?2 �TTHB+�iBQM Bb
2tT2`B2M+BM;X

aQK2 bQHmiBQMb �p�BH�#H2 QM i?2 K�`F2i 2M�#H2 i?2 BMi2;`�iBQM Q7 T2`7Q`@
K�M+2 i2biBM; �HQM;bB/2 i?2 *a.GX h?2 KQbi `2H2p�Mi QM2b �`2 i?2 QM2b T`Q@
TQb2/ #v (�`iBHH2`v- kyR9c "H�x2K2i2`- kyR9c :BiG�#- kyky)X �HH i?2 K2MiBQM2/
�TT`Q�+?2b i�+FH2 i?2 BMi2;`�iBQM rBi? *a.G #v T`QTQbBM; u�JG@#�b2/ .aGb
�HHQrBM; i?2 bT2+B}+�iBQM Q7 i2bib �M/ i2bi bmBi2b iQ #2 2t2+mi2/- �M/ 2M�#H2 i?2
BMi2;`�iBQM BM /Bz2`2Mi bi2Tb Q7 i?2 *a.G TBT2HBM2b #v `2HvBM; QM iQQHb �miQK�i@
BM; i?2 i2bi 2t2+miBQMX (�`iBHH2`v- kyR9) bmTTQ`i i?2 mb2`b BM i?2 BMi2;`�iBQM Q7
T2`7Q`K�M+2 i2biBM; #v �HHQrBM; i?2 /2}MBiBQM Q7 bBKTH2 HQ�/ i2bib bmTTQ`iBM;
KmHiBTH2 b+2M�`BQb Q7 BMi2`�+iBQM rBi? i?2 alh- TQi2MiB�HHv ?�pBM; � /Bz2`2Mi
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r2B;?iX ("H�x2K2i2`- kyR9) 2M�#H2b i?2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib 2t@
2+mi2/ #v K�Mv /Bz2`2Mi 2t2+miBQM 7`�K2rQ`Fb U2X;X- CJ2i2`V �M/ bmTTQ`ib
i?2 BMi2;`�iBQM rBi? i?2 *a.G #v Qz2`BM; *A Q` *. iQQHb bT2+B}+ THm;BMbX
h?2 THm;BMb 2M�#H2 i?2 mb2`b iQ /2}M2 /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib-
+QM};m`BM; b2`pB+2b iQ +QHH2+i T2`7Q`K�M+2 /�i� #Qi? 7`QK i?2 +HB2Mi@ �M/ i?2
b2`p2`@bB/2 �M/ +`Bi2`B� iQ +QMi`QH r?2M iQ i2`KBM�i2 i?2 i2bi 2t2+miBQM �M/
?Qr iQ �bb2bb i?2 [m�HBiv Q7 i?2 i2bi `2bmHiX (:BiG�#- kyky) `2+2MiHv8 BM+Hm/2/
i?2 bmTTQ`i �M/ BMi2;`�iBQM Q7 HQ�/ T2`7Q`K�M+2 i2bi 2t2+miBQM �b T�`i Q7 i?2
*QMiBMmQmb AMi2;`�iBQM �M/ .2HBp2`v U*A*.V TBT2HBM2b mb2`b +�M /2}M2 QM i?2
iQQHX h?2 BMi2;`�iBQM 2M�#H2b i?2 mb2`b iQ /2}M2 HQ�/ i2bib iQ #2 2t2+mi2/
�HQM;bB/2 i?2 *a.G �M/ i?2 TH�i7Q`K i�F2b +�`2 Q7 b+?2/mHBM; �M/ 2t2+miBM;
bm+? i2bib �++Q`/BM; iQ mb2`@/2}M2/ i`B;;2`bX :BiG�# bm;;2bib iQ 2t2+mi2 bm+?
i2bib BM i?2 +QMi2ti Q7 � SmHH _2[m2bi- #mi Bi Bb MQi K�M/�iQ`vX Zm�HBiv ;�i2b
+�M #2 /2}M2/ bQ i?�i TBT2HBM2b 2t2+miBM; i?2 i2bib +�M ;2i 722/#�+F �#Qmi
i?2 T2`7Q`K�M+2 Q7 i?2 bQ7ir�`2 �M/ /2+B/2 7Q` � bm++2bbf7�BHm`2 Q7 i?2 b�K2
�++Q`/BM;HvX q2 #�b2 Qm` T`QTQb�H QM bm+? bQHmiBQMb �p�BH�#H2 QM i?2 K�`F2i
�M/ 2M?�M+2 i?2K #v 2M�#HBM; � /2+H�`�iBp2 bT2+B}+�iBQM Q7 i2bi bmBi2b- �b r2HH
�b r2 2KTQr2` i?2 mb2`b BM +QMi`QHHBM; i2bi bmBi2b 2t2+miBQM �++Q`/BM; iQ i?2
/Bz2`2Mi 2p2Mib ;2M2`�i2/ /m`BM; *a.GX h?Bb Bb bQK2i?BM; i?�i iQ i?2 #2bi Q7
Qm` FMQrH2/;2 Bb MQi T`2b2Mi BM �H`2�/v �p�BH�#H2 bQHmiBQMb- �M/ r2 +QMbB/2` Bi
BKTQ`i�Mi 7Q` #2ii2` BMi2;`�iBQM �M/ +QMi`QH Q7 T2`7Q`K�M+2 i2biBM; 2t2+miBQM
�b T�`i Q7 .2pPTb T`Q+2bb2bX

AM i?Bb rQ`F- r2 #mBH/ QM i?2 �H`2�/v T`QTQb2/ .aGb- �M/ r2 T`QpB/2 �M
2tT`2bbBp2 .aG 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bib bT2+B}+�iBQM- r?2`2 i?2 mb2`b
+�M bi�i2 r?�i i?2v 2tT2+i BM i2`Kb Q7 bT2+B7vBM; i?2 T2`7Q`K�M+2 i2bi ;Q�H-
�M/ +�M +QMi`QH i?2 T`Q+2bb iQ �+?B2p2 �M �Mbr2` iQ bm+? ;Q�H- 2t2+miBM; �
bi�M/�HQM2 T2`7Q`K�M+2 i2bi Q` BMi2;`�iBM; QM2 Q` KQ`2 T2`7Q`K�M+2 i2bib �b
T�`i Q7 *a.GX h?2 i2bi 2t2+miBQM T`Q+2bb Bb MQi 2tTQb2/ iQ i?2 mb2` #mi BKTH2@
K2Mi2/ BM � KQ/2H@/`Bp2M 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X qBi? i?2
T`QTQb2/ .aG mb2`b +�M /2b+`B#2 �M/ +Q/B7v T2`7Q`K�M+2 ;Q�Hb �i � ?B;?@H2p2H
Q7 �#bi`�+iBQM- �M/ i?2 KQ/2H@/`Bp2M 7`�K2rQ`F i�F2b +�`2 Q7 +QMp2`iBM; i?2
bT2+B}+�iBQM iQ 2t2+mi�#H2 +Q/2 M22/2/ iQ 2t2+mi2 T2`7Q`K�M+2 i2bib �M/ +QM@
i`QHHBM; i?2 alh HB72+v+H2 /m`BM; i2bi 2t2+miBQMX hQ i?2 #2bi Q7 Qm` FMQrH2/;2-
MQ bBKBH�` bQHmiBQMb �`2 �p�BH�#H2X q2 +QMbB/2` i?2 /2+H�`�iBp2 .aG �M/ `2H�i2/
KQ/2H@/`Bp2M 7`�K2rQ`F �M BKTQ`i�Mi +QMi`B#miBQM 7Q` 2KTQr2`BM; mb2`b BM
2t2+miBM; T2`7Q`K�M+2 i2bibX

8AM CmHv- kyky
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jXd S2`7Q`K�M+2 h2biBM; �miQK�iBQM hQQHb
S2`7Q`K�M+2 2M;BM22`BM; Bb �bbBbi2/ #v K�Mv iQQHb ?2HTBM; mb2`b BM �TTHvBM;
i?2 /Bz2`2Mi T2`7Q`K�M+2 K2i?Q/b iQ /Bz2`2Mi FBM/b Q7 bvbi2KbX q2 b22 iQQHb
bT�MMBM; 7`QK i?2 QM2b /2p2HQT2/ 7Q` �bbBbiBM; mb2`b rBi? T2`7Q`K�M+2 KQ/@
2HBM; �+iBpBiB2b (p�M >QQ`M 2i �HX- kyRk)- iQ iQQHb 7Q` KQMBiQ`BM; �M/ #mBH/BM;
T2`7Q`K�M+2 KQ/2Hb 7`QK T2`7Q`K�M+2 /�i� +QHH2+i2/ 7`QK bQ7ir�`2 `mMMBM;
BM T`Q/m+iBQM (qBHHM2+F2` 2i �HX- kyR8)- Qi?2` i?�M i?2 bQ@+�HH2/ T2`7Q`K�M+2
K�M�;2K2Mi TH�i7Q`Kb (_B;Q`- kyR9c QTbw2`Q- GG*- kyRe) Qz2`BM; �M BMi2;`�i2/
�TT`Q�+?X

� bm`p2v �#Qmi T2`7Q`K�M+2 i2biBM; iQQHb �M/ i?2B` +?�`�+i2`BbiB+b ?�b #22M
Tm#HBb?2/ `2+2MiHv (*Qbi� 2i �HX- kyky)X h?2 bm`p2v T`2b2Mib � bvbi2K�iB+ HBi@
2`�im`2 `2pB2r Q7 /Bz2`2Mi T2`7Q`K�M+2 i2biBM; iQQHb- K�BMHv 7`QK �+�/2KB�
�M/ QT2M@bQm`+2 QM2b- �M/ i?2B` +?�`�+i2`BbiB+bX 6Q` i?2 T2`7Q`K�M+2 i2biBM;
�miQK�iBQM iQQHb Qp2`pB2r BM i?Bb b2+iBQM- r2 `272` iQ bm+? � bm`p2v- �M/ b2@
H2+i iQQHb bmTTQ`iBM; i?2 i�`;2i bvbi2Kb Q7 Qm` rQ`F �M/fQ` 2M�#HBM; .S1X
q2 7m`i?2` BM+Hm/2 �//BiBQM�H iQQHb, �V #�b2/ QM Qm` 2tT2`B2M+2 BM i?2 T2`@
7Q`K�M+2 i2biBM; /QK�BM Qp2` /Bz2`2Mi v2�`bc #V 7`QK +QKK2`+B�HHv �p�BH�#H2
iQQH +�i�HQ;b- `2H2p�Mi 7Q` Qm` rQ`Fc +V 2M�#HBM; /2+H�`�iBp2 bT2+B}+�iBQM Q7
T2`7Q`K�M+2 i2bibc /V bmTTQ`iBM; T2`7Q`K�M+2 i2biBM; BM *a.Gc 2V bmTTQ`i@
BM; T2`7Q`K�M+2 KQ/2HBM; i2+?MB[m2b 7Q` T2`7Q`K�M+2 2tTHQ`�iBQMc 7V i�`;2iBM;
2bT2+B�HHv _1ah7mH q2# b2`pB+2b �M/ qQ`F~Qr J�M�;2K2Mi avbi2Kbc ;V bmT@
TQ`iBM; .Q+F2` �M/ .2pPTb@`2H�i2/ /2THQvK2Mi i2+?MQHQ;B2bX

AM h�#X jXR r2 `2TQ`i i?2 HBbi Q7 iQQHb- +H�bbB}2/ BMiQ i?2 7QHHQrBM; +�i2;Q`B2b,

RV :2M2`�H Sm`TQb2 S2`7Q`K�M+2 h2biBM; hQQHb UPT2M@bQm`+2V @ PT2M@bQm`+2
iQQHb 7Q` T2`7Q`K�M+2 i2biBM; Q7 q2# b2`pB+2b- 2bT2+B�HHv i�`;2iBM; b2`@
pB+2bǶ �SAbc

kV :2M2`�H Sm`TQb2 S2`7Q`K�M+2 h2biBM; hQQHb U*QKK2`+B�HV @ *QKK2`@
+B�H iQQHb 7Q` T2`7Q`K�M+2 i2biBM; Q7 q2# b2`pB+2b- 2bT2+B�HHv i�`;2iBM;
b2`pB+2bǶ �SAbc

jV JB//H2r�`2 P`B2Mi2/ S2`7Q`K�M+2 h2biBM; hQQHb @ hQQHb 7Q` T2`7Q`K�M+2
i2biBM; Q7 KB//H2r�`2 bQHmiBQMb- 2bT2+B�HHv 7Q+mbBM; QM q7Jab- #Qi? bmT@
TQ`iBM; "SJL kXy �M/ MQi bmTTQ`iBM; Bic

9V *HQm/ �M/fQ` *HQm/@M�iBp2 P`B2Mi2/ S2`7Q`K�M+2 h2biBM; hQQHb UPT2M@
bQm`+2 �M/ *QKK2`+B�HV @ hQQHb 7Q` T2`7Q`K�M+2 i2biBM; *HQm/@M�iBp2
�`+?Bi2+im`2b- bm+? �b .Q+F2` �M/ .2pPTb@`2H�i2/ /2THQvK2Mi i2+?MQHQ@
;B2b- �M/ *HQm/ /2THQvK2Mi TH�i7Q`KbX
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6Q` 2�+? iQQH- r2 `2TQ`i +?�`�+i2`BbiB+b B/2MiB}2/ �b `2H2p�Mi BM i?2 `272`@
2M+2/ bm`p2v �b r2HH �b �//BiBQM�H +?�`�+i2`BbiB+b `2H2p�Mi BM i?2 b+QT2 Q7 i?Bb
rQ`FX h?2 HBbi Q7 i?2 `2TQ`i2/ +?�`�+i2`BbiB+b 7Q` 2�+? Q7 i?2 iQQHb Bb,

�V hvT2 @ r?2i?2` i?2 iQQH Bb QT2M@bQm`+2- +QKK2`+B�H- Q` � `2b2�`+? T`QiQ@
ivT2f/2KQc

#V h2bi .2}MBiBQM G�M;m�;2 @ i?2 H�M;m�;2b Q` K2i?Q/ #v r?B+? i?2 mb2`b
+�M bT2+B7v � T2`7Q`K�M+2 i2bic

+V *a.G AMi2;`�iBQM @ B7 �M/ ?Qr i?2 iQQH Bb BMi2;`�i2/ BM *a.Gc

/V J2i`B+b *QKTmi�iBQMb @ r?2i?2` Q` MQi i?2 iQQH T`QpB/2b K2i`B+b +QKTm@
i�iBQM +�T�#BHBiB2b- �M/ r?2i?2` i?2v +Qp2` +HB2Mi@ �M/ b2`p2`@bB/2 K2i`B+bX

h?2 i�#H2 +2HHb K�`F r?2i?2` i?2 +?�`�+i2`BbiB+ Bb T`2b2Mi #v mbBM; i?2 ✓ bvK@
#QH- Q` #v `2TQ`iBM; /2i�BHb �#Qmi i?2 T`2b2Mi +?�`�+i2`BbiB+b- Q` B7 i?2 +?�`�+@
i2`BbiB+ Bb MQi T`2b2Mi #v mbBM; i?2 ✗ bvK#QHX

AM i?2 7QHHQrBM;- r2 #`B2~v /Bb+mbb i?2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM
iQQHb BM i?2 /Bz2`2Mi +�i2;Q`B2b- �M/ r2 ?B;?HB;?i BKTQ`i�Mi +?�`�+i2`BbiB+b Q7
i?2 iQQHb `2H2p�Mi 7Q` i?Bb /Bbb2`i�iBQMX

:2M2`�H Sm`TQb2 S2`7Q`K�M+2 h2biBM; hQQHb UPT2M@bQm`+2V @ J�Mv
QT2M@bQm`+2 iQQHb 7Q` T2`7Q`K�M+2 i2biBM; �`2 �p�BH�#H2 QM i?2 K�`F2iX JQbi Q7
i?2 �p�BH�#H2 bQHmiBQMb 2M�#H2 �M BKT2`�iBp2 �TT`Q�+? iQ T2`7Q`K�M+2 i2biBM;
r?2`2 i?2 mb2` Bb `2[m2bi2/ iQ KQ/2H i?2 T2`7Q`K�M+2 i2bi rQ`FHQ�/- +QM};m`2
bvbi2Kb iQ +QHH2+i i?2 T2`7Q`K�M+2 /�i�- �M/ BM/B+�i2 i?2 b2i Q7 K2i`B+b b?2
Bb BMi2`2bi2/ BMX h?2 �p�BH�#H2 iQQHb bmTTQ`i /Bz2`2Mi T`QiQ+QHb �b i�`;2i 7Q`
i?2 HQ�/ i2bi- 7`QK >vT2`i2ti h`�Mb72` S`QiQ+QH U>hhSV iQ C�p� J2bb�;2 a2`@
pB+2 UCJaV- C�p� .�i�#�b2 *QMM2+iBpBiv UC."*V- �M/ aBKTH2 P#D2+i �++2bb
S`QiQ+QH UaP�SVX LQi �HH Q7 i?2 �p�BH�#H2 bQHmiBQMb bmTTQ`i i?2 /Bbi`B#mi2/
/2THQvK2Mi Q7 i?2 HQ�/ BM7`�bi`m+im`2- �Hi?Qm;? i?2 72�im`2 Bb #2+QKBM; KQ`2
�M/ KQ`2 TQTmH�` /m2 iQ i?2 BM+`2�bBM; /2K�M/ 7Q` b+�H�#BHBiv BM i?2 MmK#2`
Q7 bBKmH�i2/ mb2`bX JQbi Q7 i?2 �p�BH�#H2 QT2M@bQm`+2 bQHmiBQMb /Q MQi bmTTQ`i
i?2 ?2�Hi? +?2+FBM; Q7 i?2 HQ�/ BM7`�bi`m+im`2 �b r2HH- �M BKTQ`i�Mi 72�im`2 iQ
`2/m+2 i?2 TQbbB#H2 +�mb2 Q7 Bbbm2b BKT�+iBM; i?2 i2bi [m�HBivX �M 2t�KTH2 Q7
� bQHmiBQM bmTTQ`iBM; #Qi? /Bbi`B#mi2/ /2THQvK2Mi �M/ ?2�Hi? +?2+FBM; Q7 i?2
HQ�/ BM7`�bi`m+im`2 Bb 1H�bh2bi (1H�bh2bi- kyRe)X

.Bz2`2Mi iQQHb �/QTi /Bz2`2Mi �TT`Q�+?2b BM bmTTQ`iBM; mb2`b BM /2}MBM; i?2
i2bibX 62r QT2M@bQm`+2 iQQHb Qz2`b �HbQ � :`�T?B+�H lb2` AMi2`7�+2 U:lAV 7Q`
bmTTQ`iBM; mb2`b iQ /2}M2 T2`7Q`K�M+2 i2bibX JQbi Q7 i?2 QT2M@bQm`+2 iQQHb r2
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B/2MiB}2/ 2M�#H2 i2bi bT2+B}+�iBQMb mbBM; T`Q;`�KKBM; H�M;m�;2b- K�BMHv +Qp@
2`BM; i?2 rQ`FHQ�/ KQ/2HBM; T�`i Q7 i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX aQK2
iQQHb- 7Q` 2t�KTH2- h�m`mb ("H�x2K2i2`- kyR9)- 2M�#H2b bT2+B}+�iBQM Q7 i?2 T2`@
7Q`K�M+2 i2bi mbBM; i?2 b�K2 H�M;m�;2 r2 mb2 7Q` i?2 �TT`Q�+? r2 T`QTQb2- BX2X
u�JGX Pi?2` i?�M 2M�#HBM; i?2 bT2+B}+�iBQMb mbBM; T`Q;`�KKBM; Q` +mbiQK
H�M;m�;2- bQK2 iQQHb �HbQ bmTTQ`i i?2 TQbbB#BHBiv iQ `2+Q`/ BMi2`�+iBQMb rBi?
b2`pB+2b �M/ #mBH/ T2`7Q`K�M+2 i2bib Qmi Q7 i?2 `2+Q`/2/ BMi2`�+iBQMb HQ;X h?Bb
72�im`2 Bb T�`iB+mH�`Hv mb27mH �M/ `2H2p�Mi r?2M i2biBM; �TTHB+�iBQMb T`2b2MiBM;
� :lA iQ i?2 mb2`bX

6Q` r?�i +QM+2`Mb i?2 bmTTQ`i 7Q` BMi2;`�iBQM rBi? *a.G- 72r QT2M@bQm`+2
iQQHb 2M�#H2 bm+? TQbbB#BHBivX �Hi?Qm;? KQbi Q7 i?2 iQQHb �++2Ti i?2 TQbbB#BHBiv
iQ b+?2/mH2 � i2bi pB� *GA Q` �SAb- 72r Q7 i?2K Qz2` +�T�#BHBiB2b 2M�#HBM; � M�@
iBp2 BMi2;`�iBQM rBi? *A*. iQQHbX �KQM; i?2 B/2MiB}2/ iQQHb- i?2 QM2 M�iBp2Hv
BMi2;`�iBM; rBi? *A*. iQQHb �`2 :�iHBM; (:�iHBM;- kyRR)- h�m`mb ("H�x2K2@
i2`- kyR9)- �`iBHH2`v (a?Q`2/Bi+? PTb- kyRd)- Fe (GQ�/ AKT�+i �"- kyRN)- �M/
1H�bh2bi (1H�bh2bi- kyRe)X �HH Q7 i?2 K2MiBQM2/ iQQHb bmTTQ`i i?2 bT2+B}+�iBQM
Q7 i2`KBM�iBQM +`Bi2`B�- /2i2`KBMBM; r?2M �M/ ?Qr iQ biQT i?2 i2bi /m`BM; Bib
2t2+miBQM- �M/ 2M�#H2 [m�HBiv ;�i2b Q` +?2+Fb- �HHQrBM; mb2`b iQ bT2+B7v bm+@
+2bb7mH �M/ 7�BHm`2 +QM/BiBQMb 7Q` i?2 i2bi 2t2+miBQMX aQK2 Q7 i?2 iQQHb bmTTQ`i
i?2 bT2+B}+�iBQM Q7 i2bi bmBi2b Q` i2bi +QHH2+iBQMbX Pp2` i?2 v2�`b r2 b�r �M
BM+`2�bBM; MmK#2` Q7 iQQHb bmTTQ`iBM; M�iBp2 BMi2;`�iBQM rBi? *A*. iQQHb- /m2
iQ i?2 BM+`2�bBM; /2K�M/ 7Q` bm+? � 72�im`2 BM KQ/2`M bQ7ir�`2 /2p2HQTK2Mi
T`Q+2bb2bX

*QM+2`MBM; �p�BH�#H2 T2`7Q`K�M+2 K2i`B+b- �HH i?2 iQQHb bmTTQ`i bi�M/�`/
T2`7Q`K�M+2 K2i`B+b HQQFBM; �i i?2 MmK#2` �M/ p2HQ+Biv Q7 BMi2`�+iBQM #2ir22M
i?2 bBKmH�i2/ mb2`b �M/ i?2 alh- �b r2HH �b K2i`B+b +QHH2+i2/ 7`QK i?2 `mM@
MBM; b2`pB+2b T�`i Q7 i?2 alh- 2X;X- `2bQm`+2 miBHBx�iBQM 7Q` *2Mi`�H S`Q+2bbBM;
lMBi U*SlVX aQK2 iQQHb- 2bT2+B�HHv `2b2�`+? iQQHb Q` iQQHb /2p2HQT2/ Qmi Q7
`2b2�`+? rQ`F BM �+�/2KB�- 2M�#H2 bmTTQ`i 7Q` KQ`2 �/p�M+2/ [m�HBiv +QM@
i`QH Q7 T2`7Q`K�M+2 i2bib 2t2+miBQM �M/ T2`7Q`K�M+2 i2bib `2bmHibǶ p�HB/�iBQMX
"2M+?1t2+ ("2M+?1t2+- kyR8) `2HB2b QM �/p�M+2/ BMi2`�+iBQM rBi? i?2 GBMmt
F2`M2H iQ T`QT2`Hv BbQH�i2 2t2+mi2/ T`Q+2bb2b �M/ K2�bm`2 i?2B` T2`7Q`K�M+2 BM
i2`Kb Q7 `2bQm`+2 miBHBx�iBQMX "2M+?1t2+ +�M 2ti`�+i 7m`i?2` bi�iBbiB+�H /�i�
7`QK i?2 QmiTmiX _2bmHib 7`QK KmHiBTH2 `mMb +�M #2 +QK#BM2/ BMiQ *QKK�@
b2T�`�i2/ p�Hm2b U*aoV �M/ BMi2`�+iBp2 >vT2`i2ti J�`FmT G�M;m�;2 U>hJGV
i�#H2bX .�i�JBHH (S2iFQpB+? 2i �HX- kyR8) 2M�#H2b `B;Q`Qmb T2`7Q`K�M+2 2p�Hm@
�iBQM- #v +QMi`QHHBM; i?2 #2?�pBQ` Q7 i?2 T2`7Q`K�M+2 i2bi BM7`�bi`m+im`2 �M/
i?2 alh /2THQvK2Mi BM7`�bi`m+im`2 /m`BM; i?2 2MiB`2 T2`7Q`K�M+2 i2bi HB72+v+H2X
.�i�JBHH �HbQ +Q/B}2b K�Mv #2bi T`�+iB+2b BM T2`7Q`K�M+2 /�i� +QHH2+iBQM �M/
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T2`7Q`K�M+2 /�i� �M�HvbBb iQ 2Mbm`2 i?2 +QHH2+i2/ /�i� 2M�#H2 i?2 +QKTmi�iBQM
Q7 `2HB�#H2 T2`7Q`K�M+2 K2i`B+bX h?2 bQHmiBQM /Q2b MQi T�`iB+mH�`Hv 7Q+mb QM
T2`7Q`K�M+2 i2biBM; #mi 2M�#H2b i?2 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �b r2HHX
�b+�` SBHQi (GB 2i �HX- kyRe) Bb /2bB;M2/ iQ ?2HT mb2`b iQ Q#i�BM T`2+Bb2 `2bmHib
Qmi Q7 i?2B` T2`7Q`K�M+2 2tT2`BK2MibX h?2 iQQH 2M�#H2b i?2 bT2+B}+�iBQM Q7 T`2@
+BbBQM +QMbi`�BMib QM i?2 +QKTmi2` T2`7Q`K�M+2 K2i`B+b �M/ ;m�`�Mi22b i?Qb2
+QMbi`�BMib �`2 `2bT2+i2/ Q` r�`M i?2 mb2` Qi?2`rBb2X Ai �HbQ ?2HTb BM �bb2bbBM;
i?2 [m�HBiv Q7 T2`7Q`K�M+2 `2bmHib r?2M +QKT�`2/ �+`Qbb /Bz2`2Mi 2t2+miBQMb
Q7 i?2 b�K2 T2`7Q`K�M+2 i2bi i�`;2iBM; /Bz2`2Mi p2`bBQMb Q7 i?2 alh- iQ 2Mbm`2
i?2 2p2Mim�HHv B/2MiB}2/ /Bz2`2M+2b �`2 /Bz2`2M+2b �M/ MQi K2�bm`2K2Mi 2`@
`Q`bX hQ �+?B2p2 i?2b2 ;Q�Hb �b+�` SBHQi �miQK�iB+�HHv /2+B/2b r?�i bi�iBbiB+�H
�M�HvbBb K2i?Q/ Bb bmBi�#H2 #�b2/ QM i?2 bvbi2K +QM};m`�iBQM- /2}M2/ K2�bm`@
BM; `2[mB`2K2Mib- �M/ 2tBbiBM; `2bmHib r?BH2 QTiBKBxBM; i?2 T2`7Q`K�M+2 i2bi
/m`�iBQMX

aQK2 Q7 i?2 K2MiBQM2/ QT2M@bQm`+2 iQQHb- 7Q` 2t�KTH2- Fe (GQ�/ AKT�+i �"-
kyRN) �M/ :�iHBM; (:�iHBM;- kyRR)- �HbQ Qz2` � T�B/ p2`bBQM Q7 i?2 iQQHX h?2
K�BM Qz2`2/ b2`pB+2b 7Q` i?2 T�B/ p2`bBQMb �+`Qbb i?2 iQQHb �`2 i?2 �p�BH�#BHBiv Q7
� Sm#HB+ *HQm/ BM7`�bi`m+im`2 7Q` bBKmH�iBM; mb2`b BbbmBM; i?2 HQ�/- �/p�M+2/
72�im`2b 7Q` 2t�KTH2 BMi2;`�iBQM rBi? KQ`2 i?B`/@T�`iv iQQHb �M/ �/p�M+2/
`2TQ`iBM;- �M/ /2/B+�i2/ bmTTQ`iX

:2M2`�H Sm`TQb2 S2`7Q`K�M+2 h2biBM; hQQHb U*QKK2`+B�HV @ �b 7Q`
QT2M@bQm`+2 iQQHb- �HbQ BM i?2 +QKK2`+B�H bT�+2- K�Mv iQQHb 7Q` T2`7Q`K�M+2
i2biBM; �`2 �p�BH�#H2 QM i?2 K�`F2iX h?2 iQQHb KQbiHv bmTTQ`i BKT2`�iBp2 �T@
T`Q�+?2b �M/ 2M�#H2 T2`7Q`K�M+2 i2biBM; i�`;2iBM; K�Mv /Bz2`2Mi T`QiQ+QHbX
*QKK2`+B�H iQQHb 2M�#H2 KQ`2 �/p�M+2/ +QMi`QH Q7 i?2 alh /2THQvK2Mi K�M@
�;2K2Mi �M/ HB72+v+H2 +QKT�`2/ iQ i?2 QT2M@bQm`+2 iQQHbX J�M�;2K2Mi Q7 alh
/2THQvK2Mi �b T�`i Q7 i?2 �+iBpBiB2b T2`7Q`K2/ /m`BM; T2`7Q`K�M+2 i2biBM; Bb
�p�BH�#H2 BM bQK2 iQQHb- 2X;X- L2QGQ�/ (L2QGQ�/- kyRe)- #mi MQi BM �HH i?2 +QK@
K2`+B�H bQHmiBQMbX JQbiHv �HH i?2 �p�BH�#H2 +QKK2`+B�H iQQHb +?2+F i?2 ?2�Hi?B@
M2bb Q7 i?2 i2bi BM7`�bi`m+im`2- �i H2�bi BM QM2 Q7 i?2 /Bz2`2Mi T`B+BM; iB2`b i?2v
Qz2`X J�Mv iQQHb �HbQ Qz2` � *HQm/@#�b2/ iB2`- r?2`2 i?2 i2biBM; BM7`�bi`m+im`2
Bb +QKTH2i2Hv K�M�;2/ #v i?2 bQHmiBQM �++Q`/BM; iQ mb2`@/2}M2/ `2b2`p�iBQM +`B@
i2`B� �M/ i?2 mb2` /Q2b MQi M22/ iQ i�F2 +�`2 Q7 b2iiBM; Bi mT �M/ ;m�`�Mi22
i2bi `2bQm`+2b �`2 �p�BH�#H2 �i �Mv iBK2X

*QKK2`+B�H iQQHb 2M�#H2 i2bi bT2+B}+�iBQMb KQbiHv `2HvBM; QM �/p�M+2/
:lAX h?2v �HbQ �HH Qz2` i?2 TQbbB#BHBiv iQ b2`B�HBx2 i?2 i2bi bT2+B}+�iBQM BM /B7@
72`2Mi QmiTmi 7Q`K�ib �M/ bQK2 Q7 i?2 iQQHb- 2X;X L2QGQ�/ (L2QGQ�/- kyRe)- �HbQ
Qz2` i?2 TQbbB#BHBiv iQ bT2+B7v i2bib mbBM; KQ/2HBM; H�M;m�;2bX L2QGQ�/ (L2@
QGQ�/- kyRe) �HbQ Qz2`b � bT2+B}+�iBQM H�M;m�;2 BM+Hm/BM; bQK2 /2+H�`�iBp2
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2H2K2Mib 7Q` bT2+B7vBM; aG�b Q7 i?2 alh /m`BM; i?2 T2`7Q`K�M+2 i2biBM;X �HH
i?2 +QKK2`+B�H iQQHb Qz2` `2+Q`/BM; +�T�#BHBiB2b 7Q` i?2 mb2`b r�MiBM; iQ `2+Q`/
i2bi b+2M�`BQb r?BH2 K�Mm�HHv BMi2`�+iBM; rBi? i?2 alhX h?Bb Bb � M22/2/ +�@
T�#BHBiv BM 2Mi2`T`Bb2 #�b2/ QM Qm` 2tT2`B2M+2X

�HKQbi �HH i?2 +QKK2`+B�H T2`7Q`K�M+2 i2biBM; iQQHb bmTTQ`i i?2 BMi2;`�@
iBQM rBi? *A*. iQQHb T�`i Q7 i?2 *a.GX "�b2/ QM Qm` 2tT2`B2M+2 i?Bb Bb �
KQ`2 �M/ KQ`2 `2[m2bi2/ 72�im`2 BM 1Mi2`T`Bb2- i?mb +QKK2`+B�H iQQHb bmT@
TQ`i i?Bb +�T�#BHBivX *QKK2`+B�H iQQHb bmTTQ`i �HH i?2 72�im`2b K2MiBQM2/ 7Q`
QT2M@bQm`+2 iQQHb- �b r2HH �b �/p�M+2/ BMi2;`�iBQM- KQbiHv `2HvBM; QM *GA �M/
�SAbX �/p�M+2/ 72�im`2b �`2 �p�BH�#H2 7Q` 2M�#HBM; +QKT�`BbQM Q7 T2`7Q`K�M+2
i2bi `2bmHib �+`Qbb /Bz2`2Mi p2`bBQMb Q7 i?2 alh- 7Q` 2M�#HBM; KQ+FBM; Q7 MQi
�p�BH�#H2 b2`pB+2b �M/ iQ BbQH�i2 i?2 i2bi iQ bT2+B}+ b2`pB+2b Q7 i?2 alhX aQK2
+QKK2`+B�H iQQHb- 2X;X L2QGQ�/ (L2QGQ�/- kyRe)- �HbQ bmTTQ`i mb2`b rBi? �`iB@
}+B�H AMi2HHB;2M+2 U�AV �H;Q`Bi?Kb �M�HvxBM; i2bi `2bmHib iQ TBMTQBMi #QiiH2M2+Fb
�M/ `QQi@+�mb2 �M�HvbBb Q7 T2`7Q`K�M+2 Bbbm2bX L2QGQ�/ (L2QGQ�/- kyRe) �HbQ
bmTTQ`ib mb2`b BM mT/�iBM; i2bi b+`BTib #v K�tBKBxBM; i?2 `2mb2 Q7 T`2pBQmbHv
/2p2HQT2/ i2bi b+`BTib r?2M mT/�iBM; b2`pB+2bǶ �SAbX *QKK2`+B�H iQQHb Q7@
i2M BMi2;`�i2 rBi? �SJ bQHmiBQMb- iQ 2M?�M+2 i?2 T2`7Q`K�M+2 /�i� �M�HvbBb
+�T�#BHBiB2b �M/ T`QpB/2 �+iBQM�#H2 BMbB;?ib iQ mb2`bX

*QKK2`+B�H bQHmiBQMb Qz2` #`Q�/2` bmTTQ`i 7Q` T2`7Q`K�M+2 /�i� +QHH2+@
iBQM �M/ T2`7Q`K�M+2 K2i`B+b +QKTmi�iBQM r?2M +QKT�`2/ iQ QT2M@bQm`+2 bQ@
HmiBQMbX �HH i?2 +QKK2`+B�H iQQHb Qz2` +HB2Mi@ �M/ b2`p2`@bB/2 K2i`B+b T`QpB/BM;
BMbB;?ib QM �HH i?2 �bT2+ib `2H�i2/ iQ bvbi2KbǶ T2`7Q`K�M+2X h?2v �HbQ Q7i2M
T`QpB/2 /2/B+�i2/ K2i`B+b 7Q` /Bz2`2Mi FBM/b Q7 bvbi2Kb �M/ T`QiQ+QHb iQ #2ii2`
+?�`�+i2`Bx2 i?2B` T2`7Q`K�M+2X AM i2`Kb Q7 `2bmHib p�HB/�iBQM- �HbQ BM i?2 +QK@
K2`+B�H iQQHb �/p�M+2/ �M�HvbBb Q7 [m�HBiv Q7 `2bmHib Bb MQi rB/2Hv bmTTQ`i2/X
aQK2 iQQHb- 7Q` 2t�KTH2- _1hBh (_1hAh :K#>- kyky)- "H�x2J2i2` ("H�x2K2@
i2`- kyRe)- �M/ L2QGQ�/ (L2QGQ�/- kyRe) bmTTQ`i 7Q` �/p�M+2/ /�i� �M�HvbBb
�M/ p�HB/�iBQM- K�BMHv `2HvBM; QM �H;Q`Bi?Kb p�HB/�iBM; i?2 T2`7Q`K�M+2 i2bi
`2bmHiX

aQK2 Q7 i?2 +QKK2`+B�H iQQHb Qz2` � +QKTH2i2 TH�i7Q`K 7Q` 7mM+iBQM�H �M/
MQM@7mM+iBQM�H i2biBM; Q7 �TTHB+�iBQMbX aQK2 2t�KTH2b �`2 _1hBh (_1hAh
:K#>- kyky)- "H�x2J2i2` ("H�x2K2i2`- kyRe)- �M/ L2QGQ�/ (L2QGQ�/- kyRe)-
Qz2`BM; � +QKTH2i2 bQHmiBQM �HHQrBM; mb2`b �HbQ iQ `2mb2 7mM+iBQM�H i2bib r?2M
/2}MBM; T2`7Q`K�M+2 i2bib- �M/ T`QpB/2 � +QKTH2i2 +QHH�#Q`�iBQM TH�i7Q`K
r?2`2 /Bz2`2Mi T`Q72bbBQM�H };m`2b +�M +QHH�#Q`�i2 iQ `2}M2 aG�b- /2p2HQT
i2bib �M/ �M�Hvx2 `2bmHibX

JB//H2r�`2 P`B2Mi2/ S2`7Q`K�M+2 h2biBM; hQQHb @ h?2 irQ K�BM
B/2MiB}2/ iQQHb BM i?Bb +QMi2ti �`2 aP�"2M+? ("B�M+mHHB 2i �HX- kyRy#) �M/
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aP�`J2i`B+b (GB 2i �HX- kyyN)X h?2 K2MiBQM2/ iQQHb �`2 T�`iB+mH�`Hv `2H2p�Mi
7Q` QM2 Q7 i?2 K�BM i�`;2i bvbi2Kb 7Q` Qm` �TT`Q�+?- q7JabX "Qi? Q7 i?2 iQQHb
Qz2` �M BMi2;`�i2/ �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM; /2}MBiBQM �M/ 2t2+miBQM-
�miQK�iBM; i?2 T`Q+2bb �b Km+? �b TQbbB#H2X �miQK�iBQM Bb 7mM/�K2Mi�H BM
i?2 +QMi2ti Q7 KB//H2r�`2 T2`7Q`K�M+2 i2biBM; /m2 iQ i?2 K�Mv TQbbB#H2 +QM@
};m`�iBQM QTiBQMb Q7 bm+? bvbi2KbX aP�"2M+? ("B�M+mHHB 2i �HX- kyRy#) �M/
aP�`J2i`B+b (GB 2i �HX- kyyN) /2}M2 +mbiQK T2`7Q`K�M+2 i2bi /2}MBiBQMb #�b2/
QM b+`BTib- iQ �HbQ bmTTQ`i alh /2THQvK2Mi �M/ T2`7Q`K�M+2 i2biBM; BM7`�bi`m+@
im`2 K�M�;2K2MiX h?2v �`2 MQi BMi2;`�i2/ rBi? *a.G �M/ bmTTQ`i +mbiQK
K2i`B+b bT2+B}+�HHv i�`;2iBM; q7JabX

*HQm/ �M/fQ` *HQm/@M�iBp2 P`B2Mi2/ S2`7Q`K�M+2 h2biBM; hQQHb
UPT2M@bQm`+2 �M/ *QKK2`+B�HV @ AM i?2 +QMi2ti Q7 *HQm/ �M/fQ` *HQm/@
M�iBp2 T2`7Q`K�M+2 i2biBM;- K�Mv /2/B+�i2/ iQQHb ?�p2 #22M /2p2HQT2/ #Qi? BM
�+�/2KB� �M/ BM/mbi`vX JQbi Q7 i?2 T`QTQb2/ �TT`Q�+?2b �`2 BKT2`�iBp2- #mi
bQK2 iQQHb �`2 bmTTQ`iBM; � /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib 7Q`
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�M/ r2 /Bb+mbb /Bz2`2Mi �bT2+ib mb27mH r?2M /2}MBM; � .S1 �TT`Q�+? 7Q` /2}M@
BM; �M/ �miQK�iBM; bm+? i2bib- �b r2HH �b ?Qr iQ b2H2+i i?2 /Bz2`2Mi ivT2b Q7
i2bi BM i?2 +QMi2ti Q7 .2pPTbX q2 `272` BM T�`iB+mH�` iQ i?2 +�b2 Q7 _1ah7mH
q2# b2`pB+2b �M/ "SJL kXy q7Jab bBM+2 i?2v �`2 i?2 K�BM alh ivT2b QM
r?B+? r2 7Q+mb BM i?2 +QMi2ti Q7 i?Bb i?2bBbX �//BiBQM�HHv- r2 K�BMHv HQQF �i
T2`7Q`K�M+2 i2bib K2�Mi iQ K2�bm`2 �M/ H2�`M �#Qmi alhǶb T2`7Q`K�M+2- i?mb
QKBiiBM; bQK2 p�`B�Mib Q7 /Bb+mbb2/ T2`7Q`K�M+2 i2bib �TT`Q�+?2b /2bB;M2/ 7Q`
i?2 bvbi2KǶb T2`7Q`K�M+2 QTiBKBx�iBQM �M/ }M2@imMBM;X

9XR AMi`Q/m+iBQM �M/ Pp2`pB2r
.Bz2`2Mi �TT`Q�+?2b Q7 T2`7Q`K�M+2 i2biBM; 2tBbi- 7`QK mMBi T2`7Q`K�M+2 i2bi@
BM; HQQFBM; �i i?2 K2i?Q/ �M/ BMbi`m+iBQM@H2p2H T2`7Q`K�M+2- i?`Qm;? 2M/@iQ@
2M/ T2`7Q`K�M+2 i2biBM; HQQFBM; �i i?2 Qp2`�HH #2?�pBQ` Q7 i?2 bQ7ir�`2 mM/2`
/Bz2`2Mi HQ�/b /2THQv2/ BM � T`Q/m+iBQM@HBF2 2MpB`QMK2Mi- mT iQ HBp2 T2`7Q`@
K�M+2 i2biBM; H2p2`�;BM; HBp2 i`�{+ QM mb2`@7�+BM; /2THQv2/ bQ7ir�`2 7Q` i�FBM;
/2+BbBQMb �#Qmi brBi+?BM; iQ i?2 M2ti `2H2�b2 7Q` i?2 2MiB`2 mb2` #�b2X �b T�`i
Q7 i?2 2zQ`i BM /2}MBM; � .S1 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2bi /2}MBiBQM �M/
2t2+miBQM- Bi Bb BKTQ`i�Mi iQ B/2MiB7v �HH /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib-

eR
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i?2B` ;Q�Hb- �M/ i?2 7�+iQ`b BKT�+iBM; i?2B` �miQK�iBQMX � .S1 �TT`Q�+? �#@
bi`�+i �r�v +QKTH2tBiv 7`QK i?2 mb2`b- i?mb �HH i?2 +QKTH2tBiv Q7 2t2+miBM;
T2`7Q`K�M+2 i2bib ?�b iQ #2 B/2MiB}2/- KQ/2H2/- �M/ `2KQp2/ 7`QK MQM@2tT2`i
mb2`bǶ 2v2b- �HHQrBM; 2tT2`i mb2`b iQ biBHH BMi2`�+i rBi? �HH i?2 �bT2+ib Q7 /2}M@
BM; T2`7Q`K�M+2 i2bibX hQ /Q bQ- r2 M22/ iQ +?�`�+i2`Bx2 i?2 ;Q�Hb �M/ mb2`bǶ
2tT2+i�iBQMb Q7 i?2 /Bz2`2Mi T2`7Q`K�M+2 i2bi ivT2b- i?2B` /Bz2`2Mi +QM};m@
`�iBQM QTiBQMb �M/ BMTmi T�`�K2i2`b- i?2 `2[mB`2K2Mib iQr�`/b i?2 2t2+miBQM
2MpB`QMK2Mi r?2`2 i?2 �;2Mi bBKmH�iBM; i?2 HQ�/ �`2 /2THQv2/- �b r2HH r?2`2
i?2 alh Bb /2THQv2/X q2 �HbQ M22/ iQ KQ/2H i?2 T`Q+2bb iQ #2 7QHHQr2/ iQ 2t2@
+mi2 i?2 /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib- �b r2HH �b +`Bi2`B� Q7 2t2+miBQMb-
+?2+Fb iQ #2 T2`7Q`K2/ /m`BM; i?2 2t2+miBQM- K2�bm`2K2Mib iQ #2 +QHH2+i2/
�M/ K2i`B+b iQ #2 +QKTmi2/ #27Q`2- /m`BM;- �M/ �7i2` i?2 2t2+miBQMX aBM+2 i?2
2t2+miBQM Q7 /Bz2`2Mi i2bi ivT2b ?�TT2Mb BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G
HB72+v+H2- i?2 alh KB;?i MQi #2 +QKTH2i2Hv `2�/v- i?mb �MQi?2` BKTQ`i�Mi �b@
T2+i Bb iQ B/2MiB7v ?Qr iQ /2�H rBi? TQi2MiB�HHv KBbbBM; bQ7ir�`2 /2T2M/2M+B2b-
2X;X- #v `2HvBM; QM KQ+Fb �M/ bBKmH�iBQM 7Q` bQK2 T�`ib Q7 i?2 bvbi2KX h?Bb
Bb BKTQ`i�Mi �HbQ 7Q` bQK2 i2bib- 7Q` 2t�KTH2- HQ�/ i2bib- i?�i ?�p2 iQ #2 2t2@
+mi2/ BM BbQH�iBQM TQBMiBM; iQ � bT2+B}+ q2# b2`pB+2- BbQH�iBM; i?2 #QmM/�`B2b
Q7 bm+? b2`pB+2 BM � r�v i?�i i?2 +QHH2+i2/ K2�bm`2K2Mib �`2 MQi BKT�+i2/ #v
/2T2M/�Mi b2`pB+2bX G�bi #mi MQi H2�bi- 7Q` � bm++2bb7mH �miQK�iBQM@Q`B2Mi2/
T2`7Q`K�M+2 i2bi /2}MBiBQM- Bi Bb BKTQ`i�Mi iQ B/2MiB7v i?2 bi�i2 �M/ #2?�pBQ`
Q7 i?2 alh #27Q`2- /m`BM;- �M/ �7i2` i?2 2t2+miBQM iQ /2i2`KBM2 B7 i?2 i2bi Bb
bm++2bb7mH �M/ iQ +Q``2+iHv +QKTmi2 i?2 T2`7Q`K�M+2 K2i`B+bX Ai Bb �HbQ BKTQ`@
i�Mi iQ /2}M2 i2`KBM�iBQM +`Bi2`B� iQ +QMi`QH i?2 T2`7Q`K�M+2 i2bi /m`�iBQM- �b
r2HH �b [m�HBiv ;�i2b iQ �miQK�iB+�HHv /2+B/2 r?2i?2` � alh `2�+?2b 2tT2+i2/
[m�HBiv �7i2` i?2 +Q``2+i 2t2+miBQM Q7 i?2 T2`7Q`K�M+2 i2bi ?�b #22M �bb2bb2/
�M/ p�HB/�i2/X

9Xk �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib .27@
BMBiBQM

AM i?Bb b2+iBQM- r2 T`2b2Mi i?2 +QMi2tib �M/ 7�+iQ`b r2 B/2MiB}2/ �b /2}MBM; i?2
/Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib �p�BH�#H2 BM i?2 HBi2`�im`2 �M/ BKT�+iBM;
i?2B` �miQK�iBQM T`Q+2bb- �M/ r2 T`QpB/2 � b�KTH2 Qp2`pB2r Q7 T2`7Q`K�M+2
i2bi ivT2b �HQM;bB/2 2�+? 7�+iQ`X q2 i?2M /Bb+mbb �HH i?2 7�+iQ`b iQ HQQF �i
r?2M `2�bQMBM; �#Qmi T2`7Q`K�M+2 i2bib �miQK�iBQM- �M/ ?Qr i?2v b?�T2 �M/
BKT�+i /Bz2`2Mi +QM};m`�iBQMb �M/ b2iiBM;b 7Q` i?2 b�K2 ivT2 Q7 T2`7Q`K�M+2
i2biX
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9XkXR *QMi2tib �M/ 6�+iQ`b .2}MBM; S2`7Q`K�M+2 h2bib hvT2b
6Q+mbBM; BM T�`iB+mH�` QM _1ah7mH q2# b2`pB+2b �M/ "SJL kXy q7Jab �b
alh- r2 K�BMHv +QMbB/2` irQ +QMi2tib /2}MBM; T2`7Q`K�M+2 i2bib- M�K2Hv i?2
alh �M/ i?2 *HB2Mi +QMi2tibX h?2 alh +QMi2ti HQQFb �i 7�+iQ`b /2`BpBM; 7`QK
i?2 i2+?MB+�H TQBMi Q7 pB2r Q7 bQ7ir�`2 /2p2HQTK2Mi- bm+? �b bvbi2K /2bB;M- bvb@
i2K `mMiBK2- /2p2HQTK2Mi T`Q+2bb- �M/ /2THQvK2Mi 2MpB`QMK2MiX h?2 *HB2Mi
+QMi2ti BMpQHp2b 7�+iQ`b +HQb2` iQ i?2 mb2`b U#Qi? ?mK�Mb Q` Qi?2` bvbi2KbV miB@
HBxBM; i?2 bvbi2K- bm+? �b i?2B` 2tT2+i�iBQMb- i?2 /2pB+2 i?2v mb2 iQ �++2bb i?2
bvbi2K- �M/ i?2 r�v i?2v 2tT2+i iQ �++2bb bm+? � bvbi2K BM i2`Kb Q7 rQ`FHQ�/X

h?2 alh *QMi2ti

h?2 7�+iQ`b r2 B/2MiB}2/ �b `2H2p�Mi 7Q` B/2MiB7vBM; i?2 /Bz2`2Mi FBM/b Q7 T2`7Q`@
K�M+2 i2bib iQ #2 /2}M2/- +QM+2`MBM; i?2 alh +QMi2ti- �`2 i?2 bvbi2K /2bB;M-
i?2 bvbi2K `mMiBK2- i?2 7QHHQr2/ /2p2HQTK2Mi T`Q+2bb- �M/ i?2 /2THQvK2Mi
2MpB`QMK2MiX

avbi2K .2bB;M @ h?2 bvbi2K /2bB;M 7�+iQ`b r2 B/2MiB7v �b `2H2p�Mi 7Q` i?2
b+QT2 Q7 i?2 +�i�HQ; �`2 `2H�i2/ iQ i?2 /Bz2`2Mi H2p2Hb Q7 �#bi`�+iBQM BM HQQF@
BM; �i � bQ7ir�`2 bvbi2K �M/ Bib `2�HBxBM; +QKTQM2Mib �M/fQ` b2`pB+2bX h?2
HQr2bi H2p2H Q7 �#bi`�+iBQMb Bb i?2 HBM2b Q7 +Q/2- i?2 bvbi2KǶb K2i?Q/b- �M/
�HbQ +H�bb2b r?2M mbBM; Q#D2+i@Q`B2Mi2/ T`Q;`�KKBM;X �i i?Bb H2p2H r2 b22 i?2
/2}MBiBQM Q7 T2`7Q`K�M+2 mMBi i2bib (>Q`Fɷ 2i �HX- kyR8) 2KTHQv2/ iQ K2�bm`2
�M/ +�Tim`2 T2`7Q`K�M+2 p�`B�iBQMb �i i?2 HQr2` TQbbB#H2 mMBi �M/ �b bQQM �b
TQbbB#H2 /m`BM; i?2 *a.GX h?2 M2ti H2p2H Q7 �#bi`�+iBQM BM i2`Kb Q7 i?2 bvbi2K
/2bB;M Bb i?2 b2`pB+2 r?2M rQ`FBM; rBi? /Bbi`B#mi2/ bvbi2KbX �i i?Bb H2p2H- Bi
Bb p2`v +QKKQM iQ /2}M2 �M/ 2t2+mi2 T2`7Q`K�M+2 i2bib bm+? �b bKQF2- HQ�/-
�M/ b+�H�#BHBiv (L2Qivb- kyR3)X h?2b2 i2bib +�M #2 2t2+mi2/ i�`;2iBM; � bBM;H2
b2`pB+2 BM BbQH�iBQM- #v `2HvBM; QM i2bi /Qm#H2b (J2bx�`Qb- kyyd) iQ BbQH�i2 i?2
b2`pB+2b 7`QK /2T2M/2M+B2bX h?2 H�bi H2p2H Q7 �#bi`�+iBQM 7Q` r?�i +QM+2`Mb i?2
bvbi2K /2bB;M Bb i?2 bvbi2K UQ` �TTHB+�iBQMV Bib2H7X JQbi Q7 i?2 i2bib 2t2+mi2/
�i i?2 b2`pB+2 H2p2H �`2 �HbQ 2t2+mi2/ �i i?2 �TTHB+�iBQM H2p2H- BMpQHpBM; KQ`2
i?�M QM2 b2`pB+2 �M/ HQQFBM; �i i?2 Qp2`�HH #2?�pBQ` Q7 i?2 �TTHB+�iBQMX PM2
ivT2 Q7 i2bi i?�i Bb bT2+B}+�HHv 2t2+mi2/ �i i?2 �TTHB+�iBQM H2p2H- Bb i?2 +�T�+Biv
Q` 2M/m`�M+2 i2bi (�HK2B/� 2i �HX- kyy9c JQHvM2�mt- kyR9)X � +�T�+Biv i2bi
Bb � i2bi iQ /2i2`KBM2 ?Qr K�Mv mb2`b i?2 alh +�M ?�M/H2 rBi?Qmi pBQH�iBM;
T2`7Q`K�M+2 �++2Ti�M+2 +`Bi2`B� Q` aG�X

avbi2K _mMiBK2 @ h?2 bvbi2K `mMiBK2 ?�b � +2Mi`�H `QH2 BM /2}MBM; i?2
ivT2b Q7 T2`7Q`K�M+2 i2bib iQ 2t2+mi2 �M/ i?2 K2i`B+b iQ `2TQ`i �M/ �M�Hvx2X
h?2 }`bi +?�`�+i2`BbiB+b r2 B/2MiB7v �i i?Bb H2p2H Bb i?2 T`Q;`�KKBM; H�M;m�;2
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i?2 bvbi2K Bb /2p2HQT2/ BM- �M/ Bib BMi2`T`2i2` Q` H�M;m�;2@bT2+B}+ pB`im�H K�@
+?BM2 U2X;X- i?2 C�p� oB`im�H J�+?BM2 UCoJVVX Ai Bb +QKKQM 7Q` BMi2`T`2i2/
H�M;m�;2b Q` H�M;m�;2b 2t2+mi2/ mbBM; � pB`im�H K�+?BM2- iQ ?�p2 /2/B+�i2/
T2`7Q`K�M+2 #2M+?K�`F bmBi2b ("H�+F#m`M 2i �HX- kyye) 2t2+mi2/ iQ QTiBKBx2
i?2 T2`7Q`K�M+2 �M/ i?2 +QM};m`�iBQM Q7 bm+? BM7`�bi`m+im`2 7Q` i?2 /2p2HQT2/
bQ7ir�`2 �M/ bT2+B}+ rQ`FHQ�/bX .2/B+�i2/ T2`7Q`K�M+2 #2M+?K�`F bmBi2b �`2
+QKKQMHv mb2/ �HbQ r?2M i?2 �TTHB+�iBQM `2HB2b QM � bT2+B}+ `mMiBK2 iQ 2t2@
+mi2- 7Q` 2t�KTH2 BM i?2 +�b2 Q7 a2`pH2i 1M;BM2b bm+? �b �T�+?2 hQK+�i �M/
i?2 AMi2`M2i AM7Q`K�iBQM a2`pB+2b q2# b2`p2` /2p2HQT2/ #v JB+`QbQ7iX Pi?2`
BKTQ`i�Mi +?�`�+i2`BbiB+b �`2 i?2 QT2`�iBM; bvbi2K �M/ ?�`/r�`2 `mMiBK2 i?2
�TTHB+�iBQM Bb /2THQv2/ iQ- �M/ B7 i?2 ?�`/r�`2 Bb T?vbB+�H- pB`im�HBx2/ U2X;X-
mbBM; >vT2`pBbQ`bV- 2KmH�i2/ U2X;X- mbBM; oB`im�H J�+?BM2bV �M/ i?2 QT2`�iBM;
bvbi2K Bb /2/B+�i2/ Q` b?�`2/ U2X;X- BM i?2 +�b2 Q7 *QMi�BM2` i2+?MQHQ;B2bVX h?2
7�+i i?2 ?�`/r�`2 Bb T?vbB+�H Q` pB`im�HBx2/- �M/ i?2 �+im�H pB`im�HBx�iBQM i2+?@
MQHQ;v ?�b � bm#bi�MiB�H BKT�+i QM i?2 T`Q+2bb Q7 2t2+miBM; T2`7Q`K�M+2 i2bib
#2+�mb2 KQbi Q7i2M Bi mM/2`KBM2b i?2 bi�#BHBiv �M/ i?2 `2T`Q/m+B#BHBiv Q7 i2bibǶ
`2bmHib �M/ i?2 `2HB�#BHBiv Q7 i?2 b�K2 �b � #�b2 7Q` K�FBM; /2+BbBQMb �#Qmi i?2
bvbi2KǶb /2THQvK2MiX

.2THQvK2Mi 1MpB`QMK2Mi @ h?2 2MpB`QMK2Mi i?2 bQ7ir�`2 Bb /2THQv2/ iQ
Bb �MQi?2` p2`v BKTQ`i�Mi 7�+iQ` BM~m2M+BM; i?2 ivT2b Q7 T2`7Q`K�M+2 i2bib
i?�i �`2 2t2+mi2/X avbi2Kb +�M #2 /2THQv2/ QM K�Mv /Bz2`2Mi ivT2b Q7 2M@
pB`QMK2Mib- rBi? T?vbB+�H Q` pB`im�HBx2/ bvbi2K `mMiBK2bX aQK2 /2THQvK2Mi
2MpB`QMK2Mib �`2 KQ#BH2- T2`bQM�H +QKTmi2`- 2K#2//2/ bvbi2Kb- +mbiQK ?�`/@
r�`2- T?vbB+�H b2`p2`b- T`Bp�i2fTm#HB+f?v#`B/ *HQm/bX 1�+? 2MpB`QMK2Mi ?�b Bib
bT2+B}+ +?�`�+i2`BbiB+b �M/ `2[mB`2K2Mib 7Q` T2`7Q`K�M+2 i2bi 2t2+miBQMX aQK2
Q7 i?2K �`2 KQ`2 +?�HH2M;BM; �M/ +QKTH2t i?�M Qi?2`b- i?mb `2[mB`BM; bT2+B}+
ivT2b Q7 T2`7Q`K�M+2 i2bib Q` }M2@imM2/ 2t2+miBQM T`Q+2bb2b Q7 i?2 b�K2X �M
2t�KTH2 Bb i?2 *HQm/ +QKTmiBM; 2MpB`QMK2Mib- BM T�`iB+mH�` Tm#HB+ �M/ ?v#`B/
*HQm/bX am+? 2MpB`QMK2Mib mbm�HHv Qz2` BM7`�bi`m+im`2@H2p2H b+�H�#BHBiv �M/
2H�biB+Biv- i?mb b+�H�#BHBiv (aKBi? �M/ qBHHB�Kb- kyyR) �M/ 2H�biB+Biv (>2`#bi
2i �HX- kyRj) T2`7Q`K�M+2 i2biBM; Q7 i?2 �TTHB+�iBQM Bb Q7i2M T2`7Q`K2/ iQ �b@
b2bb i?2 �#BHBiv Q7 i?2 �TTHB+�iBQM iQ `2Hv 2{+B2MiHv QM bm+? BM7`�bi`m+im`2 72�@
im`2bX Pi?2` i2bib mbm�HHv 2t2+mi2/ BM i?Bb +QMi2ti- bT2+B}+�HHv #2+�mb2 bm+?
2MpB`QMK2Mib �`2 b2H2+i2/ 7Q` �TTHB+�iBQM `2[mB`BM; T2`7Q`K�M+2 ~2tB#BHBiv- �`2
bi`2bb (JQHvM2�mt- kyR9) �M/ bTBF2 T2`7Q`K�M+2 i2bib (:m`mNN- kyR9)X aQK2
+QKTmiBM; 2MpB`QMK2Mi- 2X;X- i?2 KQ#BH2 QM2- �`2 +?�`�+i2`Bx2/ #v mMbi�#H2
�M/ mMT`2/B+i�#H2 M2irQ`F T2`7Q`K�M+2 �M/ +QM/BiBQMb- i?mb `2[mB`BM; bT2+B}+
FBM/b Q7 T2`7Q`K�M+2 i2bib i�`;2iBM; i?2 M2irQ`F@H2p2H iQ �bb2bb i?2 +QM/BiBQMb
�`2 bm{+B2Mi 7Q` QT2`�iBM; i?2 �TTHB+�iBQM- bm+? �b i?2 i?`QiiH2 T2`7Q`K�M+2
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i2bibRX

.2p2HQTK2Mi S`Q+2bb @ G�bi #mi MQi H2�bi- i?2 /2THQvK2Mi T`Q+2bb +2`i�BMHv
�z2+ib i?2 FBM/ Q7 i2bib i?�i �`2 2t2+mi2/- �M/ 2p2M KQ`2 i?2 T`Q+2bb i?�i Bb
7QHHQr2/ iQ 2t2+mi2/ bm+? i2bibX J�Mv /Bz2`2Mi /2p2HQTK2Mi T`Q+2bb2b 2tBbi-
i?�i �`2 +?�`�+i2`Bx2/- �KQM; Qi?2` i?BM;b- #v i?2 b2[m2M+2 BM r?B+? bQ7ir�`2
/2p2HQTK2Mi �M/ `2H2�b2 i�bFb �`2 T2`7Q`K2/- ?Qr K�Mv Bi2`�iBQMb �`2 mM/2`@
i�F2M 7Q` `2H2�bBM; i?2 }`bi bQ7ir�`2 p2`bBQM �M/ Bib bm++2bbBp2 `2H2�b2b- i?2 iBK2
BM #2ir22M bm+? Bi2`�iBQMb- �M/ i?2 r�v M2r `2H2�b2b �`2 2tTQb2/ iQ 2M/@mb2`b
U2X;X- rBi? bQK2 /QrMiBK2- KmHiBTH2 p2`bBQMb BM T�`�HH2H- 2i+XVX 1t�KTH2b Q7
bm+? /2p2HQTK2Mi T`Q+2bb2b �`2 q�i2`7�HH- �;BH2- aTB`�H- .2pPTb- �M/ *QMiBM@
mQmbX .2}MBiBQM �M/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �`2 KQbiHv �z2+i2/ #v i?2
p2HQ+Biv Q7 i?2 T`Q+2bb �M/ i?2 MmK#2` Q7 Bi2`�iBQMb Q7 i?2 b�K2- �b r2HH �b
i?2 r�v M2r `2H2�b2b �`2 2tTQb2/ iQ 2M/@mb2`bX � ivT2 Q7 i2bi i?�i Bb �Hr�vb
2t2+mi2/- BM/2T2M/2MiHv Q7 i?2 T`Q+2bb- r?2M i?2 bvbi2K Bb +QMbB/2`2/ `2�/v
7Q` `2H2�b2 Bb i?2 +�T�+Biv Q` 2M/m`�M+2 i2bi (JQHvM2�mt- kyR9)X h?2`2 �`2
/Bz2`2Mi 7Q`Kb Q7 2M/m`�M+2 i2bib- bm+? �b bQ�F Q` bi�#BHBiv i2bi (JQHvM2�mt-
kyR9)- �M/ i?2B` Q#D2+iBp2 Bb iQ �bb2bb i?2 bvbi2K +�M T2`7Q`K �b 2tT2+i2/ Qp2`
�M 2ti2M/2/ T2`BQ/ Q7 iBK2X AM T`Q+2bb2b rBi? KmHiBTH2 Bi2`�iBQMb- bm+? �b
i?2 �;BH2- .2pPTb- �M/ *QMiBMmQmb QM2b Bi Bb +QKKQM iQ T2`7Q`K 2tTHQ`�iQ`v
i2biBM; (:m`mNN- kyR9) BM i?2 BMBiB�H T?�b2b Q7 i?2 /2p2HQTK2Mi- �M/ BM 2�+? Bi@
2`�iBQM BMi`Q/m+BM; mMFMQrM �M/ #`2�FBM; +?�M;2bX q?2M � bvbi2KǶb 72�im`2
`2�+?2b ;QQ/ 2MQm;? bi�#BHBiv Bi Bb +QKKQM iQ BMi`Q/m+2 �++2Ti�M+2k �M/ `2@
;`2bbBQM (GBm- kyRR) T2`7Q`K�M+2 i2biBM; iQ 2Mbm`2 7mim`2 +?�M;2b /Q MQi #`2�F
i?2 T2`7Q`K�M+2 Q7 KQ`2 bi�#H2 72�im`2bX AM /2p2HQTK2Mi T`Q+2bb2b bm+? �b i?2
.2pPTb �M/ i?2 *QMiBMmQmb QM2- Bi Bb �HbQ +QKKQM iQ 2tTQb2 M2r `2H2�b2b iQ
i?2 2M/@mb2`b BM �M BM+`2K2Mi�H K�MM2`- i?mb Bi Bb +QKKQM iQ 2t2+mi2 HBp2@
i`�{+ Q` +�M�`v T2`7Q`K�M+2 i2biBM; (a+?2`K�MM 2i �HX- kyR3) iQ /`Bp2 `2H2�b2
T`Q+2bb2b bm+? �b +�M�`v `2H2�b2 #v KB``Q`BM; `2�H 2M/@mb2`b i`�{+X AM i?2 b�K2
T`Q+2bb2b- Bi Bb +QKKQM T`�+iB+2 �HbQ iQ 2t2+mi2 +?�Qb T2`7Q`K�M+2 i2biBM;j- iQ
2Mbm`2 b2H7@?2�HBM; +?�`�+i2`BbiB+b �M/ i?2 �#BHBiv iQ bmbi�BM FMQrM 7�BHm`2b i?�i
�TTHB+�iBQMb /2p2HQT2/ �M/ /2THQv2/ 7QHHQrBM; bm+? T`Q+2bb2b �`2 2tT2+i2/ iQ
BKTH2K2MiX

Rhttps://abstracta.us/blog/performance-testing/types-performance-tests/- H�bi
pBbBi2/ QM 62#`m�`v d- kykR

khttps://www.istqb.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
jhttps://netflixtechblog.com/the-netflix-simian-army-16e57fbab116- H�bi pBbBi2/ QM

62#`m�`v d- kykR

https://abstracta.us/blog/performance-testing/types-performance-tests/
https://www.istqb.org/
https://netflixtechblog.com/the-netflix-simian-army-16e57fbab116


ee 9Xk �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib .2}MBiBQM

h?2 *HB2Mi *QMi2ti

h?2 7�+iQ`b r2 B/2MiB}2/ �b `2H2p�Mi 7Q` B/2MiB7vBM; i?2 /Bz2`2Mi FBM/b Q7 T2`@
7Q`K�M+2 i2bib iQ #2 2t2+mi2/- +QM+2`MBM; i?2 +HB2Mi +QMi2ti- �`2 i?2 +HB2MiǶb
2tT2+i�iBQMb `2H�i2/ iQ T2`7Q`K�M+2- i?2 /2pB+2 miBHBx2/ iQ �++2bb i?2 bvbi2K-
�M/ i?2 2tT2+i2/ rQ`FHQ�/ iQ #2 ;2M2`�i2/ BM �++2bbBM; i?2 bvbi2KX

S2`7Q`K�M+2 1tT2+i�iBQMb @ .Bz2`2Mi +HB2Mib ?�p2 /Bz2`2Mi T2`7Q`K�M+2 2t@
T2+i�iBQMb- �HbQ �++Q`/BM; iQ i?2 FBM/ Q7 bvbi2K i?2v �`2 +QMM2+iBM; iQX AM i?2
+QMi2ti Q7 i?2 i?2bBb- r2 K�BMHv b22 `2[mB`2K2Mib iQr�`/b KQ`2 Q` H2bb bi`B+i
aG�b 2X;X BM i2`Kb Q7 i?2 `2bTQMb2 iBK2 Q7 i?2 b2`pB+2- i?2 �p�BH�#BHBiv `2[mB`2@
K2Mib Q7 i?2 b2`pB+2- �M/ `2H�i2/ iQ i?2 +`BiB+�HBiv Q7 i?2 b2`pB+2X :m�`�Mi22BM;
KQ`2 bi`B+i aG�b mbm�HHv `2[mB`2b KQ`2 2ti2MbBp2 T2`7Q`K�M+2 i2bib- iQ p2`B7v
i?2 bvbi2Kb ;m�`�Mi22b bm+? aG�b �HbQ r?2M bm#@QTiBK�H +QM/BiBQMb �`2 2t@
T2`B2M+2/X AM i?Bb +QMi2ti T2`7Q`K�M+2 i2bib bm+? �b #`2�FTQBMi9 �M/ 7�BHQp2`
Q` `2+Qp2`v8 �`2 +QKKQMHv 2t2+mi2/X avbi2Kb i?�i �`2 2tT2+i2/ iQ ;m�`�M@
i22 M2�` RyyW �p�BH�#BHBiv �`2 mbm�HHv �bb2bb2/ `2HvBM; QM bT2+B}+ FBM/ Q7 i2bib
bm+? �b i?2 `2bBHB2M+v Q` `2HB�#BHBive T2`7Q`K�M+2 i2bi +?2+FBM; 7Q` i?2 �#BHBiv Q7
i?2 bvbi2K iQ bKQQi?Hv `2+Qp2` 7`QK 7�BHm`2b �M/ mM2tT2+i2/ #2?�pBQ` rBi?Qmi
�z2+iBM; i?2 �p�BH�#BHBiv �M/ i?2 T2`7Q`K�M+2 Q7 i?2 b�K2X h?2 b�K2 FBM/b
Q7 i2bib �`2 �TTHB2/ �M/ p2`v `2H2p�Mi �HbQ 7Q` ?B;?Hv +`BiB+�H bvbi2Kb- bm+? �b
bvbi2Kb /2THQv2/ BM ?2�Hi?+�`2 �M/ �2`QM�miB+bX 6Q` bm+? bvbi2Kb- Bi Bb �HbQ
+QKKQM iQ 2t2+mi2 2ti2MbBp2 +QM};m`�iBQM i2bib (:m`mNN- kyR9) iQ }M2@imM2
�M/ �bb2bb i?2 bvbi2KǶb +QM};m`�iBQM ;m�`�Mi22BM; i?2 `2[mB`2/ T2`7Q`K�M+2
�M/ bi�#BHBiv Q7 i?2 bvbi2KX

liBHBx2/ .2pB+2 @ h?2 /2pB+2 miBHBx2/ iQ �++2bb i?2 bvbi2K ?�b �HbQ �M BK@
TQ`i�Mi `QH2 BM /2i2`KBMBM; i?2 FBM/ Q7 i2bib i?�i M22/b iQ #2 2t2+mi2/X q2
�H`2�/v +Qp2`2/ KQbi Q7 i?2 bT2+B}+ bBim�iBQMb r?2M T`2b2MiBM; i?2 i2bib �+@
+Q`/BM; iQ i?2 /2p2HQTK2Mi 2MpB`QMK2MiX h?2 /2pB+2 miBHBx2/ iQ �++2bb i?2
bvbi2K �//b �//BiBQM�H `2[mB`2K2Mib iQr�`/b i?2 +QHH2+i2/ K2�bm`2K2Mi /�i�
�M/ i?2 2MpB`QMK2Mi BM r?B+? i?Qb2 �`2 +QHH2+i2/X 6Q` 2t�KTH2- BM i?2 +�b2 Q7
�M �TTHB+�iBQM �++2bb2/ BM � #`Qrb2`- Bi Bb BKTQ`i�Mi iQ 2t2+mi2 T2`7Q`K�M+2
i2bib �HbQ r?2M i?2 �TTHB+�iBQM `mMb BM i?2 �+im�H #`Qrb2` i?2 mb2`bǶ �`2 2t@
T2+i2/ iQ mb2X AM i?2 +�b2 Q7 � KQ#BH2 /2pB+2 Bi Bb +QKKQM iQ 2t2+mi2 bT2+B}+
FBM/b Q7 T2`7Q`K�M+2 i2bi +�HH2/ bM�Tb?Qi@HQ�/ T2`7Q`K�M+2 i2bibd- iQ +?2+F 7Q`

9https://www.perfmatrix.com/application-break-point-test/- H�bi pBbBi2/ QM 62#`m�`v
d- kykR

8https://qa-platforms.com/what-is-failover-testing/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
ehttps://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_co

l_nasser.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR
dhttps://jestjs.io/docs/en/snapshot-testing- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.perfmatrix.com/application-break-point-test/
https://qa-platforms.com/what-is-failover-testing/
https://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_col_nasser.html
https://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_col_nasser.html
https://jestjs.io/docs/en/snapshot-testing
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i?2 +Q``2+i `2T`2b2Mi�iBQM Q7 i?2 �TTHB+�iBQM QM i?2 mb2`Ƕb bB/2- ;Bp2M bT2+B}+
T2`7Q`K�M+2 +QMbi`�BMib �M/ +QM/BiBQMbX

:2M2`�i2/ qQ`FHQ�/ @ h?2 rQ`FHQ�/b i?2 +HB2Mi 2tT2+ib iQ ;2M2`�i2 r?2M
�++2bbBM; i?2 bvbi2K- �HbQ BKTQb2 `2[mB`2K2Mib iQr�`/b i?2 i2bib i?�i �`2 2t@
2+mi2/X qQ`FHQ�/ b?�T2b +�M #2 Q7 /Bz2`2Mi 7Q`Kb- BM bQK2 +�b2b �`2 FMQrM
�M/ +�M #2 /2}M2/ BM �/p�M+2- BM Qi?2`b �`2 mMT`2/B+i�#H2X 1t�KTH2b Q7 rQ`F@
HQ�/b �`2 QM2@b?Qi 2p2Mib- `2T2�iBM; 2p2Mib rBi? � ;Bp2M T�ii2`M- 2p2Mib ?�T@
T2MBM; QM+2 2p2`v � ;Bp2M �KQmMi Q7 iBK2- +HB2Mib +QMM2+iBM; rBi? b?Q`i Q`
HQM; b2bbBQMb- Tmb?@#�b2/ rQ`FHQ�/b- TmHH@#�b2/ rQ`FHQ�/b U2X;X- BM i?2 +�b2
Q7 T�bbBp2 Tm#HBb?fbm#b+`B#2V- }`2@�M/@7Q`;2i 2p2Mib- bi`2�KBM; 2p2MibX h2bib
i?�i �`2 mbm�HHv /2}M2/ 7Q` bT2+B}+ rQ`FHQ�/b �`2 i?2 T2�F@HQ�/ T2`7Q`K�M+2
i2bi (:m`mNN- kyR9)- 7Q` i2biBM; i?2 2tT2+i2/ ?2�pB2bi /2K�M/ i?�i rQmH/ #2
;2M2`�i2/ �i T2�F +HB2Mi iBK2b- �b r2HH �b i2bib bm+? �b bTBF2 �M/ bi`2bb T2`@
7Q`K�M+2 i2bib �H`2�/v K2MiBQM2/ �#Qp2 BM i?2 i2tiX �MQi?2` i2bi i?�i Bb 2t2@
+mi2/ r?2M i?2 �TTHB+�iBQM Bb 2tT2+i2/ iQ ;2M2`�i2 �M/ Q` +QHH2+i � +QMbB/2`�#H2
�KQmMi Q7 /�i� Qp2` iBK2- Bb i?2 pQHmK2 Q` ~QQ/ T2`7Q`K�M+2 i2bi (:m`mNN-
kyR9)X oQHmK2 i2biBM; Bb T2`7Q`K2/ iQ �bb2bb i?2 bvbi2K T2`7Q`K�M+2 #v BM@
+`2�bBM; i?2 pQHmK2 Q7 /�i� biQ`2/ BM i?2 /�i�biQ`2b i?2 bvbi2K `2HB2b QMX

AM/2T2M/2MiHv QM i?2 +QMi2ti �M/ ivT2 Q7 2t2+mi2/ i2bi- Bb ;QQ/ T`�+iB+2 iQ
�Hr�vb 2t2+mi2 � #�b2HBM2 T2`7Q`K�M+2 i2bi (JQHvM2�mt- kyR9) iQ K2�bm`2 �M/
`2TQ`i #�b2HBM2 T2`7Q`K�M+2 Q7 i?2 bvbi2K i?�i Bb 2tT2+i2/ iQ #2 ;m�`�Mi22/-
7Q` 2t�KTH2 7Q` B/2MiB7vBM; `272`2M+2 TQBMib 7Q` Qi?2` i2bib �M/ i?2 bvbi2KǶb
T2`7Q`K�M+2 TH�i2�mX

9XkXk 6�+iQ`b AKT�+iBM; S2`7Q`K�M+2 h2bib �miQK�iBQM
.Bz2`2Mi 7�+iQ`b /2}M2 i?2 `2[mB`2K2Mib T2`7Q`K�M+2 i2bib �miQK�iBQM T`Q@
+2bb2b ?�p2 iQ +QKTHv rBi?X aQK2 Q7 i?2 7�+iQ`b /2T2M/ QM i?2 �#Qp2@K2MiBQM2/
+QMi2tib- �b �H`2�/v T`2b2Mi2/- bQK2 Q7 i?2 Qi?2`b �`2 p2`v T2`7Q`K�M+2 i2bi
bT2+B}+- �M/ /2T2M/ QM i?2 2tT2+i�iBQMb �#Qmi T2`7Q`K�M+2 i2bibǶ `2bmHibX h?2
K�BM 7�+iQ`b r2 B/2MiB}2/ �`2 �bbmKTiBQMb QM i?2 alh K�im`Biv- 2tT2+i�iBQMb
QM i?2 2t2+miBQM 2MpB`QMK2Mi +QM/BiBQMb- BMTmi T�`�K2i2`b- `2[mB`2/ 2t2+miBQM
T`Q+2bb- �M/ +?2+Fb iQ #2 T2`7Q`K2/ QM i?2 alh- T`2HBKBM�`v T2`7Q`K�M+2 i2bib
iQ #2 �H`2�/v 2t2+mi2/- K2�bm`2K2Mib iQ #2 +QHH2+i2/ �M/ K2i`B+b iQ #2 +�H@
+mH�i2/X h?2 alh K�im`Biv BKT�+ib i?2 �miQK�iBQM T`Q+2bb Q7 � T2`7Q`K�M+2
i2bi BM i?2 b2Mb2 i?�i Bi b2ib bT2+B}+ `2[mB`2K2Mib iQr�`/b i?2 b�K2X � alh
BM Bib 2�`Hv bi�;2b `2[mB`2b 2tTHQ`�iQ`v i2bib iQ H2�`M �#Qmi Bib T2`7Q`K�M+2
�M/ iQ b2i `2[mB`2K2Mib iQ b�iBb7v Bib KBbbBM; /2T2M/2M+B2b i?�i KB;?i MQi #2
`2�/v iQ #2 /2THQv2/X �++Q`/BM; iQ i?2 alh �M/ i?2 T2`7Q`K�M+2 i2bi ivT2b-
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/Bz2`2Mi `2[mB`2K2Mib �`2 b2i iQr�`/b i?2 2t2+miBQM 2MpB`QMK2Mi +QM/BiBQMbX
� alh /2THQv2/ BM +2`i�BM 2MpB`QMK2Mib- 7Q` 2t�KTH2 QM Tm#HB+ *HQm/- mbm�HHv
?�p2 2tT2+i�iBQMb BM i2`Kb Q7 2t2+miBQM 2MpB`QMK2Mi +QM/BiBQMb i?�i �`2 KQ`2
`2H�t2/ +QKT�`2/ iQ bvbi2Kb /2THQv2/ QM /2/B+�i2/ ?�`/r�`2X h?Bb BKT�+ib
i?2 r�v T2`7Q`K�M+2 i2bi �miQK�iBQM Bb +�``B2/ Qmi #2+�mb2- iQ Q#i�BM `2HB�#H2
K2i`B+b QM 2MpB`QMK2Mib �z2+i2/ #v KQ`2 p�`B�M+2- � /Bz2`2Mi T`Q+2bb M22/b iQ
#2 7QHHQr2/ (�`B7 2i �HX- kyR3c "�+?B2;� 2i �HX- kyR3) 7Q` i?2 b�K2 i2bi ivT2X 6Q`
bT2+B}+ FBM/b Q7 i2bib- 7Q` 2t�KTH2- `2;`2bbBQM i2biBM; Bb BKTQ`i�Mi iQ b2H2+i p2`v
bBKBH�` 2t2+miBQM +QM/BiBQMb 7Q` 2�+? i2bi `2T2iBiBQM Qi?2`rBb2 i?2 `BbF Bb iQ BM@
+`2�b2 7�Hb2 TQbBiBp2b BM T2`7Q`K�M+2 `2;`2bbBQM B/2MiB}+�iBQMbX h?Bb Bb �MQi?2`
2t�KTH2 Q7 � `2[mB`2K2Mi BKTQb2/ QM i?2 2t2+miBQM 2MpB`QMK2Mi +QM/BiBQMbX

�MQi?2` BKTQ`i�Mi �bT2+i iQ +QMbB/2` r?2M /2}MBM; i2bi ivT2b Bb i?2 BMTmi
T�`�K2i2`b iQ i?2 i2biX .Bz2`2Mi i2bi ivT2b ?�p2 /Bz2`2Mi `2[mB`2K2Mib 7Q`
BMTmi T�`�K2i2`bX *QMbB/2` 7Q` 2t�KTH2 i2bib `2[mB`BM; +2`i�BM /�i� iQ #2
�p�BH�#H2 BM i?2 alh #27Q`2 i2bi 2t2+miBQM +�M bi�`iX h?Bb `2[mB`2b i�FBM; +�`2 Q7
/�i� T`2T�`�iBQM �M/ b2imT #27Q`2 i?2 �+im�H i2bi 2t2+miBQM +�M bi�`iX GBF2rBb2-
+2`i�BM BMTmi T�`�K2i2`b +QmH/ �HbQ #2 ;2M2`�i2/ /m`BM; i?2 i2bi 2t2+miBQM
Bib2H7X PM2 2t�KTH2 Bb /�i� ;2M2`�i2/ �+`Qbb /Bz2`2Mi `2[m2bib iQ b2`pB+2b- iQ
#2 mb2/ iQ bm#b2[m2Mi `2[m2bib iQ Qi?2` b2`pB+2bX h?Bb BKT�+ib i?2 �miQK�iBQM
T`Q+2bb /2}MBiBQM- r?B+? M22/b iQ i�F2 BMiQ �++QmMi i?Bb `2[mB`2K2Mi bQ i?�i
i?Bb FBM/ Q7 BMi2`�+iBQM +�M #2 �miQK�i2/X

q?2M HQQFBM; �i i?2 �miQK�iBQM T`Q+2bb Bib2H7- Bi M22/b iQ #2 /`Bp2M BM
bm+? � r�v i?�i i?2 T`Q+2bb Bib2H7 Bb b�72 �M/ ;m�`�Mi22b i?2 `2[mB`2/ +?2+Fb
�M/ p2`B}+�iBQMb �++Q`/BM; iQ i?2 i2bi ivT2bX � +QKKQM +?2+F M22/BM; iQ #2
T2`7Q`K2/ r?BH2 �miQK�iBM; T2`7Q`K�M+2 i2bib Bb i?2 p2`B}+�iBQM Q7 i?2 alh
`2�+?BM; i?2 bi2�/v@bi�i2X h?Bb Bb BKTQ`i�Mi 7Q` bQK2 FBM/b Q7 T2`7Q`K�M+2
i2bib- 7Q` 2t�KTH2- iQ /2+B/2 i?2 KQK2Mi 7`QK r?B+? iQ bi�`i K2�bm`BM; i?2
T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2biX

� p2`v BKTQ`i�Mi 7�+iQ` BKT�+iBM; i?2 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb
Bb i?2 BMi2`/2T2M/2M+B2b �+`Qbb /Bz2`2Mi i2bi ivT2bX � bQHB/ �miQK�iBQM T`Q+2bb
Kmbi +QMbB/2` BMi2`/2T2M/2M+B2b �+`Qbb i2bib- �M/ p�HB/�i2 /2T2M/2Mi i2bib �`2
#2BM; 2t2+mi2/ #27Q`2 b+?2/mHBM; i?2 +m``2Mi i2biX h?Bb Bb BKTQ`i�Mi �HbQ 7Q`
/2+B/BM; i?2 T`BQ`Biv Q7 i2bi 2t2+miBQM r?2M KmHiBTH2 i2bib �`2 r�BiBM; 7Q` 2t2@
+miBQM /m2 iQ +QKT2iBM; �++2bb iQ b?�`2/ i2bi `2bQm`+2bX 1t2+miBM; � +QKTH2t
i2bi- bm+? �b �M 2M/m`�M+2 i2bi- Bb 7Q` 2t�KTH2 MQi �/pBb�#H2 B7 i?2 bvbi2K ?�b
MQi #22M i2bi2/ rBi? KQ`2 bBKTH2 �M/ HB;?ir2B;?i T2`7Q`K�M+2 i2bib bm+? �b
bKQF2 i2bibX Ai Bb Q7 +Qm`b2 `2bTQMbB#BHBiv Q7 i?2 T2`7Q`K�M+2 i2bi 2M;BM22` iQ
/2+B/2 iQ 2t2+mi2 /Bz2`2Mi i2bib- #mi Bi Bb /m2 iQ i?2 �miQK�iBQM T`Q+2bb i�FBM;
BMiQ �++QmMi i?2 /2T2M/2M+B2b �+`Qbb i2bib �M/ r�`M i?2 2M;BM22` `2HvBM; QM



eN 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

i?2 �miQK�iBQM T`Q+2bbX
G�bi #mi MQi H2�bi- �MQi?2` BKTQ`i�Mi 2H2K2Mi BKT�+iBM; i?2 T2`7Q`K�M+2

i2bi �miQK�iBQM T`Q+2bb �`2 i?2 K2i`B+b iQ #2 +QKTmi2/X .Bz2`2Mi K2i`B+b TQb2
/Bz2`2Mi `2[mB`2K2Mib iQ i?2 T`Q+2bb +�``B2/ Qmi iQ 2t2+mi2 i?2 T2`7Q`K�M+2
i2bib �M/ BKTQb2 `2[mB`2K2Mib QM iQQHb iQ #2 Tmi BM TH�+2 iQ +QHH2+i K2�bm`2@
K2Mib i?2 K2i`B+b /2T2M/ QM iQ #2 +QKTmi2/X �MQi?2` 7�+iQ` `2H�i2/ iQ K2i`B+
BKT�+iBM; i?2 �miQK�iBQM T`Q+2bb Bb i?2 T`2+BbBQM r2 2tT`2bb 7Q` i?2 K2i`B+X
*QMbB/2` 7Q` 2t�KTH2 i?2 +�b2 r2 r�Mi iQ K2�bm`2 *Sl miBHBx�iBQM- �M/ r2 2t@
T2+i i?Bb K2�bm`2K2Mi iQ 2tT2`B2M+2 � `2H�iBp2Hv HQr 2``Q` BM i?2 K2�bm`2K2Mi
iQ BM+`2�b2 i?2 `2HB�#BHBiv Q7 i?2 Q#i�BM2/ /�i�X hQ ;m�`�Mi22 i?2 bT2+B}2/ 2``Q`
iQ #2 `2bT2+i2/ i?2 �miQK�iBQM T`Q+2bb- �HbQ �++Q`/BM; iQ �//BiBQM�H +QM/BiBQMb
U2X;X- i?2 /2THQvK2Mi 2MpB`QMK2MiV- M22/b iQ +�``v Qmi i?2 i2bi 7Q` � KQ`2 Q`
H2bb HQM;2` /m`�iBQM �b r2HH �b M22/b iQ b+?2/mH2 � bT2+B}+ MmK#2` Q7 `2T2iBiBQM
Q7 i?2 i2bi iQ T`QpB/2 rBi? `2HB�#H2 K2�bm`2K2Mib iQ i?2 mb2` Q7 i?2 �miQK�iBQM
T`Q+2bbX

9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i@
�HQ;

AM i?Bb b2+iBQM- r2 BMi`Q/m+2 Qm` �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�@
HQ; 7QHHQrBM; � +�i�HQ; `2T`2b2Mi�iBQM i2KTH�i2 T`QTQb2/ #v mb iQ +QHH2+i �M/
T`2b2Mi �HH i?2 `2H2p�Mi /�i� iQ #2 mb2/ iQ KQ/2H i?2 �miQK�iBQM `2[mB`2K2MibX
h?2 +�i�HQ; Bb MQi K2�Mi iQ #2 2t?�mbiBp2- #mi iQ T`2b2Mi BM �M �miQK�iBQM@
Q`B2Mi2/ /2}MBiBQM �HH i?2 i2bi ivT2b i?�i �`2 +QKKQM r?2M /2�HBM; rBi? �T@
THB+�iBQMb �M/ i?2 T`Q+2bb2b BM i?2 b+QT2 Q7 i?Bb rQ`FX

q2 bi`m+im`2 i?2 i2KTH�i2 r2 mb2 iQ /2b+`B#2 Qm` +�i�HQ; iQ +QKTHv rBi? i?2
/�i� /22K2/ iQ #2 mb27mH 7Q` � T2`7Q`K�M+2 i2bi i�tQMQKv3- �M/ r2 /2b+`B#2 �
b2i Q7 T2`7Q`K�M+2 i2bi ivT2b `272``BM; iQ i?2K #v i?2B` M�K2bX h?2 Q#D2+iBp2
Q7 i?2 +�i�HQ; Bb iQ /2b+`B#2 i?2 /Bz2`2Mi T2`7Q`K�M+2 i2bib +QM+2`MBM; i?2B`
�miQK�iBQM T`Q+2bb `2[mB`2K2Mib �M/ i?2 `2H�iBQMb?BTb 2tBbiBM; #2ir22M i?2KX

9XjXR h?2 S2`7Q`K�M+2 h2bib *�i�HQ; h2KTH�i2
hQ 7�+BHBi�i2 i?2 �++2bb iQ i?2 /�i� M22/2/ 7Q` � .S1 �TT`Q�+? 7Q` i2bi /2}MBiBQM
�M/ �miQK�iBQM- r2 /2}M2 � T`2+Bb2 b2i Q7 /�i� iQ #2 T`QpB/2/ iQ T`2b2Mi 2�+?
ivT2 Q7 T2`7Q`K�M+2 i2bi r2 B/2MiB}2/X

3https://www.if4it.com/SYNTHESIZED/GLOSSARY/S/Software_Performance_Test_Taxonomy.
html- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.if4it.com/SYNTHESIZED/GLOSSARY/S/Software_Performance_Test_Taxonomy.html
https://www.if4it.com/SYNTHESIZED/GLOSSARY/S/Software_Performance_Test_Taxonomy.html


dy 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

1�+? T2`7Q`K�M+2 i2bi BM i?2 +�i�HQ; Bb /2b+`B#2/ #v i?2 bi`m+im`2 T`2b2Mi2/
BM GBbiBM; 9XRX

S2`7Q`K�M+2 h2bi L�K2
.2}MBiBQM
P#D2+iBp2b
1tT2+i2/ AMTmi
1tT2+i2/ alh J�im`Biv
1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib
1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib

"27Q`2 i?2 h2bi
q?2M ai�`iBM; i?2 h2bi
.m`BM; i?2 h2bi
"27Q`2 *QM+Hm/BM; i?2 h2bi
�7i2` i?2 h2bi

1t2+miBQM S`Q+2bb
"27Q`2 i?2 h2bi
q?2M ai�`iBM; i?2 h2bi
.m`BM; i?2 h2bi

ambT2MbBQM *`Bi2`B�
1tBi *`Bi2`B�

"27Q`2 *QM+Hm/BM; i?2 h2bi
�7i2` i?2 h2bi

h2bi .2HBp2`�#H2b
J2i`B+b
Zm�HBiv _2bmHib
_2TQ`ib

GBbiBM; 9XRX h?2 S2`7Q`K�M+2 h2bib *�i�HQ; h2KTH�i2

h?2 S2`7Q`K�M+2 h2bi L�K2 Bb � mMB[m2 B/2MiB}2` Q7 i?2 i2bi �M/ B/2MiB}2b i?2
i2bi BM i?2 +�i�HQ;X 1�+? i2bi BM i?2 +�i�HQ; Bb �++QKT�MB2/ #v � .2}MBiBQM-
BM KQbi +�b2b Q#i�BM2/ 7`QK i?2 HBi2`�im`2 �#Qmi T2`7Q`K�M+2 i2biBM;- �M/ BM
bQK2 +�b2b 2ti2M/2/ iQ #2ii2` +H�`B7v i?2 BKTQ`i�M+2 Q7 i?2 i2bi BM i?2 +QMi2ti
Q7 .S1X h?2 /2}MBiBQM 2M�#H2b mb iQ +H2�`Hv bi�i2 i?2 i2bi P#D2+iBp2b- � p2`v



dR 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

BKTQ`i�Mi 2H2K2Mi iQ �miQK�i2 i?2 i2bi 2t2+miBQM `2HvBM; QM .S1 i2+?MB[m2bX
q2 i?2M bT2+B7v i?2 1tT2+i2/ AMTmi- `2[mB`2/ 7Q` � +Q``2+i i2bi BMbi�MiB�iBQM �M/
2t2+miBQMX h?2 2tT2+i2/ BMTmi 2M�#H2b � i?Q`Qm;? �bb2bbK2Mi Q7 i?2 72�bB#BHBiv
Q7 i2bi 2t2+miBQM +QM+2`MBM; 2tT2+i2/ BMTmi /�i� iQ #2 �p�BH�#H2X q2 BM+Hm/2 BM
i?2 i2bi BMTmi #Qi? i?2 i2bi /�i� �M/ i?2 Bbbm2/ rQ`FHQ�/X h?2 1tT2+i2/ alh
J�im`Biv i?2M /2}M2b i?2 `2[mB`2K2Mib i?2 i2bi b2i iQr�`/b i?2 alh BM i2`Kb
Q7 ?Qr 7�` Bi Bb BM i?2 /2p2HQTK2Mi T`Q+2bb Q7 i?2 b�K2X h?Bb 2H2K2Mi Bb p2`v
BKTQ`i�Mi iQ 2Mbm`2 i?2 i2bi +�M #2 2t2+mi2/- i?mb �miQK�i2/- �++Q`/BM; iQ i?2
bi�i2 Q7 i?2 alhX hQ +QKTH2i2 i?2 /�i� mb27mH 7Q` B/2MiB7vBM; B7 � i2bi +�M #2
2t2+mi2/- r2 `2TQ`i i?2 1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bibX h?Bb /�i�
�HHQrb i?2 �miQK�iBQM T`Q+2bb iQ QTiBQM�HHv +?2+F r?2i?2` /2T2M/�Mi i2bib
?�p2 #22M �H`2�/v 2t2+mi2/ Q` MQi- iQ QTiBKBx2 T2`7Q`K�M+2 i2bib 2t2+miBQM-
r2HH@FMQrM iQ #2 iBK2 �M/ `2bQm`+2 +QMbmKBM;X
1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib @ h?2 2t2+miBQM 2MpB`QMK2Mi `2[mB`2@
K2Mib HQQF �i i?2 `2[mB`2K2Mib Q7 i?2 2t2+miBQM 2MpB`QMK2Mi M2+2bb�`v iQ
;m�`�Mi22 � bm++2bb7mH �M/ +Q``2+i T2`7Q`K�M+2 i2bi �miQK�iBQMX h?2 2t2+m@
iBQM 2MpB`QMK2Mi BM+Hm/2b i?2 2MpB`QMK2Mi BM r?B+? i?2 alh Bb /2THQv2/- �b
r2HH �b i?2 2MpB`QMK2Mi BM r?B+? i?2 T2`7Q`K�M+2 i2bi �miQK�iBQM Bb /2THQv2/X
*QM+2`MBM; i?2 2MpB`QMK2Mi Bi Bb BKTQ`i�Mi iQ HQQF �i,

�V "27Q`2 i?2 h2bi, /2}M2b i?2 2tT2+i2/ +QM/BiBQMb i?2 i2bi 2t2+miBQM 2MpB@
`QMK2Mi ?�p2 iQ /2KQMbi`�i2 #27Q`2 i?2 T2`7Q`K�M+2 i2bi +�M #2 b+?2/@
mH2/ 7Q` i2bi 2t2+miBQMc

#V q?2M ai�`iBM; i?2 h2bi, /2}M2b i?2 2tT2+i2/ +QM/BiBQMb i?2 i2bi 2t2@
+miBQM 2MpB`QMK2Mi ?�p2 iQ /2KQMbi`�i2 �i i?2 KQK2Mi BM r?B+? i?2
bBKmH�i2/ HQ�/ Bb Bbbm2/ �;�BMbi i?2 alhc

+V .m`BM; i?2 h2bi, /2}M2b i?2 2tT2+i2/ +QM/BiBQMb i?2 i2bi 2t2+miBQM 2MpB@
`QMK2Mi ?�p2 iQ /2KQMbi`�i2 �M/ K�BMi�BM /m`BM; i?2 2t2+miBQM Q7 i?2
T2`7Q`K�M+2 i2bic

/V "27Q`2 *QM+Hm/BM; i?2 h2bi, /2}M2b i?2 2tT2+i2/ +QM/BiBQMb i?2 i2bi
2t2+miBQM 2MpB`QMK2Mi ?�p2 iQ /2KQMbi`�i2 #27Q`2 +QM+Hm/BM; i?2 T2`@
7Q`K�M+2 i2bi 2t2+miBQMc

2V �7i2` i?2 h2bi, /2}M2b i?2 2tT2+i2/ +QM/BiBQMb i?2 i2bi 2t2+miBQM 2M@
pB`QMK2Mi ?�b iQ /2KQMbi`�i2 �7i2` i?2 T2`7Q`K�M+2 i2bi Bb +QMbB/2`2/
+QKTH2i2X



dk 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

1t2+miBQM S`Q+2bb @ h?2 2t2+miBQM T`Q+2bb `272`b iQ �+iBQMb iQ #2 +QMbB/2`2/ iQ
�miQK�i2 i?2 i2bi BM /Bz2`2Mi KQK2Mib Q7 i?2 i2bi 2t2+miBQM HB72+v+H2X �miQK�i@
BM; � T2`7Q`K�M+2 i2bi BM+Hm/2b K�Mv /Bz2`2Mi �+iBQMb �HQM;bB/2 i?2 �+im�H T2`@
7Q`K�M+2 i2bi 2t2+miBQM BM i2`Kb Q7 rQ`FHQ�/ Bbbm2/ iQ i?2 alhX *QM+2`MBM;
i?2 2t2+miBQM T`Q+2bb- Bi Bb BKTQ`i�Mi iQ HQQF �i i?2 7QHHQrBM; KQK2Mib BM i?2
HB72+v+H2,

�V "27Q`2 i?2 h2bi, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ #27Q`2 i?2 2t2+miBQM Q7
i?2 T2`7Q`K�M+2 i2bic

#V q?2M ai�`iBM; i?2 h2bi, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ r?2M i?2 T2`@
7Q`K�M+2 i2bi bi�`ibc

+V .m`BM; i?2 h2bi, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ /m`BM; i?2 2t2+miBQM
Q7 i?2 T2`7Q`K�M+2 i2bi- r?BH2 i?2 rQ`FHQ�/ Bb Bbbm2/c

�V ambT2MbBQM *`Bi2`B�, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ /m`BM; i?2 i2bi
2t2+miBQM iQ /2i2`KBM2 B7 i?2 T2`7Q`K�M+2 i2bi ?�b iQ #2 bmbT2M/2/-
iQ �pQB/ r�bi2 Q7 `2bQm`+2b �M/fQ` M2p2`@2M/BM; i2bibc

#V 1tBi *`Bi2`B�, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ /m`BM; i?2 i2bi 2t@
2+miBQM iQ /2i2`KBM2 r?2M i?2 T2`7Q`K�M+2 i2bi +�M #2 +QM+Hm/2/-
r?2i?2` Bi Bb 7Q` bm++2bb7mH +QKTH2iBQM Q` BM +�b2 Q7 MQM@`2+Qp2`�#H2
2``Q`bX

/V "27Q`2 *QM+Hm/BM; i?2 h2bi, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ `B;?i #27Q`2
T`Q+22/BM; rBi? i?2 +QM+HmbBQM Q7 i?2 T2`7Q`K�M+2 i2bic

2V �7i2` i?2 h2bi, `2TQ`ib i?2 bi2Tb iQ #2 2t2+mi2/ �7i2` i?2 T2`7Q`K�M+2
i2bi ?�b #22M +QM+Hm/2/- �M/ MQ rQ`FHQ�/ Bb Bbbm2/ iQ i?2 alhX

h2bi .2HBp2`�#H2b @ h?2 i2bi /2HBp2`�#H2b /2b+`B#2 i?2 2tT2+i2/ �`iB7�+ib �M/
Qmi+QK2b iQ #2 T`Q/m+2/ #v i?2 i2bi- /m`BM;- �M/fQ` �i i?2 2M/ Q7 i?2 i2bi
2t2+miBQMX h?2 /2HBp2`�#H2b iQ #2 T`Q/m+2/ �M/ i?2B` `2[mB`2K2Mib �`2 7mM/�@
K2Mi�H- i?mb Bb BKTQ`i�Mi iQ FMQr i?2K 7Q` bm++2bb7mH i2bi �miQK�iBQM- #2+�mb2
i?2v BKT�+i i?2 r�v i?2 �miQK�iBQM Bb T2`7Q`K2/X *QM+2`MBM; i?2 i2bi /2HBp@
2`�#H2b- Bi Bb BKTQ`i�Mi iQ 2tT`2bb i?2 7QHHQrBM; /�i�,

�V J2i`B+b, bT2+B}2b i?2 2tT2+i2/ K2i`B+b iQ #2 +QKTmi2/- �M/ T`2+BbBQM
+`Bi2`B� 2tT`2bb2/ QM i?2 b�K2c

#V Zm�HBiv _2bmHib, bT2+B}2b i?2 +`Bi2`B� 7Q` /2}MBM; r?2i?2` i?2 alh bm+@
+2bb7mHHv Q` MQi b�iBb}2b i?2 2tT2+i2/ [m�HBiv +`Bi2`B�c



dj 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

+V _2TQ`ib, bT2+B}2b i?2 2tT2+i2/ `2TQ`i iQ #2 ;2M2`�i2/- BM/B+�iBM; i?2
BM7Q`K�iBQM �#Qmi i?2 T2`7Q`K�M+2 i2bi 2t2+miBQM �M/ T2`7Q`K�M+2 i2bi
Qmi+QK2X

h?2 T`QTQb2/ i2KTH�i2 ;m�`�Mi22b � +QKTH2i2 /2}MBiBQM Q7 T2`7Q`K�M+2 i2bib
BM i2`Kb Q7 i?2B` `2[mB`2K2Mib- �M/ 2KTQr2` mb iQ T`QTQb2 � .S1 �TT`Q�+?
7Q` T2`7Q`K�M+2 i2bi �miQK�iBQM- BKTH2K2MiBM; �HH i?2 `2[mB`2K2Mib 2tT`2bb2/
BM i?2 i2KTH�i2X Jmbi #2 MQi2/ i?�i MQi �HH T2`7Q`K�M+2 i2bib /2}M2 �HH i?2
/Bz2`2Mi 2H2K2Mib Q7 i?2 i2KTH�i2X 6Q` bQK2 i2bib- bQK2 Q7 i?2 2H2K2Mib �`2
MQi M22/2/X

9XjXk h?2 S2`7Q`K�M+2 h2bib *�i�HQ;
q?�i 7QHHQrb Bb i?2 T`QTQb2/ �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�HQ;
7Q` .S1X h?2 T2`7Q`K�M+2 i2bib �`2 T`QTQb2/ BM MQ T�`iB+mH�` Q`/2` #2+�mb2
�M Q`/2` Bb MQi TQbbB#H2 iQ #2 2M7Q`+2/X q2 7�pQ` K2MiBQMBM; }`bi T2`7Q`K�M+2
i2bib QM r?B+? Qi?2` i2bib /2T2M/ QM �M/ i2bib �TTHB2/ QM i?2 bvbi2K bi�`iBM;
7`QK Bib BMBiB�H bi�;2 Q7 2tBbi2M+2 mT iQ i?2 bvbi2K #2BM; /2THQv2/ BM T`Q/m+iBQMX
q?2M T`2b2MiBM; i?2 i2bib mbBM; i?2 T`QTQb2/ +�i�HQ; i2KTH�i2- r2 /22T@/QrM
BM /2i�BHb `272``BM; iQ i?2 irQ K�BM +QMi2tib r2 T`2b2Mi2/- i?�i ?2HT2/ mb iQ
B/2MiB7v i?2 i2bib T�`i Q7 i?2 +�i�HQ;- 2p2`v iBK2 bm+? +QMi2tib BKT�+i i?2
i2bi /2}MBiBQM �M/ Bib �miQK�iBQMX am+? +QMi2tib �`2 i?2 +HB2Mi +QMi2ti- `272`@
`BM; iQ i?2 T2`7Q`K�M+2 2tT2+i�iBQM- miBHBx2/ /2pB+2 �M/ ;2M2`�i2/ rQ`FHQ�/-
�M/ i?2 alh +QMi2ti- `272``BM; iQ i?2 bvbi2K /2bB;M- i?2 bvbi2K `mMiBK2- i?2
/2THQvK2Mi 2MpB`QMK2Mi- �M/ i?2 /2p2HQTK2Mi T`Q+2bbX
�HH i?2 T2`7Q`K�M+2 i2bib b?�`2 bQK2 �bT2+ib `272``2/ iQ i?2 1t2+miBQM 1MpB@
`QMK2Mi _2[mB`2K2Mib- i?2 1t2+miBQM S`Q+2bb- �M/ i?2 h2bi .2HBp2`�#H2b r?2M
i?2v �`2 /2}M2/ 7Q` #2BM; BKTH2K2Mi2/ 7QHHQrBM; � .S1 �TT`Q�+?X q2 `2TQ`i
BM i?2 7QHHQrBM; i?2 b?�`2/ �bT2+ib- �M/ r2 QKBi iQ `2T2�i i?2K 7Q` i?2 BM@
/BpB/m�H i2bibX 6Q` i?2 BM/BpB/m�H i2bib- r2 `2TQ`i �//BiBQM�H /2i�BHb 2M`B+?BM;
bQK2 Q7 i?2 b?�`2/ �bT2+ib B7 /22K2/ mb27mHX

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, 2Mbm`2 i?2 2t2+miBQM 2MpB`QMK2Mi Bb
�b +HQb2 �b TQbbB#H2 iQ i?2 alh T`Q/m+iBQM /2THQvK2Mi 2MpB`QMK2Mic

"27Q`2 i?2 h2bi, 2Mbm`2 i?�i �V i?2 2t2+miBQM 2MpB`QMK2Mi Bb `2�/v 7Q`
i?2 2t2+miBQM- i?2 `2bQm`+2b `2[mB`2/ 7Q` 2t2+miBM; i?2 i2bi �`2 �p�BH�#H2-
�M/ MQ Qi?2` 2t2+miBQMb �`2 BM TH�+2 BM i?2 b�K2 2MpB`QMK2Mi B7 i?�i ?�b
iQ #2 ;m�`�Mi22/ �M/ #V i?2 alh Bb +Q``2+iHv /2THQv2/ BM i?2 2t2+miBQM
2MpB`QMK2Mi- B7 i?�i Bb `2[mB`2/ 7Q` i?2 i2bi #2BM; 2t2+mi2/c



d9 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

q?2M ai�`iBM; i?2 h2bi, 2Mbm`2 i?�i i?2 iQQHb M22/2/ 7Q` +QHH2+iBM; i?2
T2`7Q`K�M+2 /�i� mb27mH iQ +QKTmi2 i?2 bT2+B}2/ K2i`B+b �`2 +Q``2+iHv
/2THQv2/ �M/ `2�/v iQ #2 bi�`i2/c
.m`BM; i?2 h2bi, 2Mbm`2 i?�i `2bQm`+2b �`2 7`22/ mT �b 2tT2+i2/- iQ �pQB/
mM2tT2+i2/ MQBb2 QM i?2 i2bi `2bmHibc
"27Q`2 *QM+Hm/BM; i?2 h2bi, 2Mbm`2 i?�i i?2 iQQHb M22/2/ 7Q` +QHH2+iBM; i?2
T2`7Q`K�M+2 �`2 bm++2bb7mHHv mM/2THQv2/c
�7i2` i?2 h2bi, 2Mbm`2 i?�i �V i?2 alh Bb +Q``2+iHv mM/2THQv2/ 7`QK i?2
2t2+miBQM 2MpB`QMK2Mi- B7 i?�i Bb `2[mB`2/ 7Q` i?2 i2bi #2BM; 2t2+mi2/ �M/
#V i?2 2t2+miBQM 2MpB`QMK2Mi Bb H27i +H2�M �M/ �b Bi r�b #27Q`2 i?2 i2bi
2t2+miBQMcX

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, 2Mbm`2 i?�i i?2 alh Bb `2�/v 7Q` `2+2BpBM; i?2 rQ`FHQ�/c
q?2M ai�`iBM; i?2 h2bi, 2Mbm`2 i?�i i?2 iQQHb M22/2/ 7Q` +QHH2+iBM; i?2
T2`7Q`K�M+2 /�i� �`2 bi�`i2/- Q` b+?2/mH2 i?2 +QHH2+iBQM bi�`i 7Q` � /272``2/
iBK2 �++Q`/BM; iQ i?2 bi�i2 Q7 i?2 alh U2X;X- r?2M i?2 bi2�/v@bi�i2 Bb
`2�+?2/Vc
.m`BM; i?2 h2bi, 2Mbm`2 i?�i i?2 iQQHb M22/2/ 7Q` +QHH2+iBM; i?2 T2`7Q`@
K�M+2 /�i� �`2 +Q``2+iHv +QHH2+iBM; i?2 2tT2+i2/ /�i�- �M/ i?2 /�i� +�M #2
+QMbB/2`2/ +Q``2+i �M/ p�HB/ 7Q` i?2 b+QT2 Q7 i?2 i2bic
ambT2MbBQM *`Bi2`B�, 2Mbm`2 i?�i �V iBK2@#�b2/ bmbT2MbBQM +`Bi2`B� �`2 BM
TH�+2- iQ +QMi`QH i?2 2t2+miBQM 2MpB`QMK2Mi `2bQm`+2 �HHQ+�iBQM BM bm+? �
r�v /Bz2`2Mi i2bib +�M #2 b+?2/mH2/ �M/ 2t2+mi2/c #V KQMBiQ`BM;@#�b2/
bmbT2MbBQM +`Bi2`B� �`2 BM TH�+2 iQ B/2MiB7v ~�Fv i2bib Q` i2bib ?�pBM;
� ?B;? T`Q#�#BHBiv Q7 7�BHm`2 /m2 iQ i?2 #2?�pBQ` /2KQMbi`�i2/ /m`BM;
i?2 2t2+miBQM Q7 i?2 b�K2c +V b�72iv bmbT2MbBQM +`Bi2`B� �`2 BM TH�+2- iQ
�pQB/ i?2 i2bi 2t2+miBQM +QmH/ KQMQTQHBx2 �HH i?2 �p�BH�#H2 `2bQm`+2b BM
i?2 2t2+miBQM 2MpB`QMK2Mi- `2�+?2b /2�/HQ+F- HBp2HQ+F- bi�`p�iBQM- Q` ;Q2b
BMiQ �M 2M/H2bb HQQTc /V T`22KTiBQM@#�b2/ bmbT2MbBQM +`Bi2`B� �`2 BM TH�+2-
iQ #2 �#H2 iQ b+?2/mH2 mM7Q`2b22M T2`7Q`K�M+2 i2bib /22K2/ iQ #2 Q7 �
?B;?2` T`BQ`Biv +QKT�`2/ iQ i?2 QM2b +m``2MiHv BM 2t2+miBQMc
1tBi *`Bi2`B�, 2Mbm`2 i?�i +`Bi2`B� iQ 2p�Hm�i2 i?2 2tBi bi�i2 Q7 i?2 i2bi
2t2+miBQM �`2 /2}M2/ �M/ +QMbBbi2Mi bm+? i?�i Bb TQbbB#H2 iQ /2i2`KBM2 B7
i?2 T2`7Q`K�M+2 i2bi Bb bm++2bb7mH- 7�BHBM;- Q` mM/2+B/2/ �++Q`/BM; iQ i?2
bT2+B}2/ +`Bi2`B�X h?2 +`Bi2`B� Q7i2M `272` iQ K2i`B+b p�Hm2b �M/ `2H�iBp2
/2b+`BTiBp2 bi�iBbiB+bX



d8 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

"27Q`2 *QM+Hm/BM; i?2 h2bi, 2Mbm`2 i?�i i?2 iQQHb M22/2/ 7Q` +QHH2+iBM;
i?2 T2`7Q`K�M+2 /�i� �`2 bm++2bb7mHHv biQTT2/ �M/ T2`7Q`K�M+2 /�i� �`2
bm++2bb7mHHv +QHH2+i2/c
�7i2` i?2 h2bi, 2Mbm`2 i?�i i?2 i2bi `2bmHi Bb �bb2bb2/ �M/ � [m�HBiv `2bmHi
Bb T`QpB/2/X

h2bi .2HBp2`�#H2b,

J2i`B+b, /2b+`BTiBp2 bi�iBbiB+b Q7 K2i`B+b `2T`2b2Mi2/ #v K�Mv /�i� TQBMib-
mbm�HHv K2�bm`2/ Qp2` iBK2- �`2 mbm�HHv `2TQ`i2/X 1Mbm`2 iQ `2TQ`i �i
H2�bi, [m�`iBH2b (JQMi;QK2`v �M/ _mM;2`- kyRj)- Nyi?- N8i?- NNi? T2`@
+2MiBH2b (JQMi;QK2`v �M/ _mM;2`- kyRj)- KBMBKmK �M/ K�tBKmK p�Hm2-
�b r2HH �b i?2 �p2`�;2 �M/ i?2 bi�M/�`/ /2pB�iBQMc
Zm�HBiv _2bmHib, 1Mbm`2 i?�i i?2 `2TQ`i2/ [m�HBiv `2bmHib �`2 +QMbBbi2Mi rBi?
i?2 i2bi Q#D2+iBp2- �M/ +H2�`Hv bi�i2 ?Qr `2HB�#H2 i?2 `2bmHi +�M #2 +QMbB/2`2/
�++Q`/BM; iQ i?2 i2bi Q#D2+iBp2 �M/ bT2+B}2/ rQ`FHQ�/- +QKTmi2/ K2i`B+b-
i?2 2t2+miBQM 2MpB`QMK2Mi bi�i2- �M/ i?2 2t2+miBQM T`Q+2bb Qmi+QK2c
_2TQ`ib, i?2 `2TQ`i Kmbi `2TQ`i �HH i?2 /�i� mb27mH iQ 2Mbm`2 i?2 [m�HBiv Q7
i?2 i2bi Bb i?2 2tT2+i2/ QM2X AKTQ`i�Mi BM7Q`K�iBQM iQ 2Mbm`2 i?2 /2}M2/
i2bi ?�b #22M 2t2+mi2/ �b bT2+B}2/ �`2, GBiiH2 G�r (GBiiH2- RNeR) �M/ i?BMF
iBK2 /2pB�iBQM (6�#�M- kyyy)X A7 i?2 GBiiH2 G�r Bb 7�BHBM;- Bi Bb BKTQ`i�Mi iQ
`2TQ`i /2i�BHb �#Qmi i?2 +HB2Mib BbbmBM; i?2 rQ`FHQ�/- mbm�HHv BM i2`Kb Q7
+�T�+Biv (JQHvM2�mt- kyR9)- �M/ bvbi2K `2bQm`+2 bi�iBbiB+b- bm+? �b *Sl-
_�M/QK �++2bb J2KQ`v U_�JV- .BbF aiQ`�;2 U.AaEV- L2irQ`F UL1hVX
6Q` r?�i +QM+2`Mb i?2 bi�i2 Q7 i?2 alh- Bi Bb BKTQ`i�Mi iQ `2TQ`i i?2 T2`@
+2Mi�;2 Q7 2``Q`b BM+m``2/ /m`BM; i?2 i2bi 2t2+miBQMX A7 2``Q`b �`2 T`2b2Mi-
Bi Bb BKTQ`i�Mi iQ BM+Hm/2 BM i?2 `2TQ`i /2i�BHb �#Qmi bm+? 2``Q`bX

AM i?2 7QHHQrBM;- r2 HBbi �HH i?2 i2bib T�`i Q7 i?2 T`QTQb2/ +�i�HQ;X h?2
+QKTH2i2 HBbi Bb +QKT`Bb2/ Q7 i?2 7QHHQrBM; i2bi ivT2b, "�b2HBM2 S2`7Q`K�M+2
h2bi- lMBi S2`7Q`K�M+2 h2bi- aKQF2 h2bi- S2`7Q`K�M+2 _2;`2bbBQM h2bi-
a�MBiv h2bi- GQ�/ h2bi- a+�H�#BHBiv h2bi- 1H�biB+Biv h2bi- ai`2bb h2bi- S2�F
GQ�/ h2bi- aTBF2 h2bi- h?`QiiH2 h2bi- aQ�F Q` ai�#BHBiv h2bi- 1tTHQ`�iQ`v
h2bi- *QM};m`�iBQM h2bi- "2M+?K�`F S2`7Q`K�M+2 h2bi- �++2Ti�M+2 h2bi-
*�T�+Biv Q` 1M/m`�M+2 h2bi- GBp2@i`�{+ Q` *�M�`v S2`7Q`K�M+2 h2bi- *?�Qb
h2bi- "`2�FTQBMib S2`7Q`K�M+2 h2bi- 6�BHQp2` Q` _2+Qp2`v h2bi- _2bBHB2M+v Q`
_2HB�#BHBiv h2bi- aM�Tb?Qi@HQ�/ h2bi- �M/ oQHmK2 Q` 6HQQ/ h2biX

RX "�b2HBM2 S2`7Q`K�M+2 h2bi



de 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

.2}MBiBQM, � #�b2HBM2 i2bi Bb /2}M2/ �b � `272`2M+2 TQBMi 7Q` i?2 alhǶb
T2`7Q`K�M+2 K2�bm`2/ �++Q`/BM; iQ � r2HH@/2}M2/ BMTmi b2i- bi�#H2 alh
+QM};m`�iBQM- �M/ ;Bp2M i2bi 2t2+miBQM 2MpB`QMK2Mi- 2bT2+B�HHv 7Q` r?�i
+QM+2`Mb i?2 alh /2THQvK2Mi 2MpB`QMK2MiX � #�b2HBM2 i2bi Bb b2i iQ T`QpB/2
� ǳ#2bi +�b2Ǵ `2T`2b2Mi�iBQM Q7 i?2 alhǶ T2`7Q`K�M+2X � #�b2HBM2 i2bi Bb
mT/�i2/ �b i?2 alh Bb /2p2HQT2/ �M/ � M2r `272`2M+2 TQBMi ?�b iQ #2
+QKTmi2/ B7 i?2 `272`2M+2 BMTmi Q` alh +QM};m`�iBQM +?�M;2- �b r2HH �b
r?2M i?2 i2bi 2t2+miBQM 2MpB`QMK2Mi +?�M;2b (JQHvM2�mt- kyR9)X

P#D2+iBp2b, i?2 K�BM Q#D2+iBp2b Q7 2t2+miBM; #�b2HBM2 i2bib �`2, �V iQ K2�@
bm`2 � `272`2M+2 TQBMi 7Q` i?2 alhǶb T2`7Q`K�M+2 iQ #2 `272``2/ iQ r?2M
2t2+miBM; Qi?2` i2bib �M/ #V iQ p�HB/�i2 i?2 alh Bb `2�/v 7Q` KQ`2 +QKTH2t
T2`7Q`K�M+2 i2bibX A7 � alh Bb MQi �#H2 iQ bmbi�BM � #�b2HBM2 i2bi- Bb BK@
T`Q#�#H2 +�M bmbi�BM T2`7Q`K�M+2 i2bib BbbmBM; KQ`2 rQ`FHQ�/- 2bT2+B�HHv
i?2 T2`7Q`K�M+2 i2bi 7Q` r?B+? i?2 #�b2HBM2 Bb K2�bm`2/ 7Q`X

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi /2T2M/b QM i?2 i2bi 7Q` r?B+? i?2
#�b2HBM2 i2bi Bb 2t2+mi2/X lbm�HHv- i?2 BMTmi 7Q` i?2 #�b2HBM2 i2bi Bb H2bb
+QKTH2t �M/ KQ`2 HB;?ir2B;?i +QKT�`2/ iQ i?2 i2bi ivT2 7Q` r?B+? i?2
#�b2HBM2 Bb K2�bm`2/ 7Q`X

1tT2+i2/ alh J�im`Biv, i?2 #�b2HBM2 i2bi ?�b MQ T�`iB+mH�` `2[mB`2K2Mib
iQr�`/b i?2 K�im`Biv Q7 i?2 alh #2+�mb2 bm+? i2bi Bb 2t2+mi2/ �b � `272`2M+2
TQBMi 7Q` K�Mv Qi?2` T2`7Q`K�M+2 i2bib b2iiBM; bT2+B}+ `2[mB`2K2Mib QM i?2
alh i?�i i?2 #�b2HBM2 i2bi ?�b iQ 7QHHQr �++Q`/BM; iQ i?2 T2`7Q`K�M+2 i2bi
7Q` r?B+? i?2 #�b2HBM2 i2bi Bb 2t2+mi2/ 7Q`X

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, "27Q`2 i?2 h2bi, 2Mbm`2 i?2 2MpB@
`QMK2Mi Bb �b +HQb2 �b TQbbB#H2 iQ i?2 QM2 i?�i Bb ;QBM; iQ #2 miBHBx2/ r?2M
2t2+miBM; i?2 i2bi 7Q` r?B+? i?2 #�b2HBM2 Bb K2�bm`2/ 7Q`X

h2bi .2HBp2`�#H2b, J2i`B+b, i?2 K2i`B+b /2T2M/ QM i?2 i2bi 7Q` r?B+? i?2
#�b2HBM2 Bb K2�bm`2/ 7Q` �M/ Kmbi #2 +QMbBbi2Mi BM i2`Kb Q7 `2[mB`2/ T`2+B@
bBQMX

kX lMBi S2`7Q`K�M+2 h2bi

.2}MBiBQM, � mMBi T2`7Q`K�M+2 i2bi Bb /2}M2/ �b � i2bi 2t2+mi2/ �i � bT2+B}+
mMBi Q7 i?2 bQm`+2 +Q/2 Q7 i?2 alh- mbm�HHv �i K2i?Q/ H2p2H (CQ?MbQM 2i �HX-
kyyd)X



dd 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, i?2 K�BM Q#D2+iBp2b Q7 2t2+miBM; mMBi T2`7Q`K�M+2 i2biBM; �`2,
�V iQ T`QpB/2 /2p2HQT2`b rBi? 2�`Hv 722/#�+F QM i?2 T2`7Q`K�M+2 #2?�pBQ`
Q7 i?2 #mBHi bQ7ir�`2- �b bQQM �b bQK2 mMBib Q7 i?2 b�K2 �`2 /2p2HQT2/ �M/
#V iQ 2M�#H2 HQr@H2p2H T2`7Q`K�M+2 �M�HvbBb- BbQH�iBM; i?2 T2`7Q`K�M+2 Q7
bT2+B}+ mMBib /m`BM; i?2 2t2+miBQM Q7 i?2 alhX

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi Bb KQ/2H2/ �7i2` /2}MBM; i?2 BMTmi Q7
i?2 mMBi 7Q` 7mM+iBQM�H i2biBM;X h?2 b�K2 T`BM+BTH2b �TTHv �HbQ 7Q` T2`7Q`@
K�M+2 i2biBM;- iQ +Qp2` i?2 #2?�pBQ` Q7 i?2 alh �+`Qbb i?2 2MiB`2 /QK�BM
Q7 2tT2+i2/ Q` mM2tT2+i2/ BMTmi /�i� �M/ rQ`FHQ�/X

1tT2+i2/ alh J�im`Biv, Bi Bb bm{+B2Mi bQK2 Q7 i?2 mMBib �`2 /2p2HQT2/X 6Q`
mMBi T2`7Q`K�M+2 i2biBM; QM2 /Q2b MQi M22/ i?2 2MiB`2 alh iQ #2 `2�/vX
h?2 ?B;?2` i?2 +QKTH2i2M2bb Q7 i?2 alhǶb /2p2HQTK2Mi- i?2 KQ`2 `2HB�#H2
i?2 `2bmHib `2T`2b2Mi �+im�H alh T2`7Q`K�M+2X

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, 2Mbm`2 i?2 MmK#2` Q7 `2T2iBiBQMb Q7 2�+? i2bi +�b2 Bb bm7@
}+B2Mi iQ ;m�`�Mi22 i?2 `2HB�#BHBiv Q7 K2�bm`2/ T2`7Q`K�M+2 ("mH2D 2i �HX-
kyR9)X GQQFBM; �i mMBib i?2 p�`B�#BHBiv BM T2`7Q`K�M+2 i2bi `2bmHib Q7
bm#b2[m2Mi 2t2+miBQM Q7 i?2 b�K2 i2bi +�b2 +QmH/ /2KQMbi`�i2 � rB/2
p�`B�M+2- i?mb Bi Bb BKTQ`i�Mi iQ /vM�KB+�HHv �/Dmbi i?2 MmK#2` Q7 Bi2`@
�iBQMb �++Q`/BM; iQ i?2 Q#i�BM2/ `2bmHibc

h2bi .2HBp2`�#H2b,

J2i`B+b, Bi Bb BKTQ`i�Mi iQ K2�bm`2 i?2 2t2+miBQM iBK2 Q7 i?2 mMBiX Pi?2`
K2i`B+b- 2X;X- `272``2/ iQ `2bQm`+2 miBHBx�iBQM �`2 MQi �/pBb�#H2 iQ K2�bm`2
�i i?2 mMBi H2p2H #2+�mb2 i?2v �`2 mM`2HB�#H2 ("mH2D 2i �HX- kyR9)c
_2TQ`ib, T`2b2Mi HQr@H2p2H mMBi 2t2+miBQM /�i� �#Qmi i?2 T2`7Q`K�M+2 Q7
i?2 mMBi 2t2+miBQM- mb27mH iQ BMp2biB;�i2 i?2 T2`7Q`K�M+2 #2?�pBQ`X A7
i?2 alh `mMb QM pB`im�HBx2/ 2MpB`QMK2Mib- T`2b2Mi �HbQ i?2 BM7Q`K�iBQM
�#Qmi i?2 T2`7Q`K�M+2 Q7 i?2 mM/2`HvBM; bi�+FX

jX aKQF2 h2bi

.2}MBiBQM, � bKQF2 i2bi T2`7Q`Kb � HB;?ir2B;?i i2bi iQ 2Mbm`2 +`BiB+�H alh
7mM+iBQM�HBiB2b rQ`F �b 2tT2+i2/ (:m`mNN- kyR9)X

P#D2+iBp2b, i?2 Tm`TQb2 Bb iQ B/2MiB7v #`QF2M #mBH/b Q7 i?2 alh �M/ /Q MQi
T`Q+22/ iQ KQ`2 +QKTH2t i2bibX



d3 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

1tT2+i2/ AMTmi, � bm#b2i Q7 i?2 BMTmi /QK�BM 2tT2+i2/ #v i?2 alh- mbm@
�HHv +QKT`BbBM; Q7 BMTmi /�i� i?2 alh Bb /2bB;M2/ iQ �++2TiX h?2 Bbbm2/
rQ`FHQ�/ Bb ;2M2`�HHv +?�`�+i2`Bx2/ #v � HQr BMi2MbBiv Q7 Bbbm2/ rQ`F �M/
� rQ`FHQ�/ 7mM+iBQM i?2 alh Bb 2tT2+i2/ iQ ?�M/H2 rBi?Qmi 7Q`2b22�#H2
Bbbm2bX

1tT2+i2/ alh J�im`Biv, i?2 alh Bb K�im`2 2MQm;? iQ #2 /2THQv2/ BM i?2
2tT2+i2/ 2t2+miBQM 2MpB`QMK2MiX

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, "�b2HBM2 h2biX � #�b2HBM2 i2bi Bb
mbm�HHv H2bb `2bQm`+2@/2K�M/BM; i?�M i?2 bKQF2 i2bi- i?mb Bb 2tT2+i2/ iQ
#2 2t2+mi2/ bm++2bb7mHHv #27Q`2 b+?2/mHBM; i?2 2t2+miBQM Q7 � bKQF2 i2biX

9X S2`7Q`K�M+2 _2;`2bbBQM h2bi

.2}MBiBQM, T2`7Q`K�M+2 `2;`2bbBQM i2biBM; BMpQHp2b i?2 `2@2t2+miBQM Q7 T`2@
pBQmb i2bib 7QHHQrBM; � b2i Q7 +?�M;2b- iQ B/2MiB7v �Mv M2r 7�mHib i?�i K�v
?�p2 #22M BMi`Q/m+2/- /B`2+iHv Q` BM/B`2+iHv- �b T�`i Q7 i?2 +Q/2 KQ/B}+�@
iBQM (GBm- kyRR)X

P#D2+iBp2b, +�Tim`2 alh T2`7Q`K�M+2 #2?�pBQ` Qp2` /Bz2`2Mi #mBH/b- 7Q`
+`BiB+�H alh 7mM+iBQM�HBiB2b �M/ K�BM alhǶb miBHBx�iBQM b+2M�`BQbX

1tT2+i2/ AMTmi, i?2 KQbi +QKKQM BMTmi bm#b2i 7Q` i?2 b2H2+i2/ 7mM+iBQM@
�HBiB2b �M/ b+2M�`BQb- iQ +Qp2` �b +HQb2 �b TQbbB#H2 2tT2+i2/ Q` FMQrM mb2`bǶ
miBHBx�iBQMX AM i2`Kb Q7 i?2 rQ`FHQ�/- `2;`2bbBQM i2bib mbm�HHv +Qp2` i?2
7Q`2b22�#H2 Q` FMQrM `2�H mb2`bǶ rQ`FHQ�/ 7mM+iBQMb- 7�pQ`BM; i?2 2t2+miBQM
Q7 HQr@BMi2MbBiv 7mM+iBQMb }`bi iQ +�i+? Bbbm2b �b bQQM �b TQbbB#H2 �M/ #HQ+F
i?2 2t2+miBQM Q7 i?2 `2;`2bbBQM i2bi bmBi2X

1tT2+i2/ alh J�im`Biv, Bi /2T2M/b QM i?2 H2p2H BM i?2 bvbi2K /2bB;M r?2`2
i?2 `2;`2bbBQM i2bi Bi Bb �TTHB2/ iQX S2`7Q`K�M+2 `2;`2bbBQM i2bib +�M #2
�TTHB2/ 7`QK i?2 mMBi H2p2H- �HH i?2 r�v mT iQ i?2 bvbi2K H2p2HX

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, aKQF2 h2biX � bKQF2 i2bi Bb
2tT2+i2/ iQ #2 2t2+mi2/ #27Q`2 `2;`2bbBQM i2biBM; #2+�mb2 Bi Bb BKTQ`i�Mi
iQ }`bi +?2+F M2r Q` mT/�i2/ 7mM+iBQM�HBiB2b �`2 rQ`FBM; �b 2tT2+i2/ #27Q`2
+QKT�`BM; i?2 T2`7Q`K�M+2 �+`Qbb /Bz2`2Mi #mBH/bX

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, 2Mbm`2 i?�i i?2 2t2+miBQM 2MpB`QM@
K2Mi Bb �b +HQb2 �b TQbbB#H2 �+`Qbb KmHiBTH2 Bi2`�iBQMb Q7 i?2 `2;`2bbBQM i2bi



dN 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

bmBi2 2t2+mi2/ �;�BMbi /Bz2`2Mi #mBH/bX h?2 MQBb2 BMi`Q/m+2/ #v i?2 2t2+m@
iBQM Q7 i?2 i2bi BM i?2 2MpB`QMK2Mi ?�b iQ #2 p2`B}2/ �M/ Bb BKTQ`i�Mi iQ #2
bBKBH�` �+`Qbb `2T2iBiBQMbX AM bQK2 /2THQvK2Mi 2MpB`QMK2Mib- bm+? �b QM
Tm#HB+ *HQm/b- i?Bb Bb MQi �Hr�vb TQbbB#H2 /m2 iQ i?2 +?�`�+i2`BbiB+b Q7 i?2
2MpB`QMK2Mi Bib2H7X AM bm+? +�b2b- Bi Bb �/pBb�#H2 iQ 2t2+mi2 T2`7Q`K�M+2
`2;`2bbBQM i2bib BM � /2/B+�i2/ 2MpB`QMK2Mi ;m�`�Mi22BM; � /2i2`KBMBbiB+
p�`B�M+2 QM i?2 `2bmHibc

1t2+miBQM S`Q+2bb, �;BH2 �M/ Bi2`�iBp2 /2p2HQTK2Mi T`Q+2bb2b BKT�+ib i?2
2t2+miBQM Q7 i?2 T2`7Q`K�M+2 `2;`2bbBQM i2bi bmBi2- /m2 iQ i?2 iBK2 mbm�HHv
M22/2/ iQ 2t2+mi2 bm+? � bmBi2 �M/ i?2 p2HQ+Biv Q7 i?2 Bi2`�iBQMbX AM bm+?
+�b2b Bb BKTQ`i�Mi iQ B/2MiB7v r?2M BM i?2 /2p2HQTK2Mi ~Qr iQ 2t2+mi2
bm+? bmBi2- 7Q` 2t�KTH2 2t2+miBM; Bi QMHv r?2M K2`;BM; +?�M;2b `2H�i2/ iQ
� 72�im`2 iQ i?2 K�BMbi`2�K /2p2HQTK2Mi +Q/2 �M/ #27Q`2 K2`;BM; /2p2H@
QTK2Mi +Q/2 iQ T`Q/m+iBQM +Q/2X Ai Bb �HbQ +QKKQM iQ bTHBi i?2 bmBi2 bm+?
i?�i KQbi +`BiB+�H i2bib �`2 2t2+mi2/ KQ`2 Q7i2M- r?BH2 i?2 2MiB`2 bmBi2 Bb
2t2+mi2/ H2bb 7`2[m2MiHv �M/ QMHv �i +`BiB+�H KQK2Mib BM i?2 alhǶb /2p2H@
QTK2Mi HB72+v+H2 ("Bbr�b 2i �HX- kyRR)X

"27Q`2 i?2 h2bi, 2Mbm`2 i?2 `272`2M+2 i2bi 2t2+miBQMb �`2 �p�BH�#H2 7Q`
i?2 `2;`2bbBQM +`Bi2`B� iQ #2 p2`B}2/X 6Q` i?Bb FBM/ Q7 i2bi Bb BKTQ`i�Mi
�HbQ iQ ?�p2 �p�BH�#H2 i?2 FMQrH2/;2 �#Qmi i?2 bi�i2 Q7 i?2 2t2+miBQM
2MpB`QMK2Mi Q7 `272`2M+2 2t2+miBQMbc
ambT2MbBQM *`Bi2`B�, bmbT2M/ i?2 `2;`2bbBQM i2bi bmBi2 � bQQM �b QM2
i2bi /Q2b MQi 7mH}HH i?2 `2;`2bbBQM +`Bi2`B�X Ai Bb BKTQ`i�Mi iQ b�p2
2t2+miBQM iBK2- �M/ �Hi?Qm;? QM2 KB;?i M22/ KmHiBTH2 Bi2`�iBQMb iQ
?�p2 � +QKTH2i2 b2i Q7 `2bmHib Q7 T2`7Q`K�M+2 `2;`2bbBQM i2bib- Bb #2ii2`
iQ bmbT2M/ i?2 2t2+miBQM �b bQQM �b TQbbB#H2 /m2 iQ i?2 /B{+mHiv BM
+�H+mH�iBM; +`Qbb@BKT�+ib Q7 +?�M;2b i?2 alh ?�b iQ BMi2;`�i2 iQ }t
i?2 }`bi /Bb+Qp2`2/ `2;`2bbBQM Bbbm2bc

h2bi .2HBp2`�#H2b,

J2i`B+b, /2}M2 � bK�HH bm#b2i Q7 T2`7Q`K�M+2 K2i`B+b iQ #2 KQMBiQ`2/
7Q` `2;`2bbBQM- BM �HH i?2 �`2�b Q7 7Q+mb 7Q` i?2 alhǶb T2`7Q`K�M+2X Ai Bb
+QKKQM iQ /2}M2 i?2 `2bTQMb2 iBK2 �b � T2`7Q`K�M+2 `2;`2bbBQM K2i`B+
iQ #2 KQMBiQ`2/ (CB�M; �M/ >�bb�M- kyR8)X 6Q` alhb /2THQv2/ QM 2MpB@
`QMK2Mib rBi? `2bQm`+2b +QMbi`�BMb- bm+? �b KQ#BH2 Q` 2/;2 /2pB+2b- Bi Bb
+QKKQM iQ KQMBiQ` `2bQm`+2 miBHBx�iBQM `2;`2bbBQMb �b r2HHc



3y 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

Zm�HBiv _2bmHib, i?2 `2bmHi ?�b iQ 2tTHB+BiHv `2TQ`i r?2i?2` i?2 alh ?�b
`2;`2bbBQMb Q` MQiX Ai Bb BKTQ`i�Mi iQ 2tT`2bb i?2 `2;`2bbBQM +`Bi2`B� bm+?
i?�i KBMBKmK �M/ � i�`;2i p�Hm2 7Q` 2�+? ;Bp2M KQMBiQ`2/ K2i`B+ Bb
T`QpB/2/X h?Bb �HHQrb iQ +?2+F 7Q` `2;`2bbBQM �;�BMbi #Qi? i?2 KBMBKmK
�M/ i?2 i�`;2i p�Hm2- T`QpB/BM; � #2ii2` mM/2`bi�M/BM; Q7 ?Qr +HQb2 i?2
bvbi2K Bb iQ `2�+?BM; T2`7Q`K�M+2 `2[mB`2K2Mib Q` `2;`2bbBM; 7`QK i?Qb2c
_2TQ`ib, Bi Bb BKTQ`i�Mi iQ T`QpB/2 i?2 �Mbr2` iQ i?2 i2bi Q#D2+iBp2 +H2�`Hv
�M/ +QM+Bb2HvX Jmbi #2 +H2�` r?2i?2` `2;`2bbBQM Bb T`2b2Mi Q` MQi- �M/
i?2 `2�bQMb H2�/BM; iQ i?2 `2;`2bbBQMX

8X a�MBiv h2bi

.2}MBiBQM, � b�MBiv i2bi T2`7Q`Kb � HB;?ir2B;?i i2bi iQ 2Mbm`2 mT/�i2/ �M/
M2r 7mM+iBQM�HBiB2b rQ`F �b 2tT2+i2/ (:m`mNN- kyR9)X

P#D2+iBp2b, B/2MiB7v i?2 M2r Q` KQ/B}2/ 72�im`2b i?�i �`2 7�` 7`QK +QKTHv@
BM; rBi? i?2 /2}M2/ T2`7Q`K�M+2 +`Bi2`B�- #27Q`2 i?2 +Q/2 Bb K2`;2/ iQ i?2
K�BM /2p2HQTK2Mi #`�M+?X Ai +QKT�`2b iQ bKQF2 i2biBM; BM i?2 b2Mb2 i?�i
7Q` #Qi? Q7 i?2K i?2 i2bi Bb HB;?ir2B;?i +QKT�`2/ iQ Qi?2` i2bi ivT2b �M/
�`2 MQi 2t?�mbiBp2 BM i2biBM; i?2 T2`7Q`K�M+2 #2?�pBQ` Q7 i?2 alhc

1tT2+i2/ AMTmi, �b T2` i?2 bKQF2 i2bic

1tT2+i2/ alh J�im`Biv, �b T2` i?2 bKQF2 i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, _2;`2bbBQM h2bi- �M/ aKQF2 h2biX
h?2 alh ?�b iQ #2 i2bi2/ 7Q` `2;`2bbBQMb 7Q` � +QMbB/2`�#H2 �KQmMi Q7 #mBH/b
�M/ ?�b iQ #2 bi�#H2 BM i2`Kb Q7 B/2MiB}2/ `2;`2bbBQMbX �i i?Bb TQBMi- QM2
+�M bi�`i iQ BMi`Q/m+2 i?2 b�MBiv i2bi �b T�`i Q7 i?2 i2bib 2t2+mi2/ �;�BMbi
i?2 alh- #27Q`2 `mMMBM; i?2 2MiB`2 `2;`2bbBQM i2bib bmBi2X 6Q` i?Bb iQ #2
bm++2bb7mH- bKQF2 i2bib ?�p2 iQ #2 �Hr�vb 2t2+mi2/ iQ ;m�`�Mi22 +`BiB+�H
7mM+iBQM�HBiB2b Q7 i?2 bvbi2K F22T rQ`FBM; �b 2tT2+i2/X

eX GQ�/ h2bi

.2}MBiBQM, ǳHQ�/ i2biBM; Bb i?2 T`Q+2bb Q7 �bb2bbBM; bvbi2K #2?�pBQ` mM/2`
HQ�/ iQ /2i2+i T`Q#H2Kb /m2 iQ QM2 Q` #Qi? Q7 i?2 7QHHQrBM; `2�bQMb, URV
7mM+iBQM�H@`2H�i2/ T`Q#H2Kb UBX2X- 7mM+iBQM�H #m;b i?�i �TT2�` QMHv mM/2`
HQ�/V- �M/ UkV MQM@7mM+iBQM�H T`Q#H2Kb UBX2X- pBQH�iBQMb BM MQM@7mM+iBQM�H
[m�HBiv@`2H�i2/ `2[mB`2K2Mib mM/2` HQ�/VǴX (CB�M; �M/ >�bb�M- kyR8)



3R 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, i?2 ǳ(Ę) �TTHB+�iBQM Bb HQ�/2/ mT iQ i?2 i�`;2i +QM+m``2M+v #mi
mbm�HHv MQ 7m`i?2`X h?2 �BK Bb iQ K22i T2`7Q`K�M+2 i�`;2ib 7Q` �p�BH�#BHBiv-
+QM+m``2M+v Q` i?`Qm;?Tmi- �M/ `2bTQMb2 iBK2 (Ę)ǴX (JQHvM2�mt- kyR9) h?2
HQ�/ i2bi 7Q+mb2b QM i?2 HQ�/ Bbbm2/ iQ i?2 alh �M/ i?2 alh �#BHBiv iQ
?�M/H2 bm+? HQ�/X

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi Bb /2bB;M2/ iQ #2 �b +HQb2 iQ i?2 `2�H QM2
�b TQbbB#H2- #2BM; i?2 HQ�/ i2bi i?2 +HQb2bi �TT`QtBK�iBQM Q7 �+im�H �TTHB+�@
iBQM mb2 #v `2�H mb2`bX h?2 rQ`FHQ�/ Bb 2tT2+i2/ iQ #2 KQ/2H2/ p2`v +HQb2Hv
rBi? i?2 `2�H mb2`bǶ #2?�pBQ` �M/ BMi2`�+iBQM rBi? i?2 alhX q?2i?2` �+@
im�H `2�H rQ`FHQ�/ Bb �p�BH�#H2- HQ�/ i2bi BMTmib b?QmH/ #2 KQ/2H2/ bi�`iBM;
7`QK i?�iX (JQHvM2�mt- kyR9)

1tT2+i2/ alh J�im`Biv, #2BM; i?2 HQ�/ i2bi K2�Mi iQ `2T`2b2Mi `2�H mb�;2
Q7 i?2 alh- Bi `2[mB`2b i?2 alh iQ #2 K�im`2 2MQm;? iQ #2 /2THQv2/ BM i?2
2tT2+i2/ 2t2+miBQM 2MpB`QMK2MiX Ai Bb MQi M2+2bb�`v i?2 alh Bb +QKTH2i2
BM i2`Kb Q7 7mM+iBQM�HBiB2b iQ bi�`i T2`7Q`KBM; HQ�/ i2bibX PM2 +�M bi�`i
T2`7Q`KBM; HQ�/ i2biBM; �i i?2 T`QiQivTBM; bi�;2 �H`2�/vX

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, "�b2HBM2 h2bi- aKQF2 h2bi- �M/
a�MBiv h2biX � #�b2HBM2 i2bi Bb `2[mB`2/ iQ ?�p2 � #�b2HBM2 `272`2M+2 7Q`
i?2 HQ�/ i2bi- iQ #2 mb2/ �HQM; rBi? i?2 /2}M2/ aG�X h?2 bKQF2 �M/
i?2 b�MBiv i2bib �`2 BKTQ`i�Mi iQ 2Mbm`2 i?2 alh 72�im`2b �`2 rQ`FBM; �b
2tT2+i2/ #27Q`2 T`Q+22/BM; rBi? i?2 HQ�/ i2bi- r?B+? Bbbm2b � Km+? ?B;?2`
HQ�/X

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, i?2 HQ�/ i2bi Bb p2`v `2bQm`+2@
/2K�M/BM; #Qi? 7Q` `2�H mb2` HQ�/ bBKmH�iBQM �M/ 7Q` i?2 `2bQm`+2 M22/2/
#v i?2 alh iQ +QT2 rBi? bm+? HQ�/X Ai Bb BKTQ`i�Mi iQ +�`27mHHv bBx2 i?2
`2bQm`+2 M22/2/ bQ i?�i i?2 HQ�/ i2bi +�M #2 bm++2bb7mH �M/ MQi �z2+i2/
#v mM2tT2+i2/ Bbbm2b /m2 iQ HBKBi2/ `2bQm`+2bX Ai Bb BKTQ`i�Mi i?2 /2THQv@
K2Mi 2MpB`QMK2Mi �M/ i?2 alhǶb /2THQvK2Mi +QM};m`�iBQMb �`2 �b +HQb2
�b TQbbB#H2 iQ T`Q/m+iBQMX

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, 7Q` alhb 7Q` r?B+? � bi2�/v bi�i2 Bb 2tT2+i2/
iQ #2 `2�+?2/- Bb BKTQ`i�Mi iQ +?2+F i?2 alh `2�+?2/ i?2 bi2�/v@bi�i2
#27Q`2 bi�`iBM; iQ KQMBiQ` �M/ +�Tim`2 Bib T2`7Q`K�M+2c
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc



3k 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

ambT2MbBQM *`Bi2`B�, bi`B+i bmbT2MbBQM +`Bi2`B� ?�p2 iQ #2 BM TH�+2- iQ
�pQB/ r�biBM; `2bQm`+2b- 2p2M bi`B+i2` i?�M +`Bi2`B� �Hr�vb BM TH�+2 BM@
/2T2M/2MiHv Q7 i?2 i2bi ivT2X PM2 BKTQ`i�Mi bmbT2MbBQM +`Bi2`B� 7Q`
i?2 HQ�/ i2bi Bb QM2 �TTHB2/ iQ bi2�/v@bi�i2 /2i2+iBQMX A7 i?2 alh Bb MQi
�#H2 iQ `2�+? i?2 bi2�/v@bi�i2 rBi?BM i?2 2tT2+i2/ �KQmMi Q7 iBK2- Bi
Bb �/pBb�#H2 iQ bmbT2M/ BiX Ai Bb �/pBb�#H2 iQ bmbT2M/ i?2 i2bi 2t2+miBQM
�HbQ r?2M i?2 bvbi2K Bb MQi �#H2 iQ bmbi�BM i?2 bi2�/v@bi�i2 �M/ 2t@
?B#Bib /Bp2`;2M+2b 7`QK Bi /m`BM; i?2 i2bi 2t2+miBQMX AM i?2 bi2�/v@bi�i2-
i?2 �p2`�;2 `2bQm`+2 miBHBx�iBQM Kmbi #2 +QMbi�Mi rBi?BM �M �++2Ti�#H2
`�M;2 �M/ HBM2�` iQ i?2 Bbbm2/ HQ�/X h?2 �p2`�;2 `2bTQMb2 iBK2 �M/ i?2
�p2`�;2 K2KQ`v miBHBx�iBQM b?QmH/ #2 +QMbi�Mi �b r2HH- �M/ 7`22 7`QK
i`2M/b Q7 �Mv FBM/ ("QM/B- kyR9)c

�7i2` i?2 h2bi, ;Bp2M i?2 bmbi�BM2/ �KQmMi Q7 HQ�/ Bbbm2/ 7Q` i?2 2t2+m@
iBQM Q7 � HQ�/ i2bi- Bi Bb BKTQ`i�Mi iQ 2Mbm`2 i?2 2t2+miBQM 2MpB`QMK2Mi
+Q``2+iHv �M/ b�72Hv `2im`Mb iQ i?2 bi�i2 Bi r�b #27Q`2 i?2 i2bi 2t2+miBQM
�M/ �HH i?2 `2bQm`+2b �`2 7`22/ mT +Q``2+iHvX

h2bi .2HBp2`�#H2b,

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi 7Q` � HQ�/ i2bi �`2 mbm�HHv `272``BM; iQ
i?2 /2}M2/ aG�b �M/ HQQF �i `2bTQMb2 iBK2- i?`Qm;?Tmi- �M/ `2bQm`+2
miBHBx�iBQM ("�`M� 2i �HX- kyRR)c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib `2TQ`i r?2i?2` i?2 alh +QKTHB2b Q`
MQi rBi? i?2 /2}M2/ aG�bX AM +�b2 aG�b �`2 MQi /2}M2/- 2X;X #2+�mb2
i?2 bvbi2K Bb BM � iQQ 2�`Hv bi�;2- i?2 2p�Hm�iBQM Bb #�b2/ QM b2iiBM; �
`272`2M+2 #�b2HBM2 7Q` i?2 HQ�/ i2bi �M/ 2Mbm`BM; i?�i �i iBK2 t i?2 alh
T2`7Q`K�M+2 Bb �i H2�bi i?2 b�K2 �b Bi r�b �i i?2 iBK2 t− 1 7Q` i?2 i2bi2/
7mM+iBQM�HBiB2b (>m2#M2` 2i �HX- kyyy)c
_2TQ`ib, i?2 `2TQ`i ?�b iQ BM/B+�i2 i?2 K2i`B+b Q7 BMi2`2bi �M/ �HH i?2
K2i`B+b `2H2p�Mi iQ #2 `2TQ`i2/ r?2M � bvbi2K Bb mM/2` bmbi�BM2/ HQ�/X
h?2 `2TQ`i2/ K2i`B+b /2T2M/b QM i?2 /2THQvK2Mi 2MpB`QMK2Mi- #mi �H@
r�vb +QKT`Bb2b `2bQm`+2 miBHBx�iBQM BM i2`Kb Q7 *Sl- _�J- .AaE- L1h-
#mi �HbQ PT2`�iBM; avbi2K UPaV i?`2�/b #2?�pBQ` /2b+`BTiBp2 bi�iBbiB+bX
6Q` alh 2t2+mi2/ QM pB`im�HBx2/ `mMiBK2- bm+? �b C�p� T`Q;`�Kb 2t2@
+mi2/ QM � CoJ- Bi Bb �HbQ BKTQ`i�Mi iQ +QHH2+i `mMiBK2@bT2+B}+ K2i`B+b
�M/ T2`7Q`K�M+2 #2?�pBQ`X

dX a+�H�#BHBiv h2bi



3j 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

.2}MBiBQM, � b+�H�#BHBiv i2bi Bb /2bB;M2/ iQ K2�bm`2 i?2 ǳ�#BHBiv Q7 � bvbi2K
iQ +QMiBMm2 iQ K22i Bib `2bTQMb2 iBK2 Q` i?`Qm;?Tmi Q#D2+iBp2b �b i?2 /2@
K�M/ 7Q` i?2 bQ7ir�`2 7mM+iBQMb BM+`2�b2bǴ (aKBi? �M/ qBHHB�Kb- kyyR)X Ai
�HbQ 2Mbm`2b i?2 alh 2{+B2MiHv mb2b `2bQm`+2b- �M/ +Q``2+iHv b+�H2b /QrM
r?2M i?2 HQ�/ /BKBMBb?2b- ;m�`�Mi22BM; i?2 `2bTQMb2 iBK2 i?`Qm;?Tmi Q#@
D2+iBp2b �`2 biBHH K2i �M/ i?2 `2bQm`+2b miBHBx2/ �`2 `2/m+2/ �++Q`/BM;HvX

P#D2+iBp2b, 2Mbm`2 i?2 alh `2�+?2b b+�H�#BHBiv +`Bi2`B� �b /2}M2/ BM i?2
i2bi `2[mB`2K2MibX h?2 +`Bi2`B� mbm�HHv +Qp2` /Bz2`2Mi �bT2+ib Q7 b+�H�#BH@
Biv- M�K2Hv, HQ�/ b+�H�#BHBiv- bT�+2 b+�H�#BHBiv- bT�+2@iBK2 b+�H�#BHBiv- �M/
bi`m+im`�H b+�H�#BHBiv ("QM/B- kyR9)c

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ `2T`2b2Mi i?2
7Q`2b22M b+�H�#BHBiv 2tT2+i�iBQMb Q7 i?2 alhX h?2 2tT2+i�iBQMb Kmbi #2
KQ/2H2/ BM i2`Kb Q7 i?2 BMTmi /�i�- �b r2HH �b i?2 rQ`FHQ�/ 7mM+iBQMX JQ`2
/�i� �`2 �p�BH�#H2- KQ`2 i?2 KQ/2H2/ 7mM+iBQM +�M #2 2tT2+i2/ iQ #2ii2`
`2T`2b2Mi i?2 �+im�H HQ�/ i?2 bvbi2K Bb ;QBM; iQ 2tT2`B2M+2 BM `2�H@HB72c

1tT2+i2/ alh J�im`Biv, i?2 alh ?�b iQ `2�+? � K�im`Biv 7Q` r?B+? Bi
K�F2b b2Mb2 iQ T2`7Q`K b+�H�#BHBiv i2biBM;X lbm�HHv- �7i2` i?2 alh `2�+?2/
i?2 K�im`Biv 7Q` r?B+? HQ�/ i2bib �`2 2t2+mi2/- �7i2` bQK2 Bi2`�iBQMb Bi Bb
�HbQ `2�/v 7Q` b+�H�#BHBiv i2biBM; Q7 i?2 b�K2 7mM+iBQM�HBiB2bc

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, "�b2HBM2 h2bi- aKQF2 h2bi- a�M@
Biv h2bi- �M/ GQ�/ h2biX � #�b2HBM2 i2bi Bb `2[mB`2/ iQ b2i � #�b2HBM2 7Q`
i?2 b+�H�#BHBiv �bb2bbK2MiX aKQF2 �M/ b�MBiv i2bi �`2 BKTQ`i�Mi iQ 2Mbm`2
i?2 7mM+iBQM�HBiB2b i2bi2/ 7Q` b+�H�#BHBiv �`2 +Q``2+iHv rQ`FBM; �M/ /2KQM@
bi`�iBM; 2tT2+i2/ T2`7Q`K�M+2 #2?�pBQ`X � HQ�/ i2bi Bb 7mM/�K2Mi�H iQ
;m�`�Mi22 i?2 bvbi2K Bb +Q``2+iHv ?�M/HBM; HQ�/ H2p2H 2tT2+i2/ iQ #2 2tT2@
`B2M+2/ BM T`Q/m+iBQM /2THQvK2Mi- #27Q`2 i2biBM; i?2 b�K2 7mM+iBQM�HBiB2b
7Q` ?B;?2` HQ�/ H2p2Hbc

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 HQ�/ i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, 2Mbm`2 i?2 alh Bb BM � bi�#H2 bi�i2- TQi2MiB�HHv
� bi2�/v@bi�i2- #27Q`2 bi�`iBM; iQ Bbbm2 HQ�/ iQ i2bi i?2 b+�H�#BHBivX h?Bb
Bb BKTQ`i�Mi iQ 2Mbm`2 QM2 +�M K2�bm`2 ?Qr i?2 alh `2�+ib iQ ?B;?2` Q`
HQr2` HQ�/- bi�`iBM; 7`QK � +QMi`QHH2/ bi�i2c
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc



39 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

ambT2MbBQM *`Bi2`B�, Bi Bb BKTQ`i�Mi iQ +QMbi�MiHv KQMBiQ` i?2 #2?�pBQ`
Q7 i?2 bvbi2K BM b+�HBM;@mT �M/ b+�HBM;@/QrMX A7 i?2 alh /Q2b MQi
bmbi�BM +?�M;BM; HQ�/- QM2 KB;?i /2+B/2 iQ bmbT2M/ i?2 i2bi iQ �pQB/
mbBM; K�Mv `2bQm`+2b �M/ � +QMbB/2`�#H2 �KQmMi Q7 iBK2 7Q` � i2bi
2t2+miBQM i?�i Bb HBF2Hv iQ #2 `2T2�i2/c

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 HQQFBM; �i /Bz2`2Mi �bT2+ib Q7 b+�H@
�#BHBiv- �M/ mbm�HHv +Qp2`b, `2bTQMb2@iBK2- i?`Qm;?Tmi- �M/ `2bQm`+2b
miBHBx�iBQMc
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
b+�H2b �++Q`/BM; iQ i?2 b+�HBM; HQ�/c
_2TQ`ib, i?2 `2TQ`i ?�b iQ /2i�BH �HH i?2 `2H2p�Mi �bT2+ib mb27mH iQ 2p�Hm�i2
?Qr r2HH i?2 alh b+�H2b rBi? HQ�/- bBKBH�` iQ i?2 QM2b `2TQ`i2/ 7Q` i?2
HQ�/ i2biX AM bQK2 /2THQvK2Mi 2MpB`QMK2Mib- b2`pB+2b iQ +QMi`QH �M/
?�M/H2 b+�H�#BHBiv �`2 BM TH�+2- bm+? 7Q` 2t�KTH2 QM *HQm/ BM7`�bi`m+im`2b
Q` *QMi�BM2` Q`+?2bi`�iQ`bX AM bm+? +�b2b- Bi Bb BKTQ`i�Mi iQ `2TQ`i �HbQ
K2i`B+b +QKBM; 7`QK bm+? � TB2+2 Q7 bQ7ir�`2- iQ T`QpB/2 � +QKTH2i2
TB+im`2 Q7 ?Qr i?2 bvbi2K �M/ i?2 mM/2`HvBM; BM7`�bi`m+im`2 `2�+i2/ iQ
b+�HBM; HQ�/X AM bQK2 +�b2b- QM2 +�M �HbQ `2TQ`i 2ti`�TQH�iBQM #mBHi Qp2`
i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ K2i`B+b- iQ T`QpB/2 � 7Q`2+�bi QM
r?�i +�M #2 2tT2+i2/ Qp2` iBK2- Q` 7Q` /Bz2`2Mi b+�H�#BHBiv `2[mB`2K2Mib
BM TH�+2X

3X 1H�biB+Biv h2bi

.2}MBiBQM, �M 2H�biB+Biv i2bi K2�bm`2b i?2 ǳ/2;`22 iQ r?B+? � bvbi2K +�M
�/�Ti iQ rQ`FHQ�/ +?�M;2b #v T`QpBbBQMBM; �M/ /2@T`QpBbBQMBM; `2bQm`+2b
BM �M �miQMQKB+ K�MM2`- bm+? i?�i �i 2�+? TQBMi BM iBK2 i?2 �p�BH�#H2
`2bQm`+2b K�i+? i?2 +m``2Mi /2K�M/ �b +HQb2Hv �b TQbbB#H2XǴ (>2`#bi 2i �HX-
kyRj)X

P#D2+iBp2b, 2Mbm`2 i?2 alh K�i+?2b 2H�biB+Biv +`Bi2`B� QM i?2 ;Bp2M /2THQv@
K2Mi TH�i7Q`KX 1H�biB+Biv +`Bi2`B� �`2 mbm�HHv /2}M2/ BM i2`Kb Q7 bT22/ �M/
T`2+BbBQM iQ �/Dmbi iQ +?�M;BM; +QM/BiBQMbX

1tT2+i2/ AMTmi, �b T2` i?2 b+�H�#BHBiv i2biX �//BiBQM�HHv- +`Bi2`BQM #�b2/
QM r?B+? i?2 �KQmMi Q7 T`QpBbBQM2/ `2bQm`+2b Bb +QMbB/2`2/ iQ K�i+? i?2



38 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

�+im�H +m``2Mi /2K�M/ M22/2/ iQ b�iBb7v i?2 bvbi2KǶb ;Bp2M T2`7Q`K�M+2
`2[mB`2K2Mib ?�p2 iQ #2 /2}M2/c

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bi- #mi �//BiBQM�HHv 2t@
T2+iBM; �miQb+�HBM; K2+?�MBbK �`2 BM TH�+2c

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bi- �M/
BM+Hm/BM; i?2 a+�H�#BHBiv h2bi �b r2HHX h2biBM; i?2 b+�H�#BHBiv Q7 i?2 bvbi2K
#27Q`2 i2biBM; 7Q` Bib 2H�biB+Biv 2Mbm`2b i?2 bvbi2K Bb `2�/v 7Q` ?�M/HBM;
p�`vBM; rQ`FHQ�/ +QM/BiBQMbX

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 HQ�/ i2bi- rBi? �//BiBQM�H
2H�biB+Biv K2+?�MBbKb BM TH�+2c

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, 2Mbm`2 MQ �miQb+�HBM; `mH2b �`2 i`B;;2`2/c
q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 b+�H�#BHBiv i2biX �//BiBQM�HHv- Bi Bb
BKTQ`i�Mi iQ `2+Q`/ i?2 bi�`iBM; /2THQvK2Mi +QM/BiBQM Q7 i?2 bvbi2K- BM
i2`Kb Q7 `2bQm`+2 �HHQ+�iBQM �M/ b2`pB+2b BMbi�M+2bc
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 b+�H�#BHBiv i2bi- #mi �TTHB2/ iQ 2H�biB+Biv
+`Bi2`B�c

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 HQQFBM; �i /Bz2`2Mi �bT2+ib Q7 2H�b@
iB+Biv- �M/ mbm�HHv +Qp2`b, �++m`�+v- iBK2b?�`2- DBii2`- MmK#2` Q7 a2`pB+2
G2p2H P#D2+iBp2b UaGPV pBQH�iBQMb- K2�M iBK2 iQ [m�HBiv `2T�B` (>2`#bi
2i �HX- kyR8)c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
2H�biB+�HHv �/�Tib iQ i?2 +?�M;BM; HQ�/c
_2TQ`ib, �b T2` i?2 b+�H�#BHBiv i2bi #mi �TTHB2/ iQ 2H�biB+Biv +`Bi2`B�X

NX ai`2bb h2bi

.2}MBiBQM, � bi`2bb i2bi Bb /2bB;M2/ iQ /2i2`KBM2 i?2 mTT2` HBKBib Q7 �
bvbi2KǶb T2`7Q`K�M+2 BM � ;Bp2M +QM};m`�iBQM (JQHvM2�mt- kyR9)X



3e 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, Qp2`HQ�/ i?2 alh iQ i?2 TQBMi Bi bi�`ib iQ 7�BH Q` i?2 bmTTQ`iBM;
BM7`�bi`m+im`2 bi�`ib iQ 7�BH- �M/ +?2+F i?2 �#BHBiv Q7 i?2 alh iQ `2im`M iQ
MQ`K�H QT2`�iBQM r?2M i?2 HQ�/ /BKBMBb?2bX Ai Bb BKTQ`i�Mi iQ FMQr r?2M
i?2 bvbi2K bi�`ib iQ 7�BH- iQ #2ii2` TH�M 7Q` +�T�+BivX

1tT2+i2/ AMTmi, �b T2` i?2 HQ�/ i2bi- #mi rBi? � ?B;?2` HQ�/c

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HQ�/ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 2H�biB+Biv i2biX A7 2H�b@
iB+Biv i2biBM; +�M MQi #2 T2`7Q`K2/ QM i?2 alh- i?2M �b T2` i?2 b+�H�#BHBiv
i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 b+�H�#BHBiv Q` 2H�biB+Biv
i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 b+�H�#BHBiv i2bic
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 b+�H�#BHBiv i2bi rBi? /2i�BH2/ /2i2+iBQM
Q7 BM+m``BM; 7�BHm`2b /m`BM; i?2 bi`2bb i2bic

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 /2}M2/ iQ +?�`�+i2`Bx2 TQbbB#H2 7�BHm`2
b+2M�`BQb Q7 i?2 alhX J2i`B+b iQ #2 +QKTmi2/ �`2, T�;2b T2` b2+QM/-
?Bi iBK2- i?`Qm;?Tmi- iBK2 iQ i?2 }`bi #vi2- `2bTQMb2 iBK2- MmK#2` Q7
7�BHm`2b (:m`mNN- kyR9)- �b r2HH �b `2bQm`+2 K2i`B+b bm+? �b _�J- *Sl-
.AaE- L1h (JQHvM2�mt- kyR9)X
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b i?2 K�BM 7�BHm`2 TQBMib Q7 i?2
alh �M/ r?2i?2` i?2 bvbi2K /BbTH�vb �TT`QT`B�i2 2``Q` K2bb�;2b r?BH2
mM/2` bi`2bbc
_2TQ`ib, i?2 `2TQ`i BM/B+�i2b �HH i?2 7�BHBM; bBim�iBQMb Q7 i?2 alh �M/ �
rB/2 bT2+i`mK Q7 K2i`B+b `2T`2b2MiBM; i?2 alh T2`7Q`K�M+2 #Qi? 7`QK
i?2 +HB2Mi@bB/2 �M/ i?2 b2`p2`@bB/2X

RyX S2�F GQ�/ h2bi



3d 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

.2}MBiBQM, � T2�F HQ�/ i2bi Bb /2bB;M2/ iQ TH�+2 � HQ�/ QM � alh 7Q` � b?Q`i
T2`BQ/ Q7 iBK2 iQ 2KmH�i2 i?2 ?B;?2bi /2K�M/ i?�i rQmH/ #2 ;2M2`�i2/ �i
T2�F mb2` iBK2b (:m`mNN- kyR9)X

P#D2+iBp2b, 2Mbm`2 i?2 alh +�M ?�M/H2 � bm//2M BM+`2�b2 BM i?2 MmK#2` Q7
`2[m2bib- /2}M2/ �++Q`/BM; iQ FMQrM HQ�/ bBim�iBQMb Q7 i?2 alhX

1tT2+i2/ AMTmi, �b T2` i?2 b+�H�#BHBiv i2bi- #mi �TTHB2/ iQ FMQr T2�F HQ�/
bBim�iBQMc

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 2H�biB+Biv i2biX A7 2H�b@
iB+Biv i2biBM; +�M MQi #2 T2`7Q`K2/ QM i?2 alh- i?2M �b T2` i?2 b+�H�#BHBiv
i2biX �//BiBQM�HHv- �HbQ ai`2bb h2bi ?�b iQ #2 T2`7Q`K2/ T`2HBKBM�`v- iQ
2Mbm`2 i?2 bvbi2K +�M ?�M/H2 p�`B�iBQMb BM i?2 Bbbm2/ rQ`FHQ�/c

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 HQ�/ i2bi- rBi? �//BiBQM�H
+QMbB/2`�iBQM 7Q` i?2 `2bQm`+2b M22/2/ iQ ?�M/H2 i?2 /2}M2/ T2�F HQ�/X
q?2M bm{+B2Mi `2bQm`+2b �`2 MQi �p�BH�#H2 iQ ?�M/H2 i?2 T2�F- QM2 K�v
+QMbB/2` `2/m+BM; i?2 `2bQm`+2b �HHQ+�i2/ iQ i?2 alh �M/ +QMb2[m2MiHv- i?2
T2�F HQ�/- iQ bBKmH�i2 i?2 alhǶb K�M�;2K2Mi Q7 T2�F +QM/BiBQMbNc

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 b+�H�#BHBiv i2bic
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 bi`2bb i2bic

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, �b T2` i?2 bi`2bb i2bic
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib `2TQ`i i?2 #2?�pBQ` Q7 i?2 alh �i
T2�F HQ�/c
_2TQ`ib, i?2 `2TQ`i BM/B+�i2b �HH i?2 bm++2bb7mHf7�BHBM; #2?�pBQ` Q7 i?2
alh �M/ � rB/2 bT2+i`mK Q7 K2i`B+b `2T`2b2MiBM; i?2 alh T2`7Q`K�M+2
#Qi? 7`QK i?2 +HB2Mi@bB/2 �M/ i?2 b2`p2`@bB/2X

Nhttps://www.microfocus.com/documentation/silk-test/200/en/silktestclassic-help-e
n/STCLASSIC-0B471AB7-PEAK-LOAD-TEASTING.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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33 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

RRX aTBF2 h2bi

.2}MBiBQM, � bTBF2 i2bi Bb /2bB;M2/ iQ Bbbm2 � bm//2M BM+`2�b2 Q` /2+`2�b2
BM HQ�/ iQ i?2 alh (:m`mNN- kyR9)X

P#D2+iBp2b, /2i2`KBM2 i?2 #2?�pBQ` Q7 � bQ7ir�`2 �TTHB+�iBQM r?2M Bi `2@
+2Bp2b 2ti`2K2 p�`B�iBQMb BM i`�{+- #Qi? r?2M i`�{+ BM+`2�b2b �M/ r?2M
i`�{+ /2+`2�b2bX ǳh?2 Tm`TQb2 Q7 � bTBF2 i2biBM; Bb iQ /2i2`KBM2 i?2 `2+Qp@
2`v iBK2 �7i2` � bTBF2 Q7 mb2` HQ�/X Ai Bb T2`7Q`K2/ iQ 2biBK�i2 i?2 r2�FM2bb
Q7 �M �TTHB+�iBQMǴ (:m`mNN- kyR9)c

1tT2+i2/ AMTmi, �b T2` i?2 T2�F@HQ�/ i2bic

1tT2+i2/ alh J�im`Biv, �b T2` i?2 T2�F@HQ�/ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 T2�F@HQ�/ i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 T2�F@HQ�/ i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 T2�F@HQ�/ i2bic
.m`BM; i?2 h2bi, 2Mbm`2 i?2 alh Bb 2tT2`B2M+BM; � bTBF2 #v KQMBiQ`BM;
i?2 bvbi2KǶb `2bQm`+2b miBHBx�iBQM �M/ bvbi2KǶb T2`7Q`K�M+2 K2i`B+bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 T2�F@HQ�/ i2bic

�7i2` i?2 h2bi, �b T2` i?2 T2�F@HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, �b T2` i?2 T2�F@HQ�/ i2bic
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib `2TQ`i i?2 #2?�pBQ` Q7 i?2 alh /m`BM;
�M/ �7i2` 2tT2`B2M+BM; � bTBF2c
_2TQ`ib, �b T2` i?2 T2�F@HQ�/ i2biX Ai Bb �//BiBQM�HHv BKTQ`i�Mi iQ `2TQ`i
r?2i?2` Q` MQi i?2 alh 2tT2`B2M+2/ � bTBF2 BM i2`Kb Q7 miBHBx2/ `2bQm`+2b
�M/ i?2 bvbi2KǶb T2`7Q`K�M+2 K2i`B+bX

RkX h?`QiiH2 h2bi

.2}MBiBQM, � i?`QiiH2 i2bi bBKmH�i2b HQ�/ rBi? HBKBi2/ #�M/rB/i? �M/ +QM@
M2+iBQM bi�#BHBiv 7Q` �HH Q` � bm#b2i Q7 bBKmH�i2/ mb2`bRyX

Ryhttps://abstracta.us/blog/performance-testing/types-performance-tests/- H�bi
pBbBi2/ QM 62#`m�`v d- kykR

https://abstracta.us/blog/performance-testing/types-performance-tests/
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P#D2+iBp2b, �M�Hvx2 i?2 `2bTQMb2 iBK2 Q7 mb2`b +QMM2+i2/ i?`Qm;? HQr2`
bT22/ M2irQ`Fbc

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ bBKmH�i2 /2;`�/2/
M2irQ`F +QM/BiBQMbX h`�{+ b?�T2`b �`2 mbm�HHv 2KTHQv2/ iQ bBKmH�i2 i?2
r�Mi2/ M2irQ`F +QM/BiBQMbX

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2biX Ai Bb
BKTQ`i�Mi iQ 2Mbm`2 i?2 7mM+iBQM�HBiB2b rQ`F BM MQ`K�H +QM/BiBQMb #27Q`2
bBKmH�iBM; 2ti`2K2 +QM/BiBQMbc

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, `2[mB`2 �M/ bmTTQ`i 7Q` /2;`�/2/
M2irQ`F +QM/BiBQMb bBKmH�iBQMc

"27Q`2 i?2 h2bi, 1Mbm`2 i`�{+ b?�T2`b Q` b2iiBM;b bBKmH�iBM; /2;`�/2/
M2irQ`F +QM/BiBQMb �`2 +Q``2+iHv rQ`FBM; �M/ �`2 BM TH�+2X

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, +QM};m`2 i?2 2tT2+i2/ /2;`�/2/ M2irQ`F +QM/BiBQMbc
.m`BM; i?2 h2bi, +?�M;2 i?2 /2;`�/2/ M2irQ`F +QM/BiBQMb iQ /Bz2`2Mi
b+2M�`BQb iQ +�Tim`2 i?2 alh #2?�pBQ`c
�7i2` i?2 h2bi, `2biQ`2 MQ`K�H +QM/BiBQMb 7Q` i?2 2t2+miBQM 2MpB`QMK2MiX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, K2i`B+b Q7 BMi2`2bi K�BMHv `272` iQ +HB2Mi@bB/2 T2`7Q`K�M+2 K2i@
`B+b- bm+? �b i?2 `2bTQMb2 iBK2 �M/ i?2 i?`Qm;?TmiX AKTQ`i�Mi K2i`B+b iQ
KQMBiQ` 7Q` � i?`QiiH2 i2bi �`2 �HbQ `2H�i2/ iQ i?2 L1h- �M/ BM T�`iB+mH�`
K2i`B+b QM T�+F2i HQbb- M2irQ`F 2``Q`b- �M/ M2irQ`F #�M/rB/i?c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b i?2 #2?�pBQ` Q7 i?2 alh BM
/2�HBM; rBi? `2[m2bib `2+2Bp2/ r?2M /2;`�/2/ M2irQ`F +QM/BiBQMb �`2 BM
TH�+2c
_2TQ`ib, i?2 `2TQ`i ?�b /2i�BH QM �HH i?2 K2i`B+b QM BMi2`2bi- Q7i2M +QK@
T�`2/ rBi? i?2 b�K2 K2i`B+b +QKTmi2/ BM MQ`K�H M2irQ`F +QM/BiBQMbX

RjX aQ�F Q` ai�#BHBiv h2bi

.2}MBiBQM, � ǳbQ�F i2bi Bb BMi2M/2/ iQ B/2MiB7v T`Q#H2Kb i?�i K�v �TT2�`
QMHv �7i2` �M 2ti2M/2/ T2`BQ/ Q7 iBK2Ǵ (JQHvM2�mt- kyR9)X



Ny 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, 2Mbm`2 i?2 alh /Q2b MQi 2tT2`B2M+2 7�BHm`2b �M/ i?2 alhǶb
T2`7Q`K�M+2 /Q2b MQi /2;`�/2 Qp2` iBK2 r?2M mb2`b F22T BMi2`�+iBM; rBi?
i?2 bvbi2K- BbbmBM; 2tT2+i2/ HQ�/ (JQHvM2�mt- kyR9) Q` mM/2` � ?B;?2` i?�M
2tT2+i2/ HQ�/ (:m`mNN- kyR9)X

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi `2T`2b2Mib `2�HBbiB+ rQ`FHQ�/b 2tT2`B@
2M+2/ #v i?2 alh /m`BM; Bib QT2`�iBQM BM T`Q/m+iBQM- �b r2HH �b ?B;?2` i?�M
2tT2+i2/ rQ`FHQ�/X

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bi- #mi mbm�HHv 2t2+mi2/
BM i?2 }M�H bi�;2 Q7 i?2 /2p2HQTK2Mi #27Q`2 `2H2�bBM; i?2 bQ7ir�`2 iQ T`Q@
/m+iBQMc

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, `2T`2b2Mib �b +HQb2 �b TQbbB#H2 i?2
T`Q/m+iBQM 2MpB`QMK2Mi �M/ Bb �p�BH�#H2 7Q` i?2 2MiB`2 i2bi /m`�iBQM- i?�i
KB;?i bT�M Qp2` KmHiBTH2 /�vbc

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, i?2 #2?�pBQ` Q7 i?2 alh ?�b iQ #2 KQMBiQ`2/
iQ 2Mbm`2 i?2 bmbi�BM2/ HQ�/ /Q2b MQi BKT�+i i?2 T2`7Q`K�M+2 Q7 i?2
b�K2- 2bT2+B�HHv BM i2`Kb Q7 `2bQm`+2 mb�;2X A7 mM2tT2+i2/ #2?�pBQ`b
�`2 /2i2+i2/- QM2 KB;?i /2+B/2 iQ bmbT2M/ i?2 i2bi 2t2+miBQM iQ �pQB/
r�biBM; `2bQm`+2b �M/ iBK2X

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi HQQF #Qi? �i +HB2Mi@bB/2 �M/ b2`p2`@bB/2
T2`7Q`K�M+2 7�+iQ`b i?�i +QmH/ /2;`�/2 Qp2` �M 2ti2M/2/ T2`BQ/ Q7 iBK2X
1t�KTH2b Q7 KQMBiQ`2/ +HB2Mi@bB/2 K2i`B+b Q7 BMi2`2bi �`2 `2bTQMb2 iBK2
�M/ i?`Qm;?TmiX 1t�KTH2b Q7 b2`p2`@bB/2 K2i`B+b Q7 BMi2`2bi �`2 `2H�i2/
iQ _�J U2X;X- #2+�mb2 i?2 bvbi2K +QmH/ 2tT2`B2M+2 K2KQ`v H2�FbV �M/
.AaE mb�;2 U2X;X- #2+�mb2 i?2 bvbi2K +QmH/ b�im`�i2 i?2 /BbF bT�+2 Qp2`
�M 2ti2M/2/ T2`BQ/ Q7 iBK2Vc
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
+Q``2+iHv 2t2`+Bb2b �i Bib 7mHH `�M;2 Q7 mb2- rBi?Qmi 7�BHBM; Q` +�mbBM;
7�BHm`2c



NR 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

_2TQ`ib, ǳS`Q#H2Kb Q7 i?Bb bQ`i rBHH ivTB+�HHv K�MB72bi i?2Kb2Hp2b 2Bi?2`
�b � ;`�/m�H bHQr/QrM BM `2bTQMb2 iBK2 Q` �b � bm//2M HQbb Q7 �p�BH�#BHBiv
Q7 i?2 �TTHB+�iBQMǴ (JQHvM2�mt- kyR9)- i?mb i?2 `2TQ`i /2i�BHb `2H2p�Mi
�bT2+ib iQ /2i2`KBM2 i?2 #2?�pBQ` Q7 i?2 alh Qp2` �M 2ti2M/2/ T2`BQ/ Q7
iBK2- �M/ T`2b2Mi +?�`ib Q7 K2i`B+b Qp2` i?2 2MiB`2 i2bi /m`�iBQM iQ 2p�H@
m�i2 i?2 i`2M/b Q7 K2�bm`2/ T2`7Q`K�M+2 BM/B+�iQ`bX Ai Bb �HbQ BKTQ`i�Mi
iQ T`QpB/2 � +Q``2H�iBQM Q7 K2�bm`2b 7`QK i?2 +HB2Mi@ �M/ i?2 b2`p2`@bB/2
Qp2` iBK2- 7Q` �++m`�i2 /B�;MQbBb Q7 TQbbB#H2 Bbbm2b (JQHvM2�mt- kyR9)X

R9X 1tTHQ`�iQ`v h2bi

.2}MBiBQM, �M 2tTHQ`�iQ`v i2bi Bb /2bB;M2/ iQ H2�`M �#Qmi i?2 T2`7Q`@
K�M+2 Q7 i?2 i�`;2i alh �M/ iQ /Bb+Qp2` Bib #2?�pBQ` BM /Bz2`2Mi b+2@
M�`BQb (:m`mNN- kyR9)X

P#D2+iBp2b, H2�`M �#Qmi i?2 TQbbB#H2 T2`7Q`K�M+2 `BbFb QM2 ?�b iQ /2}M2
i2bib 7Q`- �M/ /Bb+Qp2` ?Qr i?2 alh #2?�p2b BM /Bz2`2Mi b+2M�`BQb iQ #2ii2`
+?�`�+i2`Bx2 Bib T2`7Q`K�M+2 (:m`mNN- kyR9) �M/ /2}M2b aGPbX

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ `2T`2b2Mi rB/2@
bT2+i`mK b+2M�`BQb 2tTHQ`BM; i?2 T2`7Q`K�M+2 Q7 i?2 alh rBi? /Bz2`2Mi
rQ`FHQ�/b �M/ +QM};m`�iBQMbX

1tT2+i2/ alh J�im`Biv, i?2 2tTHQ`�iQ`v i2bi ?�b MQ bT2+B}+ `2[mB`2K2Mib
BM i2`Kb Q7 alh K�im`BivX h?2 7mM+iBQM�HBiB2b Q7 i?2 alh Q#D2+iBp2 Q7
i2biBM; ?�p2 iQ #2 bm{+B2MiHv `2�/v 7Q` 2M�#HBM; i?2 i2bi 2t2+miBQMc

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, M22/2/ `2bQm`+2b /2T2M/ QM i?2 /27@
BMBiBQM Q7 i?2 2tTHQ`�iBQM i2bibX :Bp2M i?2 2tTHQ`�iBQMb T`Q+2bb Bb #v M�im`2
K�/2 BM KmHiBTH2 `2T2iBiBQMb- T`QT2` bBxBM; Q7 i?2 2t2+miBQM 2MpB`QMK2Mi Bb
M22/2/ iQ �HHQr 7Q` T�`�HH2HBx�iBQM Q7 KmHiBTH2 2tTHQ`�iBQM i2bibc

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, Bi Bb BKTQ`i�Mi iQ +HQb2Hv KQMBiQ` i?2 #2?�pBQ` Q7
i?2 alh /m`BM; /Bz2`2Mi 2tT2`BK2Mib r?BH2 2tTHQ`BM; i?2 T2`7Q`K�M+2-
iQ �pQB/ `2bQm`+2 �M/ iBK2 r�bi2/ BM 2tTHQ`BM; T2`7Q`K�M+2 BM mMbi�#H2
�`2�b Q7 i?2 T2`7Q`K�M+2 bT�+2 Q7 i?2 alhc

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX
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h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, /2}M2/ K2i`B+b /2T2M/ QM i?2 2t2+mi2/ 2tTHQ`�iBQM �M/ i?2
b?�T2 Q7 i?2 Bbbm2/ rQ`FHQ�/X lbm�HHv- K�Mv T2`7Q`K�M+2 K2i`B+b- #Qi?
QM i?2 +HB2Mi@ �M/ i?2 b2`p2`@bB/2 �`2 /2}M2/ #2+�mb2 i?2 b+QT2 Bb +QHH2+i@
BM; BM7Q`K�iBQM �#Qmi i?2 alhǶb T2`7Q`K�M+2c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib BM/B+�i2 ?Qr i?2 alh T2`7Q`Kb BM
i?2 /Bz2`2Mi TQBMib Q7 i?2 2tTHQ`�iBQM bT�+2c
_2TQ`ib, i?2 `2TQ`i ?�b /2i�BHb QM i?2 T2`7Q`K�M+2 Q7 i?2 alh BM i?2
/Bz2`2Mi TQBMib Q7 i?2 T2`7Q`K�M+2 bT�+2X Ai Bb +QKKQM iQ `2TQ`i +?�`ib
`2T`2b2MiBM; K2i`B+b Q7 BMi2`2bi p�Hm2 BM /Bz2`2Mi TQBMib Q7 i?2 T2`7Q`@
K�M+2 bT�+2- iQ Qz2` �M Qp2`pB2r Q7 ?Qr i?2 bvbi2K #2?�p2bX

R8X *QM};m`�iBQM h2bi

.2}MBiBQM, � +QM};m`�iBQM i2bi ǳBb /2}M2/ �b � bQ7ir�`2 i2biBM; ivT2- i?�i
+?2+Fb �M �TTHB+�iBQM rBi? KmHiBTH2 +QK#BM�iBQMb Q7 bQ7ir�`2 �M/ ?�`/r�`2
iQ }M/ Qmi i?2 QTiBK�H +QM};m`�iBQMb i?�i i?2 bvbi2K +�M rQ`F rBi?Qmi
�Mv ~�rb Q` #m;bǴ (:m`mNN- kyR9)X

P#D2+iBp2b, /2i2`KBM2 i?2 +QM};m`�iBQMb Q7 i?2 alh �M/ Bib /2THQvK2Mi
2MpB`QMK2Mi r?2`2 i?2 bvbi2K rQ`Fb rBi?Qmi 2tT2`B2M+BM; 7�BHm`2b �M/
;m�`�Mi22BM; i?2 aG� �M/ QTiBK�H T2`7Q`K�M+2c

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ �++QmMi 7Q` TQb@
bB#H2 alhǶb +QM};m`�iBQMb �M/ /2THQvK2Mi b+2M�`BQbc

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 2tTHQ`�iBQM i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 2tTHQ`�iBQM i2bic

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, /2}M2/ K2i`B+b /2T2M/ QM i?2 /2}M2/ aGPX Ai Bb BKTQ`i�Mi iQ
�Hr�vb KQMBiQ` b2`p2`@bB/2 K2i`B+b +?�`�+i2`BxBM; i?2 `2bQm`+2 miBHBx�iBQM-
iQ #2ii2` B/2MiB7v T`QT2` +QM};m`�iBQMb Q7 i?2 alhc
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Zm�HBiv _2bmHib, �b T2` i?2 2tTHQ`�iBQM i2bic
_2TQ`ib, �b T2` i?2 2tTHQ`�iBQM i2biX

ReX "2M+?K�`F S2`7Q`K�M+2 h2bi

.2}MBiBQM, � #2M+?K�`F i2bi Bb /2bB;M2/ iQ �bb2bb i?2 T2`7Q`K�M+2 Q7 KmHiB@
TH2 p2`bBQMb Q7 � bvbi2K Q` bBKBH�` bvbi2Kb �;�BMbi � b2i Q7 K2i`B+b /2bB;M2/
iQ �bb2bb i?2 [m�HBiv Q7 � b2`pB+2 (:m`mNN- kyR9)X

P#D2+iBp2b, ǳK2�bm`2b � `2T2�i�#H2 b2i Q7 [m�MiB}�#H2 `2bmHib i?�i b2`p2b
�b � TQBMi Q7 `272`2M+2 �;�BMbi r?B+? T`Q/m+ibfb2`pB+2b +�M #2 +QKT�`2/X
h?2 Tm`TQb2 Q7 #2M+?K�`F i2biBM; `2bmHib Bb iQ +QKT�`2 i?2 T`2b2Mi �M/
7mim`2 bQ7ir�`2 `2H2�b2b rBi? i?2B` `2bT2+iBp2 #2M+?K�`FbǴ (:m`mNN- kyR9)X

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ �++QmMi 7Q` �HH
i?2 `2H2p�Mi mb�;2 b+2M�`BQb Q7 i?2 alhc

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, � #2M+?K�`F +�M BM+Hm/2 KmHiB@
TH2 mb�;2 b+2M�`BQb- i?mb �HH i?2 i2bi ivT2b `2T`2b2MiBM; i?2 BM+Hm/2/ T2`@
7Q`K�M+2 i2bi b+2M�`BQb ?�p2 iQ #2 2t2+mi2/ #27Q`2 � #2M+?K�`F i2bi iQ
2Mbm`2 i?2 bvbi2K Bb `2�/v 7Q` #2BM; +?�`�+i2`Bx2/ mbBM; � #2M+?K�`FX �/@
/BiBQM�HHv- �HH i?2 i2bib �b T2` i?2 b+�H�#BHBiv i2bi ?�p2 iQ #2 2t2+mi2/c

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 2tTHQ`�iBQM i2biX _2@
T2�i�#BHBiv Q7 2tT2`BK2Mib Bb T�`iB+mH�`Hv `2H2p�Mi 7Q` #2M+?K�`F T2`7Q`@
K�M+2 i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 2tTHQ`�iBQM i2bic

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, .2}M2/ K2i`B+b ?�p2 iQ +?�`�+i2`Bx2 i?2 alhǶb T2`7Q`K�M+2
�M/ #2 bi�#H2 �M/ `2T2�i�#H2 iQ ;m�`�Mi22 i?2 TQbbB#BHBiv iQ #2 mb2/ �b
`272`2M+2 TQBMibX h?2 /2}M2/ K2i`B+b /2T2M/ QM i?2 i�`;2i alh- �M/ �`2
Q7i2M +mbiQK iQ i?2 bT2+B}+ alh ivT2- �b Bi Bb BM i?2 +�b2 Q7 q7Jab (62`K2
2i �HX- kyRN)c



N9 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib `2TQ`i i?2 [m�HBiv Q7 � i�`;2i bvbi2K
r?2M +QKT�`2/ rBi? i?2 `2bmHib Q7 Qi?2` bvbi2Kb- Q` Qi?2` p2`bBQMb Q7
i?2 b�K2 bvbi2K- K2�bm`2/ mbBM; i?2 b�K2 T2`7Q`K�M+2 #2M+?K�`Fc
_2TQ`ib, i?2 `2TQ`i /2b+`B#2b i?2 [m�HBiv Q7 i?2 bvbi2K �++Q`/BM; iQ i?2
K2�bm`2/ K2i`B+b �b T�`i Q7 i?2 #2M+?K�`F- BM �#bQHmi2 i2`Kb �M/ r?2M
+QKT�`2/ rBi? K2�bm`2K2Mi +QHH2+i2/ #v 2t2+miBM; i?2 b�K2 #2M+?K�`F
QM Qi?2` p2`bBQMb Q7 i?2 b�K2 bvbi2K- Q` bBKBH�` bvbi2KbX Ai Bb +QKKQM
iQ `2TQ`i `2bmHib mbBM; � `�MF2/ HBbi Q7 bvbi2Kb- Q` bvbi2K p2`bBQMb- 7Q`
i?2 /Bz2`2Mi K2i`B+b iQ 7�+BHBi�i2 i?2 TQbBiBQMBM; Q7 i?2 Q#i�BM2/ `2bmHib
r?2M +QKT�`2/ rBi? Qi?2` `2bmHibX

RdX �++2Ti�M+2 h2bi

.2}MBiBQM, �M �++2Ti�M+2 i2bi Bb /2bB;M2/ iQ p�HB/�i2 i?2 T2`7Q`K�M+2 Q7
i?2 alh �;�BMbi /2}M2/ �++2Ti�M+2 +`Bi2`B�RRX

P#D2+iBp2b, �bb2bb +?�M;2b �TTHB2/ iQ i?2 alh /Q2b MQi BKT�+i i?2 /2}M2/
�++2Ti�M+2 +`Bi2`B� 7Q` i?2 alh iQ #2 /2THQv2/ BM T`Q/m+iBQMc

1tT2+i2/ AMTmi, Bi /2T2M/b QM i?2 /2}M2/ �++2Ti�M+2 +`Bi2`B� �M/ i?2 ivT2b
Q7 rQ`FHQ�/ i?2v `2[mB`2 7Q` #2BM; p2`B}2/c

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bic

1t2+miBQM S`Q+2bb, �b T2` i?2 `2;`2bbBQM i2bic

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 i?2 QM2 BM+Hm/2/ BM i?2 �++2Ti�M+2
+`Bi2`B�c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
T�bb2b i?2 /2}M2/ �++2Ti�M+2 +`Bi2`B�c
_2TQ`ib, i?2 `2TQ`i HBbib �HH i?2 /2}M2/ �++2Ti�M+2 +`Bi2`B� �M/ r?2i?2`
i?2 alh T�bb2b i?2K Q` MQiX Ai Bb +QKKQM iQ �HbQ `2TQ`i �//BiBQM�H T2`@
7Q`K�M+2 K2i`B+b �M/ /2i�BHb- 2bT2+B�HHv `2H�i2/ iQ i?2 7�BHBM; �++2Ti�M+2
+`Bi2`B�X

R3X *�T�+Biv Q` 1M/m`�M+2 h2bi
RRhttps://www.istqb.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.istqb.org/


N8 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

.2}MBiBQM, � +�T�+Biv Q` 2M/m`�M+2 i2bi �bb2bb2b i?2 bvbi2K +�M T2`7Q`K �b
2tT2+i2/ Qp2` �M 2ti2M/2/ T2`BQ/ Q7 iBK2- �i Bib HBKBi Q7 mb2`b BMi2`�+iBM;
rBi? i?2 b�K2 (JQHvM2�mt- kyR9)X

P#D2+iBp2b, 2Mbm`2 i?2 alh T2`7Q`Kb �b 2tT2+i2/ Qp2` �M 2ti2M/2/ T2`BQ/
Q7 iBK2 r?2M Bi Bb i2bi2/ �i Bib HBKBiX PM2 Q#D2+iBp2 Q7 i?2 +�T�+Biv i2bi Bb
�HbQ iQ #2ii2` B/2MiB7v i?2 QT2`�iBM; HBKBibX PM2 Q7 i?2 T`BK�`v 7Q+mb Q7
2M/m`�M+2 i2biBM; Bb iQ +?2+F 7Q` K2KQ`v H2�Fb (:m`mNN- kyR9)X

1tT2+i2/ AMTmi, �b T2` i?2 bQ�F i2bic

1tT2+i2/ alh J�im`Biv, �b T2` i?2 bQ�F i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2biX �/@
/BiBQM�HHv- �HbQ i?2 aQ�F Q` ai�#BHBiv h2bi ?�b iQ #2 2t2+mi2/ #2BM; bBKBH�`
iQ � +�T�+Biv i2bi #mi 7Q+mbBM; �HbQ QM MQ`K�H QT2`�iBM; +QM/BiBQMb 7Q` i?2
alhc

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 bQ�F i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 bQ�F i2bic

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, �b T2` i?2 bQ�F i2biX �//BiBQM�HHv- HQr@H2p2H bvbi2KbǶ K2i`B+b �`2
�HbQ KQMBiQ`2/ iQ B/2MiB7v TQbbB#H2 KBb#2?�pBQ` Q7 i?2 bvbi2K Qp2` iBK2X
1t�KTH2 Q7 K2i`B+b K2�bm`2 i?2 MmK#2` Q7 QT2Mf+HQb2/ +QMM2+iBQMb QM
i?2 L1h H2p2H- �M/ QT2Mf+HQb2/ +QMM2+iBQMb iQ Qi?2` bvbi2Kb U2X;X- iQ
."JaVc
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
+Q``2+iHv 2t2`+Bb2b �i Bib 7mHH `�M;2 Q7 mb2 r?BH2 QT2`�iBM; �i Bib HBKBic
_2TQ`ib, �b T2` i?2 bQ�F i2biX

RNX GBp2@i`�{+ Q` *�M�`v S2`7Q`K�M+2 h2bi

.2}MBiBQM, � HBp2@i`�{+ Q` +�M�`v i2bi Bb /2bB;M2/ iQ Bbbm2 HQ�/b iQ i?2
alh r?BH2 Bi Bb /2THQv2/ BM i?2 T`Q/m+iBQM 2MpB`QMK2Mi- iQ �bb2bb i?2 alh
Bb `2�/v 7Q` ?�M/HBM; �+im�H mb2`bǶ HQ�/ (a+?2`K�MM 2i �HX- kyR3)X



Ne 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, 2Mbm`2 i?2 alh Bb `2�/v iQ #2 2tTQb2/ iQ 2M/@mb2`bc

1tT2+i2/ AMTmi, �b T2` i?2 HQ�/ i2bic

1tT2+i2/ alh J�im`Biv, i?2 alh Kmbi #2 `2�/v iQ #2 /2THQv2/ BM T`Q/m+@
iBQMc

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, 2M�#H2 2t2+miBQM Q7 HBp2 i2biBM; #v
BbQH�iBM; KmHiBTH2 p2`bBQMb Q7 i?2 alh /2THQv2/ BM T�`�HH2H QM i?2 T`Q/m+@
iBQM BM7`�bi`m+im`2 (a+?2`K�MM 2i �HX- kyR3c o22`�`�;?�p�M 2i �HX- kyRe)X

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, 2Mbm`2 QM2 Q` KQ`2 p2`bBQMb Q7 i?2 alh �`2 /2THQv2/ BM
T`Q/m+iBQMc
.m`BM; i?2 h2bi, bBKmH�i2 i`�{+ Q` BM+`2K2Mi�HHv KB``Q` KQ`2 �M/ KQ`2
HBp2@i`�{+ iQ i?2 i�`;2i p2`bBQM Q7 i?2 alhc
ambT2MbBQM *`Bi2`B�, 2Mbm`2 i?2`2 �`2 MQ BKT�+ib Q7 i?2 T`Q/m+iBQM
T2`7Q`K�M+2 Q7 i?2 alh 7Q` i?2 p2`bBQMb i?�i �`2 /B`2+iHv miBHBx2/ #v
i?2 mb2`- Qi?2`rBb2 [mB+FHv bmbT2M/ i?2 i2bic

"27Q`2 *QM+Hm/BM; i?2 h2bi, p�HB/�i2 i?2 M2r p2`bBQM Q7 i?2 alh Bb `2�/v
7Q` 2M/@mb2` i`�{+c
�7i2` i?2 h2bi, B7 i?2 M2r p2`bBQM Q7 i?2 alh Bb `2�/v 7Q` 2M/@mb2` i`�{+-
brBi+? i?2 mb2`@7�+BM; p2`bBQM iQ i?2 M2r p2`bBQMX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 HQQFBM; �i /Bz2`2Mi �bT2+ib Q7 T2`@
7Q`K�M+2 #Qi? 7`QK i?2 +HB2Mi@bB/2 �M/ i?2 b2`p2`@bB/2X h?2v �`2 /2}M2/
�++Q`/BM; iQ i?2 ivT2 Q7 i2bi2/ alh iQ #2ii2` +?�`�+i2`Bx2 Bib T2`7Q`K�M+2
#2?�pBQ` (o22`�`�;?�p�M 2i �HX- kyRe)c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 M2r
p2`bBQM Q7 i?2 alh +�M Q` ?�b bm++2bb7mHHv #22M 2tTQb2/ iQ i?2 2M/@mb2`bc
_2TQ`ib, i?2 `2TQ`i ?�b iQ `2TQ`i /2i�BHb QM i?2 �+im�H rQ`FHQ�/ i?�i ?�b
#22M Bbbm2/ iQ i?2 M2r p2`bBQM Q7 i?2 alh- i?2 #2?�pBQ` Q7 Qi?2` p2`bBQMb
Q7 i?2 alh /2THQv2/ BM T`Q/m+iBQM �M/ 2tTQb2/ iQ 2M/@mb2`b �M/ r?2i?2`
Q` MQi i?2 M2r p2`bBQM Q7 i?2 alh ?�b #22M 2tTQb2/ iQ 2M/@mb2`b Q` Bb
`2�/v iQ #2 2tTQb2/X GBp2 K2i`B+b +QHH2+i2/ 7`QK �+im�H T`Q/m+iBQM mb�;2



Nd 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

Q7 i?2 M2r p2`bBQM Q7 i?2 alh �7i2` 2tTQbBM; Bi iQ 2M/@mb2`b ?�p2 iQ #2
`2TQ`i2/ �b r2HHX

kyX *?�Qb h2bi

.2}MBiBQM, +?�Qb i2biBM; /2HB#2`�i2Hv BMi`Q/m+2b 7�BHm`2b BMiQ i?2 alh Q`
Bib mM/2`HvBM; BM7`�bi`m+im`2 iQ 2Mbm`2 Bi +�M /2�H rBi? i?2 7�BHm`2bRkX

P#D2+iBp2b, 2Mbm`2 i?2 alh +�M +Q``2+iHv QT2`�i2 2p2M BM +�b2 Q7 +QMi`QHH2/
7�BHm`2b BMi`Q/m+2/ BMiQ i?2 alh Q` Bib mM/2`HvBM; BM7`�bi`m+im`2c

1tT2+i2/ AMTmi, i?2 2tT2+i2/ BMTmi ?�b iQ #2 KQ/2H2/ iQ BMi`Q/m+2 7�BHm`2b
BMiQ i?2 bvbi2K �M/ i2bi i?2 b�K2 rBi? 2tT2+i2/ rQ`FHQ�/c

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HBp2@i`�{+ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 b+�H�#BHBiv i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, 2M�#H2 i?2 TQbbB#BHBiv iQ BMi`Q/m+2
7�BHm`2b #v bmTTQ`iBM; BMi2`�+iBQM rBi? i?2 BM7`�bi`m+im`2c

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2c

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2c
ambT2MbBQM *`Bi2`B�, 2Mbm`2 +?�Qb �+iBQMb �`2 MQi /2;`�/BM; i?2 bvb@
i2KǶb T2`7Q`K�M+2 iQ � TQBMi Bi #2+QK2b mMbi�#H2 �M/ 7m`i?2` �+iBQMb
�`2 MQi TQbbB#H2c

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, �b T2` i?2 2tTHQ`�iBQM i2biX *?�Qb i2biBM; Bb T2`7Q`K2/ bBKBH�`Hv
iQ 2tTHQ`�iBQM i2biBM;- #mi /Bz2`2Mi �+iBQMb �`2 2t2+mi2/c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib BM/B+�i2 i?2 2z2+i Q7 2�+? �+iBQM
2t2+mi2/ /m`BM; i?2 i2bi QM i?2 alhǶb T2`7Q`K�M+2c
_2TQ`ib, i?2 `2TQ`i /2i�BHb ?Qr i?2 /Bz2`2Mi KQMBiQ`2/ K2i`B+b �`2 BK@
T�+i2/ #v i?2 /Bz2`2Mi �+iBQMb 2t2+mi2/ /m`BM; i?2 +?�Qb i2biX Ai Bb �HbQ
BKTQ`i�Mi iQ T`QpB/2 � +Q``2H�iBQM Q7 K2�bm`2b 7`QK i?2 +HB2Mi@ �M/ i?2
b2`p2`@bB/2 #27Q`2- /m`BM;- �M/ �7i2` 2t2+miBM; �+iBQMb BMi`Q/m+BM; 7�BHm`2b
iQ #2ii2` /B�;MQb2 TQbbB#H2 T`Q#H2KbX

Rkhttps://netflixtechblog.com/the-netflix-simian-army-16e57fbab116- H�bi pBbBi2/ QM
62#`m�`v d- kykR

https://netflixtechblog.com/the-netflix-simian-army-16e57fbab116


N3 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

kRX "`2�FTQBMib S2`7Q`K�M+2 h2bi

.2}MBiBQM, � #`2�FTQBMib T2`7Q`K�M+2 i2bi ǳ?2HTb iQ }M/ Qmi i?2 #`2�FBM;
TQBMi Q7 i?2 �TTHB+�iBQM Q` b2`p2` 7`QK T2`7Q`K�M+2 i2biBM; T2`bT2+iBp2ǴRjX

P#D2+iBp2b, B/2MiB7v i?2 alh #`2�FTQBMib #v Tm`TQb27mHHv HQ�/BM; i?2 bvb@
i2K Qp2` Bib HBKBi �M/ /Bb+Qp2` �b K�Mv #`2�FTQBMib �b TQbbB#H2c

1tT2+i2/ AMTmi, �b T2` i?2 bi`2bb i2bi- #mi bT2+B}+�HHv i�`;2iBM; i?2 B/2MiB@
}+�iBQM Q7 #`2�FTQBMibc

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HQ�/ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 T2�F HQ�/ i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 T2�F HQ�/ i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 b+�H�#BHBiv i2bic
.m`BM; i?2 h2bi, �ii2KTi iQ K�tBKBx2 #`2�FTQBMib /Bb+Qp2`v #v Tmb?BM;
i?2 alh iQ i?2 HBKBic
ambT2MbBQM *`Bi2`B�, �b T2` i?2 bi`2bb i2bic

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, �b T2` i?2 bi`2bb i2bic
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib `2TQ`i i?2 #2?�pBQ` Q7 i?2 alh �i Bib
#`2�FTQBMibc
_2TQ`ib, �b T2` i?2 T2�F HQ�/ i2biX

kkX 6�BHQp2` Q` _2+Qp2`v h2bi

.2}MBiBQM, � 7�BHQp2` Q` `2+Qp2`v i2bi ǳp�HB/�i2b � bvbi2KǶb �#BHBiv iQ #2
�#H2 iQ �HHQ+�i2 2ti`� `2bQm`+2ǴR9X

Rjhttps://www.perfmatrix.com/application-break-point-test/- H�bi pBbBi2/ QM 62#`m�`v
d- kykR

R9https://qa-platforms.com/what-is-failover-testing/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.perfmatrix.com/application-break-point-test/
https://qa-platforms.com/what-is-failover-testing/


NN 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, Qp2`HQ�/ i?2 alh Qp2` Bib HBKBi �M/ p2`B7v i?2 bvbi2K +�M �HHQ@
+�i2 �//BiBQM�H `2bQm`+2b iQ ;m�`�Mi22 Bi +QMiBMm2b iQ QT2`�i2 rBi?Qmi iQQ
K�Mv mb2`@7�+BM; Bbbm2bc

1tT2+i2/ AMTmi, �b T2` i?2 bi`2bb i2bic

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HQ�/ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 2H�biB+Biv i2biX A7 2H�b@
iB+Biv i2biBM; +�M MQi #2 T2`7Q`K2/ QM i?2 alh- i?2M �b T2` i?2 b+�H�#BHBiv
i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 b+�H�#BHBiv Q` 2H�biB+Biv
i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 b+�H�#BHBiv i2bic
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 b+�H�#BHBiv i2bi rBi? T�`iB+mH�` 7Q+mb QM
i?2 �#BHBiv Q7 i?2 alh iQ �HHQ+�i2 2ti`� `2bQm`+2b �M/ �pQB/ 7�BHm`2bc

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi �`2 K�BMHv `2H�i2/ iQ i?2 `2bQm`+2 miB@
HBx�iBQM Q7 i?2 alh �M/ K2i`B+b +?�`�+i2`BxBM; BM+m``BM; 7�BHm`2b �b i?2
QM2 B/2MiB}2/ 7Q` i?2 bi`2bb i2bic
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b i?2 #2?�pBQ` Q7 i?2 alh BM
�/DmbiBM; Bib `2bQm`+2 miBHBx�iBQM iQ �pQB/ T`QT�;�iBM; BM+m``BM; 7�BHm`2b
mM/2` ?B;? HQ�/c
_2TQ`ib, �b T2` i?2 bi`2bb i2biX

kjX _2bBHB2M+v Q` _2HB�#BHBiv h2bi

.2}MBiBQM, � `2bBHB2M+v Q` `2HB�#BHBiv i2bi p�HB/�i2b i?2 ǳ�#BHBiv Q7 � bQHmiBQM
iQ �#bQ`# i?2 BKT�+i Q7 � T`Q#H2K BM QM2 Q` KQ`2 T�`ib Q7 � bvbi2K r?BH2
+QMiBMmBM; iQ T`QpB/2 �M �++2Ti�#H2 b2`pB+2 H2p2H iQ i?2 #mbBM2bbǴR8X

R8https://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_co
l_nasser.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_col_nasser.html
https://www.ibm.com/developerworks/websphere/techjournal/1407_col_nasser/1407_col_nasser.html


Ryy 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, BM/m+2 7�BHm`2b BM i?2 alh �M/ p2`B7v i?2 bvbi2K +�M ;m�`�Mi22
Bi +QMiBMm2b iQ QT2`�i2 rBi?Qmi iQQ K�Mv mb2`@7�+BM; Bbbm2bc

1tT2+i2/ AMTmi, �b T2` i?2 +?�Qb i2bic

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HQ�/ i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 2H�biB+Biv i2biX A7 2H�b@
iB+Biv i2biBM; +�M MQi #2 T2`7Q`K2/ QM i?2 alh- i?2M �b T2` i?2 b+�H�#BHBiv
i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 +?�Qb i2bic

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2c

.m`BM; i?2 h2bi, MQ bT2+B}+ QM2c
ambT2MbBQM *`Bi2`B�, 2Mbm`2 BMi`Q/m+2/ 7�BHm`2b �`2 MQi /2;`�/BM; i?2
bvbi2KǶb T2`7Q`K�M+2 iQ � TQBMi Bi #2+QK2b mMbi�#H2 �M/ 7m`i?2` �+iBQMb
�`2 MQi TQbbB#H2c

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi KQbiHv `272` iQ +HB2Mi@bB/2 K2i`B+b- #2@
+�mb2 i?2 Q#D2+iBp2 Q7 i?2 i2bi Bb iQ �M�Hvx2 i?2 BKT�+i Q7 7�BHm`2b QM
mb2`bX Ai Bb �HbQ BKTQ`i�Mi iQ T`QpB/2 b2`p2`@bB/2 K2i`B+b- 2bT2+B�HHv iQ
�bb2bb i?2 #2?�pBQ` BM +�b2 i?2 alh 7�BHb iQ �/Dmbi iQ BMi`Q/m+2/ 7�BHm`2bc
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib BM/B+�i2 i?2 2z2+i Q7 BMi`Q/m+2/ 7�BH@
m`2b QM i?2 alhǶb T2`7Q`K�M+2c
_2TQ`ib, i?2 `2TQ`i /2i�BHb ?Qr i?2 /Bz2`2Mi KQMBiQ`2/ K2i`B+b +?�M;2b
r?2M 7�BHm`2b �`2 BMi`Q/m+2/ iQ i?2 bvbi2KX Ai Bb BKTQ`i�Mi iQ `2TQ`i
r?2i?2` Q` MQi i?2 bvbi2K bKQQi?Hv `2�+ib iQ BMi`Q/m+2/ 7�BHm`2b- rBi?Qmi
2tT2`B2M+BM; Bbbm2bX �b T2` i?2 +?�Qb i2bi- Bi Bb BKTQ`i�Mi iQ T`QpB/2
+Q``2H�iBQM +?�`ib #2ir22M +HB2Mi@ �M/ b2`p2`@bB/2 K2i`B+b r?2M 7�BHm`2b
�`2 BMi`Q/m+2/X

k9X aM�Tb?Qi@HQ�/ h2bi

.2}MBiBQM, � bM�Tb?Qi@HQ�/ i2bi 2p�Hm�i2b ?Qr i?2 :lA Q7 i?2 alh #2?�p2b
mM/2` HQ�/X ǳ� ivTB+�H bM�Tb?Qi i2bi +�b2 `2M/2`b � :lA +QKTQM2Mi- i�F2b
� bM�Tb?Qi- i?2M +QKT�`2b Bi iQ � `272`2M+2 bM�Tb?Qi }H2 biQ`2/ �HQM;bB/2
i?2 i2biǴRe �M/ 7�BHb B7 i?2v �`2 /Bz2`2MiX

Rehttps://jestjs.io/docs/en/snapshot-testing- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://jestjs.io/docs/en/snapshot-testing


RyR 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

P#D2+iBp2b, 2Mbm`2 i?2 :lA Q7 i?2 alh +Q``2+iHv `2M/2`b mM/2` HQ�/c

1tT2+i2/ AMTmi, �b T2` i?2 HQ�/ i2biX �//BiBQM�HHv- `272`2M+2 bM�Tb?Qib ?�p2
iQ #2 T`QpB/2/c

1tT2+i2/ alh J�im`Biv, �b T2` i?2 HQ�/ i2biX Ai Bb BKTQ`i�Mi i?2 alh Bb
`2�/v iQ 2tT2`B2M+2 i?2 2tT2+i2/ T`Q/m+iBQM HQ�/c

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 HQ�/ i2biX �//BiBQM@
�HHv- i?2 GQ�/ h2bi ?�b iQ #2 2t2+mi2/ �b r2HH iQ 2Mbm`2 i?2 alh +�M
K�M�;2 i?2 HQ�/c

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, �b T2` i?2 HQ�/ i2biX �//BiBQM�HHv- Bi
Bb BKTQ`i�Mi iQ +QHH2+i bM�Tb?Qib QM �HH i?2 TQbbB#H2 2t2+miBQM 2MpB`QMK2Mib
BM r?B+? i?2 :lA Bb 2tT2+i2/ iQ #2 �++2bb2/ 7`QKX 6Q` /QBM; bQ Bi Bb M22/2/
i?�i i?2 2t2+miBQM 2MpB`QMK2Mi 2M�#H2b i?2 +QHH2+iBQM Q7 bM�Tb?QibX AM +�b2
Q7 /2THQvK2Mi QM � KQ#BH2 +HB2Mi Bi Bb Q7i2M M22/2/ iQ 2M�#H2 /2#m;;BM;
7mM+iBQM�HBiB2b iQ ;m�`�Mi22 bM�Tb?Qib +�M #2 +QHH2+i2/c

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, 2Mbm`2 bM�Tb?Qib +�M #2 +QHH2+i2/c
q?2M ai�`iBM; i?2 h2bi, �b T2` i?2 HQ�/ i2bic
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, �b T2` i?2 HQ�/ i2bic

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, K2i`B+b Q7 BMi2`2bi T`QpB/2b +HB2Mi@ �M/ b2`p2`@bB/2 /2i�BHb QM i?2
Bbbm2/ HQ�/ iQ +?�`�+i2`Bx2 i?2 b�K2c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHib BM/B+�i2 r?2i?2` Q` MQi i?2 :lA
`2M/2`b +Q``2+iHv mM/2` /Bz2`2Mi HQ�/ �M/ /2THQvK2Mi +QMi2tibc
_2TQ`ib, i?2 `2TQ`i /2i�BHb i?2 /Bz2`2Mi KQMBiQ`2/ K2i`B+b �M/ �//B@
iBQM�HHv `2TQ`i +QKT�`BbQMb QM bM�Tb?Qib i�F2M /m`BM; i?2 i2bi rBi? i?2
`272`2M+2 bM�Tb?Qib �M/ ?B;?HB;?i /Bz2`2M+2b �+`Qbb �HH i?2 /2THQvK2Mi
+QMi2tib BM r?B+? i?2 i2bi Bb 2t2+mi2/X

k8X oQHmK2 Q` 6HQQ/ h2bi



Ryk 9Xj �miQK�iBQM@Q`B2Mi2/ S2`7Q`K�M+2 h2bib *�i�HQ;

.2}MBiBQM, � pQHmK2 Q` ~QQ/ i2bi Bbbm2b � ?m;2 pQHmK2 Q7 /�i� iQ i?2 alh
Q` iQ i?2 ."Ja i?2 alh `2HB2b QM (:m`mNN- kyR9)X

P#D2+iBp2b, 2Mbm`2 i?2 alhǶb T2`7Q`K�M+2 Bb MQi BKT�+i2/ #v � ?m;2
�KQmMi Q7 /�i� Bbbm2/ iQ i?2 b�K2 Q` biQ`2/ BM ."Jab i?2 bvbi2K `2HB2b
QMc

1tT2+i2/ AMTmi, i?2 rQ`FHQ�/ Bb 2tT2+i2/ iQ Bbbm2 � ?m;2 pQHmK2 Q7 /�i�-
i?mb +QKTH2t �M/ #B; T�vHQ�/b ?�p2 iQ #2 /2}M2/ 7Q` i?2 BMi2`�+iBQM rBi?
i?2 alhc

1tT2+i2/ alh J�im`Biv, �b T2` i?2 b+�H�#BHBiv i2bic

1tT2+i2/ S`2HBKBM�`v S2`7Q`K�M+2 h2bib, �b T2` i?2 bM�Tb?Qi@HQ�/ i2bic

1t2+miBQM 1MpB`QMK2Mi _2[mB`2K2Mib, i?2 2t2+miBQM 2MpB`QMK2Mi ?�b iQ
#2 �#H2 iQ K�M�;2 i?2 ?m;2 pQHmK2 Bbbm2/ iQ i?2 alh �M/ TQi2MiB�HHv
biQ`2/ #v i?2 alh QM i?2 ?QbiBM; BM7`�bi`m+im`2c

"27Q`2 i?2 h2bi, 2Mbm`2 2tT2+i2/ /�i� Bb +Q``2+iHv HQ�/2/ BMiQ i?2 bvbi2KX

1t2+miBQM S`Q+2bb, MQ bT2+B}+ QM2bc

"27Q`2 i?2 h2bi, HQ�/ i?2 /�i� i?2 i2bi Bb 2tT2+i2/ iQ }M/ BM i?2 i�`;2i
bvbi2K �b � bi�`iBM; TQBMi 7Q` i?2 i2bic
.m`BM; i?2 h2bi, MQ bT2+B}+ QM2bc
ambT2MbBQM *`Bi2`B�, Bi Bb BKTQ`i�Mi iQ KQMBiQ` i?2 #2?�pBQ` Q7 i?2
alh r?2M � ?m;2 �KQmMi Q7 /�i� Bb Bbbm2/X A7 i?2 bvbi2K bi�`ib iQ
2tT2`B2M+2 mM2tT2+i2/ #2?�pBQ`- QM2 KB;?i /2+B/2 iQ bmbT2M/ i?2 i2biX

�7i2` i?2 h2bi, �b T2` i?2 HQ�/ i2biX

h2bi .2HBp2`�#H2b, MQ bT2+B}+ QM2bc

J2i`B+b, i?2 K2i`B+b Q7 BMi2`2bi HQQF �i #Qi? +HB2Mi@ �M/ b2`p2`@bB/2 7�+@
iQ`b TQi2MiB�HHv BM~m2M+2/ #v � ?m;2 �KQmMi Q7 /�i� ?�M/H2/ #v i?2
alhX _2H2p�Mi K2i`B+b �`2 7Q` 2t�KTH2 i?2 `2bTQMb2 iBK2- i?�i +QmH/ #2
BKT�+i2/ #v i?2 BM+`2�bBM; �KQmMi Q7 /�i�- �M/ .AaE `2H�i2/ K2i`B+b iQ
2Mbm`2 i?2 /BbF Bb 2{+B2MiHv mb2/ #v i?2 alh �/ MQi Qp2`HQ�/2/c
Zm�HBiv _2bmHib, i?2 [m�HBiv `2bmHi BM/B+�i2b r?2i?2` Q` MQi i?2 alh
T`QT2`Hv ?�M/H2b � ?m;2 pQHmK2 Q7 /�i�c



Ryj 9X9 S2`7Q`K�M+2 h2bib :Q�Hb �M/ .2pPTb

_2TQ`ib, i?2 `2TQ`i ?�b iQ BM/B+�i2 ?Qr i?2 bvbi2K ?�M/H2b i?2 ?m;2
�KQmMi Q7 /�i� Bbbm2/ /m`BM; i?2 i2biX Ai Bb BKTQ`i�Mi iQ `2TQ`i i?2
K2i`B+b Q7 BMi2`2bi �HQM; rBi? bi�iBbiB+b QM i?2 bBx2 Q7 i?2 Bbbm2/ /�i� Q`
/�i� biQ`2/ BM ."Jab i?2 alh `2HB2b QMX h?Bb ?2HTb iQ B/2MiB7v HBKBib BM
i?2 bvbi2K T2`7Q`K�M+2 BM ?�M/HBM; i?2 /�i�X

9X9 S2`7Q`K�M+2 h2bib :Q�Hb �M/ .2pPTb
lbm�HHv- BM *a.G- mb2`b /2}M2 T2`7Q`K�M+2 i2bib i?2v KB;?i r�Mi iQ +QMiBMm@
QmbHv b22 rQ`FBM;- �M/ i?�i i?2v �miQK�i2 BM i2`Kb Q7 �miQK�iBM; i?2 �M�HvbBb
�M/ i?2 T`Q+2bb iQ +QHH2+i i?2 /�i� 7Q` i?�i �M�HvbBbX h?2M i?2v /2}M2 �MQi?2`
b2i Q7 T2`7Q`K�M+2 i2bib i?�i Bb MQi �Hr�vb +QMiBMmQmbHv 2t2+mi2/- #�b2/ QM �
KQ/2H i?2v ?�p2 UBX2X- `2[mB`2K2Mib- /2bB;M- BKTH2K2Mi�iBQM /B�;`�Kb- 2i+XV iQ
2tTHQ`2 i?2 bvbi2K- H2�`M 7`QK Bi �M/ K�v#2 /2+B/2 iQ �miQK�i2 Qi?2` �M�Hvb2b
iQ #2 �#H2 iQ +QKKmMB+�i2 /2`Bp2/ BM7Q`K�iBQM BM � #2ii2` r�vX

9X9XR *QM+2Tib
AM *a.G- bQ7ir�`2 ;2ib /2p2HQT2/ �M/ `2H2�b2/ BM +QMiBMmQmb Bi2`�iBQMbX AM i?2
2�`Hv bi�;2 Q7 bQ7ir�`2 /2p2HQTK2Mi- i?2 Bi2`�iBQMb �`2 mbm�HHv bHQr BM #mBH/BM;
mT mMiBH � }`bi KBMBKmK pB�#H2 `2H2�b2 Bb `2�+?2/X 6`QK i?Bb KQK2Mi QM-
KmHiBTH2 Bi2`�iBQMb �`2 2t2+mi2/ �++Q`/BM; iQ 2M/@mb2`bǶ 722/#�+F �M/ #mbBM2bb
M22/bX h?2 KQ`2 K�im`2 i?2 bQ7ir�`2 Bb- i?2 72r2` Bi2`�iBQMb �`2 2tT2+i2/- �M/
mbm�HHv- i?2 Bi2`�iBQMb p2HQ+Biv bHQrb /QrM �b r2HHX
AM i?Bb +QMi2ti- i?2 bQ7ir�`2 Bb #mBHi #v Tmb?BM; i?2 +Q/2 iQ � o2`bBQM *QMi`QH
avbi2K Uo*aV- �M/ K�Mv /2p2HQT2`b rQ`F QM i?2 bQ7ir�`2 �i i?2 b�K2 iBK2X
hQ 2M�#H2 i?Bb FBM/ Q7 /2p2HQTK2Mi- /Bz2`2Mi T`Q+2bb2b 2tBbi- QM2 Q7 i?2K #2BM;
i?2 :Bi6HQr (.`B2bb2M- kyRy) QM2X :Bi6HQr- �b r2HH �b Qi?2` bBKBH�` /2p2HQT@
K2Mi T`Q+2bb2b- mbm�HHv /2p2HQTb bQ7ir�`2 BM /Bz2`2Mi 72�im`2 #`�M+?2b- mbm�HHv
M�K2/ ǳ72�i@I61�hl_1nL�J1nA.=ǴX 62�im`2 #`�M+?2b ;2i K2`;2/ iQ �
ǳ/2p2HQTK2MiǴ #`�M+? i?`Qm;? � TmHH `2[m2bi r?2M i?2v �`2 +QMbB/2`2/ +QK@
TH2i2/ �M/ bm++2bb7mHHv i2bi2/X h?2 ǳ/2p2HQTK2MiǴ #`�M+? `2T`2b2Mib i?2 +Q/2
mM/2` /2p2HQTK2Mi �M/ i?2 +Q/2 i?�i Bb 2tT2+i2/ iQ #2 KQp2/ BM T`Q/m+iBQM
M2tiX SmHH `2[m2bib �`2 `2T`2b2Mi2/ �b /2p2HQTK2Mi #`�M+?2b �b r2HH- mbm�HHv
M�K2/ ǳT`@I61�hl_1nL�J1nA.=Ǵ- �M/ �Hr�vb `2T`2b2Mi irQ p2`bBQMb Q7
i?2 bQ7ir�`2 mM/2` /2p2HQTK2Mi, i?2 ǳ>1�.Ǵ p2`bBQM �M/ i?2 ǳJ1_:1Ǵ p2`@
bBQMX h?2 ǳ>1�.Ǵ `2T`2b2Mib 2t�+iHv i?2 p2`bBQM Q7 i?2 +Q/2 T`2b2Mi BM i?2
#`�M+? 7`QK r?B+? i?2 TmHH `2[m2bi ?�b #22M QT2M2/X h?2 ǳJ1_:1Ǵ p2`bBQM



Ry9 9X9 S2`7Q`K�M+2 h2bib :Q�Hb �M/ .2pPTb

`2T`2b2Mib i?2 +Q/2 i?2 /2p2HQT2` Q#i�BMb �7i2` K2`;BM; i?2 ǳ>1�.Ǵ +Q/2 rBi?
i?2 /2biBM�iBQM #`�M+? Q7 i?2 TmHH `2[m2bi- BM Qm` 2t�KTH2 i?2 ǳ/2p2HQTK2MiǴ
#`�M+?X q?2M i?2 M2r p2`bBQM Q7 i?2 +Q/2 Bb +QMbB/2`2/ `2�/v 7Q` T`Q/m+@
iBQM- mbm�HHv #`�M+?2b M�K2/ ǳ`2H2�b2@I_1G1�a1nLlJ"1_=Ǵ �`2 +`2�i2/
�M/ +Q/2 Bb K2`;2/ iQ i?2 ǳK�bi2`Ǵ #`�M+?- `2T`2b2MiBM; i?2 T`Q/m+iBQM +Q/2-
i?`Qm;? � TmHH `2[m2biX SmHH `2[m2bib �`2 �HbQ mb2/ iQ K2`;2 +Q/2 }tBM; T`Q/m+@
iBQM #m;b- mbm�HHv Tmb?2/ BM #`�M+?2b M�K2/ ǳ?Qi}t@I>Ph6AsnL�J1=Ǵ-
iQ i?2 T`Q/m+iBQM #`�M+?X
1p2`v �+iBQM /2b+`B#2/ �#Qp2- ;2M2`�i2 bQK2 2p2Mib +QKBM; 7`QK /Bz2`2Mi 2M@
iBiB2b- �M/ BM *a.G- Bi Bb BKTQ`i�Mi iQ #2 �#H2 iQ +QMi`QH r?B+? i2bi- Q` b2i
Q7 i2bib- iQ 2t2+mi2 �++Q`/BM; iQ i?2 ivT2 �M/ i?2 bQm`+2 Q7 i?2 2p2MiX h?Bb
Bb BKTQ`i�Mi #2+�mb2 mbm�HHv /Bz2`2Mi i2bi ivT2b- Q` /Bz2`2Mi +QM};m`�iBQMb
7Q` bBKBH�` i2bi ivT2b- �`2 2t2+mi2/ �++Q`/BM; iQ i?2 2p2MiX Ai Bb BKTQ`i�Mi
�HbQ #2+�mb2- �b T`2b2Mi2/- �++Q`/BM; iQ i?2 #`�M+? r?2`2 i?2 +Q/2 `2bB/2b-
i?2 i�`;2i /2THQvK2Mi 2MpB`QMK2Mi Bb /Bz2`2MiX AM *a.G- mbm�HHv +Q/2 Bb +QM@
iBMmQmbHv #mBHi #v *QMiBMmQmb AMi2;`�iBQM avbi2K U*AaV- bm+? �b C2MFBMbRd X
*Aa �`2 HBMF2/ iQ i?2 o*a bvbi2Kb BM bm+? � r�v i?2v �`2 +QHH2+iBM; �HH i?2
K2MiBQM2/ 2p2Mib- �M/ #�b2/ QM i?Qb2 2p2Mib i?2 /2}M2/ rQ`F~Qr T`Q+2bb2b
#mBH/BM; i?2 bQ7ir�`2 2t2+mi2 bT2+B}+ bi2TbX 1t�KTH2b Q7 bi2Tb i?�i �`2 Q7i2M
2t2+mi2/ �`2 � bi2T iQ #mBH/ i?2 bQ7ir�`2- � bi2T iQ i2bi Bi �M/ � bi2T iQ #mBH/
� /2THQv�#H2 �`iB7�+i Qmi Q7 i?2 +Q/2X AM bQK2 +QMi2tib- �b T�`i Q7 *a.G- �`2
/2}M2/ �HbQ rQ`F~Qrb �M/ T`Q+2bb2b iQ +QMiBMmQmbHv /2HBp2` i?2 bQ7ir�`2 iQ
i?2 /Bz2`2Mi /2THQvK2Mi 2MpB`QMK2MibX h?2b2 �`2 +�HH2/ *QMiBMmQmb .2HBp2`v
avbi2K U*.aV- �M/ QM2 2t�KTH2 Bb *HQm/"22b *.R3 X C2MFBMb Bb �HbQ bQK2iBK2b
mb2/ �b *.a bvbi2K- �Hi?Qm;? Bi Bb MQi #mBHi bT2+B}+�HHv 7Q` i?Bb mb2 +�b2X

9X9Xk *a.G �M/ S2`7Q`K�M+2 h2bib 1t2+miBQM
S2`7Q`K�M+2 i2bib �`2 T�`i Q7 i?2 *a.G �M/ �`2 BMi2;`�i2/ rBi? i?2 b�K2
�++Q`/BM; iQ /Bz2`2Mi +`Bi2`B�X AM 6B;X 9XR r2 `2TQ`i �M 2t�KTH2 Q7 BMi2;`�iBQM
7Q` bQK2 Q7 i?2 T2`7Q`K�M+2 i2bib T�`i Q7 i?2 +�i�HQ; T`2b2Mi2/ BM a2+iX 9XjX
6B;m`2 9XR `2T`2b2Mib � *A*. TBT2HBM2- BMi2;`�iBM; aKQF2 i2bib- GQ�/ i2bib-
�++2Ti�M+2 i2bib- _2;`2bbBQM i2bib- *�M�`v i2bib- �M/ GBp2 i2bibX h?2 i2bib �`2
2t2+mi2/ BM /Bz2`2Mi bi2Tb Q7 i?2 TBT2HBM2- �M/ bQK2 Q7 i?2K �`2 2t2+mi2/ BM
T�`�HH2HX "�b2/ QM i?2 +QMiBMmQmb 2t2+miBQM Q7 rQ`F~Qrb bBKBH�` iQ i?2 QM2 BM
i?2 2t�KTH2- � mb2` +�M /2+B/2 iQ /2}M2 [m�HBiv ;�i2b �M/ /Bb�#H2 bQK2 bi2Tb

Rdhttps://www.jenkins.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
R3https://www.cloudbees.com/products/continuous-delivery- H�bi pBbBi2/ QM 62#`m�`v d-

kykR

https://www.jenkins.io/
https://www.cloudbees.com/products/continuous-delivery
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Checkout Build Unit Tests Integration 
Tests

E2e Tests Smoke Tests

Load Tests

Acceptance 
Tests

Regression 
Tests

Deploy in 
Production

FUNCTIONAL TESTS

FUNCTIONAL TESTS

PERFORMANCE TESTS

6B;m`2 9XRX *a.G, 1t�KTH2 Q7 S2`7Q`K�M+2 h2bi AMi2;`�iBQM

B7 i?2v �`2 MQi H2�/BM; iQ 2z2+iBp2 `2bmHib U2X;X- T2`7Q`K�M+2 i2bib i?�i �Hr�vb
2tT2`B2M+2 � bi�#H2 T2`7Q`K�M+2- Q` i?�i �`2 MQi `2H2p�Mi 7Q` �M 2�`Hv +�i+? Q7
T2`7Q`K�M+2 T`Q#H2KbVX AM i?2 7QHHQrBM; b2+iBQMb- r2 T`2b2Mi /Bz2`2Mi b2H2+iBQM
+`Bi2`B� 7Q` /2+B/BM; ?Qr �M/ r?2M iQ BMi2;`�i2 T2`7Q`K�M+2 i2bib 2t2+miBQM �b
T�`i Q7 i?2 *a.GX h2bib bm;;2bi2/ iQ #2 2t2+mi2/ �++Q`/BM; iQ /Bz2`2Mi +`Bi2`B�
KB;?i Qp2`H�TX

9X9Xj *a.G �M/ S2`7Q`K�M+2 h2bib a2H2+iBQM
q2 /2}M2 /Bz2`2Mi +`Bi2`B� 7Q` /2+B/BM; ?Qr iQ BMi2;`�i2 T2`7Q`K�M+2 i2bi 2t@
2+miBQM �b T�`i Q7 i?2 *a.GX h?2v �`2 `2H�i2/ iQ i?2 7�+iQ`b r2 B/2MiB}2/ BM
a2+iX 9XkXR 7Q` +H�bbB7vBM; i?2 /Bz2`2Mi T2`7Q`K�M+2 i2bi ivT2b BM i?2 +�i�HQ;X
h?2 +`Bi2`B� �`2,

RV #�b2 QM K�Mm�H b+?2/mHBM;X aQK2 i2bi ivT2b- 7Q` 2t�KTH2- i?2 2tTHQ`�iQ`v
�M/ i?2 +QM};m`�iBQM i2bi- �`2 mbm�HHv b+?2/mH2/ 7Q` 2t2+miBQM K�Mm�HHvX
h?2 `2�bQM Bb i?�i i?Qb2 �`2 i2bib i?2 mb2` /2}M2b 7Q` 2tTHQ`BM; i?2 T2`@
7Q`K�M+2 Q7 i?2 alh Q` �bb2bb i?2 `B;?i +QM};m`�iBQM iQ b2i iQ 2Mbm`2
`2[mB`2/ T2`7Q`K�M+2 #2?�pBQ` `2bT2+iBp2HvX h?2b2 ivT2b Q7 i2bib �`2 BK@
TQ`i�Mi #2+�mb2 i?2v �HHQr i?2 mb2` iQ b2i aGP- #�b2/ QM aG�bc
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kV #�b2/ QM i?2 /2p2HQTK2Mi ~Qr �M/ /2p2HQT2/ 2MiBiB2bX h2bib b2H2+i2/
�++Q`/BM; iQ i?Bb +`Bi2`B� �`2 mbm�HHv BMi2;`�i2/ rBi? *A*. �M/ b+?2/@
mH2/ �++Q`/BM; iQ 2p2Mib ;2M2`�i2/ /m`BM; i?2 /2p2HQTK2Mi ~Qr �M/ i?2
bQ7ir�`2 2MiBiB2b #2BM; /2p2HQT2/c

jV #�b2/ QM i?2 alh K�im`Biv H2p2HX aQK2 i2bib +�M #2 2t2+mi2/ QMHv r?2M
i?2 alh `2�+?2b +2`i�BM K�im`Biv H2p2Hb BM i2`Kb Q7 Bib /2p2HQTK2Mic

9V #�b2/ QM i?2 2tT2+i2/ #2?�pBQ` Q7 i?2 +HB2Mib BMi2`�+iBM; rBi? i?2 alh-
�b r2HH �b r?2`2 i?2 alh Bb /2THQv2/ �M/ Bib `mMiBK2 +QMi2tiX h?Bb
+`Bi2`BQM BKT�+ib i?2 ivT2b Q7 i2bib iQ #2 b2H2+i2/ 7Q` i?2 BMi2;`�iBQM rBi?
i?2 *a.G #2+�mb2 /Bz2`2Mi +QMi2tib `2[mB`2 /Bz2`2Mi i2bi ivT2bX

q?2M BMi2;`�iBM; T2`7Q`K�M+2 i2bib �b T�`i Q7 i?2 *a.G- Bi Bb 7mM/�K2Mi�H iQ
+QMiBMmQmbHv BKT`Qp2 i?2 alh #�b2/ QM i?2 `2bmHib Q#i�BM2/ 7`QK i2bi 2t2+m@
iBQMX h?Bb ?�b iQ ?�TT2M /m`BM; /2p2HQTK2Mi Bi2`�iBQMb- iQ 2Mbm`2 i?2 2zQ`i-
iBK2- �M/ `2bQm`+2b bT2Mi BM 2t2+miBM; T2`7Q`K�M+2 i2bi ?�b i?2 `B;?i BKT�+i
BM BKT`QpBM; i?2 alhX
.2+B/BM; r?B+? �+im�H i2bib Q` i2bi bmBi2b iQ 2t2+mi2 Bb Qmi Q7 i?2 b+QT2 Q7 i?Bb
rQ`FX Ai Bb mbm�HHv MQi 72�bB#H2 iQ �Hr�vb 2t2+mi2 �HH i?2 i2bib /2}M2/ /m`BM; i?2
*a.G- #mi � bm#b2i Q7 i?2 b�K2 b?�HH #2 b2H2+i2/ iQ +Qp2` i?2 KQbi BKTQ`i�Mi
T2`7Q`K�M+2 �bT2+ib Q7 i?2 alhX h?2`2 �`2 /Bz2`2Mi �TT`Q�+?2b iQ b2H2+i i2bib
iQ #2 2t2+mi2/- �b T`2b2Mi2/ BM a2+iX jXkXjX

J�Mm�HHv a+?2/mH2/ S2`7Q`K�M+2 h2bib

h?2 i2bi r2 B/2MiB7v �b #2BM; mbm�HHv b+?2/mH2/ K�Mm�HHv �`2,

RV i?2 2tTHQ`�iBQM i2bic

kV i?2 +QM};m`�iBQM i2bic

jV i?2 bQ�F UQ` bi�#BHBivV i2bic

9V i?2 +�T�+Biv UQ` 2M/m`�M+2V i2biX

1tTHQ`�iQ`v i2bib �`2 /2}M2/ �M/ 2t2+mi2/ #v mb2`b 2tTHQ`BM; i?2 T2`7Q`K�M+2
Q7 i?2 alh- iQ H2�`M �#Qmi Bib #2?�pBQ`X 1tTHQ`�iQ`v i2biBM; Bb p2`v BKTQ`i�Mi
BM *a.G #2+�mb2 T`QpB/2b i?2 mb2`b rBi? /�i� �#Qmi i?2 T2`7Q`K�M+2 Q7 i?2
/2p2HQT2/ bvbi2K r?BH2 i?2 /2p2HQTK2Mi Bb QM;QBM;X *QM};m`�iBQM i2bib �`2
/2}M2/ r?2M i?2 alh BKTH2K2Mib � pB�#H2 b2i Q7 72�im`2b iQ #2 +QMbB/2`2/
`2�/v 7Q` i?2 M2ti T?�b2b #`BM;BM; Bi iQ T`Q/m+iBQMX h?2 +QM};m`�iBQM i2bib
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�`2 /2}M2/ iQ B/2MiB7v i?2 #2bi +QM};m`�iBQM 7Q` i?2 alh �++Q`/BM; iQ aGP
�M/ i?2 /2}M2/ rQ`FHQ�/X h?2v �`2 mbm�HHv b+?2/mH2/ K�Mm�HHv #2+�mb2 i?2v
�`2 +QKTH2t �M/ iBK2@+QMbmKBM;- i?mb �`2 QMHv 2t2+mi2/ r?2M M22/2/X aQ�F
Q` bi�#BHBiv i2bib- �b r2HH �b +�T�+Biv Q` 2M/m`�M+2 i2bib- bBKBH�` iQ i?2 +QM};@
m`�iBQM i2bib- �`2 +QKTH2t �M/ iBK2@+QMbmKBM;- i?mb �`2 mbm�HHv b+?2/mH2/ 7Q`
2t2+miBQM K�Mm�HHvX
h?2 b�K2 i2bib +�M �HbQ #2 b+?2/mH2/ �b T�`i Q7 *A*. TBT2HBM2b- �Hi?Qm;? i?2
2tTHQ`�iBQM i2bi Bb `�`2Hv BMi2;`�i2/ #2+�mb2 Bi Bb K2�Mi iQ #2 2t2+mi2/ 7`QK �
mb2` i2biBM; ?2` T2`7Q`K�M+2 �bbmKTiBQMb iQr�`/b i?2 alhX

a2H2+iBQM "�b2/ QM i?2 .2p2HQTK2Mi 6HQr

.m`BM; i?2 /2p2HQTK2Mi ~Qr- K�Mv 2p2Mib �`2 ;2M2`�i2/- �b T`2b2Mi2/ BM
a2+iX 9X9XR- �++Q`/BM; iQ i?2 7QHHQr2/ /2p2HQTK2Mi T`Q+2bbX AM i?2 7QHHQrBM;
r2 T`QTQb2 ?Qr /Bz2`2Mi 2p2Mib- ?�TT2MBM; BM /Bz2`2Mi KQK2Mib Q7 i?2 /2@
p2HQTK2Mi ~Qr- b?�HH #2 K�TT2/ iQ /Bz2`2Mi T2`7Q`K�M+2 i2bi ivT2b- i?�i �`2
mbm�HHv b+?2/mH2/ �b T�`i Q7 i?2 *A*. TBT2HBM2bX
*QMbB/2`BM; i?2 7QHHQrBM; /2p2HQTK2Mi #`�M+?2b � bQ7ir�`2 7QHHQrBM; i?2 :Bi@
6HQr KB;?i /2}M2 U `2T`2b2Mib � ;2M2`B+ bi`BM;V, RV K�bi2` UT`Q/m+iBQMVc
kV `2H2�b2@ c jV /2p2HQTK2Mic 9V 72�im`2@ c 8V ?Qi}t@ X - �M/ i?2 7QHHQrBM;
2p2Mib ;2M2`�i2/ �b T�`i Q7 i?2 *a.G, RV Tmb? Q7 � b2i Q7 +QKKBibc kV QT2MBM;
Q7 � TmHH `2[m2bic jV K2`;BM; Q7 � TmHH `2[m2bic 9V QT2MBM; � #`�M+?c 8V alh
/2THQvK2MiX
AM i?2 7QHHQrBM;- r2 /Bb+mbb ?Qr /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib b?�HH #2
b+?2/mH2/- �M/ BM h�#X 9XR r2 bmKK�`Bx2 Qm` T`QTQb�HX
q?2M /2p2HQTBM; � 72�im`2@ - 2tTHQ`�iQ`v T2`7Q`K�M+2 i2bib �`2 2t2+mi2/ iQ
#mBH/ T2`7Q`K�M+2 FMQrH2/;2 �#Qmi i?2 alhX 1p2`v iBK2 � M2r Tmb? Q7 � b2i Q7
+QKKBib ?�TT2Mb QM 72�im`2@ �M/ ?Qi}t@ #`�M+?2b- r2 �/pBb2 b+?2/mHBM; mMBi
T2`7Q`K�M+2 i2bib �M/ bKQF2 i2bib QM i?2 +QKKBii2/ +Q/2X lMBi T2`7Q`K�M+2
i2bib �M/ bKQF2 i2bib +�M #2 2t2+mi2/ BM � 7�B`Hv HBKBi2/ �KQmMi Q7 iBK2- �M/
T`QpB/2 BMBiB�H BMbB;?i QM i?2 T2`7Q`K�M+2 Q7 i?2 alhX
q?2M QT2MBM; � TmHH `2[m2bi 7`QK � 72�im`2@ iQ i?2 /2p2HQTK2Mi #`�M+?- r2
bm;;2bi iQ 2t2+mi2, RV bKQF2 i2bibc kV T2`7Q`K�M+2 `2;`2bbBQM i2bib- iQ 2Mbm`2
M2rHv /2p2HQT2/ 72�im`2b +QKTHv rBi? `2;`2bbBQM +`Bi2`B�c jV b�MBiv i2bibc 9V HQ�/
i2bibX PTiBQM�HHv- �++Q`/BM; iQ i?2 �+im�H Q#D2+iBp2b Q7 i?2 +?�M;2b +QKKBii2/
�b T�`i Q7 i?2 72�im`2- b+�H�#BHBiv i2bib b?�HH #2 �HbQ b+?2/mH2/ 7Q` 2t2+miBQMX �HH
Q7 i?2 �#Qp2@K2MiBQM2/ i2bib b?�HH #2 2t2+mi2/ QM i?2 +Q/2 #�b2 `2T`2b2MiBM;
i?2 M2r +Q/2 iQ #2 K2`;2/ T�`i Q7 i?2 72�im`2@ #`�M+? UBX2X- QM i?2 ǳ>1�.Ǵ
Q7 i?2 TmHH `2[m2biVX
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"`�M+?2b 1p2Mib a+QT2 a+?2/mH2/ S2`7Q`K�M+2 h2bib
72�im`2@ @ avbi2K 1tTHQ`�iQ`v
72�im`2@ 
?Qi}t@ Tmb? Q7 � b2i Q7 +QKKBib *QKKBii2/ *Q/2 lMBi

aKQF2

6_PJ 72�im`2@ 
hP /2p2HQTK2Mi QT2MBM; Q7 � TmHH `2[m2bi *QKKBii2/ *Q/2

aKQF2
_2;`2bbBQM
a�MBiv
GQ�/
a+�H�#BHBiv UPTiBQM�HV

6_PJ /2p2HQTK2Mif?Qi}t@ 
hP K�bi2` UT`Q/m+iBQMV K2`;BM; Q7 � TmHH `2[m2bi avbi2K

ai`2bb
aTBF2
�++2Ti�M+2
aQ�F
1H�biB+Biv UPTiBQM�HV

/2p2HQTK2Mi
Tmb? Q7 � b2i Q7 +QKKBib
�L.
QT2MBM; � `2H2�b2@ #`�M+?

avbi2K *QM};m`�iBQM
S2�F@HQ�/

K�bi2` UT`Q/m+iBQMV Tmb? Q7 � b2i Q7 +QKKBib avbi2K

*�T�+Biv
oQHmK2
"`2�FTQBMi UPTiBQM�HV
6�BHQp2` UPTiBQM�HV
_2bBHB2M+v UPTiBQM�HV

/2p2HQTK2Mi alh /2THQvK2Mi AL
bi�;BM; avbi2K *?�Qb

K�bi2` UT`Q/m+iBQMV alh /2THQvK2Mi AL
T`2@T`Q/m+iBQM �M/ T`Q/m+iBQM avbi2K GBp2@i`�{+

*?�Qb

h�#H2 9XRX S2`7Q`K�M+2 h2bib a2H2+iBQM "�b2/ QM i?2 .2p2HQTK2Mi 6HQr
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q?2M � TmHH `2[m2bi Bb `2�/v iQ #2 K2`;2/- Dmbi #27Q`2 K2`;BM; Q7 � TmHH
`2[m2bi 7`QK i?2 /2p2HQTK2Mi #`�M+? iQ i?2 K�bi2` UT`Q/m+iBQMV #`�M+?- Q`
7`QK � ?Qi}t@ #`�M+? iQ i?2 K�bi2` UT`Q/m+iBQMV #`�M+?- r2 �/pBb2 iQ 2t2+mi2,
RV bi`2bb i2bibc kV bTBF2 i2bibc jV �++2Ti�M+2 i2bibc 9V bQ�F i2bibX PTiBQM�HHv-
�++Q`/BM; iQ i?2 alh- 2H�biB+Biv i2bib b?�HH #2 �HbQ b+?2/mH2/ 7Q` 2t2+miBQMX
h?2 �#Qp2@K2MiBQM2/ i2bib ?�p2 iQ #2 2t2+mi2/ QM i?2 ǳJ1_:1Ǵ Q7 i?2 TmHH
`2[m2biX h?Bb r�v- r2 2Mbm`2 i?2 bvbi2K `2bmHiBM; 7`QK K2`;BM; i?2 M2rHv
/2p2HQT2/ +Q/2- rBi? i?2 +Q/2 +m``2MiHv `mMMBM; BM T`Q/m+iBQM T2`7Q`Kb �b
2tT2+i2/ #27Q`2 �+im�HHv mT/�iBM; i?2 +Q/2#�b2X
q?2M QT2MBM; � #`�M+? M�K2/ `2H2�b2@ �M/ r?2M � Tmb? Q7 � b2i Q7 +QK@
KBib ?�TT2Mb QM i?2 /2p2HQTK2Mi #`�M+? U2X;X- �7i2` +QKTH2iBM; � K2`;2 Q7
� TmHH `2[m2biV- r2 T`QTQb2 iQ 2t2+mi2 i?2 7QHHQrBM; i2bib, RV +QM};m`�iBQM
i2bibc kV T2�F@HQ�/ i2bibX �//BiBQM�HHv- Qi?2` i2bib +�M #2 b+?2/mH2/- iQ /22T2`
�bb2bb i?2 T2`7Q`K�M+2 Q7 i?2 bvbi2K- 7Q` 2t�KTH2 /m`BM; i?2 MB;?i UMB;?iHv
2t2+miBQMbVX q?2M i?2 +Q/2 Bb K2`;2/ QM i?2 /2p2HQTK2Mi #`�M+?- mbm�HHv
i?2 `2bmHiBM; p2`bBQM Q7 i?2 alh Bb /2THQv2/ BM � bi�;BM; 2MpB`QMK2Mi- +?�Qb
i2biBM; +�M #2 2t2+mi2/X
q?2M i?2 Tmb? Q7 � b2i Q7 +QKKBib ?�TT2Mb QM i?2 K�bi2` UT`Q/m+iBQMV #`�M+?-
r2 T`QTQb2 iQ 2t2+mi2 i?2 7QHHQrBM; i2bib, RV +�T�+Biv i2bibc kV pQHmK2 i2bibX
PTiBQM�HHv- �++Q`/BM; iQ i?2 alh- #`2�FTQBMi- 7�BHQp2`- �M/ `2bBHB2M+v i2bib b?�HH
#2 �HbQ b+?2/mH2/ 7Q` 2t2+miBQMX h?2 K�bi2` UT`Q/m+iBQMV #`�M+? Bb 2tT2+i2/
iQ #2 /2THQv2/ BM T`2@T`Q/m+iBQM Q`f�M/ T`Q/m+iBQMX q?2M i?�i ?�TT2Mb-
HBp2@i`�{+ i2bib +�M #2 T2`7Q`K2/- �b r2HH �b +?�Qb i2biBM; B7 Bi Bb b�72 iQ #2
2t2+mi2/X
h?2 T`QTQb2/ i2bib iQ #2 2t2+mi2/ Kmbi #2 +QMbB/2`2/ � T`QTQb�HX LQi �HH i?2
i2bib b?�HH #2 b+?2/mH2/ 7Q` �HH FBM/ Q7 alhbX AM T`QTQbBM; i?2 /Bz2`2Mi i2bib iQ
#2 2t2+mi2/ r2 K�BMHv `272` iQ i?2 i�`;2i alh Q7 Qm` rQ`F- M�K2Hv _1ah7mH
q2# b2`pB+2b �M/ "SJL kXy q7JabX

a2H2+iBQM "�b2/ QM i?2 alh J�im`Biv G2p2H

h?2 bQ7ir�`2 /2p2HQTK2Mi T`Q+2bb Bb +QKT`Bb2/ Q7 K�Mv /Bz2`2Mi T?�b2bX h?2
/Bz2`2Mi T?�b2b KQp2 i?2 bQ7ir�`2 7`QK HQr iQ ?B;? H2p2H Q7 K�im`Biv BM i2`Kb Q7
Bib 7mM+iBQM�H �M/ MQM@7mM+iBQM�H +QKTH2i2M2bb �++Q`/BM; iQ i?2 `2[mB`2K2MibX
h?2 K�im`Biv Q7 i?2 alh ?�b �M BKT�+i QM i?2 i2bi i?�i b?�HH #2 2t2+mi2/X
h?2 H2p2Hb Q7 alh K�im`Biv r2 B/2MiB7v �`2,

RV T`QiQivTBM;- i?2 }`bi bi�;2 r?2M i?2 BMBiB�H +Q/2 Q7 i?2 alh Bb �//2/ iQ
i?2 +Q/2 #�b2c



RRy 9X9 S2`7Q`K�M+2 h2bib :Q�Hb �M/ .2pPTb

kV 72�im`2b- i?2 alh BMi2;`�i2b �M BMBiB�H b2i Q7 mM/2`@/2p2HQTK2Mi 72�im`2bc

jV /2p2HQTK2Mi- i?2 }`bi /2p2HQTK2Mi p2`bBQM Q7 i?2 alh Bb `2�/v- BMi2;`�i@
BM; /Bz2`2Mi 72�im`2b �++Q`/BM; iQ i?2 `2[mB`2K2Mibc

9V �HT?�- �M BMBiB�H TQi2MiB�H `2H2�b2 p2`bBQM i?�i Bb K�/2 �p�BH�#H2 7Q` i2bi@
BM;- ivTB+�HHv #v 2KTHQv22b Q7 i?2 +QKT�Mv i?�i Bb /2p2HQTBM; Bic

8V #2i�- �M BMBiB�H TQi2MiB�H `2H2�b2 p2`bBQM i?�i Bb K�/2 �p�BH�#H2 7Q` i2bi@
BM;- ivTB+�HHv #v � HBKBi2/ MmK#2` Q7 mb2`b QmibB/2 i?2 +QKT�Mv i?�i Bb
/2p2HQTBM; Bic

eV `2H2�b2 +�M/B/�i2- � +�M/B/�i2 `2H2�b2 p2`bBQM i?�i Bb K�/2 �p�BH�#H2 7Q`
i2biBM; iQ � H�`;2 �m/B2M+2 Q7 mb2`b QmibB/2 Q7 i?2 +QKT�Mv i?�i Bb /2p2H@
QTBM; Bic

dV `2H2�b2- � `2H2�b2 p2`bBQM 7Q` i?2 alh `2�/v iQ #2 /2THQv2/ BM T`Q/m+iBQMX

.m`BM; T`QiQivTBM;- mbm�HHv- MQ T2`7Q`K�M+2 i2bib �`2 2t2+mi2/X q?BH2 /2p2H@
QTBM; 72�im`2b- mMBi T2`7Q`K�M+2 i2bib +�M #2 2t2+mi2/ QM bi�#H2 7mM+iBQM�HBiB2bX
lMBi T2`7Q`K�M+2 i2bib �i i?Bb bi�;2 �`2 mbm�HHv /2}M2/ QM K2i?Q/b �M/ +H�bb2b
7Q` Q#D2+i@Q`B2Mi2/ bvbi2KbX Ai Bb +QKKQM �HbQ iQ 2t2+mi2 bKQF2 i2bib �i i?Bb
H2p2H Q7 K�im`BivX q?2M i?2 }`bi /2p2HQTK2Mi p2`bBQM Bb `2�/v- HQ�/- �M/ b+�H@
�#BHBiv i2bib b?�HH #2 2t2+mi2/ �;�BMbi i?2 alhX q?2M mb2`b bi�`i iQ i2bi i?2
alh- bi�`iBM; 7`QK i?2 �HT?� bi�;2- Bi Bb BKTQ`i�Mi iQ /2}M2 �M/ 2t2+mi2 �HbQ,
`2+Qp2`v- #`2�FTQBMib- `2bBHB2M+v i2bibX h?2b2 �`2 BKTQ`i�Mi #2+�mb2 2Mbm`2 i?2
+QHH2+i2/ 722/#�+F 7`QK i?2 mb2`b Bb `2HB�#H2 �M/ 2z2+iBp2X Ai Bb- 2X;X- MQi �/pBb@
�#H2 iQ `2H2�b2 i?2 bQ7ir�`2 iQ 2ti2`M�H mb2`b U#2i� bi�;2V rBi?Qmi K2�bm`BM;
bQ7ir�`2 `2bBHB2M+v �M/ `2+Qp2`v BM +�b2 Q7 7�BHm`2- #2+�mb2 Q7 TQi2MiB�HHv KBbb@
BM; +QMi`QH Q7 alh #2?�pBQ` /m`BM; i?2 i2bibX q?BH2 KQpBM; i?2 alh iQr�`/b
� `2H2�b2- Bi Bb BKTQ`i�Mi �HbQ iQ 2t2+mi2 � +�T�+Biv i2bi i�`;2iBM; i?2 2MiB`2
bvbi2KX h?Bb Bb mbm�HHv /QM2 �i i?2 #2i� Q` `2H2�b2 +�M/B/�i2 bi�;2X h?2 `2H2�b2
+�M/B/�i2 p2`bBQM Bb �HbQ i?2 i�`;2i Q7 +QM};m`�iBQM i2bib- iQ 2Mbm`2 i?2 /2}MB@
iBQM Q7 i?2 `B;?i +QM};m`�iBQM #27Q`2 KQpBM; i?2 bQ7ir�`2 iQ T`Q/m+iBQMX h?2
b�K2 p2`bBQM- �b r2HH �b i?2 T`Q/m+iBQM p2`bBQM �i i?2 `2H2�b2 bi�;2- mM/2`;Q2b
pQHmK2 i2biBM;X
h?2 T`2pBQmb K�im`Biv H2p2Hb �TTHv iQ i?2 2MiB`2 alh- #mi �HbQ iQ M2rHv �//2/
72�im`2bX AM *a.G i?2 alh mbm�HHv `2�+?2b i?2 `2H2�b2 bi�;2- r?BH2 M2r p2`bBQMb
Q7 i?2 b�K2 alh �`2 �H`2�/v mM/2` /2p2HQTK2Mi �M/ `2�+?2/ QM2 Q7 i?2 Qi?2`
K�im`Biv H2p2Hb BM � +QMiBMmQmb +v+H2X
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a2H2+iBQM "�b2/ QM i?2 alh *HB2Mi- .2THQvK2Mi �M/ _mMiBK2 *QMi2tib

.Bz2`2Mi bQ7ir�`2 Bb /2THQv2/ BM /Bz2`2Mi +QMi2tibX h?2 +QMi2tib b2i `2[mB`2@
K2Mi BM i2`Kb Q7 i?2 2tT2+i2/ #2?�pBQ` Q7 i?2 +HB2Mib BMi2`�+iBM; rBi? i?2 alh-
�b r2HH �b i?2 alh /2THQvK2Mi �M/ `mMiBK2 +QMi2tib b2i `2[mB`2K2Mib iQr�`/b
i?2 i2bi ivT2b i?�i b?�HH #2 2t2+mi2/X
hrQ i2bib ?B;?Hv +?�`�+i2`Bx2/ #v i?2 +HB2Mi +QMi2ti �`2 i?2 i?`QiiH2 �M/ i?2
bM�Tb?Qi@HQ�/ i2bibX h?2b2 irQ ivT2b Q7 i2bi �`2 K�BMHv b+?2/mH2/ 7Q` KQ#BH2
�TTHB+�iBQMb Q` 2K#2//2/ bQ7ir�`2X h?2 i?`QiiH2 i2bi 2Mbm`2b i?2 alh Bb #2@
?�pBM; +Q``2+iHv r?2M M2irQ`F #�M/rB/i? Bb mMbi�#H2- r?BH2 i?2 bM�Tb?Qi@HQ�/
i2bi Bb 2t2+mi2/ iQ 2Mbm`2 i?2 mb2` BMi2`7�+2 Bb b?QrM +QMbBbi2MiHv iQ i?2 mb2`
mM/2` /Bz2`2Mi HQ�/ T`Q}H2bX h?2 H�ii2` Bb �HbQ 2t2+mi2/ r?2M i?2 alh Bb 2t@
T2+i2/ iQ #2 �++2bb2/ #v K�Mv /Bz2`2Mi +HB2Mib ?�pBM; /Bz2`2Mi +?�`�+i2`BbiB+b
BM ?Qr i?2v ?�M/H2 i?2 mb2` BMi2`7�+2X
6Q` r?�i +QM+2`M i?2 alh /2THQvK2Mi 2MpB`QMK2Mib- i?2 *HQm/ +QKTmiBM;
+QMi2ti ?�b [mBi2 �M BKT�+i QM i?2 i2bi ivT2b iQ #2 b+?2/mH2/ 7Q` 2t2+miBQMX
AM *HQm/ +QKTmiBM; 2MpB`QMK2Mib- Bi Bb p2`v BKTQ`i�Mi iQ 2t2+mi2 2H�biB+Biv-
b+�H�#BHBiv- bi`2bb- �M/ bTBF2 i2bibX h?2 b�K2 i2bib �`2 KQbiHv 2t2+mi2/ �HbQ
BM Qi?2` 2MpB`QMK2Mib- #mi 7Q` i?2 *HQm/ +QKTmiBM; 2MpB`QMK2Mi- i?2v �`2
`2[mB`2/ iQ bm++2bb7mHHv 2KTQr2` i?2 72�im`2b Q7 i?2 TH�i7Q`K QM r?B+? i?2
alh Bb /2THQv2/ iQX
h?2 alh `mMiBK2 +QMi2tib ?�p2 �M BKT�+i QM i?2 b+?2/mH2/ i2bi �b r2HHX q?2M
i?2 alh Bb /2THQv2/ QM � pB`im�H K�+?BM2- 7Q` 2t�KTH2- i?2 CoJ- Bi Bb �HbQ p2`v
BKTQ`i�Mi iQ 2t2+mi2 #2M+?K�`Fb QM i?2 CoJ Bib2H7 iQ #2 bm`2 Bb +Q``2+iHv
+QM};m`2/ iQ QT2`�i2 i?2 bvbi2Kb /2THQv2/ QM iQT Q7 BiX

9X8 *QM+Hm/BM; _2K�`Fb
AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bi +�i�HQ;-
`2�HBx2/ #v HQQFBM; �i +QMi2tib �M/ 7�+iQ`b /2}MBM; T2`7Q`K�M+2 i2bi ivT2bX
h?2 T`2b2Mi2/ +�i�HQ; �Mbr2`b _X:X RX q2 }`bi BHHmbi`�i2 i?2 /Bz2`2Mi +QM@
i2tib- BX2X i?2 alh �M/ i?2 +HB2Mi +QMi2ti- �M/ /Bb+mbb i?2 7�+iQ`b BKT�+iBM;
i?2 T2`7Q`K�M+2 i2bib �miQK�iBQM T`Q+2bbX q2 i?2M T`2b2Mi � i2KTH�i2 7Q` i?2
T`QTQb2/ �miQK�iBQM@Q`B2Mi2/ +�i�HQ;- �M/ r2 T`2b2Mi �HH i?2 B/2MiB}2/ T2`@
7Q`K�M+2 i2bib mbBM; i?2 T`QTQb2/ i2KTH�i2X �7i2` T`2b2MiBM; i?2 +�i�HQ;- r2
BMi`Q/m+2 ?Qr .2pPTb- �M/ /2p2HQTK2Mi �M/ bQ7ir�`2 `2H2�b2 T`Q+2bb2b �TTHB2/
BM .2pPTb +QMi2tib �`2 K�TT2/ iQ T2`7Q`K�M+2 i2bi b2H2+iBQM BM *a.GX h?Bb
+QMi`B#mi2b iQr�`/b _X:X 9- �M/ T`QpB/2b �M �M�HvbBb Q7 � T`QTQb2/ K�TTBM; Q7
*a.G 2p2Mib iQ b2H2+i2/ T2`7Q`K�M+2 i2bi bmBi2b bmTTQ`i2/ #v i?2 +QMi`B#mi2/
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.aG- b2iiBM; i?2 ;`QmM/ 7Q` i?2 `2H�i2/ .aG /Bb+mbb2/ BM a2+iX 8X8X



*?�Ti2` 8

"2M+?6HQr .aG, .2+H�`�iBp2
aT2+B}+�iBQM Q7 S2`7Q`K�M+2 h2bi
�miQK�iBQM S`Q+2bb2b

8XR AMi`Q/m+iBQM �M/ _2[mB`2K2Mib
AM i?Bb +?�Ti2` r2 i�+FH2 i?2 _X:X k- T`2b2MiBM; � .aG 2M�#HBM; /2+H�`�iBp2
bT2+B}+�iBQM (G KK2H- kyR3) Q7 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb2bX h?2
.aG ?�b #22M M�K2/ "2M+?6HQr .aG �7i2` i?2 "2M+?6HQr T`QD2+i T`2b2Mi2/
BM a2+iX RX8X AM Qm` rQ`F- r2 HQQF �i �miQK�iBM; i?2 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib Bbbm2/ �;�BMbi bvbi2KbǶ �SAb- T�`iB+mH�`Hv _1ah �SAb- 2tTQb2/ iQ i?2
mb2`bX AM T�`iB+mH�` 7Q` i?2 +�b2 Q7 _1ah7mH q2# b2`pB+2b �M/ "SJL kXy
q7JabX
q2 i�`;2i i�M;B#H2 bQ7ir�`2 bvbi2Kb �M/ i?mb 7Q+mb QM �+iBpBiB2b �M/ `QH2b
r?2`2 �+im�H +Q/2 Bb r`Bii2M- i2bi2/- �M/ QT2`�i2/ �++Q`/BM; iQ i?2 /2}M2/ `2@
[mB`2K2Mib- /2bB;M- �M/ �`+?Bi2+im`2X 6Q` i?Bb `2�bQM- Qm` K�BM i�`;2i2/ mb2`b
�`2 /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b- .2pPTb 2M;BM22`-
�M/ QT2`�iBQMb 2M;BM22`bX .2p2HQT2`b- BM+Hm/BM; bQ7ir�`2 i2bi2`b- /2p2HQT �M/
i2bi i?2 T�`i Q7 i?2 bQ7ir�`2 i?2v �`2 `2bTQMbB#H2 7Q`X Zm�HBiv �bbm`�M+2 2M@
;BM22`b mbm�HHv bmT2`pBb2 i?2 [m�HBiv Q7 i?2 T`Q/m+2/ �`iB7�+ib �M/ i?mb �`2
BMpQHp2/ BM �HH i?2 �+iBpBiB2b `2H�i2/ iQ i2biBM;- BKTQ`i�Mi 7Q` ;m�`�MivBM; i?2
/2HBp2`v Q7 ?B;?@[m�HBiv M2r `2H2�b2bX .2pPTb �M/ QT2`�iBQMb 2M;BM22`b �`2 `2@
bTQMbB#H2 7Q` i?2 /2THQvK2Mi- mb2- �M/ `mM@iBK2 KQMBiQ`BM; Q7 i?2 bvbi2K- i?mb
+QMi`B#mi2 iQ 2t2+miBM; i2bib �M/ BKT`QpBM; i?2K rBi? `2�H@rQ`H/ FMQrH2/;2
�#Qmi bQ7ir�`2 #2?�pBQ`X �HH i?2 i?`22 K2MiBQM2/ mb2` T`Q}H2b- r?2M rQ`FBM;
BM � +QMi2ti r?2`2 i?2 .2pPTb �TT`Q�+? Bb �TTHB2/- �`2 2tT2+i2/ iQ #2 �r�`2

RRj
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Q7 i?2 /2THQvK2Mi 2MpB`QMK2Mi (w?m 2i �HX- kyRec aTBM2HHBb- kyRe)X �//BiBQM�HHv-
iQ 2M�#H2 i?2 .2pPTb T`�+iB+2b i?2v �`2 �HbQ 2tT2+i2/ iQ FMQr �#Qmi T�+F�;@
BM; �M/ /2THQvK2Mi i2+?MQHQ;B2b- 2X;X- pB`im�H K�+?BM2 BK�;2b- �M/fQ` GBMmt
+QMi�BM2`b U2X;X- .Q+F2` (.Q+F2` AM+X- kyRj)VX
�++Q`/BM; iQ i?2 HBi2`�im`2- � .aG 7Q` T`QpB/BM; i?2 bT2+B}+�iBQM Q7 ;Q�H@/`Bp2M
T2`7Q`K�M+2 i2bib b?QmH/ T`QpB/2 �i H2�bi i?2 bT2+B}+�iBQM Q7 HQ�/ 7mM+iBQMb-
rQ`FHQ�/b- bBKmH�i2/ mb2`b- i2bi /�i�- i2bi#2/ K�M�;2K2Mi- �M/ �M�HvbBb Q7
T2`7Q`K�M+2 /�i� ("2`M�`/BMQ 2i �HX- kyR9c q2bi2`K�MM- kyR9)X h?2 T`QTQb2/
.aG T`QpB/2b i?2 K2MiBQM2/ 72�im`2b �M/ �//b � ;Q�H@Q`B2Mi2/- �M/ /2+H�`�iBp2
bT2+B}+�iBQM Q7 T2`7Q`K�M+2 BMi2Mib �M/ T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb
�b r2HHX
:Bp2M i?2 /2b+`B#2/ +QMi2ti- r2 B/2MiB}2/ i?2 7QHHQrBM; `2[mB`2K2Mib i?2 T`Q@
TQb2/ .aG 2K#`�+2b,

RV �HHQrb � ;Q�H@Q`B2Mi2/ bT2+B}+�iBQM Q7 T2`7Q`K�M+2 BMi2Mibc

kV 2M�#H2b i?2 /2}MBiBQM Q7 HQ�/ 7mM+iBQMb- rQ`FHQ�/b- bBKmH�i2/ mb2`b- i2bi
/�i�- i2bi#2/ K�M�;2K2Mi- T2`7Q`K�M+2 /�i� +QHH2+iBQM- �M/ �M�HvbBbc

jV bmTTQ`ib i?2 +QM};m`�iBQM Q7 i?2 2MiB`2 T2`7Q`K�M+2 i2bi �miQK�iBQM
T`Q+2bb2b- �M/ i?2 2p�Hm�iBQMb iQ #2 K�/2 /m`BM; bm+? T`Q+2bbc

9V 2M�#H2b ?mK�M@ �M/ K�+?BM2@ `2�/�#H2 /2+H�`�iBp2 BKTH2K2Mi�iBQM Q7 i?2
bT2+B}+�iBQM KQ/2H i?�i +�M #2 b2`B�HBx2/ �M/ biQ`2/ BM � o*ac

8V T`QpB/2b bvMi�+iB+ �M/ b2K�MiB+b p�HB/�iBQM Q7 i?2 bT2+B}+�iBQMX

lb2`b Q7 i?2 .aG +�M bT2+B7v i?2B` T2`7Q`K�M+2 BMi2Mib #v `2HvBM; QM �M 2t@
T`2bbBp2 ;Q�H@Q`B2Mi2/ H�M;m�;2- r?2`2 bi�M/�`/ U2X;X- HQ�/ i2bibV �M/ KQ`2
�/p�M+2/ U2X;X- `2;`2bbBQM i2bib- �M/ +QM};m`�iBQM i2bibV T2`7Q`K�M+2 i2bib +�M
#2 bT2+B}2/ bi�`iBM; 7`QK i2KTH�i2b Q` b+`�i+?X lb2`b +�M i?2M mT/�i2 i?2 i2bib
�++Q`/BM; iQ +?�M;BM; `2[mB`2K2Mib- Q` /BbTQb2 Q7 i?2K BM 7�pQ` Q7 M2r bT2+@
B}+�iBQMb- #v K�Mm�HHv Q` T`Q;`�KK�iB+�HHv mT/�iBM; i?2 i2bi bT2+B}+�iBQMX
q?2M i?Qb2 i2bib �`2 +QKKBii2/ �HQM;bB/2 i?2 +Q/2 BM � o*a- B7 � /2p2HQT2`
�//b Q` +?�M;2b �M 2M/TQBMi i?2M i?2v +�M �HbQ mT/�i2 i?2 T2`7Q`K�M+2 i2bib
BM i?2 b�K2 TmHH `2[m2biX
q2 QTi 7Q` � /2+H�`�iBp2 .aG- bQ mb2`b +�M `2Hv QM � /QK�BM KQ/2H +HQb2` iQ
i?2 T2`7Q`K�M+2 i2biBM; i2`KBMQHQ;vX �++Q`/BM; iQ i?2 HBi2`�im`2- � .aG BM i?2
+QMi2ti Q7 .S1 b?QmH/ ǳ2M�#H2 i?2 7Q`KmH�iBQM �M/ �Mbr2` Q7 T2`7Q`K�M+2@
`2H2p�Mi [m2biBQMb �M/ ;Q�Hb 7Q` � bQ7ir�`2 bvbi2K BM � ?mK�M@mM/2`bi�M/�#H2
K�MM2`Ǵ (q�Hi2`- kyR3)X AM i?2 T`QTQb2/ �TT`Q�+?- i?2 +Q/2 /2}MBM; ?Qr



RR8 8Xk *QM+2Tib

iQ 2t2+mi2 i?2 i2bi Bb ;2M2`�i2/ 7`QK i?2 /2+H�`�iBp2 bT2+B}+�iBQM UBX2X- i?2
.aGV �M/ Bi Bb #mBHi BM i?2 bvbi2K BMi2`T`2iBM; i?2 bT2+B}+�iBQMX h?2 mb2`b
/Q MQi M2+2bb�`BHv M22/ iQ FMQr ?Qr i?2 �+im�H T2`7Q`K�M+2 i2bi 2t2+miBQM Bb
BKTH2K2Mi2/X h?2v QMHv M22/ iQ #2 �#H2 iQ /2}M2 T2`7Q`K�M+2 �+iBpBiB2b �M/
+QMi`QH i?2 +QM};m`�iBQM Q7 i?2 2t2+miBQM Q7 i?2 T2`7Q`K�M+2 i2bibX "v `2/m+BM;
i?2 M22/b 7Q` i?2 mb2`b iQ r`Bi2 +Q/2- i?2 `2bTQMbB#BHBiv Q7 i`�MbH�iBM; i?2
#mbBM2bb /QK�BM BMiQ � T`Q;`�K b?B7ib 7`QK i?2 T`Q;`�KK2` iQ i?2 BMi2`T`2i2`
Q7 i?2 .aGX h?Bb ?�b i?2 #2M2}i i?�i i?2 i`�MbH�iBQM Bb +QMbQHB/�i2/ BM QM2
bBM;H2 TQBMi Ui?2 BMi2`T`2i2` Q7 i?2 .aGV �M/ +�M #2 p2`B}2/ Q` 2p2M T`Qp2M iQ
#2 +Q``2+iX

8Xk *QM+2Tib
hQ #2ii2` 7QHHQr i?2 .aG K2i�@KQ/2H �M/ KQ/2 2MiBiB2b �M/ bi`m+im`2- r2
/2}M2 bQK2 mb27mH +QM+2TibX h?2 T`QTQb2/ .aG Bb T�`i Q7 Qm` +QMi`B#miBQM iQ@
r�`/b � .S1 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM;- i?mb bQK2 BKTQ`i�Mi +QM+2Tib
iQ #2 /2}M2/ #2HQM; iQ .S1X
AM .S1- i?2 mb2` Bb 2tT2+i2/ iQ /2}M2 i?2 BMi2Mi Q7 i?2 T2`7Q`K�M+2 i2biBM;
�+iBpBiv BM � /2+H�`�iBp2 K�MM2`- BM/B+�iBM; i?2 bT2+B}+�iBQM Q7 i?2 2tT2+i2/
i2bi 2t2+miBQMX h?Bb bT2+B}+�iBQM Bb i?2M BMi2`T`2i2/ #v � bvbi2K- �#H2 iQ
+QM};m`2 Bib2H7 �M/ /2}M2 � TH�M iQ `2�+? i?2 bi�imb /2}M2/ BM i?2 /2+H�`�iBp2
bT2+B}+�iBQMX AM .S1- i?2 BMi2Mi Bb i?2 `�iBQM�H2 7Q` ?Qr � mb2` r�Mib iQ
`mM i?2B` T2`7Q`K�M+2 i2biX JQpBM; 7`QK +QM+`2i2 T2`7Q`K�M+2 i2bi 2t2+miBQM
iQ KQiBp�iBM; `2�bQMb iQ �``Bp2 �i i?2 T2`7Q`K�M+2 i2bi BMi2Mi Q7i2M `2[mB`2b
b2p2`�H H�v2`b Q7 �#bi`�+iBQM ("2v2` 2i �HX- kyRe- *?�Ti2` R3)X *QMbB/2` i?2
7QHHQrBM; b2`B2b Q7 ;2M2`�HBx�iBQMb �b �M 2t�KTH2 Q7 i?2 �#bi`�+iBQM T`Q+2bb
M22/2/ iQ /2}M2 � i2bi BM � /2+H�`�iBp2 K�MM2`,

RV ǳA r�Mi iQ Bbbm2 i?2 bT2+B}2/ HQ�/ iQ � b2`pB+2 � +QM};m`2/ iQ mb2 L *Sl
+Q`2b- J :"b Q7 _�J �M/ /2THQv2/ BM irQ `2THB+�b QM � +Hmbi2` sǴX h?Bb
Bb �M 2tTHB+Bi T2`7Q`K�M+2 i2bi `2[m2bi- r?2`2 r2 /2i�BH i?2 +QM};m`�iBQM
Q7 i?2 alh �M/ r?2`2 i?2 alh Bb 2tT2+i2/ iQ #2 /2THQv2/X h?2 [m2biBQM
?2`2 Bb- r?v /Q r2 M22/ i?2 bT2+B}2/ �KQmMi Q7 *Sl �M/ _�J- �M/
r?v i?2 bvbi2K M22/b iQ #2 /2THQv2/ 2t�+iHv BM irQ `2THB+�b QM +Hmbi2`
s\c

kV ǳA r�Mi iQ Bbbm2 i?2 bT2+B}2/ HQ�/ iQ � b2`pB+2 � +QM};m`2/ iQ mb2 L
*Sl +Q`2b- J :"b Q7 _�J �M/ /2THQv2/ BM irQ `2THB+�b QM �Mv Q7 i?2
�p�BH�#H2 +Hmbi2`bǴX h?Bb `2[m2bi 2M�#H2b KQ`2 /2;`22b Q7 7`22/QK �M/ Bb



RRe 8Xk *QM+2Tib

TQi2MiB�HHv 2�bB2` iQ 7mH}HH T`QpB/BM; KQ`2 p�Hm2 iQ i?2 mb2` 2t2+miBM; Bi-
�Hi?Qm;? Bi /Q2b MQi 2tTH�BM i?2 `2�bQMBM; #2?BM/ Bib `2[mB`2K2MibX S�`i
Q7 i?2 T`2pBQmb [m2biBQM `2K�BMb- r?v /Q r2 M22/ i?2 bT2+B}2/ �KQmMi
Q7 *Sl �M/ _�J �M/ 2t�+iHv irQ `2THB+�b\c

jV ǳA r�Mi iQ Bbbm2 i?2 bT2+B}2/ HQ�/ iQ � b2`pB+2 � +QM};m`2/ bm+? i?�i Bi
+�M ?�M/H2 i?2 bT2+B}2/ HQ�/- �M/ A r�Mi i?2 b2`pB+2 iQ #2 /2THQv2/ BM
irQ `2THB+�b QM �Mv Q7 i?2 �p�BH�#H2 +Hmbi2`bǴX Jm+? KQ`2 ~2tB#BHBiv Bb
T`QpB/2/ rBi? i?2 T`2pBQmb [m2biBQM �M/ Bi Bb TQbbB#H2 iQ #2ii2` mM/2`@
bi�M/ r?v i?2 mb2` Bb `2[m2biBM; i?�i � bT2+B}+ �KQmMi Q7 `2bQm`+2b BM
i?2 }`bi 2t�KTH2X a?2 ?�b iQ ;m�`�Mi22 iQ #2 �#H2 iQ bmbi�BM i?2 Bbbm2/
HQ�/X S�`i Q7 i?2 T`2pBQmb [m2biBQM `2K�BMb- r?v /Q r2 M22/ 2t�+iHv irQ
`2THB+�b\c

9V ǳA r�Mi iQ Bbbm2 i?2 bT2+B}2/ HQ�/ iQ � b2`pB+2 � +QM};m`2/ bm+? i?�i
Bi +�M ?�M/H2 i?2 bT2+B}2/ HQ�/ ;m�`�Mi22BM; i?2 95th T2`+2MiBH2b Q7 i?2
`2bTQMb2 iBK2 iQ #2 H2bb i?�M 300ms �i �Mv ;Bp2M TQBMi BM iBK2ǴX h?Bb Bb
� KQ`2 �#bi`�+i `2[mB`2K2Mi bT2+B}+�iBQM �M/ #2+QK2b +H2�` i?2 mb2` Bb
�bFBM; iQ i2bi i?2 b2`pB+2 bm+? i?�i b?2 +�M ;m�`�Mi22 � bT2+B}+ `2[mB`2@
K2MiX �//BiBQM�HHv- i?2 `2[m2bi iQ ?�p2 irQ `2THB+�b Bb �HbQ `272``BM; iQ
i?2 M22/ i?�i i?2 `2[mB`2K2Mi ?�b iQ #2 ;m�`�Mi22/ �i �Mv ;Bp2M TQBMi BM
iBK2- 2X;X- �HbQ /m`BM; p2`bBQM mT/�iBM;- i?mb i?2 `2[mB`2K2Mi Q7 ?�pBM;
i?2 b2`pB+2 `2THB+�i2/X

h?2 �+im�H *Sl �M/ _�J �KQmMi `2[m2bi2/- i?2 b2H2+iBQM Q7 i?2 +Hmbi2`-
�M/ i?2 `2[m2bi2/ MmK#2` Q7 `2THB+�b bT2+B}2/ BM T`2pBQmb [m2biBQMb �`2 �
;m2bb QM r?�i i?2 mb2` i?BMFb KB;?i b�iBb7v ?2` `2[mB`2K2Mi- #mi Bi Bb MQi i?2
BMi2Mi Q7 i?2 i2bi b?2 r�Mib iQ 2t2+mi2X h?2 7Qm`i? [m2biBQM Bb i?2 �+im�H QM2
bT2+B7vBM; i?2 BMi2MiX �i i?Bb H2p2H Q7 �#bi`�+iBQM- � .S1 �TT`Q�+? +�M 2M�#H2
i?2 /2}MBiBQM Q7 i?2 `2[mB`2K2Mi- �M/ i?2M Bi +�M i�F2 +�`2 Q7 /2}MBM; i?2 �+im�H
i2bi 2t2+miBQM TH�M M22/2/ iQ `2�+? bm+? � `2[mB`2K2MiX 6`QK i?2 /Bz2`2Mi
H2p2Hb Q7 ;2M2`�HBx�iBQM- Bi Bb +H2�` i?�i iQ �+im�HHv #2BM; �#H2 iQ /2}M2 � TH�M iQ
`2�+? i?2 bT2+B}2/ `2[mB`2K2Mi- i?2 �TT`Q�+? ?�b �HbQ iQ i�F2 BMiQ +QMbB/2`�iBQM
�M/ 2K#`�+2 i?2 TQbbB#BHBiv iQ /2}M2 �M/ +QMi`QH �HH i?2 /2i�BHb 2tT`2bb2/ BM
[m2biBQMb R@jX h?2 T`QTQb2/ .aG 2K#`�+2b i?2 2tT`2bb2/ M22/b �M/ T`QTQb2
� K2i�@KQ/2H �++QKKQ/�iBM; i?2 M22/b Q7 K�Mv Q7 i?2 T2`7Q`K�M+2 i2bib
T`2b2Mi2/ BM *?�TX 9X
Pi?2` `2H2p�Mi +QM+2Tib �`2,

�V HQ�/ /`Bp2`, i?2 bQ7ir�`2 +QKTQM2Mi #mBHi iQ �miQK�iB+�HHv Bbbm2 i?2 HQ�/
bT2+B}2/ �b T�`i Q7 i?2 i2bi �;�BMbi i?2 alhc
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#V alh /2THQvK2Mi /2b+`BTiQ`, i?2 /2THQvK2Mi bT2+B}+�iBQM �M/ Bib +QM@
};m`�iBQM 7Q` i?2 alh- BKTH2K2Mi2/ `2HvBM; QM � /2THQvK2Mi /2b+`BTiQ`
H�M;m�;2X PM2 2t�KTH2 Q7 /2THQvK2Mi /2b+`BTiQ` H�M;m�;2 r2 mb2 �b T�`i
Q7 i?Bb rQ`F Bb .Q+F2` *QKTQb2 (.Q+F2` AM+X- kyR8)X

+V i2bi #mM/H2, �M �`iB7�+i +QHH2+iBM; �HH i?2 `2H2p�Mi /�i� iQ 2t2+mi2 i?2
/2+H�`�iBp2 T2`7Q`K�M+2 i2bi bm#KBii2/ #v i?2 mb2`- bm+? �b i2bi bT2+B}@
+�iBQM- i2bi /�i�- �M/ i?2 alh /2THQvK2Mi /2b+`BTiQ`c

/V i2bi bmBi2 #mM/H2, �M �`iB7�+i +QHH2+iBM; �HH i?2 `2H2p�Mi /�i� iQ 2t2+mi2 i?2
/2+H�`�iBp2 T2`7Q`K�M+2 i2bi bmBi2 bm#KBii2/ #v i?2 mb2`- bm+? �b i?2 i2bi
bmBi2 bT2+B}+�iBQM- i2bi bT2+B}+�iBQM 7Q` i2bib BM+Hm/2/ BM i?2 i2bi bmBi2-
i2bi /�i�- �M/ i?2 alh /2THQvK2Mi /2b+`BTiQ` 7Q` i?2 /Bz2`2Mi i2bibc

2V 2tT2`BK2Mi, � r2HH@/2}M2/ BMbi�M+2 Q7 � T2`7Q`K�M+2 i2bi- 2t2+mi2/ /m`@
BM; i?2 T`Q+2bb2b Q7 2t2+miBM; i?2 /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �++Q`/BM;
iQ i?2 ;Q�H bT2+B}2/ #v i?2 mb2`c

7V 2tT2`BK2Mi #mM/H2, �M �`iB7�+i +QHH2+iBM; �HH i?2 `2H2p�Mi /�i� iQ 2t2+mi2
i?2 /2+H�`�iBp2 T2`7Q`K�M+2 2tT2`BK2Mi- bm+? �b i?2 HQ�/ /`Bp2` �M/ Bib
+QM};m`�iBQM- i2bi /�i�- �M/ i?2 alh /2THQvK2Mi /2b+`BTiQ` 7Q` �HH i?2
i`B�Hb Q7 i?2 2tT2`BK2Mic

;V i`B�Hb, `2T2�i2/ 2tT2`BK2Mi 2t2+miBQMb mb2/ iQ +QHH2+i KQ`2 T`2+Bb2 K2�@
bm`2K2Mib �M/ iQ +QT2 rBi? i?2 BMi`BMbB+ p�`B�#BHBiv Q7 T2`7Q`K�M+2c

?V i`B�H 2t2+miBQM 7`�K2rQ`F, i?2 bQ7ir�`2 bQHmiBQM �miQK�iBM; i?2 2t2+m@
iBQM Q7 i?2 i`B�Hb- �M/ T`QpB/BM; HQ�/ /`Bp2` /2THQvK2Mi �M/ /Bbi`B#miBQM
+�T�#BHBiB2bX hrQ 2t�KTH2b mb2/ �b T�`i Q7 i?Bb rQ`F �`2 6�#�M (6�#�M-
kyyy)- �M/ CJ2i2` (CJ2i2`- RNN3)X

BV +QMi�BM2`, ǳ� bi�M/�`/ mMBi Q7 bQ7ir�`2 i?�i T�+F�;2b mT +Q/2 �M/ �HH
Bib /2T2M/2M+B2b bQ i?2 �TTHB+�iBQM `mMb [mB+FHv �M/ `2HB�#Hv 7`QK QM2
+QKTmiBM; 2MpB`QMK2Mi iQ �MQi?2`Ǵ (.Q+F2` AM+X- kyRj)X PM2 +QMi�BM2`
i2+?MQHQ;v r2 `2Hv QM �b T�`i Q7 i?Bb rQ`F Bb .Q+F2`X

8Xj "2M+?6HQr .aG J2i�@KQ/2H
h?2 .aG Bb `2�HBx2/ #v irQ K�BM K2i�@KQ/2Hb- i?2 i2bi- �M/ i?2 2tT2`BK2Mi
K2i�@KQ/2HX h?2 i2bi K2i�@KQ/2H Bb /B`2+iHv K�TT2/ iQ `2T`2b2MiBM; � T2`7Q`@
K�M+2 i2bi �M/ 2tT`2bbBM; i?2 i2bi BMi2Mi Q` ;Q�HX h?2 2tT2`BK2Mi K2i�@KQ/2H
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Bb K�TT2/ iQ i?2 �+im�H 2tT2`BK2Mib ;2iiBM; 2t2+mi2/ iQ `2�+? i?2 ;Q�H /2}M2/
BM i?2 i2bi KQ/2HX h?2 K2i�@KQ/2Hb `2T`2b2Mi �M �#bi`�+iBQM QM i?2 �+im�H
KQ/2H BKTH2K2Mi�iBQM- QKBiiBM; /2i�BHb �#Qmi 2MiBiB2bǶ T`QT2`iB2bX

8XjXR h2bi J2i�@KQ/2H
h?2 i2bi K2i�@KQ/2H Bb `2�HBx2/ #v /Bz2`2Mi 2MiBiB2b- �HHQrBM; mb2`b iQ bT2+B7v
i?2 i2bi ;Q�Hb �M/ �HH i?2 +QM};m`�iBQMb M22/2/ iQ +QMi`QH i?2 T`Q+2bb Q7 `2�+?@
BM; bm+? ;Q�H- �b r2HH �b iQ +QMi`QH ?Qr iQ /2THQv i?2 alh- +QHH2+i T2`7Q`K�M+2
/�i�- �M/ +QKTmi2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2biX
h?2 K�BM 2MiBiB2b Q7 i?2 K2i�@KQ/2H �`2 i?2 h2bi- i?2 qQ`FHQ�/- i?2 alh- i?2
.�i� *QHH2+iBQM- i?2 h2bi *QM};m`�iBQM- �M/ �b T�`i Q7 i?2 h2bi *QM};m`�iBQM-
r2 ?�p2 i?2 :Q�H- i?2 GQ�/ 6mM+iBQM- i?2 h2`KBM�iBQM *`Bi2`BQM- �M/ i?2
Zm�HBiv :�i2b- �b b?QrM BM 6B;X 8XRX AM 6B;X 8XR r2 `2TQ`i BM #Hm2 i?2 +2Mi`�H
2MiBiv Q7 i?2 /B�;`�K- �b r2 /Q 7Q` �HH i?2 7QHHQrBM; };m`2b BM i?Bb +?�Ti2`X
1�+? 2MiBiv Bb i?2M +QMM2+i2/ iQ Qi?2` QM2b- iQ +QKTH2i2 i?2 2MiB`2 /2+H�`�iBp2
bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb2bX q2 `2TQ`i �i K2i�@
KQ/2H H2p2H �HH i?2 2MiBiB2b Q7 i?2 .aG- �b r2HH �b i?2B` K�BM �ii`B#mi2b �M/
`2H�iBQMb �KQM; i?2 2MiBiB2b- rBi? i?2B` +�`/BM�HBiB2bX
h2bi @ h?2 h2bi Bb `2H�i2/ iQ K�Mv Qi?2` 2MiBiB2bX h?2 KQbi BKTQ`i�Mi Bb
i?2 :Q�H 2MiBiv- r?2`2 i?2 mb2` +�M bT2+B7v ?2` T2`7Q`K�M+2 BMi2Mi- #v `2HvBM;
QM /Bz2`2Mi �#bi`�+iBQMb K�/2 �p�BH�#H2 #v i?2 H�M;m�;2- Q` #v 2ti2M/BM; i?2
H�M;m�;2 Bib2H7 rBi? +mbiQK �#bi`�+iBQMbX h?2 :Q�H Bb T�`i Q7 i?2 h2bi *QM@
};m`�iBQM 2MiBiv- r?2`2 i?2 mb2` +�M BM/B+�i2 i?2 GQ�/ 6mM+iBQM UB7 MQi T�`i
Q7 i?2 :Q�H 2MiBivV �M/ Bib T`QT2`iB2b UBX2X- mb2`b- `�KT@mT- bi2�/v@bi�i2- �M/
`�KT@/QrMV- i?2 h2`KBM�iBQM *`Bi2`B� iQ +QMi`QH +QM/BiBQMb iQ /2+H�`2 i?2 i2bi

Test
name: String
description: String
labels: List<String>

Goal
type: GoalType

Test Configuration

Load Function
users: Option<Int>
ramp_up: Time
steady_state: Time
ramp_down: Time

Termination Criteria

«abstract»
Workload

popularity: Option<Percent>

Sut
name: String
versions: List<String>

Data Collection
only_declared: Boolean

1

1

0..1 0..1

1 1

Quality Gates

0..1

1..N

6B;m`2 8XRX .aG, h?2 h2bi J2i�@JQ/2H
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Goal
type: GoalType

«enumeration»
GoalType

LOAD
SMOKE
SANITY
CONFIGURATION
SCALABILITY
SPIKE
EXHAUSTIVE_EXPLORATION
STABILITY_BOUNDARY
CAPACITY_CONSTRAINTS
REGRESSION_COMPLETE
REGRESSION_INTERSECTION
ACCEPTANCE

Exploration0..1

Observe

1

6B;m`2 8XkX .aG, h?2 :Q�H J2i�@JQ/2H

+QKTH2i2/- �M/ Zm�HBiv :�i2b iQ /2i2`KBM2 B7 `2[mB`2/ [m�HBiv +`Bi2`B� ?�p2
#22M �+?B2p2/ Q` MQi #v i?2 alhX
�//BiBQM�HHv- i?2 mb2` +�M bT2+B7v Qi?2` +Q`2 T2`7Q`K�M+2 +QM+2Tib- bm+? �b,

�V i?2 qQ`FHQ�/- BM i2`Kb Q7 M�K2/ b2ib Q7 QT2`�iBQMb �b r2HH �b T�`�K2i2`b
�#Qmi i?2 r�v iQ KBt i?Qb2 b2ib Q7 QT2`�iBQMbc

#V /2i�BHb QM i?2 alh bm+? �b i?2 M�K2 �M/ i?2 p2`bBQMbc

+V /�i� +QHH2+iBQM b2`pB+2b iQ 2M�#H2 bQ i?�i +HB2Mi@bB/2 �M/ b2`p2`@bB/2 T2`@
7Q`K�M+2 /�i� +�M #2 +QHH2+i2/X

AM i?2 7QHHQrBM;- r2 T`2b2Mi �//BiBQM�H /2i�BHb QM i?2 K�BM 2MiBiB2b Q7 i?2 .aG-
�M/ ?Qr i?2 mb2`b +�M bT2+B7v i?2 /Bz2`2Mi T`QT2`iB2b Q7 i?2 i2bi /2}MBiBQMX
:Q�H @ h?2 :Q�H Bb T�`i Q7 i?2 h2bi *QM};m`�iBQM �M/ Bb /2/B+�i2/ iQ /2+H�`@
�iBp2Hv bT2+B7v i?2 mb2`bǶ T2`7Q`K�M+2 BMi2Mi #v `2HvBM; QM ;Bp2M T2`7Q`K�M+2
;Q�Hb U6B;X 8XkV- bm+? �b 2t2+miBM; � HQ�/ i2bi Q` 2tTHQ`BM; i?2 T2`7Q`K�M+2 Q`
i?2 bi�#BHBiv Q7 i?2 �TTHB+�iBQM BM ;Bp2M +QM};m`�iBQM bT�+2X
6B;X 8Xk `2T`2b2Mib i?2 K2i�@KQ/2H i?2 mb2` +�M `2Hv QM iQ bT2+B7v i?2 ;Q�H
Q7 i?2 i2biX h?2 :Q�H Bb `2H�i2/ iQ i?2 P#b2`p2 �M/ i?2 1tTHQ`�iBQM 2MiBiB2bX
h?2 bmTTQ`i2/ :Q�HhvT2b �`2 � bm#b2i Q7 i?2 T2`7Q`K�M+2 i2bi B/2MiB}2/ �M/
T`2b2Mi2/ BM *?�TX 9X 6Q` bQK2 Q7 i?2 T2`7Q`K�M+2 i2bib `2TQ`i2/ BM i?2 `272`@
2M+2/ +�i�HQ;- 7Q` 2t�KTH2- i?2 `2;`2bbBQM i2bi- r2 ?�p2 KmHiBTH2 bT2+B}+�iBQMb-
i?mb r2 `2T2�i i?2 T2`7Q`K�M+2 `2;`2bbBQM i2bi KmHiBTH2 iBK2b �b T�`i Q7 i?2
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Exploration Space

Default Target Service
resources: Resource
configuration: List<ServiceConfiguration>

Exploration Strategy

0..N

1

Exploration

1

Stability Criteria0..1

Service Configuration
variable: String
values: List<String>

Resource
memory: RAM
cpu: CPU

Load Function
users: Int

0..1

6B;m`2 8XjX .aG, h?2 1tTHQ`�iBQM J2i�@JQ/2H

:Q�HhvT2- BM Bib /Bz2`2Mi 7�+2ibX h?Bb Bb BKTQ`i�Mi iQ �HHQr i?2 mb2`b iQ +H2�`Hv
bi�i2 i?2B` ;Q�HbX
.2T2M/BM; QM i?2 b2H2+i2/ ;Q�H Bi KB;?i #2 M2+2bb�`v iQ bT2+B7v Qi?2` /�i� �b
r2HH iQ �miQK�i2 i?2 i2bi 2t2+miBQM- 2X;X- �//BM; �M 2tTHQ`�iBQM bi`�i2;vX 6Q`
2t�KTH2- i?2 GP�. ;Q�H Bb � bi�M/�`/ HQ�/ i2bi �M/ /Q2b MQi `2[mB`2 �//B@
iBQM�H +QM};m`�iBQMX h?2 1s>�lahAo1n1sSGP_�hAPL QM i?2 Qi?2` 2M/
2t2+mi2b KmHiBTH2 2tT2`BK2Mib #v 2tTHQ`BM; � T2`7Q`K�M+2 bT�+2- i?mb `2[mB`2b
�//BiBQM�H bT2+B}+�iBQMb mM/2` i?2 1tTHQ`�iBQM 2MiBivX
1tTHQ`�iBQM aT�+2 @ h?2 1tTHQ`�iBQM aT�+2 /2}M2b i?2 p�`B�#H2b i?�i +�M
#2 +?�M;2/ #2ir22M 2tT2`BK2Mib �M/ i?2B` TQbbB#H2 p�Hm2b U6B;X 8XjVX h?2
+m``2MiHv �p�BH�#H2 p�`B�#H2b +�M #2 mb2/ 7Q` p�`vBM; i?2 HQ�/ 7mM+iBQM- �M/
i?2 +QM};m`�iBQM Q7 QM2 Q` KQ`2 b2`pB+2b `2�HBxBM; i?2 alh Q` i?2 `2bQm`+2b
�HHQ+�i2/ iQ i?2KX AM i?2 +m``2Mi p2`bBQM Q7 i?2 .aG r2 bmTTQ`i *Sl �M/
_�J `2H�i2/ K2i`B+bX 6Q` bQK2 ;Q�Hb- ;Q�H@bT2+B}+ bi`�i2;B2b �`2 `2[mB`2/- �b
Bi Bb BM i?2 +�b2 Q7 i?2 ah�"AGAhun"PlL.�_u i2bi 7Q` r?B+? r2 T`QpB/2
ai�#BHBiv *`Bi2`B�
1tTHQ`�iBQM ai`�i2;v @ h?2 mb2` /2+B/2b ?Qr iQ i`�p2`b2 i?2 1tTHQ`�iBQM
aT�+2- #v b2H2+iBM; �M 1tTHQ`�iBQM ai`�i2;v- �b `2TQ`i2/ BM 6B;X 8X9X 1�+?
bi`�i2;v /2i2`KBM2b i?2 Q`/2` BM r?B+? /Bz2`2Mi 2tT2`BK2Mib �`2 2t2+mi2/ iQ
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Exploration Strategy

«enumeration»
Selection Strategy Type «enumeration»

Validation Strategy Type

«enumeration»
Regression Strategy Type

6B;m`2 8X9X .aG, h?2 1tTHQ`�iBQM ai`�i2;v J2i�@JQ/2H

�+?B2p2 i?2 ;Q�H Q7 i?2 i2biX aQK2 Q7 i?2 bi`�i2;B2b +�M `2Hv QM � bi�iBbiB+�H
b�KTHBM; �TT`Q�+? iQ `2/m+2 i?2 MmK#2` Q7 2tT2`BK2Mib `2[mB`2/ iQ Q#b2`p2 i?2
T2`7Q`K�M+2 Qp2` � `2T`2b2Mi�iBp2 bm#b2i Q7 i?2 2tTHQ`�iBQM bT�+2 (q2bi2`K�MM-
kyR9)X
P#b2`p2 @ h?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi 7Q` i?2 i2bi �`2 2MmK2`�i2/
rBi?BM i?2 P#b2`p2 2MiBiv U6B;X 8X8VX P#b2`p2/ K2i`B+b �`2 �Hr�vb QTiBQM�H U�b
BM/B+�i2/ #v i?2 +�`/BM�HBiv Q7 i?2 `2H�iBQMb �M/ i?2 PTiBQM F2vrQ`/ BM i?2
/B�;`�KV- #mi �i H2�bi bQK2 �`2 2tT2+i2/ iQ #2 /2}M2/ 7Q` i?2 T2`7Q`K�M+2
i2bi iQ #2 +QMbB/2`2/ K2�MBM;7mHX J2i`B+b +�M #2 Q#b2`p2/ QM i?2 +HB2Mi@bB/2
�M/ i?2 b2`p2`@bB/2- #v `2HvBM; QM i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i�X
*HB2Mi@bB/2 K2i`B+b +�M #2 Q#b2`p2/ QM i?2 2MiB`2 qQ`FHQ�/ �M/ Bib PT2`�iBQMbX
a2`p2`@bB/2 K2i`B+b +�M #2 Q#b2`p2/ QM bT2+B}+ b2`pB+2b `2�HBxBM; i?2 alhX alh
bT2+B}+ K2i`B+b +�M #2 /2}M2/ �b r2HHX
h2`KBM�iBQM *`Bi2`B� @ h?2 2tTHQ`�iBQM- �M/ BM ;2M2`�H- � T2`7Q`K�M+2 i2bi
2t2+miBQM KB;?i BM+m` 7�BHm`2b �M/ KB;?i H�bi 7Q` � HQM; �KQmMi Q7 iBK2X h?mb
QM2 Q` KQ`2 h2`KBM�iBQM *`Bi2`BQM Bb mb2/ iQ /2i2`KBM2 r?2M i?2 i2bi 2t2+miBQM
T`Q+2bb Kmbi #2 i2`KBM�i2/ U6B;X 8XeVX
� i2`KBM�iBQM +`Bi2`BQM �TTHB2b iQ /Bz2`2Mi 2MiBiB2b- M�K2Hv, i?2 2MiB`2 i2bi
�M/ i?2 M�pB;�iBQM Q7 i?2 2tTHQ`�iBQM bT�+2- �M/ i?2 /Bz2`2Mi i`B�Hb Q7 i?2
2tT2`BK2MibX �i i?2 2tT2`BK2Mi H2p2H- i2`KBM�iBQM +`Bi2`B� +�M #2 �TTHB2/ iQ
i?2 qQ`FHQ�/ �M/ QM bT2+B}+ b2`pB+2b `2�HBxBM; i?2 alhX
Zm�HBiv :�i2b @ Zm�HBiv ;�i2b ?2HT rBi? BMi2;`�iBM; i?2 i2bib BM *a.G- #v
2M�#HBM; i?2 TQbbB#BHBiv iQ 2tT`2bb T2`7Q`K�M+2 `2[mB`2K2Mib 7Q` i?2 alh- 7Q`
i?2 +m``2MiHv /2}M2/ i2biX h?2v /2+H�`2 r?B+? �`2 i?2 bm++2bb7mH �M/ 7�BHm`2
+QM/BiBQMb Q7 � i2bi bQ i?�i i?2b2 +�M #2 +?2+F2/ �miQK�iB+�HHv U6B;X 8XdVX
*m``2MiHv- �HH i?2 [m�HBiv ;�i2b �`2 p2`B}2/ �7i2` i?2 2t2+miBQM Q7 �M 2tT2`BK2Mi-
i?mb �`2 �TTHB2/ iQ 2�+? 2tT2`BK2Mi- �M/ +QMb2[m2MiHv iQ i?2 i2bi B7 i?2 ;�i2b
�`2 /2}M2/ QM i2bi +QM};m`�iBQMb Q` K2i`B+bX 6Q` bQK2 ;Q�Hb- /2/B+�i2/ [m�HBiv
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Workload Observe
workload_name: Option<List<WorkloadMetric>>
operation_name: Option<List<WorkloadMetric>>

0..N

Service Observe
service_name: List<ServiceMetric>

0..N

Observe

6B;m`2 8X8X .aG, h?2 P#b2`p2 J2i�@JQ/2H

;�i2b �`2 `2[mB`2/- bm+? �b BM i?2 +�b2 Q7 � `2;`2bbBQM i2bi- 7Q` r?B+? r2 bmTTQ`i
i?2 bT2+B}+�iBQM Q7 � `2;`2bbBQM +QM/BiBQMX
Zm�HBiv ;�i2b +QKTH2K2Mi i2`KBM�iBQM +`Bi2`B�X Zm�HBiv ;�i2b �`2 2p�Hm�i2/
�7i2` i?2 2t2+miBQMb Q7 2tT2`BK2Mib iQ /2i2`KBM2 r?2i?2` i?2 i2bi bm++22/2/X
h2`KBM�iBQM +`Bi2`B�- QM i?2 Qi?2` 2M/- +QMi`QH �M/ �+i QM i?2 i2bi �M/ 2t@
T2`BK2Mi 2t2+miBQM T`Q+2bb2b �M/ /2i2`KBM2 i?2 }M�H bi�i2 Q7 2t2+miBQM �b �
7mM+iBQM Q7 i?2 Qmi+QK2 Q7 i?2 +Q``2bTQM/BM; 2tT2`BK2Mib �M/ i`B�Hb `2bT2+@
iBp2HvX h?2v �`2 �HbQ mb2/ iQ HBKBi i?2 2t2+miBQM iBK2 Q7 i2bib rBi? #QmM/b QM
i?2 K�tBKmK `mMiBK2 Q` i?2 K�tBKmK MmK#2` Q7 7�BHm`2bX
qQ`FHQ�/ @ h?2 rQ`FHQ�/ 2MiBiv U6B;X 8X3V �HHQrb i?2 mb2` iQ bT2+B7v i?2
/Bz2`2Mi M�K2/ b2ib Q7 QT2`�iBQMb iQ #2 2t2+mi2/ �;�BMbi i?2 alh /m`BM; i?2
T2`7Q`K�M+2 i2bibX h?2 mb2` +�M bT2+B7v KmHiBTH2 M�K2/ b2ib Q7 QT2`�iBQMb- `2T@
`2b2MiBM; /Bz2`2Mi miBHBx�iBQM b+2M�`BQb Q7 i?2 alh i?�i ?�p2 iQ #2 2t2+mi2/
BM T�`�HH2HX qBi?BM � ;Bp2M M�K2/ b2i- QT2`�iBQMb +�M #2 bTHBi BMiQ KmHiBTH2
bm#b2ib `2HvBM; QM qQ`FHQ�/ Ai2KbX �M 2t�KTH2 7Q` �M 2@+QKK2`+2 alh +QmH/
#2 � b2i Q7 QT2`�iBQMb M�K2/ ǳ+HB2MibǴ U+m``2MiHv K�BMHv >hhS `2[m2bib iQ i?2
alhV bBKmH�iBM; +HB2Mib #`QrbBM; i?2 +�i�HQ; U}`bi rQ`FHQ�/ Bi2KV �M/ #mv@
BM; ;QQ/b Ub2+QM/ rQ`FHQ�/ Bi2KV- �M/ � b2i Q7 QT2`�iBQMb M�K2/ ǳ�/KBMbǴ Q7
r2#bBi2 �/KBMb �//BM; M2r Bi2Kb iQ i?2 +�i�HQ;- `2T`2b2Mi2/ BM � bBM;H2 �M/
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Termination Criteria

Test Termination Criterion

Experiment Termination Criterion

0..1

0..1

Service Termination Criterion

Workload Termination Criterion

0..*

0..*

6B;m`2 8XeX .aG, h?2 h2`KBM�iBQM *`Bi2`BQM J2i�@JQ/2H

Quality Gates

Workload Quality Gate

0..*

Service Quality Gate
0..*

Regression Quality Gate

0..1

6B;m`2 8XdX .aG, h?2 Zm�HBiv :�i2 J2i�@JQ/2H
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«abstract»
Workload

Http Workload Bpmn Workload

Http Workload Item

Operation

Bpmn Workload Item

Workload Item

Data Source

Mix

1..* 1..*

0..1

0..N

1..N

6B;m`2 8X3X .aG, h?2 qQ`FHQ�/ J2i�@JQ/2H
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Operation

«enumeration»
Method

«abstract»
BodyType

ParameterValue

Extraction

0..1

0..N

0..N

6B;m`2 8XNX .aG, h?2 PT2`�iBQM J2i�@JQ/2H

/2/B+�i2/ rQ`FHQ�/ Bi2KX h?2 rQ`FHQ�/ 2MiBiv BKTH2K2Mib alh@�r�`2M2bb-
i?mb Qz2`b /Bz2`2Mi ivT2b Q7 rQ`FHQ�/ bT2+B}+�iBQMbX *m``2MiHv i?2 .aG bmT@
TQ`ib bT2+B}+�iBQMb 7Q` q7Jab �M/ >hhSX AM /2}MBM; i?2 QT2`�iBQMb- i?2 mb2`
+�M �HbQ `272` iQ � .�i� aQm`+2- bm+? �b � }H2- �M/ +�M /2}M2 i?2 #2?�pBQ` Q7
i?2 BMi2`�+iBQM rBi? i?2 alh #v +QMi`QHHBM; i?2 iBKBM; #2ir22M QT2`�iBQMbX
PT2`�iBQM @ h?2 QT2`�iBQM 2MiBiv U6B;X 8XNV 2M�#H2b i?2 bT2+B}+�iBQM Q7 �HH
i?2 /2i�BHb 7Q` >hhS QT2`�iBQMbX .Bz2`2Mi >hhS K2i?Q/b �`2 bmTTQ`i2/-
bQK2 Q7 r?B+? `2[mB`2 � "Q/v iQ #2 bT2+B}2/X h?2 QT2`�iBQMb �++2Ti /Bz2`2Mi
T�`�K2i2`b- i?�i +�M #2 /B`2+iHv T`QpB/2/ Q` 2ti`�+i2/ 7`QK � ;Bp2M HBbi Q` i?2
`2bTQMb2 Q7 � T`2pBQmb QT2`�iBQM +�HHX
JBt @ h?2 KBt 2MiBiv U6B;X 8XRyV �HHQrb iQ bT2+B7v ?Qr iQ KBt i?2 /Bz2`2Mi
QT2`�iBQMb T�`i Qz i?2 rQ`FHQ�/ Bi2KX PT2`�iBQMb +�M #2 KBt2/ BM /Bz2`2Mi
r�vb- 7Q` 2t�KTH2- i?2v +�M #2 2t2+mi2/ BM b2[m2M+2- Q` i?2v +�M 7QHHQr �
J�`FQp +?�BM (J�`FQp- RNye)X h?2 bmTTQ`i2/ KBt ivT2b �`2, 6Bt2/a2[m2M+2JBt
/2}MBM; � }t2/ Q`/2` Qp2` i?2 QT2`�iBQMbc 6H�iJBt `�M/QKHv /2+B/BM; i?2 M2ti
QT2`�iBQM #�b2/ QM i?2 +Q``2bTQM/BM; T`Q#�#BHBiB2bc �M/ 6H�ia2[m2M+2JBt �
+QK#BM�iBQM Q7 6Bt2/a2[m2M+2JBt �M/ 6H�iJBt �HHQrBM; i?2 mb2` iQ bT2+B7v �
`�M/QK b2H2+iBQM Q7 }t2/ b2[m2M+2b- �b r2HH �b J�i`BtJBt i?�i BKTH2K2Mib
� J�`FQp@+?�BM KQ/2H �M/ b2H2+i i?2 M2ti QT2`�iBQM #�b2/ QM i?2 +m``2Mi
QT2`�iBQM �M/ i?2 T`QpB/2/ T`Q#�#BHBivX 6Q` i?2 6H�iJBt- 6H�ia2[m2M+2JBt-
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Mix

«abstract»
Mix Type

Fixed Sequence Mix Flat Mix Matrix Mix Flat Sequence Mix

Transition

1

1..N 1..N

1..N

6B;m`2 8XRyX .aG, h?2 JBt J2i�@JQ/2H

�M/ J�i`BtJBt ivT2b- Bi Bb �HbQ TQbbB#H2 iQ bT2+B7v /2i�BHb �#Qmi i?2 h`�MbBiBQM
�KQM; QT2`�iBQMbX
ami @ h?2 ami 2MiBiv U6B;X 8XRRV �HHQrb i?2 mb2` iQ /2+B/2 i?2 alh M�K2 �M/
i?2 p2`bBQMb iQ i�`;2i �b T�`i Q7 i?2 i2biX Ai �HbQ �HHQrb i?2 bT2+B}+�iBQM Q7
i?2 /27�mHi b2`pB+2 i�`;2i Q7 i?2 /2}M2/ i2bi �M/ Bib 2M/TQBMi- �M/ ?Qr iQ
/2i2`KBM2 i?�i i?2 i�`;2i2/ b2`pB+2 Bb `2�/v iQ �++2Ti `2[m2bibX h?2 mb2` +�M
�HbQ QTiBQM�HHv bT2+B7v i?2 +QM};m`�iBQM Q7 QM2 Q` KQ`2 Q7 i?2 b2`pB+2b `2�HBxBM;
i?2 alhX
�b T`2b2Mi2/ BM 6B;X 8XRk- i?2 p2`bBQM +�M #2 bT2+B}2/ �b � TH�BM bi`BM;- �b �
bi`BM; `2T`2b2MiBM; � p�HB/ a2K�MiB+ o2`bBQMR- Q` �b � `�M;2 Q7 p�HB/ b2K�MiB+
p2`bBQMbX
.�i� *QHH2+iBQM @ hQ +QKTmi2 i?2 K2i`B+b iQ #2 Q#b2`p2/- /�i� +QHH2+iQ`
b2`pB+2b M22/ iQ #2 �p�BH�#H2 iQ +QHH2+i i?2 `�r T2`7Q`K�M+2 /�i� QM r?B+? i?2
+QKTmi2/ K2i`B+b �`2 #�b2/ QMX
q2 T`QpB/2 i?2 TQbbB#BHBiv iQ `2Hv QM /Bz2`2Mi +QHH2+iQ`b- �b T`2b2Mi2/ BM
6B;X 8XRjX PM i?2 +HB2Mi@bB/2 r2 `2Hv QM 6�#�M Q` CJ2i2` iQ +QHH2+i rQ`F@
HQ�/ T2`7Q`K�M+2 K2i`B+b- i?mb � 6�#�M Q` � CJ2i2` +QHH2+iQ` b2`pB+2 +�M #2
bT2+B}2/- �M/ QTiBQM�HHv +QM};m`2/X A7 i?2 6�#�M Q` i?2 CJ2i2` +QHH2+iQ` Bb
MQi bT2+B}2/- #mi Bi Bb `2[mB`2/ iQ +QHH2+i i?2 `�r /�i� /2+H�`2/ mbBM; i?2 P#@
b2`p2 bT2+B}+�iBQM- Bi Bb �miQK�iB+�HHv �//2/ #27Q`2 2t2+miBM; i?2 i2biX PM i?2
b2`p2`@bB/2- r2 T`QpB/2 /�i� +QHH2+iQ` b2`pB+2b 7Q` b2`p2` �M/ b2`pB+2 `2bQm`+2
miBHBx�iBQM- b2`pB+2 HQ;b- /�i� QM i?2 }H2 bvbi2K T`Q/m+2/ #v i?2 b2`pB+2b- �M/

Rhttps://semver.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://semver.org/
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Sut
name: String

Service Configuration «abstract»
Resource

Default Target Service1

0..2

0..N

Sut Configuration

1

SutVersion
1..N

6B;m`2 8XRRX .aG, h?2 ami J2i�@JQ/2H

SutVersion

StringVersion

SemanticVersionSemanticVersionRange

6B;m`2 8XRkX .aG, h?2 o2`bBQM J2i�@JQ/2H
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Data Collection

Client Side Configuration

Collector

Server Side Configuration

0..N

1..*

0..*

JMeter Configuration Faban Configuration

0..1 0..1

6B;m`2 8XRjX .aG, h?2 .�i� *QHH2+iBQM J2i�@JQ/2H
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/�i� biQ`2/ BM /�i�#�b2bX h?2 HBbi +�M #2 2�bBHv 2ti2M/2/ #v BMi2;`�iBM; M2r
/�i� +QHH2+iQ` b2`pB+2b- �++Q`/BM; iQ i?2 mb2`Ƕb M22/bX
h?2 .aG �HHQrb mb2`b iQ bT2+B7v Qi?2` b2iiBM;b �b r2HH- 7Q` 2t�KTH2- iQ +QMi`QH
i?2 BMi2`M�H #2?�pBQ` Q7 i?2 bvbi2K 2t2+miBM; i2bib- 7Q` �/p�M+2/ mb2`b i?�i
KB;?i r�Mi iQ /Q bQX

8XjXk 1tT2`BK2Mi J2i�@KQ/2H
h?2 2tT2`BK2Mi K2i�@KQ/2H Bb `2�HBx2/ #v /Bz2`2Mi 2MiBiB2b- �b `2T`2b2Mi2/ BM
6B;X 8XR9X h?2 K2i�@KQ/2H `2T`2b2Mib i?2 K�BM 2MiBiB2b `2�HBxBM; �M 2tT2`BK2Mi
�M/ i?2 `2H�iBQMb �KQM; i?2KX q2 QKBi Qi?2` /2i�BHb #2+�mb2 i?2 `272``2/ 2M@
iBiB2b �`2 KQbiHv i?2 b�K2 �b i?2 QM2b /2}M2/ 7Q` i?2 i2bi K2i�@KQ/2HX h?2
2tT2`BK2Mi K2i�@KQ/2H Bb BMbi�MiB�i2/ 7`QK i?2 i2bi K2i�@KQ/2H 7Q` 2�+? 2t@
T2`BK2Mi i?�i M22/b iQ #2 2t2+mi2/ �++Q`/BM; iQ i?2 i2biǶb ;Q�HX �b 2pB/2Mi
7`QK 6B;X 8XR9- i?2 2tT2`BK2Mi KQ/2H KBbb2b i?2 ;Q�H- �M/ +QMb2[m2MiHv- i?2
2tT2`BK2Mi /Q2b MQi /2}M2 �M 2tTHQ`�iBQM bT�+2X 6Q` i?Bb `2�bQM- i?2 K�BM
/Bz2`2M+2b #2ir22M i?2 i2bi �M/ i?2 2tT2`BK2Mi KQ/2H �`2 i?2 +�`/BM�HBiv Q7
bQK2 Q7 i?2 `2H�iBQMb U2X;X- /�i� +QHH2+iBQM Bb �Hr�vb bT2+B}2/ 2p2M B7 �i i2bi
H2p2H Bb MQi- �M/ i?2`2 Bb �i H2�bi � iBK2@#�b2/ i2`KBM�iBQM +`Bi2`B�V- �M/ i?2
QTiBQM�HBiv Q7 i?2 }2H/b- 2X;X- 7Q` i?2 mb2`bǶ }2H/ BM i?2 GQ�/ 6mM+iBQM 2MiBiv-
#2+�mb2 7Q` i?2 2tT2`BK2Mi 2p2`vi?BM; Kmbi #2 T`2+QKTmi2/ 2t+2Ti i?2 MmK@
#2` Q7 i`B�Hb i?�i +�M #2 /vM�KB+�HHv /2i2`KBM2/ /m`BM; 2tT2`BK2Mi 2t2+miBQMX
h?2 p2`bBQM Bb �HbQ /Bz2`2Mi #2+�mb2 �i i?2 2tT2`BK2Mi H2p2H r2 `2H2�b2/ KQ`2
p2`bBQMb Qp2` iBK2 +QKT�`2/ iQ i?2 QM2b `2H2�b2/ 7Q` i?2 i2bi KQ/2HX
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Experiment
version: ExperimentVersion
name: String
description: Option<String>
labels: Option<String>

Experiment Configuration

Load Function
users: Int
ramp_up: Time
steady_state: Time
ramp_down: Time

Termination Criterion

Sut

«abstract»
Workload

DataCollection

Experiment Termination Criteria
max_time: Time

1

1

1

1

1

0..1

1

6B;m`2 8XR9X .aG, h?2 1tT2`BK2Mi J2i�@JQ/2H

8XjXj alh .2THQvK2Mi .2b+`BTiQ` J2i�@JQ/2H
h?2 alh /2THQvK2Mi /2b+`BTiQ` U6B;X 8XR8V /2}M2b i?2 b2`pB+2b T�`i Q7 i?2
alh- i?2B` +QM};m`�iBQM- �M/ /�i� pQHmK2b B7 �Mv- /2THQvK2Mi /2i�BHb- �M/
?Qr i?2v +QKKmMB+�i2 �KQM; i?2K UBX2X- r?B+? M2irQ`Fb i?2 b2`pB+2b mb2VX
q2 `272` iQ i?2 .Q+F2` *QKTQb2 (.Q+F2` AM+X- kyR8) bi�M/�`/ 7Q` bT2+B7vBM;
alhb /2THQvK2Mi /2b+`BTiQ`X
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Service

Deploy

Volume

Network

Deployment Descriptor

1

0..N

0..N

1..N

6B;m`2 8XR8X .aG, h?2 .2THQvK2Mi .2b+`BTiQ` J2i�@JQ/2H

8X9 "2M+?6HQr .aG JQ/2H
h?2 .aG KQ/2H T`QpB/2b �HH i?2 /2i�BHb �#Qmi i?2 2MiBiB2b �M/ i?2B` T`QT2`iB2bX
.m2 iQ Bib +QKTH2tBiv- r2 QKBi iQ `2T`2b2Mi bQK2 Q7 i?2 `2H�iBQMb �KQM; i?2
2MiBiB2b BM bQK2 +�b2bX h?2 K2i�@KQ/2Hb `2T`2b2Mi �HH i?2 `2H�iBQMb �KQM;
2MiBiB2bX

8X9XR h2bi JQ/2H
h2bi @ AM 6B;X 8XRe r2 T`2b2Mi i?2 h2bi KQ/2HX �KQM; i?2 Qi?2` /�i�- bm+?
�b i?2 i2bi bT2+B}+�iBQM p2`bBQM- i?2 i2bi M�K2- /2b+`BTiBQM- i?2 mb2` +�M �HbQ
bT2+B7v H�#2HbX G�#2Hb �`2 BKTQ`i�Mi 7Q` b2H2+iBM; /Bz2`2Mi i2bi bT2+B}+�iBQMb
r?2M BMi2;`�iBM; i2bi 2t2+miBQM BM *a.GX _2H�i2/ iQ i?2 i2bi r2 }M/ i?2 alh
bT2+B}+�iBQM- r?2`2 i?2 K�BM `2H2p�Mi �ii`B#mi2b i?2 mb2`b bT2+B7v �`2 i?2 alhǶb
M�K2 �M/ ivT2X �HQM; rBi? i?2 alh i?2 KQ/2H bmTTQ`ib i?2 qQ`FHQ�/b bT2+B@
}+�iBQM /2b+`B#BM; i?2 BMi2`�+iBQMb rBi? i?2 alh Bib2H7X h?2 i2bi +QM};m`�iBQM
bmTTQ`ib i?2 bT2+B}+�iBQM Q7 i?2 :Q�HǶb ivT2 �M/ bi�i2b r?2i?2` Q` MQi `2mbBM;
T`2pBQmb 2t2+miBQMb `2bmHibX _2mbBM; biQ`2/ FMQrH2/;2 2M�#H2b i?2 TQbbB#BHBiv
iQ `2mb2 T`2pBQmb `2bmHib Q7 i2bib �M/ 2tT2`BK2Mib /2}MBM; i?2 b�K2 bT2+B}@
+�iBQM- 2t2+mi2/ �b T�`i Q7 T`2pBQmb i2bi 2t2+miBQM- Q` �b T�`i Q7 Qi?2` i2bib
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BenchFlowTest

version: TestVersion
name: String
description: Option<String>
workloads: Map<String, Workload>
labels: Option<String>

«abstract»
Workload

popularity: Option<Percent>

Sut

name: String
type: Option<SutType>
services_configuration: Option<Map<String, ServiceConfigurations>>

Goal

type: GoalType
stored_knowledge: Option<Boolean>

«enumeration»
TestVersion

11.1
23

BenchFlowTestConfiguration

configuration

1

sut
1

workload_name
1..N

DataCollection

only_declared: Boolean
services: Option<Map<String, ServerSideConfiguration>>
workloads: Option<Map<String, ClientSideConfiguration>>

data_collection

0..1

goal

1
LoadFunction

users: Option<Int>
ramp_up: Time
steady_state: Time
ramp_down: Time

load_function

1

TerminationCriteria

+test: TestTerminationCriterion
+experiment: ExperimentTerminationCriterion

termination_criteria
0..1

QualityGates

quality_gates

0..1

6B;m`28XReX.aG,h?2h2biJ
Q/2H
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Goal

type: GoalType
stored_knowledge: Option<Boolean>

«enumeration»
GoalType

LOAD
SMOKE
SANITY
CONFIGURATION
SCALABILITY
SPIKE
EXHAUSTIVE_EXPLORATION
STABILITY_BOUNDARY
CAPACITY_CONSTRAINTS
REGRESSION_COMPLETE
REGRESSION_INTERSECTION
ACCEPTANCE

Observe

Explorationexploration

0..1

observe 1

6B;m`2 8XRdX .aG, h?2 :Q�H JQ/2H

bT2+B}+�iBQMb b+?2/mH2/ BM T�`�HH2H iQ i?2 bm#KBii2/ QM2X 6Q` r?�i +QM+2`Mb
i?2 GQ�/ 6mM+iBQM- i?2 mb2` +�M bT2+B7v i?2 r�Mi2/ MmK#2` Q7 bBKmH�i2/ mb2`b
�M/ +?�`�+i2`BbiB+b Q7 i?2 HQ�/ 7mM+iBQM BM i2`Kb Q7 iBK2 iQ ;Q 7`QK x2`Q iQ i?2
MmK#2` Q7 bT2+B}2/ mb2`b UBX2X- i?2 `�KT@mT iBK2V- iBK2 iQ Bbbm2 i?2 HQ�/ iQ
i?2 bvbi2K mM/2` i2bi �i i?2 bT2+B}2/ MmK#2` Q7 mb2`b UBX2X- i?2 bi2�/v@bi�i2
iBK2V- �M/ iBK2 iQ ;Q 7`QK i?2 r�Mi2/ MmK#2` Q7 mb2`b #�+F iQ x2`Q UBX2X- i?2
`�KT@/QrM iBK2VX q2 +m``2MiHv QMHv bmTTQ`i i?2 K2MiBQM2/ b?�T2 Q7 i?2 HQ�/
7mM+iBQM- /m2 iQ HBKBi�iBQMb BM i?2 7`�K2rQ`Fb r2 mb2 iQ �miQK�i2 i?2 T2`7Q`@
K�M+2 i2bi 2t2+miBQMX Pi?2` 7`�K2rQ`Fb +�M #2 BMi2;`�i2/- i?mb i?2 b?�T2b
Q7 bmTTQ`i2/ HQ�/ 7mM+iBQMb +QmH/ #2 2M?�M+2/X q2 /2}M2 � +mbiQK ivT2 7Q`
iBK2- iQ �HHQr i?2 mb2` KQ`2 ~2tB#BHBiv r?2M bT2+B7vBM; iBK2@`2H�i2/ p�Hm2bX q2
bmTTQ`i KB+`Q b2+QM/b UmicrosV- M�MQ b2+QM/b UnsV- KBHHB b2+QM/b UmsV- b2+QM/b
UsV- KBMmi2b UmV �M/ ?Qm`b UhVX >�pBM; bT2+B}+ ivT2b �HHQrb i?2 bvbi2K iQ
�bb2`i i?2 +Q``2+i bvMi�t- H2�/BM; iQ � 7�BHm`2 B7 Bi Bb MQi +Q``2+iX �b T�`i Q7
i?2 i2bi +QM};m`�iBQM- i?2 mb2` +�M �HbQ bT2+B7v Zm�HBiv :�i2b- h2`KBM�iBQM
*`Bi2`B� 7Q` i2bib �M/ 2tT2`BK2Mib- �b r2HH �b b2H2+i �M/ +QM};m`2 i?2 b2`pB+2b
iQ +QHH2+i T2`7Q`K�M+2 /�i� 7Q` alhǶb b2`pB+2b �M/ i?2 rQ`FHQ�/X
AM i?2 7QHHQrBM;- r2 T`2b2Mi �//BiBQM�H /2i�BHb QM i?2 K�BM 2MiBiB2b Q7 i?2 .aG-
�M/ ?Qr i?2 mb2`b +�M bT2+B7v i?2 /Bz2`2Mi T`QT2`iB2b Q7 i?2 i2bi /2}MBiBQMX
:Q�H @ AM 6B;X 8XRd r2 T`2b2Mi i?2 :Q�H KQ/2HX h?2 mb2` +�M bT2+B7v K�Mv /B7@
72`2Mi bmTTQ`i2/ ;Q�HbX h?2 ;Q�H Bb mbm�HHv K�TT2/ iQ r2HH@FMQrM T2`7Q`K�M+2
i2bi ivT2bX h?2 .aG +m``2MiHv bmTTQ`ib i?2 7QHHQrBM; ;Q�Hb,

RV GP�., `2T`2b2MiBM; � HQ�/ i2bic

kV aJPE1, `2T`2b2MiBM; � bKQF2 i2bic

jV a�LAhu , `2T`2b2MiBM; � b�MBiv i2bic
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9V *PL6A:l_�hAPL , `2T`2b2MiBM; � +QM};m`�iBQM i2bic

8V a*�G�"AGAhu , `2T`2b2MiBM; � b+�H�#BHBiv i2bic

eV aSAE1, `2T`2b2MiBM; � bTBF2 i2bic

dV 1s>�lahAo1n1sSGP_�hAPL , `2T`2b2MiBM; �M 2tTHQ`�iQ`v i2bi- 2t@
T2+iBM; iQ 2tTHQ`2 i?2 2MiB`2 T2`7Q`K�M+2 i2bi i?2 mb2` /2}M2bc

3V ah�"AGAhun"PlL.�_u , `2T`2b2MiBM; � bi�#BHBiv i2bi ?�pBM; i?2 Q#@
D2+iBp2 Q7 B/2MiB7vBM; i?2 #QmM/�`v rBi?BM i?2 alh Bb 2tT2+i2/ iQ #2
bi�#H2 �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�c

NV *�S�*Ahun*PLah_�ALha, `2T`2b2MiBM; � +�T�+Biv i2bi- r?2`2 i?2
T2`7Q`K�M+2 bT�+2 BM r?B+? iQ i2bi 7Q` i?2 +�T�+Biv Q7 i?2 bvbi2K ?�b
r2HH@/2}M2/ #QmM/�`B2bc

RyV _1:_1aaAPL , `2T`2b2Mib � `2;`2bbBQM i2bi �KQM; irQ Q` KQ`2
p2`bBQMb Q7 i?2 alhX hrQ p�`B�Mib �`2 bmTTQ`i2/, U�V _1:_1a@
aAPLn*PJSG1h1- r?2`2 2�+? p2`bBQM Q7 i?2 alh Bb i2bi2/ rBi? i?2
+QKTH2i2 rQ`FHQ�/ bT2+B}2/ #v i?2 mb2`- BM/2T2M/2MiHv Q7 i?2 QT2`�iBQMb
bmTTQ`i2/ #v Qi?2` p2`bBQMbc U#V _1:_1aaAPLnALh1_a1*hAPL-
r?2`2 �HH i?2 p2`bBQMb Q7 i?2 alh �`2 i2bi2/ rBi? i?2 rQ`FHQ�/ +QM@
i�BMBM; QMHv i?2 QT2`�iBQMb i?�i �`2 T`2b2Mi 7Q` �HH i?2 p2`bBQMbXX q?2M
KQ`2 i?�M irQ p2`bBQMb �`2 T�`i Q7 i?2 b�K2 i2bi- i?2 `2;`2bbBQM Bb p2`B}2/
#2ir22M �HH i?2 TQbbB#H2 +QmTH2b Q7 p2`bBQM MmK#2`bX

RRV �**1Sh�L*1, `2T`2b2MiBM; �M �++2Ti�M+2 i2bi #�b2/ QM QM2 Q` KQ`2
�++2Ti�M+2 +`Bi2`B�X

�i H2�bi QM2 ;Q�H Kmbi #2 bT2+B}2/ #v i?2 mb2`X h?2 MmK#2` Q7 bmTTQ`i2/ ;Q�Hb
+�M #2 2ti2M/2/ Qp2` iBK2X
1tTHQ`�iBQM aT�+2 @ AM 6B;X 8XR3 r2 T`2b2Mi i?2 1tTHQ`�iBQM aT�+2 KQ/2HX
h?2 2tTHQ`�iBQM bT�+2 Bb `2[mB`2/ #v bQK2 Q7 i?2 bmTTQ`i2/ ;Q�Hb- bm+? �b i?2
+QM};m`�iBQM i2biX q?2M � +QKTH2t i2bi Bb bT2+B}2/- i?2 mb2` +�M /2}M2 i?2
2tTHQ`�iBQM bT�+2 BM i2`Kb Q7 b2`pB+2bǶ `2bQm`+2b �M/ +QM};m`�iBQM UBX2X- � K�T
Q7 F2v@p�Hm2 T�B`bV- �M/ i?2 GQ�/ 6mM+iBQMX a2`pB+2b `272` iQ b2`pB+2b /2}M2/
BM i?2 bvbi2K mM/2` i2bi /2THQvK2Mi /2b+`BTiQ`X 6Q` r?�i +QM+2`Mb b2`pB+2bǶ
`2bQm`+2b- i?2 mb2` +�M +QM};m`2 *Sl �M/ _�JX q2 /2}M2 � +mbiQK ivT2
7Q` *Sl �M/ _�JX q2 bmTTQ`i JBHHB+Q`2b �M/ "vi2b `2bT2+iBp2HvX JBHHB+Q`2b
`2T`2b2Mib � *Sl +Q`2 bTHBi BMiQ Ryyy mMBib UKBHHB 4 RyyyV �M/ Bb mb2/ BMbi2�/
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Q7 i?2 TH�BM +Q`2 iQ �bbB;M `2bQm`+2b iQ b2`pB+2b BM � KQ`2 ;`�MmH�` r�v rBi?@
Qmi i?2 M22/ Q7 mbBM; 7`�+iBQMbX "vi2b +�M #2 `2T`2b2Mi2/ BM FB#B UKiV- K2#B
UMiV- �M/ ;B#B UGiV (AaP *2Mi`�H a2+`2i�`v- kyyN)X h?2 mb2` +�M /B`2+iHv bT2+@
B7v i?2 p�Hm2b iQ b2i Qp2` /Bz2`2Mi 2tT2`BK2Mib Q` bT2+B7v `�M;2b iQ M�pB;�i2
rBi? ;Bp2M bi2T 7mM+iBQMb- i?�i +�M- 7Q` 2t�KTH2- �TTHv �//BiBQM- bm#i`�+iBQM-
KmHiBTHB2`- /BpBbBQM- �M/ TQr2` 7Q` � MmK2`B+ p�`B�#H2X h?2 bi2T 7mM+iBQM /2i2`@
KBM2b i?2 bi2T #2ir22M i?2 p�Hm2b iQ +�H+mH�i2X q?2M MQ bi2T Bb /2}M2/ i?2M
i?2 /27�mHi bi2T Q7 +1 Bb mb2/ iQ +QKTmi2 �HH i?2 p�Hm2b Q7 i?2 ;Bp2M p�`B�#H2X
h?2 }`bi �M/ H�bi p�Hm2b BM i?2 `�M;2 �`2 �Hr�vb BM+Hm/2/ 7Q` +QKTH2i2M2bb
2p2M i?Qm;? i?2v KB;?i MQi #2 T�`i Q7 i?2 bi2T 7mM+iBQM +�H+mH�iBQMX h?2 2t@
THQ`�iBQM bT�+2 +�M �HbQ #2 /2}M2/ QM b2`pB+2@bT2+B}+ +QM};m`�iBQM QTiBQMbX
hQ /2}M2 � +QM};m`�iBQM bT�+2 BM+Hm/BM; � +QM};m`�iBQM QTiBQM- i?2 mb2` +�M
bT2+B7v � +QM};m`�iBQM QTiBQM M�K2- �HQM; rBi? � HBbi Q7 TQbbB#H2 p�Hm2b UBX2X-
� p�`B�#H2@p�Hm2b T�B`VX *QM};m`�iBQM QTiBQMb �`2 BMD2+i2/ iQ i?2 alh mbBM;
Pa 2MpB`QMK2Mi p�`B�#H2bX h?2 2tTHQ`�iBQM Q7 i?2 HQ�/ 7mM+iBQM +�M #2 /2@
}M2/ BM i2`Kb Q7 i?2 MmK#2` Q7 bBKmH�i2/ mb2`bX 6Q` bQK2 ;Q�Hb- bT2+B}+ /�i�
?�p2 iQ #2 bT2+B}2/- bm+? �b 7Q` i?2 ah�"AGAhun"PlL.�_u ;Q�HX AM bm+?
+�b2b- bT2+B}+ 2MiBiB2b �`2 T`QpB/2/ �b T�`i Q7 i?2 2tTHQ`�iBQM bT�+2X 6Q` i?2
bi�#BHBiv #QmM/�`v i2bi- i?2 ai�#BHBiv*`Bi2`B� 2MiBiv Bb T`QpB/2/- �HHQrBM; i?2
mb2` iQ bT2+B7v bi�#BHBiv +`Bi2`B� QM b2`pB+2b- BM i2`Kb Q7 *Sl �M/ _�J- �M/
rQ`FHQ�/b- BM i2`Kb Q7 i?2 K�tBKmK �HHQr2/ /2pB�iBQM Q7 i?2 �+im�H rQ`FHQ�/
Bbbm2/ iQ i?2 alh +QKT�`2/ iQ i?2 QM2 /2}M2/ #v i?2 mb2`X h?2 a2`pB+2ai�@
#BHBiv*`Bi2`BQM Bb /2}M2/ mbBM; � +QM/BiBQM- i?�i +�M #2 ;`2�i2` i?�M- H2bb i?�M-
;`2�i2` Q` 2[m�H i?�M- H2bb Q` 2[m�H i?�M- 2[m�H- �b r2HH �b � ;Bp2M p�Hm2X hQ
2�b2 i?2 bT2+B}+�iBQM Q7 T2`+2Mi�;2 `2H�i2/ +`Bi2`B�- r2 /2}M2/ � +mbiQK S2`@
+2Mi U`%'V ivT2 `2T`2b2MiBM; � T2`+2Mi�;2 p�Hm2X Pm` �TT`Q�+? +QKTmi2b i?2
2MiB`2 T2`7Q`K�M+2 bT�+2 iQ 2tTHQ`2 +�H+mH�iBM; i?2 *�`i2bB�M T`Q/m+i rBi?Qmi
`2T2iBiBQMb Q7 �HH i?2 TQbbB#H2 p�Hm2b bT2+B}2/ #v i?2 mb2` BM i?2 +QM};m`�iBQM
bT�+2- +QMbB/2`BM; 2�+? bT2+B}2/ /BK2MbBQM �b � p2+iQ`X 6Q` 2t�KTH2- B7 i?2
mb2` /2}M2b �M 2tTHQ`�iBQM bT�+2 rBi? � ǳb2`pB+2n�Ǵ ?�pBM; �b `2bQm`+2b p�Hm2
7Q` K2KQ`v, [128Mi, 256Mi] �M/ � HQ�/ 7mM+iBQM /2}MBM; 100 �b i?2 MmK#2`
Q7 mb2`b- i?2M i?2 2tTHQ`�iBQM bT�+2 Bb +QKT`Bb2/ Q7 irQ 2tT2`BK2Mib- QM2 rBi?
100 mb2`b �M/ 128Mi Q7 K2KQ`v 7Q` ǳb2`pB+2n�Ǵ- �M/ � b2+QM/ QM2 Q7 rBi?
100 mb2`b �M/ 256Mi Q7 K2KQ`v 7Q` ǳb2`pB+2n�ǴX :Bp2M i?2 2tTHQ`�iBQM bT�+2
+QmH/ 2tTHQ/2 BM i2`Kb Q7 2tT2`BK2Mib iQ #2 2t2+mi2/- r2 T`QpB/2 /Bz2`2Mi
bi`�i2;B2b iQ 2tTHQ`2 i?2 bT�+2X
1tTHQ`�iBQM ai`�i2;v @ AM 6B;X 8XRN r2 T`2b2Mi i?2 1tTHQ`�iBQM ai`�i@
2;v KQ/2HX h?2 2tTHQ`�iBQM bi`�i2;v �HHQrb i?2 bT2+B}+�iBQM Q7 i?`22 2H@
2K2Mib, b2H2+iBQM- p�HB/�iBQM �M/ `2;`2bbBQM- �b T`2b2Mi2/ BM 6B;X 8XRNX
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ExplorationStrategy

selection: SelectionStrategyType
validation: Option<ValidationStrategyType>
regression: Option<RegressionStrategyType>

«enumeration»
ValidationStrategyType

RANDOM_VALIDATION_SET

«enumeration»
SelectionStrategyType

ONE_AT_A_TIME
RANDOM_BREAKDOWN
STABILITY_BOUNDARY_FIRST

«enumeration»
RegressionStrategyType

MARS

6B;m`2 8XRNX .aG, h?2 1tTHQ`�iBQM ai`�i2;v JQ/2H

h?2 b2H2+iBQM bi`�i2;v /2}M2b i?2 Q`/2` i?2 2tT2`BK2Mib BM i?2 2tTHQ`�iBQM
bT�+2 �`2 b2H2+i2/ 7Q` 2t2+miBQMX q2 +m``2MiHv bmTTQ`i i?`22 a2H2+iBQMai`�i@
2;vhvT2b, PL1n�hn�nhAJ1- _�L.PJn"_1�E.PqL �M/ ah�"AG@
Ahun"PlL.�_un6A_ahX �b i?2 M�K2 bm;;2bib- PL1n�hn�nhAJ1 b2@
H2+ib i?2 TQBMib BM i?2 2tTHQ`�iBQM bT�+2 QM2 �7i2` i?2 Qi?2`X h?2 Q`/2` Bb
/2i2`KBM2/ #v i?2 Q`/2` BM r?B+? i?2 2tTHQ`�iBQM bT�+2 /BK2MbBQMb �`2 /2}M2/
BM i?2 1tTHQ`�iBQMaT�+2X h?2 _�L.PJn"_1�E.PqL b2H2+iBQM bi`�i2;v
`�M/QKHv b2H2+ib i?2 M2ti TQBMi Qmi Q7 i?2 QM2b MQi v2i 2t2+mi2/X h?2 ah�@
"AGAhun"PlL.�_un6A_ah b2H2+iBQM bi`�i2;v Bb Q7i2M mb2/ BM +QK#BM�iBQM
rBi? i?2 ah�"AGAhun"PlL.�_u ;Q�H �M/ mb2b � #BM�`v b2�`+? iQ i`�+2 i?2
bi�#BHBiv #QmM/�`vX h?2 Q`/2` Q7 i?2 2tT2`BK2Mib Bb /2i2`KBM2/ bm+? i?�i i?2
}`bi iQ #2 2t2+mi2/ �`2 i?2 QM2b r2`2 i?2 alh Bb 2tT2+i2/ iQ #2 H2bb bi�#H2-
�M/ i?2M �TTHB2b � #BM�`v b2�`+? BM i?2 2tTHQ`�iBQM bT�+2 iQ i`�+2 i?2 bi�#BH@
Biv #QmM/�`v- B7 i?2 alh Bb MQi bi�#H2 BM i?2 }`bi b2i Q7 K2MiBQM2/ 2tTHQ`2/
TQBMibX h?2 +m``2Mi �bbmKTiBQM Bb i?�i i?2 alh Bb 2tT2+i2/ iQ #2 H2bb bi�#H2
r2`2 �HHQ+�i2/ `2bQm`+2b iQ i?2 b2`pB+2 �`2 H2bb- �M/ +QM};m`�iBQM p�Hm2b �`2
2tT2+i2/ iQ #2 rQ`biX >2`2 i?2 �bbmKTiBQM iQr�`/b i?2 mb2` 7Q` i?2 ah�@
"AGAhun"PlL.�_u ;Q�H- Bb i?�i i?2 p�Hm2b Q7 � +QM};m`�iBQM p�`B�#H2 �`2
T`QpB/2/ BM i?2 Q`/2` 7`QK 2tT2+i2/ rQ`bi iQ 2tT2+i2/ #2bi T2`7Q`K�M+2 U2X;X-
B7 i?2 alh Bb 2tT2+i2/ iQ ?�p2 #2ii2` T2`7Q`K�M+2 rBi? KQ`2 _�J- i?2 bT2+B@
}+�iBQM Q7 � TQbbB#H2 p�Hm2 7Q` K2KQ`v rQmH/ #2, [128Mi, 256Mi]VX h?2 B/2�
Bb i?�i BM i?Bb r�v i?2 mb2` +�M bi�`i iQ +QHH2+i /�i� �#Qmi `2;BQMb Q7 i?2 2t@
THQ`�iBQM bT�+2 r2`2 i?2 alh Bb KQ`2 HBF2Hv iQ #2 MQi bi�#H2- �M/ �Hi?Qm;? i?2
2tTHQ`�iBQM bT�+2 +QmH/ #2 2tTHQ`2/ +QKTH2i2Hv BM +�b2 i?2 alh Bb bi�#H2 BM
i?2 2MiB`2 2tTHQ`�iBQM bT�+2- b?2 +QmH/ b2i i2`KBM�iBQM +`Bi2`B� #�b2/ QM iBK2
Q` QM � K�tBKmK MmK#2` Q7 7�BH2/ 2tT2`BK2Mib iQ /2+B/2 r?2M iQ biQT i?2
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2tTHQ`�iBQMX Pi?2` bi`�i2;B2b +�M `2Hv QM � bi�iBbiB+�H b�KTHBM; �TT`Q�+? iQ
`2/m+2 i?2 MmK#2` Q7 2tT2`BK2Mib `2[mB`2/ iQ Q#b2`p2 i?2 T2`7Q`K�M+2 Qp2`
� `2T`2b2Mi�iBp2 bm#b2i Q7 i?2 2tTHQ`�iBQM bT�+2 (q2bi2`K�MM- kyR9)X AM bm+?
� +�b2- irQ �//BiBQM�H 2H2K2Mib �`2 T`QpB/2/, p�HB/�iBQM �M/ `2;`2bbBQMX h?2
p�HB/�iBQM bi`�i2;v Bb mb2/ iQ b2H2+i 2tT2`BK2Mib 7`QK i?2 1tTHQ`�iBQMaT�+2
iQ #2 mb2/ �b p�HB/�iBQM b2i r?2M /2i2`KBMBM; B7 i?2 ;Bp2M i2bi ?�b `2�+?2/
Bib ;Q�H Q` MQi- 2X;X- iQ +?2+F B7 i?2 T`2/B+iBQM KQ/2H T`QpB/2b bm{+B2Mi �+@
+m`�+vX q2 +m``2MiHv bmTTQ`i � bBM;H2 o�HB/�iBQMai`�i2;vhvT2- M�K2Hv i?2
_�L.PJno�GA.�hAPLna1hX �b i?2 M�K2 bi�i2b- i?2 p�HB/�iBQM bi`�i2;v
`�M/QKHv TB+Fb TQBMib BM i?2 2tTHQ`�iBQM bT�+2 iQ #2 mb2/ �b 2tT2`BK2Mib iQ
#2 BM+Hm/2/ BM i?2 p�HB/�iBQM b2iX h?2 `2;`2bbBQM bi`�i2;v �HHQrb i?2 mb2` iQ
b2H2+i i?2 T`2/B+iBQM KQ/2H iQ #2 mb2/ iQ KQ/2H i?2 T2`7Q`K�M+2 Q7 i?2 alh
BM i?2 2tTHQ`�iBQM bT�+2X h?2 #mBHi KQ/2H Bb mb2/ 7Q` T`2/B+iBM; i?2 `2bmHi- BM
i2`Kb Q7 +QKTH2i2M2bbfbm++2bb7mHf7�BHBM; 2t2+miBQM �M/ Q#b2`p2/ K2i`B+b- Q7 2t@
T2`BK2Mib MQi v2i 2t2+mi2/ iQ `2/m+2 i?2 Qp2`�HH 2t2+miBQM iBK2X q2 +m``2MiHv
bmTTQ`i � bBM;H2 _2;`2bbBQMai`�i2;vhvT2- M�K2Hv i?2 J�_aX J�_a `272`b iQ
i?2 JmHiBp�`B�i2 �/�TiBp2 _2;`2bbBQM aTHBM2 UJ�_aV BM72`2M+2 KQ/2HX h?2
J�_a KQ/2H #mBH/b BM72`2M+2 KQ/2Hb 7Q` 2�+? Q7 i?2 /BK2MbBQMb iQ #2 T`2@
/B+i2/- M�K2/ #�bBb 7mM+iBQMb- �M/ /Q2b MQi `2[mB`2 T`BQ` �bbmKTiBQM �b iQ
i?2 7Q`K Q7 i?2 /�i�X h?2 J�_a KQ/2H 2tT2+ib �i H2�bi irQ K2i`B+b iQ #2
Q#b2`p2/X q2 #mBH/ �b K�Mv J�_a KQ/2Hb �b i?2 MmK#2` Q7 Q#b2`p2/ K2i`B+b
UNVX 6Q` 2�+? KQ/2H- r2 mb2 N − 1 Q#b2`p2/ K2i`B+b �b T`2/B+iQ`b �M/ QM2
Q#b2`p2/ K2i`B+ �b i?2 T`2/B+i2/ QM2X h?2 p�HB/�iBQM b2i Bb mb2/ iQ +QKTmi2
i?2 T`2/B+iBQM �++m`�+v Q7 �HH i?2 #mBHi KQ/2Hb- �M/ iQ /2i2`KBM2 r?B+? Q7 i?2
KQ/2Hb `2[mB`2b KQ`2 /�i� TQBMib iQ #2 2tTHQ`2/ bQ i?�i Bi +�M `2�+? i?2 r�Mi2/
T`2+BbBQMX h?2 J�_a KQ/2H �miQK�iB+�HHv BM+Hm/2b �M/ 2t+Hm/2b i2`Kb /m`@
BM; i?2 KQ/2HBM; T`Q+2bb- K2�MBM; Bi 2bb2MiB�HHv T2`7Q`Kb �miQK�i2/ 72�im`2
b2H2+iBQMX q2 /2+B/2/ iQ BKTH2K2Mi i?2 J�_a KQ/2H �b i?2 QMHv bmTTQ`i2/
T`2/B+iBQM KQ/2H- 7Q` i?2 iBK2 #2BM;- #2+�mb2 +QKT�`2/ iQ Qi?2` T`2/B+iBQM
KQ/2Hb Bi Bb, 7�bi BM T`2/B+iBM; M2r /�i� TQBMib- �miQK�iB+�HHv `2KQp2b QmiHB2`b
7`QK i?2 KQ/2H- �M/ Bb T`2+Bb2 2MQm;? 7Q` T2`7Q`K�M+2 KQ/2HBM;- Qi?2` i?�M
�HHQrBM; KQ/2HBM; Q7 KmHiBTH2 Q#b2`p2 K2i`B+b ("2M@�`B �M/ ai2BM#2`;- kyydc
o�M :2H/2` 2i �HX- kyR9)X
P#b2`p2 @ AM 6B;X 8Xky- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 K2i`B+b
Q7 BMi2`2bi 7Q` i?2 T2`7Q`K�M+2 i2biX h?2 mb2` +�M `2[m2bi iQ Q#b2`p2 � rB/2
`�M;2 Q7 T2`7Q`K�M+2 K2i`B+b �M/ bi�iBbiB+b T`QpB/2/ #v i?2 T`QTQb2/ �TT`Q�+?
�M/ +QKTmi2/ QM +QHH2+i2/ T2`7Q`K�M+2 /�i�- #v `272``BM; iQ i?2K #v i?2B`
M�K2bX S2`7Q`K�M+2 K2i`B+b +�M #2 Q#b2`p2/ QM i?2 rQ`FHQ�/b �M/ QT2`�iBQMb-
`2T`2b2MiBM; +HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b- �b r2HH �b QM i?2 b2`pB+2b- `2T`2@
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«enumeration»
ServiceMetric

AVG_RAM
AVG_CPU
RESOURCE_COST
...

«enumeration»
WorkloadMetric

AVG_RESPONSE_TIME
THROUGHPUT
AVG_LATENCY
...

Observe

ServiceObserve

+service_name: List<ServiceMetric>

services0..N

WorkloadObserve

+workload_name: Option<List<WorkloadMetric>>
+operation_name: Option<List<WorkloadMetric>>

workloads 0..N

6B;m`2 8XkyX .aG, h?2 P#b2`p2 JQ/2H

b2MiBM; b2`p2`@bB/2 T2`7Q`K�M+2 K2i`B+bX 1t�KTH2b Q7 rQ`FHQ�/ �M/ QT2`�iBQM
K2i`B+b �`2 �p2`�;2 `2bTQMb2 iBK2 U�o:n_1aSPLa1nhAJ1V �M/ �p2`�;2
H�i2M+v U�o:nG�h1L*u V Q7 i?2 alh mM/2` i?2 bT2+B}2/ HQ�/X 1t�KTH2b
Q7 b2`pB+2 K2i`B+b �`2 �p2`�;2 *Sl U�o:n*SlV miBHBx�iBQM �M/ K�tBKmK
K2KQ`v UJ�sn_�JV miBHBx�iBQMX q2 �HbQ T`QpB/2 � bBKTH2 +Qbi@#�b2/ K2i@
`B+ U2X;X- _1aPl_*1n*PahV- �bbB;MBM; �M 2+QMQKB+ p�Hm2 iQ i?2 `2bQm`+2b
U*Sl- _�J- .AaE- �M/ L1hV- miBHBx2/ #v i?2 alh iQ bmbi�BM i?2 Bbbm2/ HQ�/X
q2 �HbQ T`QpB/2 alh@bT2+B}+ K2i`B+b- 7Q` 2t�KTH2 7Q` "SJL kXy q7Jab r2
T`QpB/2 +mbiQK K2i`B+b �#Qmi i?2 MmK#2` �M/ iBK2 Q7 2t2+mi2/ T`Q+2bb BM@
bi�M+2b- �b r2HH �b Qi?2` QM2b (62`K2 2i �HX- kyRd#)X PM �HH i?2 K2i`B+b r2
�Hr�vb K�F2 �p�BH�#H2 /2b+`BTiBp2 bi�iBbiB+b- �M/ bi�iBbiB+�H i2bib iQ +?2+F 7Q`
i?2 ?QKQ;2M2Biv Q7 i?2 +QHH2+i2/ /�i� U2X;X- +Q2{+B2Mi Q7 p�`B�iBQMk- �M/ G2p@
2M2Ƕb i2bijV- i?�i Bb 7Q` 2t�KTH2 mb27mH iQ p�HB/�i2 r?2i?2` i?2 +QHH2+i2/ /�i�
Qp2` KmHiBTH2 i`B�Hb Q7 i?2 b�K2 2tT2`BK2Mi 2tTQb2b i?2 b�K2 #2?�pBQ`X
h2`KBM�iBQM *`Bi2`B� @ AM i?2 6B;X 8XkR- r2 `2TQ`i i?2 KQ/2H #2?BM/ i?2 bT2+@
B}+�iBQM Q7 i?2 +`Bi2`B� mb2/ iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KB@
M�i2/ #27Q`2 Bib +QKTH2iBQMX :Bp2M T2`7Q`K�M+2 i2bib K�v M22/ � +QMbB/2`�#H2

khttp://www.ats.ucla.edu/stat/mult_pkg/faq/general/coefficient_of_variation.htm-
H�bi pBbBi2/ QM 62#`m�`v d- kykR

jhttp://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm- H�bi pBbBi2/ QM
62#`m�`v d- kykR

http://www.ats.ucla.edu/stat/mult_pkg/faq/general/coefficient_of_variation.htm
http://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm
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TerminationCriteria

TestTerminationCriterion

max_time: Time
max_number_of_experiments: Option<Int>
max_failed_experiments: Option<Percent>

TerminationCriterion

max_number_of_trials: Int
max_failed_trials: Option<Percent>
services: Option<Map<String, ServiceTerminationCriterion>>
workloads: Option<Map<String, WorkloadTerminationCriterion>>

experiment
0..1

test

0..1

WorkloadTerminationCriterion

confidence_interval_metric: WorkloadMetric
confidence_interval_value: Float
confidence_interval_precision: Percent

ServiceTerminationCriterion

confidence_interval_metric: ServiceMetric
confidence_interval_value: Float
confidence_interval_precision: Percent

service_name

0..* workload_name 0..*

6B;m`2 8XkRX .aG, h?2 h2`KBM�iBQM *`Bi2`B� JQ/2H

�KQmMi Q7 iBK2 iQ #2 2t2+mi2/- i?2 bmTTQ`i Q7 i2bib 2tTHQ`BM; TQi2MiB�HHv p�bi
T2`7Q`K�M+2 bT�+2- �M/ i?2 BMi`BMbB+ 7�+i T2`7Q`K�M+2 i2bi +QmH/ 7�BH Q` ?�p2
MQM@/2i2`KBMBbiB+ Bbbm2b /m`BM; 2t2+miBQM U2X;X- /m2 iQ BMbi�#BHBiv Q7 i?2 alh-
i?2 HQ�/ /`Bp2`b- Q` i?2 i`B�H 2t2+miBQM 7`�K2rQ`FV- Bi Bb Q7 miKQbi BKTQ`i�M+2
iQ bT2+B7v +`Bi2`B� +QMi`QHHBM; r?2M iQ biQT i2bib i?�i �`2 2tT2+i2/ MQi iQ #2
bm++2bb7mHX � i2`KBM�iBQM +`Bi2`BQM +�M #2 bT2+B}2/ QM i?2 i2bi Bib2H7- Q` 2tT2`B@
K2MibX �i i?2 i2bi H2p2H- i?2 mb2`b Kmbi bi�i2 i?2 K�tBKmK iBK2 i?2 i2bi Bb �H@
HQr2/ iQ #2 2t2+mi2/ Umaxnt imeV- �b r2HH �b b?2 +�M bT2+B7v i?2 mTT2` #QmM/b
7Q` i?2 MmK#2` Q7 2t2+mi2/ 2tT2`BK2Mib Umaxnnumberno f nex perimentsV Q`
i?2 MmK#2` Q7 7�BH2/ 2tT2`BK2Mib Umaxn f ailednex perimentsVX �M 2tT2`B@
K2Mi +�M 7�BH 7Q` /Bz2`2Mi `2�bQMb- 2X;X- BM +�b2 Q7 mM2tT2+i2/ 2``Q`b BM i?2
/2THQvK2Mi Q7 i?2 alh Q` i?2 BKTQbbB#BHBiv Q7 BbbmBM; i?2 rQ`FHQ�/- Q` /m2 iQ
7�BHm`2b BM T�bbBM; i?2 Zm�HBiv :�i2bX �i i?2 2tT2`BK2Mi H2p2H- i?2 mb2` Kmbi
bT2+B7v i?2 K�tBKmK MmK#2` Q7 i`B�Hb Umaxnnumberno f nt r ialsV- �b r2HH �b
b?2 +�M bT2+B7v i?2 K�tBKmK MmK#2` Q7 7�BHBM; i`B�Hb Umaxn f ailednt r ialsVX
� i`B�H `2T`2b2Mib � `2T2iBiBQM Q7 � bBM;H2 2tT2`BK2MiX aQ7ir�`2 bvbi2Kb K2i`B+b
�`2 2tT2+i2/ iQ p�`v �+`Qbb KmHiBTH2 2tT2`BK2Mi Bi2`�iBQMb- i?mb Bi Bb BKTQ`@
i�Mi iQ `2T2�i i?2 2tT2`BK2Mi KmHiBTH2 iBK2b- iQ +QKTmi2 `2HB�#H2 T2`7Q`K�M+2
K2i`B+bX h?2 mb2` +�M �HbQ /2}M2 i2`KBM�iBQM +`Bi2`B� #�b2/ QM +QM}/2M+2 BMi2`@
p�Hb ("Qm/2+- kyRR) Q7 rQ`FHQ�/b �M/ b2`pB+2b K2i`B+b- bT2+B7vBM; i?2 +QM}/2M+2
BMi2`p�H K2i`B+ Ucon f idencenintervalnmetricV- i?2 +QM}/2M+2 BMi2`p�H `272`@
2M+2 p�Hm2 Ucon f idencenintervalnvalueV- �M/ i?2 T`2+BbBQM Q7 i?2 +QM}/2M+2
BMi2`p�H Ucon f idencenintervalnprecisionVX h?2 +QM}/2M+2 BMi2`p�H Bb i?2M
mb2/ iQ /vM�KB+�HHv +QKTmi2 i?2 MmK#2` Q7 i`B�HbX h?2 MmK#2` Q7 M22/2/
i`B�Hb /2T2M/b QM i?2 ivT2 Q7 i2bi2/ bvbi2K ("Qm/2+- kyRRc >Q2~2` �M/ "2HHB-
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kyR8)X :Bp2M i?�i i?2 r�Mi2/ +QM}/2M+2 BMi2`p�H +�M ?�TT2M iQ MQi #2 `2�+?@
�#H2- /m2 iQ i?2 p�`B�#BHBiv Q7 T2`7Q`K�M+2 K2�bm`2K2Mib- i?2 2tT2`BK2Mi- BM
i?�i +�b2- Bb i2`KBM�i2/ �i i?2 H�i2bi r?2M i?2 K�tBKmK MmK#2` Q7 i`B�Hb Bb
`2�+?2/X h2`KBM�iBQM +`Bi2`B� �`2 2p�Hm�i2/ /m`BM; � i2bi �M/ 2tT2`BK2Mi 2t@
2+miBQMX h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2 +`Bi2`BQM 7Q` i?2
;Bp2M 2MiBiv �M/ i?2M �TTHvBM; i?2 OR QT2`�iQ` iQ i?2 +`Bi2`BQM +QM/BiBQMb `2@
bmHiX �b bQQM �b QM2 +`Bi2`BQM `2bmHib p2`B}2/ 7Q` i?2 ;Bp2M 2MiBiv- i?2 2t2+miBQM
Bb i2`KBM�i2/X 6Q` 2t�KTH2- 7Q` � iBK2@#�b2/ i2bi i2`KBM�iBQM +`Bi2`BQM- �b bQQM
�b i?2 +`Bi2`BQM Bb K2i i?2 i2bi Bb i2`KBM�i2/X 6Q` i2`KBM�iBQM +`Bi2`BQM #�b2/
QM +QM}/2M+2 BMi2`p�Hb 7Q` 2tT2`BK2Mib- �b bQQM �b i?2 +`Bi2`BQM `2bmHib p�HB/-
i?2 Bi2`�iBQM Q7 i?2 2tT2`BK2Mi BM KmHiBTH2 i`B�Hb Bb i2`KBM�i2/X
Zm�HBiv :�i2b @ AM i?2 6B;X 8Xkk- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 [m�HBiv
;�i2bX lb2`b bT2+B7v [m�HBiv ;�i2b iQ /2}M2 i?2 Qmi+QK2 Q7 i?2 i2bi �++Q`/BM;
iQ /Bz2`2Mi +`Bi2`B�- i?mb +QMi`B#miBM; iQ i?2 ;Q�H@/`Bp2M bT2+B}+�iBQM Q7 i?2
T2`7Q`K�M+2 i2biX h?2 Qmi+QK2 Q7 i?2 i2bi �i i?2 2M/ Q7 Bib 2t2+miBQM Bb mbm@
�HHv bm++2bb7mH Q` 7�BHBM;X h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2
;�i2 �M/ i?2M �TTHvBM; i?2 AN D QT2`�iQ` iQ i?2 ;�i2bǶ `2bmHibX Zm�HBiv ;�i2b
+�M #2 bT2+B}2/ QM rQ`FHQ�/b �M/ b2`pB+2 K2i`B+bX h?2 b2H2+i2/ gatenmetric
+�M #2 +QKT�`2/ mbBM; � +QM/BiBQM- i?�i +�M #2 ;`2�i2` i?�M- H2bb i?�M- ;`2�i2`
Q` 2[m�H i?�M- H2bb Q` 2[m�H i?2M- 2[m�H- T2`+2Mi�;2 KQ`2- Q` T2`+2Mi�;2 H2bb- iQ
� ;Bp2M p�Hm2X 6Q` K2i`B+b- mb2`b +�M �Hr�vb `2TQ`i #Qi? � i?`2b?QH/ BM/B+�iBM;
i?2 r�Mi2/ p�Hm2 7Q` i?2 K2i`B+ Ugatenthresholdntar getV- �b r2HH �b � KBM@
BKmK �++2Ti2/ p�Hm2 UgatenthresholdnminimumVX h?2 ;�i2b �`2 2p�Hm�i2/
�++Q`/BM; iQ i?2 KBMBKmK �++2Ti2/ p�Hm2X _2TQ`iBM; i?2 2tT2+i2/ i?`2b?QH/
�b r2HH Bb BKTQ`i�Mi 7Q` #2ii2` 2p�Hm�iBM; i?2 i2bi `2bmHiX aQK2 [m�HBiv ;�i2b �`2
bT2+B}2/ mbBM; /2/B+�i2/ K2i`B+b- bm+? �b maxnmixndeviat ion- /2}MBM; i?2
K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK i?2 bT2+B}2/ rQ`FHQ�/ iQ BMi2`�+i rBi? i?2
alh- Q` maxnthinknt imendeviat ion- /2}MBM; i?2 K�tBKmK �++2Ti2/ /2@
pB�iBQM BM i?2 iBK2 BMi2`H2�pBM; KmHiBTH2 QT2`�iBQMb BMi2`�+iBM; rBi? i?2 alh
+QM+2`MBM; i?2 bT2+B}2/ b2iiBM;bX h?2 K�tBKmK �HHQr2/ /2pB�iBQM Bb `2H2p�Mi
iQ �++QmMi 7Q` TQbbB#H2 2``Q`b BM i?2 BMi2`�+iBQMb rBi? i?2 alh #2+�mb2 2`@
`QM2Qmb BMi2`�+iBQMb �`2 MQi +QmMi2/ �b T�`i Q7 i?2 `2bmHib- i?mb BMi`Q/m+BM;
p�`B�iBQMb BM i?2 bT2+B}2/ KBt Q` QM i?2 i?BMF iBK2X
q?2M `2HvBM; QM �M 2tTHQ`�iBQM bi`�i2;v #mBH/BM; � T`2/B+iBQM KQ/2H- i?2 mb2`
+�M �HbQ bT2+B7v � [m�HBiv ;�i2 iQ /2i2`KBM2 r?2M i?2 i2bi +�M #2 +QMbB/@
2`2/ bm++2bb7mH �++Q`/BM; iQ i?2 T`2+BbBQM `2�+?2/ #v i?2 KQ/2HX q2 bmTTQ`i
i?2 J2�M �#bQHmi2 1``Q` UJ�1V Umeannabsolutener rorV �b KQ/2H T`2+BbBQM
K2i`B+X A7 i?2 mb2` /Q2b MQi bT2+B7v � p�Hm2 7Q` i?2 K2i`B+- i?2 /27�mHi p�Hm2 7Q`
i?2 J�1 Bb b2i iQ 30%- �++Q`/BM; iQ bi�M/�`/ T2`7Q`K�M+2 HBi2`�im`2 (q2bi@
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«enumeration»
GateCondition

GREATHER_THAN
LESS_THAN
GREATHER_OR_EQUAL_THEN
LESS_OR_EQUAL_THEN
EQUAL
PERCENT_MORE
PERCENT_LESS

ServiceQualityGate

gate_metric: ServiceMetric
condition: GateCondition
gate_threshold_target: String OR ServiceMetric
gate_threshold_minimum: Option<String OR ServiceMetric>

service_name

0..*

WorkloadQualityGate

max_mix_deviation: Option<Percent>
max_think_time_deviation: Option<Percent>
gate_metric: Option<WorkloadMetric>
condition: Option<GateCondition>
gate_threshold_target: Option<String OR WorkloadMetric>
gate_threshold_minimum: Option<String OR WorkloadMetric>

workload_name
0..*

QualityGate

services: Option<Map<String ServiceQualityGate>>
workloads: Option<Map<String WorkloadQualityGate>>
mean_absolute_error: Option<Percent>

RegressionQualityGate

service: Option<String>
workload: Option<String>
gate_metric: ServiceMetric OR WorkloadMetric
regression_delta_absolute: Option<Time>
regression_delta_percent: Option<Percent>

regression
0..1

6B;m`28XkkX.aG,h?2Zm�HBiv
:�i2J

Q/2H
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2`K�MM- kyR9)X h?2 p�HB/�iBQM b2i Bb mb2/ iQ +QKTmi2 i?2 T`2/B+iBQM �++m`�+v
Q7 �HH i?2 #mBHi KQ/2Hb- �M/ r2 2tT2+i �HH i?2 KQ/2Hb iQ `2bT2+i i?2 T`2/B+iBQM
+`Bi2`B� 2tT`2bb2/ #v i?2 mb2` �b T�`i Q7 i?2 [m�HBiv ;�i2bX
6Q` bT2+B}+ i2bi ivT2b- bm+? �b i?2 regression- i?2 KQ/2H bmTTQ`ib i?2
bT2+B}+�iBQM Q7 +mbiQKBx2/ [m�HBiv ;�i2bX AM i?Bb +�b2- � bT2+B}+ 2H2K2Mi
Bb T`QpB/2/ �b T�`i Q7 i?2 KQ/2H- iQ 7�+BHBi�i2 i?2 bT2+B}+�iBQM 7Q` i?2
mb2`X q2 +m``2MiHv bmTTQ`i � bBM;H2 `2;`2bbBQM +QM/BiBQM #�b2/ QM �M Q#@
b2`p2/ K2i`B+- �TTHB2/ 2Bi?2` QM � rQ`FHQ�/ Q` � b2`pB+2X h?2 +QM/BiBQM
+?2+Fb 7Q` �M �#bQHmi2 Uregressionndel tanabsoluteV Q` � T2`+2Mi�;2 p�`B�@
iBQM Uregressionndel tanpercentV �KQM; i?2 p2`bBQMb bT2+B}2/ �b T�`i Q7 i?2
`2;`2bbBQM i2biX h?2 �+im�H bB;M Q7 i?2 p�`B�iBQM i`B;;2`BM; � `2;`2bbBQM /2T2M/b
QM i?2 `2;`2bbBQM gatenmetricX �++Q`/BM; iQ i?2 ;Bp2M K2i`B+- � TQbBiBp2 Q` �
M2;�iBp2 p�`B�iBQM BM i?2 K2i`B+ i`B;;2`b � `2;`2bbBQMX
qQ`FHQ�/ @ AM 6B;X 8Xkj r2 T`2b2Mi i?2qQ`FHQ�/ KQ/2HX q2 bmTTQ`i rQ`FHQ�/
bT2+B}+�iBQMb 7Q` #Qi? _1ah7mH q2# b2`pB+2b- b2H2+iBM; HT T P �b /`Bp2`nivT2-
�M/ "SJL kXy q7Jab- b2H2+iBM; STARTnBPMN �b /`Bp2`nivT2X h?2 mb2` +�M
bT2+B7v KmHiBTH2 rQ`FHQ�/b- `2T`2b2MiBM; /Bz2`2Mi BMi2`�+iBQMb rBi? i?2 alh-
�M/ i?2B` TQTmH�`BivX h?2 TQTmH�`Biv `2T`2b2Mib i?2 T2`+2Mi�;2 Q7 `2[m2bib
i?�i b?QmH/ #2 Bbbm2/ iQ i?2 alh 7`QK i?2 ;Bp2M M�K2/ rQ`FHQ�/X q?2M MQ
TQTmH�`Biv Q7 QM2 Q` KQ`2 rQ`FHQ�/b Bb /2}M2/- i?2 Qp2`�HH MQi �bbB;M2/ TQT@
mH�`Biv bmKKBM; iQ RyyW Bb bTHBi 2[m�HHv �KQM; i?2 rQ`FHQ�/b MQi bT2+B7vBM;
� TQTmH�`Biv p�Hm2X h?2 rQ`FHQ�/ +�M #2 `2�HBx2/ #v /Bz2`2Mi rQ`FHQ�/ Bi2Kb
U2X;X- `2T`2b2MiBM; /Bz2`2Mi b+2M�`BQb Q7 BMi2`�+iBQM rBi? i?2 alhV- i�`;2i �
bT2+B}+ alh p2`bBQM Ubminp2`bBQMV- �M/ +�M bT2+B7v i?2 i�`;2i b2`pB+2 Ui�`@
;2inb2`pB+2VX h?2 rQ`FHQ�/ Bi2Kb �`2 B/2MiB}2/ #v � mMB[m2 M�K2X q?2M mb@
BM; � J�`FQp +?�BM- i?2 ALAhA�Gnah�h1 M�K2 Bb `2b2`p2/ 7Q` B/2MiB7vBM; i?2
bi�`iBM; bi�i2 Q7 i?2 +?�BMX �++Q`/BM; iQ i?2 /`Bp2`nivT2 i?2 mb2` ?�b /Bz2`2Mi
r�vb iQ bT2+B7v i?2 QT2`�iBQMb- 7Q` i?2 STARTnBPMN /`Bp2` i?2 QT2`�iBQMb
�`2 `2T`2b2Mi2/ �b � HBbi Q7 M�K2/ "SJL kXy T`Q+2bb KQ/2HbX Ai Bb �HbQ TQbbB@
#H2 iQ bT2+B7v ?Qr iQ b2H2+i i?2 iBKBM;b �KQM; i?2 rQ`FHQ�/ Bi2Kb QT2`�iBQMb
UBMi2`nQT2`�iBQMniBKBM;bV �M/ i?2 TQTmH�`Biv Q7 2�+? rQ`FHQ�/ Bi2K- rQ`FBM;
i?2 b�K2 r�v �b i?2 rQ`FHQ�/b- mb27mH iQ /2+B/2 i?2 r2B;?i Q7 � ;Bp2M rQ`F@
HQ�/ r?2M KmHiBTH2 rQ`FHQ�/ Bi2Kb �`2 bT2+B}2/X h?2 BMi2`nQT2`�iBQMniBKBM;b
+�M #2 QM2 Q7 L1:�hAo1n1sSPL1LhA�G- lLA6P_J- Q` 6As1.nhAJ1X
L1:�hAo1n1sSPL1LhA�G `�M/QKHv b2H2+ib i?2 i?BMF iBK2 7`QK � M2;@
�iBp2 2tTQM2MiB�H /Bbi`B#miBQM (JQMi;QK2`v �M/ _mM;2`- kyRj)X h?Bb Bb i?2
iBKBM; +?�`�+i2`BbiB+ bBKmH�iBM; i?2 BMi2`�+iBQMb Q7 � H�`;2 MmK#2` Q7 mb2`bX
lLA6P_J `�M/QKHv b2H2+ib i?2 i?BMF iBK2 7`QK � mMB7Q`K /Bbi`B#miBQM (JQMi@
;QK2`v �M/ _mM;2`- kyRj)X 6As1.nhAJ1 mb2b � }t2/ p�Hm2 7Q` i?2 i?BMF
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«abstract»
Workload

popularity: Option<Percent>

«enumeration»
DriverType

HTTP
START_BPMN

Mix

«enumeration»
InterOperationsTimingsType

NEGATIVE_EXPONENTIAL
UNIFORM
FIXED_TIME

DataSource

path: String
delimiter: String
name: Option<String>
retrieval: Option<Retrieval>

«enumeration»
Retrieval

SEQUENTIAL
RANDOM

BpmnWorkload

workload_items: Map<String, BpmnWorkloadItem>

HttpWorkload

workload_items: Map<String, HttpWorkloadItem>

BpmnWorkloadItem

operations: List<String>

HttpWorkloadItem

operations: Map<String, Operation>
data_sources: Option<List<DataSource>>

WorkloadItem

driver_type: DriverType
sut_version: Optional<SutVersion>
target_service: String
popularity: Option<Percent>
inter_operation_timings: Option<InterOperationsTimingType>

workload_item_name

1..*

workload_item_name

1..* mix

0..1

data_sources

0..N

Operation

operations
1..N

6B;m`28XkjX.aG,h?2q
Q`FHQ�/

J
Q/2H
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Operation

protocol: Protocol
endpoint: String
method: Method
headers: Option<Map<String, String>>
query_parameter: Option<Map<String, ParameterValue>>
url_parameter: Option<Map<String, ParameterValue>>
extract_regex: Option<Map<String, Extraction>>
extract_json: Option<Map<String, Extraction>>

«enumeration»
Method

GET
POST
PUT
DELETE
OPTIONS
HEAD
TRACE
CONNECT

«enumeration»
Protocol

HTTP
HTTPS

Extraction

pattern: String
default: Option<String>
match_number: Option<Integer>

«abstract»
BodyType

BodyFile

file: String

Body

BodyForm

body: Map<String, ParameterValue>

ParameterValue

items: List<String>
retrieval: Option<Retrieval>

«enumeration»
Retrieval

SEQUENTIAL
RANDOM

extraction

0..N

body 0..1 parameter_value

0..N

content

1

body

1..N

6B;m`2 8Xk9X .aG, h?2 PT2`�iBQM JQ/2H 7Q` >hhS

iBK2X qQ`FHQ�/ Bi2Kb +�M /2}M2 .�i�aQm`+2b- `2T`2b2MiBM; i?2 bQm`+2 iQ mb2
7Q` i?2 /�i� mb2/ #v i?2 rQ`FHQ�/ Bi2KǶb QT2`�iBQMbX .�i� bQm`+2b +�M #2 }H2b
+QMi�BMBM; /�i� `2T`2b2Mi2/ mbBM; i?2 }H2 T�i?- 7Q` 2t�KTH2- *ao }H2b- �M/ i?2
mb2` +�M bT2+B7v � /2HBKBi2` iQ bTHBi i?2 /�i� BM i?2 }H2- �b r2HH �b �bbB;M i?2
}H2 �M B/2MiB}2` M�K2 �M/ /2}M2 i?2 r�v iQ `2i`B2p2 U`2i`B2p�HV i?2 /�i�X .�i�
`2i`B2p�H +�M #2 a1Zl1LhA�G Q` _�L.PJX
PT2`�iBQM @ AM 6B;X 8Xk9 r2 T`2b2Mi i?2 PT2`�iBQM KQ/2HX �b T�`i Q7 i?2
HT T P rQ`FHQ�/- i?2 mb2` bT2+B}2b PT2`�iBQMbX JQbi Q7 i?2 2H2K2Mib Q7 i?2
PT2`�iBQMb KQ/2H 7Q` >hhS �`2 `2H�i2/ iQ i?2 _6* bi�M/�`/b dkjy9@dkjd8X
�M QT2`�iBQM Kmbi bT2+B7v i?2 T`QiQ+QH- #2BM; QM2 Q7 >hhS Q` >hhSa- Kmbi
bT2+B7v �M 2M/TQBMi `2T`2b2MiBM; i?2 lMB7Q`K _2bQm`+2 GQ+�iQ` Ul_GV iQ +�HH-

9https://tools.ietf.org/html/rfc7230- H�bi pBbBi2/ QM 62#`m�`v d- kykR
8https://tools.ietf.org/html/rfc7237- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://tools.ietf.org/html/rfc7230
https://tools.ietf.org/html/rfc7237
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Mix

«abstract»
MixType

mix1

FixedSequenceMix

operations: Seq<String>

FlatMix FlatSequenceMix

sequences: Seq<Seq<String>>
MatrixMix

mix: Seq<Seq<Transition>>

Transition

percent: Percent
think_time_mean: Option<Double>
think_time_deviation: Option<Double>

mix 1..N
mix

1..N

mix

1..N

6B;m`2 8Xk8X .aG, h?2 JBt JQ/2H

Kmbi bT2+B7v i?2J2i?Q/ �b r2HH- +?QQbBM; �KQM; :1h- SPah- Slh- .1G1h1-
PShAPLa- >1�.- h_�*1- Q` *PLL1*hX � ?2�/2` +�M QTiBQM�HHv #2 T`Q@
pB/2/ �b r2HHX 6Q` i?2 HT T P /`Bp2` ivT2- i?2 QT2`�iBQMb +�M 2ti`�+i /�i� 7`QK
alhǶb `2bTQMb2 iQ #2 mb2/ BM bm#b2[m2Mi QT2`�iBQMb �M/ +�M `272` iQ .�i�@
aQm`+2- �b � bQm`+2 Q7 /�i� 7Q` +�HHb iQ i?2 alhX 1ti`�+iBQM Q7 /�i� +�M ?�TT2M
mbBM; � `2;mH�` 2tT`2bbBQM �TTHB2/ QM � TH�BM i2ti Q` � C�p�a+`BTi P#D2+i LQ@
i�iBQM UCaPLV Q#D2+iX hQ 2ti`�+i i?2 /�i�- i?2 mb2` ?�b iQ bT2+B7v � T�ii2`M-
�M/ QTiBQM�HHv T`QpB/2 � /27�mHi p�Hm2 BM +�b2 i?2 T�ii2`Mb /Q2b MQi K�i+? �Mv
2H2K2Mi- �b r2HH �b � K�i+?nMmK#2` iQ b2H2+i � bT2+B}+ 2H2K2Mi BM i?2 Q`/2`2/
b2i Q7 i?2 K�i+?2/ 2H2K2Mib- BM +�b2 KQ`2 i?�M QM2 K�i+?BM; Bb 7QmM/ mbBM;
i?2 `2;mH�` 2tT`2bbBQMX 6Q` bQK2 K2i?Q/b- 7Q` 2t�KTH2- i?2 SPah QM2- � #Q/v
T�vHQ�/ Bb `2[mB`2/X h?2 #Q/v T�vHQ�/ +�M #2 2Bi?2` � }H2- � HBbi Q7 TQbbB#H2
#Q/v bi`BM;b- Q` � imTH2 Q7 IF2v=Ip�Hm2= T�B`b 7Q` � #Q/v 7Q`KX h?2 p�Hm2 Q7
i?2 imTH2 Bb S�`�K2i2`o�Hm2b- `2T`2b2MiBM; � HBbi Q7 bi`BM;b b2H2+i2/ a1Zl1L@
hA�GHv Q` _�L.PJ HvX AM �//BiBQM iQ i?2 #Q/v 7Q`K- S�`�K2i2`o�Hm2b +�M
#2 mb2/ BM i?2 [m2`v bi`BM; �M/ BM i?2 l_G- r?B+? �`2 BM #Qi? +�b2b imTH2b Q7
IF2v=Ip�Hm2= T�B`bX
JBt @ AM 6B;X 8Xk8 r2 T`2b2Mi i?2 JBt KQ/2HX hQ /2+B/2 ?Qr iQ KBt i?2 QT2`@
�iBQMb Q7 � rQ`FHQ�/- i?2 mb2` bT2+B}2b i?2 JBtX h?2 KBt �HHQrb i?2 /2}MBiBQM
Q7 b2[m2M+2b Q7 QT2`�iBQMb- Q` J�`FQp +?�BMb +QMi`QHHBM; ?Qr iQ M�pB;�i2 7`QK
QM2 QT2`�iBQM iQ �MQi?2` QM2- �b r2HH �b i?2 iBK2 i?2 bBKmH�i2/ mb2` bT2M/b
iQ i?BMF �#Qmi i?2 M2ti QT2`�iBQM iQ 2t2+mi2X h?2 mb2` bT2+B}2b i?2 i?BMF
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iBK2 `2HvBM; QM i?2 h`�MbBiBQM 2MiBivX h?2 h`�MbBiBQM 2MiBiv �HHQrb i?2 mb2`
iQ bT2+B7v #Qi? i?2 T2`+2Mi�;2 Q7 iBK2 i?2 QT2`�iBQM Bb 2t2+mi2/ BM i?2 KBt-
�b r2HH �b i?2 i?BMF iBK2 mbBM; � MQ`K�H /Bbi`B#miBQM bT2+B}2/ mbBM; i?2 K2�M
Ui?BMFniBK2nK2�MV �M/ i?2 /2pB�iBQM Ui?BMFniBK2n/2pB�iBQMVX h?2 7`�K2@
rQ`F 2t2+miBM; i?2 i2bi �ii2KTib iQ `2bT2+i �b Km+? �b TQbbB#H2 i?2 bT2+B}2/
KBt Q7 QT2`�iBQMb �M/ i?BMF iBK2X .m2 iQ i?2 BM/2i2`KBMBbK Q7 bQ7ir�`2 bvbi2K
#2?�pBQ`- � bHB;?i /2pB�iBQM 7`QK i?2 b�K2 Kmbi #2 2tT2+i2/ �++Q`/BM; iQ i?2
FMQrM p�`B�M+2 Q7 alhǶb #2?�pBQ`- i?2 i2bi 2t2+miBQM 2MpB`QMK2Mi- �b r2HH �b
i?2 alh /2THQvK2Mi 2MpB`QMK2MibX
alh @ AM 6B;X 8Xke- r2 `2TQ`i i?2 KQ/2H Q7 i?2 alh �M/ Bib +QM};m`�iBQM UamiVX
h?2 mb2`b +�M bT2+B7v i?2 M�K2 Q7 i?2 alh �M/ i?2 i�`;2i p2`bBQMb- �b r2HH �b
i?2 ivT2- #2BM; QM2 Q7 HT T P- _1ah7mH q2# b2`pB+2b- Q` W F MS- 7Q` "SJL
kXy q7JabX �b `2TQ`i2/ BM 6B;X 8Xkd- i?2 p2`bBQM +�M �HbQ #2 bT2+B}2/ �b �
a2K�MiB+o2`bBQM Q` �b � a2K�MiB+o2`bBQM_�M;2 Qi?2` i?�M � ai`BM;o2`bBQMX
q?2M bT2+B}2/ mbBM; i?2 b2K�MiB+ p2`bBQMBM; bi�M/�`/- r2 `272` iQ i?2 p2`bBQM
kXy Q7 bm+? bi�M/�`/e �M/ r2 `2Hv QM i?2 +QKX;Bi?m#Xx�7�`F?�D�Xb2Kp2`Xo2`bBQMd

HB#`�`vX
h?2 alh ?�b iQ #2 +QM};m`2/ iQ �miQK�i2 i?2 i2biX h?2 mb2` +QM};m`2b
i?2 .27�mHih�`;2ia2`pB+2 7Q` i?2 rQ`FHQ�/- bT2+B7vBM; i?2 b2`pB+2 M�K2 �M/
i?2 /27�mHi 2M/TQBMi- �M/ QTiBQM�HHv bi�i2b ?Qr iQ B/2MiB7v r?2M i?2 alh Bb
`2�/v iQ `2+2Bp2 i?2 HQ�/ Ubmin`2�/vnHQ;n+?2+FVX h?2 mb2` +�M �HbQ bT2+B7v
a2`pB+2*QM};m`�iBQMb BM i2`Kb Q7 b2`pB+2Ƕ `2bQm`+2b �M/ +QM};m`�iBQM p�`B�#H2b-
bBKBH�` iQ ?Qr i?2 b�K2 /�i� +�M #2 +QM};m`2/ 7Q` i?2 1tTHQ`�iBQMaT�+2X AM i?Bb
+�b2- � bBM;H2 p�Hm2 Kmbi #2 bT2+B}2/- �M/ MQ `�M;2b �`2 �++2Ti2/X h?2 T`QTQb2/
7`�K2rQ`F +�M �HbQ i�F2 +�`2 Q7 /2THQvBM; i?2 alh 7Q` /Bz2`2Mi 2tT2`BK2Mib-
i?mb i?2 mb2` +�M bT2+B7v /�i� �#Qmi i?2 /2THQvK2Mi Q7 /Bz2`2Mi b2`pB+2bX 6Q`
2�+? b2`pB+2- i?2 mb2` +�M bT2+B7v i?2 M�K2 Q7 � i�`;2i b2`p2` r?2`2 b?2 r�Mib
iQ /2THQv i?�i b2`pB+2X h?2 M�K2 Q7 i?2 b2`p2`b +�M #2 +QM};m`2/ �b T�`i Q7 i?2
7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X a2iiBM; +mbiQK +QM};m`�iBQMb �M/
/2+B/BM; r?B+? b2`pB+2b iQ /2THQv QM r?B+? b2`p2`- �HHQr i?2 mb2` iQ ?�p2 +QMi`QH
QM i?2 r�v i?2 b2`pB+2b Q7 i?2 alh ?�b iQ #2 bi�`i2/- 7Q` 2t�KTH2- iQ `2Hv QM
bim##BM; K2+?�MBbK i?�i KB;?i #2 �p�BH�#H2 BM i?2 b2`pB+2b- bQ i?�i iQ BbQH�i2
i?2 b2`pB+2 7`QK /2T2M/2Mi b2`pB+2b U2X;X- iQ �pQB/ +v+HB+ /2T2M/2M+B2bV 7Q`
i?2 T2`7Q`K�M+2 i2biX A7 MQ /2THQvK2Mi BM7Q`K�iBQM Bb T`QpB/2/- i?2 T`QTQb2/
7`�K2rQ`F b2H2+ib i?2 #2bi bmBi�#H2 �M/ �p�BH�#H2 b2`p2`b r?2`2 iQ /2THQv i?2
alh- mMH2bb � 7mHH 2M/TQBMi Bb bT2+B}2/X q?2M � 7mHH 2M/TQBMi Bb bT2+B}2/- i?2

ehttps://semver.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
dhttps://github.com/zafarkhaja/jsemver- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://semver.org/
https://github.com/zafarkhaja/jsemver


R93 8X9 "2M+?6HQr .aG JQ/2H

SutConfiguration

deployment: Option<Map<String, String>>

Sut

name: String
type: Option<SutType>
services_configuration: Option<Map<String, ServiceConfigurations>>

sut_configuration
1

service_name
0..N

ServiceConfigurations

configuration: Option<Map<String, String>>
resources: Option<Map<Resource, List<Bytes>>

versions
1..N

SutVersion

«enumeration»
SutType

WFMS
HTTP

DefaultTargetService

name: String
endpoint: String
sut_ready_log_check: Option<String>

default_target_service

1

resources

0..2
«abstract»
Resource

Cpu

value: Option<List<Millicores>>

Memory

value: Option<List<Bytes>>

6B;m`28XkeX.aG,h?2alh
J

Q/2H
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SemanticVersionRange

low: SemanticVersion
high: SemanticVersion

StringVersion

v: String

SemanticVersion

v: LibVersion

LibVersion is from library
com.github.zafarkhaja.semver.Version

SutVersion

6B;m`2 8XkdX .aG, h?2 o2`bBQM JQ/2H

alh Bb 2tT2+i2/ iQ #2 �H`2�/v /2THQv2/ �i i?2 bT2+B}2/ 2M/TQBMi- i?mb i?2
/2THQvK2Mi �M/ i?2 b2`pB+2 +QM};m`�iBQMb �`2 bFBTT2/X Ai Bb BKTQ`i�Mi iQ MQi2
i?�i 7Q` +QKTH2t i2bib iQ #2 2t2+mi2/- i?2 alh /2THQvK2Mi Bb 2tT2+i2/ iQ #2
+�``B2/ Qmi #v i?2 T`QTQb2/ 7`�K2rQ`F bQ i?�i +QM};m`�iBQMb `2[m2bi2/ 7Q`
/Bz2`2Mi 2tT2`BK2Mib +�M #2 BMD2+i2/ �i /2THQvK2Mi iBK2X
.�i� *QHH2+iBQM @ AM 6B;X 8Xk3- r2 `2TQ`i i?2 KQ/2H Q7 i?2 .�i�*QHH2+iBQM
b2`pB+2b iQ #2 mb2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb2/ iQ +QKTmi2 i?2 Q#b2`p2/
T2`7Q`K�M+2 K2i`B+bX .�i� +QHH2+iBQM b2`pB+2b �`2 �p�BH�#H2 �b T�`i Q7 i?2 T`Q@
TQb2/ bQHmiBQM �M/ +�M +QHH2+i +HB2Mi@bB/2 T2`7Q`K�M+2 /�i� U*HB2MiaB/2*QM};@
m`�iBQMV- �M/ b2`p2`@bB/2 Ua2`p2`aB/2*QM};m`�iBQMV `2bQm`+2 miBHBx�iBQM /�i�-
}H2b T`Q/m+2/ #v i?2 alh �b r2HH �b /mKTb Q7 /�i�#�b2b U2X;X- mb27mH 7Q` +QK@
TmiBM; "SJL kXy q7Jab@bT2+B}+ K2i`B+bVX *HB2Mi@bB/2 +QHH2+iBQM b2`pB+2b /2@
T2M/ QM i?2 �+im�H i`B�H 2t2+miBQM 7`�K2rQ`F mb2/ iQ 2t2+mi2 i?2 2tT2`BK2Mib
U2Bi?2` CJ2i2`*QM};m`�iBQM Q` 6�#�M*QM};m`�iBQMV- �M/ i?2 mb2` +�M bT2+B7v
i?2 +QHH2+iBQM BMi2`p�H #2ir22M irQ bm#b2[m2Mi b�KTHBM;b Q7 T2`7Q`K�M+2 /�i�X
a2`p2`@bB/2 +QHH2+iBQM b2`pB+2b �`2 Q7 /Bz2`2Mi ivT2b- �++Q`/BM; iQ +QM};m`�iBQM
`2[mB`2K2Mib i?2v KB;?i ?�p2X � mb2` +�M bT2+B7v � bBM;H2 +QHH2+iQ` U*QHH2+iQ`a@
BM;H2V- Q` � HBbi Q7 +QHH2+iQ`b U*QHH2+iQ`JmHiBTH2V �ii�+?2/ iQ � b2`pB+2X q?2M
� +QHH2+iQ` ?�b iQ #2 +QM};m`2/- *QHH2+iQ`JmHiBTH2*QM};m`�iBQM Bb mb2/- �M/ Bi
+�M #2 +QM};m`2/ �++Q`/BM; iQ alh +QM};m`�iBQMb U2X;X- iQ T`QT2`Hv +QMM2+i
iQ � ."JaV �M/ i?2 HBbi Q7 b2`pB+2b +�M #2 2ti2M/2/ �++Q`/BM; iQ M2r `2[mB`2@
K2MibX o�Hm2b Q7 +QM};m`�iBQM p�`B�#H2b +�M `272` iQ F2vrQ`/b `2T`2b2MiBM;
p�`B�#H2b BMD2+i2/ #v i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? �i `mMiBK2-
2X;X- AMi2`M2i S`QiQ+QH UASV �//`2bb2b �M/ TQ`ib Q7 b2`pB+2b 7`QK r?B+? /�i�
?�p2 iQ #2 +QHH2+i2/- Q` +QM};m`�iBQMb �H`2�/v bT2+B}2/ �b T�`i Q7 i?2 alh /2@
THQvK2Mi /2b+`BTiQ` T�`i Q7 i?2 i2bi #mM/H2X 6Q` K�Mv /�i� +QHH2+iQ` b2`pB+2b
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ServerSideConfigurationCollector

CollectorSingle

collector: String

CollectorMultiple

collectors: Seq<String>

CollectorMultipleConfiguration

collectors: Map<String, Configuration>

1..*

Configuration

configuration: Map<String, String>

configuration
1..*

DataCollection

only_declared: Boolean
services: Option<Map<String, ServerSideConfiguration>>
workloads: Option<Map<String, ClientSideConfiguration>>

service_name

0..*

ClientSideConfiguration
workload_name0..N

FabanConfiguration

interval: Timefaban

0..1

JMeterConfiguration

interval: Time

jmeter0..1

6B;m`2 8Xk3X .aG, h?2 .�i� *QHH2+iBQM JQ/2H



R8R 8X9 "2M+?6HQr .aG JQ/2H

r2 T`QpB/2 /27�mHib- 7Q` Qi?2`b- r2 `2[mB`2 i?2 mb2` iQ +QM};m`2 i?2 +QHH2+iQ`
bQ i?�i Bi +�M �++2bb i?2 /�i� U2X;X- i?2 /�i�#�b2 /�i� +QHH2+iQ` b2`pB+2b `2[mB`2
+QM};m`�iBQM iQ #2 �#H2 iQ �++2bb i?2 /�i�#�b2- �M/ +QHH2+i i?2 r�Mi2/ /�i�VX
h?2 T`QTQb2/ 7`�K2rQ`F i�F2b +�`2 Q7 BMD2+iBM; +QHH2+iBQM b2`pB+2b 7Q` i?2 Q#@
b2`p2/ K2i`B+b- BM +�b2 i?2 mb2` /Q2b MQi bT2+B7v bQK2 Q7 i?2K �M/ MQ +mbiQK
+QM};m`�iBQM Bb `2[mB`2/X hQ #2 �#H2 iQ +QHH2+i �HH i?2 /�i� `2[mB`2/ iQ `2bTQM/
iQ +m``2Mi �M/ 7mim`2 mb2`bǶ M22/b- #v /27�mHi �HH +QHH2+iQ`b MQi `2[mB`BM; +QM@
};m`�iBQMb �`2 2M�#H2/ QM �HH i?2 b2`pB+2bX h?2 mb2` +�M /Bb�#H2 i?Bb #2?�pBQ`
#v b2iiBM; QMHvn/2+H�`2/ iQ t rueX

8X9Xk 1tT2`BK2Mi JQ/2H
AM 6B;X 8XkN- r2 `2TQ`i i?2 1tT2`BK2Mi KQ/2H ;2M2`�i2/ #v i?2 7`�K2rQ`F T�`i
Q7 i?2 T`QTQb2/ �TT`Q�+?- bi�`iBM; 7`QK i?2 h2bi KQ/2HX h?2 1tT2`BK2Mi Bb
+?�`�+i2`Bx2/ #v � M�K2- � p2`bBQM 7Q` i?2 KQ/2H mb2/ iQ `2T`2b2Mi i?2 2MiBiB2b-
�M/ �M QTiBQM�H /2b+`BTiBQM �M/ H�#2HbX J�Mv Q7 i?2 2MiBiB2b �`2 /B`2+iHv /2`Bp2/
7`QK i?2 i2bi KQ/2H- 7Q` 2t�KTH2- i?2 ami 2MiBiv- i?2 .�i�*QHH2+iBQM 2MiBiv-
�M/ i?2 qQ`FHQ�/ 2MiBivX h?2 "2M+?6HQr1tT2`BK2Mi*QM};m`�iBQM Bb ;2M2`�i2/
7`QK i?2 /�i� T�`i Q7 i?2 h2bi KQ/2H- K�BMHv 7`QK i?2 :Q�H- GQ�/6mM+iBQM-
�M/ h2`KBM�iBQM*`Bi2`B� 2MiBiB2b Q7 i?�i KQ/2HX �M 2tT2`BK2Mi �Hr�vb /2@
}M2b � +QKTH2i2 GQ�/6mM+iBQM- BM i2`Kb Q7 mb2`b- `�KTnmT- bi2�/vnbi�i2- �M/
`�KTn/QrM �M/ ?�b �i H2�bi � h2`KBM�iBQM*`Bi2`BQM #�b2/ QM iBK2 UK�tniBK2V
iQ ;m�`�Mi22 �M mTT2` #QmM/ BM i?2 2t2+miBQM iBK2X h?2 K�tniBK2 Bb +QK@
Tmi2/ bi�`iBM; 7`QK i?2 K�tniBK2 i2`KBM�iBQM +`Bi2`BQM /2}M2/ 7Q` i?2 i2bi-
/BpB/2/ #v i?2 MmK#2` Q7 2tT2`BK2Mib U�M/ i`B�HbV iQ #2 2t2+mi2/ �++Q`/BM; iQ
i?2 i2bi bT2+B}+�iBQMX 6Q` r?�i +QM+2`M i?2 Qi?2` 1tT2`BK2Mih2`KBM�iBQM*`B@
i2`B�- i?2 mb2` Kmbi /2}M2 i?2 K�tnMmK#2`nQ7ni`B�Hb- iQ +QMi`QH ?Qr K�Mv
iBK2b �i KQbi i?2 2tT2`BK2Mi +�M #2 `2T2�i2/ iQ BKT`Qp2 i?2 [m�HBiv Q7 i?2
+QHH2+i2/ K2i`B+b- �M/ +�M bT2+B7v i?2 MmK#2` Q7 K�tn7�BH2/ni`B�Hb iQ 2Mbm`2
i?2 2tT2`BK2Mi Bb biQTT2/ B7 i`B�Hb �`2 7�BHBM;X �HH i?2 i2`KBM�iBQM +`Bi2`B� �`2
/B`2+iHv /2`Bp2/ 7`QK i?2 QM2b 2tT`2bb2/ �i i?2 i2bi H2p2H- ;Bp2M i?2 mb2` Bb
MQi 2tT2+i2/ iQ bT2+B7v i?2 2tT2`BK2Mi- #mi QMHv i2bibX Zm�HBiv ;�i2b �`2 MQi
T`2b2Mi �i i?2 2tT2`BK2Mi H2p2H- #2+�mb2 i?2v �`2 �HH /2}M2/ �M/ 2p�Hm�i2/ �i
i?2 i2bi H2p2H- 2p2M r?2M i?2v �`2 �TTHB2/ iQ 2tT2`BK2MibǶ `2bmHibX



R8k 8X9 "2M+?6HQr .aG JQ/2H

«abstract»
Workload

popularity: Option<Percent>

Sut

name: String
type: Option<SutType>
services_configuration: Option<Map<String, ServiceConfigurations>>

DataCollection

only_declared: Boolean
services: Option<Map<String, ServerSideConfiguration>>
workloads: Option<Map<String, ClientSideConfiguration>>

ExperimentTerminationCriteria

max_time: Time

BenchFlowExperiment

version: ExperimentVersion
name: String
description: Option<String>
workloads: Map<String, Workload>
labels: Option<String>

BechFlowExperimentConfiguration

configuration
1

sut
1

workload

1

data_collection
1

load_function

1

TerminationCriterion

max_number_of_trials: Int
max_failed_trials: Option<Percent>
services: Option<Map<String, ServiceTerminationCriterion>>
workloads: Option<Map<String, WorkloadTerminationCriterion>>

termination_criteria
1

experiment

0..1

«enumeration»
ExperimentVersion

11.1
1.2
1.3
1.4
22.1
2.2
3

LoadFunction

users: Int
ramp_up: Time
steady_state: Time
ramp_down: Time

SutVersion
version

1
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8X9Xj alh .2THQvK2Mi .2b+`BTiQ` JQ/2H
�b T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?- r2 /2}M2 alh /2THQvK2Mi /2b+`BTiQ`b �b
T�`i Q7 i?2 i2bi #mM/H2X q2 `2Hv QM i?2 .Q+F2` *QKTQb2 bi�M/�`/X
AM 6B;X 8Xjy r2 T`2b2Mi i?2 /2THQvK2Mi /2b+`BTiQ` KQ/2H- `2HvBM; QM i?2 .Q+F2`
*QKTQb2 bi�M/�`/X h?2 KQ/2H Bb bBKTHB}2/ +QKT�`2/ iQ i?2 �+im�H QM2 �p�BH@
�#H2 BM i?2 `272`2M+2/ bi�M/�`/X q2 `2TQ`i i?2 `2H2p�Mi 2MiBiB2b 7Q` i?2 +QMi2ti
Q7 i?Bb i?2bBbX h?2 /2THQvK2Mi /2b+`BTiQ` /2b+`B#2b �HH i?2 a2`pB+2b T�`i Q7 i?2
alh- /2i�BHb QM ?Qr iQ .2THQv 2�+? b2`pB+2- /�i� �#Qmi i?2 mb2/ oQHmK2b- �M/
i?2 L2irQ`Fb i?2 b2`pB+2b mb2 iQ +QKKmMB+�i2 rBi? 2�+? Qi?2`X h?2 b2`pB+2b
�`2 B/2MiB}2/ #v � M�K2- �M/ �M BK�;2 `2T`2b2MiBM; � `272`2M+2 .Q+F2` AK@
�;2 (.Q+F2` AM+X- kyRj) T�+F�;BM; i?2 b2`pB+2 i?2 mb2` r�Mib iQ /2THQvX h?2
mb2` Bb �HbQ 2tT2+i2/ iQ bT2+B7v /�i� `2H�i2/ iQ ?Qr iQ /2THQv i?2 b2`pB+2- BM
i2`Kb Q7 i?2 MmK#2` Q7 `2THB+�b- BX2X- ?Qr K�Mv BMbi�M+2b Q7 i?2 ;Bp2M b2`pB+2
iQ /2THQv- �M/ QTiBQM�HHv TH�+2K2Mi +QMbi`�BMib- 2X;X- i?2 M�K2 Q7 i?2 b2`p2`b
QM r?B+? iQ /2THQv � ;Bp2M b2`pB+2X h?2 mb2` +�M �HbQ QTiBQM�HHv bT2+B7v �
+QKK�M/ iQ #2 2t2+mi2/ r?2M � M2r .Q+F2` *QMi�BM2` (.Q+F2` AM+X- kyRj)
Bb BMbi�MiB�i2/ Qmi Q7 i?2 .Q+F2` AK�;2 bT2+B}+�iBQM- 2MpB`QMK2Mi p�`B�#H2b
+QM};m`�iBQM- TQ`ib mb2/ #v i?2 b2`pB+2- TQ`ib 2tTQb2/ iQ �++2bb i?2 b2`pB+2-
M�K2/ pQHmK2b mb2/ #v i?2 b2`pB+2 iQ biQ`2 /�i�- M2irQ`FnKQ/2 B/2MiB7vBM;
i?2 ivT2 Q7 M2irQ`F iQ mb2 r?2M M�K2/ M2irQ`Fb �`2 MQi M22/2/- Qi?2` b2`@
pB+2b 7`QK r?B+? i?2 ;Bp2M b2`pB+2 BM?2`Bib /�i� pQHmK2b UpQHmK2n7`QKV- �b
r2HH �b bT2+B}+ b2iiBM;b iQ �++2bb i?2 T`QT2`iB2b Q7 i?2 BM7`�bi`m+im`2 mM/2`Hv@
BM; i?2 .Q+F2` +QMi�BM2` U2X;X- TB/VX .�i� pQHmK2b �`2 B/2MiB}2/ #v � M�K2-
�b r2HH �b M2irQ`Fb �`2 B/2MiB}2/ #v � M�K2X 6Q` i?2 M2irQ`Fb- i?2 mb2` +�M
�HbQ bT2+B7v � ivT2- ;Bp2M KmHiBTH2 ivT2b Q7 M2irQ`Fb +�M #2 miBHBx2/3X a2`pB+2b
b?�`BM; i?2 M2irQ`Fb +�M �++2bb Qi?2` b2`pB+2b #v `272``BM; iQ i?2B` M�K2- Q` #v
`2HvBM; QM BMD2+i2/ 2MpB`QMK2Mi p�`B�#H2b +QMi�BMBM; /�i� �#Qmi ?Qr iQ �++2bb
i?2 b2`pB+2b- �KQM; r?B+? i?2 BT �M/ i?2 TQ`i Q7 r?B+? iQ `2�+? i?2 b2`pB+2X
1MpB`QMK2Mi p�`B�#H2b +QM};m`�iBQM +�M #2 /B`2+iHv bT2+B}2/ �b T�`i Q7 i?2
KQ/2H Q` +�M `272` iQ � /2/B+�i2/ }H2 +QMi�BMBM; i?2K bQ i?�i �HH i?2 b2`pB+2b
M22/2/ iQ �++2bb i?2 b�K2 2MpB`QMK2Mi p�`B�#H2b +�M `272` iQ bm+? � }H2X Ai
Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 .Q+F2` *QKTQb2 bi�M/�`/ +�M �HbQ #2 /2THQv2/
QM Qi?2` BM7`�bi`m+im`2b Qi?2` i?�M .Q+F2`X h?2`2 �`2 /Bz2`2Mi bQHmiBQMb iQ
+QMp2`i i?2 .Q+F2` *QKTQb2 bT2+B}+�iBQM iQ Qi?2` bT2+B}+�iBQMb- bm+? �b i?2
Em#2`M2i2b (Em#2`M2i2b- kyR9) QM2X aQK2 +�T�#BHBiB2b �`2 KBbbBM; Q` �/�Ti2/-
#mi i?Bb �HHQrb i?2 /2THQvK2Mi Q7 b2`pB+2b /2}M2/ mbBM; i?2 .Q+F2` *QKTQb2
bi�M/�`/ QM KmHiBTH2 BM7`�bi`m+im`2bX

3https://docs.docker.com/network/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://docs.docker.com/network/
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«enumeration»
DeploymentDescriptorVersion

1.0
2.0
2.1
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Deploy

replicas: Integer
placement: Option<String>

Service

name: String
command: Option<String>
image: String
environment: Option<Map<String, String>>
ports: Option<List<String>>
volume: Option<Map<String, Volume>>
network_mode: Option<String>
pid: Option<Integer>
expose: Option<List<String>>
volume_from: Option<List<String>>

Network

name: String
type: Option<String>

Volume

name: String

DeploymentDescriptor

version: DeploymentDescriptorVersion

services
1..N

networks

0..N

deploy
1 volumes 0..N

6B;m`2 8XjyX .aG, h?2 .2THQvK2Mi .2b+`BTiQ` JQ/2H

8X8 "2M+?6HQr .aG 7Q` *a.G

h?2 T`2b2Mi2/ .aG �HHQrb mb2`b iQ /2+H�`�iBp2Hv bT2+B7v T2`7Q`K�M+2 i2bibX
q?2M 2t2+miBM; i?Qb2 T2`7Q`K�M+2 i2bib �b T�`i Q7 *a.G mb2`b M22/ �HbQ iQ
bT2+B7v �//BiBQM�H /2i�BHb- 7Q` 2t�KTH2- iQ +QMi`QH r?2M iQ �+iBp�i2 i?2 /Bz2`2Mi
T2`7Q`K�M+2 i2bib i?2v /2}M2/- �b r2HH �b +QMi`QH #QmM/�`v +QM/BiBQMb �M/
`2[mB`2K2Mib iQ #2 BM TH�+2 iQ K�tBKBx2 i?2 bm++2bb7mH 2t2+miBQM Q7 i?2 i2bibX
Ai Bb BKTQ`i�Mi iQ Qz2` mb2`b � r�v iQ Q`;�MBx2 /Bz2`2Mi i2bib bQ i?�i i?2M i?2v
+�M /2+B/2 r?B+? QM2 iQ 2t2+mi2 BM i?2 /Bz2`2Mi KQK2Mib Q7 i?2 *a.GX h?2
*a.G 2ti2MbBQM iQ i?2 .aG r2 T`2b2Mi BM i?Bb b2+iBQM ?�b i?2 b+QT2 Q7 �HHQrBM;
mb2`b iQ +�i2;Q`Bx2 /Bz2`2Mi T2`7Q`K�M+2 i2bib- �M/ iQ /2b+`B#2 r?2M �M/ mM/2`
r?B+? +QM/BiBQM /Bz2`2Mi b2i Q7 i2bib �`2 iQ #2 2t2+mi2/X
�b T`2b2Mi2/ BM a2+iX 9X9 +Q/2 Bb +QMiBMmQmbHv #mBHi #v *Aa �M/ bQ7ir�`2 Bb
/2HBp2`2/ mbBM; *.aX *Aa �M/ *.a �`2 i?2 `B;?i iQQHb r?2`2 iQ BMi2;`�i2 i?2
*a.G 2ti2MbBQM iQ i?2 .aG r2 T`2b2Mi BM i?Bb b2+iBQM- #2+�mb2 r2 Q#i�BM �HH
i?2 /�i� iQ #2 mb2/ iQ �HHQr mb2`b iQ +QM};m`2 i2bi b2H2+iBQM iQ #2 2t2+mi2/- �b
7Q` 2t�KTH2 7QHHQrBM; i?2 BM/B+�iBQMb BM a2+iX 9X9XjX
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Suite

Environment

Test Suite Test

Push

TriggerQuality Gate

Event

Release

Deployment

0..N

1 1

0..1
1

0..N

Pull Request

6B;m`2 8XjRX .aG, h?2 *a.G J2i�@KQ/2H
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8X8XR "2M+?6HQr .aG 7Q` *a.G J2i�@KQ/2H
AM 6B;X 8XjR r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 h2biamBi2- B/2MiB}2/ #v � o2`@
bBQMX h?2 mb2` +�M bT2+B7v i2bi amBi2b- iQ �miQK�iB+�HHv b2H2+i QM2 Q` KQ`2
i2bib BKTH2K2Mi2/ mbBM; i?2 bT2+B}+�iBQM T`2b2Mi2/ BM a2+iX 8X9- BM /Bz2`2Mi
KQK2Mib Q7 i?2 *a.G HB72+v+H2 �++Q`/BM; iQ i?2 ;2M2`�i2/ 2p2MibX AM *a.G
bQ7ir�`2 Bb mbm�HHv +QKKBii2/ iQ � `2TQbBiQ`v BM � o*a #v /Bz2`2Mi mb2`b- �M/
/2p2HQT2/ mbBM; KmHiBTH2 bQ@+�HH2/ 72�im`2 #`�M+?2bX q?2M 72�im`2b �`2 +QM@
bB/2`2/ K�im`2 2MQm;?- �`2 mbm�HHv K2`;2/ BM � /2p2HQTK2Mi p2`bBQM }`bi �M/
i?2M BM � T`Q/m+iBQM p2`bBQM Q7 i?2 alhX h?2b2 �+iBpBiB2b ;2M2`�i2 2p2Mib bm+?
�b +Q/2 Smb?2b- SmHH_2[m2bib- _2H2�b2b- �M/ .2THQvK2MibX h?2b2 2p2Mib +�M
#2 mb2/ iQ /2i2`KBM2 r?2M iQ h`B;;2` /Bz2`2Mi T2`7Q`K�M+2 i2bibX AM i?2 +�b2
Q7 /2THQvK2Mib- i?2 mb2` +�M �HbQ bT2+B7v i?2 1MpB`QMK2Mib Q7 BMi2`2bi Q7 bm+?
/2THQvK2Mi iQ i`B;;2` i?2 2t2+miBQM Q7 T2`7Q`K�M+2 i2bibX �b T2` i?2 i2bi bT2+@
B}+�iBQM- �HbQ 7Q` i2bi bmBi2b- i?2 mb2` Bb 2tT2+i2/ iQ /2}M2 � Zm�HBiv:�i2 iQ
/2i2`KBM2 i?2 Qp2`�HH `2bmHi Q7 i?2 i2bi bmBi2 2t2+miBQMX h?2 [m�HBiv ;�i2b +�M
#2 �TTHB2/ iQ i?2 2MiB`2 bmBi2- Q` QM i?2 i2bi bmBi2 2t+Hm/BM; � ;Bp2M b2i Q7 i2bibX
h2`KBM�iBQM +`Bi2`B� �`2 MQi `2[mB`2/ 7Q` i?2 BMi2;`�iBQM rBi? *a.G- #2+�mb2
2�+? bBM;H2 i2bi T�`i Q7 i?2 i2bi bmBi2 Bb 2tT2+i2/ iQ /2}M2 T`QT2` i2`KBM�iBQM
+`Bi2`B�X

8X8Xk "2M+?6HQr .aG 7Q` *a.G JQ/2H
AM 6B;X 8Xjk r2 /2i�BH i?2 bT2+B}+�iBQM Q7 i?2 h2biamBi2X h?2 i2bi bmBi2 Bb
+?�`�+i2`Bx2/ #v � p2`bBQM- M�K2- �b r2HH �b- QTiBQM�HHv- � /2b+`BTiBQMX h?2
i2bi bmBi2 bT2+B}2b � amBi2 b2H2+iBM; h2bib #v /2}MBM; i?2 i2bi iQ BM+Hm/2 7`QK
i?2 +QHH2+iBQM Q7 i2bib /2}M2/ #v i?2 mb2` mbBM; i?2 T`2b2Mi2/ .aGX a2H2+iBQM
+`Bi2`B� +�M #2 #�b2/ QM i?2 H�#2Hb /2}M2/ QM i?2 bBM;H2 /2}M2/ i2bibX h?2
mb2` +�M bT2+B7v � `2;mH�` 2tT`2bbBQM K�i+?BM; i?2 H�#2Hb- �M/ b2H2+iBM; i?2
i2bibX h?2 b2H2+iBQM Q7 i?2 i2bib iQ #2 2t2+mi2/ ?�TT2Mb BM Q`/2` Q7 }H2 M�K2
mM/2` � ǴXfi2bifT2`7Q`K�M+2Ǵ 7QH/2` T�`i Q7 i?2 b�K2 +Q/2 `2TQbBiQ`v r?2`2
i?2 alh Bb /2p2HQT2/X A7 MQ i2bib rBi? i?2 bT2+B}2/ H�#2Hb �`2 7QmM/ i?2 i2bi
bmBi2 +�M MQi #2 2t2+mi2/X �Hi2`M�iBp2Hv- i?2 mb2` +�M bT2+B7v � HBbi Q7 /B`2+i
T�i?b iQ T2`7Q`K�M+2 i2bi /2}MBiBQMbX h?2 /2}MBiBQM Q7 h`B;;2`b /2T2M/b QM
i?2 2p2Mib #�b2/ QM r?B+? i`B;;2`b i?2 2t2+miBQM Q7 i?2 i2bi bmBi2- �M/ i?2B`
+?�`�+i2`BbiB+bX lb2` +�M bT2+B7v �b i`B;;2`b,

RV � +Q/2 Smb?- QTiBQM�HHv bT2+B7vBM; i?2 #`�M+?2b Q7 BMi2`2bi mbBM; � `2;@
mH�` 2tT`2bbBQM- r?2`2 i?2 Tmb? ?�b iQ ?�TT2M iQ i`B;;2` i?2 i2bi bmBi2
2t2+miBQMc
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Suite

Environment

name: String
skip_deploy: Option<Boolean>

environments 0..N

TestSuite

version: TestSuiteVersion
name: String
description: Option<String>

Test

include_labels: Option<List<Regex>>
paths: Option<List<String>>tests

1

Push

branches: Option<List<Regex>>

Trigger

scheduled: Option<Boolean>

triggers0..1

PullRequest

contexts: Option<ContextType>
source_branches: Option<List<Regex>>
target_branches: Option<List<Regex>>

QualityGate

criterion: CriterionType
exclude: Option<List<String>> quality_gates

1

Event

on 0..N

Release

types: List<String>

Deployment

names: List<String>

suite

1

«enumeration»
CriterionType

ALL_SUCCESS
AT_LEAST_ONE_SUCCESS

«enumeration»
TestSuiteVersion

1
1.1

«enumeration»
ContextType

HEAD
MERGE
ALL

6B;m`2 8XjkX .aG, h?2 *a.G JQ/2H
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kV � SmHH_2[m2bi- QTiBQM�HHv bT2+B7vBM; i?2 bQm`+2n#`�M+?2b �M/ i?2 i�`@
;2in#`�M+?2b Q7 i?2 TmHH `2[m2bi- �M/ i?2 +QMi2ti Q7 i?2 +Q/2 �;�BMbi
r?B+? 2t2+miBM; i?2 i2biX h?2 +QMi2ti +�M #2 K2`;2- K2�MBM; i?2 i2bi Bb
`2[m2bi2/ iQ #2 2t2+mi2/ QM i?2 p2`bBQM Q7 i?2 alh #mBHi Qmi Q7 i?2 +m`@
`2Mi bQm`+2 #`�M+? K2`;2/ rBi? i?2 +m``2Mi i�`;2i #`�M+?- ?2�/- K2�MBM;
i?2 i2bi Bb `2[m2bi2/ iQ #2 2t2+mi2/ QM i?2 p2`bBQM Q7 i?2 alh �b Bi Bb BM
i?2 +m``2Mi bQm`+2 #`�M+? Q` �HH BM+Hm/BM; #Qi? Q7 i?2 T`2pBQmb +�b2bX h?2
bQm`+2 �M/ i�`;2i #`�M+?2b +�M #2 b2H2+i2/ mbBM; � `2;mH�` 2tT`2bbBQMX

jV � _2H2�b2- B/2MiB}2/ #v BM/B+�iBM; i?2 `2H2�b2 ivT2bX h?2 mb2` +�M BM/B+�i2
�M �`#Bi`�`v HBbi Q7 `2H2�b2 ivT2b- K�i+?BM; i?2 `2H2�b2 ivT2b Q7 i?2 *Aa
i`B;;2`BM; i?2 i2bi bmBi2 2t2+miBQMX

9V � .2THQvK2Mi- B/2MiB}2/ #v �M �`#Bi`�`v HBbi Q7 /2THQvK2Mi M�K2b- K�i+?@
BM; i?2 /2THQvK2Mi M�K2b Q7 i?2 *Aa i`B;;2`BM; i?2 i2bi bmBi2 2t2+miBQMX
q?2M � /2THQvK2Mi i`B;;2` Bb b2H2+i2/- � M�K2/ HBbi Q7 /2THQvK2Mi 1MpB@
`QMK2Mib +�M #2 bT2+B}2/- �M/ QTiBQM�HHv i?2 mb2` +�M BM/B+�i2 r?2i?2`
iQ bFBT i?2 alh /2THQvK2Mi UbFBTn/2THQvV Q` MQiX A7 i?2 alh Bb �H@
`2�/v /2THQv2/ #v T`Q+2bb2b T�`i Q7 i?2 *Aa Q` i?2 *.a bvbi2Kb- i?2
2M/TQBMi bT2+B}2/ BM i?2 bmi T�`i Q7 i?2 KQ/2H Q7 i?2 2t2+mi2/ i2bib Bb
2tT2+i2/ iQ #2 bT2+B}2/ �M/ 2t2+mi2/ i2bib �`2 MQi 2tT2+i2/ iQ `2[mB`2
alh +QM};m`�iBQM Qi?2` i?�M i?2 /27�mHi QM2X

� i2bi bmBi2 +�M �HbQ #2 b+?2/mH2/ 7Q` 2t2+miBQM- K2�MBM; MQ 2p2Mib i`B;;2` i?2
i2bi 2t2+miBQM- bQ i?�i i?2 *Aa Q` i?2 *.a bvbi2K /`Bp2 i?2 2t2+miBQM �++Q`/BM;
iQ i?2 BKTH2K2Mi2/ T`Q+2bb2b U2X;X- Qp2`MB;?iVX q?2M MQ 1MpB`QMK2Mib �`2
bT2+B}2/- #2+�mb2 MQi `2[mB`2/ #v i?2 i`B;;2`b- i?2 i2bib �`2 ;QBM; iQ /2}M2
?Qr iQ /2THQv i?2 alh �M/ r?2`2- �M/ i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/
�TT`Q�+? Bb ;QBM; iQ ?�M/H2 i?2 T`QpB/2/ bT2+B}+�iBQMX A7 i?2 mb2` r�Mib iQ
2t2+mi2 i?2 i2bi QMHv r?2M i?2 alh Bb /2THQv2/ iQ bT2+B}+ 2MpB`QMK2Mib- b?2
+�M �Hr�vb +QMi`QH i?2 /2THQvK2Mi �M/ T�bb i?2 2Mi`vTQBMi 7Q` i?2 alh r?2M
b+?2/mHBM; i?2 i2bi bmBi2X h?2 Zm�HBiv:�i2b +QMi`QH r?2M i?2 i2bi bmBi2 Bb
2tT2+i2/ iQ 7�BH Q` #2 bm++2bb7mHX h?2 [m�HBiv ;�i2b +QMi`QH i?2 `2bmHi Q7 i?2
i2bi bmBi2b `2HvBM; QM � *`Bi2`BQMhvT2 �TTHB2/ QM �HH i?2 2t2+mi2/ i2bib- #mi
i?2 QTiBQM�HHv 2t+Hm/2/ QM2bX lb2` +�M 2t+Hm/2 bT2+B}+ i2bib 7`QK i?2 [m�HBiv
;�i2b 2p�Hm�iBQM- #v 2MmK2`�iBM; i?2 T�i?b iQ i?Qb2 i2bi bT2+B}+�iBQMbX h?2
i2bi bmBi2 +�M 7�BH B7 �i H2�bi QM2 Q7 i?2 [m�HBiv ;�i2b Q7 i?2 i2bib `2�HBxBM;
i?2 i2bi bmBi2 7�BHb U�GGnal**1aaV- Q` B7 MQM2 Q7 i?2 i2bib Q7 i?2 bmBi2 Bb
bm++2bb7mH U�hnG1�ahnPL1nal**1aaVX h?2 b2+QM/ QTiBQM Bb mb27mH 7Q`
2t�KTH2 r?2M i2biBM; /Bz2`2Mi p�`B�Mib Q7 i?2 b�K2 alh �M/ Bi Bb bm{+B2Mi
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i?�i �i H2�bi QM2 i2bi Bb bm++2bb7mH iQ T`Q+22/X

8Xe "2M+?6HQr .aG �M/ .aG 7Q` *a.G AKTH2@
K2Mi�iBQM

AM i?Bb b2+iBQM- r2 T`QpB/2 bQK2 BKTH2K2Mi�iBQM /2i�BHb Q7 i?2 T`QTQb2/ .aGX
q2 /2b+`B#2 i?2 7Q`K�i r2 mb2 iQ `2T`2b2Mi �M/ b2`B�HBx2 i?2 KQ/2H- u�JG- r2
T`2b2Mi bQK2 2t�KTH2b Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb `2HvBM; QM
i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�i- �M/ i?2 bQ7ir�`2 HB#`�`v r2 T`QpB/2
iQ 2M�#H2 T`Q;`�KK�iB+ /2}MBiBQM Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B}+�@
iBQMb �M/ T�`bBM; �M/ b2`B�HBx�iBQM Q7 i?2 KQ/2H Bib2H7X q2 ?B;?HB;?i bQK2 Q7 i?2
BKTH2K2Mi�iBQM /2i�BHb �M/ �H;Q`Bi?Kb #mBHi iQ T`QpB/2 i?2 +QMi`B#mi2/ .S1
�TT`Q�+? 7Q` bT2+B7vBM; T2`7Q`K�M+2 i2bibX q2 QTi 7Q` i?2 u�JG bT2+B}+�@
iBQM H�M;m�;2- #2+�mb2 Bb � rB/2Hv mb2/ ?mK�M@`2�/�#H2 �M/ K�+?BM2@`2�/�#H2
/�i� b2`B�HBx�iBQM bi�M/�`/X �//BiBQM�HHv- u�JG M�iBp2Hv BM+Hm/2 BM?2`Bi�M+2
�M/ 7�+BHBi�i2 Qp2``B/2b Q7 2H2K2Mib- �M/ Bb #2+QKBM; i?2 /2 7�+iQ bi�M/�`/ 7Q`
bT2+B}+�iBQMb �M/ +QM};m`�iBQMb BM K�Mv *a.G iQQHb �M/ 7`�K2rQ`F (A"J
.2p2HQT2`- kyRN)- 2bT2+B�HHv 7Q` iQQHb �M/ 7`�K2rQ`Fb bmTTQ`iBM; /2+H�`�iBp2
+QM};m`�iBQMb- 7Q` 2t�KTH2- Em#2`M2i2bX

8XeXR .aG u�JG *QKTH2i2 aT2+B}+�iBQM
AM i?Bb b2+iBQM- r2 BHHmbi`�i2 i?2 u�JG bT2+B}+�iBQM 7Q`K�i i?2 mb2`b Q7 Qm`
�TT`Q�+? �`2 2tT2+i2/ iQ K�bi2` 7Q` /2+H�`�iBp2Hv bT2+B7vBM; T2`7Q`K�M+2 i2bib
�M/ +QM};m`BM; i?2 i2biǶb �miQK�iBQM T`Q+2bbX h?2 u�JG bT2+B}+�iBQM 7Q`K�i
`2T`2b2Mib i?2 KQ/2H BMi`Q/m+2/ BM a2+iX 8X9 BM � ?mK�M@ �M/ K�+?BM2@ `2�/�#H2
r�vX hQ `2Hv QM i?2 T`QTQb2/ /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM bQHmiBQM-
mb2`b M22/ iQ ?�p2 � #�bB+ mM/2`bi�M/BM; Q7 i?2 T2`7Q`K�M+2 i2biBM; /QK�BM
�M/ T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX lb2`b �`2 2tT2+i2/ iQ /2}M2 � i2bi mbBM;
i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�i �M/ bT2+B7v,

RV h?2 i2bi ;Q�H �M/ Bib +QM};m`�iBQM- �b r2HH �b i?2 T2`7Q`K�M+2 bT�+2 iQ
#2 2tTHQ`2/ B7 `2[mB`2/ #v i?2 ;Q�Hc

kV h?2 HQ�/ 7mM+iBQMc

jV h?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bic

9V h?2 +`Bi2`B� iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2
Bib +QKTH2iBQMc
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8V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�c

eV h?2 rQ`FHQ�/b mb2/ 7Q` i?2 i2bi �M/ ?Qr iQ KBt Bib QT2`�iBQMbc

dV h?2 bvbi2K mM/2` i2bi ivT2- �M/ Bib +QM};m`�iBQMc

3V h?2 /�i� +QHH2+iBQM b2`pB+2b M22/2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb27mH iQ
+QKTmi2 i?2 K2i`B+b Q7 BMi2`2biX

h2bi bT2+B}+�iBQMb `2HvBM; QM i?2 T`QTQb2/ .aG- �`2 2tT2+i2/ iQ #2 biQ`2/
�HQM;bB/2 i?2 +Q/2 BM i?2 o*a `2TQbBiQ`v r?2`2 i?2 alh b2`pB+2b �`2 /2p2HQT2/X
AM i?2 7QHHQrBM;- r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM 7Q` �HH i?2 2H2K2Mib i?2 mb2`
Bb 2tT2+i2/ iQ /2}M2- bTHBi 7Q` `2�/�#BHBiv Tm`TQb2bX AM GBbiBM; �XR- T�`i Q7 i?2
�TTX � r2 `2TQ`i i?2 2MiB`2 bT2+B}+�iBQM �b � bBM;H2 /Q+mK2MiX

1 version: { String : <Test DSL version, e.g. '1'> }
2 name: { String : <name of the performance test> }
3 # OPTIONAL
4 description: { String : <description of the performance test> }
5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 goal:
9 ...
10 load_function:
11 # OPTIONAL IF SPECIFIED IN EXPLORATION
12 users: { Number : <total number of users to be simulated> }
13 ramp_up: { String : <amount of time><unit> }
14 steady_state: { String : <amount of time><unit> }
15 ramp_down: { String : <amount of time><unit> }
16 # OPTIONAL
17 termination_criteria:
18 ...
19 # OPTIONAL
20 quality_gates:
21 ...
22 sut:
23 ...
24 workloads:
25 ...
26 # OPTIONAL
27 data_collection:
28 ...
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GBbiBM; 8XRX .aG, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XR r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 i2bi KQ/2H T`2b2Mi2/
BM 6B;X 8XReX q2 QKBi bQK2 b2+iBQMb Q7 i?2 KQ/2H- B/2MiB}2/ #v i?`22 /Qib
UXXXVX q2 �HbQ `2TQ`i- mbBM; +QKK2Mib- r?2M bQK2 T�`ib Q7 i?2 bT2+B}+�iBQM
�`2 QTiBQM�H U2X;X- HBM2 OjV �++Q`/BM; iQ i?2 `272`2M+2/ KQ/2HX 1�+? 2H2K2Mi
Q7 i?2 `272`2M+2/ KQ/2H Bb `2T`2b2Mi2/ rBi? � u�JG Q#D2+iX *QKTQbBiBQMb �`2
K�TT2/ iQ Q#D2+i M2biBM;- 2X;X- i?2 +QM};m`�iBQM UHBM2 OdV U"2M+?6HQrh2bi@
*QM};m`�iBQM BM i?2 `272`2M+2/ KQ/2HV Bb +QKTQb2/ Q7 � bBM;H2 :Q�H UHBM2 O3VX
h?2 M2biBM; Q7 Q#D2+ib ?2HTb rBi? mM/2`bi�M/BM; i?2 bi`m+im`2 Q7 i?2 KQ/2H- �b
r2HH �b ?2HTb BM r`BiBM; i?2 bT2+B}+�iBQM rBi? i2ti 2/BiQ`b bmTTQ`iBM; u�JG
7Q`K�iiBM;- #2+�mb2 mbm�HHv i?2 2/BiQ`b bmTTQ`i +QHH�TbBM; i?2 /Q+mK2Mi�iBQM
�i 2�+? Q#D2+i H2p2H- K�FBM; Bi 2�bB2` iQ r`Bi2 Bi /QrMX

1 configuration:
2 goal:
3 type: { String : < "load" | "smoke" | "sanity" | "configuration" |

"scalability" | "spike" | "exhaustive_exploration" | "stability_boundary" |
"capacity_constraints" | "regression_complete" | "regression_intersection"
| "acceptance" > }

!→

!→

!→

4 # OPTIONAL
5 stored_knowledge: { Boolean : <"true" | "false"> } # default "false"
6 observe:
7 ...
8 # OPTIONAL
9 exploration:
10 ...

GBbiBM; 8XkX .aG, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8Xk r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XRdX h?2
mb2` bi�i2b i?2 ;Q�H Q7 i?2 i2bi- #v b2H2+iBM; i?2 ;Q�H ivT2 UHBM2 OjVX h?2 �+im�H
p�Hm2b 7Q` i?2 ivT2 Q7 i2bi +�M p�`vX lbm�HHv- �HbQ i?2 p�`B�Mi Q7 i?2 M�K2 rBi?
i?2 �//BiBQM Q7 i?2 bm{t ǳni2biǴ Bb bmTTQ`i2/X A7 i?2 mb2` r�Mib iQ `2mb2 biQ`2/
FMQrH2/;2 7`QK T`2pBQmb i2bib- b?2 +�M bT2+B7v i?�i �i HBM2 O8X A7 b?2 /Q2b MQi
bT2+B7v i?2 }2H/- r2 �bbmK2 #v /27�mHi MQ biQ`2/ FMQrH2/;2 b?�HH #2 `2mb2/X

1 goal:
2 # OPTIONAL
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3 exploration:
4 exploration_space:
5 services:
6 { String : <name of service> }:
7 # OPTIONAL
8 resources:
9 cpu:
10 # EITHER specific values
11 values: { [String] : <a list of values + unit> }
12 # OR range
13 range: { [String, String] : <a list of values + unit (inclusive)>

}!→

14 # IF range we can specify step
15 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><values + unit> }!→

16 memory:
17 # EITHER specific values
18 values: { [String] : <a list of bytes value + unit> }
19 # OR range
20 range: { [String, String] : <a list of bytes value + unit

(inclusive)> }!→

21 # IF range we can specify step
22 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><bytes value + unit> }!→

23 # OPTIONAL
24 configuration:
25 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

26 ...
27 ...
28 load_function:
29 ...
30 # OPTIONAL IF goal.type = stability_boundary
31 stability_criteria:
32 services:
33 { String : <name of service> }:
34 # OPTIONAL
35 avg_cpu: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

36 # OPTIONAL
37 avg_memory: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

38 ...
39 workloads:
40 { String : <name of workload> }:
41 ...
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42 exploration_strategy:
43 selection: { String : <"one_at_a_time" | "random_breakdown" |

"stability_boundary_first"> }!→

44 # OPTIONAL
45 validation: { String : <random_validation_set> }
46 # OPTIONAL
47 regression: { String : <mars> }

GBbiBM; 8XjX .aG, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM ai`�i2;v u�JG 6Q`K�i
aT2+B}+�iBQM

AM GBbiBM; 8Xj r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XR3X
�b `2TQ`i2/ BM HBM2 Oe i?2 mb2` +�M bT2+B7v � HBbi Q7 M�K2/ b2`pB+2bX 6Q`
b2`pB+2b- b?2 +�M +QM};m`2 i?2 T2`7Q`K�M+2 bT�+2 iQ #2 2tTHQ`2/ 2Bi?2` #v
/2}MBM; bT2+B}+ p�Hm2b UHBM2 ORRV Q` #v /2}MBM; � `�M;2 Q7 p�Hm2 U2X;X- HBM2
ORjV �M/ � bi2T 7mM+iBQM iQ M�pB;�i2 i?2 /2}M2/ `�M;2 U2X;X- HBM2 OR8VX q?2M
bT2+B}+ ;Q�Hb �`2 b2H2+i2/- 7Q` 2t�KTH2 BM i?2 +�b2 Q7 i?2 bi�#BHBivn#QmM/�`v-
bT2+B}+ +`Bi2`B� �`2 bT2+B}2/ mbBM; � +mbiQKBx2/ T�`i Q7 i?2 u�JG bT2+B}+�iBQM
U2X;X- HBM2b OjR@O9RVX �HQM;bB/2 i?2 2tTHQ`�iBQM bT�+2- �i HBM2b O9k@O9d r2
b?Qr ?Qr i?2 mb2` +�M +QM};m`2 i?2 2tTHQ`�iBQM bi`�i2;v iQ #2 mb2/ iQ 2tTHQ`2
i?2 T2`7Q`K�M+2 bT�+2X

1 goal:
2 observe:
3 # OPTIONAL
4 workloads:
5 # OPTIONAL
6 { String : <name of workload> }: { [String] : <a list of workload metrics> }
7 # OPTIONAL
8 { String : <name of workload.operation> }: { [String] : <a list of workload

metrics> }!→

9 ...
10 # OPTIONAL
11 services:
12 { String : <name of service> }: { [String] : <a list of service metrics> }
13 ...

GBbiBM; 8X9X .aG, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8X9 r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XkyX
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1 configuration:
2 # OPTIONAL
3 termination_criteria:
4 # OPTIONAL
5 test:
6 max_time: { String : <amount of time><unit> }
7 # OPTIONAL
8 max_number_of_experiments: { Number : <maximum number of experiments> }
9 # OPTIONAL
10 max_failed_experiments: { String : <number><"%"> }
11 # OPTIONAL
12 experiment:
13 max_number_of_trials: { Number : <maximum number of trials> }
14 # OPTIONAL
15 max_failed_trials: { String : <number><"%"> }
16 # OPTIONAL
17 workloads:
18 # OPTIONAL
19 { String : <name of workload> }:
20 confidence_interval_metric: { String : <a workload metrics> }
21 confidence_interval_value: { Number : <value of the workload metric> }
22 confidence_interval_precision: { String : <number><"%"> }
23 ...
24 # OPTIONAL
25 services:
26 { String : <name of service> }:
27 confidence_interval_metric: { String : <a service metrics> }
28 confidence_interval_value: { Number : <value of the service metric> }
29 confidence_interval_precision: { String : <number><"%"> }
30 ...

GBbiBM; 8X8X .aG, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XR r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XReX

1 configuration:
2 # OPTIONAL
3 quality_gates:
4 # OPTIONAL IF exploration_strategy.regression = mars
5 mean_absolute_error: { String : <number><"%"> }
6 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

7 regression:
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8 # EITHER service name
9 service: { String : <name of service> }
10 # OR workload name
11 workload: { String : <name of workload> }
12 gate_metric: { String : <name of the workload or service metric> }
13 # OPTIONAL
14 regression_delta_absolute: { String : <amount><unit> }
15 # OPTIONAL
16 regression_delta_percent: { String : <number><"%"> }
17 # OPTIONAL
18 workloads:
19 { String : <name of workload> }:
20 # OPTIONAL
21 - max_mix_deviation: { String : <number><"%"> }
22 # OPTIONAL
23 max_think_time_deviation: { String : <number><"%"> }
24 # OPTIONAL
25 gate_metric: { String : <name of the workload metric> }
26 # OPTIONAL
27 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
28 # OPTIONAL
29 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

30 # OPTIONAL
31 gate_threshold_minimum: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

32 ...
33 ...
34 # OPTIONAL
35 services:
36 { String : <name of service> }:
37 - gate_metric: { String : <name of the service metric> }
38 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
39 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the service metric> }!→

40 # OPTIONAL
41 gate_threshold_minimum: { String : <a threshold value> OR Number : <value

of the service metric> }!→

42 ...
43 ...

GBbiBM; 8XeX .aG, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8Xe r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XkkX
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1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 driver_type: { String : <"start_bpmn" | "http"> }
7 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

8 sut_version: { String : <sut version> }
9 # OPTIONAL
10 target_service: { String : <name of service> } # default to

default_target_service!→

11 # OPTIONAL
12 inter_operation_timings: { String : <"negative_exponential" | "uniform" |

"fixed_time"> }!→

13 # OPTIONAL IF more than one workload item
14 popularity: { String : <number><"%"> }
15 operations:
16 ...
17 # OPTIONAL IF driver_type = http (Web Services)
18 data_sources:
19 ...
20 # OPTIONAL
21 mix:
22 ...
23 ...
24 ...

GBbiBM; 8XdX .aG, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8Xd r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XkjX

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # IF driver_type = start_bpmn (WfMS)
7 operations:
8 - { String : <name of the .bpmn file with the process> }
9 ...
10 # IF driver_type = http (Web Services)
11 operations:
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12 { String : <Name of operation> }
13 protocol: { String : <"http" | "https"> }
14 endpoint: { String : <path to call optionally referencing to data in

body, parameter or extracted from response to other operations> }!→

15 # REFERENCE:
https://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html#sec5.1.1!→

16 method: { String : <"OPTIONS" | "GET" | "HEAD" | "POST" | "PUT" |
"DELETE" | "TRACE" | "CONNECT"> }!→

17 # OPTIONAL
18 # REFERENCE: https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
19 headers:
20 Accept: { String : <Media Type> }
21 ...
22 # OPTIONAL
23 query_parameter:
24 - { String : <name of the query parameter> }:
25 items:
26 - { String : <content value> }
27 ...
28 # OPTIONAL
29 retrieval: { String : <"sequential" | "random"> }
30 ...
31 # OPTIONAL
32 url_parameter:
33 - { String : <name of the url parameter> }:
34 items:
35 - { String : <content value> }
36 ...
37 # OPTIONAL
38 retrieval: { String : <"sequential" | "random"> }
39 ...
40 # OPTIONAL
41 extract_regex:
42 - { String : <name assigned to the extracted value> }:
43 # REFERENCE: https://developer.mozilla ⌋

.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/String/match!→

44 pattern: { String : <a regex pattern to extract values> }
45 # OPTIONAL
46 default: { String : <the default value assigned when no values are

extracted> }!→

47 # OPTIONAL
48 match_number: { Number : <the matched element index to select> }
49 ...
50 # OPTIONAL
51 extract_json:
52 - { String : <name assigned to the extracted value> }:
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53 # REFERENCE: https://goessner.net/articles/JsonPath/
54 pattern: { String : <a JSON selector pattern to extract values> }
55 # OPTIONAL
56 default: { String : <the default value assigned when no values are

extracted> }!→

57 # OPTIONAL
58 match_number: { Number : <the matched element index to select> }
59 ...
60 # OPTIONAL
61 body:
62 content:
63 - { String : <content value> }
64 ...
65 # OPTIONAL
66 retrieval: { String : <"sequential" | "random"> }
67 # OPTIONAL
68 body_file: { String : <name of a data_sources> }
69 # OPTIONAL
70 body_form:
71 - { String : <name of the form field> }:
72 items:
73 - { String : <content value> }
74 ...
75 # OPTIONAL
76 retrieval: { String : <"sequential" | "random"> }
77 ...
78 # OPTIONAL IF driver_type = http (Web Services)
79 data_sources:
80 - path: { String : <path to a file containing data> }
81 delimiter: { String : <delimiter used in the file containing data> }
82 # OPTIONAL
83 name: { String : <name assigned to the data source> }
84 # OPTIONAL
85 retrieval: { String : <"sequential" | "random"> }
86 ...
87 # OPTIONAL
88 mix:
89 ...
90 ...
91 ...

GBbiBM; 8X3X .aG, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8X3 r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8Xk9X
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�Hi?Qm;? i?2 Qp2`�HH .aG 7QHHQrb � /2+H�`�iBp2 �TT`Q�+?- 7Q` QT2`�iBQMb r2
QTi 7Q` � KQ`2 BKT2`�iBp2 /2}MBiBQMX q2 /Q bQ #2+�mb2 QT2`�iBQMb bT2+B}@
+�iBQMb `2[mB`2 K�Mv /2i�BHb �M/ �`2 Q7i2M �H`2�/v /2}M2/ BM Qi?2` 7Q`K�ib
�M/ H�M;m�;2b mbBM; BKT2`�iBp2 �TT`Q�+?2b- 7Q` 2t�KTH2- ar�;;2`N- �/QTiBM;
BKT2`�iBp2 bT2+B}+�iBQMb �b r2HHX AM *?�TX 3 r2 T`2b2Mi � mb2@+�b2 r?2`2 r2
�#bi`�+i2/ �r�v 7`QK i?2 2zQ`i Q7 bT2+B7vBM; i?2 QT2`�iBQMb b2+iBQM 7Q` i?2
mb2`- #v �miQK�iB+�HHv ;2M2`�iBM; BiX

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # OPTIONAL
7 mix:
8 # IF FixedSequenceMix
9 fixed_sequence: { [String] : <name of operations in the wanted order> }
10 # IF FlatMix. List of percentages (SUM = 100%) and optionally think time

(tt), index refers to index of operation!→

11 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

12 # IF FlatSequenceMix. List of percentages (SUM = 100%) and optionally think
time (tt), index refers to index of sequence specified below!→

13 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

14 sequences:
15 - { [String] : <name of operations in the wanted order> }
16 ...
17 # IF MatrixMix (needs to be a square matrix). List of percentages (SUM =

100%) and optionally think time (tt), index refers to index of
operation

!→

!→

18 matrix:
19 - { [String] : <number><"%"> <tt({ Number : <mean> } { Number :

<deviation> })> }!→

20 ...
21 ...
22 ...

GBbiBM; 8XNX .aG, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XN r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8Xk8X

Nhttps://swagger.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://swagger.io/


Rdy 8Xe "2M+?6HQr .aG �M/ .aG 7Q` *a.G AKTH2K2Mi�iBQM

6Q` +QKTH2t rQ`FHQ�/b- i?2 bT2+B}+�iBQM Q7 i?2 KBt +�M #2+QK2 +QKTH2t �M/
#HQ�i2/X AM i?2 mb2@+�b2 BM r?B+? r2 T`2b2Mi � r�v iQ �miQK�iB+�HHv ;2M2`�i2
i?2 rQ`FHQ�/ �M/ QT2`�iBQMb T`2b2Mi2/ BM *?�TX 3- r2 �HbQ ;2M2`�i2 i?2 KBtX

1 sut:
2 name: { String : <name of the sut> }
3 versions:
4 # EITHER specific values
5 values: { [String] : <name of versions in the wanted order> }
6 # OR range
7 range: { [String, String] : <a list of versions (inclusive)> }
8 # OPTIONAL
9 type: { String : <"wfms" | "http"> }
10 sut_configuration:
11 default_target_service:
12 name: { String : <name of target service> }
13 endpoint: { String : <base endpoint for each operation> }
14 # OPTIONAL
15 sut_ready_log_check: { String : <a regular expression to check the

availability of the sut> }!→

16 # OPTIONAL
17 deployment:
18 { String : <name of service> }: { String : <name of server alias> }
19 ...
20 # OPTIONAL
21 services_configuration:
22 { String: <name of service> }:
23 # OPTIONAL
24 resources:
25 # OPTIONAL
26 cpu: { [String] : <a list of values + unit> }
27 # OPTIONAL
28 memory: { [String] : <a list of bytes value + unit> }
29 # OPTIONAL
30 configuration:
31 { String: <name of environment variable> }: { String: <value> }
32 ...
33 ...

GBbiBM; 8XRyX .aG, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XRy r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8XkeX
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1 # OPTIONAL
2 data_collection:
3 only_declared: { Boolean : <"true" | "false"> } # default "false"
4 # OPTIONAL
5 services:
6 # IF collector does NOT require CONFIGURATION
7 { String : <name of service> }: { String | [String] : <names of BenchFlow

collectors> }!→

8 # IF some collectors requires CONFIGURATION
9 { String : <name of service> }:
10 { String : <name of BenchFlow collector> }:
11 configuration:
12 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

13 ...
14 ...
15 ...
16 # OPTIONAL
17 workloads:
18 { String : <name of the workload> }:
19 # OPTIONAL IF trial execution framework = JMeter
20 jmeter:
21 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

22 # OPTIONAL IF trial execution framework = Faban
23 faban:
24 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

25 ...

GBbiBM; 8XRRX .aG, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XRR r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 KQ/2H BM 6B;X 8Xk3X
h?2 mb2` QMHv M22/b iQ bT2+B7v /�i� +QHH2+iBQM b2`pB+2b `2[mB`BM; +QM};m`�iBQMb
U2X;X- i?2 QM2b /2}M2/ #v i?2 bT2+B}+�iBQM �i HBM2b O3@OR8VX h?2 Qi?2` +QHH2+iQ`
b2`pB+2b +�M #2 BM72``2/ #v i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?- �M/
�miQK�iB+�HHv �//2/ iQ i?2 bT2+B}+�iBQM �++Q`/BM; iQ i?2 P#b2`p2/ K2i`B+bX
h?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? +QmH/ �HbQ /2+B/2 iQ �+iBp�i2
�//BiBQM�H +QHH2+iQ` b2`pB+2b- iQ +QHH2+i KQ`2 T2`7Q`K�M+2 /�i� i?�M i?2 QM2b
M22/2/ 7Q` +QKTmiBM; i?2 Q#b2`p2/ K2i`B+bX h?Bb #2?�pBQ` +�M #2 /Bb�#H2/- #v
b2iiBM; i?2 QMHvn/2+H�`2/ }2H/ UHBM2 OjV iQ i`m2X
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1 version: { String : <Experiment DSL version, e.g. "1"> }
2 name: { String : <name of the performance experiment derived from the name of the

test> }!→

3 # OPTIONAL
4 description: { String : <description of the performance experiment derived from

the name of the test> }!→

5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 # SET dependent on the load_function or exploration specification at test level
9 load_function:
10 users: { Number : <total number of users to be simulated> }
11 ramp_up: { String : <amount of time><unit> }
12 steady_state: { String : <amount of time><unit> }
13 ramp_down: { String : <amount of time><unit> }
14 termination_criteria:
15 max_time: { String : <amount of time><unit> }
16 # OPTIONAL
17 experiment:
18 # SAME as per the Test
19 ...
20 sut:
21 name: { String : <name of the sut> }
22 version: { String : <name of version> }
23 # OPTIONAL
24 type: { String : <"wfms" | "http"> }
25 sut_configuration:
26 # SAME as per the Test
27 ...
28 # OPTIONAL. SET dependent on the load_function or exploration specification at

test level!→

29 services_configuration:
30 { String: <name of service> }:
31 # OPTIONAL
32 resources:
33 # OPTIONAL
34 cpu: { [String] : <a list of values + unit> }
35 # OPTIONAL
36 memory: { [String] : <a list of bytes value + unit> }
37 # OPTIONAL
38 configuration:
39 { String: <name of environment variable> }: { String: <value> }
40 ...
41 ...
42 workloads:
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43 # SAME as per the Test
44 ...
45 # DEPENDENT on the observe and the data_collection sections in the test

specification!→

46 data_collection:
47 only_declared: { Boolean : <"true" | "false"> } # default "false"
48 # OPTIONAL.
49 services:
50 # SAME as per the Test
51 ...
52 # OPTIONAL
53 workloads:
54 # SAME as per the Test
55 ...

GBbiBM; 8XRkX .aG, h?2 1tT2`BK2Mi u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XRk r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 2tT2`BK2Mi KQ/2H BM
6B;X 8XkNX q2 QKBi �HH i?2 2MiBiB2b i?�i �`2 i?2 b�K2 �b T2` i?2 i2bi u�JG
bT2+B}+�iBQMX AM GBbiBM; �Xk- T�`i Q7 i?2 �TTX � r2 `2TQ`i i?2 2MiB`2 bT2+B}+�@
iBQM �b � bBM;H2 /Q+mK2MiX h?2 mb2` Bb MQi 2tT2+i2/ iQ bT2+B7v i?2 2tT2`BK2Mi
KQ/2H- Bi Bb ;2M2`�i2/ #v i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X

8XeXk .aG 7Q` *a.G u�JG *QKTH2i2 aT2+B}+�iBQM

1 version: { String : <Test Suite CDSL version, e.g. '1'> }
2 name: { String : <name of the performance test suite> }
3 # OPTIONAL
4 description: { String : <description of the performance test suite> }
5 suite:
6 triggers:
7 # OPTIONAL
8 scheduled: { Boolean : <"true" | "false"> } # default "false"
9 # OPTIONAL
10 on:
11 # OPTIONAL
12 push:
13 # OPTIONAL
14 branches:
15 - { String : <expression matching the name of branch> }
16 ...
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17 # OPTIONAL
18 pull_request:
19 # OPTIONAL
20 contexts: { String : <"head" | "merge" | "all"> }
21 # OPTIONAL
22 source_branches:
23 - { String : <expression matching the name of branch> }
24 ...
25 # OPTIONAL
26 target_branches:
27 - { String : <expression matching the name of branch> }
28 ...
29 # OPTIONAL
30 releases:
31 types: { [String] : <types of releases> }
32 # OPTIONAL
33 deployments: { [String] : <names of deployments> }
34 # OPTIONAL IF DEPLOYMENTS
35 environments:
36 - { String : <name of environments> }:
37 # OPTIONAL
38 skip_deploy: { Boolean : <"true" | "false"> } # default "false"
39 ...
40 tests: -
41 # EITHER a list of file paths containing tests
42 - { String : <path of file containing test> }
43 ...
44 # OR
45 include_labels: { [String] : <expression matching the name of labels to select

tests> }!→

46
47 quality_gates:
48 criterion: { String : <"all_success" | "at_least_one_success"> }
49 # OPTIONAL
50 exclude:
51 - { String : <path of file containing test> }
52 ...

GBbiBM; 8XRjX .aG 7Q` *a.G, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; 8XRj r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM Q7 i?2 *a.G KQ/2H BM
6B;X 8XjkX h?2 mb2` Bb 2tT2+i2/ iQ /2}M2 KmHiBTH2 bT2+B}+�iBQMb Q7 i2bi bmBi2b
�++Q`/BM; iQ i?2 T`2b2Mi2/ u�JG 7Q`K�i- 7Q` i?2 /Bz2`2Mi i2bi bmBi2b �M/ KQ@
K2Mib Q7 i?2 *a.G BM r?B+? b?2 TH�M iQ 2t2+mi2 i?2KX
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8XeXj u�JG 1t�KTH2b
AM i?Bb b2+iBQM- r2 T`2b2Mi /Bz2`2Mi �+im�H u�JG bT2+B}+�iBQM 2t�KTH2b 7Q` i?2
/Bz2`2Mi 2H2K2Mib Q7 i?2 .aG �M/ +QKTH2i2 bT2+B}+�iBQMb Q7 i2bibX h?2 /Bz2`@
2Mi bT2+B}+�iBQM 2t�KTH2b �HH #2HQM; iQ � +QKTH2t ah�"AGAhun"PlL.�_u
T2`7Q`K�M+2 i2bi r2 +QKTH2i2Hv `2TQ`i BM GBbiBM; "XR BM �TTX "X q2 QTi2/ 7Q`
i?2 ah�"AGAhun"PlL.�_u i2bi �b �M 2t�KTH2- #2+�mb2 Bi Bb � +QKTH2t
i2bi- `2[mB`BM; KQbi Q7 i?2 2H2K2Mib Q7 i?2 u�JG bT2+B}+�iBQM T`2b2Mi2/ BM
a2+iX 8XeXRX

.aG u�JG 1t�KTH2b

1 version: "3"
2 name: "Predictive Stability Boundary Test"
3 description: "Example of Predictive Stability Boundary Test re-using Store

Knowledge and Observing Client- and Server-side Metrics"!→

4 labels: "stability_boundary", "predictive", "stored_knowledge"
5 configuration:
6 goal:
7 type: "stability_boundary"
8 stored_knowledge: "true"
9 observe:
10 ...
11 exploration:
12 exploration_space:
13 ...
14 stability_criteria:
15 ...
16 exploration_strategy:
17 ...
18 load_function:
19 ...
20 termination_criteria:
21 test:
22 ...
23 experiment:
24 ...
25 quality_gates:
26 ...
27 sut:
28 ...
29 workloads:
30 ...
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31 data_collection:
32 ...

GBbiBM; 8XR9X .aG, h?2 h2bi u�JG aF2H2iQM 1t�KTH2

AM GBbiBM; 8XR9 r2 `2TQ`i �M 2t�KTH2 Q7 � +QKTH2i2 bF2H2iQM Q7 � T2`7Q`K�M+2
i2biX h?2 bF2H2iQM BM i?2 2t�KTH2 `2T`2b2Mib � ah�"AGAhun"PlL.�_u
T2`7Q`K�M+2 i2bi �b 2pB/2Mi 7`QK i?2 ivT2 bT2+B}+�iBQM �i HBM2 OdX h?2 bT2+B}@
+�iBQM bi�i2b i?2 `2mb2 Q7 biQ`2/ FMQrH2/;2 UHBM2 O3V- BKTQ`i�Mi BM i?Bb +�b2 #2@
+�mb2 bi�#BHBiv #QmM/�`v i2bib �`2 mbm�HHv [mBi2 +QKTH2t �M/ iBK2@+QMbmKBM;X
G�#2Hb �`2 �HbQ T`QpB/2/ UHBM2 O9VX

1 configuration:
2 goal:
3 type: "stability_boundary"
4 stored_knowledge: "true"
5 observe:
6 workloads:
7 workload_a: avg_response_time, avg_latency
8 workload_b: avg_response_time, avg_latency
9 workload_b.operation_a: avg_response_time
10 services:
11 service_a: avg_cpu, avg_memory
12 service_b: avg_cpu, avg_memory
13 dbms_a: avg_cpu, avg_memory, avg_io
14 exploration:
15 exploration_space:
16 services:
17 service_a:
18 resources:
19 cpu:
20 range: [100m, 1000m]
21 step: "*4"
22 memory:
23 range: [256Mi, 1024Mi]
24 step: "+768Mi"
25 configuration:
26 NUM_SERVICE_THREAD: [12, 24]
27 dbms_a:
28 resources:
29 cpu:
30 range: [100m, 1000m]
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31 step: "*10"
32 memory:
33 range: [256Mi, 1024Mi]
34 step: "+768Mi"
35 configuration:
36 QUERY_CACHE_SIZE: 48Mi
37 stability_criteria:
38 services:
39 service_a:
40 avg_cpu: "<=60%"
41 avg_memory: "<=80%"
42 dbms_a:
43 avg_memory: "<=70%"
44 workloads:
45 workload_b:
46 max_mix_deviation: 5%
47 exploration_strategy:
48 selection: "stability_boundary_first"
49 validation: "random_validation_set"
50 regression: "mars"

GBbiBM; 8XR8X .aG, h?2 :Q�H u�JG 1t�KTH2

AM GBbiBM; 8XR8 r2 `2TQ`i �M 2t�KTH2 Q7 � :Q�H b2+iBQM +QM};m`�iBQM `2H�i2/ iQ
i?2 ah�"AGAhun"PlL.�_u i2bi Q7 GBbiBM; 8XR9X h?2 bi�#BHBiv #QmM/�`v
i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 bi�#BHBivn#QmM/�`v i2bi ;Q�H- #2BM; i?2 bT2+B}2/ i2bi � bi�#BHBiv
#QmM/�`v i2bi UHBM2 OjVc

#V i?2 K2i`B+b iQ P#b2`p2- QM rQ`FHQ�/b- QT2`�iBQMb- �M/ b2`pB+2b UHBM2b O8@
ORjVX h?2 mb2` Bb BMi2`2bi2/ BM Q#b2`pBM; �p;n`2bTQMb2niBK2 QM ǳrQ`F@
HQ�/n�Ǵ �M/ ǳrQ`FHQ�/n#Ǵ- �M/ �p;nH�i2M+v QM ǳQT2`�iBQMn�Ǵ Q7 ǳrQ`F@
HQ�/n#ǴX a?2 Bb �HbQ BMi2`2bi2/ BM �p;n+Tm �M/ �p;nK2KQ`v 7Q` ǳb2`@
pB+2n�Ǵ- ǳb2`pB+2n#Ǵ- �M/ ǳ/#Kbn�Ǵ- �b r2HH �b �p;nBQ 7Q` ǳ/#Kbn�Ǵc

+V i?2 1tTHQ`�iBQM aT�+2 �i HBM2b OR8@Oje- BMpQHpBM; ǳb2`pB+2n�Ǵ �M/
ǳ/#Kbn�Ǵ- QM r?B+? i?2 mb2` 2tTHQ`2b *Sl- _�J �M/ p�Hm2b Q7 +QM@
};m`�iBQM p�`B�#H2b UHBM2b Oke �M/ OjeVX h?2 2tTHQ`�iBQM *Sl U+TmV-
�M/ _�J UK2KQ`vV Bb /2}M2/ mbBM; � `�M;2 �M/ � bi2T 7mM+iBQMX

/V i?2 bi�#BHBivn+`Bi2`B� �i HBM2b Ojd@O9e M22/2/ �++Q`/BM; iQ i?2 i2bi ;Q�H
ivT2X h?2 bi�#BHBiv +`Bi2`B� �`2 /2}M2/ QM #Qi? b2`pB+2b �M/ rQ`FHQ�/b-
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�M/ BMpQHp2b ǳb2`pB+2n�Ǵ- ǳ/#Kbn�Ǵ- �M/ ǳrQ`FHQ�/n#ǴX h?2 mb2` Bb
BMi2`2bi2/ BM 2Mbm`BM; i?2 rQ`FHQ�/ Bbbm2/ iQ i?2 bvbi2K /Q2b MQi /2pB�i2
KQ`2 i?�M 8W 7`QK i?2 bT2+B}+�iBQM UHBM2 O9eV �M/ *Sl �M/fQ` _�J
7Q` i?2 irQ BMpQHp2/ b2`pB+2b Kmbi `2K�BM QM �p2`�;2 mM/2` i?2 bT2+B}2/
i?`2b?QH/bc

2V i?2 2tTHQ`�iBQMnbi`�i2;v �i HBM2 O9d@O8y- r?2`2 i?2 mb2` b2H2+ib i?2 bi�@
#BHBivn#QmM/�`vn}`bi b2H2+iBQM +`Bi2`B�- +Q?2`2MiHv rBi? i?2 ivT2 Q7 i2bi-
�M/ bT2+B}2b b?2 r�Mib iQ `2Hv QM i?2 K�`b T`2/B+iBp2 2tTHQ`�iBQM- b2H2+i@
BM; i?2 p�HB/�iBQM b2i 7Q` p�HB/�iBM; i?2 T`2+BbBQM Q7 i?2 KQ/2H �i `�M/QK
U`�M/QKnp�HB/�iBQMnb2iVX

:Bp2M i?2 r�v i?2 2tTHQ`�iBQM bT�+2 Bb ;2M2`�i2/ Qmi Q7 i?2 bT2+B}+�iBQM- �b
T`2b2Mi2/ BM a2+iX 8X9- 7Q` � bi�#BHBiv #QmM/�`v i2bi i?2 mb2` bT2+B}2b i?2 p�H@
m2b 7Q` i?2 2tTHQ`�iBQM bT�+2 7`QK i?2 2tT2+i2/ rQ`bi T2`7Q`KBM; QM2- iQ i?2
2tT2+i2/ #2bi@T2`7Q`KBM; QM2bX �b 7Q` 2t�KTH2- 7Q` *Sl i?2 mb2` /2}M2b i?2
`�M;2 �b bi�`iBM; 7`QK T`QpB/BM; i?2 H2bb *Sl iQ i?2 b2`pB+2b UBX2X- RyyKV iQ
i?2 KQbi *Sl UBX2X- RyyyKVX

1 configuration:
2 load_function:
3 users: 1000
4 ramp_up: 5m
5 steady_state: 20m
6 ramp_down: 5m

GBbiBM; 8XReX .aG, h?2 GQ�/ 6mM+iBQM u�JG 1t�KTH2

AM GBbiBM; 8XRe- r2 `2TQ`i �M 2t�KTH2 Q7 � load_functionX h?2 HQ�/ 7mM+iBQM
Bb /2}M2/ iQ bBKmH�i2 Ryyy mb2`b- �++Q`/BM; iQ � ;Bp2M HQ�/ 7mM+iBQM b?�T2
#�b2/ QM iBK2X q2 mb2 �M mM/2`HvBM; java.time.Duration ivT2 iQ biQ`2 i?2
iBK2- �M/ i?2M mb2 i?2 java.time.temporal.TemporalUnit 7Q` i?2 iBK2 mMBiX
AM i?Bb r�v- r2 +�M biQ`2 i?2 Q`B;BM�H iBK2 mMBi i?2 mb2` bT2+B}2b �b r2HH �b
/vM�KB+�HHv +QMp2`i iQ Qi?2` iBK2 mMBib �b M22/2/- r?B+? Bb BKTQ`i�Mi iQ #2
�#H2 iQ T`QpB/2 ~2tB#BHBiv iQ i?2 mb2`b- �b r2HH �b iQ +QMp2`i iQ �M/ 7`QK Qi?2`
iBK2 bT2+B}+�iBQMb mb2/ BM Qi?2` T�`ib Q7 i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/
�TT`Q�+? �M/ BMi2;`�i2/ i`B�H 2t2+miBQM 7`�K2rQ`FbX
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1 configuration:
2 termination_criteria:
3 test:
4 max_time: 120h
5 max_failed_experiments: 10%
6 experiment:
7 max_failed_trials: 10%
8 workloads:
9 workload_a:
10 confidence_interval_metric: avg_response_time
11 confidence_interval_value: 50ms
12 confidence_interval_precision: 95%
13 services:
14 service_a:
15 confidence_interval_metric: avg_cpu
16 confidence_interval_value: 60%
17 confidence_interval_precision: 95%

GBbiBM; 8XRdX .aG, h?2 h2`KBM�iBQM *`Bi2`B� u�JG 1t�KTH2

AM GBbiBM; 8XRd r2 `2TQ`i �M 2t�KTH2 Q7 i2`KBM�iBQM +`Bi2`B�X h?2 2t�KTH2 Bb
`2H�i2/ iQ i?2 STABILITY_BOUNDARY i2biX h?2 i2`KBM�iBQM +`Bi2`B� �`2 /2}M2/
+QMbB/2`BM; i?2 2tT2+i2/ HQM; 2t2+miBQM iBK2 Q7 i?2 i2bi- �++Q`/BM; iQ i?2 /2@
}M2/ 2tTHQ`�iBQM bT�+2 �M/ i?2 HQ�/ 7mM+iBQMX 6Q` i?2 i2bi- i?2 mb2` /2}M2b
� i2`KBM�iBQM +`Bi2`BQM #�b2/ QM i?2 K�tBKmK 2t2+miBQM iBK2 i?2 i2bi Bb �H@
HQr2/ iQ 2t2+mi2 UHBM2 O9V- �M/ � +`Bi2`BQM QM i?2 K�tBKmK MmK#2` Q7 7�BHBM;
2tT2`BK2Mib UHBM2 O8VX h?2 2tT2`BK2Mi i2`KBM�iBQM +`Bi2`B� +QMi`QH i?2 K�tB@
KmK T2`+2Mi�;2 Q7 �HHQr2/ 7�BHBM; i`B�Hb UHBM2 OdV- �M/ /2}M2 i?`2b?QH/b 7Q` i?2
avg_response_time �M/ avg_cpu 7Q` � rQ`FHQ�/ �M/ � b2`pB+2 `2bT2+iBp2HvX h?2
i?`2b?QH/b �`2 +QMbBbi2Mi rBi? i?2 stability_criteria /2}M2/ BM GBbiBM; 8XR8X
h?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? +?2+Fb 7Q` +QMbBbi2M+v Q7 i?2
i2`KBM�iBQM +`Bi2`B�- rBi? i?2 MmK#2` �M/ iBK2 M22/2/ 7Q` 2t2+miBM; i?2 2t@
T2`BK2Mib T�`i Q7 i?2 i2bi �M/ r�`Mb i?2 mb2` BM +�b2 Q7 BM+QMbBbi2M+B2b- 2X;X-
QM i?2 iQi�H iBK2 � i2bi Bb �HHQr2/ iQ 2t2+mi2X

1 configuration:
2 quality_gates:
3 mean_absolute_error: 10%
4 workloads:
5 workload_a:
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6 - max_mix_deviation: 5%
7 max_think_time_deviation: 2%
8 gate_metric: avg_response_time
9 condition: "<="
10 gate_threshold_target: "100ms"
11 gate_threshold_minimum: "200ms"
12 services:
13 service_a:
14 - gate_metric: avg_cpu
15 condition: "<="
16 gate_threshold_target: 50%
17 gate_threshold_minimum: 60%

GBbiBM; 8XR3X .aG, h?2 Zm�HBiv :�i2b u�JG 1t�KTH2

AM GBbiBM; 8XR3 r2 `2TQ`i �M 2t�KTH2 Q7 [m�HBiv ;�i2b `2H�i2/ iQ i?2
STABILITY_BOUNDARY i2biX :Bp2M i?2 exploration_strategy BM GBbiBM; 8XR8
b2H2+i2/ 7Q` i?2 i2bi Bb � T`2/B+iBp2 bi`�i2;v- i?2 mb2` /2}M2b i?2
mean_absolute_error UHBM2 OjV �++2Ti2/ iQ +QMbB/2` i?2 #mBHi KQ/2H �b b�i@
Bb7�+iQ`v BM `2T`2b2MiBM; i?2 T2`7Q`K�M+2 QM i?2 alh BM i?2 /2}M2/ T2`7Q`@
K�M+2 bT�+2X Pi?2` [m�HBiv ;�i2b �`2 /2}M2/ #Qi? QM � rQ`FHQ�/ UHBM2b O8@
ORRV �M/ � b2`pB+2 UHBM2b ORj@ORdV K2i`B+X h?2 [m�HBiv ;�i2b /2}M2 r?2M iQ
+QMbB/2` i?2 i2bi bm++2bb7mH- BM i?2 TQBMib Q7 i?2 2tTHQ`�iBQM bT�+2 r?2`2 i?2
stability_criteria /2}M2/ BM GBbiBM; 8XR8 �`2 b�iBb}2/X

1 sut:
2 name: "my_app"
3 versions:
4 values: "v1.5"
5 type: "http"
6 sut_configuration:
7 default_target_service:
8 name: "service_a"
9 endpoint: "/"
10 sut_ready_log_check: "/(.*)System started(.*)/g"
11 deployment:
12 service_a: "my_server"
13 services_configuration:
14 service_b:
15 resources:
16 cpu: 200m
17 memory: 256Mi
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18 configuration:
19 THREADPOOL_SIZE: 64

GBbiBM; 8XRNX .aG, h?2 alh u�JG 1t�KTH2

AM GBbiBM; 8XRN r2 `2TQ`i i?2 /2}MBiBQM Q7 i?2 alh +QM};m`�iBQM 7Q` i?2 i2biX
�KQM; i?2 /Bz2`2Mi /�i� bT2+B}2/- i?2 mb2` BM/B+�i2b i?2 alh Bb Q7 type:
``http'' UHBM2 O8V- i?2 /27�mHi i�`;2i b2`pB+2 Bb i?2 service_a �M/ 7Q` i?2 alh
iQ #2 +QMbB/2`2/ `2�/v 7Q` i?2 i2bi- i?2 service_a HQ; ?�b iQ +QMi�BM � bi`BM;
K�i+?2/ #v i?2 7QHHQrBM; `2;mH�` 2tT`2bbBQM ``/(.*)System started(.*)/g''
UHBM2b Od@ORyVX h?2 mb2` �HbQ bi�i2b i?2 service_a ?�b iQ #2 /2THQv2/ QM �
b2p2` B/2MiB}2/ #v ǳKvnb2`p2`Ǵ UHBM2 ORyV �M/ bT2+B}2b bQK2 +QM};m`�iBQM
QTiBQMb 7Q` i?2 service_b �i HBM2b OR9@ORNX

1 workloads:
2 workload_a:
3 popularity: 70%
4 item_a:
5 driver_type: "http"
6 inter_operation_timings: "negative_exponential"
7 popularity: 80%
8 operations:
9 operation_a:
10 protocol: "https"
11 endpoint: "/"
12 method: "GET"
13 extract_regex:
14 - title:
15 pattern: "<title>(.*?)</title>"
16 default: ""
17 match_number: 1
18 operation_b:
19 protocol: "https"
20 endpoint: "/${title}"
21 method: "POST"
22 body_file: "datasource_a"
23 data_sources:
24 - path: "/path_to_datasource_a"
25 delimiter: ","
26 name: datasource_a
27 retrieval: "random"
28 mix:
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29 flat: "75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0)"
30 item_b:
31 driver_type: "http"
32 inter_operation_timings: "negative_exponential"
33 popularity: 20%
34 operations:
35 operation_a:
36 protocol: "https"
37 endpoint: "/"
38 method: "GET"
39 workload_b:
40 popularity: 30%
41 item_a:
42 driver_type: "http"
43 target_service: "service_b"
44 operations:
45 operation_a:
46 protocol: "https"
47 endpoint: "/"
48 method: "GET"

GBbiBM; 8XkyX .aG, h?2 qQ`FHQ�/b- qQ`FHQ�/ Ai2Kb- �M/ PT2`�iBQMb u�JG 1t�K@
TH2

AM GBbiBM; 8Xky r2 T`2b2Mi i?2 rQ`FHQ�/ i?2 mb2` bT2+B}2b 7Q` i?2 i2bi- �HQM; rBi?
rQ`FHQ�/ Bi2Kb �M/ QT2`�iBQMbX h?2 mb2` bT2+B}2b irQ rQ`FHQ�/b- workload_a
�i HBM2b Ok@Oj3- �M/ workload_b �i HBM2b OjN@O93X h?2 mb2` /2}M2b b?2 r�Mib
iQ 2t2+mi2 workload_a dyW Q7 i?2 iBK2b UHBM2 OjV- r?BH2 workload_b i?2 `2@
K�BMBM; jyW Q7 i?2 iBK2b UHBM2 O9yVX workload_a ?�b irQ rQ`FHQ�/ Bi2Kb-
item_a �i HBM2b O9@OkN- �M/ item_b �i HBM2b Ojy@Oj3X h?2 irQ Bi2Kb ?�p2 �
3yW UHBM2 OdV �M/ kyW UHBM2 OjjV T`Q#�#BHBiv Q7 #2BM; 2t2+mi2/ `2bT2+iBp2Hv-
�M/ #Qi? 7QHHQr � negative_exponential /Bbi`B#miBQM UHBM2 Oe �M/ HBM2 OjkVX
h?2 popularity /2}M2b i?2 ǳTQTmH�`BivǴ Q7 i?2 rQ`FHQ�/ Bi2K- BX2X- ?Qr K�Mv
Q7 i?2 pB`im�H mb2`b- bBKmH�iBM; i?2 rQ`FHQ�/ r?2`2 i?2 rQ`FHQ�/ Bi2K #2HQM;b
iQ- T2`7Q`K i?2 QT2`�iBQMb Q7 i?2 ;Bp2M rQ`FHQ�/ Bi2K /m`BM; i?2 i2bi 2t2+m@
iBQMX 6Q` 2t�KTH2- B7 i?2 MmK#2` Q7 bBKmH�i2/ mb2`b Bb Ryyy- i?2 rQ`FHQ�/ Q7
BMi2`2bi bBKmH�i2b dyW Q7 i?2 mb2`b �M/ i?2`2 �`2 irQ rQ`FHQ�/ Bi2Kb bT2+B}2/
rBi? 3yW �M/ kyW TQTmH�`Biv `2bT2+iBp2Hv- 8ey pB`im�H mb2`b rBHH bBKmH�i2 i?2
QT2`�iBQMb Q7 i?2 }`bi rQ`FHQ�/ Bi2K- �M/ i?2 `2K�BMBM; k9y rBHH bBKmH�i2 i?2
QT2`�iBQMb Q7 i?2 b2+QM/ QM2X item_a /2}M2b irQ QT2`�iBQMb UHBM2b O3@OkNVX
operation_a 2ti`�+i /�i� 7`QK i?2 `2bTQMb2 mbBM; � `2;mH�` 2tT`2bbBQM UHBM2b



R3j 8Xe "2M+?6HQr .aG �M/ .aG 7Q` *a.G AKTH2K2Mi�iBQM

ORj@ORdV r?BH2 operation_b `2HB2b QM � data_source iQ `2i`B2p2 /�i� iQ #2
mb2/ �b T�`i Q7 i?2 BMi2`�+iBQM rBi? i?2 alh UHBM2 Okk- `272`2M+BM; i?2 /�i�
bQm`+2 �i HBM2b Okj@OkdVX h?2 irQ QT2`�iBQMb �`2 2t2+mi2/ �++Q`/BM; iQ �
flat mix /2}MBM; operation_a Bb +?Qb2M iQ #2 2t2+mi2/ �b M2ti QT2`�iBQM d8W
Q7 i?2 iBK2b- r?BH2 operation_b k8W Q7 i?2 iBK2bX h?2 mb2` �HbQ `2TQ`ib i?2 2t@
T2+i2/ i?BMF iBK2 Q7 i?2 bBKmH�i2/ mb2`b #27Q`2 /2+B/BM; r?B+? M2ti QT2`�iBQM
iQ 2t2+mi2X workload_b ?�b QMHv QM2 Bi2K i�`;2iBM; service_b UHBM2 O9jVX
Pi?2` 7Q`K�ib 7Q` bT2+B7vBM; � KBt 7Q` i?2 2t�KTH2 BM GBbiBM; 8Xky- �++Q`/BM;
iQ i?2 KQ/2H BM 6B;X 8Xk8 �`2,

�V � }t2/ b2[m2M+2 KBt UGBbiBM; 8XkRV- i?�i BM i?2 +�b2 Q7 i?2 2t�KTH2
bT2+B}2b � }t2/ b2[m2M+2 Q7 +�HHb r?2`2 operation_a Bb �Hr�vb +�HH2/
#27Q`2 operation_bc

#V � ~�i b2[m2M+2 KBt UGBbiBM; 8XkkV- i?�i BM i?2 +�b2 Q7 i?2 2t�KTH2 bT2+B}2b
irQ b2[m2M+2b UHBM2b Ok@O9V- QM2 r?2`2 operation_a Bb �Hr�vb +�HH2/
#27Q`2 operation_s �M/ i?2 b2+QM/ QM2 r?2`2 i?2 QTTQbBi2 ?�TT2MbX h?2
}`bi b2[m2M+2 Bb 2tT2+i2/ iQ #2 2t2+mi2/ N8W Q7 i?2 iBK2b- r?BH2 i?2
b2+QM/ QM2 8W QM i?2 iBK2bc

+V � K�i`Bt KBt UGBbiBM; 8XkjV- i?�i BM i?2 +�b2 Q7 i?2 2t�KTH2 bT2+B@
}2b, � T`Q#�#BHBiv Q7 d8W Q7 +�HHBM; i?2 operation_a �;�BM �7i2` 2t2@
+miBM; operation_a- r?BH2 � k8W Q7 +�HHBM; i?2 operation_b �7i2` +�HH@
BM; operation_a UHBM2 OkV- �M/ � T`Q#�#BHBiv Q7 k8W Q7 +�HHBM; i?2
operation_a �7i2` 2t2+miBM; operation_b- r?BH2 � d8W Q7 +�HHBM; i?2
operation_b �;�BM �7i2` +�HHBM; operation_b UHBM2 OjVc

1 fixed_sequence: operation_a, operation_b

GBbiBM; 8XkRX .aG, 6Bt2/ a2[m2M+2 JBt u�JG 1t�KTH2

1 flat: "95.0% tt(1500.0 400.0), 5.0% tt(1200.0 600.0)"
2 sequences:
3 - operation_a, operation_b
4 - operation_b, operation_a

GBbiBM; 8XkkX .aG, 6H�i a2[m2M+2 JBt u�JG 1t�KTH2
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1 matrix:
2 - [ 75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0) ]
3 - [ 25.0%, 75.0% tt(2000.0 400.0) ]

GBbiBM; 8XkjX .aG, J�i`Bt JBt u�JG 1t�KTH2

1 data_collection:
2 # AUTOMATICALLY attached based on the observe section IF NOT specified
3 services:
4 service_a: "stats"
5 service_b: "stats"
6 dbms_a: "stats"

GBbiBM; 8Xk9X .aG, h?2 .�i� *QHH2+iBQM u�JG 1t�KTH2

AM GBbiBM; 8Xk9 r2 `2TQ`i �M 2t�KTH2 Q7 bT2+B}+�iBQM 7Q` /�i� +QHH2+iQ` b2`pB+2bX
AM i?2 +�b2 Q7 i?2 2t�KTH2- MQ +QHH2+iBQM b2`pB+2 `2[mB`2b +QM};m`�iBQM- i?mb i?2
bT2+B}+�iBQM `2TQ`i2/ BM GBbiBM; 8Xk9 +QmH/ �HbQ #2 ;2M2`�i2/ #v i?2 7`�K2rQ`F
T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? �++Q`/BM; iQ i?2 P#b2`p2 b2+iBQM BM GBbiBM; 8XR8X

1 version: "3"
2 name: "Predictive Stability Boundary Test - Experiment 1"
3 description: "Example of Predictive Stability Boundary Test re-using Store

Knowledge and Observing Client- and Server-side Metrics"!→

4 labels: "stability_boundary", "predictive", "stored_knowledge"
5 configuration:
6 load_function:
7 users: 1000
8 ramp_up: 5m
9 steady_state: 20m
10 ramp_down: 5m
11 termination_criteria:
12 max_time: 150m
13 experiment:
14 max_number_of_trials: 10
15 max_failed_trials: 10%
16 workloads:
17 workload_a:
18 confidence_interval_metric: avg_response_time
19 confidence_interval_value: 50ms
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20 confidence_interval_precision: 95%
21 services:
22 service_a:
23 confidence_interval_metric: avg_cpu
24 confidence_interval_value: 60%
25 confidence_interval_precision: 95%
26 sut:
27 name: "my_app"
28 version: "v1.5"
29 type: "http"
30 sut_configuration:
31 default_target_service:
32 name: "service_a"
33 endpoint: "/"
34 sut_ready_log_check: "/(.*)System started(.*)/g"
35 deployment:
36 service_a: "my_server"
37 services_configuration:
38 service_a:
39 resources:
40 cpu: 100m
41 memory: 256Mi
42 configuration:
43 NUM_SERVICE_THREAD: 12
44 service_b:
45 resources:
46 cpu: 200m
47 memory: 256Mi
48 configuration:
49 THREADPOOL_SIZE: 64
50 dbms_a:
51 resources:
52 cpu: 100m
53 memory: 256Mi
54 configuration:
55 QUERY_CACHE_SIZE: 48Mi
56 workloads:
57 workload_a:
58 popularity: 70%
59 item_a:
60 driver_type: "http"
61 inter_operation_timings: "negative_exponential"
62 popularity: 80%
63 operations:
64 operation_a:
65 protocol: "https"
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66 endpoint: "/"
67 method: "GET"
68 extract_regex:
69 - title:
70 pattern: "<title>(.*?)</title>"
71 default: ""
72 match_number: 1
73 operation_b:
74 protocol: "https"
75 endpoint: "/${title}"
76 method: "POST"
77 body_file: "datasource_a"
78 data_sources:
79 - path: "/path_to_datasource_a"
80 delimiter: ","
81 name: datasource_a
82 retrieval: "random"
83 mix:
84 flat: "75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0)"
85 item_b:
86 driver_type: "http"
87 inter_operation_timings: "negative_exponential"
88 popularity: 20%
89 operations:
90 operation_a:
91 protocol: "https"
92 endpoint: "/"
93 method: "GET"
94 workload_b:
95 popularity: 30%
96 item_a:
97 driver_type: "http"
98 target_service: "service_b"
99 operations:
100 operation_a:
101 protocol: "https"
102 endpoint: "/"
103 method: "GET"
104 data_collection:
105 # AUTOMATICALLY attached based on the observe section IF NOT specified
106 services:
107 service_a: "stats"
108 service_b: "stats"
109 dbms_a: "stats"
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GBbiBM; 8Xk8X .aG, h?2 1tT2`BK2Mi u�JG 1t�KTH2

AM GBbiBM; 8Xk8 r2 `2TQ`i QM2 Q7 i?2 2tT2`BK2Mi bT2+B}+�iBQMb i?2 7`�K2rQ`F
T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? �miQK�iB+�HHv ;2M2`�i2b �++Q`/BM; iQ i?2 bT2+@
B}+�iBQM BM GBbiBM; 8XR9X h?2 `2TQ`i2/ bT2+B}+�iBQM +Q``2bTQM/b iQ i?2 }`bi
2tT2`BK2Mi iQ #2 b+?2/mH2/ 7Q` 2t2+miBQMX h?Bb Bb 2pB/2Mi 7`QK i?2 +QM};m`�@
iBQM Q7 i?2 sut �i HBM2b Ojd@O88X service_a �M/ dbms_a �`2 +QM};m`2/ b2H2+iBM;
i?2 }`bi TQBMi BM i?2 /2}M2/ T2`7Q`K�M+2 2tTHQ`�iBQM bT�+2- i?2 QM2 r?2`2 i?2
alh Bb 2tT2+i2/ iQ T2`7Q`K i?2 rQ`biX h?2 +QM};m`�iBQM 7Q` service_b- QM
i?2 Qi?2` 2M/- Bb �Hr�vb i?2 b�K2 �++Q`/BM; iQ i?2 QM2 /2}M2/ BM GBbiBM; 8XRNX
h?2 termination_criteria �i HBM2b ORR@Ok8 �`2 /2}M2/ �++Q`/BM; iQ i?2 QM2
bT2+B}2/ �i i?2 i2bi H2p2HX h?2 max_time i2`KBM�iBQM +`Bi2`BQM Bb +QKTmi2/ #v
i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?- �++Q`/BM; iQ i?2 iQi�H MmK#2` Q7
2tT2`BK2Mib BM i?2 2tTHQ`�iBQM bT�+2 U93V- �M/ i?2 max_time i?2 i2bi Bb �HHQr2/
iQ 2t2+mi2 /2}M2/ �i HBM2 O9 BM GBbiBM; 8XRdX h?2 Q#i�BM2/ i2`KBM�iBQM +`Bi2@
`BQM Q7 R8y KBMmi2b Bb +QMbBbi2Mi rBi? i?2 HQ�/ 7mM+iBQM bT2+B}2/ BM GBbiBM; 8XRe-
�++QmMiBM; 7Q` KmHiBTH2 i`B�Hb 7Q` 2�+? 2tT2`BK2MiX

alh .2THQvK2Mi .2b+`BTiQ` u�JG 1t�KTH2b

AM i?Bb b2+iBQM r2 `2TQ`i �M 2t�KTH2 Q7 � alh /2THQvK2Mi /2b+`BTiQ` bT2+B}2/
BM u�JG �++Q`/BM; iQ i?2 KQ/2H T`2b2Mi2/ BM 6B;X 8XjyX

1 version: "3.8"
2 services:
3 service_a:
4 image: service_a:v1.5
5 command: "./start_service.sh"
6 ports:
7 - "443"
8 networks:
9 - frontend
10 - backend
11 environment:
12 NUM_SERVICE_THREAD: 12
13 deploy:
14 replicas: 2
15 placement:
16 constraints:
17 - "server_name==my_server"
18
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19 service_b:
20 image: service_b:v1.5
21 ports:
22 - "443"
23 networks:
24 - frontend
25 - backend
26 environment:
27 THREADPOOL_SIZE: 48
28 deploy:
29 replicas: 2
30
31 dbms_a:
32 image: mysql:8.1
33 volumes:
34 - db-data:/var/lib/mysql/data
35 networks:
36 - backend
37 environment:
38 QUERY_CACHE_SIZE: 32Mi
39 deploy:
40 replicas: 1
41
42 networks:
43 frontend:
44 backend:
45
46 volumes:
47 db-data:

GBbiBM; 8XkeX alh .2THQvK2Mi .2b+`BTiQ` u�JG 1t�KTH2

AM GBbiBM; 8Xke r2 `2TQ`i �M 2t2KTHB}+�iQ`v alh /2THQvK2Mi /2b+`BTiQ` i?�i
+QmH/ #2 bT2+B}2/ �HQM; i?2 i2bi 2t�KTH2 T`QpB/2/ BM GBbiBM; 8XR9X h?2 /2THQv@
K2Mi /2b+`BTiQ` bT2+B}2b i?`22 b2`pB+2b- service_a �i HBM2b Oj@ORd- service_b
�i HBM2b ORN@OkN- �M/ dbms_a �i HBM2b OjR@O9yX h?2 b2`pB+2b `2Hv QM networks
bT2+B}2/ �i HBM2b O9k@O99 �M/ /�i� pQHmK2b bT2+B}2/ �i HBM2b O9e@O9dX 6Q`
i?2 service_a i?2 mb2` �HbQ bT2+B}2b placement +QMbi`�BMb �++Q`/BM; iQ i?2
b2`p2` M�K2 UHBM2b OR8@ORdVX
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.aG :Q�H u�JG 1t�KTH2b

AM i?Bb b2+iBQM- r2 HBbi �M 2t�KTH2 Q7 � bT2+B}+�iBQM 7Q` 2�+? Q7 i?2 bmTTQ`i2/
i2bi ;Q�HbX q2 QKBi /2i�BHb �H`2�/v bT2+B}2/ BM i?2 2t�KTH2 BM a2+iX 8XeXj- �M/
r2 7Q+mb QM `2H2p�Mi /2i�BHb ;Bp2M i?2 bi�i2/ T2`7Q`K�M+2 i2bi ;Q�HX

1 version: "3"
2 name: "Load Test"
3 description: "Example of Load Test"
4 labels: "load_test"
5 configuration:
6 goal:
7 type: "load_test"
8 # stored_knowledge: "false"
9 observe:
10 ...
11 load_function:
12 users: 1000
13 ramp_up: 5m
14 steady_state: 20m
15 ramp_down: 5m
16 termination_criteria:
17 ...
18 quality_gates:
19 ...
20 sut:
21 ...
22 workloads:
23 ...
24 data_collection:
25 # AUTOMATICALLY attached based on the observe section IF NOT specified
26 services:
27 ...

GBbiBM; 8XkdX .aG, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xkd r2 `2TQ`i �M 2t�KTH2 Q7 HQ�/ i2bi ;Q�H 7Q` _1ah7mH q2# b2`pB+2bX
h?2 HQ�/ i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 HQ�/ i2bi ;Q�H- #2BM; i?2 bT2+B}2/ i2bi � HQ�/ i2bi UHBM2 OdVc

#V i?2 HQ�/ 7mM+iBQM UHBM2b ORR@OR8VX

lbm�HHv- � HQ�/ i2bi /Q2b MQi `2mb2 stored_knowledgeX
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1 version: "3"
2 name: "Load Test on WfMS"
3 description: "Example of Load Test on a WfMS"
4 labels: "load_test", "wfms"
5 configuration:
6 goal:
7 type: "load_test"
8 # stored_knowledge: "false"
9 observe:
10 workloads:
11 wfms_a: avg_response_time, number_process_instances,

avg_process_instance_execution_time!→

12 services:
13 wfms_a: avg_cpu, avg_memory
14 dbms_a: avg_cpu, avg_memory, avg_io
15 load_function:
16 users: 1000
17 ramp_up: 5m
18 steady_state: 20m
19 ramp_down: 5m
20 termination_criteria:
21 ...
22 quality_gates:
23 ...
24 sut:
25 name: "my_wfms"
26 versions:
27 values: "v10.4"
28 type: "wfms"
29 sut_configuration:
30 default_target_service:
31 name: "wfms_a"
32 endpoint: "/"
33 sut_ready_log_check: "/(.*)WfMS started(.*)/g"
34 deployment:
35 wfms_a: "my_server"
36 services_configuration:
37 wfms_a:
38 resources:
39 cpu: 1000m
40 memory: 2048Mi
41 configuration:
42 THREADPOOL_SIZE: 128
43 workloads:
44 workload_a:
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45 item_a:
46 driver_type: "wfms"
47 inter_operation_timings: "negative_exponential"
48 operations:
49 - bpmn_process_a.bpmn20
50 - bpmn_process_b.bpmn20
51 mix:
52 fixed_sequence: bpmn_process_a.bpmn20, bpmn_process_b.bpmn20
53 data_collection:
54 # AUTOMATICALLY attached based on the observe section IF NOT specified
55 services:
56 wfms_a: "stats"
57 dbms_a:
58 mysql:
59 configuration:
60 MYSQL_DB_NAME: process_instances_database_name
61 MYSQL_USER: ${BENCHFLOW_TEST_BOUNDSERVICE_CONFIG_MYSQL_USER}
62 MYSQL_USER_PASSWORD:

${BENCHFLOW_TEST_BOUNDSERVICE_CONFIG_MYSQL_USER_PASSWORD}!→

63 TABLE_NAMES: ACT_HI_PROCINST, ACT_HI_ACTINST
64 MYSQL_PORT: ${BENCHFLOW_TEST_BOUNDSERVICE_CONFIG_MYSQL_PORT}
65 COMPLETION_QUERY:

"SELECT+COUNT(*)+FROM+ACT_HI_PROCINST+WHERE+END_TIME_+IS+NULL"!→

66 COMPLETION_QUERY_VALUE: 0
67 COMPLETION_QUERY_METHOD: "equal"

GBbiBM; 8Xk3X .aG, � GQ�/ h2bi 7Q` � q7Jab u�JG 1t�KTH2

AM GBbiBM; 8Xk3 r2 `2TQ`i �M 2t�KTH2 Q7 HQ�/ i2bi ;Q�H 7Q` � "SJL kXy q7JabX
h?2 HQ�/ i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 HQ�/ i2bi ;Q�H- #2BM; i?2 bT2+B}2/ i2bi � HQ�/ i2bi UHBM2 OdVc

#V "SJL kXy q7Jab bT2+B}+ K2i`B+b iQ Q#b2`p2 QM i?2 "SJL kXy q7Jab
b2`pB+2 UHBM2b ORR �M/ ORjVc

+V i?2 HQ�/ 7mM+iBQM UHBM2b OR8@ORNVc

/V i?2 sut ivT2 �b wfmsb UHBM2 Ok3V- i?2 sut_configuration �i HBM2b OkN@
Oj8- �M/ i?2 service_configuration �i HBM2b Oje@O9kc

2V � Workload `2HvBM; QM i?2 q7Jab bT2+B}+ +QM};m`�iBQM 7Q` QT2`�iBQMb
UHBM2b O93@O8yVc
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7V /�i� +QHH2+iBQM b2`pB+2b 7Q` wfms_a �M/ dbms_aX 6Q` dbms_a- i?2 mb2`
bT2+B}2b � /�i� +QHH2+iBQM b2`pB+2 iQ `2i`B2p2 /�i� 7`QK � ."Ja r?2`2 i?2
q7Jab biQ`2b T2`7Q`K�M+2 /�i� �#Qmi i?2 2t2+mi2/ T`Q+2bb BMbi�M+2bX
am+? +QHH2+iQ` `2[mB`2b +QM};m`�iBQM- �M/ BM i?2 +�b2 Q7 i?2 2t�KTH2 i?2
7QHHQrBM; +QM};m`�iBQM Bb /2}M2/,

�V MY SQLnDBnNAM E- BM/B+�iBM; i?2 M�K2b Q7 i?2 /�i�#�b2b r?2`2
iQ }M/ i?2 i�#H2b iQ biQ`2c

#V MY SQLnUSER- `272``BM; iQ i?2 p�`B�#H2 /2}MBM; � mb2` �mi?Q`Bx2/
iQ �++2bb i?2 ."Ja- bT2+B}2/ BM i?2 /2THQvK2Mi /2b+`BTiQ` Q7 i?2
alhc

+V MY SQLnUSERnPASSWORD- i?2 T�bbrQ`/ Q7 i?2 MY SQLnUSERc
/V MY SQLnPORT - i?2 TQ`i iQ �++2bb i?2 ."Jac
2V TABLEnNAM ES- BM/B+�iBM; i?2 M�K2b Q7 i?2 i�#H2b iQ biQ`2c
7V COM P LET IONnQU ERY - i?2 [m2`v 2t2+mi2/ iQ p2`B7v r?2M i?2

+m``2Mi i`B�H +�M #2 +QMbB/2`2/ +QKTH2i2- �M/ T2`7Q`K�M+2 /�i� +�M
#2 biQ`2/c

;V COM P LET IONnQU ERYnVALU E- i?2 `2bmHi p�Hm2 2tT2+i2/ 7Q` i?2
COM P LET IONnQU ERY c

?V COM P LET IONnQU ERYnM ET HOD- i?2 K2i?Q/ iQ +QK@
T�`2 i?2 `2bmHi Q7 i?2 COM P LET IONnQU ERY �M/ i?2
COM P LET IONnQU ERYnVALU EX

JQ`2 /2i�BHb �#Qmi �p�BH�#H2 +QHH2+iQ` b2`pB+2b �M/ +QM};m`�iBQM Q7 i?2
b�K2 �`2 T`QpB/2/ BM a2+iX eXkX8X

1 version: "3"
2 name: "Smoke Test"
3 description: "Example of Smoke Test"
4 labels: "smoke_test"
5 configuration:
6 goal:
7 type: "smoke_test"
8 # stored_knowledge: "false"
9 observe:
10 ...
11 load_function:
12 users: 10
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13 ramp_up: 30s
14 steady_state: 2m
15 ramp_down: 30s
16 termination_criteria:
17 test:
18 max_time: 20m
19 ...
20 quality_gates:
21 ...
22 sut:
23 ...
24 workloads:
25 ...
26 data_collection:
27 # AUTOMATICALLY attached based on the observe section IF NOT specified
28 services:
29 ...

GBbiBM; 8XkNX .aG, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8XkN r2 `2TQ`i �M 2t�KTH2 Q7 � bKQF2 i2bi ;Q�HX h?2 bKQF2 i2bi BM
i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H ivT2 iQ ǴbKQF2ni2biǴ UHBM2 OdVc

#V i?2 HQ�/ 7mM+iBQM UHBM2b ORR@OR8V �M/ i2`KBM�iBQM +`Bi2`BQM UHBM2b ORe@
OR3VX *QKT�`2/ iQ i?2 HQ�/ i2bi BM GBbiBM; 8Xkd i?2 HQ�/ 7mM+iBQM bBK@
mH�i2b 72r2` mb2`b 7Q` � HQr2` �KQmMi Q7 iBK2X aKQF2 i2bib mbm�HHv M22/
H2bb iBK2 i?�M HQ�/ i2bib iQ #2 2t2+mi2/X

� bKQF2 i2bi Bb p2`v bBKBH�` iQ � HQ�/ i2bi BM i2`Kb Q7 i2bi bT2+B}+�iBQM- i?mb
Bi Bb TQbbB#H2 iQ `2mb2 HQ�/ i2bi bT2+B}+�iBQMb iQ /2}M2 bKQF2 i2bib #v QMHv
�/DmbiBM; i?2 +QM};m`�iBQMb Q7 BMi2`2biX

1 version: "3"
2 name: "Sanity Test"
3 description: "Example of Sanity Test"
4 labels: "sanity_test"
5 configuration:
6 goal:
7 type: "sanity_test"
8 # stored_knowledge: "false"
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9 observe:
10 ...
11 load_function:
12 users: 10
13 ramp_up: 30s
14 steady_state: 2m
15 ramp_down: 30s
16 termination_criteria:
17 test:
18 max_time: 20m
19 ...
20 quality_gates:
21 ...
22 sut:
23 ...
24 workloads:
25 ...
26 data_collection:
27 # AUTOMATICALLY attached based on the observe section IF NOT specified
28 services:
29 ...

GBbiBM; 8XjyX .aG, � a�MBiv h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xjy r2 `2TQ`i �M 2t�KTH2 Q7 � b�MBiv i2bi ;Q�HX h?2 i2bi Bb p2`v
bBKBH�` iQ � HQ�/ i2bi QM2- i?mb �HbQ BM i?Bb +�b2 QM2 +�M `2mb2 HQ�/ i2bi bT2+B}@
+�iBQMbX 6Q` � b�MBiv i2bi- i?2 mb2` mbm�HHv rQmH/ i�`;2i bT2+B}+ 7mM+iBQM�HBiB2b-
#v /2}MBM; � 7Q+mb2/ rQ`FHQ�/X

1 version: "3"
2 name: "Configuration Test"
3 description: "Example of Configuration Test"
4 labels: "configuration"
5 configuration:
6 goal:
7 type: "configuration"
8 stored_knowledge: "true"
9 observe:
10 ...
11 exploration:
12 exploration_space:
13 services:
14 service_a:
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15 resources:
16 cpu:
17 range: [100m, 1000m]
18 step: "*4"
19 memory:
20 range: [256Mi, 1024Mi]
21 step: "+768Mi"
22 configuration:
23 NUM_SERVICE_THREAD: [12, 24]
24 dbms_a:
25 resources:
26 cpu:
27 range: [100m, 1000m]
28 step: "*10"
29 memory:
30 range: [256Mi, 1024Mi]
31 step: "+768Mi"
32 configuration:
33 QUERY_CACHE_SIZE: 48Mi
34 exploration_strategy:
35 selection: "one_at_a_time"
36 load_function:
37 ...
38 termination_criteria:
39 ...
40 quality_gates:
41 ...
42 sut:
43 ...
44 workloads:
45 ...
46 data_collection:
47 ...

GBbiBM; 8XjRX .aG, � *QM};m`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8XjR r2 `2TQ`i �M 2t�KTH2 Q7 +QM};m`�iBQM i2bi ;Q�HX h?2 ivT2 i2bi
BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � +QM};m`�iBQM i2bi UHBM2 OdVc

#V `2@miBHBx�iBQM Q7 biQ`2/ FMQrH2/;2 UHBM2 O3V- BKTQ`i�Mi iQ `2/m+2 i?2
2t2+miBQM iBK2c
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+V i?2 2tTHQ`�iBQM bT�+2- `2[mB`2/ iQ bT2+B7v i?2 bT�+2 Q7 +QM};m`�iBQM iQ
2tTHQ`2 UHBM2b ORR@OjjVX h?2 2tTHQ`�iBQM bT�+2 +Qp2`b KmHiBTH2 b2`pB+2b
`2bQm`+2b �M/ +QM};m`�iBQMbc

/V i?2 2tTHQ`�iBQM bi`�i2;v UHBM2b Oj9@Oj8V �b QM2 b2H2+iBM; QM2 2tT2`BK2Mi
�i � iBK2 BM i?2 2tTHQ`�iBQM bT�+2 7QHHQrBM; i?2 Q`/2` Q7 /BK2MbBQMb �M/
p�Hm2 bT2+B}2/ BM i?2 2tTHQ`�iBQM bT�+2 b2+iBQMX

h?2 bT2+B}+�iBQM 7Q` i?2 termination_criteria �M/ quality_gates rQmH/ #2
bBKBH�` iQ i?2 QM2b Q7 � STABILITY_BOUNDARY i2bi �b `2TQ`i2/ BM GBbiBM; 8XRd
�M/ GBbiBM; 8XR3 `2bT2+iBp2HvX q?2M /2}MBM; STABILITY_BOUNDARY i2bib- Bi Bb
+QKKQM iQ `2mb2 CONFIGURATION_TEST bT2+B}+�iBQMbX

1 version: "3"
2 name: "Scalability Test"
3 description: "Example of Scalability Test"
4 labels: "scalability"
5 configuration:
6 goal:
7 type: "scalability"
8 observe:
9 workloads:
10 workload_a: avg_response_time, avg_latency
11 workload_b: avg_response_time, avg_latency
12 services:
13 service_a: avg_cpu, avg_memory
14 service_b: avg_cpu, avg_memory
15 dbms_a: avg_cpu, avg_memory, avg_io
16 exploration:
17 exploration_space:
18 load_function:
19 users:
20 range: [100, 1000]
21 step: "+100"
22 exploration_strategy:
23 selection: "random_breakdown"
24 load_function:
25 ramp_up: 1m
26 steady_state: 5m
27 ramp_down: 1m
28 termination_criteria:
29 test:
30 max_time: 6h
31 max_failed_experiments: 10%
32 experiment:
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33 max_failed_trials: 10%
34 workloads:
35 workload_a:
36 confidence_interval_metric: avg_response_time
37 confidence_interval_value: 200ms
38 confidence_interval_precision: 95%
39 quality_gates:
40 workloads:
41 workload_a:
42 - max_mix_deviation: 5%
43 max_think_time_deviation: 2%
44 gate_metric: avg_response_time
45 condition: "<="
46 gate_threshold_target: "100ms"
47 gate_threshold_minimum: "200ms"
48 sut:
49 ...
50 workloads:
51 ...
52 data_collection:
53 ...

GBbiBM; 8XjkX .aG, � a+�H�#BHBiv h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xjk r2 `2TQ`i �M 2t�KTH2 Q7 b+�H�#BHBiv i2bi ;Q�HX h?2 b+�H�#BHBiv
i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � b+�H�#BHBiv i2bi UHBM2 OdVc

#V i?2 K2i`B+b iQ observe Q7 BMi2`2bi 7Q` i?2 b+�H�#BHBiv i2bi UHBM2b O3@OR8V-
#Qi? QM rQ`FHQ�/b �M/ `2bQm`+2 miBHBx�iBQMc

+V i?2 2tTHQ`�iBQM bT�+2- /2}M2/ QM i?2 HQ�/ 7mM+iBQM iQ ;2M2`�i2 KmHiBTH2
2tT2`BK2Mib i2biBM; i?2 T2`7Q`K�M+2 Q7 i?2 alh mM/2` /Bz2`2Mi MmK#2`
Q7 bBKmH�i2/ mb2`b UHBM2b ORe@OkRVc

/V i?2 2tTHQ`�iBQM bi`�i2;v iQ TB+F �i `�M/QK i?2 2tT2`BK2Mib BM i?2 2tTHQ@
`�iBQM bT�+2 UHBM2b Okk@OkjVc

2V i?2 HQ�/ 7mM+iBQM UHBM2b Ok9@OkdVc

7V i?2 [m�HBiv ;�i2b- 2Mbm`BM; i?2 [m�HBiv Q7 i?2 alh /m`BM; i?2 b+�H�#BHBiv
i2bi `2bT2+ib i?2 +`Bi2`B� /2}M2/ �i HBM2b O9y@O9dX
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;V i?2 i2`KBM�iBQM +`Bi2`B�- /2}MBM; � max_time 7Q` i?2 i2bi �++QmMiBM; 7Q`
i?2 MmK#2` Q7 2tT2`BK2Mib iQ #2 2t2+mi2/ UHBM2 OjyV �M/ � i2`KBM�iBQM
+`Bi2`BQM QM i?2 workload_a iQ 2Mbm`2 i?2 alh T2`7Q`Kb �++Q`/BM; iQ
i?2 bT2+B}2/ `2bTQMb2 iBK2 UHBM2b Oj8@Oj3V- �KQM; Qi?2` +`Bi2`B�X h?2
i2`KBM�iBQM +`Bi2`BQM QM workload_a Bb bT2+B}2/ �++Q`/BM; iQ i?2 /2}M2/
[m�HBiv ;�i2b bQ i?�i i?2 i2bi ;2ib i2`KBM�i2/ BM +�b2 i?2 [m�HBiv ;�i2 +�M
MQi #2 ;m�`�Mi22/ /m`BM; i?2 b+�H�#BHBiv i2biX

1 version: "3"
2 name: "Spike Test"
3 description: "Example of Spike Test"
4 labels: "spike"
5 configuration:
6 goal:
7 type: "spike"
8 observe:
9 workloads:
10 workload_a: avg_response_time, avg_latency
11 workload_b: avg_response_time, avg_latency
12 services:
13 service_a: avg_cpu, avg_memory
14 service_b: avg_cpu, avg_memory
15 dbms_a: avg_cpu, avg_memory, avg_io
16 load_function:
17 users: 5000
18 ramp_up: 1m
19 steady_state: 10s
20 ramp_down: 1m
21 termination_criteria:
22 test:
23 max_time: 20m
24 experiment:
25 max_failed_trials: 10%
26 workloads:
27 workload_a:
28 confidence_interval_metric: avg_response_time
29 confidence_interval_value: 300ms
30 confidence_interval_precision: 90%
31 quality_gates:
32 workloads:
33 workload_a:
34 - max_mix_deviation: 5%
35 max_think_time_deviation: 2%
36 gate_metric: avg_response_time
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37 condition: "<="
38 gate_threshold_target: "150ms"
39 gate_threshold_minimum: "300ms"
40 sut:
41 ...
42 workloads:
43 ...
44 data_collection:
45 ...

GBbiBM; 8XjjX .aG, � aTBF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xjj r2 `2TQ`i �M 2t�KTH2 Q7 � bTBF2 i2bi ;Q�HX h?2 bTBF2 i2bi BM i?2
2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � bTBF2 i2bi UHBM2 OdVc

#V i?2 K2i`B+b iQ observe Q7 BMi2`2bi 7Q` i?2 b+�H�#BHBiv i2bi UHBM2b O3@OR8V-
#Qi? QM rQ`FHQ�/b �M/ `2bQm`+2 miBHBx�iBQMc

+V i?2 HQ�/ 7mM+iBQM /2}M2/ BM bm+? � r�v � bTBF2 BM i?2 rQ`FHQ�/ Bb ;2M2`@
�i2/ UHBM2b ORe@OkyVX h?2 MmK#2` Q7 bBKmH�i2/ mb2`b Bb 8yyy- 2tT2+iBM;
i?Bb MmK#2` iQ ;2M2`�i2 � bTBF2 BM i?2 rQ`FHQ�/ ?�M/H2/ #v i?2 alhX
h?2 ramp_up Bb Q7 R KBMmi2 BM r?B+? i?2 alh Bb BM+`2K2Mi�HHv HQ�/2/ mT
iQ 8yyy bBKmH�i2/ mb2`b BMi2`�+iBM; rBi? BiX h?2 steady_state Bb `�i?2`
HQr #2+�mb2 i?2 mb2` r�Mib iQ ;2M2`�i2 � bTBF2- i?mb i?2 ramp_down Bb
/2}M2/ BM bm+? � r�v i?2 MmK#2` Q7 mb2`b Bb b+�H2/ /QrM �i i?2 b�K2
T�+2 Bi ?�b #22M b+�H2/ mT /m`BM; i?2 ramp_upc

/V i?2 i2`KBM�iBQM +`Bi2`B�- bBKBH�` iQ i?2 QM2 /2}M2/ 7Q`
i?2 b+�H�#BHBiv i2bi BM GBbiBM; 8Xjk- #mi 7Q` i?2 bTBF2 i2bi
i?2 �++2Ti2/ confidence_interval_value Bb ?B;?2` �M/ i?2
confidence_interval_precision Bb HQr2` +QKT�`2/ iQ i?2 K2MiBQM2/
i2bi- #2+�mb2 i?2 HQ�/ Bb Km+? ?B;?2` UHBM2b OkR@OjyVc

2V �b T2` i?2 i2`KBM�iBQM +`Bi2`B�- �HbQ i?2 [m�HBiv ;�i2b �`2 bBKBH�` iQ i?2
QM2b BM GBbiBM; 8Xjk- #mi rBi? mT/�i2/ p�Hm2b �++Q`/BM; iQ i?2 ?B;?2`
HQ�/ UHBM2b OjR@OjNVX
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1 version: "3"
2 name: "Exhaustive Exploration Test"
3 description: "Example of Exhaustive Exploration Test re-using Store Knowledge"
4 labels: "exhaustive_exploration", "stored_knowledge"
5 configuration:
6 goal:
7 type: "exhaustive_exploration"
8 stored_knowledge: "true"
9 observe:
10 ...
11 exploration:
12 exploration_space:
13 services:
14 service_a:
15 resources:
16 cpu:
17 range: [100m, 1000m]
18 step: "^2"
19 memory:
20 range: [1024Mi, 256Mi]
21 step: "/2"
22 configuration:
23 NUM_SERVICE_THREAD: [12, 24]
24 dbms_a:
25 resources:
26 cpu:
27 range: [100m, 1000m]
28 step: "*4"
29 memory:
30 range: [256Mi, 1024Mi]
31 step: "+512Mi"
32 configuration:
33 QUERY_CACHE_SIZE: [48Mi, 64Mi, 88Mi, 112Mi]
34 exploration_strategy:
35 selection: "one_at_a_time"
36 load_function:
37 users: 1000
38 ramp_up: 5m
39 steady_state: 20m
40 ramp_down: 5m
41 termination_criteria:
42 ...
43 quality_gates:
44 ...
45 sut:
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46 ...
47 workloads:
48 ...
49 data_collection:
50 ...

GBbiBM; 8Xj9X .aG, �M 1t?�mbiBp2 1tTHQ`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t@
�KTH2

AM GBbiBM; 8Xj9 r2 `2TQ`i �M 2t�KTH2 Q7 2t?�mbiBp2 2tTHQ`�iBQM i2bi ;Q�HX h?2
mb2`Ƕb BMi2Mi +QmH/ #2 iQ H2�`M �#Qmi i?2 T2`7Q`K�M+2 Q7 i?2 /2p2HQT2/ bvbi2K
r?2M b2iiBM; /Bz2`2Mi +QM};m`�iBQMb �M/ `2bQm`+2 �HHQ+�iBQMbX h?2 2t?�mbiBp2
2tTHQ`�iBQM i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; �M 2t?�mbiBp2 2tTHQ`�iBQM i2bi UHBM2 OdVc

#V i?2 `2mb2 Q7 stored_knowledge- ;Bp2M i?2 +QKTH2tBiv Q7 i?2 2tTHQ`�iBQM
i2bi UHBM2 O3Vc

+V i?2 2tTHQ`�iBQM bT�+2 UHBM2b ORk@OjjV �M/ i?2 2tTHQ`�iBQM bi`�i2;v UHBM2b
Oj9@Oj8Vc

/V i?2 HQ�/ 7mM+iBQM �i HBM2b Oje@O9yX

1tTHQ`�iBQM i2bi bT2+B}+�iBQMb �`2 bBKBH�` iQ i?2 QM2b 7Q` +QM};m`�iBQM i2bibX
Ai Bb +QKKQM iQ `2mb2 bT2+B}+�iBQMb 7Q` i?2 K2MiBQM2/ ivT2b Q7 i2bibX

1 version: "3"
2 name: "Stability Boundary Test"
3 description: "Example of Stability Boundary Test"
4 labels: "stability_boundary", "stored_knowledge"
5 configuration:
6 goal:
7 type: "stability_boundary"
8 stored_knowledge: "true"
9 observe:
10 workloads:
11 workload_a: avg_response_time, avg_latency
12 workload_b: avg_response_time, avg_latency
13 workload_b.operation_a: avg_response_time
14 services:
15 service_a: avg_cpu, avg_memory
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16 service_b: avg_cpu, avg_memory
17 dbms_a: avg_cpu, avg_memory, avg_io
18 exploration:
19 exploration_space:
20 services:
21 service_a:
22 resources:
23 cpu:
24 range: [100m, 1000m]
25 step: "*4"
26 memory:
27 range: [256Mi, 1024Mi]
28 step: "+768Mi"
29 configuration:
30 NUM_SERVICE_THREAD: [12, 24]
31 dbms_a:
32 resources:
33 cpu:
34 range: [100m, 1000m]
35 step: "*10"
36 memory:
37 range: [256Mi, 1024Mi]
38 step: "+768Mi"
39 configuration:
40 QUERY_CACHE_SIZE: 48Mi
41 stability_criteria:
42 services:
43 service_a:
44 avg_cpu: "<=60%"
45 avg_memory: "<=80%"
46 dbms_a:
47 avg_memory: "<=70%"
48 workloads:
49 workload_b:
50 max_mix_deviation: 5%
51 exploration_strategy:
52 selection: "stability_boundary_first"
53 load_function:
54 users: 1000
55 ramp_up: 5m
56 steady_state: 20m
57 ramp_down: 5m
58 termination_criteria:
59 ...
60 quality_gates:
61 ...
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62 sut:
63 ...
64 workloads:
65 ...
66 data_collection:
67 ...

GBbiBM; 8Xj8X .aG, � ai�#BHBiv "QmM/�`v h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xj8 r2 `2TQ`i �M 2t�KTH2 Q7 bi�#BHBiv #QmM/�`v i2bi ;Q�HX h?2
bT2+B}+�iBQM Bb bBKBH�` iQ i?2 QM2 BM GBbiBM; 8XR9- �M/ `2TQ`i �HH i?2 2MiBiB2b
M22/2/ iQ bT2+B7v � bi�#BHBiv #QmM/�`v i2biX

1 version: "3"
2 name: "Capacity Test"
3 description: "Example of Capacity Test with constraints"
4 labels: "capacity", "constraints"
5 configuration:
6 goal:
7 type: "capacity_constraints"
8 observe:
9 workloads:
10 workload_a: avg_response_time, avg_latency
11 workload_b: avg_response_time, avg_latency
12 services:
13 service_a: avg_cpu, avg_memory
14 service_b: avg_cpu, avg_memory
15 dbms_a: avg_cpu, avg_memory, avg_io
16 exploration:
17 exploration_space:
18 load_function:
19 users:
20 range: [250, 5000]
21 step: "+250"
22 exploration_strategy:
23 selection: "one_at_a_time"
24 load_function:
25 ramp_up: 10m
26 steady_state: 60m
27 ramp_down: 10m
28 termination_criteria:
29 test:
30 max_time: 72h
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31 max_failed_experiments: 0%
32 experiment:
33 max_failed_trials: 10%
34 workloads:
35 workload_a:
36 confidence_interval_metric: avg_response_time
37 confidence_interval_value: 200ms
38 confidence_interval_precision: 95%
39 quality_gates:
40 workloads:
41 workload_a:
42 - max_mix_deviation: 5%
43 max_think_time_deviation: 2%
44 gate_metric: avg_response_time
45 condition: "<="
46 gate_threshold_target: "100ms"
47 gate_threshold_minimum: "200ms"
48 services:
49 service_a:
50 - gate_metric: avg_cpu
51 condition: ">="
52 gate_threshold_target: 20%
53 gate_threshold_minimum: 10%
54 - gate_metric: avg_cpu
55 condition: "<="
56 gate_threshold_target: 50%
57 gate_threshold_minimum: 60%
58 - gate_metric: avg_memory
59 condition: ">="
60 gate_threshold_target: 256Mi
61 gate_threshold_minimum: 128Mi
62 - gate_metric: avg_memory
63 condition: "<="
64 gate_threshold_target: 512Mi
65 gate_threshold_minimum: 512Mi
66 service_b:
67 - gate_metric: avg_cpu
68 condition: ">="
69 gate_threshold_target: 20%
70 gate_threshold_minimum: 10%
71 - gate_metric: avg_cpu
72 condition: "<="
73 gate_threshold_target: 50%
74 gate_threshold_minimum: 60%
75 - gate_metric: avg_memory
76 condition: ">="



ky8 8Xe "2M+?6HQr .aG �M/ .aG 7Q` *a.G AKTH2K2Mi�iBQM

77 gate_threshold_target: 128Mi
78 gate_threshold_minimum: 64Mi
79 - gate_metric: avg_memory
80 condition: "<="
81 gate_threshold_target: 256Mi
82 gate_threshold_minimum: 256Mi
83 dbms_a:
84 - gate_metric: avg_cpu
85 condition: ">="
86 gate_threshold_target: 20%
87 gate_threshold_minimum: 10%
88 - gate_metric: avg_cpu
89 condition: "<="
90 gate_threshold_target: 50%
91 gate_threshold_minimum: 60%
92 - gate_metric: avg_memory
93 condition: ">="
94 gate_threshold_target: 256Mi
95 gate_threshold_minimum: 128Mi
96 - gate_metric: avg_memory
97 condition: "<="
98 gate_threshold_target: 512Mi
99 gate_threshold_minimum: 512Mi
100 sut:
101 name: "my_app"
102 versions:
103 values: "v1.5"
104 type: "http"
105 sut_configuration:
106 ...
107 services_configuration:
108 service_a:
109 resources:
110 cpu: 500m
111 memory: 512Mi
112 configuration:
113 THREADPOOL_SIZE: 64
114 service_b:
115 resources:
116 cpu: 200m
117 memory: 256Mi
118 configuration:
119 THREADPOOL_SIZE: 64
120 dbms_a:
121 resources:
122 cpu: 800m
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123 memory: 512Mi
124 configuration:
125 QUERY_CACHE_SIZE: 88Mi
126 workloads:
127 ...
128 data_collection:
129 ...

GBbiBM; 8XjeX .aG, � *�T�+Biv *QMbi`�BMib h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xje r2 `2TQ`i �M 2t�KTH2 Q7 � +�T�+Biv i2bi rBi? +QMbi`�BMib ;Q�HX
h?2 +�T�+Biv i2bi rBi? +QMbi`�BMib BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � +�T�+Biv +QMbi`�BMib i2bi UHBM2 OdVc

#V i?2 K2i`B+b iQ observe Q7 BMi2`2bi 7Q` i?2 +�T�+Biv i2bi UHBM2b O3@OR8V-
#Qi? QM rQ`FHQ�/b �M/ `2bQm`+2 miBHBx�iBQMc

+V i?2 2tTHQ`�iBQM bT�+2 /2}M2/ QM i?2 MmK#2` Q7 mb2`b- 7`QK i?2 HQr2` iQ
i?2 ?B;?2` MmK#2` Q7 mb2`b UHBM2b ORd@OkRVX "v BM+`2�bBM; i?2 MmK#2`
Q7 mb2`b rBi? i?2 /2}M2/ bi2T UHBM2 OkRV- i?2 mb2` i2bib 7Q` i?2 +�T�+Biv
Q7 i?2 bvbi2Kc

/V i?2 2tTHQ`�iBQM bi`�i2;v �i HBM2b Okk@Okjc

2V i?2 HQ�/ 7mM+iBQM �i HBM2b Ok9@Okd H�biBM; HQM;2` i?�M Qi?2` FBM/b Q7 i2bi-
#2+�mb2 KQ`2 iBK2 Bb `2[mB`2/ iQ �bb2bb i?2 +�T�+Biv Q7 i?2 alh mM/2` �
bmbi�BM2/ HQ�/c

7V i?2 i2`KBM�iBQM +`Bi2`B� � HBM2b Ok3@Oj3X AM i?2 +�b2 Q7 � +QM};m`�iBQM
i2bi- i?2 mb2` mbm�HHv /Q2b MQi �++2Ti 7�BHBM; 2tT2`BK2Mib �b bT2+B}2/
BM HBM2 OjRX h?Bb Bb #2+�mb2 i?2 +�T�+Biv i2bi Bb MQi 2tT2+i2/ iQ ?�p2
7�BHBM; 2tT2`BK2Mib- �M/ B7 i?2`2 �`2- i?2 `2bmHi b?�HH MQi #2 +QMbB/2`2/
p�HB/- i?mb i?2 i2bi +�M #2 i2`KBM�i2/ `B;?i �r�vc

;V i?2 [m�HBiv ;�i2b 7Q` i?2 +�T�+Biv i2bi- /2}MBM; i?2 �+im�H +QMbi`�BMib
�++2Ti2/ 7Q` i?2 alh iQ #2 +QMbB/2`2/ bm++2bb7mHHv ?�M/HBM; i?2 Bbbm2/
HQ�/X h?2 [m�HBiv ;�i2b +?2+F 7Q` /Bz2`2Mi `2bQm`+2@`2H�i2/ K2i`B+b QM
�HH i?2 b2`pB+2b T�`i Q7 i?2 alh UHBM2b O93@ONNV- iQ 2Mbm`2 `2bQm`+2
miBHBx�iBQM Bb QM �p2`�;2 mM/2` /2}M2/ [m�HBiv +`Bi2`B� `2T`2b2MiBM; i?2
+QMbi`�BMib Q7 i?2 +�T�+Biv i2biX h?2 [m�HBiv ;�i2b BM i?Bb 2t�KTH2 +?2+F
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#Qi? 7Q` � HQr2` i?`2b?QH/ BM `2bQm`+2 miBHBx�iBQM U2X;X- HBM2b O8y@O8jV-
�b r2HH �b �M mTT2` i?`2b?QH/ U2X;X- HBM2b O89@O8dVX h?Bb Bb BKTQ`i�Mi
#2+�mb2 r2 /Q MQi r�Mi i?2 alh iQ #2 2Bi?2` mM/2` Q` Qp2`@miBHBxBM; i?2
�HHQ+�i2/ `2bQm`+2b BM i?2 `�M;2 Q7 mb2`b r2 mb2 iQ i2bi i?2 alh +�T�+Bivc

?V i?2 sut +QM};m`�iBQM 7Q` i?2 b2`pB+2b T�`i Q7 i?2 alhX 6Q` � +QM};m`�iBQM
i2bi- Bi Bb BKTQ`i�Mi iQ /2}M2 � ;Bp2M +QM};m`�iBQM 7Q` �HH i?2 b2`pB+2b-
r?B+? Bb i?2 +QM};m`�iBQM Q7 i?2 alh 7Q` r?B+? i?2 +�T�+Biv Bb i2bi2/X

h?2 +QM};m`�iBQM Q7 i?2 b2`pB+2b T�`i Q7 i?2 alh Bb mbm�HHv /2}M2/ mbBM; 7Q`
2t�KTH2 �M 2tTHQ`�iBQM i2biX

1 version: "3"
2 name: "Acceptance Test"
3 description: "Example of Acceptance Test"
4 labels: "acceptance_test"
5 configuration:
6 goal:
7 type: "acceptance_test"
8 # stored_knowledge: "false"
9 observe:
10 workloads:
11 workload_a: avg_response_time
12 workload_b: avg_response_time
13 load_function:
14 users: 1000
15 ramp_up: 5m
16 steady_state: 20m
17 ramp_down: 5m
18 termination_criteria:
19 test:
20 max_time: 50m
21 experiment:
22 max_failed_trials: 0%
23 workloads:
24 workload_a:
25 confidence_interval_metric: avg_response_time
26 confidence_interval_value: 200ms
27 confidence_interval_precision: 95%
28 quality_gates:
29 workloads:
30 workload_a:
31 - max_mix_deviation: 5%
32 max_think_time_deviation: 2%
33 gate_metric: avg_response_time
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34 condition: "<="
35 gate_threshold_target: "100ms"
36 gate_threshold_minimum: "200ms"
37 sut:
38 ...
39 workloads:
40 ...
41 data_collection:
42 ...

GBbiBM; 8XjdX .aG, �M �++2Ti�M+2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xjd r2 `2TQ`i �M 2t�KTH2 Q7 �M �++2Ti�M+2 i2bi ;Q�HX h?2 �++2Ti�M+2
i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; �M �++2Ti�M+2 i2bi UHBM2 OdVc

#V i?2 K2i`B+b Q7 BMi2`2bi iQ #2 2p�Hm�i2/ �b T�`i Q7 i?2 �++2Ti�M+2 +`Bi2`B�
UHBM2b ON@ORkVX 6Q` �M �++2Ti�M+2 i2bi i?2 K2i`B+b Q7 BMi2`2bi mbm�HHv
�`2 72r �M/ +Q``2bTQM/b iQ BKTQ`i�Mi T2`7Q`K�M+2 K2i`B+b 7Q` i?2 alhc

+V i?2 HQ�/ 7mM+iBQM �i HBM2b ORj@ORdc

/V i?2 i2`KBM�iBQM +`Bi2`B� �i HBM2b OR3@Okdc

2V i?2 [m�HBiv ;�i2b �i HBM2b Ok3@Oje `2T`2b2MiBM; i?2 �++2Ti�M+2 +`Bi2`B�
7Q` i?2 �++2Ti�M+2 i2biX

h?2 2t�KTH2 BM GBbiBM; 8Xjd Bb p2`v bBKBH�` iQ i?2 HQ�/ i2bi 2t�KTH2 BM GBbi@
BM; 8XkdX J�Mv i2bib b?�`2 � bBKBH�` bi`m+im`2 �HQM; rBi? i?2 2MiB`2 i2bi /2}MB@
iBQM Q` T�`ib Q7 i?2 b�K2X �b 7Q` 2t�KTH2- K�Mv i2bib KB;?i b?�`2 i?2 observe/
K2i`B+b- i?2 workloads- �M/ data_collection b2`pB+2bX AM i?2b2 +�b2b i?2 mb2`
+�M /2}M2 � i2bi- 7�+BHBi�i2/ #v i?2 M�iBp2 BM?2`Bi�M+2 K2+?�MBbK T`QpB/2/ #v
i?2 u�JG H�M;m�;2- �b r2HH �b i?2 Qp2``B/BM; K2+?�MBbK Qz2`2/ #v i?2 7`�K2@
rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X h?Bb Bb bQK2i?BM; r2 �HHQr �b T�`i Q7
i?2 T`QTQb2/ bQHmiBQMb- iQ 7�+BHBi�i2 `2mb�#BHBiv Q7 #�bB+ i2bib �M/ QTBMBQM�i2/
i2KTH�i2b /2}M2/ #v 2tT2`i mb2`b �M/fQ` T`QpB/2/ �b T�`i Q7 Qm` �TT`Q�+?X
� mb2` +QmH/ /2}M2 #�bB+ i2bib- BM+Hm/BM; �HH i?2 /2i�BHb �#Qmi i?2 rQ`FHQ�/-
i?2 alh- +QHH2+iBQMb b2`pB+2b- 2i+ �M/ i?2M Qp2``B/2 bm+? bT2+B}+�iBQMb rBi?
�M �//BiBQM�H bT2+B}+�iBQM T`QpB/BM; QMHv i?2 /2Hi� iQ #2 �TTHB2/ #2bB/2b UB7
MQi T`2b2Mi BM i?2 #�bB+ bT2+B}+�iBQMV Q` BM bm#biBimiBQM UB7 T`2b2Mi BM i?2 #�bB+
bT2+B}+�iBQMV BM7Q`K�iBQMX
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1 version: "3"
2 name: "Regression Test"
3 description: "Example of Regression Test"
4 labels: "regression_complete"
5 configuration:
6 goal:
7 type: "regression_complete" # OR regression_intersection
8 stored_knowledge: "true"
9 observe:
10 workloads:
11 workload_a: avg_response_time
12 workload_b: avg_response_time
13 load_function:
14 users: 1000
15 ramp_up: 5m
16 steady_state: 20m
17 ramp_down: 5m
18 termination_criteria:
19 test:
20 max_time: 3h
21 experiment:
22 max_failed_trials: 0%
23 workloads:
24 workload_a:
25 confidence_interval_metric: avg_response_time
26 confidence_interval_value: 200ms
27 confidence_interval_precision: 95%
28 quality_gates:
29 regression:
30 workload: workload_a
31 gate_metric: avg_response_time
32 regression_delta_absolute: 50ms
33 workloads:
34 workload_a:
35 - max_mix_deviation: 5%
36 max_think_time_deviation: 2%
37 gate_metric: avg_response_time
38 condition: "<="
39 gate_threshold_target: "150ms"
40 gate_threshold_minimum: "250ms"
41 sut:
42 name: "my_app"
43 versions:
44 values: [ "v1.5", "v1.6" ]
45 type: "http"
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46 sut_configuration:
47 ...
48 services_configuration:
49 service_a:
50 resources:
51 cpu: 500m
52 memory: 512Mi
53 configuration:
54 THREADPOOL_SIZE: 64
55 service_b:
56 resources:
57 cpu: 200m
58 memory: 256Mi
59 configuration:
60 THREADPOOL_SIZE: 64
61 dbms_a:
62 resources:
63 cpu: 800m
64 memory: 512Mi
65 configuration:
66 QUERY_CACHE_SIZE: 88Mi
67 workloads:
68 ...
69 data_collection:
70 ...

GBbiBM; 8Xj3X .aG, � _2;`2bbBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; 8Xj3 r2 `2TQ`i �M 2t�KTH2 Q7 � `2;`2bbBQM i2bi ;Q�HX h?2 `2;`2bbBQM
i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � `2;`2bbBQM i2bi QM i?2 2MiB`2 rQ`FHQ�/ 7Q` �HH i?2
p2`bBQMb Q7 i?2 alh Uregression_complete �i HBM2 OdVc

#V i?2 `2mb2 Q7 stored_knowledge- bQ i?�i �++2bb iQ T`2pBQmb `2;`2bbBQM i2bib
`2bmHi Bb ;`�Mi2/ UHBM2 O3Vc

+V i?2 K2i`B+b Q7 BMi2`2bi 7Q` i?2 `2;`2bbBQM UHBM2b ON@ORkVc

/V i?2 HQ�/ 7mM+iBQM �i HBM2b ORj@ORdc

2V i?2 i2`KBM�iBQM +`Bi2`B� �i HBM2b OR3@Okdc
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7V i?2 [m�HBiv ;�i2b �i HBM2b Ok3@O9y- /2}MBM; i?2 `2;`2bbBQM +`Bi2`B� UHBM2b
OkN@OjkV �M/ � i?`2b?QH/ 7Q` i?2 avg_response_time Q7 workload_a- i?2
b�K2 rQ`FHQ�/ Q7 BMi2`2bi Q7 i?2 `2;`2bbBQM +`Bi2`B�c

;V i?2 alh +QM};m`�iBQM bT2+B7vBM; i?2 p2`bBQMb Q7 BMi2`2bi 7Q` i?2 `2;`2bbBQM
UHBM2b O9j@O99V �M/ i?2 +QM};m`�iBQM Q7 i?2 b2`pB+2b UHBM2b O93@OeeV bQ
i?�i i?2 b�K2 +QM};m`�iBQM Bb mb2/ 7Q` i?2 `2;`2bbBQM 2p�Hm�iBQMX

.aG 7Q` *a.G u�JG 1t�KTH2b

AM i?Bb b2+iBQM- r2 T`2b2Mi bQK2 2t�KTH2b Q7 i2bi bmBi2b bT2+B}+�iBQMbX �7i2`
bT2+B7vBM; /Bz2`2Mi i2bib- mb2`b +�M �HbQ /2}M2 i2bi bmBi2b iQ BMi2;`�i2 bm#b2ib
Q7 i2bib �b T�`i Q7 i?2 *a.GX hQ /Q bQ- mb2`b �`2 2tT2+i2/ iQ /2}M2,

�V h?2 i2bi bmBi2- b2H2+iBM; i2bib #v `272``BM; iQ u�JG }H2b /2}MBM; i?2K
Q` #v b2H2+iBM; i?2K mbBM; H�#2Hbc

#V h?2 i`B;;2`b �+iBp�iBM; i?2 i2bi 2t2+miBQM- �++Q`/BM; iQ *a.G 2p2Mibc

+V PTiBQM�HHv- i?2 2MpB`QMK2Mib QM r?B+? i2bib ?�p2 iQ #2 2t2+mi2/c

/V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi bmBi2 �++Q`/BM; iQ /2}M2/ [m�HBiv +`B@
i2`B�X

1 version: "1.6"
2 name: "Smoke Tests on Features"
3 description: "Runs all the Smoke Tests on new features merging to the Development

branch"!→

4 suite:
5 triggers:
6 on:
7 pull_request:
8 contexts: "merge"
9 source_branches:
10 - "feat-*"
11 target_branches:
12 - "development"
13 tests:
14 include_labels: [ "(.*)smoke_test(.*)" ]
15
16 quality_gates:
17 criterion: "all_success"
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18 exclude:
19 - "./tests/performance/smoke/smoke_test_alternative_scenario.yaml"

GBbiBM; 8XjNX .aG 7Q` *a.G, � aKQF2 h2bib amBi2 u�JG 1t�KTH2

AM GBbiBM; 8XjN r2 `2TQ`i �M 2t�KTH2 Q7 � i2bi bmBi2 bT2+B}+�iBQM 2t2+miBM;
bKQF2 i2bibX h?2 i2bi bmBi2 BM i?2 2t�KTH2 bi�i2b,

�V i?2 i2bib BM+Hm/2/ BM i?2 bmBi2 �`2 i?2 QM2b rBi? H�#2Hb K�i+?BM; i?2
`2;mH�` 2tT`2bbBQM (.*)smoke_test(.*) UHBM2b ORj@OR9Vc

#V i?2 i`B;;2` Q7 i?2 i2bi bmBi2 Bb � TmHH `2[m2bi +QKBM; 7`QK � #`�M+? K�i+?@
BM; i?2 `2;mH�` 2tT`2bbBQM feat-* �M/ i�`;2iBM; i?2 development #`�M+?X
h?2 i2bib �`2 2t2+mi2/ QM i?2 alh #mBHi Qmi Q7 i?2 feat-* #`�M+? +Q/2
#�b2 K2`;2/ rBi? i?2 +Q/2#�b2 BM i?2 development #`�M+? UHBM2b O8@ORkVc

+V i?2 i2bi bmBi2 Bb +QMbB/2`2/ bm++2bb7mH r?2M �HH i?2 2t2+mi2/ i2bib- #mi i?2
QM2 BM/B+�i2/ �i HBM2 ORN- �`2 bm++2bb7mH- BX2X- 2�+? i2bi T�bb2b i?2 [m�HBiv
;�i2b bT2+B}2/ 7Q` i?2 ;Bp2M i2bi UHBM2 ORdVX

1 version: "1.6"
2 name: "Acceptance Tests on Features"
3 description: "Runs all the Acceptance Tests on Pushes to Hotfix branches"
4 suite:
5 triggers:
6 on:
7 push:
8 branches:
9 - "hotfix-*"
10 tests:
11 include_labels: [ "(.*)acceptance_test(.*)" ]
12
13 quality_gates:
14 criterion: "all_success"

GBbiBM; 8X9yX .aG 7Q` *a.G, �M �++2Ti�M+2 h2bib amBi2 u�JG 1t�KTH2

AM GBbiBM; 8X9y r2 `2TQ`i �M 2t�KTH2 Q7 i2bi bmBi2 bT2+B}+�iBQM 2t2+miBM; �+@
+2Ti�M+2 i2bibX AM i?Bb 2t�KTH2- i?2 mb2` Bb /2}MBM; � i2bi bmBi2 iQ #2 2t2+mi2/
QM ?Qi}t2bX h?2 i2bi bmBi2 BM i?2 2t�KTH2 bi�i2b,
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�V i?2 i2bib BM+Hm/2/ BM i?2 bmBi2 �`2 i?2 QM2b rBi? H�#2Hb K�i+?BM; i?2
`2;mH�` 2tT`2bbBQM (.*)acceptance_test(.*) UHBM2b ORy@ORRVc

#V i?2 i`B;;2` Q7 i?2 i2bi bmBi2 Bb � Tmb? iQ #`�M+?2b K�i+?BM; i?2 `2;mH�`
2tT`2bbBQM hotfix-* UHBM2b Od@ONVc

+V i?2 i2bi bmBi2 Bb +QMbB/2`2/ bm++2bb7mH r?2M �HH i?2 2t2+mi2/ i2bib �`2
bm++2bb7mH- BX2X- 2�+? i2bi T�bb2b i?2 [m�HBiv ;�i2b bT2+B}2/ 7Q` i?2 ;Bp2M
i2bi U UHBM2 OR9VX

1 version: "1.6"
2 name: "Regression Tests Suite"
3 description: "Runs all the Regression Tests on a Scheduled basis"
4 suite:
5 triggers:
6 scheduled: true
7 tests:
8 include_labels: [ "(.*)regression_test(.*)" ]
9
10 quality_gates:
11 criterion: "all_success"

GBbiBM; 8X9RX .aG 7Q` *a.G, � _2;`2bbBQM h2bib amBi2 u�JG 1t�KTH2

AM GBbiBM; 8X9R r2 `2TQ`i �M 2t�KTH2 Q7 i2bi bmBi2 bT2+B}+�iBQM 2t2+miBM; `2@
;`2bbBQM i2bibX h?2 i2bi bmBi2 BM i?2 2t�KTH2 bi�i2b,

�V i?2 i2bib BM+Hm/2/ BM i?2 bmBi2 �`2 i?2 QM2b rBi? H�#2Hb K�i+?BM; i?2
`2;mH�` 2tT`2bbBQM (.*)regression_test(.*) UHBM2b Od@O3Vc

#V i?2 i2bi bmBi2 Bb b+?2/mH2/ iQ #2 2t2+mi2/ #v i?2 *Aa Q` i?2 *.a iQQH
mb2/ BM i?2 *a.G Q7 i?2 alh UHBM2b O8@OeVX 6Q` 2t�KTH2- `2;`2bbBQM
i2bib �`2 mbm�HHv b+?2/mH2/ BM /Bz2`2Mi KQK2Mib Q7 i?2 /�vc

+V i?2 i2bi bmBi2 Bb +QMbB/2`2/ bm++2bb7mH r?2M �HH i?2 2t2+mi2/ i2bib �`2
bm++2bb7mH- BX2X- 2�+? i2bi T�bb2b i?2 [m�HBiv ;�i2b bT2+B}2/ 7Q` i?2 ;Bp2M
i2bi UHBM2 ORyVX

8XeX9 h?2 a+�H�@C�p� GB#`�`v
h?2 +QKTH2tBiv �M/ 2tT`2bbBp2M2bb Q7 i?2 T`2b2Mi2/ KQ/2Hb `2[mB`2 iQ #2 T`QT@
2`Hv +Q/B}2/ iQ 2KTQr2` Bi bm++2bb7mHHv- #Qi? 7`QK i?2 mb2` T2`bT2+iBp2- �b r2HH
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�b 7`QK i?2 7`�K2rQ`F T�`i Q7 i?2 T`QpB/2/ �TT`Q�+?X JQ`2Qp2`- r2 �MiB+BT�i2
� bm++2bb7mH miBHBx�iBQM Q7 i?2 �TT`Q�+?- A.1 BMi2;`�iBQM Bb ;QBM; iQ #2 p2`v
BKTQ`i�MiX hQ �+?B2p2 i?Bb- r2 BKTH2K2Mi2/ i?2 KQ/2H BM � bQ7ir�`2 HB#`�`v-
KQbiHv `2�HBx2/ mbBM; C�p� �M/ a+�H� T`Q;`�KKBM; H�M;m�;2bX AM *?�TX e r2
T`QpB/2 KQ`2 /2i�BH �#Qmi ?Qr i?2 HB#`�`v Bb 2K#2//2/ �b T�`i Q7 i?2 T`QTQb2/
�TT`Q�+? �M/ ?Qr Bi Bb 2tTQb2/ iQ i?2 mb2`bX AM i?Bb b2+iBQM r2 ?B;?HB;?i irQ
BKTQ`i�Mi 72�im`2b 2K#2//2/ BM i?2 BKTH2K2Mi2/ HB#`�`v, �V bvMi�+iB+ �M/
b2K�MiB+b p�HB/�iBQM Q7 i?2 KQ/2Hc #V ;2M2`�iBQM Q7 i?2 2tTHQ`�iBQM bT�+2X
h?2 HB#`�`v Bb #mBHi iQ 2pQHp2 rBi? i?2 .aG p2`bBQMbX Ai Bb #mBHi iQ #2 2ti2M/2/-
2Mbm`BM; i?2 +QMbBbi2M+v Q7 i?2 KQ/2H BM i2`Kb Q7 bvMi�t �M/ b2K�MiB+bX

avMi�+iB+ �M/ a2K�MiB+b o�HB/�iBQM

h?2 mb2` bm#KBib i2bi 2t2+miBQM bT2+B}+�iBQMb `2HvBM; QM i2bi #mM/H2bX "v
H2p2`�;BM; i?2 KQ/2H T`2b2Mi2/ BM a2+iX 8X9- i?2 HB#`�`v 2Mbm`2b i?2 bm#KBii2/
bT2+B}+�iBQMb �`2 bvMi�+iB+�HHv �M/ b2K�MiB+�HHv p�HB/ #27Q`2 � i2bi +�M #2 BM@
bi�MiB�i2/X h?Bb Bb p2`v BKTQ`i�Mi BM i?2 +QMi2ti Q7 T2`7Q`K�M+2 i2biBM; �M/
*a.G #2+�mb2 T2`7Q`K�M+2 i2bib mbm�HHv `2[mB`2 � 7�B` �KQmMi Q7 iBK2 iQ #2
2t2+mi2/X aQ 2p2`vi?BM; i?�i +�M #2 p2`B}2/ bi�iB+�HHv Kmbi #2 p2`B}2/ bi�iB@
+�HHv- �M/ 2``QM2Qmb i2bi /2}MBiBQMb Kmbi #2 bTQii2/ 2�`HvX h?2 .aG- *a.G
�M/ alh /2THQvK2Mi /2b+`BTiQ` KQ/2H /2}MBiBQMb bmTTQ`i #v /2bB;M bvMi�+@
iB+ p�HB/�iBQM- #v 2Mbm`BM; 2MiBiB2b +�M #2 T�`b2/ QMHv B7 +Q``2+iHv bi`m+im`2/
�M/ QMHv B7 mbBM; i?2 /�i� ivT2b r2 2M7Q`+2 BM i?2 KQ/2HX 6Q` r?�i +QM+2`M
b2K�MiB+b p�HB/�iBQM- r2 2Mbm`2 i?2 /2}MBiBQM Q7 i?2 i2bi- i?2 i2bi bmBi2- �M/
i?2 alh /2THQvK2Mi /2b+`BTiQ` �`2 +QMbBbi2Mi- #v p2`B7vBM; 2p2`v bBM;H2 2MiBiv
Bb /2}M2/ BM � b2K�MiB+�HHv +Q``2+i r�v U2X;X- /�i� +QHH2+iQ`b `2[mB`BM; +QM};@
m`�iBQMb �`2 bT2+B}2/ B7 bQK2 K2i`B+b +QKTmi2/ QM iQT Q7 T2`7Q`K�M+2 /�i�
+QHH2+i2/ #v i?Qb2 +QHH2+iQ`b �`2 /2+H�`2/ �b Q#b2`p2/ #v i?2 mb2`V- �M/ i?�i
i?2 2MiB`2 /2}MBiBQM ?�b MQi +QM~B+iBM; bi�i2K2Mib U2X;X- r2 �bb2`i i?�i B7 � i2bi
/2}M2b �M 2tTHQ`�iBQM QM i?2 HQ�/ 7mM+iBQM- i?2M i?2 b�K2 Bb MQi �HbQ /2}M2/
�b T�`i Q7 i?2 +QM};m`�iBQMVX q2 �HbQ K�F2 bm`2 i?�i �++Q`/BM; iQ i?2 i2bi ;Q�H
ivT2 bT2+B}2/ #v i?2 mb2`- i?2 i2bi Bb +QMbBbi2Mi �M/ +QKTH2i2 BM i2`Kb Q7 i?2
bT2+B}2/ 2MiBiB2bX q2 �HbQ 2Mbm`2 b2K�MiB+b +Q``2+iM2bb Q7 i?2 i2bi bT2+B}+�iBQM
7Q` i?2 7QHHQrBM; H�M;m�;2 2H2K2Mib,

�V r?2M /�i� +QHH2+iBQM b2`pB+2b �`2 bT2+B}2/- i?2 mb2` Bb 2tT2+i2/ iQ bT2+B7v
Q#b2`p2/ K2i`B+bc

#V B7 MQ Q#b2`p2/ K2i`B+b MQ` /�i� +QHH2+iBQM b2`pB+2b �`2 bT2+B}2/- i?2 HB#`�`v
�//b /27�mHi Q#b2`p2/ K2i`B+b �M/ /�i� +QHH2+iBQM b2`pB+2b- BM+Hm/BM; #Qi?
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+HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b QM �HH i?2 rQ`FHQ�/b UBX2X- `2bTQMb2 iBK2-
H�i2M+v- i?`Qm;?TmiV �M/ b2`p2`@bB/2 T2`7Q`K�M+2 K2i`B+b QM �HH i?2 b2`@
pB+2b UBX2X- CPU- RAM- DISK- �M/ NET miBHBx�iBQMVX AM i?Bb +�b2- i?2 i2bi Bb
b+?2/mH2/ �M/ i?2 mb2` Bb BM7Q`K2/c

+V r2 2Mbm`2 i?2 max_time �M/ i?2 max_number_of_experiments bT2+B}+�iBQM
�`2 +QMbBbi2Mi rBi? i?2 HQ�/ 7mM+iBQM �M/ i?2 �KQmMi Q7 2tT2`BK2Mib iQ
#2 2t2+mi2/c

/V r2 2Mbm`2- r?2M operations /2+H�`2 /2T2M/2M+B2b iQ data_sources 7Q`
`2i`B2pBM; /�i�- i?�i i?2 `272`2M+2/ }H2b �`2 T`QpB/2/ �b T�`i Q7 i?2 test
bundle �M/ �`2 T�`b�#H2 �++Q`/BM; iQ i?2 bT2+B}+�iBQM BM i?2 data_sourceX
q2 /Q i?2 b�K2 r?2M operations `272` iQ "SJL kXy KQ/2Hb 7Q` wfmsbc

2V r2 2Mbm`2 i?2 mix bT2+B}+�iBQM Bb +QMbBbi2Mi rBi? i?2 operations bT2+B}@
+�iBQMc

7V r2 2Mbm`2 i?2 TQTmH�`Biv bT2+B}+�iBQM 7Q` #Qi? i?2 workload �M/ i?2
workload item Bb +QMbBbi2Mi �M/ 7Q` 2�+? 2MiBiv bmKb mT iQ RyyW- �7i2`
�miQK�iB+�HHv �//BM; i?2 QKBii2/ popularity }2H/bc

;V r2 2Mbm`2 i?�i- r?2M � T`2/B+iBp2 KQ/2H Bb bT2+B}2/ �b
exploration_strategy- i?2 mean_absolute_error Bb bT2+B}2/ �b T�`i Q7
i?2 [m�HBiv ;�i2bc

?V r2 2Mbm`2 i?2 rQ`FHQ�/ bT2+B}+�iBQM Bb +QMbBbi2Mi rBi? i?2 `2bQm`+2b �p�BH@
�#H2 QM i?2 i2bi BM7`�bi`m+im`2 7Q` HQ�/ /`Bp2`bX 6Q` 2t�KTH2- r2 2Mbm`2
i?2 i2bi BM7`�bi`m+im`2 +�M bBKmH�i2 i?2 `2[m2bi2/ �KQmMi Q7 mb2`bX

6Q` i?2 b2K�MiB+b +Q``2+iM2bb Q7 i?2 i2bi bmBi2 bT2+B}+�iBQM r2 2Mbm`2,

�V i?2 i2bi bmBi2 bT2+B}2b �i H2�bi QM2 i`B;;2`c

#V i?2 i2bi bmBi2 b2H2+iBQM +`Bi2`B� BM+Hm/2 �i H2�bi QM2 i2bic

+V i?2 Zm�HBiv :�i2b �`2 �TTHB2/ �i H2�bi iQ QM2 i2bi- �7i2` 2t+Hm/BM; i?2
i2bib bT2+B}2/ �b excludeX

6Q` i?2 b2K�MiB+b +Q``2+iM2bb Q7 i?2 alh /2THQvK2Mi /2b+`BTiQ` bT2+B}+�iBQM
r2 K�F2 bm`2 i?�i r?2M i?2 bT2+B}+�iBQM Q7 i?2 i2bi BM+Hm/2b i?2 /2THQvK2Mi
Q7 i?2 alh- r2 p�HB/�i2 i?�i i?2 T`QpB/2/ �M/ ;2M2`�i2/ /2THQvK2Mi /2b+`BT@
iQ`b �`2 +QMbBbi2Mi BM i2`Kb Q7 `2bQm`+2 /2K�M/ U7Q` CPU- RAM- DISK- �M/ NETV
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Entity YAML Specification
Parse to YAML Object

Parse + Syntactic 
Validation Semantic Validation

Entity 
RepresentationException

6B;m`2 8XjjX h?2 .aG S�`bBM; �M/ o�HB/�iBQM S`Q+2bb

�++Q`/BM; iQ i?2 `2bQm`+2b �p�BH�#H2 QM i?2 /2THQvK2Mi BM7`�bi`m+im`2 7Q` i?2
i2biX
h?2 b2K�MiB+b +?2+Fb K2MiBQM2/ �#Qp2- �`2 BKTQ`i�Mi iQ ;m�`�Mi22 i?2 mb2` Bb
b+?2/mHBM; � i2bi Q` i2bi bmBi2 i?�i +�M 7�BH QMHv BM +�b2 bQK2i?BM; mM2tT2+i2/
?�TT2Mb /m`BM; i?2 2t2+miBQM �i `mMiBK2- 2X;X- i?2 alh 7�BHb i?2 /2THQvK2Mi Q`
?�b �M 2``Q` BM ?�M/HBM; i?2 Bbbm2/ HQ�/X A7 bvMi�+iB+ �M/fQ` b2K�MiB+b +?2+Fb
7�BH- i?2 mb2` Bb r�`M2/ BKK2/B�i2Hv bQ b?2 ?�b i?2 QTTQ`imMBiv iQ BKT`Qp2 i?2
i2bi- i2bi bmBi2 Q` alh /2THQvK2Mi /2b+`BTiQ` bT2+B}+�iBQMb #27Q`2 bm#KBiiBM;
Bi 7Q` 2t2+miBQMX
AM 6B;X 8Xjj r2 `2TQ`i i?2 T�`bBM; �M/ p�HB/�iBQM T`Q+2bbX h?2 bvMi�+iB+ +?2+Fb
�`2 +�``B2/ Qmi }`bi �M/ 2M�#H2 i?2 HB#`�`v iQ p�HB/�i2 i?�i i?2 ivT2b �`2 +Q``2@
bTQM/BM; iQ i?2 K2i�@KQ/2H BM 6B;X 8XRX h?2 BKTH2K2Mi�iBQM r2 T`QpB/2 BM i?Bb
i?2bBb Bb #�b2/ QM i?2 rQ`F BM (.Ƕ�pB+Q- kyRe) �M/ (6BM/�?H- kyRd)X JQ`2 /2i�BHb
QM i?2 �+im�H i2+?MB+�H BKTH2K2Mi�iBQM +�M #2 7QmM/ QM i?2 K2MiBQM2/ i?2b2bX
h?2b2 +?2+Fb �`2 T�`i Q7 i?2 T�`bBM; 7`QK i?2 u�JG i2ti 7Q`K�i BMiQ i?2 .aG-
Q` *a.G- Q` alh /2THQvK2Mi /2b+`BTiQ` �++Q`/BM; iQ i?2 �+im�H bT2+B}+�iBQM
;2iiBM; T�`b2/X h?2 }`bi bi2T Q7 i?2 T�`bBM; Bb iQ +QMp2`i i?2 bi`BM; `2T`2b2Mi�@
iBQM BMiQ �M �#bi`�+i avMi�t h`22 U�ahV Q` YAML ObjectX q?2M KQ`2 i?�M QM2
u�JG bT2+B}+�iBQM 7Q` � bBM;H2 K2i�@KQ/2H Bb T`QpB/2/- 2X;X- #2+�mb2 i?2 mb2`
Bb Qp2``B/BM; bT2+B}+�iBQMb 7Q` `2mb�#BHBiv- i?2 T�`b2/ bT2+B}+�iBQMb �`2 K2`;2/
�7i2` i?2 T�`bBM; iQ �M �ah �M/ i?2 `2bmHi Bb mb2/ 7Q` i?2 M2ti bi2TbX q?2M
K2`;BM; i?2 bT2+B}+�iBQM- �M/ 2bT2+B�HHv r?2M Qp2``B/2b �`2 BMpQHp2/- i?2 �ah
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2Mbm`2b +QMbBbi2M+v �M/ +Q``2+iM2bbX h?2 2t+2TiBQM K2bb�;2b ;2M2`�i2/ r?2M
`2�/BM; � u�JG }H2 �Hr�vb +QMi�BM i?2 key r?2`2 �M 2``Q` Bb /2i2+i2/- `272``BM;
iQ i?2 �+im�H 2MiBiv BM i?2 K2i�@KQ/2H r?2`2 i?2 2``Q` Bb T`2b2MiX 6Q` BMbi�M+2
B7 i?2 mb2` 7Q`;2ib iQ bT2+B7v � goal type Q` i?2 goal type Bb MQi FMQrM iQ i?2
bvbi2K- i?2 mb2` rQmH/ ;2i � K2bb�;2 +QMi�BMBM; ǳ+QM};m`�iBQMX;Q�HXivT2Ǵ iQ
2�bBHv i`�+2 #�+F i?2 2``Q` BM i?2 u�JG }H2X �7i2` 2Mbm`BM; i?2 bT2+B}+�iBQMb
+�M #2 +Q``2+iHv T�`b2/ �++Q`/BM; iQ i?2 u�JG bi�M/�`/- r2 T�`b2 i?2 u�JG
bT2+B}+�iBQM iQ � C�p� �M/ a+�H� `2T`2b2Mi�iBQM Q7 i?2 +Q``2bTQM/BM; K2i�@
KQ/2H �M/ 2Mbm`2 i?2 bvMi�+iB+ Q7 i?2 b�K2 Bb +QMbBbi2MiX �7i2` 2Mbm`BM; i?2
bT2+B}+�iBQM Bb bvMi�+iB+�HHv +Q``2+i- r2 �TTHv i?2 b2K�MiB+ +?2+Fb iQ �HH i?2
2MiBiB2b- iQ ;m�`�Mi22 i?2 bT2+B}+�iBQM Bb +QMbBbi2Mi �++Q`/BM; iQ i?2 b2K�MiB+b
Q7 i?2 K2i�@KQ/2H �M/ i?2 `2bQm`+2b �p�BH�#H2 QM i?2 i2bi BM7`�bi`m+im`2X q?2M
�HH i?2 bi2Tb BM i?2 T�`bBM; T`Q+2bb �`2 +QKTH2i2- i?2 u�JG 2MiBiB2b bT2+B}+�@
iBQMb �`2 T�`b2/ BMiQ C�p� �M/ a+�H� 2MiBiv `2T`2b2Mi�iBQMbX A7 QM i?2 Qi?2` 2M/-
bQK2 2t+2TiBQMb �`2 i?`QrM /m`BM; i?2 T�`bBM; T`Q+2bb r2 `2TQ`i i?Bb #�+F iQ
i?2 mb2` �M/ biQT i?2 2t2+miBQM Q7 �Mv 7m`i?2` bi2TbX 6Q` r?�i +QM+2`M 2tT2`@
BK2Mib bT2+B}+�iBQM �M/ ;2M2`�i2/ alh /2THQvK2Mi /2b+`BTiQ` KQ/2Hb- 2X;X-
r?2M 2tTHQ`�iBQM bT�+2b �`2 BMpQHp2/- � bBKBH�` T`Q+2bb Bb 7QHHQr2/ r?2M i?2v
�`2 T�`b2/X h?2 /Bz2`2M+2 Bb i?�i i?2 bT2+B}+�iBQMb 7Q` i?2 K2MiBQM2/ 2MiBiB2b
�`2 ;2M2`�i2/ Qmi Q7 i?2 C�p� �M/ a+�H� KQ/2H bQ i?2v �`2 p�HB/�i2/ #v /2bB;M
�M/ MQ 2t+2TiBQM Bb 2tT2+i2/ r?2M T�`b2/ #v i?2 HB#`�`vX

*QKTmi�iBQM Q7 1tTHQ`�iBQM aT�+2

aQK2 Q7 i?2 bmTTQ`i2/ i2bi ;Q�Hb- `2[mB`2 i?2 +QKTmi�iBQM Q7 � T2`7Q`K�M+2
2tTHQ`�iBQM bT�+2 �++Q`/BM; iQ T`QpB/2/ bT2+B}+�iBQMbX q2 bmTTQ`i i?2 ;2M2`@
�iBQM Q7 i?2 2tTHQ`�iBQM bT�+2 �b T�`i Q7 i?2 BKTH2K2Mi2/ HB#`�`vX h?Bb �HHQrb
mb iQ ;2M2`�i2 �HH i?2 2tT2`BK2Mib T�`i Q7 i?2 2tTHQ`�iBQM bT�+2 �miQK�iB+�HHv-
�M/ 2Mbm`2 i?2v �`2 +QMbBbi2Mi rBi? i?2 bT2+B}+�iBQM �M/ bmTTQ`i2/ #v i?2
mM/2`HvBM; i2bi BM7`�bi`m+im`2X h?2 2tTHQ`�iBQM bT�+2 +QmH/ 2tTHQ/2 BM i2`Kb
Q7 i?2 MmK#2` Q7 2tT2`BK2Mib M22/BM; iQ #2 b+?2/mH2/- �M/ +QMb2[m2MiHv BM
i2`Kb Q7 iBK2X hQ ?2HT i?2 mb2` BM #2ii2` mM/2`bi�M/BM; i?2 iBK2 �M/ bT�+2
`2[mB`2K2Mib Q7 i?2 bT2+B}2/ i2bi �M/ i2bi bmBi2- r2,

�V r�`M i?2 mb2` B7 i?2 iQi�H 2t2+miBQM iBK2 Q7 i?2 i2bi Q` i?2 i2bi bmBi2 Bb
�#Qp2 9 ?Qm`b �++Q`/BM; iQ i?2 MmK#2` Q7 2tT2`BK2Mi �M/ i`B�Hb- �M/ i?2
HQ�/ 7mM+iBQM bT2+B}+�iBQMc

#V r�`M i?2 mb2` B7 i?2 MmK#2` Q7 bT2+B}2/ 2tT2`BK2Mib BM i?2 2tTHQ`�iBQM
bT�+2 2t+22/b RyX
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h?2 �+im�H i?`2b?QH/b K2MiBQM2/ BM i?2 T`2pBQmb +?2+Fb `2T`2b2Mi i?2 /27�mHi
QM2bX h?2v +�M #2 +mbiQKBx2/ #v i?2 mb2` �b T�`i Q7 i?2 +QM};m`�iBQM Q7 i?2
7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X qBi? i?2b2 irQ +?2+Fb �M/ +QMb2@
[m2Mi r�`MBM;b iQ i?2 mb2`- r2 2Mbm`2 i?2 mb2` Bb b+?2/mHBM; i?2 i2bi FMQrBM;
i?2 �+im�H /m`�iBQM iBK2 �M/ i?2 MmK#2` Q7 2tT2`BK2MibX q2 `2TQ`i #�+F iQ
i?2 mb2`- �HQM; rBi? i?2 r�`MBM;- i?2 �+im�H 2tT2+i2/ KBMBKmK /m`�iBQM iBK2-
�M/ i?2 MmK#2` Q7 2tT2`BK2Mib T�`i Q7 i?2 i2bi- �b r2HH �b �M BM/B+�iBQM Q7
i?2 2tT2+i2/ MmK#2` Q7 i`B�HbX A7 i?2 mb2` /2+B/2b iQ b+?2/mH2 i?2 i2bi �Mvr�v-
r2 2Mbm`2 i?2 �+im�H MmK#2` Q7 2tT2`BK2Mib BM i?2 2tTHQ`�iBQM bT�+2 +�M #2
bT2+B}2/ �M/ ?2H/ BM C�p� �M/ a+�H� T`Q;`�KKBM; H�M;m�;2b ivT2bX
�b T2` i?2 bT2+B}+�iBQM- r2 ;2M2`�i2 i?2 2tTHQ`�iBQM bT�+2 #v +QKTmiBM; i?2
*�`i2bB�M T`Q/m+i rBi?Qmi `2T2iBiBQMb Q7 �HH i?2 /BK2MbBQMb �M/ i?2 p�Hm2b
�bbB;M2/ iQ i?Qb2 /BK2MbBQMb- bT2+B}2/ #v i?2 mb2` BM i?2 exploration_space
b2+iBQM Q7 i?2 i2bi bT2+B}+�iBQMX h?2 BKTH2K2Mi�iBQM BM i?Bb i?2bBb Bb #�b2/ QM
i?2 rQ`F BM (6BM/�?H- kyRd)X JQ`2 /2i�BHb QM i?2 �+im�H i2+?MB+�H BKTH2K2Mi�@
iBQM +�M #2 7QmM/ BM i?2 K2MiBQM2/ i?2bBbX

1 case class ExplorationSpace(
2 size: Int,
3 usersDimension: Option[List[NumUsers]],
4 cpuDimension: Option[Map[ServiceName, List[Millicores]]],
5 memoryDimension: Option[Map[ServiceName, List[Bytes]]],
6 configurationDimension: Option[Map[ServiceName, Map[VariableName,

List[VariableValue]]]]!→

7 )

GBbiBM; 8X9kX 1tTHQ`�iBQM aT�+2 .�i� ai`m+im`2

GBbiBM; 8X9k /2TB+ib i?2 ExplorationSpace /�i� bi`m+im`2- r?2`2 r2 biQ`2 i?2
2tTHQ`�iBQM bT�+2 /BK2MbBQMbX h?Bb /�i� bi`m+im`2 biQ`2b- 7Q` 2�+? p�`B�#H2-
�HH i?2 TQbbB#H2 p�Hm2b i?2 p�`B�#H2 i�F2b 7QHHQrBM; i?2 Q`/2` Q7 bT2+B}+�iBQM
�++Q`/BM; iQ i?2 KQ/2HX 6Q` BMbi�M+2 iQ ;2i i?2 +QM};m`�iBQM Q7 i?2 }`bi
2tTHQ`�iBQM TQBMi i?2 BM/2t U0V Bb mb2/ iQ �++2bb i?2 p�Hm2 Q7 i?2 p�`B�#H2 BM
2�+? ListX "v mbBM; i?2 Option�H a+�H� ivT2 r2 +�M BM+Hm/2 Q` QKBi � p�`B�#H2
r?BH2 �i i?2 b�K2 iBK2 F22TBM; i?2 b�K2 Qp2`�HH /�i� bi`m+im`2 BM �HH +�b2bX AM
i?2 ExplorationSpace r2 �HbQ biQ`2 i?2 size U2X;X- i?2 MmK#2` Q7 TQBMib BM i?2
2tTHQ`�iBQM bT�+2V iQ 2M�#H2 2�bv �++2bb BM p�`BQmb T�`ib Q7 i?2 +Q/2 UHBM2 OkVX
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1 case class ExplorationSpaceDimensions(
2 users: Option[List[NumUsers]],
3 cpu: Option[Map[ServiceName, List[Millicores]]],
4 memory: Option[Map[ServiceName, List[Bytes]]],
5 configuration: Option[Map[ServiceName, Map[VariableName,

List[VariableValue]]]]!→

6 )

GBbiBM; 8X9jX 1tTHQ`�iBQM aT�+2 .BK2MbBQMb .�i� ai`m+im`2

hQ ;2M2`�i2 i?2 ExplorationSpace- r2 mb2 i?2 *�`i2bB�M T`Q/m+i- �M/ r2 `2@
KQp2 `2T2iBiBQMbX aBM+2 i?2 *�`i2bB�M T`Q/m+i Bb /2i2`KBMBbiB+ Bi Bb TQbbB#H2 iQ
+�H+mH�i2 2�+? +QK#BM�iBQM UBX2X- 2tTHQ`�iBQM TQBMi +QM};m`�iBQMV p�`B�#H2 #v
p�`B�#H2X

1 GENERATE-EXPLORATION-SPACE(ExplorationSpaceDimensions)
2 explorationSpace = {}
3 size = CALCULATE-SIZE(ExplorationSpaceDimensions)
4 blockSize = size
5 FOR each variable(v) in ExplorationSpaceDimensions
6 blockSize = blockSize / v.values.length
7 order = COMPUTE-ORDER-OF-VALUES(blockSize, v.values.length, size)
8 explorationSpace[v] = REPLACE-WITH-VALUES(order, v.values)
9 return (size, explorationSpace)
10

11 CALCULATE-SIZE(ExplorationSpaceDimensions)
12 sizes = []
13 FOR each variable(v) in ExplorationSpaceDimensions
14 sizes.add(v.values.length)
15 IF sizes.length == 0
16 size = 0
17 ELSE
18 size = 1
19 FOR each size(s) in sizes
20 size = size * s
21 return size
22

23 COMPUTE-ORDER-OF-VALUES(blockSize, numValues, listLength)
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24 order = []
25 FOR i = 0 to listLength / (blockSize * numValues)
26 FOR value = 0 to numValues
27 order = order + FILL(blockSize, value)
28 return order

GBbiBM; 8X99X 1tTHQ`�iBQM aT�+2 :2M2`�iBQM �H;Q`Bi?K

GBbiBM; 8X99 /2b+`B#2b i?2 �H;Q`Bi?K mb2/ 7Q` ;2M2`�iBM; i?2 2tTHQ`�iBQM
bT�+2 BM Tb2m/Q@+Q/2X h?2 �H;Q`Bi?K Bb �TTHB2/ iQ i?2 /�i� biQ`2/ BM
i?2 ExplorationSpaceDimensions /�i� bi`m+im`2 `2TQ`i2/ BM GBbiBM; 8X9jX
ExplorationSpaceDimensions biQ`2b �HH i?2 TQbbB#H2 p�Hm2b 7Q` 2�+? /BK2MbBQM-
�b bT2+B}2/ #v i?2 mb2` BM i?2 i2bi bT2+B}+�iBQMX 6B`bi- r2 +�H+mH�i2 i?2 iQi�H
bBx2 Q7 i?2 2tTHQ`�iBQM bT�+2 #v KmHiBTHvBM; i?2 MmK#2` Q7 TQbbB#H2 p�Hm2b 7Q`
2�+? p�`B�#H2 UHBM2 Oj `272`2M+BM; iQ HBM2b ORR@OkRVX 6Q` 2�+? p�`B�#H2- r2
i?2M +QKTmi2 i?2 Q`/2` Q7 i?2 p�Hm2b bQ i?�i r2 ;2i �HH TQbbB#H2 +QK#BM�iBQMb
UHBM2 Od `272`2M+BM; HBM2b Okj@Ok3VX h?2 blocksize Bb mb2/ iQ F22T i`�+F Q7 i?2
MmK#2` Q7 `2T2iBiBQMb Q7 � bT2+B}+ p�Hm2 �M/ Bb mT/�i2/ �7i2` 2�+? /BK2MbBQMX
AM COMPUTE-ORDER-OF-VALUES r2 mb2 i?2 FILL 7mM+iBQM iQ ;2M2`�i2 � HBbi Q7 i?2
bBx2 blockSize i?�i Bb }HH2/ rBi? � ;Bp2M valueX �7i2` i?2 Q`/2` Bb +QKTmi2/
r2 `2TH�+2 i?2 BM/B+2b rBi? i?2 `2�H p�Hm2b BM i?2 REPLACE-WITH-VALUES K2i?Q/
UHBM2 O3VX 6Q` BMbi�M+2 B7 i?2`2 �`2 irQ p�Hm2b �M/ i?2 blockSize Bb 2 �M/ i?2
bBx2 Q7 i?2 2tTHQ`�iBQM bT�+2 Bb 2∗2= 4- COMPUTE-ORDER-OF-VALUES rQmH/ `2im`M
[0,0,1,1]- �M/ B7 i?2 blockSize Bb 1 Bi rQmH/ `2im`M [0,1,0,1]X Pp2`�HH i?Bb
vB2H/b i?2 *�`i2bB�M T`Q/m+i UBX2X- �HH TQbbB#H2 +QK#BM�iBQMb Q7 p�Hm2b rBi?Qmi
`2T2iBiBQMV, [(0,0),(0,1),(1,0),(1,1)]X
AM 6B;m`2 8Xj9 r2 b?Qr � +QM+`2i2 2t�KTH2 Q7 i?2 2tTHQ`�iBQM bT�+2 ;2M2`�@
iBQM Q7 size = 6- r?2`2 irQ /BK2MbBQMb- mb2`b �M/ K2KQ`v- �`2 bT2+B}2/X h?Bb
�H;Q`Bi?K ?�b � +QKTH2tBiv Q7 O(N) r?2`2 N Bb i?2 2tTHQ`�iBQM bT�+2 bBx2X
�Hi?Qm;? i?2`2 KB;?i 2tBbi bBKBH�` �H;Q`Bi?Kb rBi? HQr2` +QKTH2tBiv- i?2 �H;Q@
`Bi?K /2b+`B#2/ ?2`2 bm{+2 #2+�mb2 i?2 +QKTmi�iBQM�H iBK2 Bb � 7`�+iBQM Q7 i?2
iBK2 Bi i�F2b iQ `mM i?2 T2`7Q`K�M+2 i2bi Bib2H7X �Hi?Qm;? i?2`2 Bb � i?2Q`2iB+�H
TQbbB#BHBiv Q7 � bT�+2 2tTHQbBQM BM T`�+iB+2 i?2 HBF2HB?QQ/ Bb KBMBK�H r?2M r2
+QMbB/2` i?2 /QK�BM Bi Bb mb2/ 7Q`- �M/ i?2 i?`2b?QH/b BM TH�+2 7Q` i?2 MmK#2`
Q7 2tT2`BK2Mi �M/ 2tTHQ`�iBQM bT�+2 /BK2MbBQMbX
hQ 2ti2M/ i?2 1tTHQ`�iBQM aT�+2 rBi? �//BiBQM�H p�`B�#H2b Bi Bb M2+2bb�`v iQ �//
Bi iQ i?2 i2bi bT2+B}+�iBQM K2i�@KQ/2H- i?2 1tTHQ`�iBQMaT�+2- �M/ i?2 1tTHQ@
`�iBQMaT�+2.BK2MbBQMb /�i� bi`m+im`2b- �b r2HH �b iQ i?2 ~�ii2MBM; �H;Q`Bi?KX
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h?2 7QHHQrBM; 2tTHQ`�iBQM bT�+2,

Ç users = [500,1000,1500]

Ç memory = [256Mi,512Mi] U7Q` � ;Bp2M b2`pB+2V

vB2H/b iQ i?2 7QHHQrBM; 2tTHQ`�iBQM bT�+2 +QKTmi�iBQM,

RX size = 3*2 = 6

kX blockSize = size = 6 (updated after each step below)

jX usersDimension:

U�V blockSize = blockSize/v.values.length = 6/3 = 2

U#V order = [0,0,1,1,2,2]

U+V explorationSpace[usersDimension] =
[500,500,1000,1000,1500,1500]

9X memoryDimension:

U�V blockSize = blockSize/v.values.length = 2/2 = 1

U#V order = [0,1,0,1,0,1]

U+V explorationSpace[memoryDimension] =
[256Mi,512Mi,256Mi,512Mi,256Mi,512Mi]

8X explorationSpace = (usersDimension, memoryDimension) =
[(500, 256Mi), (500, 512Mi), (1000, 256Mi), (1000, 512Mi), (1500,
256Mi), (1500, 512Mi)]

6B;m`2 8Xj9X � *QM+`2i2 1tTHQ`�iBQM aT�+2 :2M2`�iBQM 1t�KTH2
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h?Bb �HHQrb mb iQ ?�p2 +QMi`QH BM i?2 2ti2MbBQM Q7 i?2 2tTHQ`�iBQM bT�+2- �i i?2
2tT2Mb2 Q7 � HBiiH2 Qp2`?2�/- iQ 2Mbm`2 i?2 i2bi bT2+B}+�iBQM Bb +QMbBbi2MiX

8Xd *QM+Hm/BM; _2K�`Fb
AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 /2+H�`�iBp2 .aG r2 T`QTQb2 7Q` T2`7Q`K�M+2
i2bi �miQK�iBQM- �M/ BMi2;`�iBQM rBi? i?2 *a.GX q2 BHHmbi`�i2 i?2 K2i�@KQ/2H
�M/ i?2 KQ/2H Q7 i?2 2MiBiB2b Q7 i?2 H�M;m�;2- �b r2HH �b i?2 u�JG b2`B�HBx�iBQM
bT2+B}+�iBQM r2 T`QTQb2 �b i?2 `2T`2b2Mi�iBQM Q7 i?2 KQ/2H iQ i?2 mb2`b �M/ i?2
HB#`�`v r2 /2p2HQT iQ +Q/B7v i?2 .aGX q2 �HbQ T`2b2Mi +QKT`2?2MbBp2 2t�KTH2b
Q7 bT2+B}+�iBQMb 7Q` i?2 /Bz2`2Mi 2H2K2Mib Q7 i?2 KQ/2H- �b r2HH �b 7Q` i?2
/Bz2`2Mi bmTTQ`i2/ i2bi ;Q�HbX q2 �HbQ /Bb+mbb ?Qr i?2 T`QpB/2/ .aG Bb mb2/
iQ p�HB/�i2 i?2 i2bi bT2+B}+�iBQMb- �M/ ?Qr r2 `2Hv QM i?2 .aG iQ ;2M2`�i2 i?2
2MiB`2 b2i Q7 2tT2`BK2Mib- �M/ alh /2THQvK2Mi /2b+`BTiQ`b M22/2/ iQ �+?B2p2
i?2 ;Q�H bT2+B}2/ �b T�`i Q7 i?2 i2biX h?2 T`QTQb2/ .aG i�+FH2 _X:X k T`2b2Mi2/
BM a2+iX RXkXRX Ai �HHQrb mb2`b iQ /2+H�`�iBp2Hv bT2+B7v T2`7Q`K�M+2 i2bib �M/
i?2B` �miQK�iBQM T`Q+2bb2b +Q/B7vBM; i?2 mb2`bǶ ;Q�H �M/ Qz2`BM; �M �#bi`�+iBQM
H�v2` 7Q` i?2 mb2`b iQ bT2+B7v �HH i?2 /�i� M22/2/ 7Q` i?2 �miQK�i2/ 2t2+miBQM
Q7 T2`7Q`K�M+2 i2bib Qmi Q7 i?2 T`QTQb2/ +�i�HQ;X h?2 .aG Bb mb2/ �b i?2 BMTmi
7Q` i?2 7`�K2rQ`F T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? r2 T`2b2Mi BM *?�TX e- i�FBM;
+�`2 Q7 2t2+miBM; i?2 T2`7Q`K�M+2 i2bib �++Q`/BM; iQ i?2 bT2+B}+�iBQMX h?2
T`QTQb2/ .aG 7Q` *a.G i�+FH2 _X:X 9 T`2b2Mi2/ BM a2+iX RXkXRX Ai �HHQrb i?2
BMi2;`�iBQM Q7 i?2 T`QTQb2/ .aG 7Q` �miQK�i2/ T2`7Q`K�M+2 i2bi 2t2+miBQM- BM
i?2 *a.GX q2 7�+BHBi�i2 i?2 BMi2;`�iBQM- #v T`QpB/BM; /2+H�`�iBp2 �#bi`�+iBQMb
�HHQrBM; iQ K�T *a.G 2p2Mib iQ i2bi bmBi2b Q7 i2bib /2}M2/ mbBM; i?2 T`QTQb2/
.aGX h?2 HB#`�`v +Q/B7vBM; i?2 .aG �HHQrb 7Q` BMi2;`�iBQM rBi? Qi?2` iQQHb T�`i
Q7 i?2 *a.G- `2HvBM; QM i?2 HB#`�`v iQ T�`b2- b2`B�HBx2 Q` ;2M2`�i2 T2`7Q`K�M+2
i2bibX



*?�Ti2` e

"2M+?6HQr, � 6`�K2rQ`F 7Q`
.2+H�`�iBp2 S2`7Q`K�M+2 h2biBM;

eXR AMi`Q/m+iBQM �M/ _2[mB`2K2Mib
AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 "2M+?6HQr 7`�K2rQ`FX h?2 7`�K2rQ`F +QK@
TH2i2b i?2 T`QTQb2/ .S1 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM;- #v T`QpB/BM; �M/
K�M�;BM; i?2 mM/2`HvBM; BM7`�bi`m+im`2 7Q` i2bi b+?2/mHBM;- 2t2+miBQM- �M/ T2`@
7Q`K�M+2 K2i`B+b +QKTmi�iBQM i?�i +�M #2 T`Q;`�KK2/ mbBM; i?2 .aG T`Q@
TQb2/ BM *?�TX 8X h?2 7`�K2rQ`F Bb /2bB;M2/ iQ +QKTH2i2Hv �bbBbi i?2 mb2` BM
�HH i?2 �+iBpBiB2b i?�i M22/ iQ #2 2t2+mi2/ 7Q` �miQK�iBM; T2`7Q`K�M+2 i2bib
2t2+miBQM- bm+? �b i2bi b+?2/mHBM;- ?�M/HBM; Q7 HQ�/ �M/ alh /2THQvK2Mi BM@
7`�bi`m+im`2- /2THQvBM; i?2 alh- BbbmBM; i?2 rQ`FHQ�/- +QHH2+iBM; +HB2Mi@ �M/
b2`p2`@bB/2 /�i�- mM/2THQvBM; i?2 alh �M/ /�i� �M�HvbBbX h?2 7`�K2rQ`F ?�b
#22M M�K2/ "2M+?6HQr �7i2` i?2 "2M+?6HQr T`QD2+i T`2b2Mi2/ BM a2+iX RX8X
6B;m`2 eXR T`2b2Mi i?2 ?B;?@H2p2H pB2r Q7 i?2 "2M+?6HQr KQ/2H@/`Bp2M 7`�K2@
rQ`F- i?2 /Bz2`2Mi bi�;2b BMpQHp2/ 7Q` � bm++2bb7mH /2+H�`�iBp2 T2`7Q`K�M+2 i2bi@
BM; �miQK�iBQM- �M/ i?2 K�BM BMTmi �M/ QmiTmi /�i� Q7 i?2 /Bz2`2Mi bi�;2bX
h?2 "2M+?6HQr 7`�K2rQ`F �miQK�i2b i?2 2M/@iQ@2M/ 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib- #v 2t2+miBM; �HH i?2 �+iBpBiB2b i?�i �`2 M22/2/ iQ �Mbr2` i?2 T2`7Q`K�M+2
BMi2Mi Q7 i?2 mb2`- /2+H�`2/ �b i?2 ;Q�H Q7 i?2 T2`7Q`K�M+2 i2biX h?2 }`bi bi�;2
Bb i?2 1tTHQ`�iBQM bi�;2X h?2 2tTHQ`�iBQM T?�b2 ?�M/H2b i?2 r�v � T2`7Q`K�M+2
i2bi Bb 2t2+mi2/ iQ `2�+? Bib ;Q�H- �M/ Bi Bb i?2 +2Mi`�H T?�b2 Q7 i?2 HB72+v+H2X AM
i?Bb bi�;2- i?2 mb2`b �`2 2tT2+i2/ iQ T`QpB/2 i?2 i2bi bT2+B}+�iBQMb- �b r2HH �b
i2bi /�i� �M/ � alh /2THQvK2Mi /2b+`BTiQ` �b T�`i Q7 i?2 bQ@+�HH2/ i2bi #mM/H2X
q?2M � i2bi bmBi2 Bb BMpQHp2/- i?2 mb2` T`QpB/2b i?2 i2bi bmBi2 #mM/H2 �b r2HHX
h?2 i2bi #mM/H2- �7i2` #2BM; p2`B}2/ 7Q` bvMi�+iB+ �M/ b2K�MiB+b +Q``2+iM2bb- Bb

kkj



kk9 eXR AMi`Q/m+iBQM �M/ _2[mB`2K2Mib

Experiment Execution

Exploration
Execution

Analysis
Test Bundle: 

Test Suite / Test YAML + 
SUT Deployment 

Descriptor YAML + Files

Metrics

Failures

Result Analysis

Goal Exploration
Experiment 
Generation

Experiment Bundle:
Experiment YAML + SUT Deployment 

Descriptor YAML + Files

Success 
ExecutionErrors

6B;m`2 eXRX "2M+?6HQr 6`�K2rQ`F, >B;?@G2p2H .B�;`�K

mb2/ iQ ;2M2`�i2 i?2 �+im�H 2tT2`BK2Mib iQ #2 2t2+mi2/- BM � T`Q+2bb `272`2M+2/
iQ �b :Q�H 1tTHQ`�iBQMX q?2M � i2bi bmBi2 #mM/H2 Bb bm#KBii2/- Bi Bb �HbQ p2`B@
}2/ 7Q` bvMi�+iB+ �M/ b2K�MiB+b +Q``2+iM2bbX h?2 /Bz2`2Mi 2tT2`BK2Mi #mM/H2b-
+?�`�+i2`Bx2/ #v i?2 2tT2`BK2Mi bT2+B}+�iBQM- � alh /2THQvK2Mi /2b+`BTiQ`-
�M/ 2tT2`BK2Mi /�i�- �`2 mb2/ �b BMTmi 7Q` i?2 1tT2`BK2Mi :2M2`�iBQMX PM+2
2tT2`BK2Mib �`2 ;2M2`�i2/- �M/ `2�/v iQ #2 b+?2/mH2/ QM i`B�H 2t2+miBQM 7`�K2@
rQ`Fb- i?2 1t2+miBQM bi�;2 Bb BMpQHp2/X AM i?2 2t2+miBQM bi�;2- T2`7Q`K�M+2
2tT2`BK2Mib �M/ i?2B` /Bz2`2Mi i`B�Hb �`2 2t2+mi2/ `2HvBM; QM 6�#�M Q` CJ2i2`
�M/ .Q+F2`X 1tT2`BK2Mi 2t2+miBQM +�M 2Bi?2` #2 bm++2bb7mH Q` 7�BHBM;- �M/ i?2
Qmi+QK2 Bb T`QpB/2/ #�+F iQ i?2 :Q�H 1tTHQ`�iBQM iQ #2 mb2/ 7Q` 2tTHQ`�iBQM /2@
+BbBQMbX �i i?2 2M/ Q7 2�+? i`B�H 2t2+miBQM- T2`7Q`K�M+2 /�i� �`2 +QHH2+i2/ �M/
biQ`2/X q2 `2Hv QM JBMBQ (JBMAP- kyky)- � #m+F2i biQ`�;2- iQ biQ`2 `�r T2`7Q`@
K�M+2 /�i�X �7i2` T2`7Q`K�M+2 /�i� +QHH2+iBQM- i?2 �M�HvbBb bi�;2 Bb BMpQHp2/-
�M/ T2`7Q`K�M+2 /�i� Bb �M�Hvx2/ iQ +QKTmi2 T2`7Q`K�M+2 K2i`B+bX h?2 �M�Hv@
bBb Bb bi�`i2/ �++Q`/BM; iQ +QHH2+i2/ T2`7Q`K�M+2 /�i� bB;M�H2/ BM � rQ`F [m2m2
?2H/ #v E�7F� (�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky#)X S`Q+2bb2/ T2`7Q`K�M+2
/�i� �`2 biQ`2/ QM *�bb�M/`� (�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky�)- � LP@aZG
."Ja- 7Q` 2{+B2M+v BM K�MBTmH�iBM; i?2 /�i� 7Q` i?2 /Bz2`2Mi +QKTmi�iBQMbX
�+im�H T2`7Q`K�M+2 /�i� T`Q+2bbBM; �M/ K2i`B+b +QKTmi�iBQM Bb T2`7Q`K2/ `2@
HvBM; QM �T�+?2 aT�`F (�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky+)X S2`7Q`K�M+2



kk8 eXk "2M+?6HQr 6`�K2rQ`F �`+?Bi2+im`2

K2i`B+b- �M/ TQi2MiB�H 2``Q`b BM+m``2/ /m`BM; T2`7Q`K�M+2 /�i� T`Q+2bbBM; �M/
K2i`B+b +QKTmi�iBQM- �`2 `2TQ`i2/ #�+F iQ i?2 :Q�H 1tTHQ`�iBQM iQ #2 BM+Hm/2/
BM /2+BbBQMb QM ?Qr iQ +QMiBMm2 rBi? i?2 2tTHQ`�iBQMX

eXk "2M+?6HQr 6`�K2rQ`F �`+?Bi2+im`2
6B;m`2 eXk `2TQ`ib � ?B;?@H2p2H /B�;`�K Q7 i?2 7`�K2rQ`F- K�BMHv 7Q+mbBM; QM
i?2 1t2+miBQM �M/ �M�HvbBb T?�b2bX h?2 1tTHQ`�iBQM T?�b2 Bb `2�HBx2/ #v i?2
+Q`2 "2M+?6HQr 7`�K2rQ`F b2`pB+2b �M/ Bb /Bb+mbb2/ BM i?2 7QHHQrBM; b2+iBQMbX
h?2 1t2+miBQM T?�b2 `2T`2b2Mib i?2 b2`p2`b /2THQvBM; i?2 b2`pB+2b Q7 i?2 i`B�H
2t2+miBQM 7`�K2rQ`Fb QM QM2 bB/2- �M/ �M 2t�KTH2 Q7 TQbbB#H2 alh b2`pB+2b
QM i?2 Qi?2` bB/2X h?2 irQ b2ib Q7 b2`pB+2b �`2 /2THQv2/ QM /Bz2`2Mi b2`p2`b-
iQ ;m�`�Mi22 +QMi`QH �M/ [m�HBiv Q7 T2`7Q`K�M+2 i2biBM; `2bmHibX 6Q` �HH i?2
b2`pB+2b r2 `2Hv QM .Q+F2` +QMi�BM2`b 7Q` i?2 `mMiBK2 /2THQvK2MiX PM i?2 T2`@
7Q`K�M+2 i2bi 2t2+miBQM bB/2- r2 /2THQv 2Bi?2` 6�#�M Q` CJ2i2` HQ�/ /`Bp2`b-
�++Q`/BM; iQ i?2 i`B�H 2t2+miBQM 7`�K2rQ`F `2[mB`2/ #v i?2 i2bi bT2+B}+�iBQMX
h?2 HQ�/ /`Bp2`b BMi2`�+i rBi? i?2 b2`pB+2b T�`i Q7 i?2 alh #v `2HvBM; QM
bQ7ir�`2 �/�Ti2`b 7�+BHBi�iBM; �M/ �#bi`�+iBM; i?2 BMi2`�+iBQMbX 1t�KTH2b Q7
bQ7ir�`2 �/�Ti2`b �`2 i?2 QM2b r2 /2}M2 7Q` �#bi`�+iBM; �r�v i?2 BMi2`�+iBQM
rBi? "SJL kXy q7Jab �M/ T`QpB/2 alh@�r�`2M2bb BM i?2 .aGX h?2 HQ�/
/`Bp2`b �HbQ i�F2 +�`2 Q7 BMi2`�+iBM; rBi? b2`pB+2b T�`i Q7 i?2 T`QTQb2/ 7`�K2@
rQ`F- KQMBiQ`BM; i?2 alh bi�i2 �M/ T2`7Q`K�M+2- �M/ +QHH2+iBM; T2`7Q`K�M+2
/�i�X *QHH2+i2/ T2`7Q`K�M+2 /�i� Bb i?2M biQ`2/ QM JBMBQ- �M/ i`�Mb7Q`K2/
BMiQ � bi�M/�`/Bx2/ 7Q`K�i mbBM; .�i� J�TT2`b �M/ .�i� h`�Mb7Q`K2`bX �7@
i2` bi�M/�`/BxBM; i?2 /�i� 7Q`K�i- T2`7Q`K�M+2 /�i� �M�Hvx2`b i�F2 +?�`;2 Q7
+QKTmiBM; T2`7Q`K�M+2 K2i`B+b �M/ E2v S2`7Q`K�M+2 AM/B+�iQ` UESAV `2HvBM;
QM �T�+?2 aT�`F �M/ *�bb�M/`�X
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6B;m`2 eXkX "2M+?6HQr 6`�K2rQ`F, >B;?@G2p2H �`+?Bi2+im`2

eXkXR .2bB;M S`BM+BTH2b
h?2 "2M+?6HQr 7`�K2rQ`F Bb /2bB;M2/ �++Q`/BM; iQ i?2 7QHHQrBM; T`BM+BTH2b,

RV KQ/2H@/`Bp2M �M/ �HH i?2 b2`pB+2b �M/ 7mM+iBQM�HBiB2b �`2 +QM};m`2/ �M/
T`Q;`�KK2/ pB� i?2 .aG T`2b2Mi2/ BM *?�TX 8c

kV 7mM+iBQM�HBiB2b �`2 BKTH2K2Mi2/ BM +Q?2bBp2 b2`pB+2b b+�HBM; BM/2T2M/2MiHv
Q7 2�+? Qi?2`- i?�i +�M #2 /2THQv2/ QM � /Bbi`B#mi2/ BM7`�bi`m+im`2c

jV +Q`2 7mM+iBQM�HBiB2b �M/ b2`pB+2b BKTH2K2Mi bi�i2 K�+?BM2b r?B+? bi�i2
i`�MbBiBQMb �`2 #�b2/ QM /2+H�`�iBp2 i2bi bT2+B}+�iBQMb �M/ T2`7Q`K�M+2
i2bi `2bmHibc

9V 7mM+iBQM�HBiB2b �M/ b2`pB+2b T�`i Q7 i?2 7`�K2rQ`F �`2 /2bB;M2/ iQ 7�+BHB@
i�i2 `2mb2 Q7 72�im`2b �M/ T2`7Q`K�M+2 i2bi bT2+B}+�iBQMbc

8V 7mM+iBQM�HBiB2b �`2 2tTQb2/ pB� _1ah7mH �SAb- iQ 7�+BHBi�i2 ?mK�M �M/
i?B`/@T�`iv b2`pB+2b BMi2;`�iBQM �M/ BMi2`�+iBQMbc

eV KQMBiQ` �M/ +QHH2+iQ` b2`pB+2b �`2 BKTH2K2Mi2/ iQ #2 HB;?ir2B;?i BM i2`Kb
Q7 `2bQm`+2 miBHBx�iBQM bQ i?�i i?2v +�M #2 /2THQv2/ M2ti iQ i?2 alh
b2`pB+2b r?2M `2[mB`2/c
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dV T2`7Q`K�M+2 i2bi 2t2+miBQM Bb /2H2;�i2/ iQ bi�i2@Q7@i?2@�`i iQQHb- iQ ;m�`@
�Mi22 i?2 [m�HBiv Q7 i?2 2t2+mi2/ i2bib �M/ i?2 b+�H�#BHBiv Q7 i?2 HQ�/
/`Bp2`b BM7`�bi`m+im`2c

3V T2`7Q`K�M+2 K2i`B+b- ESAb �M/ bi�iBbiB+�H �M�HvbBb Q7 T2`7Q`K�M+2 /�i�
Bb +Q`2 iQ i?2 7`�K2rQ`Fc

NV T2`7Q`K�M+2 /�i� �M�HvbBb �M/ K2i`B+ +QKTmi�iBQM `2HB2b QM � bi�i2@Q7@
i?2@�`i 7`�K2rQ`F iQ b+�H2 rBi? i?2 �KQmMi Q7 /�i� iQ #2 T`Q+2bb2/c

RyV �HH i?2 b2`pB+2b �`2 /2bB;M2/ iQ 7�+BHBi�i2 2ti2MbBQMb Q7 7mM+iBQM�HBiB2b r?2M
`2[mB`2/c

RRV i?2 BMi2`M�H bi�i2 Q7 b2`pB+2b- �M/ �HH i?2 ;2M2`�i2/ �M/ +QHH2+i2/ /�i�- Bb
�++2bbB#H2 iQ mb2`b iQ ;m�`�Mi22 i`�+2�#BHBiv �M/ `2T`Q/m+B#BHBivc

RkV b2`pB+2b �`2 T�+F�;2/ BM .Q+F2` BK�;2b �M/ /2THQv2/ BM .Q+F2` +QMi�BM@
2`bX

h?2 `�iBQM�H2 7Q` H2p2`�;BM; .Q+F2` `2bB/2b BM i?2 7�+i i?�i +QMi�BM2`b /Q MQi
�// bB;MB}+�Mi Qp2`?2�/ iQ i?2 bvbi2K U�bbmKBM; i?2v �`2 T`QT2`Hv +QM};@
m`2/V ("�+?B2;� 2i �HX- kyR3)- #mi #`BM; b2p2`�H �/p�Mi�;2b iQ i?2 i�#H2X JQ`2
bT2+B}+�HHv- bBM+2 .Q+F2` +QMi�BM2`b 2M�#H2 i?2 +QMi`QH Q7 �HH i?2 +QM};m`�iBQM
T�`�K2i2`b Q7 i?2 alh- `2T2iBiBQMb Ui`B�HbV Q7 �M 2tT2`BK2Mi rBHH �Hr�vb `mM
7`QK i?2 b�K2 BMBiB�H +QM/BiBQMb- r?B+? �`2 7`Qx2M BM i?2 +Q``2bTQM/BM; .Q+F2`
AK�;2 /2}MBiBQMbX "v `2HvBM; QM .Q+F2`- i?2 `2T`Q/m+B#BHBiv Q7 i?2 i2bib T2`@
7Q`K2/ rBi? "2M+?6HQr Bb 2M?�M+2/X

eXkXk *QKTQM2Mib .B�;`�Kb
AM i?Bb b2+iBQM r2 T`2b2Mi i?2 +QKTQM2Mi /B�;`�Kb- ?B;?HB;?iBM; i?2 K�BM b2`@
pB+2b T�`i Q7 "2M+?6HQr �M/ i?2 T`BM+BT�H BMi2`7�+2b �KQM; "2M+?6HQr b2`pB+2b
�M/ rBi? i?B`/@T�`iv b2`pB+2bX q2 i?2M T`2b2Mi i?2 K�BM b2`pB+2b �M/ i?2B` `2@
bTQMbB#BHBiv BM i?2 Qp2`�HH "2M+?6HQr 7`�K2rQ`FX
AM 6B;X eXj r2 T`2b2Mi � +QKTQM2Mi /B�;`�K Q7 i?2 K�BM b2`pB+2b T�`i Q7 "2M+?@
6HQr- i?2B` K�BM BMi2`7�+2b- �M/ /2T2M/2M+B2b iQ Qi?2` 7`�K2rQ`FbX h?2 BMi2`@
7�+2b r2 T`2b2Mi �`2 KQbiHv `2H�i2/ iQ i2bi b+?2/mHBM; �M/ i2bi 2t2+miBQMX q2
/BpB/2 i?2 b2`pB+2b iQ ?B;?HB;?i r?B+? Q7 i?2K Bb `2H�i2/ iQ 2�+? Q7 i?2 i?`22
T?�b2b BMi`Q/m+2/ BM 6B;X eXRX _2H�i2/ iQ i?2 1tTHQ`�iBQM T?�b2- r2 BKTH2K2Mi
i?2 7QHHQrBM; b2`pB+2b,



kk3 eXk "2M+?6HQr 6`�K2rQ`F �`+?Bi2+im`2
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6B;m`2 eXjX "2M+?6HQr 6`�K2rQ`F, a2`pB+2b �M/ 6`�K2rQ`Fb *QKTQM2Mi .B�;`�K
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�V i?2 i2bi K�M�;2`- `2+2BpBM; i?2 `2[m2bi iQ b+?2/mH2 � i2bi Q` � i2bi bmBi2
7`QK i?2 mb2`b- �M/ ?�M/HBM; i?2 i2bi 2t2+miBQMc

#V i?2 2tT2`BK2Mi K�M�;2`- `2+2BpBM; i?2 `2[m2bi iQ b+?2/mH2 �M 2tT2`BK2Mi
7`QK i?2 i2bi K�M�;2`- �M/ ?�M/HBM; i?2 2tT2`BK2Mi 2t2+miBQMc

+V i?2 /`Bp2`b K�F2`- ;2M2`�iBM; i?2 �+im�H 2t2+mi�#H2 HQ�/ /`Bp2`b �++Q`/@
BM; iQ i?2 i`B�H 2t2+miBQM 7`�K2rQ`F �M/ i?2 2tT2`BK2Mi bT2+B}+�iBQM
T`QpB/2/ #v i?2 2tT2`BK2Mi K�M�;2`c

/V i?2 /�i� K�M�;2`- mMB7Q`KBM; i?2 �++2bb iQ T2`7Q`K�M+2 K2i`B+b- ESAb-
�M/ bi�iBbiB+b +QKTmi2/ 7`QK i?2 /�i� +QHH2+i2/ 7`QK i?2 alh- T`QpB/BM;
/2/B+�i2/ �SAbX

lb2`b Q` Qi?2` bvbi2Kb +�M `2Hv QM i?2 *GA iQ BMi2`�+i rBi? i?2 i2bi K�M�;2`
7Q` bm#KBiiBM; i2bib �M/ i2bi bmBi2b �M/ �++2bbBM; i?2 bi�i2 Q7 i2bi 2t2+miBQM �b
r2HH �b `2bmHib �M/ K2i`B+b `2H�i2/ iQ i?2 b�K2X q?2M i?2 i2bi bmBi2 #mM/H2 Bb
BMpQHp2/- i?2 *QKK�M/@HBM2 AMi2`7�+2 U*GAV i�F2b +�`2 Q7 bm#KBiiBM; �HH i?2
i2bi bT2+B}+�iBQMb `2H�i2/ iQ i?2 #mM/H2- �M/ F22T i`�+F Q7 �HH i?2 i2bi T�`i Q7
i?2 i2bi bmBi2 #mM/H2X "v /QBM; bQ- r2 7�+BHBi�i2 i?2 BMi2;`�iBQM rBi? *a.G
iQQHb �M/ �HHQr i?2 mb2` iQ [m2`v 7Q` i?2 bi�i2 Q7 i?2 2MiB`2 i2bi bmBi2- �b r2HH
�b 2M�#H2 i?2 *GA iQ p�HB/�i2 7Q` i?2 [m�HBiv ;�i2b QM+2 �HH i?2 BMpQHp2/ i2bib
+QKTH2i2 i?2 2t2+miBQMX
_2H�i2/ iQ i?2 1t2+miBQM T?�b2- r2 BKTH2K2Mi i?2 7QHHQrBM; b2`pB+2b,

�V i?2 6�#�M /`Bp2`b- �M 2ti2MbBQM Q7 i?2 bi�M/�`/ 6�#�M HQ�/ /`Bp2`b iQ
BMD2+i "2M+?6HQr �miQK�iBQM 7�+BHBiB2bc

#V i?2 CJ2i2` /`Bp2`b- �M 2ti2MbBQM Q7 i?2 bi�M/�`/ CJ2i2` HQ�/ /`Bp2`b iQ
BMD2+i "2M+?6HQr �miQK�iBQM 7�+BHBiB2bc

+V i?2 /2THQvK2Mi K�M�;2`- `2bTQMbB#H2 7Q` /2THQvBM;fmM/2THQvBM; i?2
alh- r?2M `2[m2bi2/ #v i?2 6�#�MfCJ2i2` /`Bp2`bc

/V i?2 KQMBiQ`b- b2`pB+2b /2/B+�i2/ iQ KQMBiQ`BM; i?2 bi�i2 Q7 i?2 alh BM
/Bz2`2Mi KQK2Mib #27Q`2- /m`BM; �M/ �7i2` i?2 2tT2`BK2Mi 2t2+miBQM- �M/
+QMi`QHH2/ #v i?2 6�#�MfCJ2i2` /`Bp2`bc

2V i?2 +QHH2+iQ`b- b2`pB+2b /2/B+�i2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� 7`QK i?2
alh �M/ i?2 BM7`�bi`m+im`2 mM/2`HvBM; i?2 alh- �M/ +QMi`QHH2/ #v i?2
6�#�MfCJ2i2` /`Bp2`bX

AM i?2 1t2+miBQM T?�b2 r2 BM+Hm/2 i?2 7QHHQrBM; i?B`/@T�`iv b2`pB+2b,
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�V i?2 6�#�M 7`�K2rQ`F- b+?2/mHBM; �M/ 2t2+miBM; 6�#�M HQ�/ /`Bp2`b bm#@
KBii2/ #v i?2 2tT2`BK2Mib K�M�;2`c

#V i?2 CJ2i2` 7`�K2rQ`F- b+?2/mHBM;- �M/ 2t2+miBM; CJ2i2` HQ�/ /`Bp2`b
bm#KBii2/ #v i?2 2tT2`BK2Mib K�M�;2`X

_2H�i2/ iQ i?2 �M�HvbBb T?�b2- r2 BKTH2K2Mi i?2 7QHHQrBM; b2`pB+2b,
�V i?2 �M�HvbBb K�M�;2`- `2bTQMbB#H2 7Q` b+?2/mHBM; /�i� T`Q+2bbBM; QM T2`@

7Q`K�M+2 /�i� +QHH2+i2/ /m`BM; i?2 i2bi 2t2+miBQMc

#V i?2 /�i� i`�Mb7Q`K2`b- 7mM+iBQMb /2/B+�i2/ iQ i`�Mb7Q`KBM; +QHH2+i2/ /�i�
BM bi�M/�`/ 7Q`K�ibc

+V i?2 �M�Hvx2`b- 7mM+iBQMb /2/B+�i2/ iQ �M�Hvx2 i`�Mb7Q`K2/ /�i� �M/ +QK@
Tmi2 T2`7Q`K�M+2 K2i`B+b- T2`7Q`K�M+2 ESAb- �M/ bi�iBbiB+b QM i?2KX

h?2 "2M+?6HQr b2`pB+2b �+`Qbb �HH i?2 T?�b2b `2Hv QM i?2 7QHHQrBM; i?B`/@T�`iv
b2`pB+2b,

�V JBMBQ- � #m+F2i biQ`�;2 biQ`BM; /�i� +QHH2+i2/ 7`QK i?2 alh �M/ i?2
BM7`�bi`m+im`2 mM/2`HvBM; i?2 alh /2THQvK2Mi- Qi?2` i?�M /�i� `2H�i2/
iQ i?2 HQ�/ /`Bp2`bc

#V E�7F�- � bi`2�K@T`Q+2bbBM; bQ7ir�`2 TH�i7Q`K r2 `2Hv QM iQ bB;M�H 7Q`
M2rHv +QHH2+i2/ /�i� iQ #2 T`Q+2bb2/c

+V aT�`F- � /Bbi`B#mi2/ ;2M2`�H@Tm`TQb2 +Hmbi2`@+QKTmiBM; 7`�K2rQ`F r2
`2Hv QM �b `mMiBK2 7Q` /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`bc

/V *�bb�M/`�- � LQaZG /�i�#�b2 K�M�;2K2Mi bvbi2K /2bB;M2/ iQ ?�M/H2
H�`;2 �KQmMib r2 `2Hv QM iQ biQ`2 �M/ `2�/ i`�Mb7Q`K2/ T2`7Q`K�M+2
/�i�- T2`7Q`K�M+2 K2i`B+b- ESAb- �M/ bi�iBbiB+bX

hQ 7�+BHBi�i2 i?2 BMi2;`�iBQM rBi? i?2 mb2/ i?B`/@T�`iv b2`pB+2b r2 /2p2HQT bQ7i@
r�`2 HB#`�`B2b- i?2 "2M+?6HQr b2`pB+2b BMi2`�+iBM; rBi? i?2 K2MiBQM2/ 7`�K2@
rQ`F `2Hv QMX

a2`pB+2b �M/ _2bTQMbB#BHBiB2b

AM i?Bb b2+iBQM r2 /2i�BH b2`pB+2b �M/ `2bTQMbB#BHBiB2b- �HQM; rBi? 2M`B+?BM;-
+QKT�`2/ iQ i?2 T`2pBQmb b2+iBQM- i?2 MmK#2` Q7 BMi2`7�+2b r2 T`2b2Mi 7Q` 2�+?
Q7 i?2 b2`pB+2b- �M/ i?2 /2T2M/�Mi b2`pB+2b BM i?2 +QMi2ti Q7 i?2 b�K2X 1�+?
/B�;`�K 7Q+mb2b QM i?2 BMi2`7�+2b 2tTQb2/ #v i?2 T`2b2Mi2/ b2`pB+2- �M/ i?2M
b?Qrb i?2 K�BM BMi2`7�+2b Q7 Qi?2` b2`pB+2b i?2 T`2b2Mi2/ b2`pB+2 +�HHbX
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Test Manager

Experiment Manager

run experiment

Minio
store and get files

Data Manager
get results

run test

Stateful 
(State on DB)

Stateful 
(State on DB)

CLI

get status

running tests

abort

users

configure benchflow

6B;m`2 eX9X "2M+?6HQr 6`�K2rQ`F, h2bi J�M�;2` *QKTQM2Mi .B�;`�K

1tTHQ`�iBQM S?�b2 h2bi J�M�;2` @ AM 6B;X eX9 r2 T`2b2Mi i?2 i2bi K�M�;2`X
h?2 i2bi K�M�;2` Bb � +Q`2 b2`pB+2 BM "2M+?6HQr �M/ `2bTQMbB#H2 7Q` i?2 :Q�H
1tTHQ`�iBQMX lb2`b Q7 "2M+?6HQr BMi2`�+i rBi? i?2 i2bi K�M�;2` iQ bm#KBi
i2bi �M/ i2bi bmBi2b �M/ *a.G 2p2Mib /�i�- �b r2HH �b 7Q` Q#i�BMBM; i?2 i2bi
2t2+miBQM bi�imb- i?2 2MiB`2 HBbi Q7 `mMMBM; i2bib- �M/ �#Q`iBM; i?2 i2bi BM +�b2
b?2 /2+B/2b iQ /Q bQ �++Q`/BM; iQ i?2 Q#i�BM2/ bi�imbX am#KBii2/ #mM/H2b �`2
biQ`2/ QM JBMBQ �M/ �p�BH�#H2 iQ Qi?2` b2`pB+2b M22/BM; iQ �++2bb i?2 bm#KBii2/
/2+H�`�iBp2 bT2+B}+�iBQMbX h?2 i2bi K�M�;2`b �HbQ Qz2` � bBKTHB}2/ r�v iQ
bmTTQ`i KmHiBTH2 mb2`b BMi2`�+iBM; rBi? "2M+?6HQrX q2 /Q MQi BKTH2K2Mi
+QKTH2t mb2` K�M�;2K2Mi- #mi T`QpB/2b i?2 TQbbB#BHBiv- pB� i?2 *GA- iQ bm#KBi
i2bib �M/ BMi2`�+i rBi? i?2 i2bi K�M�;2` #v bT2+B7vBM; � +mbiQK mb2` M�K2X
h?Bb r�v 2�+? mb2` Q7 i?2 7`�K2rQ`F +�M b2H2+i � /Bz2`2Mi mb2` M�K2 �M/ r2
+�M r�`M i?2 mb2` B7 i?2 mb2` M�K2 ?�b �H`2�/v #22M miBHBx2/X h?2 i2bi K�M�;2`
�HHQrb i?2 mb2`b iQ Q#i�BM i?2 2MiB`2 HBbi Q7 mb2`b bT2+B}2/ BM i?2 7`�K2rQ`F �b
r2HHX �b /Bb+mbb2/ BM *?�TX 8- i?2 7`�K2rQ`F +�M #2 +QM};m`2/ #v i?2 mb2`bX
h?Bb +�M #2 /QM2 pB� i?2 i2bi K�M�;2` �b r2HH- r?2`2 i?2 mb2` +�M bm#KBi �
+QM};m`�iBQM }H2 mb2/ iQ +QM};m`2 "2M+?6HQr b2iiBM;bX

1 testbed:
2 sut:
3 - { String : <name of a server> }:
4 # OPTIONAL
5 public_ips: { [String] : <a list of public ips> }
6 private_ips: { [String] : <a list of private ips> }
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7 # OPTIONAL
8 available_public_ports: { [Number] : <a list of numbers representing a

port> }!→

9 available_private_ports: { [Number] : <a list of numbers representing a
port> }!→

10 ...
11 load_drivers:
12 - { String : <name of a server> }:
13 # OPTIONAL
14 public_ips: { [String] : <a list of public ips> }
15 private_ips: { [String] : <a list of private ips> }
16 # OPTIONAL
17 available_public_ports: { [Number] : <a list of numbers representing a

port> }!→

18 available_private_ports: { [Number] : <a list of numbers representing a
port> }!→

19 ...
20 thresholds:
21 test_max_time: { String : <amount of time><unit> }
22 max_number_of_experiments: { String : <amount of time><unit> }

GBbiBM; eXRX "2M+?6HQr 6`�K2rQ`F, h?2 *QM};m`�iBQM 6BH2

AM GBbiBM; eXR r2 T`2b2Mi i?2 +QM};m`�iBQM }H2 7Q`K�iX h?2 +QM};m`�iBQM }H2
7QHHQrb i?2 u�JG bi�M/�`/- �M/ `2HB2b QM i?2 b�K2 /�i� ivT2b Q7 i?2 .aG
T`QTQb2/ BM *?�TX 8- �M/ �HHQrb iQ +QM};m`2,

�V i?2 HBbi �M/ M�K2b Q7 i?2 b2`p2`b r?2`2 i?2 alh +�M #2 /2THQv2/ iQX
1�+? b2`p2` Bb `2T`2b2Mi2/ #v � mMB[m2 M�K2- � HBbi Q7 T`Bp�i2b ASb �M/
TQ`ib- �M/ QTiBQM�HHv � HBbi Q7 Tm#HB+ ASb �M/ TQ`ib UHBM2b Ok@ONVc

#V i?2 HBbi �M/ M�K2b Q7 i?2 b2`p2`b r?2`2 i?2 HQ�/ /`Bp2`b +�M #2 /2THQv2/
iQX 1�+? b2`p2` Bb `2T`2b2Mi2/ #v � mMB[m2 M�K2- � HBbi Q7 T`Bp�i2b ASb
�M/ TQ`ib- �M/ QTiBQM�HHv � HBbi Q7 Tm#HB+ ASb �M/ TQ`ib UHBM2b ORR@OR3Vc

+V i?2 /27�mHi i?`2b?QH/b iQ #2 mb2/ 7Q` r�`MBM; i?2 mb2` �#Qmi i?2 iQi�H
2t2+miBQM iBK2 Q7 i?2 i2bi UHBM2 OkRV- �b r2HH �b i?2 iQi�H MmK#2` Q7
2tT2`BK2Mib iQ #2 2t2+mi2/ iQ 2tTHQ`2 i?2 2tTHQ`�iBQM bT�+2 UHBM2 OkkVX

h?2 BMi2`�+iBQM Bb 7�+BHBi�i2/ #v � *GA r2 T`QpB/2 �b T�`i Q7 "2M+?6HQrX h?2
*GA �#bi`�+ib i?2 BMi2`�+iBQMb rBi? i?2 i2bi K�M�;2` �SAb �M/ T`QpB/2b 7�@
+BHBiB2b iQ T�+F�;2 �M/ bm#KBi i?2 i2bi #mM/H2X h?2 *GA +�M �HbQ #2 mb2/ iQ
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Test Manager

Experiment Manager

Drivers Maker

run experiment

make driver

Experiment Manager

Faban

execute trial

Minio
store and get files

JMeter

Stateful 
(State on DB)

Data Manager

get results

get status abort

6B;m`2 eX8X "2M+?6HQr 6`�K2rQ`F, 1tT2`BK2Mi J�M�;2` *QKTQM2Mi .B�;`�K

p�HB/�i2 i?2 i2bifi2bi bmBi2 #mM/H2- #v `2[m2biBM; i?2 i2bi K�M�;2` iQ +?2+F 7Q`
bvMi�+iB+ �M/ b2K�MiB+ p�HB/Biv Q7 i?2 b�K2- rBi?Qmi �+im�HHv b+?2/mHBM; i?2
b2+iBQMX h?Bb Bb mb27mH /m`BM; i?2 /2}MBiBQM Q7 i?2 bT2+B}+�iBQM- Q` 7Q` BMi2;`�@
iBQM rBi? A.1b T`QpB/BM; bvMi�t p�HB/�iBQMX h?2 /Bz2`2Mi BMi2`7�+2b �HbQ �++2Ti
T�`�K2i2`b- 7Q` 2t�KTH2- iQ BM+`2�b2 i?2 p2`#QbBiv Q7 i?2 `2bTQMb2 Q#i�BM2/ #v
i?2 mb2` �M/ i?2 /2i�BHb BM+Hm/2/ BM i?2 `2bTQMb2X PM2 2t�KTH2 Bb r?2M i?2
mb2` `2[m2bib iQ �++2bb i?2 bi�imb Q7 i?2 2t2+miBQM Q7 � i2biX h?2 bBKTH2 `2@
bTQMb2 `2TQ`ib i?2 `mMMBM; bi�i2- #mi i?2 mb2` +�M �HbQ bT2+B7v T�`�K2i2`b iQ
Q#i�BM i2bi `2bmHib- �M/ /�i� QM i?2 2MiB`2 2tTHQ`�iBQM bT�+2 T�`i Q7 i?2 i2bi-
B7 �MvX .m`BM; i?2 :Q�H 1tTHQ`�iBQM- i?2 i2bi K�M�;2` M22/b iQ �++2bb /�i�
�#Qmi i?2 `2bmHib Q7 2tT2`BK2Mib �M/ i`B�Hb T�`i Q7 i?2 i2bi 2t2+miBQMX hQ /Q bQ
i?2 i2bi K�M�;2` `2HB2b QM i?2 .�i� J�M�;2`- Qz2`BM; mMB7Q`K �++2bb iQ i?2
i`B�Hb- 2tT2`BK2Mib- �M/ i2bi `2bmHibX h?2 .�i� J�M�;2` Bb �HbQ 2M[mB`2/ r?2M
i?2 mb2` bi�i2 b?2 r�Mib iQ `2Hv QM biQ`2/nFMQrH2/;2 7Q` i?2 bm#KBii2/ i2bi
2t2+miBQMX h?2 i2bi K�M�;2`- `2HvBM; QM i?2 .aG HB#`�`v- ;2M2`�i2b i?2 2tT2`@
BK2Mib bT2+B}+�iBQM �b r2HH �b i?2 alh /2THQvK2Mi /2b+`BTiQ`b 7Q` i?2 b�K2
bT2+B}+�iBQM �M/ #mBH/b i?2 2tT2`BK2Mi #mM/H2b- biQ`BM; i?2K QM JBMBQX h?2
�+im�H 2t2+miBQM Q7 2tT2`BK2Mib Bb i?2M /2H2;�i2/ iQ i?2 1tT2`BK2Mi J�M�;2`X
1tT2`BK2Mi J�M�;2` @ AM 6B;X eX8 r2 BHHmbi`�i2 i?2 2tT2`BK2Mi K�M�;2` �M/
Bib K�BM BMi2`7�+2bX h?2 2tT2`BK2Mi K�M�;2` Bb � +Q`2 b2`pB+2 �M/ Bb `2bTQMbB#H2
7Q` 2t2+miBM; i?2 2tT2`BK2Mib QM #2?�H7 Q7 i?2 i2bi K�M�;2`- /2}M2/ �++Q`/BM;
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iQ i?2 T`QpB/2/ /2+H�`�iBp2 bT2+B}+�iBQMX h?2 i2bi K�M�;2`- r?BH2 2tTHQ`BM;
i?2 ;Q�H- /2i2`KBM2b �HH i?2 2tT2`BK2Mib iQ #2 2t2+mi2/- �M/ `2[m2bib i?2 2t@
T2`BK2Mi K�M�;2` iQ K�M�;2 i?2 2t2+miBQMX h?2 2tT2`BK2Mi K�M�;2` �++2bb2b
i?2 2tT2`BK2Mi #mM/H2b- `2i`B2pBM; i?2K 7`QK JBMBQ- �M/ BMi2`�+ib rBi? i?2
.`Bp2`b J�F2`- � +Q`2 b2`pB+2- iQ Q#i�BM i?2 �+im�H 2t2+mi�#H2 HQ�/ /`Bp2`b �+@
+Q`/BM; iQ i?2 i�`;2i i`B�H 2t2+miBQM 7`�K2rQ`FX h?2 ;2M2`�i2/ HQ�/ /`Bp2`b �`2
biQ`2/ QM JBMBQ �M/ BM+Hm/2 �HH i?2 /�i� M22/2/ 7Q` �miQK�iBM; i?2 2tT2`BK2Mi
2t2+miBQM QM i?2 i�`;2i 7`�K2rQ`F- BX2X- i?2 �+im�H HQ�/ /`Bp2`- Bib +QM};m`�@
iBQM- i?2 i2bi /�i�- �M/ i?2 alh /2THQvK2Mi /2b+`BTiQ`b 7Q` �HH i?2 i`B�Hb iQ
#2 2t2+mi2/ �b T�`i Q7 i?2 2tT2`BK2Mib- �b r2HH �b i?2 /2THQvK2Mi /2b+`BTiQ`b
7Q` KQMBiQ`b �M/ +QHH2+iQ`bX .m`BM; i?2 2tT2`BK2Mi 2t2+miBQM- i?2 2tT2`BK2Mi
K�M�;2` �++2bb i`B�HbǶ `2bmHib `2HvBM; QM i?2 .�i� J�M�;2`- �MQi?2` +Q`2 b2`@
pB+2 Q7 i?2 "2M+?6HQr 7`�K2rQ`FX h?2 2tT2`BK2Mi K�M�;2` `2HB2b QM bm+? �
`2bmHi iQ /2+B/2 �#Qmi i?2 2t2+miBQM Q7 i?2 2tT2`BK2MibX Pi?2` i?�M K�M�;BM;
i?2 2tT2`BK2Mi 2t2+miBQM- i?2 2tT2`BK2Mi K�M�;2` �HbQ Qz2`b BMi2`7�+2b iQ ;2i
i?2 bi�imb Q7 i?2 `mMMBM; 2tT2`BK2Mib �M/ �#Q`i i?2 2tT2`BK2Mi 2t2+miBQMX
h?2b2 BMi2`7�+2b �`2 +�HH2/ #v i?2 i2bi K�M�;2`- r?2M i?2 +Q``2bTQM/BM; �SAb
Q7 i?2 i2bi K�M�;2` �`2 BMi2``Q;�i2/ #v i?2 mb2`b- Q` r?2M `2[mB`2/ #v i?2 :Q�H
1tTHQ`�iBQMX h?`Qm;? i?2 ;2i bi�imb BMi2`7�+2 Q7 i?2 2tT2`BK2Mi K�M�;2`- i?2
bi�imb Q7 i`B�Hb +�M #2 Q#i�BM2/ �b r2HHX h?2 �+im�H 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib- �M/ BM T�`iB+mH�` Q7 i`B�Hb T�`i Q7 i?2 2tT2`BK2Mi 2t2+miBQM- Bb /2H2;�i2/
iQ 6�#�M Q` CJ2i2`X

1t2+miBQM S?�b2 6�#�M �M/ CJ2i2` @ AM 6B;X eXe r2 T`2b2Mi i?2 irQ 7`�K2@
rQ`Fb r2 `2Hv QM 7Q` 2t2+miBM; i?2 2tT2`BK2Mi i`B�HbX q2 QTi2/ 7Q` 6�#�M #2@
+�mb2 Bb � bQHB/ 7`�K2rQ`F mb2/ BM T2`7Q`K�M+2- b+�H�#BHBiv �M/ HQ�/ i2biBM; Q7
�HKQbi �Mv ivT2 Q7 b2`p2` �TTHB+�iBQM �M/ Bi Qz2`b K2+?�MBbK �M/ 7�+BHBiB2b 7Q`
2Mbm`BM; i?2 HQ�/ /`Bp2`b 2t2+miBQM Bb bm++2bb7mHHv K�M�;2/X CJ2i2`- QM i?2
Qi?2` 2M/- Bb rB/2Hv mb2/ 7Q` `2�H@rQ`H/ T2`7Q`K�M+2 i2biBM;- �M/ Qz2` `B+?2`
bmTTQ`i 7Q` rQ`FHQ�/ bT2+B}+�iBQM �M/ alh T`QiQ+QHb +QKT�`2/ iQ 6�#�MX hQ
7�+BHBi�i2 i?2 BMi2;`�iBQM rBi? i?2 "2M+?6HQr b2`pB+2b- r2 /2p2HQT � HB#`�`v
7Q` #Qi? Q7 i?2 7`�K2rQ`Fb- mMB7Q`KBM; i?2 BMi2`7�+2b 7Q` 2t2+miBM;- �#Q`iBM;-
�M/ ;2i i?2 bi�imb U�M/ i?2 HQ;bV Q7 � i`B�HX q2 �HbQ BKTH2K2Mi �#bi`�+iBQMb
QM iQT Q7 i?2 bi�M/�`/b 6�#�M .`Bp2`b �M/ CJ2i2` .`Bp2`b- iQ 7�+BHBi�i2
/2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQMX h?2 T`QpB/2/ �#bi`�+iBQMb- �HHQr
mb iQ BMi2;`�i2 rBi? i?2 HQ�/ /`Bp2`b HB72+v+H2 Q7 #Qi? Q7 i?2 7`�K2rQ`Fb- 7�+BH@
BiB2b iQ ?�M/H2 alh /2THQvK2Mi �M/ mM/2THQvK2Mi- +QMi`QHHBM; JQMBiQ`b �M/
*QHH2+iQ`b- �b r2HH �b K�M�;BM; FMQrM mM2tT2+i2/ #2?�pBQ` /m`BM; i?2 i`B�H 2t@
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Experiment Manager

Faban

execute trial

JMeter

Monitors

start/stop/data monitoring

Collectors

start/stop/store data

Stateful 
(State on
Filesystem)

Stateful 
(State on DB)

abort get status

6B;m`2 eXeX "2M+?6HQr 6`�K2rQ`F, h`B�H 1t2+miBQM 6`�K2rQ`Fb *QKTQM2Mi .B�@
;`�K
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Faban

Deployment Manager

deploy/undeploy SUT

JMeter

Stateful 
(State on DB)

deployment data

Deployment Infrastructure
«deploy»

6B;m`2 eXdX "2M+?6HQr 6`�K2rQ`F, .2THQvK2Mi J�M�;2` *QKTQM2Mi .B�;`�K

2+miBQM iQ +QKT2Mb�i2 i?2K �M/ BKT`Qp2 i?2 bi�#BHBiv Q7 i?2 Qp2`�HH 2t2+miBQMX
h?2 JQMBiQ`b b2`pB+2b �`2 BMpQHp2/ �b T�`i Q7 i?2 i`B�H 2t2+miBQM HB72+v+H2- iQ
2Mbm`2 i?2 alh Bb `2�/v iQ `2+2Bp2 i?2 HQ�/- �M/ iQ �bb2bb i?2 bi�imb Q7 i?2 alh
/m`BM; �M/ #27Q`2 /2+B/BM; iQ +QHH2+i T2`7Q`K�M+2 /�i�- mbBM; i?2 *QHH2+iQ`bX
6�#�M .`Bp2`b �M/ CJ2i2` .`Bp2`b �`2 BKT2`�iBp2 HQ�/ /`Bp2`b- `2�HBx2/
�++Q`/BM; iQ i?2 bT2+B}+�iBQM Q7 i?2 `2bT2+iBp2 7`�K2rQ`FbX �i i?Bb H2p2H i?2
/2+H�`�iBp2 i2bi bT2+B}+�iBQM T`QpB/2/ mbBM; i?2 .aG Bb MQi �++2bb2/- �M/ �HH
i?2 /�i� M22/2/ 7Q` i?2 2tT2`BK2MiǶb i`B�Hb 2t2+miBQM Bb +Q/B}2/ �b T�`i Q7 i?2
/`Bp2`bX
.2THQvK2Mi J�M�;2` @ AM 6B;X eXd r2 T`2b2Mi i?2 /2THQvK2Mi K�M�;2` b2`@
pB+2- `2bTQMbB#H2 7Q` ?�M/HBM; i?2 /2THQvK2Mi �M/ mM/2THQvK2Mi Q7 i?2 alh-
KQMBiQ`b �M/ +QHH2+iQ`bX h?2 /2THQvK2Mi K�M�;2` Bb � +Q`2 b2`pB+2 �M/ Bi Bb
�+iBp�i2/ #v i?2 6�#�MfCJ2i2` /`Bp2`b- �++Q`/BM; iQ i?2 i`B�H 2t2+miBQM HB72@
+v+H2- �M/ 2Mbm`2b �HH i?2 K2MiBQM2/ b2`pB+2b �`2 +Q``2+iHv /2THQv2/X h?2 /2@
THQvK2Mi K�M�;2` Qz2`b �HbQ BMi2`7�+2b iQ �++2bb /2THQvK2Mi /�i� ;2M2`�i2/
/vM�KB+�HHv �i /2THQvK2Mi iBK2X h?2 /2THQvK2Mi /�i� Bb M22/2/ #v i?2 6�@
#�MfCJ2i2` /`Bp2`b iQ FMQr 7Q` 2t�KTH2 i?2 2M/TQBMib Q7 i?2 KQMBiQ`b �M/
+QHH2+iQ`b iQ +�HH- �b r2HH �b i?2 2M/TQBMib Q7 i?2 alh B7 i?Qb2 �`2 ;2M2`�i2/
/vM�KB+�HHvX

�M�HvbBb S?�b2 �M�HvbBb J�M�;2` @ AM 6B;X eX3 r2 T`2b2Mi i?2 �M�HvbBb
K�M�;2`X h?2 �M�HvbBb K�M�;2` Bb � +Q`2 b2`pB+2 �M/ Bb `2bTQMbB#H2 7Q` b+?2/mH@
BM; T2`7Q`K�M+2 /�i� i`�Mb7Q`K�iBQM U?�M/H2/ #v .�i� h`�Mb7Q`K2`b `2@
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Minio

store and get files

Cassandra

store and get data

Analysers

Kafka

Spark

Analysis Manager

pub/sub data

schedule data transformations/analyses

execute

Data Transformers

Stateful 
(State on DB)

6B;m`2 eX3X "2M+?6HQr 6`�K2rQ`F, �M�HvbBb J�M�;2` *QKTQM2Mi .B�;`�K

i`B2pBM; T2`7Q`K�M+2 /�i� QM JBMBQ �M/ biQ`BM; i`�Mb7Q`K2/ /�i� QM *�bb�M@
/`�V- K2i`B+b �M/ bi�iBbiB+b +QKTmi�iBQM U?�M/H2/ #v �M�Hvb2`b- T`Q+2bbBM;
/�i� biQ`2/ QM *�bb�M/`�V �M/ K�M�;BM; i?2 BMi2`/2T2M/2M+B2b �KQM; i?2
b�K2X h?2 �M�HvbBb K�M�;2` Bb �+iBp�i2/ #v K2bb�;2b Tm#HBb?2/ QM E�7F� #v
+QHH2+iQ`b- /�i� i`�Mb7Q`K2`b- �M/ �M�Hvx2`bX q2 /2}M2 K2i`B+b QM /Bz2`2Mi
2MiBiB2b- �b Qp2`pB2r2/ BM *?�TX 8- �M/ r2 +QKTmi2 K2i`B+b �M/ bi�iBbiB+b �7@
i2` 2�+? i`B�H- i?2M 7Q` 2�+? 2tT2`BK2Mi i�FBM; BMiQ �++QmMi i?2 `2bmHib Q7 �HH
i?2 2t2+mi2/ i`B�Hb �M/ i?2M �i i?2 i2bi H2p2H +QMbB/2`BM; i?2 `2bmHib Q7 i?2
/Bz2`2Mi 2tT2`BK2MibX h?2`2 �`2 K�Mv BMi2`/2T2M/2M+B2b �KQM; i?2 K2i`B+b
+QKTmi2/ QM i?2 b�K2 2MiBiv- �b r2HH �b �KQM; K2i`B+b +QKTmi2/ QM /Bz2`2Mi
2MiBiB2bX JQ`2 /2i�BHb �`2 /Bb+mbb2/ BM a2+iX eXjX8X h?2 �M�HvbBb K�M�;2` i�F2b
+�`2 Q7 b+?2/mHBM; i?2 /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b 7Q` 2t2+miBQM QM aT�`F-
�++Q`/BM; iQ i?2 /2+H�`2/ /2T2M/2M+B2bX h?2 �M�HvbBb K�M�;2` �++2bb2b i?2
/2+H�`�iBp2 i2bi bT2+B}+�iBQM #v `2i`B2pBM; i?2 i2bi �M/ 2tT2`BK2Mib .aG 7`QK
JBMBQ- iQ B/2MiB7v i?2 K2i`B+b �M/ bi�iBbiB+b iQ #2 +QKTmi2/ �M/ i?2 2MiBiB2b
QM r?B+? iQ 2t2+mi2 i?2 +QKTmi�iBQMX
h?2 "2M+?6HQr b2`pB+2b �+`Qbb �HH i?2 T?�b2b `2Hv QM i?2 7QHHQrBM; i?B`/@T�`iv
b2`pB+2b,
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JBMBQ @ biQ`BM; mMbi`m+im`2/ /�i� bm#KBii2/ #v i?2 mb2`b- ;2M2`�i2/ #v i?2
"2M+?6HQr b2`pB+2b �M/ +QHH2+i2/ /m`BM; �M/ �7i2` T2`7Q`K�M+2 i2bi 2t2+miBQMX
hQ 7�+BHBi�i2 i?2 BMi2`�+iBQM rBi? JBMBQ r2 /2p2HQT2/ � HB#`�`v 2tTQbBM; iQ
"2M+?6HQr b2`pB+2b- �SAb iQ �++2bb /�i� #v T`QpB/BM; ;2M2`�i2/ 2MiBiB2b B/2M@
iB}2`bX E�7F� @ 2tTQbBM; T`Q+2bbBM; [m2m2b BM � Tm#HBb?fbm#b+`B#2 K�MM2`-
r?2`2 /Bz2`2Mi b2`pB+2b r`Bi2 �M/ `2�/ /�i� iQ bvM+?`QMBx2 i?2 +QKTmi�iBQM
QM T2`7Q`K�M+2 K2i`B+bX hQ 7�+BHBi�i2 i?2 BMi2`�+iBQM rBi? E�7F�- r2 /2}M2/
� /2/B+�i2/ bQ7ir�`2 HB#`�`vX aT�`F @ i?2 BM7`�bi`m+im`2 7`�K2rQ`F r2 `2Hv QM
7Q` /�i� T`Q+2bbBM; �M/ K2i`B+b +QKTmi�iBQMX .�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b
�`2 2t2+mi2/ QM iQT Q7 aT�`FX hQ �#bi`�+i +QKKQM b+?2/mHBM; QT2`�iBQMb- r2
/2}M2/ � /2/B+�i2/ bQ7ir�`2 HB#`�`vX *�bb�M/`� @ i?2 /Bbi`B#mi2/ ."Ja biQ`@
BM; bi`m+im`2/ T2`7Q`K�M+2 /�i�- T2`7Q`K�M+2 K2i`B+b- T2`7Q`K�M+2 ESAb �M/
bi�iBbiB+bX hQ �#bi`�+i +QKKQM `2�/fr`Bi2 QT2`�iBQMb- r2 /2}M2/ � /2/B+�i2/
bQ7ir�`2 HB#`�`vX

eXkXj a2[m2M+2 .B�;`�Kb
AM i?Bb b2+iBQM r2 T`2b2Mi i?2 K�BM BMi2`�+iBQM ~Qrb �KQM; i?2 "2M+?6HQr
b2`pB+2b �M/ i?B`/@T�`iv b2`pB+2b i?2v /2T2M/ QMX h?2 BMi2`�+iBQM ~Qrb r2
T`2b2Mi �`2 KQbiHv `2H�i2/ iQ i2bi b+?2/mHBM; �M/ i2bi 2t2+miBQMX
AM 6B;X eXN r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 K�BM T`Q+2bb i?2 "2M+?6HQr 7`�K2@
rQ`F 7QHHQrb r?2M � M2r i2bi Bb bm#KBii2/ 7Q` 2t2+miBQMX � +HB2Mi- #2BM; �
mb2` Q` � bvbi2K miBHBxBM; i?2 *GA Q` i?2 �SAb- bm#KBib � i2bi #mM/H2 7Q` 2t@
2+miBQM iQ i?2 i2bi K�M�;2` UQT2`�iBQM ORV �M/ `2+2Bp2b #�+F � h2biA. UOjVX
h?2 h2biA. +�M #2 miBHBx2/ 7Q` bm++2bbBp2 +�HHb iQ i?2 i2bi K�M�;2` �SAb iQ
`2i`B2p2 /�i� �#Qmi i?2 i2bi 2t2+miBQMX �7i2` `2+2BpBM; i?2 i2bi #mM/H2- i?2
i2bi K�M�;2` biQ`2b Bi QM JBMBQ 7Q` 7m`i?2` mb2 UQT2`�iBQM OkVX �7i2` biQ`BM;
i?2 #mM/H2- i?2 i2bi K�M�;2` ;2M2`�i2b �HH i?2 2tT2`BK2Mib iQ #2 2t2+mi2/ �M/
HQQTb �KQM; i?2 2tT2`BK2Mib BMi2`�+iBM; rBi? i?2 2tT2`BK2Mi K�M�;2` �7i2`
biQ`BM; i?2 ;2M2`�i2/ 2tT2`BK2Mi #mM/H2 UQT2`�iBQM O9VX 6Q` 2�+? 2tT2`BK2Mi-
i?2 i2bi K�M�;2` /2H2;�i2b i?2 2tT2`BK2Mi K�M�;2` 7Q` 2t2+miBQM- #v B/2MiB7v@
BM; i?2 2tT2`BK2Mi `2HvBM; QM i?2 1tT2`BK2MiA. /2}M2/ /m`BM; i?2 2tT2`BK2Mi
;2M2`�iBQM UQT2`�iBQM O8VX h?2 2tT2`BK2Mi K�M�;2` `2i`B2p2b i?2 2tT2`BK2Mi
/2}MBiBQM 7`QK JBMBQ UQT2`�iBQM OeV �M/ `2[m2bib i?2 /`Bp2`b K�F2` iQ ;2M@
2`�i2 i?2 /`Bp2` 7Q` �HH i?2 i`B�Hb Q7 i?2 2tT2`BK2Mi UQT2`�iBQM O3VX q?2M
i?2 MmK#2` Q7 i`B�Hb Bb /2i2`KBM2/ /vM�KB+�HHv- i?2 K�tnMmK#2`nQ7ni`B�Hb
p�Hm2 bT2+B}2/ BM i?2 .aG bT2+B}+�iBQM Bb mb2/X h?2 /`Bp2`b K�F2` biQ`2b i?2
;2M2`�i2/ /`Bp2`b �M/ +QM};m`�iBQM QM JBMBQ UQT2`�iBQMb ON@ORkVX �7i2` �HH
i?2 HQ�/ /`Bp2`b �`2 ;2M2`�i2/ �M/ biQ`2/ QM JBMBQ- i?2 2tT2`BK2Mi K�M�;2`
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Test Managerclient

1 : runTest(Username, TestBundle)

2 : TestID

4 : status

5 : abortTest(TestID)

3 : getTestStatus(TestID)

when neededopt

6B;m`2 eXRyX "2M+?6HQr 6`�K2rQ`F, *HB2Mi S`Q+2bb a2[m2M+2 .B�;`�K

bm#KBib iQ 6�#�M Q` CJ2i2` i?2 HQ�/ /`Bp2` /2}MBiBQM UQT2`�iBQM OR8V- �7i2`
`2i`B2pBM; i?2 ;2M2`�i2/ HQ�/ /`Bp2` 7`QK JBMBQ UQT2`�iBQM ORjVX PM+2 i?2 HQ�/
/`Bp2` /2}MBiBQM Bb biQ`2/ QM 6�#�M Q` CJ2i2`- i?�i KB;?i �TTHv p�HB/�iBQM QM
i?2 b�K2- i?2 2tT2`BK2Mi K�M�;2` i�F2b +�`2 Q7 b+?2/mHBM; �HH i?2 i`B�Hb �M/
bB;M�HBM; iQ i?2 i2bi K�M�;2` �#Qmi i?2 bi�i2 Q7 i?2 2t2+miBQM 7Q` i?2 2tT2`B@
K2Mi UQT2`�iBQMb ORe@ORdVX JQ`2 /2i�BHb QM i?Bb �`2 T`QpB/2/ BM i?2 7QHHQrBM;
b2[m2M+2 /B�;`�KbX .m`BM; i?2 2t2+miBQM- i?2 i2bi K�M�;2` `2[m2bib i?2 /�i�
K�M�;2` iQ T`QpB/2 7Q` 2tT2`BK2MibǶ `2bmHib UQT2`�iBQMb OR3@ORNVX
AM 6B;X eXRy r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 TQbbB#H2 BMi2`�+iBQMb � +HB2Mi +�M
T2`7Q`K rBi? i?2 i2bi K�M�;2`X h?2 }`bi BMi2`�+iBQM Bb mbm�HHv �#Qmi b+?2/mHBM;
� M2r i2bi #mM/H2 7Q` 2t2+miBQM UQT2`�iBQM ORV �M/ Q#i�BMBM; � i2bi B/2MiB}2`
UQT2`�iBQM OkVX PTiBQM�HHv- r?2M M22/2/- i?2 +HB2Mi KB;?i �HbQ `2[m2bi iQ ;2i
i?2 bi�imb Q7 2t2+miBQM UQT2`�iBQM OjV `2T`2b2Mi2/ #v � `B+? `2bTQMb2 +QMi�BMBM;
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Test Manager Experiment Manager

1 : runExperiment(ExperimentID)

2 : setExperimentState(ExperimentID, DETERMINE_EXECUTE_TRIALS)

3 : setExperimentState(experimentID, HANDLE_TRIAL_RESULT)

4 : setExperimentState(experimentID, CHECK_TERMINATION_CRITERIA)

5 : setExperimentState(ExperimentID, terminatedState)

for all experimentsloop

for all trialsloop

6B;m`2 eXRRX "2M+?6HQr 6`�K2rQ`F, h2bi J�M�;2` a2[m2M+2 .B�;`�K

�HH i?2 mb27mH /�i� UQT2`�iBQM O9V �M/ �#Q`i i?2 i2bi 2t2+miBQM UQT2`�iBQM O8VX
�HH i?2 BMi2`�+iBQMb ?�TT2M iQ `2Hv QM i?2 i2bi B/2MiB}2`- ;2M2`�i2/ i�FBM; BMiQ
�++QmMi i?2 T`QpB/2/ lb2`M�K2 �M/ 2Mbm`BM; Bi Bb mMB[m2X
6B;m`2 eXRR T`2b2Mib � KQ`2 /2i�BH2/ pB2r QM i?2 K�BM BMi2`�+iBQMb i?2 i2bi
K�M�;2` T2`7Q`Kb rBi? i?2 2tT2`BK2Mi K�M�;2` iQ `2[m2bi 7Q` 2tT2`BK2Mib
2t2+miBQM �M/ ;2iiBM; mT/�i2/ �#Qmi i?2 bi�i2 Q7 2t2+miBQM Q7 i?2 2tT2`BK2MiX
�b 2pB/2Mi 7`QK 6B;X eXRR- i?2 i2bi K�M�;2`b HQQTb 7Q` �HH i?2 2tT2`BK2Mib
iQ #2 2t2+mi2/ �M/- �7i2` bm#KBiiBM; �M 2tT2`BK2Mi 7Q` 2t2+miBQM UQT2`�iBQM
ORV- Bi `2+2Bp2b #�+F 7`QK i?2 2tT2`BK2Mi K�M�;2` /�i� �#Qmi i?2 2tT2`BK2Mi
2t2+miBQM bi�i2X h?2 �+im�H bi�i2Ƕb B/2MiB}2`b /2T2M/ QM i?2 BMi2`M�H #2?�pBQ`
Q7 i?2 "2M+?6HQr b2`pB+2b �M/ �`2 /Bb+mbb2/ KQ`2 BM@/2Ti? BM a2+iX eXkX9X
AM 6B;X eXRk r2 ?B;?HB;?i i?2 K�BM BMi2`�+iBQMb #2ir22M i?2 2tT2`BK2Mi K�M@
�;2` �M/ i?2 i`B�H 2t2+miBQM 7`�K2rQ`Fb r2 bmTTQ`i- M�K2Hv 6�#�M �M/ CJ2i2`X
6Q` �HH i?2 i`B�Hb- i?2 2tT2`BK2Mi K�M�;2` `2i`B2p2b i?2 ;2M2`�i2/ HQ�/ /`Bp2`
+QM};m`�iBQM 7`QK JBMBQ UQT2`�iBQM ORV �M/ bm#KBib i?2 i`B�H �M/ Bib +QM};@
m`�iBQM 7Q` 2t2+miBQM iQ i?2 i�`;2i i`B�H 2t2+miBQM 7`�K2rQ`F UQT2`�iBQM OjVX
h?2 i�`;2i i`B�H 2t2+miBQM 7`�K2rQ`F T`QpB/2b #�+F � _mMA. UO9V i?�i Bb biQ`2/
#v i?2 2tT2`BK2Mi K�M�;2` �M/ K�TT2/ iQ i?2 +m``2Mi h`B�HA.X h?2 2tT2`B@
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Experiment Manager Faban OR JMeter Minio

1 : getGeneratedConfiguration(TrialID)

3 : submitTrial(TrialID, Configuration)

4 : RunID

5 : getTrialStatus(RunID)

6 : TrialStatus

2 : Configuration

for all trialsloop

while QUEUED || RECEIVED || STARTEDloop

6B;m`2 eXRkX "2M+?6HQr 6`�K2rQ`F, 1tT2`BK2Mi J�M�;2` a2[m2M+2 .B�;`�K

K2Mi K�M�;2` i?2M bi�`ib � HQQT BM r?B+? Bi TQHHb i?2 i�`;2i i`B�H 2t2+miBQM
7`�K2rQ`F UQT2`�iBQM O8V 7Q` i?2 bi�imb Q7 i?2 _mMA. mMiBH i?2 i`B�H 2t2+miBQM
Bb +QKTH2i2/X h?2 HB#`�`B2b r2 /2p2HQT iQ BMi2`�+i rBi? CJ2i2` �M/ 6�#�M i�F2
+�`2 Q7 mMB7Q`KBM; i?2 h`B�Hai�imb UOeVX 6�#�M �M/ CJ2i2` /Q MQi �++2bb /�i�
QM JBMBQ- #mi i?2 2tT2`BK2Mi K�M�;2` T`QpB/2b �HH i?2 /�i� i?2v M22/X h?2
`2�bQM Bb 6�#�M �M/ CJ2i2` +QmH/ #2 /2THQv2/ QM � /Bz2`2Mi BM7`�bi`m+im`2
i?�M i?2 Qi?2` "2M+?6HQr b2`pB+2b- r?2`2 JBMBQ +QmH/ MQi #2 `2�+?�#H2X
AM 6B;X eXRj r2 ?B;?HB;?i i?2 BMi2`�+iBQMb i?�i 2Bi?2` 6�#�M Q` CJ2i2` T2`7Q`Kb
rBi? "2M+?6HQr b2`pB+2b 7Q` �miQK�iBM; i?2 T2`7Q`K�M+2 i2bi 2t2+miBQMX �7i2`
�++2TiBM; i?2 HQ�/ /`Bp2` 7Q` 2t2+miBQM- i?2 i`B�H 2t2+miBQM 7`�K2rQ`F BMi2`�+ib
rBi? i?2 /2THQvK2Mi K�M�;2` iQ /2THQv i?2 alh- KQMBiQ`b- �M/ +QHH2+iQ`b
7Q` i?2 i`B�H UQT2`�iBQM ORVX �7i2` `2+2BpBM; i?2 `2[m2bi Q7 /2THQvBM; i?2 alh
�M/ Qi?2` b2`pB+2b 7Q` i?2 i`B�H- i?2 /2THQvK2Mi K�M�;2` i�F2b +�`2 Q7 /2THQvBM;
i?2K BMi2`�+iBM; rBi? i?2 mM/2`HvBM; i2bi BM7`�bi`m+im`2 UQT2`�iBQM OkVX q?2M
i?2 /2THQvK2Mi ?�b #22M +QKTH2i2/- i?2 /2THQvK2Mi K�M�;2` bB;M�Hb #�+F i?2
6�#�M /`Bp2` Q` CJ2i2` /`Bp2` �#Qmi i?2 /2THQvK2Mi bi�imb UQT2`�iBQM OjVX
�7i2` `2+2BpBM; i?2 /2THQvK2Mi bi�imb 7`QK i?2 /2THQvK2Mi K�M�;2`- i?2 HQ�/
/`Bp2` TBM;b UQT2`�iBQM O9V i?2 alh QM i?2 /27�mHi 2M/TQBMib bT2+B}2/ BM
i?2 .aG �M/ 2Mbm`2b Bi Bb +Q``2+iHv bi�`i2/ �M/ `2�/v 7Q` `2+2BpBM; i?2 HQ�/X
�7i2` 2Mbm`BM; i?2 alh Bb `2�/v iQ `2+2Bp2 i?2 HQ�/- i?2 HQ�/ /`Bp2` bi�`ib �HH
i?2 KQMBiQ` �M/ +QHH2+iQ`b �++Q`/BM; iQ i?2 +m``2Mi bi�;2 Q7 i?2 T2`7Q`K�M+2
i2bi 2t2+miBQM �M/ i?2 KQK2Mib BM r?B+? i?2 bT2+B}+ KQMBiQ` �M/ +QHH2+iQ`
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Faban OR JMeter Deployment Manager Test Infrastructure Monitors Collectors

Workload Issuing (OMITTED)

1 : deployTrial(TrialID, Configuration)

2 : deploySUT(deploymentDescriptor)

3 : signalSUTDeployed(TrialID)

4 : pingSUT(defaultTargetServiceEndpoint)

6 : startMonitors(Configuration)

7 : Status

8 : startCollectors(Configuration)

9 : Status

10 : stopMonitors(Configuration)

11 : Status

12 : stopCollectors(Configuration)

13 : Status

14 : undeployTrial(TrialID, Configuration)

15 : undeploySUT(deploymentDescriptor)

16 : signalSUTUndeployed(TrialID)

5 : Response AND Logs

for all monitors and collectorsloop

until READYloop

for all monitors and collectorsloop

6B;m`2 eXRjX "2M+?6HQr 6`�K2rQ`F, h`B�H 1t2+miBQM 6`�K2rQ`Fb a2[m2M+2 .B�@
;`�K
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Analysis Manager Spark Data Transformers Analysers Minio Cassandra

1 : retrieveConfiguration(TrialID, ExperimentID, TestID)

2 : Configuration

3 : scheduleDataTransformer(TrialID) 5 : execute 6 : getFiles(TrialID)

7 : dataFiles
8 : transformDataFiles

9 : storeData(TrialID,transformedDataFiles)

10 : status

11 : scheduleTrialAnalysers(TrialID)
12 : [JobIDs]

13 : execute 14 : getData(TrialID)

15 : data16 : executeAnalyses

17 : storeAnalysesResults(TrialID)
18 : status

19 : scheduleExperimentAnalysers(ExperimentID)

20 : [JobIDs]
21 : execute 22 : getData(ExperimentID)

23 : data
24 : executeAnalysers

25 : storeAnalysersResults(ExperimentID)

26 : status

27 : scheduleTestAnamysers(TestID)
28 : execute 29 : getData(TestID)

30 : data
31 : executeAnalysers

32 : storeAnalysersResults(TestID)

33 : status

4 : JobID

for all data transformersloop

until all dependencies are resolvedloop

for all trial analysers with no dependenciesloop

for all experiment analysers with no dependenciesloop

for all test analysers with no dependenciesloop

6B;m`2 eXR9X "2M+?6HQr 6`�K2rQ`F, �M�HvbBb J�M�;2` a2[m2M+2 .B�;`�K

Bb 2tT2+i2/ iQ #2 bi�`i2/ UQT2`�iBQMb Oe@ONVX h?2 HQ�/ /`Bp2`b i?2M bi�`i iQ
Bbbm2 i?2 HQ�/ iQ i?2 alh �++Q`/BM; iQ i?2 bT2+B}+�iBQMX q2 QKBi i?Bb T�`i
BM i?2 /B�;`�KX �i i?2 2M/ Q7 i?2 HQ�/ /`Bp2` 2t2+miBQM- �HH i?2 KQMBiQ`b �M/
+QHH2+iQ`b �`2 biQTT2/ UQT2`�iBQMb ORy@ORjV- �M/ i?2 HQ�/ /`Bp2` i�F2b +�`2 Q7
`2[m2biBM; i?2 /2THQvK2Mi K�M�;2` iQ mM/2THQv i?2 alh �M/ `2H�i2/ b2`pB+2b
UQT2`�iBQM OR9VX JQ`2 /2i�BHb �#Qmi KQMBiQ`b �M/ +QHH2+iQ`b- �M/ ?Qr i?2v
�`2 bi�`i2/ �M/ biQTT2/ /m`BM; i?2 i`B�H 2t2+miBQM HB72+v+H2- �`2 T`QpB/2/ BM
a2+iX eXkX9X
AM 6B;X eXR9 r2 T`2b2Mi i?2 K�BM BMi2`�+iBQMb #2ir22M i?2 �M�HvbBb K�M�;2`
�M/ Bib /2T2M/2Mi b2`pB+2bX h?2 �M�HvbBb K�M�;2` b2[m2M+2 ?B;?HB;?i2/ BM i?2
/B�;`�K `2T`2b2Mib i?2 BMi2`�+iBQMb i?2 �M�HvbBb K�M�;2` T2`7Q`Kb iQ i`�Mb7Q`K
/�i� �M/ +QKTmi2 K2i`B+b �M/ bi�iBbiB+b 7Q` i?2 i`B�Hb- i?2 2tT2`BK2Mib- �M/
i?2 i2bibX h?2 b2[m2M+2 Bb �+iBp�i2/ 2�+? iBK2 M2r rQ`F Bb T`2b2Mi BM /2/B+�i2/
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rQ`FBM; [m2m2b QM E�7F�X h?2 �M�HvbBb K�M�;2` `2i`B2p2b i?2 .aG bT2+B}+�iBQM
7Q` i?2 i2bi- 2tT2`BK2Mib- �M/ i`B�Hb Q7 BMi2`2bi 7`QK JBMBQ UQT2`�iBQM ORVX
�++Q`/BM; iQ i?2 `2i`B2p2/ bT2+B}+�iBQMb- Bi i?2M b+?2/mH2b /�i� i`�Mb7Q`K2`b
7Q` i?2 +m``2Mi i`B�H QM aT�`F UQT2`�iBQM OjVX aT�`F i�F2b +�`2 Q7 2t2+miBM; i?2
/�i� i`�Mb7Q`K2`b- r?B+? `2i`B2p2 T2`7Q`K�M+2 /�i� 7Q` i?2 +m``2Mi i`B�H iQ #2
T`Q+2bb2/ 7`QK JBMBQ UQT2`�iBQM OeV �M/ biQ`2 i`�Mb7Q`K2/ /�i� QM *�bb�M/`�
UQT2`�iBQM ONVX h?2 �M�HvbBb K�M�;2` b+?2/mH2b �HH i?2 /�i� i`�Mb7Q`K2`b 7Q`
i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ i`�+Fb i?2 2t2+miBQM `2HvBM; QM CQ#A.b
`2im`M2/ #v aT�`FX �7i2` i`�Mb7Q`KBM; �HH i?2 /�i�- i?2 �M�HvbBb K�M�;2`
bi�`ib � HQQT iQ 2Mbm`2 �HH i?2 �M�Hvx2`b 7Q` i?2 +m``2Mi i`B�H UQT2`�iBQMb ORR@
OR3V- i?2 2tT2`BK2Mi UQT2`�iBQMb ORN@OkeV iQ r?B+? i?2 +m``2Mi i`B�H #2HQM;b
iQ �M/ i?2 i2bi UQT2`�iBQM Okd@OjjV iQ r?B+? i?2 2tT2`BK2Mi #2HQM;b iQ �`2
b+?2/mH2/X h?2 +QMi`QH HQQT 2Mbm`2b �HH i?2 K2i`B+b �`2 +QKTmi2/- �M/ �HH i?2
BMi2`/2T2M/2M+B2b �KQM; i?2 K2i`B+b �`2 `2bQHp2/ mMiBH �HH i?2 K2i`B+b bT2+B}2/
BM i?2 /2+H�`�iBp2 bT2+B}+�iBQM �`2 +QKTmi2/X h?2 �M�Hvx2`b `2i`B2p2 /�i� 7`QK
*�bb�M/`� �M/ biQ`2 +QKTmi2/ K2i`B+b �M/ bi�iBbiB+b QM *�bb�M/`�X JQ`2
/2i�BHb �#Qmi BMi2`/2T2M/2M+B2b �KQM; /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b 7Q`
/Bz2`2Mi 2MiBiB2b- �M/ ?Qr i?2v �`2 b+?2/mH2/- �`2 T`QpB/2/ BM a2+iX eXjX8X

eXkX9 �miQK�iBQM GB72@+v+H2bǶ ai�i2 J�+?BM2b .B�;`�Kb
AM i?Bb b2+iBQM- r2 T`2b2Mi i?2 bi�i2 K�+?BM2b /B�;`�Kb- `2T`2b2MiBM; i?2 +Q`2
#mbBM2bb HQ;B+ Q7 i?2 K�BM b2`pB+2b `2�HBxBM; i?2 "2M+?6HQr 7`�K2rQ`FX h?2
bi�i2 K�+?BM2b �HHQr mb iQ +Q/B7v i?2 bi�i2 Q7 i?2 bvbi2K /m`BM; i?2 T2`7Q`K�M+2
i2bi �miQK�iBQM T`Q+2bb- �M/ +�M #2 +QM};m`2/ BM i?2B` #2?�pBQ` mbBM; i?2 .aG
T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? �M/ 2p2Mib ;2M2`�i2/ /m`BM; i?2 �miQK�iBQM
T`Q+2bb- bm+? �b bm++2bb7mHf7�BHBM; 2tT2`BK2Mib 2t2+miBQM �M/ i?2B` bi�i2- �b
r2HH �b +QKTmi2/ T2`7Q`K�M+2 K2i`B+b �M/ ESAb Q` 7�BHm`2 BM +QKTmiBM; i?2
b�K2X q2 T`QpB/2 }p2 K�BM bi�i2 K�+?BM2b- BKTH2K2MiBM; i?2 #mbBM2bb HQ;B+
Q7 i?2 7QHHQrBM; b2`pB+2b,

�V i?2 i2bi K�M�;2`c

#V i?2 2tT2`BK2Mi K�M�;2`c

+V i?2 HQ�/ /`Bp2`b 2t2+mi2/ #v i?2 i`B�H 2t2+miBQM 7`�K2rQ`Fbc

/V i?2 /2THQvK2Mi K�M�;2`c

2V i?2 �M�HvbBb K�M�;2`X
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Ready

user paused

Waiting
user input
needed

user input
received

Start
scheduled

Running Terminated
execution
complete

asserted

6B;m`2 eXR8X "2M+?6HQr 6`�K2rQ`F, ai�i2 J�+?BM2 Pp2`pB2r

Determine
and Execute
Experiments

Derive
Prediction

Fuction

Validate
Prediction
Function

[Not Acceptable Prediction Error]

[Acceptable
Prediction Error]

6B;m`2 eXReX "2M+?6HQr 6`�K2rQ`F, S`2/B+iBQM GB72@+v+H2 ai�i2 J�+?BM2 Pp2`pB2r

h?2 ?B;?@H2p2H bi�i2b T`2b2Mi2/ BM 6B;X eXR8 �`2 BMbTB`2/ #v i?2 b+?2/mH@
BM; Q7 T`Q+2bb2b BM �M QT2`�iBM; bvbi2K (aBH#2`b+?�ix 2i �HX- kyRj) �M/ �`2,
start UM�K2/ ǳM2rǴ BM i?2 `272`2M+2/ /B�;`�KV- ready- running- waiting �M/
terminatedX �HH i?2 BKTH2K2Mi2/ bi�i2 /B�;`�Kb `272` iQ i?2 K2MiBQM2/ bi�i2b
�M/ /2}M2/ bm#@bi�i2 #2?�pBQ`b �++Q`/BM; iQ i?2 #mbBM2bb HQ;B+ Q7 i?2 b2`pB+2X
S�`i Q7 i?2 .aG �HHQrb �HbQ i?2 bT2+B}+�iBQM Q7 2tTHQ`�iBQM bi`�i2;B2b #�b2/ QM
T`2/B+iBQM KQ/2HbX AM 6B;X eXRe r2 T`2b2Mi �M Qp2`pB2r Q7 � bi�M/�`/ T`2/B+iBQM
HB72+v+H2- T`2b2MiBM; i?2 bi�i2b �M/ i?2 i`�MbBiBQM �KQM; i?2 bi�i2bX
h?2 T`2/B+iBQM HB72+v+H2 Bb BMi2;`�i2/ �b T�`i Q7 i?2 `mMMBM; bi�i2 Q7 i?2 i2bi
K�M�;2` bi�i2 K�+?BM2- T`2b2Mi2/ BM 6B;X eXRdX
AM 6B;X eXRd r2 T`2b2Mi i?2 bi�i2 K�+?BM2 BKTH2K2MiBM; i?2 :Q�H 1tTHQ`�iBQM
HB72+v+H2 /`Bp2M #v i?2 i2bi K�M�;2`X h?Bb HB72+v+H2 Bb BMbi�MiB�i2/ 2�+? iBK2
� M2r i2bi Bb bm#KBii2/ 7Q` 2t2+miBQM- �M/ KmHiBTH2 HB72+v+H2 BMbi�M+2b +�M #2
2t2+miBM; �i i?2 b�K2 iBK2X h?2 Start bi�i2 Bb `2�+?2/ �7i2` i?2 i2bi Q` i2bi
bmBi2 #mM/H2 ?�b #22M p2`B}2/ �b bvMi�+iB+�HHv �M/ b2K�MiB+�HHv +Q``2+i- �M/
�miQK�iB+�HHv ;2M2`�i2/ b2+iBQMb �`2 �//2/ iQ i?2 bT2+B}+�iBQM- 2X;X- /�i� +QH@
H2+iQ`bX avMi�t �M/ b2K�MiB+b +Q``2+iM2bb Bb p2`B}2/ `2HvBM; QM i?2 HB#`�`v
BMi`Q/m+2/ BM a2+iX 8XeX9- i�FBM; �HbQ +�`2 Q7 ;2M2`�iBM; i?2 2tTHQ`�iBQM bT�+2
�M/ i?2 alh �M/ `2H�i2/ b2`pB+2b /2THQvK2Mi /2b+`BTiQ`b U2X;X- 7Q` KQMBiQ`b
�M/ +QHH2+iQ`bV 7Q` i?2 i2bi 2t2+miBQMX q?2M 2``Q`b Q++m` /m`BM; i?2 BMBiB�HBx�@
iBQM T?�b2 Q` r�`MBM;b ?�p2 iQ #2 `2TQ`i2/ iQ i?2 mb2`- i?2 i2bi Bb MQi KQp2/
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iQ i?2 Start bi�i2X h?2 Start bi�i2 b2imTb i?2 "2M+?6HQr 7`�K2rQ`F iQ #2
`2�/v 7Q` i2bi 2t2+miBQM UBX2X- biQ`2b `2H2p�Mi /�i� iQ #2 �++2bbB#H2 BM i?2 M2ti
bi�i2b- 2X;X T�`i Q7 i?2 i2bi bT2+B}+�iBQM Q7i2M �++2bb2/ �+`Qbb i?2 i2bi HB72+v@
+H2VX A7 MQ 2``Q`b ?�TT2M BM i?2 Start bi�i2- i?2 i2bi Bb KQp2/ iQ i?2 Ready
bi�i2 �M/ Bb �p�BH�#H2 iQ #2 b+?2/mH2/ 7Q` 2t2+miBQM #v i?2 i2bi K�M�;2`X A7
2``Q`b �`2 2M+QmMi2`2/ /m`BM; i?2 bvMi�+iB+ Q` b2K�MiB+b p�HB/�iBQM Q` BM i?2
Start bi�i2- i?2 biQ`2/ /�i� �`2 /2H2i2/- �M/ i?2 mb2` Bb r�`M2/ i?2 i2bi +�M MQi
#2 b+?2/mH2/ 7Q` 2t2+miBQMX q?2M i?2`2 �`2 `2bQm`+2b �p�BH�#H2 7Q` 2t2+miBQM-
i?2 i2bi Bb KQp2/ 7`QK i?2 Ready bi�i2 iQ i?2 Running bi�i2- r?2`2 i?2 �+im�H
:Q�H 1tTHQ`�iBQM ?�TT2MbX AM i?2 `mMMBM; bi�i2- i?2 i2bi K�M�;2` ;2M2`�i2b
i?2 2tT2`BK2Mi #mM/H2b- `2HvBM; QM i?2 HB#`�`v BMi`Q/m+2/ BM a2+iX 8XeX9X h?2
mb2`- Q` � bvbi2K- +QmH/ /2+B/2 iQ T�mb2 i?2 i2biX AM i?Bb +�b2- i?2 i2bi Bb KQp2/
iQ i?2 Ready bi�i2 B7 MQ mb2` BMTmi Bb `2[mB`2/- Q` iQ i?2 Waiting bi�i2 B7 i?2
i2bi K�M�;2` ?�b iQ r�Bi 7Q` mb2` BMTmi #27Q`2 T`Q+22/BM;X PM+2 i?2 2t2+miBQM
Q7 i?2 i2bi Bb +QKTH2i2/- Bi Bb KQp2/ iQ i?2 Terminated bi�i2- `2T`2b2MiBM; �
}M�H i2bi bi�i2 �7i2` r?B+? i?2 bi�i2 Q7 i?2 i2bi +�M +?�M;2 QMHv B7 `2@bi�`i2/
#v i?2 mb2`- 2X;X #2+�mb2 i?2 mb2` /2+B/2b iQ K�Mm�HHv `2bi�`i � Completed
with Failure i2biX h?2 `mMMBM; bi�i2 Bb `2�HBx2/ #v � bm#@bi�i2 K�+?BM2-
rBi? i?2 7QHHQrBM; bi�i2b, RV Determine Exploration Strategyc kV Add Stored
Knowledgec jV Determine and Execute Initial Validation Setc 9V Handle
Experiment Resultc 8V Remove Non Reachable Experimentsc eV Determine and
Execute Experimentsc dV Handle Experiment Resultc 3V Derive Prediction
Functionc NV Validate Prediction Functionc RyV Validate Termination
Criteriac RRV Check Quality Gatesc RkV Remove Non Reachable Experimentsc
RjV TerminatingX JQbi Q7 i?2 bi�i2b Q7 i?2 bi�i2 K�+?BM2 �`2 K�TT2/ iQ i?2
.aG 2MiBiB2b �M/ `2T`2b2Mi i?2 2t2+miBQM b2K�MiB+b /`Bp2M #v i?2 /2+H�`�iBp2
bT2+B}+�iBQM /2b+`B#2/ BM a2+iX 8X9X
h?2 Determine Exploration Strategy bi�i2 Bb mb2/ iQ `2�/ i?2 1tTHQ`�iBQM
ai`�i2;v 7Q` 2tT2`BK2Mi b2H2+iBQM bT2+B}2/ #v i?2 mb2` BM i?2 i2bi bT2+B}+�iBQMX
h?2 Add Stored Knowledge Bb mb2/ 7Q` `2i`B2pBM; i?2 FMQrH2/;2 �#Qmi i?2 T2`@
7Q`K�M+2 Q7 i?2 alh 7`QK i?2 2t2+miBQM Q7 T`2pBQmb i2bibX q2 +m``2MiHv bmT@
TQ`i `2mb2 QMHv 7Q` T2`7Q`K�M+2 K2i`B+b +QKTmi2/ Qmi Q7 i2bib �M/ 2tT2`BK2Mib
/2}MBM; i?2 b�K2 bT2+B}+�iBQMX �7i2` � mb2` ?�b #22M 2t2+miBM; i2bib 7Q` � ;Bp2M
alh 7Q` bQK2 iBK2- Bi Bb HBF2Hv i?�i bQK2 Q7 i?2 2tT2`BK2Mib rBHH #2 Qp2`H�TTBM;
�M/ i?mb i?2 FMQrH2/;2 biQ`2/ BM i?2 /�i�#�b2 �#Qmi 2tT2`BK2Mib `2bmHi +�M
#2 `2mb2/ iQ �pQB/ 2t2+miBM; � ;Bp2M 2tT2`BK2MiX
h?2 Determine and Execute Initial Validation Set Bb �+iBp�i2/ r?2M i?2
1tTHQ`�iBQM ai`�i2;v BMpQHp2b � T`2/B+iBQM KQ/2HX h?Bb bi�i2 i�F2b +�`2 Q7
b2H2+iBM; �M BMBiB�H b2i Q7 2tT2`BK2Mib BM i?2 2tTHQ`�iBQM bT�+2- iQ #2 2t2+mi2/
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�M/ BM+Hm/2/ �b T�`i Q7 i?2 mM/2`HvBM; KQ/2H p�HB/�iBQM b2iX h?2 QMHv p�HB/�@
iBQM bi`�i2;v r2 bmTTQ`i Bb +m``2MiHv QM2 b2H2+iBM; 2tT2`BK2Mib iQ #2 BM+Hm/2/
BM i?2 p�HB/�iBQM b2i �i `�M/QKX h?2 �+im�H 2t2+miBQM Q7 i?2 2tT2`BK2Mib Bb
?�M/H2/ #v i?2 2tT2`BK2Mi K�M�;2` �M/ T`2b2Mi2/ H�i2` BM i?Bb b2+iBQMX
h?2 Handle Experiment Result bi�i2 Bb �+iBp�i2/ 2�+? iBK2 M2r 2tT2`BK2Mib
�`2 +QKTH2i2- �M/ i�F2b BMiQ �++QmMi i?2 }M�H 2t2+miBQM bi�i2 Q7 i?2 2tT2`@
BK2Mi- �b T`2b2Mi2/ BM 6B;X eXkyX h?2 2tT2`BK2Mi K�M�;2` mT/�i2b i?2 i2bi
K�M�;2` �#Qmi i?2 bi�i2 Q7 i?2 2tT2`BK2Mi �M/ Bib i`B�Hb- �M/ r?2M i?2 2tT2`@
BK2Mi `2�+?2b i?2 }M�H bi�i2 i?2 i2bi K�M�;2` +?2+Fb 7Q` 2tT2`BK2Mi `2bmHib iQ
#2 i�F2M BMiQ �++QmMi 7Q` /2+B/BM; ?Qr iQ +QMiBMm2 rBi? i?2 :Q�H 1tTHQ`�iBQMX
h?2 Handle Experiment Result bi�i2 2Mbm`2b i?�i i?2 `2bmHi Bb `2i`B2p2/ �M/
b�p2/ 7Q` 2�bv �++2bb BM Qi?2` T�`ib Q7 i?2 HB72+v+H2- 2X;X- 7Q` mb2 BM i?2 Check
Quality Gates bi�i2X q?2M i?2 p�HB/�iBQM b2i Bb +QKTH2i2- i?2 bi�i2 K�+?BM2
Bb KQp2/ iQ i?2 Determine and Execute Experiments bi�i2X A7 2tT2`BK2Mi `2@
bmHib �`2 MQi `2+2Bp2/ rBi?BM � ;Bp2M K�tBKmK iBK2- 2X;X- /m2 iQ 7�BHm`2 BM
i?2 2t2+miBQM Q` 2``Q`b BM /�i� �M�HvbBb- i?2M- �++Q`/BM; iQ i?2 +QMi2ti BM
r?B+? i?2 Handle Experiment Result Bb `2�+?2/- � /Bz2`2Mi #2?�pBQ` Q++m`bX
q?2M i?2 Handle Experiment Result bi�i2 Bb 2t2+mi2/ �7i2` i?2 Determine and
Execute Initial Validation Set bi�i2- BM +�b2 2tT2`BK2Mi `2bmHib �`2 MQi `2@
i`B2p2/- i?2 Remove Non Reachable Experiments for Validation Set bi�i2 Bb
�+iBp�i2/ �M/ i?2 2tT2`BK2Mi Bb `2KQp2/ 7`QK i?2 p�HB/�iBQM b2iX q?2M i?2
Handle Experiment Result bi�i2 Bb `2�+?2/ �7i2` i?2 Determine and Execute
Experiments bi�i2- i?2 �+im�H #2?�pBQ` /2T2M/b QM i?2 7QHHQrBM; bi�i2b �M/ i?2
+m``2Mi 2tT2`BK2Mi Bb K�`F2/ �b KBbbBM; `2bmHibX
h?2 Determine and Execute Experiments bi�i2 b2H2+ib i?2 2tT2`BK2Mi iQ #2 2t@
2+mi2/ �++Q`/BM; iQ i?2 i2bi ;Q�H- i?2 2tTHQ`�iBQM bT�+2- �M/ i?2 b2H2+iBQM bi`�i@
2;vX h?2 �+im�H 2tT2`BK2Mi 2t2+miBQM Bb ?�M/H2/ #v i?2 2tT2`BK2Mi K�M�;2`-
�M/ 2�+? iBK2 � M2r 2tT2`BK2MiǶb `2bmHib �`2 �p�BH�#H2 i?2 Handle Experiment
Result bi�i2 Bb �+iBp�i2/X
q?2M � T`2/B+iBp2 2tTHQ`�iBQM bi`�i2;v Bb BMpQHp2/- i?2 Derive Prediction
Function bi�i2 }`bi �M/ i?2 Validate Prediction Function bi�i2 M2ti �`2 �+@
iBp�i2/X h?2 }`bi QM2 mT/�i2b i?2 T`2/B+iBQM 7mM+iBQM Q7 i?2 mM/2`HvBM; T`2@
/B+iBQM KQ/2H BMi2;`�iBM; i?2 M2r `2bmHib Q7 i?2 2tT2`BK2MiX h?2 b2+QM/ QM2-
p�HB/�i2b i?2 mT/�i2/ T`2/B+iBQM 7mM+iBQM rBi? i?2 p�HB/�iBQM b2i- iQ +QKTmi2
i?2 T`2/B+iBQM �M/ T`2/B+iBQM 2``Q` K2i`B+bX
h?2 Validate Termination Criteria bi�i2 Bb �+iBp�i2/ �7i2` � M2r 2tT2`B@
K2MiǶb `2bmHib �`2 `2+2Bp2/- Q` �7i2` mT/�iBM; i?2 KQ/2H T`2/B+iBQM 7mM+iBQM
BM +�b2 Q7 T`2/B+iBp2 2tTHQ`�iBQMX h?Bb bi�i2 p�HB/�i2b i?2 i2`KBM�iBQM +`Bi2`B�
�++Q`/BM; iQ i?2 bT2+B}+�iBQM BM i?2 bm#KBii2/ i2bi #mM/H2 7Q` i?2 2t2+miBM;
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i2bi- �M/ �HbQ �++QmMib 7Q` TQbbB#H2 7�i�H 7�BHm`2b /m`BM; i?2 2tT2`BK2Mi 2t2@
+miBQM K�FBM; Bi BKTQbbB#H2 iQ `2�+? i?2 bi�i2/ ;Q�H U2X;X- i?2 alh +�M MQi
#2 /2THQv2/VX h?2 i2`KBM�iBQM +`Bi2`B� /2i2`KBM2 r?2i?2` Q` MQi i?2 i2bi 2t@
2+miBQM +�M T`Q+22/X A7 i?2 i2`KBM�iBQM +`Bi2`B� p2`B}+�iBQM /2i2`KBM2b i?2
i2bi ?�b iQ #2 biQTT2/ #27Q`2 i?2 /2+H�`2/ MmK#2` Q7 2tT2`BK2Mib Bb 2t2+mi2/-
i?2M i?2 }M�H h2`KBM�i2/ BMM2` bi�i2 Bb b2i �b i?2 Completed with Failure
bi�i2X A7 i?2 K�tnMmK#2`nQ7n2tT2`BK2Mib i2`KBM�iBQM +`Bi2`BQM Bb i`B;;2`2/
�M/ MQ Qi?2` +`Bi2`B� �`2 i`B;;2`2/- i?2M i?2 }M�H h2`KBM�i2/ BMM2` bi�i2 Bb b2i
�b i?2 Partially Complete bi�i2- #2+�mb2 MQ �+im�H 7�BHm`2b Q++m``2/X q?2M
2tT2`BK2Mi `2bmHib �`2 MQi `2i`B2p2/ BM i?2 Handle Experiment Result bi�i2-
i?2 2tT2`BK2Mi Bb +QMbB/2`2/ BM i?2 T2`+2Mi�;2 +QKTmi2/ 7Q` 2p�Hm�iBM; i?2
K�tn7�BH2/n2tT2`BK2Mib i2`KBM�iBQM +`Bi2`BQMX
A7 i?2 i2`KBM�iBQM +`Bi2`B� /Q MQi biQT i?2 2t2+miBQM- i?2M i?2 [m�HBiv ;�i2b
�`2 2p�Hm�i2/ #v �+iBp�iBM; i?2 Check Quality Gates bi�i2- B7 MQ T`2/B+iBQM
KQ/2H Bb BMpQHp2/ Q` i?2 T`2/B+iBQM KQ/2H ?�b �M �++2Ti�#H2 T`2/B+iBQM 2``Q`X
h?2 [m�HBiv ;�i2b �`2 2p�Hm�i2/ QM K2i`B+b +QKTmi2/ QM /Bz2`2Mi 2MiBiB2b- �M/
Kmbi �Hr�vb T�bb 7Q` i?2 i2bi iQ +QMiBMm2X h?Bb �HHQrb mb iQ K�`F i?2 i2bi �b
Completed with Failure �b bQQM �b i?2 [m�HBiv ;�i2b T�`i Q7 i?2 bT2+B}+�iBQM
�`2 MQi K2iX h?2 2p�Hm�iBQM Q7 i?2 [m�HBiv ;�i2b /2T2M/b QM i?2 �+im�H K2i`B+b
T�`i Q7 i?2 ;�i2b �M/ i?2 �p�BH�#BHBiv Q7 i?2 K2i`B+X A7 i?2 K2i`B+ Bb MQi �p�BH�#H2
#2+�mb2 i?2 Handle Experiment Result bi�i2 ?�b MQi #22M �#H2 iQ `2i`B2p2 Bi-
i?2 [m�HBiv ;�i2 2p�Hm�iBQM Bb bFBTT2/ #2+�mb2 i?2v +�M MQi #2 2p�Hm�i2/X AM
i?2 H�ii2` +�b2- i?2 /2+BbBQM �#Qmi i2`KBM�iBM; Q` +QMiBMmBM; i?2 2t2+miBQM Bb
/2H2;�i2/ iQ i?2 i2`KBM�iBQM +`Bi2`B�- 2Mbm`BM; 2tT2`BK2Mib /Q MQi F22T 7�BHBM;
Qp2` � +2`i�BM i?`2b?QH/ UK�tn7�BH2/n2tT2`BK2MibV Q` i?2 i2bi /Q2b MQi 2t2+mi2
7Q` KQ`2 i?�M � bT2+B}2/ �KQmMi Q7 iBK2 UK�tniBK2V
A7 i?2 [m�HBiv ;�i2b �`2 K2i- �M/ i?2`2 �`2 biBHH 2tT2`BK2Mib iQ #2 2t2+mi2/-
i?2 HB72+v+H2 KQp2b #�+F iQ i?2 Determine and Execute Experiments bi�i2X A7
[m�HBiv ;�i2b �`2 K2i- �M/ �HH i?2 2tT2`BK2Mib ?�p2 #22M 2t2+mi2/- i?2 i2bi Bb
K�`F2/ �b Goal ReachedK2�MBM; i?2 i2bi bm++2bb7mHHv `2�+?2/ i?2 ;Q�H /2+H�`2/
�b T�`i Q7 i?2 bT2+B}+�iBQMX
q?2M � T`2/B+iBQM KQ/2H Bb BMpQHp2/- #27Q`2 2p�Hm�iBM; i?2 [m�HBiv ;�i2b- r2
2Mbm`2 i?2 T`2/B+iBQM KQ/2H ?�b �M �++2Ti�#H2 T`2/B+iBQM 2``Q`- �++Q`/BM; iQ
i?2 K2�Mn�#bQHmi2n2``Q` [m�HBiv ;�i2X h?Bb �HHQrb i?2 2p�Hm�iBQM Q7 [m�HBiv
;�i2b QMHv r?2M i?2 `2T`2b2Mi2/ T2`7Q`K�M+2 ?�b �M �++2Ti�#H2 T`2+BbBQM- 2p2M
B7 TQi2MiB�HHv KQ`2 2tT2`BK2Mib �`2 2t2+mi2/ #27Q`2 2p�Hm�iBM; �HH i?2 [m�HBiv
;�i2bX AM T�`�HH2H rBi? i?2 b+?2/mHBM; Q7 2tT2`BK2Mib T�`i Q7 i?2 i2bi- r2 2Mbm`2
iQ Remove Non Reachable Experiments �++Q`/BM; iQ i?2 T`2/B+iBQM KQ/2H p�HB@
/�iBQM `2bmHib- iQ bT22/ mT i?2 2tTHQ`�iBQM Q7 i?2 T2`7Q`K�M+2 bT�+2X 1t�KTH2b
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Q7 MQM@`2�+?�#H2 2tT2`BK2Mib �`2- 2X;X- BM /BK2MbBQMb Q7 i?2 T2`7Q`K�M+2 bT�+2
r?2`2 2tT2`BK2Mib �`2 T`QM2 iQ 7�BHX 6Q` BMbi�M+2- B7 �M 2tT2`BK2Mi ?�b 7�BH2/
#2+�mb2 Q7 HBKBi2/ K2KQ`v �p�BH�#H2- �M/ i?2`2 �`2 Qi?2` 2tT2`BK2Mib BM i?2
2tTHQ`�iBQM bT�+2 rBi? H2bb K2KQ`v +QM};m`2/- i?2M r2 ?2m`BbiB+�HHv �bbmK2
i?�i i?2b2 2tT2`BK2Mib �HbQ rQmH/ 7�BH �M/ i?2`27Q`2 i?2`2 Bb MQ M22/ 7Q` i?2K
iQ #2 2t2+mi2/X
aQK2 i2`KBM�iBQM +`Bi2`B� i?2 mb2` +�M bT2+B7v `2HvBM; QM i?2 .aG �`2 #�b2/ QM
iBK2X AM i?Bb +�b2- i?2 "2M+?6HQr 7`�K2rQ`F 2Mbm`2b r?2M i?2 iBK2 i?`2b?QH/
Bb `2�+?2/- i?2 i2bi Bb KQp2/ iQ i?2 Terminating bi�i2X hQ ;m�`�Mi22 i?�i
�HKQbi i2`KBM�iBM; i2bib ?�p2 i?2 QTTQ`imMBiv iQ /Q bQ- r2 �++QmMi 7Q` � #mz2`
BM i?2 2p�Hm�iBQM Q7 i?2 �+iBQMb iQ i�F2 BM i?2 Terminating bi�i2X "2M+?6HQr-
#27Q`2 b+?2/mHBM; �M 2tT2`BK2Mi- �Hr�vb +?2+Fb 7Q` i?2 `2K�BMBM; iBK2 bQ i?�i
2tT2`BK2Mib �`2 MQi b+?2/mH2/ B7 i?2v ?�p2 � ?B;? +?�M+2 Q7 ;2iiBM; �#Q`i2/
#2+�mb2 Q7 iBK2 +QMbi`�BMibX q?2M i?2 Terminating bi�i2 Bb �+iBp�i2/- r2 +?2+F
7Q` `mMMBM; 2tT2`BK2Mib �M/ `2K�BMBM; iBK2 7Q` i?2B` 2t2+miBQM- �M/ r2 r�Bi 7Q`
i?2B` +QKTH2iBQM- rBi?Qmi b+?2/mHBM; M2r QM2b- B7 i?2 `2K�BMBM; iBK2 2t+22/b
�i KQbi jy KBMmi2b Q` 8W Q7 i?2 bi�i2/ K�tBKmK 2t2+miBQM iBK2X AM i?Bb
+�b2- i?2 2tT2`BK2Mi Bb �HHQr2/ iQ +QKTH2i2 i?2 2t2+miBQM- �M/ i2`KBM�iBQM
+`Bi2`B� �b r2HH �b [m�HBiv ;�i2b �`2 2p�Hm�i2/X q?2M i?�i Bb MQi i?2 +�b2-
i?2 Terminating bi�i2 i`B;;2`b �M �#Q`iBQM Q7 i?2 2tT2`BK2Mi- +QMb2[m2MiHv
i2`KBM�iBM; �HH Bib i`B�Hb- �M/ i?2 alh �M/ `2H�i2b b2`pB+2b mM/2THQvK2Mi- �M/
KQp2b i?2 i2bi iQ i?2 Partially Complete bi�i2X J2i`B+b +QKTmi�iBQM ?�M/H2/
#v i?2 �M�HvbBb K�M�;2` �`2 +QKTH2i2Hv 2t2+mi2/- bQ i?�i /�i� Bb i`�Mb7Q`K2/
�M/ K2i`B+b �`2 +QKTmi2/ 7Q` �HH i?2 +QKTH2i2/ i`B�Hb- BM +�b2 i?2 mb2` /2+B/2b
iQ `2bmK2 i?2 i2biX h?2 b�K2 bi�i2 Bb �HbQ `2�+?2/ r?2M i?2 mb2` /2+B/2b iQ
�#Q`i i?2 i2bi 2t2+miBQMX h?2 Terminated bi�i2 `2T`2b2Mib i?2 }M�H bi�i2 Q7
i?2 i2bi 2t2+miBQMX �b T`2b2Mi2/ BM i?Bb b2+iBQM- i?2 }M�H bm#@bi�i2 +�M #2 QM2
Q7 Partially Complete- Goal Reached- Q` Completed with FailureX h?2 }M�H
bi�i2 Bb b2i #�b2/ QM i?2 2p�Hm�iBQMb QM i?2 i2bi `2bmHib K�/2 #v bm#@bi�i2b Q7
i?2 Running bi�i2X h?2 }M�H bi�i2 �Hr�vb `2TQ`ib �HbQ /2i�BHb i?2 bi�i2 Q7 i?2
i2bi 2t2+miBQM- bQ i?�i Bi +�M #2 `2TQ`i2/ iQ i?2 mb2`X
q2 /Bz2`2MiB�i2 #2ir22M i?`22 K�BM ivT2b Q7 i2bib- �HH 2t2+mi2/ `2HvBM; QM
i?2 HB72+v+H2 T`2b2Mi2/ BM 6B;X eXRd, bBM;H2 2tT2`BK2Mi- 2tTHQ`�iBQM rBi?Qmi `2@
;`2bbBQM KQ/2H- �M/ 2tTHQ`�iBQM rBi? � `2;`2bbBQM KQ/2HX h?2 2tTHQ`�iBQM rBi?
`2;`2bbBQM KQ/2H ivT2 Bb `2T`2b2Mi2/ #v i?2 2MiB`2 HB72+v+H2 `2TQ`i2/ BM 6B;X eXRdX
�M 2t�KTH2 Q7 � i2bi 7QHHQrBM; i?2 2MiB`2 HB72+v+H2 Bb i?2 QM2 `2TQ`i2/ BM GBbi@
BM; 8XR8X .2T2M/BM; QM i?2 ivT2 Q` i?2 `2bmHi �7i2` 2t2+miBM; i?2 #mbBM2bb HQ;B+
#2HQM;BM; iQ � ;Bp2M bi�i2- i?2 i2bi i�F2b /Bz2`2Mi T�i?b BM i?2 HB72+v+H2X
AM 6B;X eXR3 r2 T`2b2Mi i?2 bi�i2b �+iBp�i2/ r?2M � bBM;H2 2tT2`BK2Mi i2bi ivT2
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Bb 2t2+mi2/X �M 2t�KTH2 Q7 � i2bi 7QHHQrBM; i?Bb HB72+v+H2 Bb � HQ�/ i2bi- �b
i?2 QM2 T`2b2Mi2/ BM GBbiBM; 8XkdX h?Bb Bb i?2 bBKTH2bi i2bi ivT2 i?�i +�M #2
2t2+mi2/- �b 2pB/2Mi 7`QK i?2 HBKBi2/ �KQmMi Q7 bi�i2b ;2iiBM; �+iBp�i2/X q?2M
� i2bi rBi? � bBM;H2 2tT2`BK2Mi Bb 2t2+mi2/- �7i2` i?2 2tT2`BK2Mi 2t2+miBQM- i?2
`2bmHib �`2 2p�Hm�i2/- i2`KBM�iBQM +`Bi2`B� �`2 p2`B}2/ �M/ i?2 }M�H i2`KBM�i2/
bi�i2 Bb /2+B/2/ �++Q`/BM; iQ i?2 [m�HBiv ;�i2b 2p�Hm�iBQMX
AM 6B;X eXRN r2 T`2b2Mi i?2 bi�i2b �+iBp�i2/ r?2M �M 2tTHQ`�iBQM rBi?Qmi `2;`2b@
bBQM KQ/2H i2bi ivT2 Bb 2t2+mi2/X �M 2t�KTH2 Q7 � i2bi 7QHHQrBM; i?Bb HB72+v+H2
Bb � +QM};m`�iBQM i2bi- HBF2 i?2 QM2 T`2b2Mi2/ BM GBbiBM; 8XjRX h?2 �+iBp�i2/
bi�i2b �`2 i?2 b�K2 �b T2` i?2 i2bi T`2b2Mi2/ BM 6B;X eXR3X AM i?Bb +�b2- bBM+2
KQ`2 2tT2`BK2Mib ?�p2 iQ #2 2t2+mi2/- �7i2` i?2 [m�HBiv ;�i2b 2p�Hm�iBQM i?2
HB72+v+H2 HQQTb #�+F iQ i?2 Determine and Execute Experiments bi�i2X
AM 6B;X eXky r2 T`2b2Mi i?2 bi�i2 K�+?BM2 BKTH2K2MiBM; i?2 2tT2`BK2Mi 2t@
2+miBQM HB72+v+H2 /`Bp2M #v i?2 2tT2`BK2Mi K�M�;2`X h?2 bi�i2 K�+?BM2 Bb
�+iBp�i2/ 7Q` � ;Bp2M i2bi r?2M i?2 i2bi HB72+v+H2 Bb BM QM2 Q7 i?2 7QHHQr@
BM; irQ bi�i2b, Determine and Execute Initial Validation Set- Q` Determine
and Execute ExperimentsX h?2 2tT2`BK2Mi HB72+v+H2 ?�M/H2b i?2 2t2+miBQM Q7
i`B�Hb- �M/ `2@2t2+miBQM Q7 i?2 b�K2 BM +�b2 Q7 7�BHm`2b- �M/ BMi2`�+ib rBi? i?2
i2bi K�M�;2` iQ `2TQ`i #�+F rBi? i?2 +m``2Mi 2t2+miBQM bi�imb Q7 i?2 2tT2`B@
K2Mi �b T`2b2Mi2/ BM eXRRX �b T2` i?2 i2bi HB72+v+H2- �HbQ 7Q` i?2 2tT2`BK2Mi
HB72+v+H2- i?2 Running bi�i2 Bb i?2 KQbi +QKTH2t QM2 BM i2`Kb Q7 bm#@bi�i2bX
.Bz2`2MiHv 7`QK i?2 i2bi HB72+v+H2- 7Q` i?2 2tT2`BK2Mi HB72+v+H2- r2 QKBi i?2
Waiting- #2+�mb2 r2 �bbmK2 i?�i �M 2tT2`BK2Mi b?QmH/ #2 +QKTH2i2/ QM+2 Bi
Bb b+?2/mH2/ 7Q` 2t2+miBQMX AM i?2 Start bi�i2 i?2 2tT2`BK2Mi Bb T`2T�`2/ 7Q`
2t2+miBQM �M/ 7`2[m2MiHv �++2bb2/ /�i� Bb biQ`2/ BM i?2 /�i�#�b2X A7 i?2`2 �`2
�Mv 2``Q`b BM i?2 T`2T�`�iBQM i?2 2tT2`BK2Mi Bb /B`2+iHv Terminated �M/ KQp2/
BM i?2 Error bi�i2 bBM+2 Bi +�M MQi #2 2t2+mi2/X
q?2M i?2 2tT2`BK2Mi Bb `2�/v- Bi Bb KQp2/ iQ i?2 Ready bi�i2- r�BiBM; iQ
#2 b+?2/mH2/ 7Q` RunningX h?2 `mMMBM; bi�i2 Bb `2�HBx2/ #v � bm#@bi�i2 K�@
+?BM2- rBi? i?2 7QHHQrBM; bi�i2b, RV Determine and Execute Trialsc kV Handle
Trial Result- rBi? bm#@bi�i2b Handle Trial Result �M/ ReExecute Trialc
jV Validate Termination Criteriac 9V TerminatingX
AM i?2 Determine and Execute Trials bi�i2- i?2 M2ti i`B�H iQ #2 2t2+mi2/ Bb /2@
i2`KBM2/ �M/ b+?2/mH2/ 7Q` 2t2+miBQM QM i?2 i`B�H 2t2+miBQM 7`�K2rQ`FX q?2M
i?2 2t2+miBQM `2bmHib �`2 �p�BH�#H2 i?2 2tT2`BK2Mi KQp2b iQ i?2 Handle Trial
Result bi�i2X h?2 Handle Trial Result bi�i2 +?2+Fb 7Q` �p�BH�#BHBiv Q7 i`B�H
`2bmHib- Q` 7Q` BM+m``2/ 2``Q`b- bBKBH�` iQ r?�i i?2 Handle Experiment Result
bi�i2 /Q2b BM i?2 i2bi HB72+v+H2X A7 i?2 i`B�H +QKTH2i2b i?2 2t2+miBQM rBi? bm+@
+2bb- �M/ `2bmHib �`2 �p�BH�#H2- i?2M i?2 2tT2`BK2Mi Bb KQp2/ iQ i?2 Validate
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Termination Criteria bi�i2X h?2 Validate Termination Criteria bi�i2 p�HB@
/�i2 i?2 i2`KBM�iBQM +`Bi2`B� �TTHB2/ iQ i?2 2tT2`BK2Mi �M/ Bib i`B�HbX 6Q` i?2
2tT2`BK2Mib- �++Q`/BM; iQ i?2 2tT2`BK2Mi K2i�@KQ/2H T`2b2Mi2/ BM a2+iX 8XjXk-
i?2 i2`KBM�iBQM +`Bi2`B� +QMi`QH i?2 K�tBKmK MmK#2` Q7 iBK2 i?2 2tT2`BK2Mi
+�M 2t2+mi2- i?2 K�tBKmK MmK#2` Q7 iQi�H Q` 7�BH2/ i`B�Hb- �b r2HH �b �HHQrb
iQ /vM�KB+�HHv /2i2`KBM2 i?2 MmK#2` Q7 i`B�Hb �++Q`/BM; iQ i?2 T`2+BbBQM Q7
`2bmHib Q#i�BM2/ 7Q` K2i`B+b /2}M2/ QM rQ`FHQ�/b �M/ b2`pB+2bX A7 KQ`2 i`B�Hb
`2K�BM iQ #2 b+?2/mH2/- i?2 HB72+v+H2 ;Q2b #�+F iQ i?2 Determine and Execute
Trials bi�i2X h?2 mb2`- Q` � bvbi2K- +QmH/ /2+B/2 iQ T�mb2 i?2 i2bi- �M/ +QMb2@
[m2MiHv �HH i?2 2tT2`BK2Mib `2H�i2/ iQ i?2 i2biX AM bm+? � +�b2- i?2 2tT2`BK2Mi
Bb KQp2/ iQ i?2 Ready bi�i2X h?2 }M�H Terminated bm#@bi�i2 i?2 2tT2`BK2Mi
`2�+?2b- /2T2M/b QM i?2 i2`KBM�iBQM +`Bi2`B� p�HB/�iBQMX AM i?2 7QHHQrBM; r2
/Bb+mbb i?2 +QM/BiBQMb /2i2`KBMBM; i?2 �+im�H }M�H bi�i2 7Q` i?2 2tT2`BK2Mi,

�V Completed- `2�+?2/ r?2M �HH i?2 i`B�Hb �`2 bm++2bb7mHHv 2t2+mi2/X A7 i2`KB@
M�iBQM +`Bi2`B� /vM�KB+�HHv /2i2`KBMBM; i?2 MmK#2` Q7 i`B�Hb �`2 /2}M2/-
i?2 bi�i2 Bb `2�+?2/ B7 i?2 2tT2+i2/ +QM}/2M+2 BMi2`p�H 7Q` i?2 /2}M2/
K2i`B+b Bb ;m�`�Mi22/c

#V Partially Complete- `2�+?2/ r?2M i?2 2t2+miBQM Bb bmbT2M/2/ #2+�mb2
i?2 iQi�H MmK#2` Q7 2t2+mi2/ i`B�Hb 2t+22/b i?2 K�tBKmK MmK#2` Q7
�HHQr2/ i`B�Hbc

+V Aborted- `2�+?2/ r?2M i?2 2tT2`BK2Mi Bb �#Q`i2/ #v i?2 i2bi K�M�;2`c

/V Failure- `2�+?2/ r?2M i2`KBM�iBQM +`Bi2`B� +�M MQi #2 7mH}HH2/- 2X;X- r?2M
i?2 MmK#2` Q7 7�BHBM; i`B�Hb 2t+22/b i?2 K�tBKmK T2`+2Mi�;2 Q7 7�BH2/
i`B�Hbc

2V Error- `2�+?2/ B7 i?2 2tT2`BK2Mi T`2T�`�iBQM BM+m`b BM 2``Q`bX

q?2M i?2 i2bi K�M�;2` `2[m2bib i?2 2tT2`BK2Mi iQ �#Q`i i?2 2tT2`BK2Mi 2t@
2+miBQM- Q` r?2M i?2 K�tBKmK iBK2 i?2 2tT2`BK2Mi Bb �HHQr2/ iQ 2t2+mi2 Bb
2t+22/2/- i?2 Terminating bi�i2 Bb �+iBp�i2/X �b T2` i?2 i2bi- �HbQ 7Q` i?2 2t@
T2`BK2Mi- bQK2 iBK2 #mz2` Bb ;Bp2M 7Q` +m``2MiHv 2t2+miBM; i`B�H iQ +QKTH2i2-
�++Q`/BM; iQ i?2 `2K�BMBM; 2t2+miBQM iBK2 Q7 bm+? i`B�HX h?2 Terminating bi�i2
i2`KBM�i2b �HH i?2 `mMMBM; i`B�Hb- �M/ i?2M KQp2b i?2 HB72+v+H2 iQ i?2 Validate
Termination Criteria bi�i2 iQ /2i2`KBM2 i?2 �+im�H }M�H bi�i2 Q7 i?2 2tT2`B@
K2Mi 2t2+miBQMX
AM +�b2 Q7 �M 2``Q` BM i?2 i`B�H 2t2+miBQM- /Bz2`2Mi �+iBQMb �`2 i�F2M- �++Q`/@
BM; iQ i?2 BM+m``2/ 2``Q`- �M/ i?2v BKT�+i i?2 bi�i2 i`�MbBiBQMb Q++m``BM; BM
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i?2 2tT2`BK2Mi HB72+v+H2X q2 /2}M2 �HH i?2 TQbbB#H2 ivT2b Q7 7�BHm`2 i?2 i2bi-
2tT2`BK2Mi- �M/ i`B�H 2t2+miBQM +QmH/ 2tT2`B2M+2- �b `2TQ`i2/ BM i?2 MQi2 BM
6B;X eXkyX S`2p2MiBQM Q7 TQbbB#H2 7�BHm`2b �M/ ?�M/HBM; Q7 mM2tT2+i2/ 7�BHm`2b Bb
p2`v BKTQ`i�Mi BM ?B;?Hv �miQK�i2/ T`Q+2bb2b- bm+? �b i?2 QM2b BKTH2K2Mi2/
BM "2M+?6HQrX
AM i?2 +�b2- i?2 i`B�H 7�BHb �M/ i?2`2 Bb MQ /�i� �#Qmi i?2 `2�bQM 7Q` i?2 7�BH@
m`2- r2 +QMbB/2` Bi � h_A�G@_�L.PJ@6�AGl_1- �M/ r2 i`v iQ `2@2t2+mi2
i?2 i`B�H 7Q` � T`2/2}M2/ MmK#2` Q7 iBK2b b2i iQ i?`22 #v /27�mHiX A7 i?2
i`B�H F22Tb QM 7�BHBM; �7i2` #2BM; `2@2t2+mi2/ r2 /2i2`KBM2 �M 1sS1_AJ1Lh@
6�AGl_1- #2+�mb2 Bi +�M #2 �bbmK2/ i?�i �HbQ Qi?2` i`B�Hb Q7 i?2 b�K2 2t@
T2`BK2Mi rBHH 7�BH- +QMbB/2`BM; i?2v �HH ?�p2 i?2 b�K2 +QM};m`�iBQMX AM i?2
Validate Termination Criteria bi�i2 i?2 i2`KBM�iBQM +`Bi2`B� �`2 p�HB/�i2/X
A7 r2 BM+m` BM �M 1sS1_AJ1Lh@6�AGl_1 r2 +QMbB/2` i?2 2tT2`BK2Mi iQ
?�p2 7�BH2/ �M/ Bb i?2M i2`KBM�i2/ BM i?2 Failure bi�i2- #2+�mb2 MQ Qi?2` i`B�Hb
+�M #2 b+?2/mH2/X "2bB/2b i?2 i`B�H H2�/BM; iQ �M 1sS1_AJ1Lh@6�AGl_1
r2 �HbQ +QMbB/2` Qi?2` bBim�iBQMb H2�/BM; iQ bm+? � 7�BHm`2- bQ i?�i i?2 2tT2`@
BK2Mi 2t2+miBQM Bb biQTT2/ �b bQQM �b TQbbB#H2 BM +�b2 Bi Bb MQi ;QBM; iQ #2
bm++2bb7mHHv 2t2+mi2/X �M 1sS1_AJ1Lh@6�AGl_1 +�M BM+m` �HbQ r?2M,

�V i?2 alh Q` `2H�i2/ b2`pB+2b 2tT2`B2M+2 � 7�BHm`2 �i /2THQvK2Mi iBK2c

#V i?2 alh Q` `2H�i2/ b2`pB+2b 2tT2`B2M+2 � 7�BHm`2 �i `mMiBK2c

+V i?2 alh Bb MQi `2�/v 7Q` `2+2BpBM; i?2 HQ�/ �7i2` � +2`i�BM �KQmMi Q7
iBK2 UBX2X- i?2 bmin`2�/vnHQ;n+?2+F 7�BHbVc

/V i?2 rQ`FHQ�/ bT2+B}+�iBQM Bb MQi +Q``2+i- 2X;X- #2+�mb2 i?2 bT2+B}2/ alh
2M/TQBMi Bb r`QM;Hv bT2+B}2/c

2V i?2 i`B�H 2t2+miBQM 7`�K2rQ`F ?�b �M mM2tT2+i2/ b2p2`2 2``Q` T`2p2MiBM;
i?2 2t2+miBQM Q7 i`B�Hb- 2X;X #2+�mb2 HQ�/ /`Bp2`b +�M MQi #2 b+?2/mH2/ Q`
2t2+mi2/X

�b T2`7Q`K�M+2 i2bib Q7i2M `2[mB`2 � bB;MB}+�Mi �KQmMi Q7 2t2+miBQM iBK2-
�miQK�iB+ 7�BHm`2 ?�M/HBM; Bb +`m+B�H BM *a.G- �M/ 7�BHm`2b b?QmH/ i?2`27Q`2
#2 ?�M/H2/ �b bQQM �b TQbbB#H2X AM i?2 +�b2 Q7 1sS1_AJ1Lh@6�AGl_1 O�-
O+ i?2 i2bi 2t2+miBQM Bb bmbT2M/2/ �b r2HH- #2+�mb2 i?2 ;Q�H Bb +QMbB/2`2/ MQi
TQbbB#H2 iQ #2 `2�+?2/X
AM 6B;X eXkR r2 T`2b2Mi i?2 bi�i2 K�+?BM2 BKTH2K2MiBM; i?2 2tT2`BK2Mi i`B�H
2t2+miBQM HB72+v+H2 /`Bp2M #v i?2 HQ�/ /`Bp2`b /2THQv2/ QM i?2 i`B�H 2t2+miBQM
7`�K2rQ`F U2Bi?2` 6�#�M Q` CJ2i2`VX �b 7Q` i?2 Qi?2` HB72+v+H2b T`2b2Mi2/ BM
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Perform
 Post-R
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 [no errors]

 [no errors]

 [no errors]

 [no errors]

 [no errors]

 [no errors]

 [no errors]

Term
inating

[aborted by test
m

anager O
R

 by
test execution

fram
ew

ork]

 [error in validating the configuration]

[error in locking resources O
R

 deadline reached]

 [error during deploym
ent]

 [error in validating the deploym
ent]

[error in starting m
onitors/collectors O

R
 in validating the S

U
T readiness]

[error in interacting w
ith m

onitors O
R

 in issuing the load]

[error in starting/stopping/interacting m
onitors/collectors]

[error in stopping/interacting m
onitors/collectors O

R
 undeploym

ent]

[error in cleanup O
R

 undeploym
ent]

 [no errors]
 [no errors]
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i?Bb b2+iBQM- i?2 Running bi�i2 Bb i?2 KQbi +QKTH2t QM2X h?2 2tT2`BK2Mi i`B�H
2t2+miBQM HB72+v+H2 T2`7Q`Kb �HH i?2 �miQK�iBQM �+iBpBiB2b iQ #2 2t2+mi2/ #27Q`2-
/m`BM;- �M/ �7i2` i?2 BbbmBM; Q7 i?2 HQ�/ bT2+B}2/ BM i?2 i2bi bT2+B}+�iBQMX
�KQM; i?2 /Bz2`2Mi �+iBpBiB2b- i?Bb HB72+v+H2 Bb `2bTQMbB#H2 7Q` +Q``2+iHv bi�`iBM;
�M/ biQTTBM; KQMBiQ`b �M/ +QHH2+iQ`b bT2+B}2/ BM i?2 /�i�n+QHH2+iBQM b2+iBQM Q7
i?2 i2bi bT2+B}+�iBQM- �++Q`/BM; iQ i?2 KQK2Mi BM i?2 i2bi HB72+v+H2 i?2 /Bz2`2Mi
KQMBiQ`b �M/ +QHH2+iQ`b �`2 2tT2+i2/ iQ bi�`iX JQMBiQ`b �M/ +QHH2+iQ`b �`2 Q7
/Bz2`2Mi ivT2b- �M/ �++Q`/BM; iQ i?2 ivT2- i?2v Kmbi UQ` +�MV #2 bi�`i2/ BM
bT2+B}+ KQK2Mib Q7 i?2 i`B�H 2t2+miBQM HB72+v+H2 iQ b2`p2 i?2B` Tm`TQb2bX h?2
KQMBiQ`b +�M #2 [m2`B2/ BM i?2 7QHHQrBM; KQK2Mib Q7 i?2 HB72+v+H2 Ur?B+? r2
M�K2 T?�b2bV,

�V bi�`i- 7Q` KQMBiQ`b BMpQHp2/ #27Q`2 i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2 alhc

#V 2M/- 7Q` KQMBiQ`b BMpQHp2/ �7i2` i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2 alhc

+V �HH- 7Q` KQMBiQ`b BMpQHp2/ #27Q`2 Q` �7i2` i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2
alhX

h?2 +QHH2+iQ`b +�M #2 [m2`B2/ BM i?2 7QHHQrBM; KQK2Mib Q7 i?2 HB72+v+H2,

�V 2M/- 7Q` +QHH2+iQ`b BMpQHp2/ �7i2` i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2 alhc

#V �HH- 7Q` +QHH2+iQ`b BMpQHp2/ #27Q`2 Q` �7i2` i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2
alhX

AM a2+iX eXkX8 r2 T`QpB/2 �M BM@/2Ti? Qp2`pB2r Q7 �HH i?2 �p�BH�#H2 KQMBiQ`b �M/
+QHH2+iQ`b b2`pB+2b T�`i Q7 "2M+?6HQr �M/ KQ`2 /2i�BHb QM i?2 /Bz2`2Mi T?�b2bX
h?2 2tT2`BK2Mi i`B�H 2t2+miBQM HB72+v+H2 BMpQHp2b i?2 7QHHQrBM; bi�i2b,

RV Start- i?2 HQ�/ /`Bp2` Bb p�HB/�i2/ #v i?2 i`B�H 2t2+miBQM 7`�K2rQ`F- �M/
BM +�b2 Q7 2``Q`- i?2 i`B�H 2t2+miBQM bi�i2 Bb KQp2/ iQ i?2 Error i2`KBM�iBQM
bi�i2c

kV Ready- `2�+?2/ r?2M i?2 i`B�H Bb `2�/v 7Q` 2t2+miBQMc

jV Running- �+iBp�i2/ r?2M i?2 i`B�H Bb b+?2/mH2/ 7Q` 2t2+miBQM #v i?2 i`B�H
2t2+miBQM 7`�K2rQ`Fc

9V Terminated- `2�+?2/ �i i?2 2M/ Q7 i?2 i`B�H 2t2+miBQMX

h?2 Running bi�i2 Bb `2�HBx2/ #v � bm#@bi�i2 K�+?BM2- rBi? i?2 7QHHQrBM; bi�i2b,
RV Validate Configuration- p�HB/�iBM; i?2 HQ�/ /`Bp2` `mMiBK2 +QM};m`�iBQM
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�7i2` i?2 HQ�/ /`Bp2` ?�b #22M /2THQv2/ QM i?2 i`B�H 2t2+miBQM 7`�K2rQ`F #v
i?2 7`�K2rQ`F Bib2H7c kV Determine and Lock Load Driver Resources- 2p�Hm�i@
BM; i?2 HQ�/ /`Bp2` +QM};m`�iBQM 7Q` i?2 MmK#2` Q7 bBKmH�i2/ mb2`b `2[m2bib-
�M/ 2Mbm`2 i?2 HQ�/ BM7`�bi`m+im`2 ?�b bm{+B2Mi `2bQm`+2X � iBK2@#QmM/ Bb b2i
iQ r�Bi 7Q` `2bQm`+2 �p�BH�#BHBiv- �Hi?Qm;? i?2 i`B�H Bb b+?2/mH2/ #v i?2 i`B�H
2t2+miBQM 7`�K2rQ`F UBX2X- KQp2/ iQ i?2 Running bi�i2V QMHv r?2M bm{+B2Mi
`2bQm`+2b �`2 �p�BH�#H2 �M/ `2b2`p2/ 7Q` i?2 i`B�H 2t2+miBQMc jV Request SUT,
Monitors and Collectors Deployment- `2[m2biBM; i?2 /2THQvK2Mi K�M�;2` iQ
/2THQv i?2 alh �b r2HH �b KQMBiQ`BM; �M/ +QHH2+iBQM b2`pB+2b QM i?2 i2bi 2t2+m@
iBQM BM7`�bi`m+im`2X �HH KQMBiQ`b �M/ +QHH2+iQ`b b2`pB+2b �`2 /2THQv2/ #27Q`2 i?2
�+im�H i`B�H 2t2+miBQM- 2p2M B7 i?2v �`2 BMpQHp2/ BM � H�i2` bi�i2 Q7 i?2 HB72+v+H2X
h?Bb 2Mbm`2b i?�i BM +�b2 Q7 /2THQvK2Mi 2``Q`b- i?2 i`B�H Bb biQTT2/ #27Q`2 #2@
BM; 2t2+mi2/c 9V Validate Load Driver Resources and Deployment- p�HB/�iBM;
i?2 +Q``2+i /2THQvK2Mi Q7 i?2 HQ�/ /`Bp2`b- i?2 alh- KQMBiQ`b �M/ +QHH2+iQ`bc
8V Perform Pre-Run Activities- bi�`iBM; KQMBiQ`b �M/ +QHH2+iQ`b /2+H�`BM; i?2
`mMMBM; T?�b2 �b �HH �M/ 2t2+miBM; i?2 bmin`2�/vnHQ;n+?2+Fc eV Start the
Trial Execution- BbbmBM; i?2 �+im�H HQ�/ iQ i?2 alh �M/ #27Q`2 BMBiB�iBM; i?2
HQ�/ BbbmBM;- Bi �HbQ bi�`ib i?2 KQMBiQ`b /2+H�`BM; i?2 `mMMBM; T?�b2 �b bi�`ic
dV End the Trial Execution- bi�`iBM; KQMBiQ`b �M/ +QHH2+iQ`b /2+H�`BM; i?2
`mMMBM; T?�b2 �b 2M/- �M/ i?2M biQTTBM; i?2K �i i?2 2M/ Q7 i?2B` 2t2+miBQMX Ai
�HbQ biQTb KQMBiQ`b /2+H�`BM; i?2 `mMMBM; T?�b2 �b bi�`ic 3V Perform Post-Run
Activities- biQTTBM; KQMBiQ`b �M/ +QHH2+iQ`b /2+H�`BM; i?2 `mMMBM; T?�b2 �b
�HH- �i i?2 2M/ Q7 i?2B` 2t2+miBQMX Ai �HbQ `2[m2bib i?2 /2THQvK2Mi K�M�;2`
iQ mM/2THQv i?2 alh �M/ `2H�i2/ b2`pB+2b- #2+�mb2 i?2 i`B�H 2t2+miBQM +�M #2
+QMbB/2`2/ +QKTH2i2c NV Terminating- �+iBp�i2/ r?2M i?2 2tT2`BK2Mi HB72+v@
+H2 `2[m2bib iQ �#Q`i i?2 i`B�H 2t2+miBQM Q` #2+�mb2 i?2 HQ�/ /`Bp2` ;2ib FBHH2/
#v i?2 i`B�H 2t2+miBQM 7`�K2rQ`FX h?2 bi�i2 2t2+miBQM 2Mbm`2b i?2 /2THQv@
K2Mi K�M�;2` Bb `2[m2bi2/ iQ mM/2THQv i?2 alh �M/ `2H�i2/ b2`pB+2b- �b r2HH
�b +H2�Mb mT i?2 i`B�H 2t2+miBQM 7`�K2rQ`F `2bQm`+2b �HHQ+�i2/ iQ i?2 `mMMBM;
HQ�/ /`Bp2`X AM i?Bb +�b2- i?2 }M�H i`B�H 2t2+miBQM bi�i2 Bb K�`F2/ �b AbortedX
A7 MQ 2``Q`b BM+m` /m`BM; i?2 2t2+miBQM- i?2 }M�H Completed bi�i2 Bb `2�+?2/
�M/ i`B�H 2t2+miBQM 7`�K2rQ`F `2bQm`+2b �`2 mMHQ+F2/X q?2M 2``Q` Q++m`b BM
i?2 Running bi�i2- i?2 Failure }M�H bi�i2 Bb `2�+?2/X 1``Q`b +�M Q++m` BM i?2
7QHHQrBM; bi�i2b, RV Validate Configuration- r?2M p�HB/�iBM; i?2 HQ�/ /`Bp2`
`mMiBK2 +QM};m`�iBQM 2``Q`b KB;?i BM+m`c kV Determine and Lock Load Driver
Resources- r?2M i`vBM; iQ HQ+F `2bQm`+2b 7Q` i?2 i`B�H 2t2+miBQM- `2bQm`+2 mM@
�p�BH�#BHBiv KB;?i i`B;;2` � /2�/HBM2 `2bmHiBM; BM �M 2``Q` BM HQ+FBM; `2bQm`+2b
7Q` 2t2+miBQMc jV Request SUT, Monitors and Collectors Deployment- r?2M �M
2``Q` /m`BM; i?2 /2THQvK2Mi Q7 i?2 alh �M/ `2H�i2/ b2`pB+2b �M/fQ` i?2 HQ�/
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/`Bp2` BM+m`c 9V Validate Load Driver Resources and Deployment- BM +�b2 i?2
alh �M/ Bib `2H�i2/ b2`pB+2b- �b r2HH i?2 HQ�/ /`Bp2` /2THQvK2Mib `2bmHi BMp�HB/X
PM2 2t�KTH2 Bb r?2M i?2 b2`pB+2b �`2 /2THQv2/ #mi MQi �p�BH�#H2c 8V Perform
Pre-Run Activities- r?2M 2``Q`b BM bi�`iBM;fBMi2`�+iBM; rBi? i?2 KQMBiQ`b �M/
+QHH2+iQ`b Q` r?2M p�HB/�iBM; i?2 alh `2�/BM2bb iQ `2+2Bp2 HQ�/ BM+m`c eV Start
the Trial Execution- r?2M 2``Q`b /m`BM; i?2 BbbmBM; Q7 i?2 HQ�/ iQ i?2 alh Q`
BM bi�`iBM;fBMi2`�+iBM; rBi? i?2 KQMBiQ`b BM+m`c dV End the Trial Execution-
r?2M 2``Q`b BM bi�`iBM;fbiQTTBM;fBMi2`�+iBM; rBi? i?2 KQMBiQ`b �M/ +QHH2+iQ`b
BM+m`c 3V Perform Post-Run Activities- r?2M 2``Q`b BM biQTTBM;fBMi2`�+iBM;
rBi? i?2 KQMBiQ`b �M/ +QHH2+iQ`b BM+m` Q` /m`BM; i?2 alh �M/ `2H�i2/ b2`pB+2b
mM/2THQvK2Mic NV Terminating- r?2M 2``Q`b /m`BM; i?2 +H2�MmT Q7 i?2 i`B�H 2t@
2+miBQM 7`�K2rQ`F Q` i?2 alh �M/ `2H�i2/ b2`pB+2b mM/2THQvK2MiX :Bp2M KQbi
Q7 i?2 2``Q`b +�M #2 i2KTQ`�`v- 2X;X- #2+�mb2 Q7 M2irQ`F Bbbm2b r?2M BMi2`�+iBM;
rBi? i?2 alh- KQMBiQ`b- Q` +QHH2+iQ`b �HH i?2 b2`pB+2b BKTH2K2Mi `2i`v TQHB+B2b
iQ #2 `2bBHB2MiX
AM 6B;X eXkk r2 T`2b2Mi i?2 bi�i2 K�+?BM2 BKTH2K2MiBM; i?2 alh �M/ `2H�i2/
b2`pB+2b HB72+v+H2 /`Bp2M #v i?2 /2THQvK2Mi K�M�;2`X
h?2 alh �M/ `2H�i2/ b2`pB+2b /2THQvK2Mi HB72+v+H2 BMpQHp2b i?2 7QHHQrBM; bi�i2b,

RV Start- i?2 /2THQvK2Mi /2b+`BTiQ` Bb `2+2Bp2/ 7`QK i?2 HQ�/ /`Bp2` �M/
p�HB/�i2/ �M/ BM +�b2 Q7 2``Q`- i?2 /2THQvK2Mi 2t2+miBQM bi�i2 Bb KQp2/
iQ i?2 Error i2`KBM�iBQM bi�i2c

kV Ready- `2�+?2/ r?2M i?2 alh �M/ `2H�i2/ b2`pB+2b �`2 `2�/v 7Q` /2THQv@
K2Mic

jV Running- �+iBp�i2/ r?2M i?2 alh �M/ `2H�i2/ b2`pB+2 �`2 /2THQv2/c

9V Terminated- `2�+?2/ �i i?2 2M/ Q7 i?2 /2THQvK2Mi HB72+v+H2- �7i2` i?2 alh
�M/ `2H�i2/ b2`pB+2b mM/2THQvK2MiX

h?2 Running bi�i2 Bb `2�HBx2/ #v � bm#@bi�i2 K�+?BM2- rBi? i?2 7QHHQrBM; bi�i2b,
RV Determine and Lock SUT Resources- 2Mbm`BM; i?2 `2[m2bi2/ `2bQm`+2 7Q`
alh /2THQvK2Mi �++Q`/BM; iQ QTiBQM�H `2[mB`2K2Mi �#Qmi i?2 b2`p2` r?2`2
iQ /2THQv i?2 b2`pB+2b �`2 �p�BH�#H2c kV Validate Resource and Deploy SUT,
Monitors and Collectors- 2Mbm`2b i?2 HQ+F2/ `2bQm`+2b �`2 `2�/v 7Q` alh
�M/ `2H�i2/ b2`pB+2b /2THQvK2Mi �M/ T`Q+22/b rBi? i?2 /2THQvK2Mi 2Mbm`@
BM; i?2 KQMBiQ`b �M/ +QHH2+iQ`b �`2 ?2�Hi?v �7i2` i?2 /2THQvK2Mic jV Ensure
the SUT is Healthy- K�F2b bm`2 i?2 alh b2`pB+2b �`2 ?2�Hi?v #v [m2`vBM;
i?2 /2THQvK2Mi BM7`�bi`m+im`2 �M/ 2Mbm`BM; i?2 bi�i2 Q7 �HH i?2 b2`pB+2b Bb
?2�Hi?vc 9V Undeploy SUT, Monitors and Collectors and Release Resources
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Lock- `2�+?2/ �7i2` i?2 HQ�/ /`Bp2` +QKTH2i2b i?2 2t2+miBQM- �M/ i�FBM; +�`2
Q7 mM/2THQvBM; i?2 alh �M/ `2H�i2/ b2`pB+2b- �b r2HH �b `2H2�bBM; i?2 `2bQm`+2b
HQ+FX h?2 b�K2 bi�i2 Bb `2�+?2/ �HbQ BM +�b2 i?2 alh Q` `2H�i2/ b2`pB+2b BM+m`
2``Q`b /m`BM; /2THQvK2MiX
A7 MQ 2``Q`b BM+m` /m`BM; i?2 2t2+miBQM- i?2 }M�H Completed bi�i2 Bb `2�+?2/X
q?2M 2``Q` Q++m`b BM i?2 Running bi�i2- i?2 Failure }M�H bi�i2 Bb `2�+?2/X 1`@
`Q`b +�M Q++m` BM i?2 7QHHQrBM; bi�i2b, RV Determine and Lock SUT Resources-
r?2M i`vBM; iQ HQ+F `2bQm`+2b 7Q` i?2 /2THQvK2Mi- `2bQm`+2 mM�p�BH�#BH@
Biv KB;?i i`B;;2` � /2�/HBM2 `2bmHiBM; BM �M 2``Q` BM HQ+FBM; `2bQm`+2bc
kV Validate Resource and Deploy SUT, Monitors and Collectors- r?2M p�HB@
/�iBM; i?2 ?2�Hi?BM2bb Q7 KQMBiQ`b �M/ +QHH2+iQ`b- BM +�b2 i?2 K2MiBQM2/ b2`pB+2b
�`2 MQi ?2�Hi?v �7i2` � ;Bp2M /2�/HBM2 �M 2``Q` BM+m`bc jV Ensure the SUT is
Healthy- r?2M p�HB/�iBM; i?2 alh ?2�Hi?BM2bb- BM +�b2 i?2 alh b2`pB+2b �`2 MQi
?2�Hi?v �7i2` � ;Bp2M /2�/HBM2 �M 2``Q` BM+m`bc 9V Undeploy SUT, Monitors and
Collectors and Release Resources Lock- r?2M /m`BM; mM/2THQvK2Mi- 2``Q`b
BM +H2�MBM; mT i?2 i2bi BM7`�bi`m+im`2 Q` BM `2H2�bBM; i?2 `2bQm`+2b HQ+F Q++m`bX
h?2 b�K2 bi�i2 Bb `2�+?2/ �HbQ BM +�b2 i?2 alh Q` `2H�i2/ b2`pB+2b /2THQvK2Mi
BM+m`b 2``Q`bX 1``Q`b /m`BM; mM/2THQvK2Mi Q` `2bQm`+2b mMHQ+F �`2 `2H2p�Mi iQ
#2 `2TQ`i2/ iQ i?2 mb2`b #2+�mb2 BM K�Mv +�b2b i?2 mb2`b ?�p2 iQ /B`2+iHv �+i iQ
bQHp2 i?2KX q2 K�F2 bm`2 i?2v BM+m` `�`2Hv- #v �TTHvBM; � K2+?�MBbK �HHQrBM;
"2M+?6HQr iQ 7Q`+2 i?2 +H2�MmT Q7 i?2 i2bi BM7`�bi`m+im`2 �M/ /2H2i2 i?2 HQ+Fb
BM +�b2 Q7 `2T2�i2/ 7�BHm`2bX
AM 6B;X eXkj r2 T`2b2Mi i?2 bi�i2 K�+?BM2 BKTH2K2MiBM; i?2 /�i� i`�Mb7Q`K�@
iBQM �M/ �M�HvbBb HB72+v+H2 /`Bp2M #v i?2 �M�HvbBb K�M�;2`X h?2 HB72+v+H2 Bb
BMbi�MiB�i2/ Q` `2�+iBp�i2/ 7Q` 2�+? M2r 2p2Mi Tm#HBb?2/ QM /2/B+�i2/ [m2m2b
QM E�7F� 7Q` ?�M/HBM; /�i� i`�Mb7Q`K�iBQM �M/ K2i`B+b +QKTmi�iBQMX
h?2 2tT2`BK2Mi i`B�H 2t2+miBQM HB72+v+H2 BMpQHp2b i?2 7QHHQrBM; bi�i2b,

RV Start- i2bi- �M/ 2tT2`BK2Mi bT2+B}+�iBQM- �b r2HH �b /�i� iQ #2 T`Q+2bb2/-
�`2 `2i`B2p2/ 7`QK JBMBQX AM +�b2 Q7 2``Q`b BM `2i`B2pBM; i?2 /�i�- i?2
HB72+v+H2 Bb KQp2/ iQ i?2 Error i2`KBM�iBQM bi�i2c

kV Ready- `2�+?2/ r?2M /�i� iQ #2 T`Q+2bb2/ �`2 `2�/v iQ #2 b+?2/mH2/ 7Q`
T`Q+2bbBM;c

jV Running- �+iBp�i2/ 7Q` b+?2/mHBM; /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b �M/
K�M�;BM; i?2 BMi2`/2T2M/2M+B2b �KQM; i?2Kc

9V Terminated- `2�+?2/ �i i?2 2M/ Q7 i?2 /�i� i`�Mb7Q`K�iBQM �M/ /�i� �M�H@
vbBb 2t2+miBQMX
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h?2 Running bi�i2 Bb `2�HBx2/ #v � bm#@bi�i2 K�+?BM2- rBi? i?2 7QHHQrBM;
bi�i2b, RV Determine and Execute Data Transformers and Analysers- /2i2`@
KBMBM; i?2 /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b iQ #2 2t2+mi2/ �++Q`/BM; iQ i?2
/�i� iQ #2 T`Q+2bb2/X Ai �HbQ #mBH/b i?2 /2T2M/2M+v ;`�T? �M/ ?�M/H2b /2@
T2M/2M+B2b �KQM; i?2 /Bz2`2Mi K2i`B+b �M/ i?2 K2i`B+b �M/ i?2 /�i� i`�Mb@
7Q`K2`b- #v Tmb?BM; `2[m2bib 7Q` +QKTmi�iBQM QM /2/B+�i2/ [m2m2b QM E�7F�X
h?2 HB72+v+H2 r�Bib BM i?Bb bi�i2 7Q` /2T2M/2M+B2b iQ #2 �p�BH�#H2 #27Q`2 bi�`i@
BM; i?2 +QKTmi�iBQM- �M/ +?2+Fb 7Q` i?2B` �p�BH�#BHBiv �i �M BMi2`p�H Qp2` iBK2c
kV Handle Data Transformers and Analysers Results- ?�M/HBM; i?2 `2bmHi �M/
2Mbm`BM; /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b +Q``2+iHv +QKTH2i2/ i?2 2t2+miBQMX
q?2M Qi?2` K2i`B+b M22/ iQ #2 +QKTmi2/- �++Q`/BM; iQ i?2 /2T2M/2M+v ;`�T?-
i?2 HB72+v+H2 KQp2b #�+F iQ i?2 Determine and Execute Data Transformers and
Analysers bi�i2X
A7 MQ 2``Q`b BM+m` /m`BM; i?2 2t2+miBQM- i?2 }M�H Completed bi�i2 Bb `2�+?2/X
q?2M 2``Q` Q++m`b BM i?2 Running bi�i2- i?2 Failure }M�H bi�i2 Bb `2�+?2/X
1``Q`b +�M Q++m` BM i?2 7QHHQrBM; bi�i2b, �V Handle Data Transformers and
Analysers Result- r?2M 2t2+miBM; /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b 2``Q`b
KB;?i BM+m`- 2X;X- #2+�mb2 Q7 i?2 mM2tT2+i2/ 7Q`K�i Q7 /�i� iQ i`�Mb7Q`KX

eXkX8 S2`7Q`K�M+2 .�i� *QHH2+iBQM a2`pB+2b
�b T�`i Q7 "2M+?6HQr r2 T`QpB/2 /Bz2`2Mi KQMBiQ`b �M/ +QHH2+iQ`b b2`pB+2b iQ
7�+BHBi�i2 /�i� +QHH2+iBQM �+iBpBiB2bX h?2v �`2 �ii�+?2/ iQ i?2 alh b2`pB+2b #v
i?2 /`Bp2`b K�F2` �++Q`/BM; iQ i?2 i2bi bT2+B}+�iBQM �M/ �`2 /2THQv2/ mbBM;
i?2 b�K2 bi�M/�`/ i?2 alh `2HB2b QM 7Q` i?2 /2THQvK2Mi /2b+`BTiQ`X h?2 mb2`
Bb `2[m2bi2/ iQ bT2+B7v QMHv /�i� +QHH2+iBQM b2`pB+2b BM i?2 .aG- �M/ r2 /Q MQi
/BbiBM;mBb? #2ir22M KQMBiQ`b �M/ +QHH2+iQ`bX 6Q` i?2 mb2` i?2 b+QT2 Bb +QHH2+iBM;
/�i�- i?mb b?2 bT2+B}2b +QHH2+iBQM b2`pB+2bX q?2M KQMBiQ`b �`2 BMpQHp2/ �M/
`2[mB`2 �//BiBQM�H +QM};m`�iBQM p�`B�#H2b- i?2 mb2` Bb `2[mB`2/ iQ bT2+B7v i?Qb2
p�`B�#H2b �b T�`i Q7 i?2 +QHH2+iBQM b2`pB+2 +QM};m`�iBQM BM i?2 .aGX JQMBiQ`
b2`pB+2b- KQMBiQ` i?2 bi�imb Q7 i?2 alh �M/ i?2 mM/2`HvBM; BM7`�bi`m+im`2 �M/
`2i`B2p2 /�i� 7`QK i?2K iQ #2 2p�Hm�i2/- �M/ �`2 B/2MiB}2/ #v � mMB[m2 M�K2
�+`Qbb KQMBiQ`b �M/ +QHH2+iQ`bX *QHH2+iQ`b- �b i?2 M�K2 bi�i2- +QHH2+ib /�i�
7`QK i?2 alh �M/ i?2 mM/2`HvBM; BM7`�bi`m+im`2X *QHH2+iQ`b `2�/ �M/ b�p2 i?2
/�i� QM i?2B` }H2 bvbi2K �b i2KTQ`�`v }H2b- r?B+? �`2 i?2M +QKT`2bb2/ mbBM;
;xBTR- �M/ b2Mi iQ i?2 JBMBQ }H2 biQ`�;2 bvbi2KX
"Qi? KQMBiQ`b �M/ +QHH2+iQ`b +�M 7�HH mM/2` QM2 Q7 irQ +�i2;Q`B2b- M�K2Hv

Rhttp://www.gzip.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

http://www.gzip.org/
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Q|BM2 �M/ QMHBM2X �M Q|BM2 KQMBiQ` M22/b iQ #2 [m2`B2/ 7Q` #2BM; �+iBp�i2/X
q?2M [m2`B2/- Bi `2i`B2p2b i?2 KQMBiQ`2/ /�i� �++Q`/BM; iQ Bib #mbBM2bb HQ;B+
�M/ `2im`Mb Bi iQ i?2 +�HH2`X �M 2t�KTH2 Q7 bm+? � KQMBiQ` Bb QM2 2t2+miBM;
[m2`B2b QM � ."JaX �M QMHBM2 KQMBiQ` QM i?2 Qi?2` 2M/ KQMBiQ`b /�i� BM
`2�H@iBK2 �M/ +�M #2 [m2`B2/ iQ `2i`B2p2 � b�KTH2 Q7 i?2 KQMBiQ`2/ /�i� �i �
;Bp2M TQBMi BM iBK2X PM2 2t�KTH2 Q7 bm+? � KQMBiQ` Bb KQMBiQ`BM; i?2 *Sl
miBHBx�iBQM Q7 � b2`pB+2X
*QHH2+iQ`b rQ`F bBKBH�`Hv iQ i?2 KQMBiQ`bX P|BM2 +QHH2+iQ`b �`2 [m2`B2/ QM+2
iQ T2`7Q`K � bBM;H2 /�i� +QHH2+iBQMX PM2 2t�KTH2 Q7 bm+? � +QHH2+iQ` Bb i?2
QM2 T2`7Q`KBM; � /mKT Q7 /�i�#�b2 /�i�X PMHBM2 +QHH2+iQ`b +QHH2+i /�i� 7`QK
� `2�H@iBK2 bi`2�K Q7 /�i� �M/ biQ`2 i?2K QM � HQ+�H #mz2`X PM2 2t�KTH2 Q7
bm+? � +QHH2+iQ` Bb QM2 +QHH2+iBM; *Sl miBHBx�iBQM Q7 � b2`pB+2X
h?2 KQMBiQ` b2`pB+2b r2 T`QpB/2 �`2,

�V JvaZG JQMBiQ` UP|BM2V, Bi �HHQrb i?2 mb2` iQ T2`7Q`K � /�i�#�b2 [m2`v-
�M/ +QKT�`2 i?2 `2bmHi rBi? � T`QpB/2/ p�Hm2X h?2 JvaZG JQMBiQ` `2@
[mB`2b i?2 7QHHQrBM; +QM};m`�iBQM /�i�, ǳ[m2`vǴ- ǳp�Hm2Ǵ �M/ ǳK2i?Q/Ǵ
iQ T`QpB/2 i?2 [m2`v iQ T2`7Q`K QM i?2 /�i�#�b2- �M 2tT2+i2/ p�Hm2- �M/
i?2 +QKT�`BbQM K2i?Q/ `2bT2+iBp2HvX h?2 +QKT�`BbQM K2i?Q/ +�M #2
ǳ2[m�HǴ �M/ ǳM2[m�HǴ 7Q` 2[m�HBiv �M/ MQM@2[m�HBiv Q7 i?2 `2bmHiX q?2M
+�HH2/ i?2 KQMBiQ` `2im`Mb � CaPL Q#D2+i `2TQ`iBM; i?2 `2bTQMb2 Q#@
i�BM2/ 7`QK 2t2+miBM; i?2 ǳ[m2`vǴ QM i?2 /�i�#�b2- �M/ i?2 `2bmHi Q7 i?2
+QKT�`BbQM- i?�i Bb mbm�HHv 2Bi?2` true Q` falsec

#V *Sl JQMBiQ` UPMHBM2V, Bi �HHQrb i?2 mb2` iQ bi�`i �M/ biQT KQMBiQ`BM;
i?2 *Sl mb�;2 Q7 QM2 Q` KQ`2 HBMF2/ M�K2/ b2`pB+2b- bT2+B}2/ mbBM; i?2
QTiBQM�H +QM};m`�iBQM /�i�, ǳb2H2+iǴ- �++2TiBM; � +QKK�@b2T�`�i2/ HBbi
Q7 M�K2/ b2`pB+2bX q?2M +�HH2/ i?2 KQMBiQ` `2im`Mb i?2 *Sl T2`+2Mi�;2
mb�;2 bi`m+im`2/ BM � CaPL Q#D2+iX h?2 T2`+2Mi�;2 mb�;2 Bb `2TQ`i2/
BM i?2 H�bi 8- jy �M/ ey b2+QM/b- #Qi? i?2 iQi�H Ulast5- last30- last60V
�M/ i?2 /Bz2`2M+2 #2ir22M i?2 H�bi KQMBiQ`2/ p�Hm2b Ulast5D- last30D-
last60DV- �b r2HH �b i?2 iBK2bi�KT 7Q` 2�+? p�Hm2 �b Q#i�BM2/ 7`QK i?2
mM/2`HvBM; BM7`�bi`m+im`2 Ulast5Time- last30Time- last60TimeVX

h?2 +QHH2+iQ` b2`pB+2b r2 T`QpB/2 �`2,

�V JvaZG *QHH2+iQ` UP|BM2V, Bib DQ# Bb iQ T2`7Q`K � 7mHH /mKT Q7 � ;Bp2M
b2i Q7 JvaZG i�#H2b- r?B+? K2�Mb b�pBM; #Qi? i?2 p�Hm2b +QMi�BM2/ BM
i?2K �b r2HH �b i?2 b+?2K� �M/ i?2 ivT2b Q7 i?2 +QHmKMbX Ai �HbQ b�p2b
i?2 bBx2 UBM #vi2bV Q7 i?2 /�i�#�b2X �HH +QHH2+i2/ /�i� Bb b�p2/ �M/ biQ`2/
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�b � ai`m+im`2/ Zm2`v G�M;m�;2 UaZGV /mKTX h?2 JvaZG +QHH2+iQ`
`2[mB`2b i?2 7QHHQrBM; +QM};m`�iBQM /�i�, �++2bb /2i�BHb iQ i?2 /�i�#�b2-
�M/ i�#H2b iQ +QHH2+ic

#V ai�ib *QHH2+iQ` UPMHBM2V, Bib Tm`TQb2 Bb �+iBp2Hv +QHH2+iBM; mb�;2 /�i� 7`QK
� ;Bp2M HBbi Q7 b2`pB+2b /2THQv2/ BM .Q+F2` +QMi�BM2`b- r?B+? T`BK�`BHv BM@
+Hm/2 *Sl- _�J- .AaE- AP- �M/ L1hX h?2 mb�;2 /�i� �`2 +QHH2+i2/
#v i?2 mM/2`HvBM; BM7`�bi`m+im`2- KQbiHv `2HvBM; QM .Q+F2` �SAbX aQK2
Qi?2` /�i�- MQi 2tTQb2/ #v .Q+F2`- �`2 /B`2+iHv +QHH2+i2/ 7`QK i?2 BM@
7`�bi`m+im`2X PM2 2t�KTH2 Bb L1h i?�i BM bQK2 +�b2b Bb MQi T`QpB/2/ #v
.Q+F2` (*2`7Q;HBQ- kyRe- a2+iBQM dXk)X AM i?Bb +�b2- r2 /2i2+i L1h �`2
KBbbBM; �M/ r2 /B`2+iHv [m2`v i?2 mM/2`HvBM; BM7`�bi`m+im`2X h?2 ai�ib
+QHH2+iQ` `2[mB`2b i?2 7QHHQrBM; +QM};m`�iBQM /�i�, HBbi Q7 alh b2`pB+2b
iQ +QHH2+i /�i� 7`QKc

+V S`QT2`iB2b *QHH2+iQ` UP|BM2V, Bib 7mM+iBQM Bb iQ +QHH2+i i?2 T`QT2`iB2b
Q7 � b2`pB+2- �b r2HH �b i?2 ?Qbi QM r?B+? Bi Bb `mMMBM; QMX � b2`pB+2Ƕb
T`QT2`iB2b BM+Hm/2 Bib M�K2- A.- �p�BH�#H2 *Sl +Q`2b- �p�BH�#H2 _�J- �M/
Qi?2` `2bQm`+2@`2H�i2/ /�i�X h?2 ?QbiǶb T`QT2`iB2b BM+Hm/2 /�i� bBKBH�`
iQ i?2 b2`pB+2Ƕb T`QT2`iB2b- bm+? �b i?2 iQi�H MmK#2` Q7 *Sl +Q`2b QM i?2
K�+?BM2- �M/ i?2 iQi�H �KQmMi Q7 _�JX aBKBH�`Hv iQ i?2 bi�ib +QHH2+iQ`-
KQbi Q7 i?2 /�i� �`2 Q#i�BM2/ pB� i?2 .Q+F2` �SAbX h?2 S`QT2`iB2b
+QHH2+iQ` `2[mB`2b i?2 7QHHQrBM; +QM};m`�iBQM /�i�, HBbi Q7 alh b2`pB+2b
iQ +QHH2+i /�i� 7`QKX h?Bb +QHH2+iQ` Bb �Hr�vb 2t2+mi2/ �b T�`i Q7 i2bi
2t2+miBQM rBi? "2M+?6HQrc

/V GQ;b *QHH2+iQ` UP|BM2V, Bib b+QT2 Bb iQ +QHH2+i i?2 HQ;b U7`QK bi�M/�`/
QmiTmi �M/ bi�M/�`/ 2``Q`V Q7 � b2`pB+2X aBKBH�`Hv iQ i?2 bi�ib +QHH2+iQ`-
KQbi Q7 i?2 /�i� �`2 Q#i�BM2/ pB� i?2 .Q+F2` �SAbX h?2 GQ;b +QHH2+iQ`
`2[mB`2b i?2 7QHHQrBM; +QM};m`�iBQM /�i�, HBbi Q7 alh b2`pB+2b iQ +QHH2+i
/�i� 7`QKX PTiBQM�HHv i?2 mb2` +�M �HbQ bT2+B7v � iBK2bi�KT �7i2` r?B+?
TQBMi BM iBK2 iQ +QHH2+i i?2 HQ;b- `2H�iBp2Hv iQ i?2 i2bi bi�`ic

2V wBT *QHH2+iQ` UP|BM2V, Bib Tm`TQb2 Bb iQ xBT � HBbi Q7 T`QpB/2/ /B`2+iQ`B2b
7`QK i?2 }H2 bvbi2K Q7 ;Bp2M b2`pB+2bX Ai `2HB2b QM .Q+F2` +�T�#BHBiB2b iQ
KQmMi i?2 pQHmK2b 7`QK b2`pB+2b Q7 BMi2`2biX h?2 wBT +QHH2+iQ` `2[mB`2b
i?2 7QHHQrBM; +QM};m`�iBQM /�i�, HBbi Q7 alh b2`pB+2b- �HQM; rBi? � ;Bp2M
HBbi Q7 pQHmK2b iQ xBT /�i� 7`QKc

7V 6�#�M *QHH2+iQ` UP|BM2V, Bib b+QT2 Bb iQ +QHH2+i i`B�H 2t2+miBQM /�i� 7`QK
6�#�MX Ai Bb /B`2+iHv BMi2;`�i2/ �b T�`i Q7 i?2 "2M+?6HQr 6�#�M .`Bp2`
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�M/ BMi2`�+ib rBi? i?2 6�#�M �SAbc

;V CJ2i2` *QHH2+iQ` UP|BM2V, Bib b+QT2 Bb iQ +QHH2+i i`B�H 2t2+miBQM /�i�
7`QK CJ2i2`X Ai Bb /B`2+iHv BMi2;`�i2/ �b T�`i Q7 i?2 "2M+?6HQr CJ2i2`
.`Bp2` �M/ BMi2`�+ib rBi? i?2 CJ2i2` �SAbX

eXkXe J2i`B+b *QKTmi�iBQM 6`�K2rQ`F
PM+2 i?2 /�i� Bb biQ`2/ QM JBMBQ #v � +QHH2+iQ`- i?2 +QHH2+iQ` b2M/b � K2bb�;2
QM � /2/B+�i2/ [m2m2 QM E�7F� bB;M�HBM; i?2 �p�BH�#BHBiv Q7 M2r /�i� iQ #2
T`Q+2bb2/X h?2 K2bb�;2 bB;M�HBM; i?2 �p�BH�#BHBiv Q7 /�i� �Hr�vb +QMi�BMb �HbQ
A/2MiB}2`b UA.bV iQ B/2MiB7v i?2 i2bi- 2tT2`BK2Mi- �M/ i`B�H iQ r?B+? i?2 /�i� #2@
HQM; iQX h?2 �M�HvbBb K�M�;2` i?2M i�F2b +�`2 Q7 b+?2/mHBM; /�i� i`�Mb7Q`K2`b
�M/ �M�Hvx2`b QM aT�`F- B7 i?2 /�i� �`2 Q7 BMi2`2bi 7Q` +QKTmiBM; T2`7Q`K�M+2
K2i`B+bX aT�`F Bb /2bB;M2/ iQ b+�H2 rBi? i?2 �KQmMi Q7 /�i�- �M/ r2 `2Hv QM
i?Bb 7`�K2rQ`F #2+�mb2 T2`7Q`K�M+2 /�i� iQ #2 T`Q+2bb2/ BM+`2�b2 BM bBx2 rBi?
i?2 /m`�iBQM Q7 i?2 i2bi- �M/ �++Q`/BM; iQ i?2 alh ivT2X q?2M r2 }`bi bi�`i
Qm` rQ`F- r2 i�`;2i2/ q7Jab �b alh- �M/ 7Q` +QKTmiBM; T2`7Q`K�M+2 K2i`B+b
7Q` bm+? � bvbi2K- /�i�#�b2 /mKTb ?�p2 iQ #2 �M�Hvx2/ �M/ i?Qb2 ;`Qr 7�bi
rBi? i?2 �KQmMi Q7 HQ�/ Bbbm2/ iQ i?2 alh (62`K2 2i �HX- kyR8)X
AM 6B;X eXk9 r2 T`2b2Mi i?2 �`+?Bi2+im`2 Q7 aT�`F- BM Bib /Bbi`B#mi2/ /2THQvK2Mi
+QM};m`�iBQMX h?2 *Hmbi2` J�M�;2` Bb i?2 b2`pB+2 /2/B+�i2/ iQ �+[mB`BM; i?2
`2bQm`+2b 7Q` i?2 +QKTmi�iBQM 7`QK i?2 mM/2`HvBM; /2THQvK2Mi BM7`�bi`m+im`2X
h?2 `2bQm`+2b �`2 K�/2 �p�BH�#H2 QM qQ`F2` LQ/2bX h?2 �+im�H #mbBM2bb HQ;B+
Q7 i?2 7mM+iBQMb `mMMBM; QM aT�`F Bb K�M�;2/ #v � aT�`F .`Bp2` BM � aT�`F
*QMi2tiX h?2 aT�`F /`Bp2` Bb +QMi`QHH2/ #v � aT�`F �TTHB+�iBQM `2T`2b2MiBM; i?2
#mbBM2bb HQ;B+ Q7 i?2 7mM+iBQM- �b r2HH �b Bib +QM};m`�iBQM 7Q` #2BM; 2t2+mi2/ QM
aT�`FX h?2 aT�`F /`Bp2` Bb 2t2+mi2/ QM rQ`F2` MQ/2b BM �M 1t2+miQ`- ?�M/HBM;
QM2 Q` KQ`2 aT�`F /`Bp2`b Uh�bFbVX
aT�`F �HHQrb mb iQ /2}M2 /�i� i`�Mb7Q`K�iBQM �M/ /�i� �M�HvbBb T`Q+2/m`2 BM
/Bz2`2Mi T`Q;`�KKBM; H�M;m�;2b- �M/ 7�+BHBi�i2b i?2 T`Q+2bbBM; Q7 ?2i2`Q;2@
M2Qmb �M/ mMbi`m+im`2/ /�i�- HBF2 i?2 QM2 +QHH2+i2/ /m`BM; T2`7Q`K�M+2 i2biBM;
7`QK /Bz2`2Mi alh ivT2b �M/ b2`pB+2bX

kaQm`+2, https://bigdatapath.wordpress.com/2018/05/16/apache-spark-architecture/-
H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://bigdatapath.wordpress.com/2018/05/16/apache-spark-architecture/
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6B;m`2 eXk9X �T�+?2 aT�`F �`+?Bi2+im`2k

eXkXd h`B�H 1t2+miBQM 6`�K2rQ`Fb
6Q` i?2 T2`7Q`K�M+2 i2bi 2t2+miBQM- r2 `2Hv QM irQ bi�i2@Q7@i?2@�`i QT2M@bQm`+2
7`�K2rQ`Fb- 6�#�M �M/ CJ2i2`X q2 BMi2;`�i2 rBi? bm+? 7`�K2rQ`Fb `2HvBM; QM
bQ7ir�`2 HB#`�`B2b r2 /2p2HQT �b T�`i Q7 i?2 "2M+?6HQr 7`�K2rQ`FX
6�#�M Bb �M QT2M@bQm`+2 iQQH 7Q` T2`7Q`K�M+2 i2biBM; rB/2Hv mb2/ BM #2M+?K�`Fb
`2H2�b2/ #v i?2 aS1*X 6�#�M Bb /2bB;M2/ 7Q` `2HB�#H2 T2`7Q`K�M+2 i2bi 2t2+miBQM
�M/ T`QpB/2b b+?2/mHBM; �M/ `2TQ`iBM; +�T�#BHBiB2bX lb2`b +�M BMi2`�+i rBi?
6�#�M pB� i?2 T`QpB/2/ q2# BMi2`7�+2X
AM 6B;X eXk8 r2 `2TQ`i �M Qp2`pB2r Q7 i?2M 6�#�M �`+?Bi2+im`2X 6�#�M M�K2b
� T2`7Q`K�M+2 i2bi �b "2M+?K�`FX h?2 7`�K2rQ`F Bb /2bB;M2/ iQ bmTTQ`i /Bb@
i`B#mi2/ HQ�/ 7`QK KmHiBTH2 b2`p2`b U�;2MibV bBKmH�iBM; mb2`b BMi2`�+iBM; rBi?
i?2 alhX h?2 >�`M2bb Bb i?2 +QMi`QH b2`pB+2 T`QpB/BM; � [m2m2 7Q` #2M+?K�`Fb
iQ #2 2t2+mi2/ �M/ i�FBM; +�`2 Q7 b+?2/mHBM; i?2 #2M+?K�`Fb #v /Bbi`B#miBM;
i?2K �+`Qbb �HH i?2 �p�BH�#H2 �;2MibX h?2 HBbi Q7 �p�BH�#H2 �;2Mib Bb �Hr�vb F2Ti
mT iQ /�i2 BM � `2;Bbi`v- r?2`2 i?2 �;2Mi `2;Bbi2`b Bib2H7 r?2M Bi bi�`ib QM �
`2KQi2 b2`p2`- �M/ i?2 ?�`M2bb `2i`B2p2b #27Q`2 b+?2/mHBM; � M2r #2M+?K�`FX
h?2 �;2Mib 2t2+mi2 i?2 #2M+?K�`F �M/ Bbbm2 HQ�/ iQ i?2 alh #v 2t2+miBM; i?2
HQ�/ /`Bp2` #2?�pBQ` `2HvBM; QM KmHiBTH2 i?`2�/bX
CJ2i2` Bb � rB/2Hv@mb2/ QT2M@bQm`+2 T2`7Q`K�M+2 i2biBM; 7`�K2rQ`FX CJ2i2` Bb
/2bB;M2/ iQ bmTTQ`i � rB/2 `�M;2 Q7 /Bz2`2Mi i�`;2i T`QiQ+QHb- � `B+? /2}MBiBQM
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6B;m`2 eXkeX CJ2i2` �`+?Bi2+im`2

Q7 i?2 T2`7Q`K�M+2 i2bi +?�`�+i2`BbiB+b �M/ Bi Bb 2ti2MbB#H2 2KTHQvBM; THm;BMbX
*QKT�`2/ iQ 6�#�M- Bi Qz2`b KQ`2 �/p�M+2/ 72�im`2b 7Q` rQ`FHQ�/ bT2+B}+�iBQM-
�M/ ;`2�i2` i�`;2i T`QiQ+QHb bmTTQ`iX PM i?2 Qi?2` 2M/- Bi KBbb2b i?2 b+?2/mHBM;
+�T�#BHBiB2b �M/ Bi Bb MQi M�iBp2Hv /2bB;M2/ 7Q` /Bbi`B#mi2/ T2`7Q`K�M+2 i2biBM;-
�Hi?Qm;? Bi bmTTQ`ib i?2 TQbbB#BHBiv iQ 2t2+mi2 /Bbi`B#mi2/ HQ�/X
AM 6B;X eXke r2 `2TQ`i �M Qp2`pB2r Q7 i?2 CJ2i2` �`+?Bi2+im`2 r?2M +QM};m`2/
7Q` bmTTQ`iBM; � /Bbi`B#mi2/ HQ�/X CJ2i2` M�K2b � T2`7Q`K�M+2 i2bi �b h2bi
SH�MX h?2 7`�K2rQ`F bmTTQ`ib i2bi /2}MBiBQM i?`Qm;? � :lA- r?B+? Bb �HbQ
mb2/ iQ b+?2/mH2 i?2 i2bi TH�M 7Q` 2t2+miBQMX h?2 2t2+miBQM Q7 i?2 i2bi TH�M
Bb +QMi`QHH2/ #v i?2 J�M�;2`- /Bbi`B#miBM; i?2 i2bi TH�M QM /Bz2`2Mi `2KQi2
b2`p2`b- +�HH2/ aH�p2b- r?2`2 HQ�/ /`Bp2`b Bbbm2 i?2 HQ�/ iQ i?2 alh `2HvBM; QM
KmHiBTH2 2t2+mi2/ i?`2�/bX h?2 HBbi Q7 bH�p2b Bb bi�iB+ �M/ ?�b iQ #2 T`QpB/2/
�b T�`i Q7 i?2 i2bi TH�M mbBM; � HBbi Q7 ASb
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eXkX3 *QMbi`m+iBQM Q7 i?2 "mM/H2b �M/ GQ�/ .`Bp2`b
h?2 mb2` bm#KBib QM2 Q` KQ`2 i2bib `2HvBM; QM i2bi #mM/H2b �M/ i2bi bmBi2
#mM/H2bX � i2bi #mM/H2 +QMi�BMb i?2 i2bi bT2+B}+�iBQM `2HvBM; QM i?2 "2M+?6HQr
.aG- i?2 alh /2THQvK2Mi /2b+`BTiQ` �M/ i2bi /�i�X � i2bi bmBi2 #mM/H2 +QHH2+ib
QM2 Q` KQ`2 i2bi #mM/H2b BM � bBM;H2 T�+F�;2 �M/ �//BiBQM�HHv +QMi�BMb � i2bi
bmBi2 bT2+B}+�iBQM `2HvBM; QM i?2 "2M+?6HQr .aGX h2bi �M/ i2bi bmBi2 #mM/H2b
�`2 #mBHi bi�`iBM; 7`QK �`iB7�+ib i?2 mb2` T`QpB/2b- �M/ r?2M b?2 `2HB2b QM i?2
T`QpB/2/ *GA- "2M+?6HQr i�F2b +�`2 Q7 `2�/BM; i?2 }H2b BM i?2 mb2`Ƕb }H2 bvbi2K
�M/ T�+F�;2 i?2 i2bi �M/ i2bi bmBi2 #mM/H2 iQ #2 bm#KBii2/ iQ i2bi K�M�;2`X
h?2 i2bi #mM/H2 Bb mb2/ �b i?2 #�b2 7Q` ;2M2`�iBM; 2tT2`BK2Mi #mM/H2b #v i?2
i2bi K�M�;2`X h?2 2tT2`BK2Mi #mM/H2 Bb mb2/ �b i?2 bi�`iBM; TQBMi 7Q` +QM@
bi`m+iBM; i?2 �+im�H 2t2+mi�#H2 T2`7Q`K�M+2 i2bi 2t2+mi2/ #v QM2 Q7 i?2 irQ
bmTTQ`i2/ i`B�H 2t2+miBQM 7`�K2rQ`Fb- M�K2Hv 6�#�M �M/ CJ2i2`X h?2 2t2@
+mi�#H2 T2`7Q`K�M+2 i2bi Bb `2T`2b2Mi2/ #v HQ�/ /`Bp2`bX h?2 i2+?MQHQ;B2b mb2/
7Q` +QMbi`m+iBM; i?2 HQ�/ /`Bp2`b p�`v �++Q`/BM; iQ i?2 i�`;2i i`B�H 2t2+miBQM
7`�K2rQ`F- �M/ BM T�`iB+mH�`- �`2 #�b2/ QM C�p� 7Q` 6�#�M �M/ QM sJG 7Q`
CJ2i2`X AM/2T2M/2MiHv 7`QK i?2 i�`;2i 7`�K2rQ`F- i?2 HQ�/ /`Bp2` +QMbi`m+iBQM
Bb `2�HBx2/ #v i?2 7QHHQrBM; bi2Tb,

RV T�`bBM; Q7 i?2 2tT2`BK2Mi bT2+B}+�iBQMX h?2 2tT2`BK2Mi bT2+B}+�iBQM Bb
�H`2�/v p�HB/�i2/ �b +Q``2+i �M/ +QKTH2i2c

kV HQ�/BM; Q7 i?2 HQ�/ /`Bp2` i2KTH�i2 �++Q`/BM; iQ i?2 2tT2`BK2Mi bT2+B}+�@
iBQM �M/ i?2 i�`;2i alh ivT2X hQ 7�+BHBi�i2 i?2 ;2M2`�iBQM Q7 HQ�/ /`Bp2`b
r2 T`QpB/2 #�b2 i2KTH�i2b 7Q` /Bz2`2Mi 2tT2`BK2Mi bT2+B}+�iBQMb r2 ;2M@
2`�i2 7Q` /Bz2`2Mi T2`7Q`K�M+2 i2bi ;Q�Hb �M/ bmTTQ`i2/ alh ivT2b- iQ
#2 T�`�K2i2`Bx2/ �++Q`/BM; iQ i?2 mb2` bT2+B}+�iBQMc

jV T�`�K2i2`Bx�iBQM Q7 i?2 HQ�/ /`Bp2` i2KTH�i2 �M/ ;2M2`�iBQM Q7 i?2 i2bi
`2H�i2/ HQ�/ /`Bp2`c

9V p�HB/�iBQM Q7 i?2 ;2M2`�i2/ HQ�/ /`Bp2`X
6`QK � bBM;H2 2tT2`BK2Mi bT2+B}+�iBQM- �HH i?2 HQ�/ /`Bp2`b 7Q` �HH i?2 i`B�Hb �`2
;2M2`�i2/ �i QM+2- bQ i?2v �`2 `2�/v iQ #2 b+?2/mH2/ 7Q` 2t2+miBQMX h?2 HQ�/
/`Bp2` i2KTH�i2b r2 T`QpB/2 �HbQ +Q/B7v #2bi T`�+iB+2b #�b2/ QM i?2 HBi2`�im`2
�M/ Qm` QrM 2tT2`B2M+2- iQ QTiBKBx2 i?2 `2bQm`+2 miBHBx�iBQM Q7 i?2 T2`7Q`K�M+2
i2bi 2t2+miBQM BM7`�bi`m+im`2 �M/ ;m�`�Mi22 i?2 +Q``2+i #2?�pBQ` Q7 i?2 T2`7Q`@
K�M+2 i2bi 2t2+miBQMX h?2v �`2 #mBHi iQ bBKTHB7v i?2 HQ�/ /`Bp2` +QMbi`m+iBQM
7Q` #Qi? Q7 i?2 K�BM i�`;2i alh ivT2b Q7 Qm` �TT`Q�+?- M�K2Hv "SJL kXy
q7Jab �M/ _1ah7mH q2# b2`pB+2bX
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6Q` KQ`2 /2i�BHb QM i?2 i2+?MB+�H +?�HH2M;2b BM +QMbi`m+iBM; HQ�/ /`Bp2`b 7Q`
6�#�M `272` iQ (6BM/�?H- kyRdc .Ƕ�pB+Q- kyRe)- r?BH2 7Q` i?2 i2+?MB+�H +?�HH2M;2b
BM #mBH/BM; HQ�/ /`Bp2`b 7Q` CJ2i2` `272` iQ (S�H2M;�- kyR3)X

eXj "2M+?6HQr 6`�K2rQ`F AKTH2K2Mi�iBQM
AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 K�BM BKTH2K2Mi�iBQM /2i�BHb Q7 i?2 "2M+?6HQr
7`�K2rQ`FX q2 T`2b2Mi �M Qp2`pB2r Q7 b2`pB+2bǶ i2+?MQHQ;B2b r2 `2Hv QM 7Q`
#mBH/BM; i?2 /Bz2`2Mi b2`pB+2b `2�HBxBM; i?2 7`�K2rQ`FX q2 i?2M T`2b2Mi i?2
/2THQvK2Mi /B�;`�K Q7 i?2 "2M+?6HQr 7`�K2rQ`F- �M/ �M Qp2`pB2r Q7 i?2 /2@
bB;M Q7 i?2 K�BM �SAb miBHBx2/ 7Q` +QKKmMB+�iBQMb �KQM; "2M+?6HQr b2`pB+2b
�M/ 7Q` 2M�#HBM; BMi2;`�iBQM rBi? i?B`/@T�`iv b2`pB+2bX q2 �HbQ T`QpB/2 BK@
TH2K2Mi�iBQM /2i�BHb QM i?2 /�i� +QHH2+iBQM b2`pB+2b r2 BM+Hm/2 �b T�`i Q7 i?2
"2M+?6HQr 7`�K2rQ`F- �M/ �HH i?2 +QKTmi2/ K2i`B+b �M/ bi�iBbiB+b- �M/ T2`@
7Q`K2/ bi�iBbiB+�H i2bibX AM i?2 H�bi T�`i Q7 i?2 b2+iBQM r2 Qz2` �M Qp2`pB2r Q7
iQQHb r2 T`QpB/2 7Q` mb2`bǶ iQ BMi2`�+i rBi? i?2 "2M+?6HQr 7`�K2rQ`F �M/ iQ
BMi2;`�i2 i?2 7`�K2rQ`F rBi? .2pPTb iQQHb �M/ *a.G- Qi?2` i?�M /Bb+mbbBM;
i?2 2ti2MbBQM TQBMib r2 K�F2 �p�BH�#H2X

eXjXR a2`pB+2bǶ h2+?MQHQ;B2b
h?2 "2M+?6HQr 7`�K2rQ`F Bb `2�HBx2/ #v KmHiBTH2 b2`pB+2b BKTH2K2Mi2/ rBi?
/Bz2`2Mi i2+?MQHQ;B2bX h?2 +Q`2 b2`pB+2b QM i?2 "2M+?6HQr 7`�K2rQ`F �`2 BK@
TH2K2Mi2/ �b _1ah7mH q2# b2`pB+2bX h?2 K�BM i2+?MQHQ;B2b �M/ T`Q;`�KKBM;
H�M;m�;2b r2 `2Hv QM �`2,

�V C�p� 7Q` i?2 +Q`2 "2M+?6HQr 7`�K2rQ`F b2`pB+2b- HB#`�`B2b mb2/ #v +Q`2
b2`pB+2b �M/ T�`i Q7 i?2 .aG HB#`�`vc

#V a+�H� 7Q` T�`i Q7 i?2 .aG HB#`�`vc

+V :Qj 7Q` KQMBiQ`b �M/ +QHH2+iQ`b b2`pB+2b �M/ HB#`�`B2b mb2/ #v i?2 b�K2
b2`pB+2b- /m2 iQ i?2 TQbbB#BHBiv iQ +QKTBH2 :Q G�M; iQ � M�iBp2 2t2+mi�#H2
�M/ `2/m+BM; i?2 `2bQm`+2 7QQiT`BMi Q7 b2`pB+2bc

/V Svi?QM9 7Q` /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b- �M/ HB#`�`B2b mb2/ #v i?2Kc

2V .`QTqBx�`/8 �b i?2 #�b2 7`�K2rQ`F 7Q` #mBH/BM; C�p� q2# b2`pB+2bc
jhttps://golang.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
9https://www.python.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
8https://www.dropwizard.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://golang.org/
https://www.python.org/
https://www.dropwizard.io/
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7V �T�+?2 aT�`F �b i?2 `mMiBK2 7`�K2rQ`F 7Q` /�i� i`�Mb7Q`K2`b �M/ �M�@
Hvx2`bc

;V JQM;Q."e �b i?2 /�i�#�b2 iQ biQ`2 i?2 bi�i2 Q7 i?2 +Q`2 "2M+?6HQr
b2`pB+2bc

?V .Q+F2` �b i?2 T�+F�;BM; �M/ /2THQvK2Mi i2+?MQHQ;v 7Q` �HH i?2 b2`pB+2bX

hQ ;m�`�Mi22 i?2 BKTH2K2Mi2/ b2`pB+2b �M/ +QKTQM2Mib Q7 i?2 "2M+?6HQr
7`�K2rQ`F rQ`F �++Q`/BM; iQ i?2 `2[mB`2K2Mib- r2 �Hr�vb /2p2HQT2/ �i H2�bi
mMBi- BMi2;`�iBQM- �M/ bvbi2K i2bi 7Q` �HH i?2 b2`pB+2bX 6Q` i?2 K�BM "2M+?6HQr
7`�K2rQ`F mb�;2 b+2M�`BQb r2 �HbQ /2p2HQT2/ 2M/@iQ@2M/ i2biBM; �M/ T2`7Q`@
K�M+2 i2biBM;- `2HvBM; QM i?2 "2M+?6HQr 7`�K2rQ`F Bib2H7X
6Q` KQ`2 BKTH2K2Mi�iBQM /2i�BHb 7Q` i?2 /Bz2`2Mi b2`pB+2b �M/ +QKTQM2Mib
`2�HBxBM; i?2 "2M+?6HQr 7`�K2rQ`F `272` iQ, (6BM/�?H- kyRdc .Ƕ�pB+Q- kyRec
S�H2M;�- kyR3) 7Q` i?2 +Q`2 b2`pB+2b �M/ i?2 .aG HB#`�`v- �M/ iQ (*2`7Q;HBQ-
kyRe) 7Q` i?2 b2`pB+2b `2H�i2/ iQ /�i� +QHH2+iBQM- /�i� i`�Mb7Q`K�iBQM- �M/ /�i�
�M�HvbBbX

ai�i2 J�+?BM2 AKTH2K2Mi�iBQM

6Q` BKTH2K2MiBM; i?2 bi�i2 K�+?BM2b r2 `2HB2/ QM � bQHB/ QT2M@bQm`+2 HB#`�`v
/2/B+�i2/ iQ i?2 b+QT2X h?2 bQ7ir�`2 HB#`�`v Bb M�K2/ a[mB``2Hd- �M/ T`QpB/2b
�HH i?2 BKTQ`i�Mi 72�im`2b 7Q` BKTH2K2MiBM; bi�i2 K�+?BM2 KQ/2Hb �M/ BMbi�M@
iB�iBM; bi�i2 K�+?BM2 BMbi�M+2b r?2M M22/2/X q2 `2HB2/ QM i?2 K2MiBQM2/
bQ7ir�`2 HB#`�`v 7Q`,

�V /2}MBM; i?2 bi�i2 K�+?BM2b T`2b2Mi2/ BM a2+iX eXkX9X a[mB``2H bmTTQ`ib
7Q` ?B2`�`+?B+�H bi�i2 bT2+B}+�iBQMc

#V BMbi�MiB�i2 bi�i2 K�+?BM2 BMbi�M+2b 7Q` /Bz2`2Mi M22/bc

+V �miQK�iB+ ?�M/HBM; Q7 bi�i2 i`�MbBiBQM 2t+2TiBQMbX

eXjXk .2THQvK2Mi .B�;`�K
AM 6B;X eXkd r2 T`2b2Mi i?2 /2THQvK2Mi /B�;`�K Q7 "2M+?6HQr 7`�K2rQ`F +Q`2
b2`pB+2bX h?2 alh /2THQvK2Mi 2MpB`QMK2Mi- i?2 i`B�H 2t2+miBQM 7`�K2rQ`F �M/
HQ�/ /`Bp2`b /2THQvK2Mi 2MpB`QMK2Mi- �M/ i?2 "2M+?6HQr +Q`2 b2`pB+2b /2THQv@
K2Mi 2MpB`QMK2Mi �`2 r2HH@b2T�`�i2/ iQ �pQB/ BMi2`72`2M+2 �M/ +QMM2+i2/ Qp2`

ehttps://www.mongodb.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
dhttps://github.com/hekailiang/squirrel- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.mongodb.com/
https://github.com/hekailiang/squirrel
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i?2 BMi2`M2i UTQbbB#Hv Qp2` 1i?2`M2i BM � HQ+�H �`2� M2irQ`FVX *QMM2+iBM; i?2
/2THQvK2Mi 2MpB`QMK2Mi BM � HQ+�H �`2� M2irQ`F K�tBKBx2b i?2 bi�#BHBiv Q7
i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i�- 2bT2+B�HHv i?2 +HB2Mi@bB/2 QM2b `2H�i2/ iQ HQ�/
/`Bp2`bX AM bQK2 bBim�iBQMb- i?Bb Bb MQi TQbbB#H2 iQ #2 ;m�`�Mi22/- 7Q` 2t�KTH2
r?2M i?2 /Bz2`2Mi 2MpB`QMK2Mib `2bB/2 QM /Bz2`2Mi BM7`�bi`m+im`2bX AM i?2 alh
/2THQvK2Mi 2MpB`QMK2Mi- Qi?2` i?�M i?2 alh b2`pB+2b- r2 �HbQ /2THQv KQMBiQ`b
�M/ +QHH2+iQ`b b2`pB+2b �M/ i?2 /2THQvK2Mi K�M�;2`X q?2M i?Bb Bb MQi TQbbB@
#H2- 7Q` 2t�KTH2- /m2 iQ b2+m`Biv +QMbi`�BMib- KQMBiQ`b �M/ +QHH2+iQ` b2`pB+2b
�M/ i?2 /2THQvK2Mi K�M�;2` �`2 /2THQv2/ QM i?2 "2M+?6HQr +Q`2 b2`pB+2b /2@
THQvK2Mi 2MpB`QMK2Mi �Hi?Qm;? bQK2 Qp2`?2�/ BM i?2 /�i� +QHH2+iBQM �M/ alh
/2THQvK2Mi QT2`�iBQMb �`2 BMi`Q/m+2/X AM i?2 i`B�H 2t2+miBQM 7`�K2rQ`F �M/
HQ�/ /`Bp2`b /2THQvK2Mi 2MpB`QMK2Mi- r2 /2THQv i?2 i`B�H 2t2+miBQM 7`�K2rQ`F
K�BM b2`pB+2b- i?mb 6�#�M �M/ CJ2i2`- �b r2HH �b /2THQv i?2 �;2MibfaH�p2b iQ
2t2+mi2 i?2 HQ�/ /`Bp2`b BM � /Bbi`B#mi2/ K�MM2`X h?2 "2M+?6HQr +Q`2 b2`pB+2b
/2THQvK2Mi 2MpB`QMK2Mi ?Qbib i?2 +Q`2 b2`pB+2b bmTTQ`iBM; i?2 /2+H�`�iBp2 T2`@
7Q`K�M+2 i2bi �miQK�iBQMX
a2`pB+2b `2H�i2/ iQ i?2 �M�HvbBb T?�b2 �`2 mbm�HHv /2THQv2/ QM b2T�`�i2/ ?�`/@
r�`2- bBx2/ �++Q`/BM; iQ i?2 M22/b Q7 i?2 �M�HvbBb 7`�K2rQ`F- BM Qm` +�b2 �T�+?2
aT�`FX

eXjXj J�BM a2`pB+2bǶ �SAb AKTH2K2Mi�iBQM .2i�BHb
"2M+?6HQr b2`pB+2b 2tTQb2 �SAb 7Q` BMi2`M�H +QKKmMB+�iBQMb �M/ 7Q` 2M�#HBM;
i?B`/@T�`iv b2`pB+2b BMi2;`�iBQMX h?2 �SAb �`2 /2bB;M2/ 7QHHQrBM; i?2 _1ah
bi�M/�`/- �M/ BM T�`iB+mH�`- 7QHHQrBM; i?2 `2+QKK2M/�iBQMb Q7 i?2 �`iB+H2 QM
_2bQm`+2 L�KBM; #v hX 6`2/`B+? (6`2/`B+?- hQ//- kyRk)X _2+QKK2M/�iBQMb
BM (6`2/`B+?- hQ//- kyRk) bm;;2bi iQ /2}M2 _1ah `2bQm`+2b iQ `2T`2b2Mi 2MiB@
iB2b BM i?2 /QK�BM KQ/2H Q7 i?2 b2`pB+2- �M/ i?�i i?2 lMB7Q`K _2bQm`+2 A/2M@
iB}2` Ul_AV Qp2` r?B+? i?2 �SAb Bb 2tTQb2/ b?QmH/ /2b+`B#2 i?2 ?B2`�`+?B+�H
`2H�iBQMb?BTb #2ir22M i?2 `2bQm`+2b `2T`2b2MiBM; i?2 /Bz2`2Mi 2MiBiB2b Q7 i?2
b2`pB+2 /QK�BM KQ/2HX
�+`Qbb i?2 /Bz2`2Mi b2`pB+2b r2 /2}M2 � b2i Q7 `2bQm`+2b i?�i �`2 �Hr�vb �p�BH@
�#H2,

�V mb2`b- `2T`2b2MiBM; i?2 mb2` BMi2`�+iBM; rBi? i?2 b2`pB+2c

#V i2bib- `2T`2b2MiBM; � i2bi bT2+B}+�iBQMc

+V 2tT2`BK2Mib- `2T`2b2MiBM; �M 2tT2`BK2Mi bT2+B}+�iBQM ;2M2`�i2/ 7`QK
� i2bic
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/V i`B�Hb- `2T`2b2MiBM; � i`B�H Q7 �M 2tT2`BK2MiX

h?2 T`2b2Mi2/ 2MiBiB2b �`2 +HQb2Hv `2H�i2/ iQ QM2 �MQi?2` BM � ?B2`�`+?B+�H bi`m+@
im`2- rBi? i?2 #�b2 2MiBiv #2BM; i?2 mb2`X
hQ ;m�`�Mi22 i?2 /Bz2`2Mi b2`pB+2b +�M �Hr�vb B/2MiB7v i?2 `2bQm`+2 Q7 BMi2`@
2bi r?BH2 +QKKmMB+�iBM;- r2 /2}M2/ � +Q``2H�iBQM A. 7Q` 2�+? Q7 i?2 K�BM
`2bQm`+2b HBbi2/ �#Qp2X h?2 A. Bb +QMbi`m+i2/ bm+? i?�i Bi `2bT2+ib i?2 b�K2
`2+QKK2M/�iBQMb Q7 i?2 �SAb M�KBM;- i?mb Bi Bb bi`m+im`2/ ?B2`�`+?B+�HHv iQ
�Hr�vb #2BM; �#H2 iQ +Q``2H�i2 �HH i?2 `2H�i2/ 2MiBiB2bX h?2 bi`m+im`2 Q7 i?2 A.b
7Q` i?2 /Bz2`2Mi `2bQm`+2 �`2,

�V {testID} 4 {username}.{testName}.{testNumber} 7Q` i?2 i2bi `2bQm`+2c

#V {experimentID} 4 {testID}.{experimentNumber} 7Q` i?2 2tT2`BK2Mi `2@
bQm`+2c

+V {trialID} 4 {experimentID}.{trialNumber} 7Q` i?2 i`B�H `2bQm`+2X

h?2 i2biA. �Hr�vb `2TQ`ib i?2 mb2`M�K2 Q7 i?2 mb2` i?2 i2bi #2HQM;b iQX h?2
i2biL�K2 `2T`2b2Mib i?2 M�K2 i?2 mb2` �bbB;M2/ iQ i?2 i2bi �M/ i?2 i2biLmK#2`
Bb � b2[m2MiB�H MmK#2` �//2/ #v i?2 i2bi K�M�;2` BM +�b2 Q7 KmHiBTH2 i2bib
rBi? i?2 b�K2 M�K2 �`2 bm#KBii2/ #v i?2 b�K2 mb2`X �M 2t�KTH2 Q7 i2biA.
rQmH/ #2 benchflow.loadTest.1X h?2 2tT2`BK2MiA. `272`2M+2b iQ i?2 i2biA.
�M/ �//b �M BM+`2K2Mi�H MmK#2` �miQK�iB+�HHv ;2M2`�i2/ #v i?2 7`�K2rQ`F-
iQ ;m�`�Mi22 i?2 A. Bb mMB[m2X �M 2t�KTH2 Q7 A. 7Q` i?2 }`bi 2tT2`BK2Mi Q7
i?2 2t�KTH2 i2biA. rQmH/ #2 benchflow.loadTest.1.1X h?2 i`B�HA. `272`2M+2b
iQ i?2 2tT2`BK2MiA. �M/ �b T2` i?2 2tT2`BK2Mi- r2 �// �M BM+`2K2Mi�H A.X
�M 2t�KTH2 Q7 A. 7Q` i?2 }`bi i`B�H Q7 i?2 2t�KTH2 2tT2`BK2MiA. rQmH/ #2
benchflow.loadTest.1.1.1X
6Q` 2�+? `2bQm`+2- r2 /2}M2 �SAb iQ +`2�i2 i?2 `2bQm`+2 UPOST V- iQ `2�/ i?2
`2bQm`+2 UGET V- iQ mT/�i2 i?2 `2bQm`+2 UPU T �M/ PAT CHV- �M/ QTiBQM�HHv
r2 T`QpB/2 �SAb iQ /2H2i2 i?2 `2bQm`+2 UDELET EVX h?2 �SAb �`2 /2bB;M2/
iQ `2bTQM/ #�+F rBi? /�i� b2`B�HBx2/ BM CaPL 7Q`K�iX h?2 `2bTQMb2 �Hr�vb
+QMi�BMb i?2 +QKTH2i2 KQ/2H Q7 i?2 `2bTQMb2 2MiBiv �M/ �HH i?2 `2H2p�Mi BM7Q`@
K�iBQM UBX2X- i?2 `2bQm`+2 l_GV iQ M�pB;�i2 7`QK �Mv ;Bp2M 2MiBiv iQ `2H�i2/
2MiBiB2b Q7 BMi2`2biX h?2 �SAb `2bTQMb2 +Q/2 �`2 /2bB;M2/ �b bm+? iQ `2bT2+i
i?2 >hhS `2bTQMb2 +Q/2 bi�M/�`/3- �M/ iQ T`QpB/2 i?2 +Q``2+i BM7Q`K�iBQM iQ
i?2 mb2` �++Q`/BM; iQ i?2 BMi2`M�H bi�i2 Q7 i?2 `2bQm`+2 �7i2` � `2[m2biX

3https://www.w3.org/Protocols/rfc2616/rfc2616-sec10.html- H�bi pBbBi2/ QM 62#`m�`v d-
kykR

https://www.w3.org/Protocols/rfc2616/rfc2616-sec10.html
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h?2 +QKTH2i2 BKTH2K2Mi�iBQM /2i�BHb 7Q` i?2 "2M+?6HQr b2`pB+2bǶ �SAb �`2
T`QpB/2/ BM i?2 7QHHQrBM; J�bi2` i?2b2b (6BM/�?H- kyRdc S�H2M;�- kyR3c .Ƕ�pB+Q-
kyRec *2`7Q;HBQ- kyRe)X

eXjX9 S2`7Q`K�M+2 .�i� *QHH2+iBQM a2`pB+2b
�HH i?2 KQMBiQ` �M/ +QHH2+iQ` b2`pB+2b r2 BMi`Q/m+2 BM a2+iX eXkX8- #mi i?2 QM2b
/2/B+�i2/ iQ 6�#�M �M/ CJ2i2`- �`2 BKTH2K2Mi2/ mbBM; i?2 :Q T`Q;`�KKBM;
H�M;m�;2 �M/ T�+F�;2/ BM .Q+F2` AK�;2b �HQM; rBi? �HH i?2B` /2T2M/2M+B2bX
q2 QTi2/ 7Q` i?2 :Q T`Q;`�KKBM; H�M;m�;2 #2+�mb2 Bi Bb � HB;?ir2B;?i �M/
2{+B2Mi H�M;m�;2- �M/ +�M #2 +QKTBH2/ iQ � M�iBp2 #BM�`v }H2X Ai Bb BKTQ`i�Mi
7Q` KQMBiQ`b �M/ +QHH2+iQ`b iQ #2 HB;?ir2B;?i �M/ rBi? HBKBi2/ /2T2M/2M+B2b iQ
i?2 mM/2`HvBM; QT2`�iBM; bvbi2K #2+�mb2 i?2v �`2 mbm�HHv /2THQv2/ M2ti iQ i?2
alh b2`pB+2b �M/ BMi2`72`2M+2 QM i?2 T2`7Q`K�M+2 Q7 i?2 alh Kmbi #2 �pQB/2/
/m`BM; i?2 T2`7Q`K�M+2 i2bi 2t2+miBQMX *QHH2+iQ`b �`2 /2bB;M2/ iQ QTiBKBx2 i?2
iBK2 i?2v `2[mB`2 iQ +QHH2+i /�i� bQ i?�i i?2v BKT�+i �b HBiiH2 �b TQbbB#H2 i?2
alh T2`7Q`K�M+2 �M/ i?2 i`B�H 2t2+miBQM iBK2X aBM+2 �HH i?2 b2`pB+2b `2Hv QM i?2
b�K2 7mM+iBQM�HBiB2b iQ BMi2`�+i rBi? i?2 "2M+?6HQr b2`pB+2b- 2X;X- xBTTBM; /�i�-
b2M/BM; /�i� QM JBMBQ- bB;M�H E�7F�- r2 T`QpB/2 � HB#`�`v 7Q` i?2 K2MiBQM2/
7mM+iBQM�HBiB2b- iQ #2 `2mb2/ 7Q` KQMBiQ`b �M/ +QHH2+iQ`bX 6�#�M �M/ CJ2i2`
+QHH2+iQ`b �`2 /B`2+iHv BMi2;`�i2/ rBi? i?2B` `2bT2+iBp2 "2M+?6HQr /`Bp2`bX
h?2 JvaZG +QHH2+iQ` b2`pB+2 /2T2M/b QM KQMBiQ`b 2t2+miBQM #27Q`2 #2BM; �#H2
iQ Qz2` i?2B` 7mM+iBQM�HBiB2bX Ai }`bi /2T2M/b QM i?2 *Sl KQMBiQ`- iQ /2i2`KBM2
r?2M i?2 b2`pB+2 QM r?B+? i?2 JvaZG +QHH2+iQ` Bb �ii�+?2/ ?�b HQr `2bQm`+2
miBHBx�iBQM- �M/ i?2M i?2 JvaZG KQMBiQ` iQ 2t2+mi2 [m2`B2b QM bT2+B}+ i�#H2b
QM � /�i�#�b2 iQ /2i2`KBM2 r?2M Bi Bb i?2 `B;?i iBK2 iQ +QHH2+i � /mKT Q7 i?2
/�i�#�b2X h?2 i`B�H 2t2+miBQM HB72+v+H2 i�F2b i?2 /2T2M/2M+B2b BMiQ �++QmMi-
7Q` +Q``2+iHv bi�`iBM; �M/ biQTTBM; KQMBiQ`b �M/ +QHH2+iQ`b BM i?2 +Q``2+i Q`@
/2`BM;X �++Q`/BM; iQ i?2 T?�b2 BM r?B+? i?2 KQMBiQ` Bb /2}M2/ iQ #2 bi�`i2/-
i?2 i`B�H 2t2+miBQM HB72+v+H2, �V +QKTH2i2b i?2 BMi2`�+iBQM rBi? i?2 KQMBiQ`-
#27Q`2 bi�`iBM; i?2 +QHH2+iQ`- BM +�b2 Q7 i?2 bi�`i Q` �HH T?�b2c #V +QKTH2i2b i?2
BMi2`�+iBQM rBi? i?2 KQMBiQ`- #27Q`2 biQTTBM; i?2 +QHH2+iQ`- BM +�b2 Q7 i?2 2M/
Q` �HH T?�b2c h?2 i`B�H 2t2+miBQM HB72+v+H2 �++QmMib 7Q` TQbbB#H2 2``Q`b- `2i`vBM;
i?2 QT2`�iBQMb mMiBH � ;Bp2M `2i`v i?`2b?QH/ Bb `2�+?2/X
JQMBiQ`b �M/ +QHH2+iQ`b +�M #2 2t2+mi2/ BM /Bz2`2Mi KQK2Mib Q7 i?2 i`B�H 2t@
2+miBQM HB72+v+H2- �b �MiB+BT�i2/ BM a2+iX eXkX9X AM i?2 7QHHQrBM;- r2 `2TQ`i i?2
T?�b2 BM r?B+? 2�+? Q7 i?2 T`QpB/2/ KQMBiQ`b �M/ +QHH2+iQ`b Bb 2t2+mi2/X 6Q`
KQMBiQ`b,

�V JvaZG JQMBiQ` UP|BM2V T?�b2, 2M/
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#V *Sl JQMBiQ` UPMHBM2V T?�b2, �HH

6Q` +QHH2+iQ`b,

�V JvaZG *QHH2+iQ` UP|BM2V T?�b2, 2M/

#V ai�ib *QHH2+iQ` UPMHBM2V T?�b2, �HH

+V S`QT2`iB2b *QHH2+iQ` UP|BM2V T?�b2, 2M/

/V GQ;b *QHH2+iQ` UP|BM2V T?�b2, �HH

2V wBT *QHH2+iQ` UP|BM2V T?�b2, 2M/

7V 6�#�M *QHH2+iQ` UP|BM2V T?�b2, 2M/

;V CJ2i2` *QHH2+iQ` UP|BM2V T?�b2, 2M/

�HH KQMBiQ`b �M/ +QHH2+iQ`b T`QpB/2 � mMB7Q`K _1ah �SAb 7Q` Q#i�BMBM; /�i�
7`QK i?2 KQMBiQ`b �M/ biQ`BM; /�i� rBi? i?2 +QHH2+iQ`b- �b r2HH �b bi�`iBM;fbiQT@
TBM; KQMBiQ`BM;f+QHH2+iBQM 7Q` i?2 QMHBM2 QM2bX h?2 �SAb /2T2M/ QM r?2i?2`
i?2 KQMBiQ` Q` +QHH2+iQ` Bb �M QMHBM2 Q` Q|BM2 QM2X P|BM2 KQMBiQ`b 2tTQb2 i?2
7QHHQrBM; �SAb �M/ K2i?Q/b,

�V GET /data- `2im`MBM; i?2 /�i� BM CaPL 7Q`K�i- �++Q`/BM; iQ i?2 +�HH2/
+QHH2+iQ`X h?2 �SAb Bb mb2/ 7Q` ;2iiBM; /�i� Q7 BMi2`2bi 7Q` KQMBiQ`BM;
i?2 bi�i2 Q7 i?2 alhX

PMHBM2 KQMBiQ`b �// i?2 7QHHQrBM; �SAb �M/ K2i?Q/b iQ i?2 QM2b 2tTQb2/ #v
i?2 Q|BM2 KQMBiQ`b,

�V POST /start- mb2/ 7Q` `2[m2biBM; i?2 KQMBiQ` iQ bi�`i KQMBiQ`BM; /�i�X

#V DELETE /stop- mb2/ 7Q` `2[m2biBM; i?2 KQMBiQ` iQ biQT KQMBiQ`BM; /�i�X

P|BM2 +QHH2+iQ`b 2tTQb2 i?2 7QHHQrBM; �SAb �M/ K2i?Q/b,

�V PUT /store- mb2/ 7Q` `2[m2biBM; i?2 +QHH2+iQ` iQ biQ`2 i?2 +QHH2+i2/ /�i�
QM JBMBQ �M/ bB;M�H E�7F�X 6Q` �M Q|BM2 +QHH2+iQ`- i?2 �+im�H +QHH2+iBQM
?�TT2Mb r?2M i?Bb K2i?Q/ Bb +�HH2/X 6Q` QMHBM2 +QHH2+iQ`b- i?2 /�i� Bb
+QHH2+i2/ Qp2` iBK2X

PMHBM2 +QHH2+iQ`b �// i?2 7QHHQrBM; �SAb �M/ K2i?Q/b iQ i?2 QM2b 2tTQb2/ #v
i?2 Q|BM2 +QHH2+iQ`b,
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�V POST /start- mb2/ 7Q` `2[m2biBM; i?2 +QHH2+iQ` iQ bi�`i +QHH2+iBM; /�i�X

#V DELETE /stop- mb2/ 7Q` `2[m2biBM; i?2 +QHH2+iQ` iQ biQT +QHH2+iBM; /�i�X

h?2 KQMBiQ`b �M/ +QHH2+iQ`b `2bTQM/ rBi? � HT T P200 `2bTQMb2 B7 bm++2bb7mH-
�M/ B7 MQi rBi? �M �TT`QT`B�i2 2``Q` `2bTQMb2- bm+? �b HT T P405 7Q` BMp�HB/
K2i?Q/b r?2M +�HHBM; i?2 �SAX 6Q` bQK2 KQMBiQ`b �M/ +QHH2+iQ`b- �//BiBQM�H
/�i� ?�b iQ #2 T`QpB/2/X am+? /�i� Bb T�bb2/ 2Bi?2` �b T�`�K2i2`b Q` BM i?2
#Q/v Q7 i?2 `2[m2bi- �++Q`/BM; iQ i?2 HT T P K2i?Q/ mb2/ iQ BMi2`�+i rBi?
i?2 b2`pB+2X hQ ?�M/H2 bm+? /�i�- r2 `2Hv QM � +mbiQK HB#`�`v #mBHi �b T�`i
Q7 "2M+?6HQr- iQ +Q``2+iHv BMi2;`�i2 i?2 KQMBiQ`b �M/ +QHH2+iQ`b rBi? i?2 i`B�H
2t2+miBQM HB72+v+H2X "v T`QpB/BM; � mMB7Q`K �SAb r2 T`QpB/2 � bi�M/�`/ i?�i
�HH KQMBiQ`b �M/ +QHH2+iQ`b +QKTHv rBi?- i?mb K�FBM; Bi 2�bv iQ THm; BM M2r
KQMBiQ`b �M/ +QHH2+iQ`b BMiQ i?2 bvbi2K rBi?Qmi ?�pBM; iQ KQ/B7v Qi?2` +QK@
TQM2MibX

1 { String : <unique name of the monitor/collector> }
2 <SUT DEPLOYMENT DESCRIPTOR>
3
4 endpoints:
5 start: { String : <endpoint offering the start functionality> }
6 stop: { String : <endpoint offering the stop functionality> }
7 # OPTIONAL IF monitor
8 data: { String : <endpoint offering the data functionality> }
9 # OPTIONAL IF collector
10 store: { String : <endpoint offering the store functionality> }
11
12 phase: { String : < "start" "end" "all" > }
13
14 # OPTIONAL
15 dependencies:
16 # OPTIONAL
17 monitors:
18 - { String : <name of a monitor or a collector> }
19 ...
20 # OPTIONAL
21 collectors:
22 - { String : <name of a monitor or a collector> }
23 ...

GBbiBM; eXkX h?2 JQMBiQ`bf*QHH2+iQ`b u�JG 6Q`K�i aT2+B}+�iBQM
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JQMBiQ`b �M/ +QHH2+iQ`b b2`pB+2b- #mi i?2 QM2b /2/B+�i2/ iQ 6�#�M �M/ CJ2i2`-
�`2 /2THQv2/ mbBM; i?2 b�K2 /2THQvK2Mi /2b+`BTiQ` 7Q`K�HBbK �b T2` i?2 alh �b
T`2b2Mi2/ BM a2+iX 8XjXj UHBM2 OkVX h?2 �+im�H /2THQvK2Mi /2b+`BTiQ` Bb 2M`B+?2/
7Q` BM+Hm/BM; /�i� �#Qmi i?2 2tTQb2/ �SAb 2M/TQBMib UHBM2b O9@ORyV- i?2 T?�b2
BM r?B+? i?2 b2`pB+2 2t2+mi2 UHBM2 ORkV- i?2 /2T2M/2M+B2b iQ Qi?2` KQMBiQ`b
Q` +QHH2+iQ` UHBM2b OR8@OkjV- �M/ "2M+?6HQr bT2+B}+ p�`B�#H2b T`QpB/2/ iQ
7�+BHBi�i2 i?2 �miQK�iBQMX AM GBbiBM; eXk r2 `2TQ`i i?2 u�JG bT2+B}+�iBQM 7Q`
KQMBiQ` �M/ +QHH2+iQ` b2`pB+2bX
h?2 HBbi Q7 bmTTQ`i2/ "2M+?6HQr p�`B�#H2b- i?�i +�M #2 T`QpB/2/ �b T�`i Q7 i?2
2MpB`QMK2Mi #HQ+F BM i?2 Ialh .1SGPuJ1Lh .1a*_AShP_= Bb,

�V BENCHFLOW_TEST_<BENCHFLOW_SERVICE_NAME>_<BENCHFLOW_SERVICE_INFO>,
`272`b iQ /�i� Q7 i?2 bT2+B}2/ "2M+?6HQr b2`pB+2c

#V BENCHFLOW_TEST_<BENCHFLOW_SERVICE_NAME>_<ENVIRONMENT_VARIABLE_NAME>,
`272`b iQ +QM};m`�iBQM p�`B�#H2b- T�`i Q7 i?2 2MpB`QMK2Mi b2+iBQM Q7 i?2
bT2+B}2/ "2M+?6HQr b2`pB+2c

+V BENCHFLOW_TEST_BOUNDSERVICE_<BOUNDSERVICE_SERVICE_INFO>, `272`b iQ
/�i� `2i`B2p2/ 7`QK i?2 alh b2`pB+2 i?2 KQMBiQ` Q` +QHH2+iQ` Bb �i@
i�+?2/ iQX q?2M i?2 KQMBiQ` Q` i?2 +QHH2+iQ` Bb �ii�+?2/ iQ KQ`2
i?�M QM2 b2`pB+2 i?2 p�`B�#H2 `2bQHp2 iQ i?2 HBbi Q7 I"PlL.a1_@
oA*1na1_oA*1nAL6P= 7Q` �HH i?2 #QmM/ b2`pB+2b- K�TTBM; 2�+? /�i�
iQ i?2 +Q``2bTQM/BM; b2`pB+2c

/V BENCHFLOW_TEST_BOUNDSERVICE_CONFIG_<ENVIRONMENT_VARIABLE_NAME>,
`272`b iQ +QM};m`�iBQM p�`B�#H2b- T�`i Q7 i?2 2MpB`QMK2Mi b2+iBQM Q7 i?2
alh b2`pB+2 i?2 KQMBiQ` Q` +QHH2+iQ` Bb �ii�+?2/ iQX q?2M i?2 KQMBiQ`
Q` i?2 +QHH2+iQ` Bb �ii�+?2/ iQ KQ`2 i?�M QM2 b2`pB+2 i?2 p�`B�#H2 `2bQHp2
iQ i?2 HBbi Q7 I1LoA_PLJ1Lhno�_A�"G1nL�J1= 7Q` �HH i?2
#QmM/ b2`pB+2b- K�TTBM; 2�+? /�i� iQ i?2 +Q``2bTQM/BM; b2`pB+2c

2V BENCHFLOW_TEST_CONFIG_<ENVIRONMENT_VARIABLE_NAME>, `272`b iQ +QHH2+@
iBQM b2`pB+2b +QM};m`�iBQM p�`B�#H2b- T�`i Q7 i?2 /�i� +QHH2+iBQM b2+iBQM Q7
i?2 i2bi bT2+B}+�iBQMX

r?2`2,

�V <BENCHFLOW_SERVICE_NAME>, Bb QM2 Q7 E�6E�- JALAPc

#V <BENCHFLOW_SERVICE_INFO>, Bb QM2 Q7 AS- SP_h c
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+V <BOUNDSERVICE_SERVICE_INFO>, Bb QM2 Q7 AS- SP_h- oPGlJ1a- *PL@
h�AL1_nL�J1X oPGlJ1a `2T`2b2Mi i?2 /�i� pQHmK2 Q7 i?2 b2`pB+2-
�M/ *PLh�AL1_nL�J1 `272`b iQ i?2 M�K2 Q7 i?2 b2`pB+2c

/V <ENVIRONMENT_VARIABLE_NAME>, Bb i?2 M�K2 Q7 QM2 2MpB`QMK2Mi p�`B�#H2
T�`i Q7 i?2 `272`2M+2/ b2`pB+2 /2THQvK2Mi /2b+`BTiQ`- 2Bi?2` � "2M+?6HQr
b2`pB+2 Q` � #QmM/ b2`pB+2- Q` bT2+B}2/ BM i?2 i2bi bT2+B}+�iBQM bm#KBii2/
#v i?2 mb2` �b T�`i Q7 i?2 /�i� +QHH2+iBQM +QM};m`�iBQMX

�HH i?2 p�`B�#H2 ivT2b �`2 T`2}t2/ rBi? BENCHFLOW_TEST_- iQ �pQB/ +QHHBbBQMb
rBi? Qi?2` 2MpB`QMK2Mi p�`B�#H2b mb2/ 7Q` +QM};m`BM; i?2 alh �M/ i?2 bm#biB@
imiBQM K2+?�MBbK 7Q` p�`B�#H2b BKTH2K2Mi2/ �b T�`i Q7 .Q+F2`X hQ /2i2`KBM2
p�`B�#H2b `2bQHmiBQM Q`/2`- "2M+?6HQr #mBH/b � ;`�T? r?2`2 2�+? p2`i2t Bb �
p�`B�#H2- �M/ 2�+? 2/;2 Bb � /2T2M/2M+v #2ir22M p�`B�#H2bX AM +�b2 i?2 ;`�T?
?�b +v+H2b- "2M+?6HQr rBHH `2TQ`i �M 2``Q`c Qi?2`rBb2- i?2 p2`i2t2b Q7 i?2 ;`�T?
rBHH #2 i`�p2`b2/ BM iQTQHQ;B+�H Q`/2`- �M/ i?2 p�`B�#H2b rBHH #2 `2bQHp2/ iQ i?2B`
�+im�H p�Hm2X
AM i?2 7QHHQrBM;- r2 `2TQ`i i?2 2tT2+i2/ +QM};m`�iBQM p�`B�#H2b 7Q` 2�+? Q7 i?2
BKTH2K2Mi2/ b2`pB+2bX 6Q` KQMBiQ`b,

�V JvaZG JQMBiQ` UP|BM2V, i?2 M�K2 Q7 i?2 /�i�#�b2 iQ KQMBiQ`
UMYSQL_DB_NAMEV- i?2 M�K2 Q7 i?2 i�#H2b Q7 BMi2`2bi UTABLE_NAMESV i?2
AS UMYSQL_IPV �M/ TQ`i UMYSQL_PORTV iQ `2�/ i?2 ."Ja- � mb2`M�K2
UMYSQL_USERV- � T�bbrQ`/ UMYSQL_USER_PASSWORDV iQ �++2bb i?2 KQMB@
iQ`2/ /�i�#�b2- rBi? i?2 +Q``2+i T2`KBbbBQMb- i?2 [m2`v iQ T2`7Q`K
QM i?2 /�i�#�b2 UCOMPLETION_QUERYV- �M 2tT2+i2/ `2im`M p�Hm2 7`QK
i?2 [m2`v UCOMPLETION_QUERY_VALUEV- �M/ i?2 K2i?Q/ 7Q` +QKT�`BbQM
UCOMPLETION_QUERY_METHODVc

#V *Sl JQMBiQ` UPMHBM2V, i?2 HBbi Q7 b2`pB+2b USERVICESV iQ KQMBiQ`X

6Q` +QHH2+iQ`b,

�V JvaZG *QHH2+iQ` UP|BM2V, b�K2 �b i?2 JvaZG KQMBiQ`c

#V ai�ib *QHH2+iQ` UPMHBM2V, i?2 HBbi Q7 b2`pB+2b USERVICESV iQ +QHH2+i bi�ib
7`QKc

+V S`QT2`iB2b *QHH2+iQ` UP|BM2V, i?2 HBbi Q7 b2`pB+2b USERVICESV iQ +QHH2+i
T`QT`B2iB2b 7`QKc
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/V GQ;b *QHH2+iQ` UP|BM2V, i?2 HBbi Q7 b2`pB+2b USERVICESV iQ +QHH2+i HQ;b
7`QK- �M QTiBQM�H iBK2bi�KT �7i2` r?B+? TQBMi BM iBK2 iQ +QHH2+i i?2 HQ;b
USTART_FROMV- `2H�iBp2Hv iQ i?2 i2bi bi�`ic

2V wBT *QHH2+iQ` UP|BM2V, i?2 HBbi Q7 b2`pB+2b USERVICESV �HQM; i?2 HBbi Q7
pQHmK2b iQ #2 xBTT2/ UTO_ZIPVc

7V 6�#�M *QHH2+iQ` UP|BM2V, i?2 A. Q7 i?2 2t2+mi2/ i`B�Hc

;V CJ2i2` *QHH2+iQ` UP|BM2V, i?2 A. Q7 i?2 2t2+mi2/ i`B�Hc

q?2M � p�`B�#H2 Bb K�M/�iQ`v Bi ?�b iQ #2 T`QpB/2/ 2Bi?2` pB� i?2 �SAb Q` �b
�M 2MpB`QMK2Mi p�`B�#H2X q?2M #Qi? QTiBQMb �`2 mb2/- i?2 QM2b T`QpB/2/ pB�
i?2 �SAb ?�p2 T`BQ`BivX
�HH i?2 KQMBiQ`b �M/ +QHH2+iQ`b �HbQ BKTHB+BiHv bT2+B7v i?2 7QHHQrBM; p�`B�#H2b
�b T�`i Q7 i?2B` /2THQvK2Mi /2b+`BTiQ`b,

�V <BENCHFLOW_DATA_NAME>, i?2 mMB[m2 M�K2 iQ �bbB;M iQ i?2 /�i�- �M/ i?2
[m2m2 iQ b2M/ /�i� QM E�7F� 7Q` +QHH2+iQ`bX Ai Bb mbm�HHv i?2 b�K2 �b i?2
M�K2 Q7 i?2 b2`pB+2c

#V <BENCHFLOW_MINIO_IP>, i?2 AS Q7 i?2 JBMBQ b2`pB+2c

+V <BENCHFLOW_MINIO_PORT>, i?2 TQ`i Q7 i?2 JBMBQ b2`pB+2c

/V <BENCHFLOW_MINIO_ACCESSKEYID>, i?2 �++2bb F2v Q7 i?2 JBMBQ b2`pB+2c

2V <BENCHFLOW_MINIO_SECRETACCESSKEY>, i?2 b2+`2i �++2bb F2v Q7 i?2 JBMBQ
b2`pB+2c

7V <BENCHFLOW_KAFKA_IP>, i?2 AS Q7 i?2 E�7F� b2`pB+2c

;V <BENCHFLOW_KAFKA_PORT>, i?2 TQ`i Q7 i?2 E�7F� b2`pB+2X

JQMBiQ`b �M/ +QHH2+iQ`b +�M #2 2ti2M/2/ Qp2` iBK2- �++Q`/BM; iQ "2M+?6HQr
2pQHmiBQM �M/ `2[mB`2K2MibX h?2v �HH BKTH2K2Mi i?2 K2MiBQM2/ BMi2`7�+2b �M/
+�M #2 BMi2;`�i2/ �b T�`i Q7 i?2 "2M+?6HQr 7`�K2rQ`FX �M BM@/2Ti? /Bb+mbbBQM
Q7 ?Qr i?2 /2THQvK2Mi /2b+`BTiQ`b 7Q` 2�+? Q7 i?2 KQMBiQ`b �M/ +QHH2+iQ`b �`2
/2}M2/- `272` iQ (*2`7Q;HBQ- kyRe)X
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eXjX8 .�i� h`�Mb7Q`K�iBQM �M/ J2i`B+b *QKTmi�iBQM 6mM+@
iBQMb

.�i� i`�Mb7Q`K�iBQM UBX2X- /�i� �M�Hvx2`bV �M/ K2i`B+b +QKTmi�iBQM UBX2X- �M@
�Hvx2`bV 7mM+iBQMb �`2 /2}M2/ �b aT�`F �TTHB+�iBQMbX h?2 +QHH2+i2/ /�i� �`2
i?2M �M�Hvx2/ #v `2HvBM; QM �TTHB+�iBQMb r`Bii2M QM iQT Q7 �T�+?2 aT�`F- �M/
i`�Mb7Q`K2/ /�i� �b r2HH �b +QKTmi2/ K2i`B+b �M/ bi�iBbiB+b- �`2 biQ`2/ QM
*�bb�M/`�X .�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b �`2 b+?2/mH2/ #v i?2 �M�HvbBb
K�M�;2` 7Q` 2t2+miBQM QM aT�`F- �++Q`/BM; iQ i?2 /2}M2/ /2T2M/2M+B2bX
.Bz2`2Mi K2i`B+b �M/ bi�iBbiB+b `2[mB`2 /Bz2`2Mi /�i�- r?2i?2` Bb `�r T2`7Q`@
K�M+2 /�i� +QHH2+i2/ 7`QK i?2 alh Q` Qi?2` K2i`B+b Q` bi�iBbiB+bX 6Q` 2t�KTH2-
#27Q`2 +QKTmiBM; bi�iBbiB+b `2H�i2/ iQ i?2 `2bQm`+2 mb�;2 Q7 alh b2`pB+2b- i?2
�p2`�;2 *Sl T2`+2Mi�;2 mb�;2- r2 M22/ i?2 `�r T2`7Q`K�M+2 /�i� Q7 i?2 *Sl
mb�;2 Qp2`iBK2 iQ #2 �p�BH�#H2X Ai Bb �HbQ TQbbB#H2 7Q` bQK2 �;;`2;�i2 K2i`B+b
�M/ bi�iBbiB+b iQ /2T2M/ QM KmHiBTH2 Qi?2`b- �M/ i?mb i?2 �M�HvbBb b+?2/mH2`
M22/b iQ r�Bi 7Q` bm+? /�i� iQ #2 �p�BH�#H2 #27Q`2 T`Q+22/BM; rBi? i?2 +QKTm@
i�iBQMX aBKBH�`Hv- 2tT2`BK2Mi bi�iBbiB+b /2T2M/ QM i?2 i`B�H K2i`B+b `2H�i2/ iQ
i?2 2tT2`BK2Mi- �M/ i?mb i?2v +�M MQi #2 T`Q+2bb2/ mMH2bb �HH i`B�Hb ?�p2 #22M
T`Q+2bb2/X q2 bT2+B7v i?2 /2T2M/2M+B2b �KQM; /�i� �p�BH�#BHBiv �M/ K2i`B+b �i
/Bz2`2Mi H2p2Hb- #v T`QpB/BM; � +QM};m`�iBQM }H2 iQ i?2 �M�HvbBb K�M�;2`X h?2
�M�HvbBb b+?2/mH2`- r?2M b+?2/mHBM; /�i� i`�Mb7Q`K2`b �M/ �M�Hvx2`b i�F2 BMiQ
�++QmMi i?2 bT2+B}2/ /2T2M/2M+B2b �M/ b+?2/mH2 i?2 rQ`F �++Q`/BM; iQ i?2K-
T`BQ`BiBxBM; i?2 /�i� i`�Mb7Q`K�iBQM �M/ �M�HvbBb Q7 /�i� 7Q` +QKTmiBM; i?2
K2i`B+b `272`2M+2/ BM i?2 i2bi bT2+B}+�iBQM Umbm�HHv BM i?2 P#b2`p2- i2`KBM�@
iBQMn+`Bi2`B� �M/ [m�HBivn;�i2b b2+iBQMbV r?2M /�i� �`2 �p�BH�#H2X S`BQ`BiBxBM;
K2i`B+b `272`2M+2/ BM i?2 i2bi bT2+B}+�iBQM �HHQrb mb iQ T`QpB/2 #�+F mb27mH /�i�
iQ i?2 :Q�H 1tTHQ`�iBQM �b bQQM �b TQbbB#H2- bQ /2+BbBQMb +�M #2 i�F2MX JQ`2
/2i�BH QM i?Bb +�M #2 7QmM/ BM (*2`7Q;HBQ- kyRe)X

*�i�HQ; Q7 �p�BH�#H2 S2`7Q`K�M+2 J2i`B+b- ai�iBbiB+b- �M/ ai�iBbiB+�H h2bib

h?2 mb2`b Q7 "2M+?6HQr +�M bT2+B7v i2bib �M/ i2bi bmBi2bX 1�+? i2bi 2t2+mi2b
QM2 Q` KQ`2 2tT2`BK2Mib- �M/ 2�+? 2tT2`BK2Mi 2t2+mi2b QM2 Q` KQ`2 i`B�HbX S2`@
7Q`K�M+2 /�i� �`2 +QHH2+i2/ 7Q` 2�+? 2t2+mi2/ i`B�Hb- �M/ K2i`B+b �M/ bi�iBbiB+b
�`2 /2}M2/ �M/ +QKTmi2/ 7Q` 2�+? i`B�H �M/ i?2M 7Q` i?2 2tT2`BK2Mi i�FBM;
BMiQ �++QmMi i?2 K2i`B+b Q7 �HH i?2 i`B�HbX *QHH2+i2/ /�i� `272` iQ i?2 2MiB`2 /m@
`�iBQM Q7 i?2 HQ�/ 7mM+iBQMb- BM+Hm/BM; `�KT@mT- bi2�/v@bi�i2- �M/ `�KT /QrMX
J2i`B+b �`2 +QKTmi2/ 7Q` i?2 2MiB`2 /m`�iBQM Q7 i?2 HQ�/ 7mM+iBQM- �b r2HH �b
/BbiBM;mBb?BM; i?2 /Bz2`2Mi KQK2Mib Q7 i?2 HQ�/ 7mM+iBQMX h?2 mb2` Q7 i?2 .aG
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`272`b iQ K2i`B+b +QKTmi2/ QM i?2 bi2�/v@bi�i2X h?2 Qi?2` QM2b �`2 T`QpB/2/
7Q` �M�HvbBb Tm`TQb2bX
q2 /2}M2 K�Mv /Bz2`2Mi K2i`B+b �M/ bi�iBbiB+b- iQ �++QKKQ/�i2 /Bz2`2Mi `2@
[mB`2K2Mib Q7 "2M+?6HQr mb2`b- �b r2HH �b BKTQ`i�Mi bi�iBbiB+�H i2bib BM i?2
+QMi2ti Q7 T2`7Q`K�M+2 /�i� �M�HvbBbX J2i`B+b �`2 /2}M2/ QM i?2 +HB2Mi UqQ`F@
HQ�/ BM i?2 .aGV bB/2 �M/ QM i?2 alh Ub2`pB+2b BM i?2 .aGV bB/2X � +QMbBbi2Mi
b2i Q7 K2i`B+b �`2 `2H�i2/ iQ "SJL kXy q7Jab- #2BM; � alh ivT2 H�`;2Hv
i2bi2/ rBi? "2M+?6HQrX "SJL kXy q7Jab mbm�HHv biQ`2b T2`7Q`K�M+2 /�i� BM
."Ja- �M/ i?Qb2 /�i� �`2 `2H�i2/ iQ i?2 BMi2`M�H #2?�pBQ` Q7 ?Qr i?Bb ivT2
Q7 bvbi2K rQ`FbX 1�+? "SJL kXy T`Q+2bb KQ/2H +�M #2 BMbi�MiB�i2/ BM /Bz2`@
2Mi T`Q+2bb BMbi�M+2b- �M/ 2�+? T`Q+2bb BMbi�M+2 ?�b Bib HB72+v+H2- bi�`iBM; �i �
;Bp2M iBK2 �M/ 2M/BM; �7i2` Bib 2t2+miBQMX 1�+? T`Q+2bb BMbi�M+2 2t2+mi2b QM2
Q` KQ`2 "SJL kXy +QMbi`m+ib U2X;X- �M �+iBpBiv Q` � ;�i2r�vV- 2�+? ?�pBM; Bib
HB72+v+H2 �M/ i?mb � bi�`iBM; �M/ �M 2M/BM; iBK2X � +QKT`2?2MbBp2 /2b+`BTiBQM
Q7 K2i`B+b Bb T`QpB/2/ BM (62`K2 2i �HX- kyRN)X
AM i?2 7QHHQrBM;- r2 `2TQ`i �HH i?2 K2i`B+b- /2b+`BTiBp2 bi�iBbiB+b- �M/ bi�iBbiB+�H
i2bib r2 BKTH2K2Mi �M/ K�F2 �p�BH�#H2 iQ i?2 mb2`bX q2 `2TQ`i i?2 M�K2 i?2
mb2` +�M mb2 iQ `272` iQ i?2 K2i`B+ BM T�`2Mi?2bBbX q2 �HbQ `2TQ`i r?2M i?2
/2}M2/ K2i`B+b �`2 bT2+B}+ iQ "SJL kXy q7JabX

J2i`B+b q2 T`QpB/2 i?2 7QHHQrBM; K2i`B+b QM i?2 +HB2Mi@bB/2- �TTHB+�#H2 iQ �HH
i?2 alh ivT2b,

RV hQi�H PT2`�iBQMb UnnoperationsV, +QmMib i?2 iQi�H MmK#2` Q7 T2`7Q`K2/
QT2`�iBQMb- r?B+? BM Qm` +QMi2ti `2T`2b2Mib BMi2`�+iBQMb #2ir22M i?2
+HB2Mi �M/ i?2 alh- K2�MBM; i?2 HQ�/ ;2M2`�i2/ 7Q` i?2 i2biX AKTQ`@
i�Mi iQ K2�bm`2 i?2 iQi�H MmK#2` Q7 Bbbm2/ +�HHb iQ i?2 alhc

kV am++2bb2bf6�BHm`2b PT2`�iBQMb Unnoperationnsuccesses/nnoperation
n f ailuresV, +QmMib i?2 bm++2bb2b �M/ 7�BHm`2b Q7 i?2 QT2`�iBQMbX AK@
TQ`i�Mi iQ FMQr �#Qmi i?2 `2bmHib Q7 i?2 BMi2`�+iBQMb iQ i?2 alhc

jV JBt .2pB�iBQM Umixndeviat ionV, � KBt `2T`2b2Mib i?2 TQHB+v mb2/ iQ
b2H2+i QT2`�iBQMb r?2M bBKmH�iBM; i?2 rQ`FHQ�/- �M/ 2�+? QT2`�iBQM +�M
?�p2 � KBt p�Hm2 `2T`2b2MiBM; i?2 `�iBQ i?2v �`2 T2`7Q`K2/ rBi?X h?Bb
K2i`B+ K2�bm`2b i?2 /2pB�iBQM 7`QK i?2 KBt bT2+B}2/ BM i?2 i2bi /2}MBiBQM
?�TT2M2/ /m`BM; i?2 2t2+miBQM Q7 i?2 2tT2`BK2Mic

9V h?BMF hBK2 .2pB�iBQM Uthinknt imeV, K2�bm`2b i?2 /2pB�iBQM 7`QK i?2
i?BMF iBK2 bT2+B}2/ #v i?2 mb2` BM i?2 i2bi /2}MBiBQM- ?�TT2M2/ /m`BM; i?2
2t2+miBQM Q7 i?2 2tT2`BK2MiX Ai Bb +QKTmi2/ 7Q` 2�+? KBt Q7 QT2`�iBQMbc
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8V _2bTQMb2 hBK2b Uresponsent imeV, K2�bm`2b i?2 `2bTQMb2 iBK2 Q7 i?2
alh iQ i?2 +HB2Mi �7i2` QT2`�iBM;- 2tT`2bb2/ 7Q` 2t�KTH2 BM M�MQb2+QM/bc

eV G�i2M+v Ulatenc yV, K2�bm`2b i?2 H�i2M+v Q7 i?2 alh iQ i?2 +HB2Mi r?2M
QT2`�iBM;- 2tT`2bb2/ 7Q` 2t�KTH2 BM M�MQb2+QM/bc

dV GBiiH2Ƕb G�r Ul i t t lenlawV, i?2 GBiiH2Ƕb H�r 7Q`KmH� #v (GBiiH2- RNeR) bi�i2b
i?�i i?2 �p2`�;2 MmK#2` Q7 mb2`b BM � bvbi2K Bb 2[m�H iQ i?2 �``Bp�H `�i2
KmHiBTHB2/ #v i?2 �p2`�;2 iBK2 � mb2` bT2M/b BM i?2 bvbi2K Uusers =
arrivalnrate ∗ t imenspentVX h?Bb H�r �HHQrb mb iQ �+iBp2Hv +QKT�`2
i?2 MmK#2` Q7 mb2`b /2}M2/ 7Q` � i2bi p2`bmb i?2 MmK#2` Q7 mb2`b i?�i
r2`2 bBKmH�i2/ #v i?2 HQ�/ /`Bp2`X

q2 T`QpB/2 i?2 7QHHQrBM; K2i`B+b QM i?2 b2`p2`@bB/2- �TTHB+�#H2 iQ �HH i?2 alh
ivT2b,

RV *Sl S2`+2Mi lb�;2 T2` a2+QM/ Ucpunpercnusagensec Q` cpuV, i?2 T2`@
+2Mi mb�;2 Q7 i?2 *Sl 2�+? b2+QM/c

kV _�J lb�;2 T2` a2+QM/b Uramnusagensec Q` memor ynusagensec Q`
ramV, i?2 iQi�H mb�;2 Q7 i?2 _�J QM i?2 bvbi2K 2�+? b2+QM/c

jV AP PT2`�iBQMb T2` a2+QM/b UionnnoperationsnsecV, i?2 iQi�H MmK#2`
Q7 AP QT2`�iBQMb QM i?2 bvbi2K 2�+? b2+QM/c

9V .AaE _2�/ PT2`�iBQMb UdisknnnreadnoperationsV, i?2 iQi�H MmK#2`
Q7 .AaE `2�/ QT2`�iBQMb QM i?2 bvbi2K 2�+? b2+QM/- #Qi? bvM+?`QMQmb
�M/ �bvM+?`QMQmbc

8V .AaE q`Bi2 PT2`�iBQMb UdisknnnwritenoperationsV, i?2 iQi�H MmK#2`
Q7 .AaE r`Bi2 QT2`�iBQMb QM i?2 bvbi2K 2�+? b2+QM/- #Qi? bvM+?`QMQmb
�M/ �bvM+?`QMQmbc

eV .AaE hQi�H PT2`�iBQMb UdisknnnoperationsV, i?2 iQi�H MmK#2` Q7
.AaE QT2`�iBQMb QM i?2 bvbi2K 2�+? b2+QM/- #Qi? bvM+?`QMQmb �M/ �bvM@
+?`QMQmbc

dV L1h S2`+2Mi lb�;2 T2` a2+QM/b UnetnpercnusagensecV, i?2 T2`+2Mi
mb�;2 Q7 i?2 L1h 2�+? b2+QM/c

3V _2+2Bp2/ L1h .�i� UnetnnnreceivedndataV, i?2 �KQmMi Q7 /�i�- `2T@
`2b2Mi2/ �b T�+F2ib �M/ �b #vi2b- `2+2Bp2/ #v i?2 bvbi2Kc
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NV a2Mi L1h .�i� UnetnnnsentndataV, i?2 �KQmMi Q7 /�i�- `2T`2b2Mi2/
�b T�+F2ib �M/ �b #vi2b- b2Mi #v i?2 bvbi2Kc

RyV L1h 1``Q`b Unetnnner rorsV, i?2 MmK#2` Q7 2``Q` T�+F2ib Qp2` i?2 M2i@
rQ`Fc

RRV _2bQm`+2 *Qbi UresourcencostV, i?2 +Qbi Q7 miBHBx2/ `2bQm`+2b U*Sl-
_�J- .AaE- �M/ L1hVX h?2 +Qbi Bb +QKTmi2/ BM /QHH�`b U$V #v KmHiB@
THvBM; i?2 mMBi +Qbi 7Q` 2�+? `2bQm`+2 7Q` i?2 �+im�H miBHBx�iBQM mMBib Q7
i?2 ;Bp2M `2bQm`+2- �M/ i?2M bmKKBM; mT iQ;2i?2` i?2 +Qbi Q7 i?2 bBM;H2
`2bQm`+2b iQ T`QpB/2 � bBM;H2 +Qbi p�Hm2X h?2 mb2` +�M bT2+B7v i?2 mMBi +Qbi
Q7 i?2 `2bQm`+2b BM i?2 +QM};m`�iBQM QTiBQMb Q7 i?2 7`�K2rQ`F /2p2HQT2/
�b T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?X

q2 T`QpB/2 i?2 7QHHQrBM; +mbiQK K2i`B+b QM i?2 b2`p2`@bB/2- 7Q` "SJL kXy
q7Jab,

RV 1t2+miBQM hBK2 Uwf msnexecutionnt imeV, i?2 iQi�H
iBK2 iQ 2t2+mi2 i?2 rQ`FHQ�/ Q7 i?2 bvbi2K- /2}M2/ �b
wf msnexecutionnt ime = max(wf msnprocessninstancenendnt ime) −
min(wf msnprocessninstancenstar tnt ime) - i?2 /Bz2`2M+2 #2ir22M i?2
H�`;2bi 2M/ iBK2 Q7 �HH 2t2+mi2/ T`Q+2bb2b �M/ i?2B` bK�HH2bi bi�`i iBK2c

kV h?`Qm;?Tmi Uwf msnthroughputV, i?2 `�iBQ #2ir22M i?2 MmK#2` Q7 T`Q@
+2bb BMbi�M+2b +QKTH2i2/ T2` b2+QM/ �M/ i?2 2t2+miBQM iBK2 Q7 i?2 rQ`F@
HQ�/X h?Bb Bb +QKTmi2/ 7Q` �HH T`Q+2bb2b BMbi�M+2b- �b r2HH �b 7Q` T`Q+2bb
BMbi�M+2b Q7 BM/BpB/m�H "SJL kXy KQ/2Hbc

jV .�i�#�b2bǶ aBx2 Uwf msndatabasesnsizeV, i?2 bBx2 BM #vi2b Q7 i?2
/�i�#�b2b mb2/ #v i?2 q7Jab iQ biQ`2 T`Q+2bb /�i�c

9V LmK#2` Q7 S`Q+2bb AMbi�M+2b Uwf msnnnprocessninstances Q`
wf msnnumbernprocessninstancesV, i?2 MmK#2` Q7 T`Q+2bb BM@
bi�M+2b +QKTH2i2/ /m`BM; i?2 2t2+miBQM Q7 i?2 i`B�H- 2Bi?2` 7Q` �HH T`Q+2bb
BMbi�M+2b Q` 7Q` BMbi�M+2b #2HQM;BM; iQ BM/BpB/m�H "SJL kXy KQ/2Hbc

8V S`Q+2bb AMbi�M+2b .m`�iBQMb Uwf msnprocessninstancenduration
Q` wf msnprocessninstancenexecutionnt imeV, i?2 /m`�iBQM
Q7 T`Q+2bb BMbi�M+2b BM i?2 bvbi2K- 7Q` �HH Q7 i?2K +QK#BM2/-
Q` T2` BM/BpB/m�H "SJL kXy KQ/2HX h?2 /m`�iBQM Q7 � T`Q@
+2bb BMbi�M+2 Bb /2}M2/ �b wf msnprocessninstancenduration =
wf msnprocessninstancenendnt ime−wf msnprocessninstancenstar t
nt imec
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eV LmK#2` Q7 *QMbi`m+i AMbi�M+2b Uwf msnnnconst ructninstancesV, K2�@
bm`2b i?2 �KQmMi Q7 +QMbi`m+i BMbi�M+2b +QKTH2i2/- 7Q` �HH +QMbi`m+ib
BMbi�M+2b �M/ 7Q` +QMbi`m+i BMbi�M+2b Q7 BM/BpB/m�H +QMbi`m+i /2}MBiBQMbc

dV *QMbi`m+i AMbi�M+2b .m`�iBQMb Uwf msnconst ructninstancendurationV,
i?2 /m`�iBQM Q7 +QMbi`m+i BMbi�M+2b BM i?2 bvbi2K- 7Q` �HH i?2 +QMbi`m+i
/2}MBiBQMb �+`Qbb �HH T`Q+2bb BMbi�M+2 �M/ T2` BM/BpB/m�H +QMbi`m+i
/2}MBiBQMX

ai�iBbiB+b AM i?2 7QHHQrBM;- r2 /2}M2 � b2`B2b Q7 bi�iBbiB+b i?�i +�M #2 �TTHB2/
iQ i?2 +QKTmi2/ K2i`B+bX h?2 +QKTmi2/ bi�iBbiB+b T`QpB/2 /�i� �#Qmi i?2
T2`7Q`K�M+2 K2i`B+b iQ i?2 mb2`b �M/ +�M #2 mb2/ �b T�`i Q7 i?2 i2bi bT2+B}+�@
iBQMX q2 BM+Hm/2 +QKKQM bi�iBbiB+b mb2/ BM i?2 T2`7Q`K�M+2 i2biBM; /QK�BM-
�++QmMiBM; 7Q` i?2 MQM@MQ`K�H /Bbi`B#miBQM Q7 T2`7Q`K�M+2 /�i� mbm�HHv 2tT2@
`B2M+2 (JQMi;QK2`v �M/ _mM;2`- kyRj)X
h?2 bi�iBbiB+b r2 +QKTmi2 �i i?2 i`B�H H2p2H �`2,

RV LmK#2` Q7 .�i� SQBMib UnndatanpointsV, i?2 MmK#2` Q7 /�i� TQBMib BM
i?2 ;Bp2M /�i� b2i- �HbQ FMQrM �b i?2 b�KTH2 bBx2c

kV �p2`�;2 UavgV, i?2 �p2`�;2 p�Hm2 Q7 i?2 /�i� TQBMib- �HbQ +�HH2/ K2�Mc

jV ZRfkfj Uq1fq2fq3V, i?2 }`bi- b2+QM/- �M/ i?B`/ [m�`iBH2 Q7 i?2 /�i�
TQBMibX h?2 b2+QM/ [m�`iBH2 Bb �HbQ FMQrM �b i?2 K2/B�MX Zm�`iBH2b �`2
TQBMib- MQi �Hr�vb #2HQM;BM; iQ i?2 /�i� b2i- /BpB/BM; i?2 /�i� b2i BMiQ
7Qm` bm#b2ib- 2�+? +QMi�BMBM; � [m�`i2` Q7 i?2 /�i�X h?2v �`2 `2H2p�Mi 7Q`
Q#b2`pBM; i?2 /Bbi`B#miBQM Q7 i?2 /�i�c

9V SNyfN8fNN Up90fp95fp99V, h?2 Nyi?- N8i?- �M/ NNi? T2`+2MiBH2 Q7 i?2
/�i� TQBMibX S2`+2MiBH2b /BpB/2 i?2 /�i� b2i bQ i?�i NyW- N8W- �M/ NNW
Q7 Bib TQBMib �`2 HQr2` i?�M i?2 `2bT2+iBp2 T2`+2MiBH2 p�Hm2X aBKBH�`Hv iQ
[m�`iBH2b- T2`+2MiBH2b �HHQrb iQ 2t�KBM2 i?2 /Bbi`B#miBQM Q7 i?2 p�Hm2b BM
i?2 /�i� b2ic

8V S2`+2MiBH2b R@Ryy Up1 − 100V, �HH i?2 T2`+2MiBH2b U7`QK i?2 }`bi iQ i?2
Ryyi?V Q7 i?2 /�i� TQBMibc

eV JBMfJ�t UminfmaxV, i?2 KBMBKmK �M/ K�tBKmK p�Hm2b Q7 i?2 /�i�
TQBMibc

dV JQ/2 UmodeV, i?2 KQ/2 Q7 i?2 /�i� TQBMibX h?2 KQ/2 `2T`2b2Mib QM2 Q`
KQ`2 p�Hm2b r?Q �TT2�` i?2 KQbi BM i?2 /�i� b2ic
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3V o�`B�M+2 UvarV, i?2 p�`B�M+2 Q7 i?2 p�Hm2b Q7 i?2 /�i� b2iX h?2 p�`B�M+2
BM/B+�i2b ?Qr Km+? i?2 p�Hm2b BM i?2 /�i� b2i /Bz2` 7`QK QM2 �MQi?2`c

NV ai�M/�`/ .2pB�iBQM UstdV, i?2 bi�M/�`/ /2pB�iBQM Q7 i?2 b2i Q7 /�i�X h?2
bi�M/�`/ /2pB�iBQM Bb mb2/ iQ `2T`2b2Mi i?2 b+�ii2` Q7 i?2 p�Hm2b BM i?2
/�i� b2ic

RyV *QM}/2M+2 AMi2`p�H Uα = 0.05VW Uci95V, i?2 BMi2`p�H Q7 +QM}/2M+2 rBi?
α = 0.05X h?2 +QM}/2M+2 BMi2`p�H `2T`2b2Mib i?2 BMi2`p�H Q7 p�Hm2b BM
r?B+? � +2`i�BM K2�bm`2K2Mi- BM Qm` +�b2 i?2 K2�M- 7�HHb rBi? N8W T`Q#@
�#BHBivc

RRV ai�M/�`/ 1``Q` Ustder rV, i?2 bi�M/�`/ 2``Q` Q7 i?2 K2�M Q7 i?2 b2i Q7
/�i�X _2T`2b2Mib i?2 T`2+BbBQM BM r?B+? r2 FMQr i?2 TQTmH�iBQM K2�Mb
Q7 i?2 b2i Q7 /�i�X h?2 HQr2` i?2 bi�M/�`/ 2``Q`- i?2 +HQb2` i?2 Q#b2`p2/
K2�M Bb iQ i?2 TQTmH�iBQM K2�MX Ai Bb mb27mH iQ /2i2`KBM2 ?Qr T`2+Bb2
Qm` +QKTmi2/ K2�M Bbc

RkV J�`;BM Q7 1``Q` Umar ginner rV, i?2 K�`;BM Q7 2``Q` Q7 i?2 K2�M Q7 i?2
b2i Q7 /�i�X q2 +QKTmi2 i?2 K�`;BM Q7 2``Q` �b mar ginner r = stder r ∗2 X
aBKBH�`Hv iQ i?2 bi�M/�`/ 2``Q`- i?2 HQr2` i?2 K�`;BM Q7 2``Q`- i?2 +HQb2`
i?2 Q#b2`p2/ K2�M Bb iQ i?2 TQTmH�iBQM K2�Mc

RjV AMi2;`�H UintegV, i?2 BMi2;`�H Q7 i?2 /�i� b2i- +�H+mH�i2/ �b � +mKmH�iBp2
i`�T2xQB/ BMi2;`�iBQM Q7 i?2 /�i� b2iX Ai +�M #2 �TTHB2/ QMHv iQ /�i�
`2T`2b2MiBM; p�Hm2b Qp2` iBK2- 7Q` 2t�KTH2- i?2 *Sl mb�;2 T2` b2+QM/X
h?2 BMi2;`�H Bb `2H2p�Mi iQ +QKTmi2 i?2 2{+B2M+vc

R9V _2H�iBp2 1{+B2M+v Urelat ivene f f icienc yV, i?2 `�iBQ #2ir22M i?2 BM@
i2;`�H Q7 i?2 /�i� b2i- �M/ Bib K�tBKmK p�Hm2 KmHiBTHB2/ #v Bib bBx2X
_2H�iBp2 2{+B2M+v Bb T`BK�`BHv mb2/ rBi? `2bQm`+2 mb�;2 /�i�- r?2`2 r2
r�Mi iQ FMQr ?Qr 2{+B2MiHv � T�`iB+mH�` `2bQm`+2 Bb mb2/ #v i?2 alhX
o�Hm2b +HQb2 iQ QM2 BM/B+�i2 i?2 `2bQm`+2 Bb mb2/ iQ M2�` Bib 7mHH2bic

R8V �#bQHmi2 1{+B2M+v Uabsolutene f f icienc yV, b�K2 �b `2H�iBp2 2{+B2M+v-
#mi BMbi2�/ Q7 i?2 K�tBKmK p�Hm2 Q7 i?2 /�i� b2i r2 mb2 i?2 K�tBKmK
p�Hm2 i?�i /�i� b2i +QmH/ TQi2MiB�HHv ?�p2X 6Q` *Sl T2`+2Mi�;2 mb�;2-
7Q` 2t�KTH2- i?2 K�tBKmK rQmH/ #2 RyyWX

�i i?2 2tT2`BK2Mi H2p2H- r2 �HbQ /2}M2 bi�iBbiB+b iQ +QKTmi2 Qp2` i`B�Hb r?2`2
i?2 T`2pBQmb bi�iBbiB+b r2`2 �H`2�/v �TTHB2/- �HHQrBM; mb iQ b2H2+i i?2 KQbi `2H@
2p�Mi bi�iBbiB+b +QKTmi2/ Qp2` i?2 i`B�HbX q2 �//BiBQM�HHv +QKTmi2 /2b+`BTiBp2



kNy eXj "2M+?6HQr 6`�K2rQ`F AKTH2K2Mi�iBQM

bi�iBbiB+b �HHQrBM; i?2 mb2` iQ �;;`2;�i2 i?2 T2`7Q`K�M+2 /�i� +QHH2+i2/ �+`Qbb
KmHiBTH2 i`B�Hb- �M/ 2p�Hm�i2 ?Qr `2HB�#H2 i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i� �`2X
h?2 /2b+`BTiBp2 bi�iBbiB+b r2 +QKTmi2 �i i?2 2tT2`BK2Mi H2p2H �`2,

RV JBMfJ�t ZRfkfj Uminnq1fminnq2fminnq3fmaxnq1fmaxnq2fmax
nq3V- JBMfJ�t �p2`�;2 UminnavgfmaxnavgV- JBMf@
J�t JQ/2 UminnmodefmaxnmodeV- JBMfJ�t S2`+2MiBH2b
Uminnp1 − 100fmaxnp1 − 100V- JBMfJ�t JBMfJ�t
UminnminfminnmaxfmaxnminfmaxnmaxV- JBMfJ�t *QM}/2M+2
AMi2`p�H Uminnci95fmaxnci95V, i?2 KBMBKmK �M/ K�tBKmK p�Hm2b
�+`Qbb �HH i`B�Hb 7Q` i?2 K2MiBQM2/ bi�iBbiB+b- 7Q` 2t�KTH2 i?2 K�tBKmK
ZR �+`Qbb �HH i?2 i`B�Hb BM i?2 2tT2`BK2Mi i?2v #2HQM; iQc

kV q2B;?i2/ �p2`�;2 UwavgV, i?2 �p2`�;2 �KQM;bi �HH i`B�Hb- r2B;?i2/ #v
i?2 MmK#2` Q7 /�i� TQBMib BM 2p2`v bBM;H2 i`B�HX h?Bb +�M QMHv #2 �TTHB2/
r?2`2 2�+? i`B�H ?�b � p�`B�#H2 MmK#2` Q7 /�i� TQBMibc

jV "2bifqQ`bif�p2`�;2 h`B�Hb Ubestnt r ialnidfworstnt r ialnidfavgnt r ial
nidV, i?2 B/2MiB}2` 7Q` i?2 #2bi- rQ`bi �M/ �p2`�;2 i`B�Hb BM i?2 2tT2`B@
K2Mi- Q#i�BM2/ #v +QKT�`BM; i?2K #v i?2 K2�M p�Hm2 7Q` i?2 i`B�H }`bi
�M/ K�`;BM Q7 2``Q` 7Q` i?2 i`B�H �b b2+QM/ +QKT�`BbQM +`Bi2`BQMc

9V *Q2{+B2Mi Q7 o�`B�iBQM Ucoe f f icientnvariat ionV, i?2 `�iBQ #2ir22M i?2
bi�M/�`/ /2pB�iBQM Q7 i?2 K2�Mb Q7 i?2 i`B�Hb �M/ i?2 K2�M Q7 �HH i?2
i`B�Hb- 2tT`2bb2/ �b � T2`+2Mi�;2X h?Bb +Q2{+B2Mi Bb T`BK�`BHv mb2/ iQ
+QMp2v i?2 /BbT2`bBQM Q7 i?2 p�Hm2b Q7 i?2 i`B�Hb- r?2`2 � HQr +Q2{+B2Mi
Q7 p�`B�iBQM BKTHB2b i?2 p�Hm2b �+`Qbb �HH i`B�Hb i2M/ iQ #2 bi�#H2- r?BH2 �
?B;? +Q2{+B2Mi BKTHB2b i?2v �`2 MQi bi�#H2c

8V *QK#BM2/ o�`B�M+2 UcombinednvarV, �HbQ FMQrM �b i?2 TQQH2/ p�`B@
�M+2- Bi Bb � ?B;?2` T`2+BbBQM 2biBK�i2 Q7 i?2 p�`B�M+2 7Q` �HH i?2 i`B�Hb
+QK#BM2/X

ai�iBbiB+�H h2bib AM �//BiBQM iQ +QKTmiBM; bi�iBbiB+b QM i?2 /�i�- r2 �HbQ
/2}M2 � bi�iBbiB+�H i2bi- r?B+? Bb T2`7Q`K2/ Qp2` �HH i`B�Hb BM �M 2tT2`BK2Mi-
2�+? i`B�H Bb � /�i� b�KTH2 7Q` i?2 i2biX
q2 +QKTmi2 i?2 7QHHQrBM; bi�iBbiB+�H i2bib,

RV G2p2M2Ƕb h2bi UlevenentestV, mb2/ iQ i2bi B7 � ;Bp2M MmK#2` N Q7 b�K@
TH2b ?�p2 2[m�H p�`B�M+2bX 1[m�H p�`B�M+2b �+`Qbb b�KTH2b �`2 /2}M2/ �b
?QKQ;2M2Biv Q7 p�`B�M+2X Ai Bb bQHB/ 7Q` MQM@MQ`K�H /�i�- �b Bi Bb mbm�HHv
i?2 +�b2 7Q` T2`7Q`K�M+2 /�i�X
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h?2 G2p2M2Ƕb i2bi Bb mb2/ iQ i2bi i?2 �bbmKTiBQM i?2 /�i� 7`QK Qm` i`B�Hb ?�p2
2[m�H p�`B�M+2b- K2�MBM; i?2v �`2 ?QKQ;2M2QmbNX A7 i?2 i`B�Hb BM �M 2tT2`BK2Mi
?�p2 ?QKQ;2M2Qmb p�`B�M+2b- i?2M r2 ?�p2 � ;QQ/ BM/B+�iBQM i?2 /�i� 7`QK i?2
i`B�Hb �`2 +QKT�`�#H2- T`QpB/BM; p�HB/�iBQM 7Q` i?2 �M�HvbBb T2`7Q`K2/ �+`Qbb �HH
i`B�HbX q2 +QKTmi2 G2p2M2Ƕb i2bi Qp2` irQ Q` KQ`2 i`B�Hb- mbBM; �b `272`2M+2 i?2
K2�M- K2/B�M- �M/ i?2 i`BKK2/ K2�M Q7 i?2 b�KTH2bX q2 i?mb T2`7Q`K i?2
G2p2M2Ƕb i2bi i?`22 iBK2b �M/ T`Q/m+2 i?`22 p�Hm2b �M/ i?2 `2H�iBp2 T@p�Hm2bX A7
i?2 T@p�Hm2 Bb #2HQr � +2`i�BM bB;MB}+�M+2 H2p2H- r?B+? Bb ;2M2`�HHv b2i iQ 0.05-
i?2M i?2 MmHH ?vTQi?2bBb Q7 G2p2M2Ƕb i2bi Ur?B+? bi�i2b i?2 p�`B�M+2b �`2 2[m�HV
Bb `2D2+i2/- �M/ i?2 p�`B�M+2b �`2 i?mb +QMbB/2`2/ MQM@?QKQ;2M2Qmb �KQM;bi
i?2 i`B�HbX h?Bb Bb #2+�mb2 B7 i?2 T@p�Hm2 Bb #2HQr i?2 ;Bp2M bB;MB}+�M+2 H2p2H
i?2M i?2 BKTHB+�iBQM Bb i?�i i?2 /Bz2`2M+2b BM p�`B�M+2b Q7 i?2 T`QpB/2/ b�KTH2b
�`2 MQi Dmbi /m2 iQ `�M/QK b�KTHBM;- �M/ i?mb r2 Kmbi `2D2+i i?2 �bbmKTiBQM
i?�i i?2 p�`B�M+2b �`2 ?QKQ;2M2QmbX 6Q` �//BiBQM�H BKTH2K2Mi�iBQM /2i�BHb
�#Qmi K2i`B+b +QKTmi�iBQM- `272` iQ (*2`7Q;HBQ- kyRe)
�b T�`i Q7 i?2 K2i`B+b �M/ bi�iBbiB+b +QKTmi�iBQM iQ #2 T`QpB/2/ iQ i?2
:Q�H 1tTHQ`�iBQM- r2 �HbQ +QKTmi2 i?2 p�Hm2 7Q` i?2 K2�M �#bQHmi2 2``Q`
Umeannabsolutener rorV 7Q` i?2 T`2/B+iBQM KQ/2H- r?2M QM2 Bb #mBHiX �/@
/BiBQM�HHv r2 2p�Hm�i2 i?2 `2;`2bbBQM �#bQHmi2 Uregressionndel tanabsoluteV
�M/ `2;`2bbBQM `2H�iBp2 Uregressionndel tanpercentV BM/B+�iQ`bX

eXjXe lb2`@bB/2 hQQHb
6Q` mb2`b iQ BMi2`�+i rBi? i?2 "2M+?6HQr 7`�K2rQ`F r2 T`QpB/2 � *GAX h?2 *GA
Bb /2p2HQT2/ iQ 7�+BHBi�i2 i?2 BMi2`�+iBQMb rBi? i?2 i2bi K�M�;2` #v 2tTQbBM;
mb27mH +QKK�M/b iQ p�HB/�i2 i2bi �M/ i2bi bmBi2 bT2+B}+�iBQM- b+?2/mH2 i2bib
�M/ i2bi bmBi2b- ;2i i?2 HBbi Q7 2t2+miBM; i2bib- �#Q`i i2bib 2t2+miBQM- �M/ ;2i
i2bi `2bmHib �M/ �`iB7�+ibX h?2 *GA �HbQ 2tTQb2b bQK2 QTiBQMb iQ i?2 mb2`b- 2X;X
iQ b2H2+i i?2 i`B�H 2t2+miBQM 7`�K2rQ`F- iQ T�bb 2M/TQBMib Q7 �H`2�/v /2THQv2/
alh- �M/ iQ 2M�#H2 `2mb2 Q7 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMbX 1t�KTH2b Q7 mb2`
2tT2`B2M+2- �M/ mb2 +�b2b `2HvBM; QM i?2 *GA iQ BMi2`�+i rBi? i?2 "2M+?6HQr
7`�K2rQ`F �`2 /Bb+mbb2/ BM (6BM/�?H- kyRd- *?�Ti2` e)X AM (6BM/�?H- kyRd-
*?�Ti2` e) bQK2 �SAb �`2 bHB;?iHv /Bz2`2Mi #2+�mb2 i?2v 2pQHp2/- #mi i?2 mb2`
2tT2`B2M+2 �M/ i?2 BMi2`�+iBQMb �`2 `2T`2b2Mi�iBp2 Q7 i?2 +m``2Mi p2`bBQM Q7 i?2
7`�K2rQ`FX
h?2 *GA �HbQ bBKTHB}2b i?2 /2THQvK2Mi T`Q+2/m`2 Q7 i?2 "2M+?6HQr 7`�K2rQ`F
#v T`QpB/BM; 7�+BHBiB2b �M/ /2THQvK2Mi /2b+`BTiQ` �miQK�iBQM 7Q` +QMM2+iBM; iQ

Nhttp://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm- H�bi pBbBi2/ QM
62#`m�`v d- kykR

http://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm
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`2KQi2 b2`p2`b �M/ /2THQvBM; "2M+?6HQr b2`pB+2bX h?2 b2`pB+2bǶ /2THQvK2Mi
/2b+`BTiQ`b �`2 `2i`B2p2/ 7`QK i?2 +m``2Mi "2M+?6HQr 7`�K2rQ`F `2H2�b2- �M/
�`2 /2}M2/ `2HvBM; QM .Q+F2` *QKTQb2X h?2 *GA Bb T�+F�;2/ BM .Q+F2` �b 7Q`
i?2 Qi?2` "2M+?6HQr b2`pB+2b bQ i?�i i?2 mb2`b +�M 2t2+mi2 Bi BM �Mv +QMi2ti
r?2`2 .Q+F2` Bb bmTTQ`i2/X
q?2M BMi2;`�iBM; i?2 "2M+?6HQr 7`�K2rQ`F rBi? i?B`/@T�`iv bQHmiBQMb- mb2`b
rQ`FBM; QM i?2 BMi2;`�iBQM M22/ iQ �++2bb i?2 "2M+?6HQr i2bi K�M�;2` �SAbX
6Q` i?Bb r2 T`QpB/2 � +HB2Mi HB#`�`v #mBHi 7`QK i?2 i2bi K�M�;2` �SAb bT2+@
B}+�iBQM- iQ 7�+BHBi�i2 i?2 BMi2;`�iBQMX h?2 +HB2Mi HB#`�`v +�M #2 T`QpB/2/ BM
KmHiBTH2 T`Q;`�KKBM; H�M;m�;2b- 2X;X C�p�- :Q- �M/ Svi?QMX

eXjXd AMi2;`�iBQM rBi? .2pPTb iQQHb �M/ *a.G
q2 2M�#H2 i?2 BMi2;`�iBQM rBi? .2pPTb iQQHb �/ *a.G #v `2HvBM; QM i?2 b�K2
*GA i?2 mb2` +�M mb2 7Q` BMi2`�+iBM; rBi? i?2 "2M+?6HQr 7`�K2rQ`FX h?2 *GA
+�M #2 2K#2//2/ �b T�`i Q7 i?2 rQ`F~Qrb �M/ TBT2HBM2b #mBHi rBi? *A*. iQQHb
�M/ mb2/ 7Q` b+?2/mHBM; i2bi bmBi2b Q` i2bibX h?2 *GA 7�+BHBi�i2 i?2 BMi2;`�iBQM
rBi? i?2 *A*. iQQHb #v +QHH2+iBM; �HH i?2 /�i� �#Qmi i?2 +m``2Mi alh +QMi2ti
BM i?2 TBT2HBM2 �b /2b+`B#2/ BM a2+iX 9X9- �M/ T�bbBM; i?2K iQ i?2 "2M+?6HQr
7`�K2rQ`F �HQM;bB/2 i?2 i2bi Q` i2bi bmBi2 #mM/H2X q2 +m``2MiHv bmTTQ`i i?2
2p2Mib ;2M2`�i2/ #v C2MFBMbRy r?2M i?2 bQ7ir�`2 Bb p2`bBQM2/ QM :Bi>m#RRX
h?2 *GA �HbQ �HHQrb iQ �#bi`�+i Q7 i?2 BMi2`�+iBQMb rBi? i?2 i2bi K�M�;2` �SAb
r?2M � i2bi bmBi2 Bb BMpQHp2/X � i2bi bmBi2 Bb � +QHH2+iBQM Q7 T2`7Q`K�M+2 i2bi
bT2+B}+�iBQMb bm#KBii2/ �b � bBM;H2 #mM/H2X q?2M BMi2`�+iBM; rBi? i?2 i2bi
K�M�;2` i?2 *GA K�Tb i?2 i2bi bmBi2 bT2+B}+�iBQM iQ i?2 /Bz2`2Mi b+?2/mH2/
i2bib bQ i?�i � bi�i2 Q7 i?2 2t2+miBQM 7Q` �HH i?2 i2bib T�`i Q7 � i2bi bmBi2 +�M
#2 `2i`B2p2/X h?2 *GA �HbQ i�F2b +�`2 Q7 2p�Hm�iBM; i?2 i2bi bmBi2 [m�HBiv ;�i2b-
#v HQQFBM; �i i?2 `2bmHib Q7 �HH i?2 i2bib BMpQHp2/ �b T�`i Q7 i?2 i2bi bmBi2X

eXjX3 1ti2MbBQMb SQBMib
q2 /2bB;M �M/ BKTH2K2Mi i?2 "2M+?6HQr 7`�K2rQ`F iQ #2 QT2M 7Q` 2ti2MbBQMb-
#Qi? BM i2`Kb Q7 i?2 T`QpB/2/ 7mM+iBQM�HBiB2b �M/ 7Q` BMi2;`�iBQM rBi? i?B`/@
T�`iv bQHmiBQMbX q2 2M�#H2 2ti2M/�#BHBiv Q7 i?2 7`�K2rQ`F 7mM+iBQM�HBiB2b #v
T`QpB/BM; � *GA iQ #2 mb2/ #v mb2`b Q` #v Qi?2` bvbi2Kb iQ BMi2`�+i rBi?
"2M+?6HQrǶb b2`pB+2b- _1ah7mH �SAb 7Q` b2`pB+2b iQ BMi2`�+i rBi? 2�+? Qi?2` �M/
7Q` Qi?2` bvbi2Kb iQ BMi2`�+i rBi? "2M+?6HQr- K�BMHv rBi? i?2 i2bi K�M�;2`X

Ryhttps://www.jenkins.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
RRhttps://github.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.jenkins.io/
https://github.com/
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h?2 �SAb �`2 �HbQ �++2bbB#H2 pB� �miQK�iB+�HHv ;2M2`�i2/ +HB2Mi HB#`�`B2b- r2
;2M2`�i2 7Q` 2�+? b2`pB+2 iQ 7�+BHBi�i2 i?2 BMi2`�+iBQM �KQM; "2M+?6HQr b2`pB+2b
�M/ iQ 2�b2 i?2 BMi2;`�iBQM Q7 i?B`/@T�`iv b2`pB+2b rBi? i?2 i2bi K�M�;2`X h?2
+HB2Mi HB#`�`B2b �`2 +m``2MiHv ;2M2`�i2/ BM C�p� �M/ :Q- `2HvBM; QM ar�;;2`RkX
Pi?2` H�M;m�;2b �`2 bmTTQ`i2/ #v /2bB;M r?2M M22/2/- `2HvBM; QM ar�;;2`
*Q/2;2MRj +�T�#BHBiB2bX
h?2 +QKTmi2/ K2i`B+b �`2 QT2M 7Q` i?2 2ti2MbBQM �b r2HH- #v `2HvBM; QM i?2
+QKTmi�iBQM�H +�T�#BHBiB2b Q7 �T�+?2 aT�`FX

eX9 *QM+Hm/BM; _2K�`Fb
AM i?Bb +?�Ti2` r2 T`2b2Mi i?2 "2M+?6HQr 7`�K2rQ`F r2 T`QTQb2 7Q` �miQK�iBM;
/2+H�`�iBp2 T2`7Q`K�M+2 i2bib /2}M2/ `2HvBM; QM i?2 .aG T`2b2Mi2/ BM *?�TX 8X
q2 BHHmbi`�i2 i?2 "2M+?6HQr �`+?Bi2+im`2- r2 /Bb+mbb i?2 K�BM b2`pB+2b �M/
i?2B` `2bTQMbB#BHBiB2b �M/ T`2b2Mi i?2B` BMi2`�+iBQMb �M/ i?2 #mbBM2bb HQ;B+ Q7
+Q`2 b2`pB+2b `2T`2b2Mi2/ �M/ BKTH2K2Mi2/ mbBM; bi�i2 K�+?BM2bX h?2 2t2+miBQM
HQ;B+ Q7 "2M+?6HQr Bb /2}M2/ bQ Bi +�M #2 T`Q;`�KK2/ mbBM; i?2 .aGX q2
�HbQ T`2b2Mi �HH i?2 K2i`B+b- bi�iBbiB+b- �M/ bi�iBbiB+�H i2bib r2 +QKTmi2 QM
+QHH2+i2/ /�i� �M/ T`QpB/2 iQ i?2 mb2`b iQ #2 BMi2;`�i2/ rBi? i?2 .aG- �b
r2HH �b 7Q` 7m`i?2` BM@/2Ti? T2`7Q`K�M+2 �M�HvbBbX q2 i?2M T`2b2Mi i?2 K�BM
_1ah7mH �SAb �M/ i?2 *GA r2 T`QpB/2 7Q` BMi2`�+iBM; rBi? "2M+?6HQr �M/ 7Q`
BMi2;`�iBQM rBi? i?2 *a.GX
h?2 T`QTQb2/ "2M+?6HQr 7`�K2rQ`F i�+FH2 _X:X j T`2b2Mi2/ BM a2+iX RXkXR �M/
+QMi`B#mi2b iQ i?2 _X:X 9X Ai �HHQrb i?2 b+?2/mHBM; Q7 T2`7Q`K�M+2 i2bib i?�i
�`2 K�M�;2/ #v i?2 "2M+?6HQr 2tT2`i bvbi2K- #Qi? 7`QK `2�H mb2`b �M/ 7`QK
*A*. T`Q+2bb2b UT�`i Q7 *a.GV- `2HvBM; QM � *GA Q` i?2 2tTQb2/ _1ah7mH
�SAbX

Rkhttps://swagger.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
Rjhttps://swagger.io/tools/swagger-codegen/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://swagger.io/
https://swagger.io/tools/swagger-codegen/
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S�`i AAA

1p�Hm�iBQM

kN8





*?�Ti2` d

1p�Hm�iBQMb

AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 2p�Hm�iBQMb r2 T2`7Q`K iQ p�HB/�i2 Qm` +H�BKb
�M/ i?2 T`QpB/2/ bQHmiBQMbX q2 T`2b2Mi i?2 2tT2`i `2pB2rR r2 T2`7Q`K iQ
+QHH2+i 2tT2`i 722/#�+F �#Qmi i?2 .aG �M/ i?2 Qp2`�HH T`QTQb2/ �TT`Q�+?-
�M/ i?2 bmKK�iBp2 2p�Hm�iBQM r2 T2`7Q`K rBi? Ah T`�+iBiBQM2`b T�`iB+BT�Mib
r?2`2 r2 T`QTQb2 i�bFb `2H�i2/ iQ bT2+B7vBM; i2bib mbBM; i?2 BKTH2K2Mi2/ .aG
7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM;X q2 i?2M /Bb+mbb i?2 Bi2`�iBp2 `2pB2rb r2
T2`7Q`K r?BH2 /2p2HQTBM; i?2 Qp2`�HH �TT`Q�+?- �M/ BM T�`iB+mH�`- i?2 .aG �M/
i?2 "2M+?6HQr 7`�K2rQ`F- �b r2HH �b r2 +QKT�`2 i?2 �TT`Q�+? rBi? �Hi2`M�iBp2
�TT`Q�+?2b �M/ bQHmiBQMb �p�BH�#H2 BM �+�/2KB+ �M/ BM/mbi`v HBi2`�im`2X

dXR 1tT2`i _2pB2r Q7 i?2 "2M+?6HQr .aG
q2 �bF i�`;2i2/ 2tT2`ib BM i?2 T2`7Q`K�M+2 2M;BM22`BM; /QK�BM- iQ T`QpB/2
722/#�+F QM i?2 .aG �M/ i?2 Qp2`�HH T`QTQb2/ �TT`Q�+?X h?2 b+QT2 Q7 i?2
2tT2`i `2pB2r Bb iQ �bb2bb i?2 Qp2`�HH .aG KQ/2H- 2tT`2bbBp2M2bb- 2zQ`i �M/
bmBi�#BHBiv- �M/ �TT`Q�+?X q2 �HbQ �bF 2tT2`ib iQ +QKT�`2 i?2 T`QTQb2/ �T@
T`Q�+? rBi? rB/2Hv@mb2/ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX AM #mBH/BM; i?2 2t@
T2`i `2pB2r r2 `272` iQ i?2 rQ`F #v (_Q/`B;m2b 2i �HX- kyR3) �#Qmi � 7`�K2rQ`F
iQ 2p�Hm�i2 i?2 mb�#BHBiv Q7 .aGX 6QHHQrBM; i?2 +`Bi2`B� BM (_Q/`B;m2b 2i �HX-
kyR3)- r2 /2}M2 � ?2m`BbiB+ 2p�Hm�iBQM- i�`;2iBM; TQi2MiB�H 2tT2`i mb2`b- �M/
2p�Hm�iBM; i?2 +QKT`2?2MbBQMfH2�`MBM; �M/ `2T`2b2Mi�iBp2b /BK2MbBQMb- �KQM;
Qi?2` �bb2bb2/X

Rhttps://www.usabilitybok.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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dXRXR 1p�Hm�iBQM Zm2biBQMb �M/ >vTQi?2b2b
h?2 2p�Hm�iBQM b22Fb iQ �Mbr2` i?2 7QHHQrBM; [m2biBQMb,

_ZRV h?2 T`QTQb2/ .aG ?�b ;QQ/ 2tT`2bbBp2M2bb iQ �++QKKQ/�i2 KQbi Q7 i?2
`2[mB`2K2Mib 7Q` �miQK�iBM; T2`7Q`K�M+2 i2bi 2t2+miBQM �M/ BMi2;`�iBM;
Bi BM *a.Gc

_ZkV h?2 T`QTQb2/ �TT`Q�+? ?�b #2ii2` mb�#BHBiv- +QKT�`2/ iQ bi�M/�`/ BK@
T2`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM �TT`Q�+?2bc

_ZjV h?2 T`QTQb2/ �TT`Q�+? ?�b H2bb T2`+2Bp2/ 2zQ`i- +QKT�`2/ iQ bi�M/�`/
BKT2`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM �TT`Q�+?2bc

_Z9V h?2 T`QTQb2/ �TT`Q�+? ?�b #2ii2` `2mb�#BHBiv- +QKT�`2/ iQ bi�M/�`/ BK@
T2`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM �TT`Q�+?2bc

_Z8V h?2 T`QTQb2/ �TT`Q�+? Bb r2HH bmBi2/ iQ bmTTQ`i i?2 /2}MBiBQM �M/ 2t2@
+miBQM Q7 T2`7Q`K�M+2 i2bib 7Q` i?2 i�`;2i mb2`bc

_ZeV h?2 T`QTQb2/ �TT`Q�+? Bb #2ii2` bmBi2/ i?�M bi�M/�`/ BKT2`�iBp2 �T@
T`Q�+?2b iQ bmTTQ`i i?2 /2}MBiBQM �M/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib 7Q`
i?2 i�`;2i mb2`bX

q2 �HbQ +QMbB/2` i?2 7QHHQrBM; MmHH U>yV �M/ �Hi2`M�iBp2 ?vTQi?2b2b U>�HiV 7Q`
2�+? Q7 i?2 �#Qp2 [m2biBQMb,

_ZRV >y, h?2 H2p2H Q7 2tT`2bbBp2M2bb T2`+2Bp2/ #v i?2 T�`iB+BT�Mib Bb +QMbB/@
2`2/ K2/BmK@HQrX >�Hi, h?2 H2p2H Q7 2tT`2bbBp2M2bb T2`+2Bp2/ #v i?2
T�`iB+BT�Mib Bb +QMbB/2`2/ ?B;?c

_ZkV >y, h?2 T`QTQb2/ �TT`Q�+? ?�b i?2 b�K2 Q` rQ`b2 mb�#BHBiv r?2M +QK@
T�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX >�Hi, h?2 T`QTQb2/ �TT`Q�+?
?�b #2ii2` mb�#BHBiv r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bc

_ZjV >y, h?2 T`QTQb2/ �TT`Q�+? ?�b i?2 b�K2 Q` KQ`2 T2`+2Bp2/ 2zQ`i r?2M
+QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX >�Hi, h?2 T`QTQb2/ �T@
T`Q�+? ?�b H2bb T2`+2Bp2/ 2zQ`i r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2
�TT`Q�+?2bc

_Z9V >y, h?2 T`QTQb2/ �TT`Q�+? ?�b i?2 b�K2 Q` rQ`b2 `2mb�#BHBiv r?2M +QK@
T�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX >�Hi, h?2 T`QTQb2/ �TT`Q�+?
?�b #2ii2` `2mb�#BHBiv r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bc
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_Z8V >y, h?2 T`QTQb2/ �TT`Q�+? Bb MQi Q` HBKBi2/ bmBi2/ iQ bmTTQ`i i?2 /2}@
MBiBQM �M/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib 7Q` i?2 i�`;2i mb2`bX >�Hi, h?2
T`QTQb2/ �TT`Q�+? Bb r2HH bmBi2/ iQ bmTTQ`i i?2 /2}MBiBQM �M/ 2t2+miBQM
Q7 T2`7Q`K�M+2 i2bib 7Q` i?2 i�`;2i mb2`bc

_ZeV >y, h?2 T`QTQb2/ �TT`Q�+? Bb bmBi2/ 7Q` i?2 i�`;2i mb2`b i?2 b�K2 Q` H2bb
i?�M bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX >�Hi, h?2 T`QTQb2/ �TT`Q�+? Bb
bmBi2/ 7Q` i?2 i�`;2i mb2`b KQ`2 i?�M bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX

dXRXk 1p�Hm�iBQM J2i?Q/b Pp2`pB2r
hQ +QHH2+i 722/#�+F �M/ �Mbr2` iQ i?2 `2b2�`+? [m2biBQMb T`2b2Mi2/ BM
a2+iX dXRXR- r2 T`QTQb2 �M QMHBM2 �MQMvKQmb bm`p2v iQ 2tT2`i mb2`b BM i?2
T2`7Q`K�M+2 2M;BM22`BM; /QK�BM- #Qi? 7`QK �+�/2KB� �M/ BM/mbi`vX

dXRXj .�i� *QHH2+iBQM J2i?Q/ �M/ am`p2v .Bbb2KBM�iBQM
q2 /Bbb2KBM�i2 i?2 bm`p2v mbBM; /Bz2`2Mi +QKKmMB+�iBQM K2/BmKb iQ i�`;2i
2tT2`i mb2`bX q2 `2Hv QM i?2 7QHHQrBM; /Bbb2KBM�iBQM +?�MM2Hb,

�V �M 2K�BH iQ i?2 aS1* _: K�BHBM; HBbiX h?2 K�BHBM; HBbi Bb `2+2Bp2/ #v
�HH i?2 K2K#2` Q7 i?2 p�`BQmb aS1* _:b- 2tT2`ib BM i?2 T2`7Q`K�M+2
2M;BM22`BM; /QK�BMc

#V /B`2+i 2K�BHb iQ �HH i?2 T2QTH2 r2 +QHH�#Q`�i2/ rBi? /m`BM; i?2 v2�`b BM
r?B+? i?Bb `2b2�`+? ?�b #22M /2p2HQT2/c

+V /B`2+i 2K�BHb iQ K�Mv /Bz2`2Mi T`�+iBiBQM2`b BM p�`BQmb +QKT�MB2b �`QmM/
i?2 ;HQ#2 rQ`FBM; QM T2`7Q`K�M+2 2M;BM22`BM; BM /Bz2`2Mi /QK�BMbX

q2 +QHH2+i2/ `2bTQMb2b 7Q` jR /�vb- 7`QK CmHv- Rbi iQ CmHv- jRbiX q2 BM+2MiBpBx2/
T�`iB+BT�Mib iQ `2bTQM/- #v T`QTQbBM; � `�|2 Q7 i?`22 T`B+2b Q7 i?2 p�Hm2 Q7 € ky
2�+?- BM i?2 7Q`K Q7 /Bb+QmMi +QmTQMb 7Q` TQTmH�` QMHBM2 r2#bBi2bX h?2 `�|2
r�b iQ #2 T2`7Q`K2/ QMHv B7 `2�+?BM; �i H2�bi R8 `2bTQMb2bX aBM+2 r2 Q#i�BM2/
KQ`2 i?�M R8 `2bTQMb2b- i?2 `�|2 ?�b #22M bm++2bb7mHHv T2`7Q`K2/ QM �m;mbi-
R8i? �M/ i?`22 rBMM2`b ?�p2 #22M �r�`/2/ i?2 T`Bx2X q2 HBKBi2/ i?2 MmK#2`
Q7 BM+2MiBp2b �M/ i?2 iQi�H p�Hm2- iQ biBKmH�i2 T�`iB+BT�Mib iQ `2bTQM/- #mi
�pQB/BM; iQQ #B; BM+2MiBp2b T`Q/m+BM; bB/2@2z2+ib BM i?2 [m�HBiv Q7 +QHH2+i2/
`2bTQMb2bkX q2 �HbQ /B/ MQi K2MiBQM �Mv /2i�BHb QM i?2 `�|2 �i i?2 #2;BMMBM;

khttps://www2.deloitte.com/us/en/insights/topics/social-impact/the-craft-of-incen
tive-prize-design.html- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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Q7 i?2 bm`p2v- r2 QMHv �MiB+BT�i2/ i?2 TQbbB#BHBiv iQ T�`iB+BT�i2 BM i?2 `�|2X
�HH i?2 /2i�BHb QM i?2 b�K2 ?�p2 #22M T`QpB/2/ �i i?2 2M/ Q7 i?2 bm`p2vX
h?2 2tT2`i `2pB2r bm`p2v Bb �p�BH�#H2 �M/ H27i QMHBM2 �i i?2 7QHHQrBM; �//`2bb,
https://bit.ly/dpe-expert-review-surveyX h?2 bm`p2v Bb +QM};m`2/ 7Q` �+@
+2TiBM; T�`iB+BT�Mi `2bTQMb2b �M/ �HHQrBM; ?2` iQ 2/Bi i?2 `2bTQMb2 �7i2` bm#@
KBbbBQM BM +�b2 Bi Bb M22/2/X h?2 Qp2`pB2r Q7 i?2 `2+2Bp2/ `2bTQMb2b BM MQi
b?QrM �i i?2 2M/ Q7 i?2 bm`p2v- #2+�mb2 bQK2 Q7 i?2 /�i� +QMi�BM b2MbBiBp2
BM7Q`K�iBQM- 7Q` 2t�KTH2- i?2 2K�BH- �M/ r2 +�M MQi }Hi2` i?2 /�i� iQ b?Qr /m2
iQ HBKBi�iBQMb BM i?2 iQQH r2 `2Hv QM 7Q` #mBH/BM; �M/ �/KBMBbi2` i?2 bm`p2v-
BX2X- :QQ;H2 6Q`KbjX q2 +QMbi�MiHv mT/�i2/ i?2 iQi�H MmK#2` Q7 `2bTQMb2b Qp2`
i?2 T2`BQ/ BM r?B+? r2 �++2Ti2/ `2bTQMb2b bQ i?�i T�`iB+BT�Mib r2`2 BM7Q`K2/X
q2 i`�+F2/ i?2 MmK#2` Q7 T2QTH2 QT2MBM; i?2 bm`p2v #v `2HvBM; QM i?2 #BiHöv
l_G b?Q`i2MBM; b2`pB+2X k8 T2QTH2 BM iQi�H QT2M2/ i?2 bm`p2vX

dXRX9 ai`m+im`2 Q7 i?2 1p�Hm�iBQM am`p2v
h?2 2p�Hm�iBQM bm`p2v r2 T`QTQb2 iQ T�`iB+BT�Mib 7Q` 2p�Hm�iBQM ?�b i?2 7QHHQr@
BM; bi`m+im`2,

RV �M BMi`Q/m+iBQM b2+iBQMc

kV � b2+iBQM rBi? [m2biBQMb K2�Mi iQ +QHH2+i 2tT2`B2M+2 �M/ 2tT2`iBb2 �#Qmi
i?2 T�`iB+BT�Mibc

jV � b2+iBQM /2/B+�i2/ iQ T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?- �b
r2HH �b 2t�KTH2b BM mbBM; i?2 .aG 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM;
bT2+B}+�iBQMc

9V � b2+iBQM /2/B+�i2/ iQ [m2biBQMb `2H�i2/ iQ i?2 _2b2�`+? Zm2biBQMb U_ZbV
Q7 i?2 2tT2`i `2pB2rc

8V � b2+iBQM /2/B+�i2/ iQ +QHH2+i }M�H �//BiBQM�H 722/#�+Fc

eV � }M�H b2+iBQM- i?�MFBM; i?2 T�`iB+BT�Mib �M/ �bFBM; i?2K iQ QTiBQM�HHv
T`QpB/2 i?2 2K�BH �//`2bb iQ T�`iB+BT�i2 BM i?2 `�|2- Qi?2` i?�M T`QpB/BM;
KQ`2 /2i�BHb QM i?2 `�|2X

AM �TTX * r2 `2TQ`i i?2 2MiB`2 bm`p2v- �M/ i?2 HBbi Q7 [m2biBQMb �M/ TQbbB@
#H2 �Mbr2`b- r?BH2 i?2 +QKTH2i2 bm`p2v +�M #2 +QMbmHi2/ �i https://bit.ly/
dpe-expert-review-surveyX

jhttps://docs.google.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
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dXRX8 1p�Hm�iBQM S`Q+2/m`2
AMi`Q/m+iBQM

AM i?2 BMi`Q/m+iBQM b2+iBQM Q7 i?2 bm`p2v- r2 T`2b2Mi i?2 +QMi2ti �M/ i?2 b+QT2
Q7 i?2 rQ`F- i?2 Qp2`�HH .S1 T`QTQb�H 7Q` �miQK�iBM; T2`7Q`K�M+2 i2bi �M/
BMi2;`�iBM; i?2K BM *a.G- i?2 i�`;2i bvbi2Kb �M/ i�`;2i mb2`b Q7 i?2 T`QTQb2/
�TT`Q�+?- i?2 Q#D2+iBp2b Q7 i?2 2tT2`i `2pB2r �b r2HH �b i?2 i�`;2i �m/B2M+2
Q7 i?2 b�K2X h?2 i�`;2i �m/B2M+2 Bb B/2MiB}2/ �b T2`7Q`K�M+2 2M;BM22`BM;
T`�+iBiBQM2`b- #Qi? BM �+�/2KB� �M/ BM/mbi`vX q2 i?2M /Bb+mbb i?2 bi`m+im`2
Q7 i?2 bm`p2v �M/ T`QpB/2 �M 2tT2+i2/ �p2`�;2 +QKTH2iBQM iBK2 Q7 mT iQ j8@
98 KBMmi2b- Q7 r?B+? mT iQ ky@jy KBMmi2b 7Q` H2�`MBM; �#Qmi i?2 T`QTQb2/
�TT`Q�+?- /2T2M/BM; QM T�`iB+BT�MiǶb #�+F;`QmM/ �bb2bb2/ rBi? BMBiB�H i`B�Hb Q7
i?2 2tT2`i `2pB2rX AM i?Bb b2+iBQM- r2 �HbQ K�F2 bm`2 iQ T`QpB/2 i?2 mb2`b rBi?
�HH i?2 BM7Q`K�iBQM mb27mH iQ +QKTH2i2 i?2 bm`p2v- 7Q` 2t�KTH2- ?BMib QM ?Qr
iQ M�pB;�i2 i?2 bm`p2v- BM+`2�b2 i?2 7QMi@bBx2- �M/ i?2 �p�BH�#BHBiv Q7 7mHH@bBx2
BK�;2b 7Q` �HH i?2 2t�KTH2b T�`i Q7 i?2 bm`p2vX h?2b2 ?BMib �`2 M2+2bb�`BHv /m2
iQ HBKBi�iBQMb BM :QQ;H2 6Q`Kb BM i?2b2 `2bT2+ib- �M/ iQ K�F2 i?2 T�`iB+BT�Mi
+QK7Q`i�#H2 BM +QKTH2iBM; i?2 bm`p2vX

ai�`i2` Zm2biBQMb

q2 �bF T�`iB+BT�Mib �#Qmi i?2B` 2tT2`B2M+2 �M/ 2tT2`iBb2X q2 2p�Hm�i2 i?2
2tT2`B2M+2 #v `2[m2biBM; iQ BM/B+�i2 i?2B` H�bi /2;`22 Q7 2/m+�iBQM- i?2B` +m``2Mi
T`Q72bbBQM�H `QH2 �KQM; � b2i Q7 b2H2+i2/ `QH2b Q` #v K�Mm�HHv BM/B+�iBM; Bi- i?2
MmK#2` Q7 v2�`b Q7 2tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2 �M/ i?2 MmK#2`
Q7 v2�`b Q7 2tT2`B2M+2 BM i?2 �`2� Q7 bQ7ir�`2 T2`7Q`K�M+2 i2biBM;- �HbQ �b � bB/2
�+iBpBivX q2 i?2M `2[m2bi T�`iB+BT�Mib iQ `2TQ`i i?2B` K�BM i�bFb �M/ �+iBpBiB2b
BM i?2B` +m``2Mi `QH2 �M/ r2 T`QTQb2 i?2K � b2H2+iBQM Q7 +QM+2Tib `2H2p�Mi BM
i?2 /QK�BM Q7 i?Bb rQ`F- `2[m2biBM; i?2K iQ 2p�Hm�i2 ?Qr 7�KBHB�` i?2v �`2
rBi? i?Qb2 +QM+2Tib QM � 8@b+�H2 GBF2`i b+�H2 (GBF2`i- RNjk) `�M;BM; 7`QK LQi
�i �HH iQ 1tT2`iX h?2 K2MiBQM2/ [m2biBQMb �`2 �HH `2[mB`2/ iQ #2 +QKTH2i2 BM
i?2 bm`p2vX

G2�`MBM; i?2 .aG �M/ i?2 "2M+?6HQr �TT`Q�+?

AM i?Bb b2+iBQM Q7 i?2 bm`p2v- r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?X
q2 BHHmbi`�i2 i?2 u�JG bT2+B}+�iBQM 7Q`K�i i?2 mb2`b Q7 Qm` �TT`Q�+? �`2 2t@
T2+i2/ iQ K�bi2` 7Q` /2+H�`�iBp2Hv bT2+B7vBM; T2`7Q`K�M+2 i2bib �M/ +QM};m`BM;
i?2 i2biǶb �miQK�iBQM T`Q+2bbX q2 i?2M T`2b2Mi bQK2 2t�KTH2b Q7 /2+H�`�iBp2
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T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb `2HvBM; QM i?2 T`QTQb2/ u�JG bT2+B}+�iBQM
7Q`K�iX
q2 /Bb+mbb r?�i mb2`b �`2 2tT2+i2/ iQ bi�i2 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi
�miQK�iBQM- �M/ BM T�`iB+mH�`,

RV i?2 i2bi ;Q�H �M/ Bib +QM};m`�iBQM- �b r2HH �b i?2 T2`7Q`K�M+2 bT�+2 iQ
#2 2tTHQ`2/ B7 `2[mB`2/ #v i?2 ;Q�H U:Q�H- 2tTHQ`�iBQMnbT�+2Vc

kV i?2 HQ�/ 7mM+iBQM UHQ�/n7mM+iBQMVc

jV i?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi UQ#b2`p2Vc

9V i?2 +`Bi2`B� iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2
Bib +QKTH2iBQM Ui2`KBM�iBQMn+`Bi2`B�Vc

8V i?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�
U[m�HBivn;�i2bVc

eV i?2 rQ`FHQ�/b mb2/ 7Q` i?2 i2bi �M/ ?Qr iQ KBt Bib QT2`�iBQMb UrQ`FHQ�/b-
PT2`�iBQMb- KBtVc

dV i?2 bvbi2K mM/2` i2bi ivT2- �M/ Bib +QM};m`�iBQM UbmiVc

3V i?2 /�i� +QHH2+iBQM b2`pB+2b M22/2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb27mH iQ
+QKTmi2 i?2 K2i`B+b Q7 BMi2`2bi U/�i�n+QHH2+iBQMVX

q2 i?2M T`QpB/2 /2i�BHb 7Q` i?2 *a.G 2ti2MbBQM Q7 i?2 .aG �HHQrBM; mb2`b iQ
bT2+B7v i2bi bmBi2b- 7Q+mbBM; QM,

RV i?2 i2bi bmBi2- b2H2+iBM; i2bib #v `272``BM; iQ u�JG }H2b /2}MBM; i?2K Q`
#v b2H2+iBM; i?2K mbBM; H�#2Hb UbmBi2- i2bibVc

kV i?2 i`B;;2`b �+iBp�iBM; i?2 i2bi 2t2+miBQM- �++Q`/BM; iQ *a.G 2p2Mib Ui`B;@
;2`bVc

jV i?2 2MpB`QMK2Mib QM r?B+? i2bib ?�p2 iQ #2 2t2+mi2/ U2MpB`QMK2MibVc

9V i?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi bmBi2 �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�
U[m�HBivn;�i2bVX

q2 �HbQ /2b+`B#2 ?Qr i?2 mb2`b �`2 2tT2+i2/ iQ /2}M2 i?2 i2bib �M/ i2bi bmBi2b
#mM/H2 UBM+Hm/BM; i?2 alh /2THQvK2Mi /2b+`BTiQ`V- �M/ ?Qr i?2v- Q` � iQQH
BM *a.G- +�M bm#KBi i?2K iQ i?2 "2M+?6HQr 7`�K2rQ`F i�FBM; +�`2 Q7 i?2
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2M/@iQ@2M/ �miQK�iBQM BM 2t2+miBM; /2+H�`�iBp2 T2`7Q`K�M+2 i2bib �b r2HH �b
?Qr i?2v +�M �++2bb i2bib �M/ i2bi bmBi2b 2t2+miBQM bi�imb �M/ `2bmHibX q2 �HbQ
?B;?HB;?i i2bi bT2+B}+�iBQMb i?�i +�M #2 `2mb2/- 2ti2M/2/- �M/ Qp2``B//2M- iQ
7�+BHBi�i2 `2mb2 Q7 #�b2 i2bi /2}MBiBQMb 7Q` KQ`2 +QKTH2t i2bibX
q2 T`QpB/2 /2i�BHb 7Q` �HH i?2 2H2K2Mib T�`i Q7 i?2 u�JG `2T`2b2Mi�iBQM Q7
i?2 .aG 7Q` bT2+B7vBM; i2bib �M/ i2bi bmBi2b- 7Q+mbBM; QM T`QpB/BM; � ;QQ/
mM/2`bi�M/BM; Q7 i?2 /Bz2`2Mi 2H2K2Mib Q7 i?2 .aG �M/ `2H2p�Mi /2i�BHb iQ
2M�#H2 mb2`b BM mM/2`bi�M/BM; i?2 Qp2`�HH pBbBQM Q7 i?2 �TT`Q�+? �M/ ?Qr b?2 Bb
2tT2+i2/ iQ bT2+B7v �M/ 2t2+mi2 i2bib- bBKBH�`Hv iQ a2+iX 8XeXR- �M/ a2+iX 8XeXkX
�7i2` T`2b2MiBM; i?2 u�JG bT2+B}+�iBQM- r2 T`QpB/2 BM@/2Ti? �M/ i?`Qm;?Qmi
2t�KTH2b QM ?Qr iQ bT2+B7v T2`7Q`K�M+2 i2bib rBi? /Bz2`2Mi ;Q�Hb �M/ i2bi
bmBi2b BMi2;`�i2/ BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G- bBKBH�`Hv iQ a2+iX 8XeXjX

1tT2`i _2pB2r Zm2biBQMb

q2 T`QTQb2 i?2 2tT2`i rBi? }p2 8@b+�H2 GBF2`i [m2biBQMb- `2H�i2/ iQ i?2 2p�H@
m�iBQM [m2biBQMb �M/ ?vTQi?2bBb iQ i2bi T`2b2Mi2/ BM a2+iX dXRXRX 6Q` 2�+? Q7
i?2 }p2 [m2biBQMb 7Q` r?B+? r2 `2[mB`2 �M �Mbr2`- r2 �HbQ T`QTQb2 �M QTiBQM�H
[m2biBQM �bFBM; i?2 T�`iB+BT�Mi iQ KQiBp�i2 i?2 T`QpB/2/ �Mbr2`X hQ 2p�Hm�i2
i?2 _ZR- r2 �bF i?2 T�`iB+BT�Mib ǳ>Qr /Q vQm 2p�Hm�i2 i?2 Qp2`�HH 2tT`2b@
bBp2M2bb Q7 i?2 T`QTQb2/ .aG\ǴX h?2v +�M b2H2+i �KQM; }p2 TQbbB#H2 �Mbr2`b
`�M;BM; 7`QK o2`v SQQ` iQ 1t+2HH2MiX
hQ 2p�Hm�i2 i?2 _Zk- r2 �bF i?2 T�`iB+BT�Mib,

RV ǳ>Qr /Q vQm +QKT�`2 i?2 T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Q7 i?2 T`QTQb2/
�TT`Q�+? 7Q` T2`7Q`K�M+2 i2bi �miQK�iBQM +QKT�`2/ iQ i?2 T2`+2Bp2/
mb�#BHBiv �M/ 2zQ`i Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b\Ǵc

kV ǳ>Qr /Q vQm +QKT�`2 i?2 T2`+2Bp2/ Qp2`�HH `2mb�#BHBiv Q7 T2`7Q`K�M+2
i2bib BKTH2K2Mi2/ mbBM; i?2 T`QTQb2/ �TT`Q�+? +QKT�`2/ iQ i?2 `2mb�#BH@
Biv Q7 i2bib BKTH2K2Mi2/ mbBM; i?2 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b\ǴX

h?2v +�M b2H2+i �KQM; }p2 TQbbB#H2 �Mbr2`b `�M;BM; 7`QK o2`v SQQ` iQ 1t+2H@
H2MiX
hQ 2p�Hm�i2 i?2 _ZR- r2 �bF i?2 T�`iB+BT�Mib,

RV ǳ>Qr bmBi�#H2 /Q vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2 i�`;2i mb2`b
Q7 i?2 b�K2\ǴX h?2v +�M b2H2+i �KQM; }p2 TQbbB#H2 �Mbr2`b `�M;BM; 7`QK
LQi amBi�#H2 iQ o2`v amBi�#H2c

kV ǳ>Qr /Q vQm +QKT�`2 i?2 bmBi�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+? +QKT�`2/
iQ i?2 bmBi�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 QM2b 7Q` i?2 i�`;2i mb2`b Q7
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i?2 T`QTQb2/ �TT`Q�+?\ǴX h?2v +�M b2H2+i �KQM; }p2 TQbbB#H2 �Mbr2`b
`�M;BM; 7`QK Jm+? qQ`b2 iQ Jm+? "2ii2`X

q`�T@mT Zm2biBQMb

"27Q`2 +QM+Hm/BM; i?2 bm`p2v r2 �bF T�`iB+BT�Mib iQ `2TQ`i i?2 K�BM S`QǶb �M/
*QMǶb Q7 i?2 T`QTQb2/ �TT`Q�+? �++Q`/BM; iQ i?2K- �b r2HH �b M�K2 bBKBH�`
�TT`Q�+?2b i?2v �`2 �r�`2 Q7X

dXRXe _2bmHib
AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 `2bmHib Q#i�BM2/ 7`QK i?2 T2`7Q`K2/ 2tT2`i
`2pB2rX

LmK#2` Q7 _2bTQM/2Mib

h?2 iQi�H MmK#2` Q7 `2bTQM/2Mib Q7 i?2 bm`p2v Bb R3- +QKT�`2/ iQ i?2 MmK#2` Q7
T2QTH2 QT2MBM; i?2 bm`p2v T�;2 Uk8V- Bi +Q``2bTQM/b iQ dkXyWX h?2 T2`+2Mi�;2
Bb 7�B`Hv ?B;?- p2`v HBF2Hv #2+�mb2 Q7 i?2 r�v r2 /Bbb2KBM�i2/ i?2 2tT2`i `2pB2r-
#v i�`;2iBM; bT2+B}+ +QKKmMBiB2b �M/ +QMi�+ibX

_2bTQM/2Mi 1tT2`B2M+2 �M/ 1tT2`iBb2

ejXeW

R3XkW NXRW

NXRW

S?/
J�bi2` .2;`22
"�+?2HQ` .2;`22
Pi?2`

6B;m`2 dXRX 1tT2`i _2pB2r, 1/m+�iBQM

1/m+�iBQM @ �b `2TQ`i2/ BM 6B;X dXR- KQbi Q7 i?2 `2bTQM/2Mi ?�p2 � S?.
UejXeWVX h?Bb Bb 2tT2+i2/- ;Bp2M i?2 i�`;2i �m/B2M+2 �M/ i?2 r�v r2 /Bbb2K@
BM�i2 i?2 bm`p2vX �MQi?2` bm#bi�MiB�H T�`i Q7 i?2 T�`iB+BT�Mib ?�b � J�bi2`
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.2;`22 UR3XkWV Q` � "�+?2HQ` .2;`22 UNXRWVX NXRW Q7 T�`iB+BT�Mib `2TQ`i2/
Pi?2` �b i?2 H�i2bi 2/m+�iBQM H2p2HX

kdXjWR3XkW

R3XkW

NXRW NXRW
NXRW

NXRW

_2b2�`+?2`
.2pPTb 1M;BM22`
aQ7ir�`2 h2bi2`
aQ7ir�`2 1M;BM22`
aQ7ir�`2 .2p2HQT2`
S`Q72bbQ`
aim/2Mi

6B;m`2 dXkX 1tT2`i _2pB2r, S`Q72bbBQM�H _QH2

S`Q72bbBQM�H _QH2 @ �b `2TQ`i2/ BM 6B;X dXk- KQbi Q7 i?2 `2bTQM/2Mi �`2
_2b2�`+?2`b UkdXjWV- .2pPTb 1M;BM22` UR3XkWV Q` aQ7ir�`2 h2bi2`b UR3XkWVX
Pi?2` T`Q72bbBQM�H `QH2b BM/B+�i2/ #v i?2 T�`iB+BT�Mib �`2 aQ7ir�`2 1M;BM22`
UNXRWV- aQ7ir�`2 .2p2HQT2` UNXRWV- S`Q72bbQ` UNXRWV- aim/2Mi UNXRWVX
1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2 @ i?2 2tT2`B2M+2 BM i?2 +m``2Mi
T`Q72bbBQM�H `QH2 BM/B+�i2/ #v i?2 T�`iB+BT�Mib Bb BM i?2 `�M;2 Q7 (j@Ry) rBi? �
K2/B�M Q7 e U`2TQ`i2/ #v jeX9W Q7 i?2 T�`iB+BT�MibVX q2 +�M +QMbB/2` i?2
T�`iB+BT�Mib rBi? K2/BmK iQ ?B;? 2tT2`iBb2 BM i?2B` `QH2X
1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; @ i?2 2tT2`B2M+2
`2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; BM/B+�i2/ #v i?2 T�`iB+BT�Mib Bb BM i?2
`�M;2 Q7 (j@ky) rBi? � K2/B�M Q7 Rj U`2TQ`i2/ #v R3XkW Q7 i?2 T�`iB+BT�MibVX h?2
T�`iB+BT�Mi `2TQ`iBM; i?`22 v2�`b Q7 2tT2`iBb2 Bb � aim/2MiX q2 +�M +QMbB/2`
i?2 T�`iB+BT�Mib rBi? ?B;? 2tT2`iBb2 `2H�i2/ iQ T2`7Q`K�M+2 i2biBM;- i?mb p�HB/
i�`;2i �m/B2M+2 7Q` Qm` 2tT2`i `2pB2rX
q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\ @ i?2 K�BM i�bFb �M/ �+@
iBpBiB2b `2TQ`i2/ #v i?2 T�`iB+BT�Mib �`2 `2H�i2/ iQ BKTH2K2MiBM; �miQK�iBQM
T`Q+2bb2b- /2}MBM; T2`7Q`K�M+2 i2bib- r`BiBM; T2`7Q`K�M+2 i2bib- �M/ 2t2+miBM;
i?2K- �b r2HH �b `�BbBM; bQ7ir�`2 T2`7Q`K�M+2 �r�`2M2bbX h?2 �+iBpBiB2b Q7 i?2
T�`iB+BT�Mib �`2 `2H2p�Mi iQ i?2 b+QT2 Q7 i?2 2tT2`i `2pB2rX
>Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\ @ AM 6B;X dXj r2
T`2b2Mi i?2 �bb2bbK2Mi Q7 i?2 7�KBHB�`Biv Q7 T�`iB+BT�Mib rBi? +QM+2Tib r2 B/2M@
iB}2/ �b `2H2p�Mi iQ T`QT2`Hv mM/2`bi�M/ �M/ 2p�Hm�i2 i?2 T`QTQb2/ �TT`Q�+?X
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0 2 4 6 8 10 12 14 16 18

S2`7Q`K�M+2 h2biBM;
avbi2K lM/2` h2bi
avbi2K qQ`FHQ�/
S2`7Q`K�M+2 .�i� *QHH2+iBQM
avbi2K S2`7Q`K�M+2 J2i`B+b
S2`7Q`K�M+2 h2bib 1t2+miBQM 6`�K2@
rQ`F
GQ�/ .`Bp2`
AKT2`�iBp2 �TT`Q�+?2b 7Q` S2`7Q`@
K�M+2 1M;BM22`BM;
.2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;
avbi2K .2THQvK2Mi .2b+`BTiQ`
.Q+F2` *QMi�BM2`
*QMi�BM2` P`+?2bi`�iQ` 6`�K2rQ`F
*QMiBMmQmb AMi2;`�iBQM �M/ .2HBp2`v
_1ah7mH q2# a2`pB+2b
u�JG G�M;m�;2

LmK#2` Q7 T�`iB+BT�Mib
LQi �i �HH GQr JQ/2`�i2 >B;? 1tT2`i

6B;m`2 dXjX 1tT2`i _2pB2r, 6�KBHB�`Biv rBi? *QM+2Tib

q2 T`QTQb2 T�`iB+BT�Mib rBi? +QM+2Tib `2H�i2/ iQ i?2 T2`7Q`K�M+2 i2biBM; /Q@
K�BM- .Q+F2` /QK�BM- *a.G /QK�BM- _1ah7mH q2# b2`pB+2 /QK�BMX
h?2 `2bTQM/2Mi `2TQ`i iQ #2,

RV JQ/2`�i2 iQ 1tT2`i UrBi? � K2/B�M QM >B;?V 7�KBHB�` rBi? i?2 T2`7Q`@
K�M+2 i2biBM; /QK�BMc

kV JQ/2`�i2 iQ >B;? UrBi? � K2/B�M QM JQ/2`�i2V 7�KBHB�` rBi? i?2 .Q+F2`
/QK�BMc

jV >B;? 7�KBHB�` rBi? i?2 *a.G /QK�BMc

9V >B;? 7�KBHB�` rBi? i?2 _1ah7mH q2# b2`pB+2 /QK�BMX

q2 �HbQ �bF T�`iB+BT�Mib iQ BM/B+�i2 i?2B` 7�KBHB�`Biv rBi? i?2 .S1 /QK�BM �M/
i?2 `2bmHib BM/B+�i2 i?2v ?�p2 � GQr iQ JQ/2`�i2 7�KBHB�`Biv rBi? bm+? /QK�BMX
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h?2 +QHH2+i2/ 722/#�+F p�HB/�i2b i?2 T�`iB+BT�Mib �`2 2tT2`ib BM i?2 }2H/b Q7
BMi2`2bi 7Q` i?2 T`QTQb2/ �TT`Q�+?X

1tT`2bbBp2M2bb _2bmHib
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o2`v SQQ` SQQ` 6�B` :QQ/ 1t+2HH2Mi

6B;m`2 dX9X 1tT2`i _2pB2r, 1tT`2bbBp2M2bb 1p�Hm�iBQM

1tT`2bbBp2M2bb @ AM 6B;X dX9 r2 T`2b2Mi i?2 `2bmHi QM i?2 2tT`2bbBp2M2bb Q7
i?2 .aGX h?2 T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 �TT`Q�+?
BM i?2 `�M;2 Q7 (6�B`@1t+2HH2Mi) rBi? � K2/B�M p�Hm2 QM :QQ/X NXyW Q7 T�`@
iB+BT�Mib BM/B+�i2 � 6�B` 2tT`2bbBp2M2bb- e9XyW Q7 T�`iB+BT�Mib BM/B+�i2 � :QQ/
2tT`2bbBp2M2bb- �M/ i?2 `2K�BMBM; kdXyW BM/B+�i2 �M 1t+2HH2Mi 2tT`2bbBp2M2bbX
JQbi Q7 i?2 T�`iB+BT�Mib U3RXyWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B`
�Mbr2`bX h?2 K�BM +QMbi`m+iBp2 722/#�+F Bb `2H�i2/ iQ i?2 +QKTH2tBiv Q7 2t@
T`2bbBM; i?2 rQ`FHQ�/ �M/ i?2 M22/ iQ 2ti2M/ Bi iQ Qi?2` FBM/b Q7 rQ`FHQ�/b-
ǳ(XXX)h?2 rQ`FHQ�/ bT2+B}+�iBQM Qz2`b [mBi2 bQK2 KQ/2HBM; K2+?�MBbKb- #mi
i?2`2 �`2 K�Mv KQ`2- 2X;X- mbBM; bi�i2 K�+?BM2b Q` #�b2/ QM `2bTQMb2b Q7 i?2
alh U`2�+iBM; /Bz2`2MiHv iQ 7�BH2/ �M/ bm++2bb7mH HQ;BMbVǴ- �M/ i?2 7�+i u�JG
KB;?i #2 /B{+mHi iQ ?�M/H2 r?2M bT2+B7vBM; +QKTH2t i2bib- ǳ(XXX) h?2 T�`�K2@
i2`b Q7 i?2 u�JG �`2 Qp2`r?2HKBM; �i }`bi bB;?i #mi M2+2bb�`v iQ +QM};m`2 �
T2`7Q`K�M+2 i2biǴX q2 �HbQ `2+2Bp2 �TT`2+B�iBQM 7Q` i?2 T`QTQb�H- 7Q` 2t�KTH2,
ǳA i?BMF i?2 H�M;m�;2 T`QpB/2b � p2`v ;QQ/ +Qp2`�;2 Q7 i?2 T2`7Q`K�M+2 i2biBM;
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/QK�BM Bi i�`;2ibǴ �M/ ǳAi HQQFb Bi +�M /2}MBi2Hv #2 BMi2;`�i2/ rBi? KQ/2`M
+QMiBMmQmb /2HBp2`v iQQHbǴX

lb�#BHBiv �M/ 1zQ`i _2bmHib

Jm
+?
qQ

`b2

aQK
2r
?�i

qQ
`b2

h?
2 a
�K
2

aQK
2r
?�i

"2
ii2
`

Jm
+?
"2
ii2
`

0
2
4
6
8

10
12
14
16
18

Lm
K
#2

`Q
7T

�`
iB+

BT
�M

ib

Jm+? qQ`b2 aQK2r?�i qQ`b2 h?2 a�K2
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6B;m`2 dX8X 1tT2`i _2pB2r, lb�#BHBiv 1p�Hm�iBQM

lb�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b @ AM 6B;X dX8 r2 T`2b2Mi i?2 `2bmHi
QM i?2 T2`+2Bp2/ mb�#BHBiv Q7 i?2 .aG �M/ i?2 Qp2`�HH �TT`Q�+?- +QKT�`2/ iQ
bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?2 T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH 2tT`2b@
bBp2M2bb Q7 i?2 �TT`Q�+? �b aQK2r?�i "2ii2` i?�M BKT2`�iBp2 QM2bX RyyXyW
Q7 T�`iB+BT�Mib BM/B+�i2 i?2 T2`+2Bp2/ mb�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+? �b
aQK2r?�i "2ii2` i?�M bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX
JQbi Q7 i?2 T�`iB+BT�Mib UdkXyWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B`
�Mbr2`bX h?2 K�BM +QMbi`m+iBp2 722/#�+F Bb `2H�i2/ iQ i?2 M22/ Q7 T`QpB/BM;
bmTTQ`i BM 2/BiQ`b, ǳA r�b 2�bBHv �#H2 iQ mM/2`bi�M/ i?2 u�JG bT2+B}+�iBQMb-
#mi bT2+B7vBM; i?2K b22Kb iQ `2[mB`2 � HQi Q7 2tT2`iBb2 BM i?2 .aGX 6Q` BMbi�M+2-
bQK2 BM7Q`K�iBQM Bb bT`2�/ Qp2` /Bz2`2Mi b2+iBQMb- r?B+? KB;?i K�F2 b2Mb2- #mi
?BM/2`b bi`�B;?i7Q`r�`/ bT2+B}+�iBQMX h?2 bmTTQ`i Q7 � /2/B+�i2/ 2/BiQ` KB;?i
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?2HT(XXX)ǴX PM2 T�`iB+BT�Mi �HbQ `2TQ`ib, ǳ.2}MBi2Hv MQpB+2b #2M2}i 7`QK i?2
.aGǴX
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Jm+? qQ`b2 aQK2r?�i qQ`b2 h?2 a�K2
aQK2r?�i "2ii2` Jm+? "2ii2`

6B;m`2 dXeX 1tT2`i _2pB2r, 1zQ`i 1p�Hm�iBQM

1zQ`i pb AKT2`�iBp2 �TT`Q�+?2b @ AM 6B;X dXe r2 T`2b2Mi i?2 `2bmHi QM i?2
T2`+2Bp2/ 2zQ`i Q7 i?2 .aG �M/ i?2 Qp2`�HH �TT`Q�+?- +QKT�`2/ iQ bi�M/�`/
BKT2`�iBp2 �TT`Q�+?2bX h?2 T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7
i?2 �TT`Q�+? BM i?2 `�M;2 Q7 (aQK2r?�i "2ii2`@Jm+? "2ii2`) rBi? � K2/B�M
p�Hm2 QM Jm+? "2ii2`X 98XyW Q7 T�`iB+BT�Mib BM/B+�i2 i?2 T`QTQb2/ �TT`Q�+? Bb
aQK2r?�i "2ii2` BM T2`+2Bp2/ 2zQ`i +QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2b- �M/
88XyW Q7 T�`iB+BT�Mib BM/B+�i2 i?2 �TT`Q�+? Bb Jm+? "2ii2` BM T2`+2Bp2/ 2zQ`i
+QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2bX
JQbi Q7 i?2 T�`iB+BT�Mib UdkXyWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B`
�Mbr2`bX PM2 T�`iB+BT�Mi �TT`2+B�i2b i?2 "2M+?6HQr 7`�K2rQ`F 2M�#HBM; i?2
�miQK�iBQM- T`Q;`�KK2/ mbBM; i?2 .aG, ǳ(XXX)h?2 b�p2/ 2zQ`i Q`B;BM�i2b i?2
7`�K2rQ`F i?�i �miQK�iB+�HHv /2THQvb i?2 alh �M/ 2t2+mi2b i?2 i2bib UTQ@
i2MiB�HHv KmHiBTH2 iBK2b BM � `QrV- bQ A /Q MQi ?�p2 iQ i�F2 +�`2 �#Qmi Bi #v
Kvb2H7ǴX
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_2mb�#BHBiv _2bmHib
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Jm+? qQ`b2 aQK2r?�i qQ`b2 h?2 a�K2
aQK2r?�i "2ii2` Jm+? "2ii2`

6B;m`2 dXdX 1tT2`i _2pB2r, _2mb�#BHBiv 1p�Hm�iBQM

_2mb�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b @ AM 6B;X dXd r2 T`2b2Mi i?2 `2bmHi QM
i?2 `2mb�#BHBiv Q7 i?2 .aG- +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?2
T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH `2mb�#BHBiv Q7 i?2 �TT`Q�+? BM i?2 `�M;2 Q7 (h?2
a�K2@Jm+? "2ii2`) rBi? � K2/B�M p�Hm2 Q7 aQK2r?�i "2ii2` r?2M +QKT�`2/
iQ i?2 `2mb�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX NXyW Q7 T�`iB+BT�Mib
BM/B+�i2 i?2 T`QTQb2/ �TT`Q�+? Bb h?2 a�K2 BM T2`+2Bp2/ Qp2`�HH `2mb�#BHBiv
+QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2b- r?BH2 89XyW �M/ jdXyW Q7 T�`iB+BT�Mib
BM/B+�i2 i?2 �TT`Q�+? Bb aQK2r?�i "2ii2` �M/ Jm+? "2ii2` `2bT2+iBp2Hv BM
T2`+2Bp2/ 2zQ`i +QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2bX
JQbi Q7 i?2 T�`iB+BT�Mib UdkXyWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B`
�Mbr2`bX h?2 K�BM 722/#�+F r2 `2+2Bp2/ Bb, ǳG2bb KQ/B}+�iBQMb �`2 M22/2/X A
;m2bb Bi Bb 2�bB2` �HbQ iQ �TTHv p2`bBQMBM;Ǵ- ǳh?2 /2+H�`�iBp2 .aG 2�b2b `2mbBM;
i?2 b�K2 2H2K2Mib BM KmHiBTH2 i2bib(XXX)Ǵ- �M/ ǳh?2 T`QTQb2/ �TT`Q�+? T`2b2Mib
� 7�bi r�v iQ +QM};m`2 � KmHiBim/2 Q7 /Bz2`2Mi T2`7Q`K�M+2 b+2M�`BQb BM QM2
;QX AM +QKT�`BbQM iQ i?2 bi�M/�`/ �TT`Q�+?- Bi Bb Km+? KQ`2 ~2tB#H2 �M/ 7�bi2`
iQ 2t2+mi2 7Q` T2QTH2 rBi? �i H2�bi bQK2 FMQrH2/;2 BM i?2 }2H/ Q7 T2`7Q`K�M+2
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i2biBM;ǴX PM2 T�`iB+BT�Mi �HbQ `2TQ`ib, ǳA b22 A +�M +Qp2` K�Mv +�b2b- �M/ �HbQ
b?�`2 r?�i A �K #mBH/BM; rBi? T2QTH2 FMQrBM; H2bb i?�M K2 �#Qmi T2`7Q`K�M+2
i2biBM;ǴX

amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b _2bmHib
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LQi amBi�#H2 aHB;?iHv amBi�#H2 JQ/2`�i2Hv amBi�#H2
aQK2r?�i amBi�#H2 o2`v amBi�#H2

6B;m`2 dX3X 1tT2`i _2pB2r, amBi�#BHBiv 1p�Hm�iBQM

amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b @ AM 6B;X dX3 r2 T`2b2Mi i?2 `2bmHi QM
i?2 bmBi�#BHBiv 7Q` i?2 i�`;2i mb2`b Q7 i?2 Qp2`�HH �TT`Q�+?X h?2 T�`iB+BT�Mib
2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 �TT`Q�+? BM i?2 `�M;2 Q7 (JQ/2`�i2Hv
amBi�#H2@o2`v amBi�#H2) rBi? � K2/B�M p�Hm2 QM aQK2r?�i amBi�#H2X R3XyW Q7
T�`iB+BT�Mib BM/B+�i2 i?2 �TT`Q�+? �b JQ/2`�i2Hv amBi�#H2 7Q` i?2 i�`;2i mb2`b-
89XyW Q7 T�`iB+BT�Mib +QMbB/2` Bi aQK2r?�i amBi�#H2- �M/ i?2 `2K�BMBM; k3XyW
BM/B+�i2 Bi Bb o2`v amBi�#H2X
amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b pb AKT2`�iBp2 �TT`Q�+?2b @ AM 6B;X dXN
r2 T`2b2Mi i?2 `2bmHi QM i?2 bmBi�#BHBiv 7Q` i?2 i�`;2i mb2`b Q7 i?2 Qp2`�HH �T@
T`Q�+? r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?2 T�`iB+BT�Mib
2p�Hm�i2 i?2 Qp2`�HH bmBi�#BHBiv Q7 i?2 �TT`Q�+? BM i?2 `�M;2 Q7 (h?2 a�K2@
Jm+? "2ii2`) rBi? � K2/B�M p�Hm2 Q7 aQK2r?�i "2ii2` r?2M +QKT�`2/ iQ i?2
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Jm+? qQ`b2 aQK2r?�i qQ`b2 h?2 a�K2
aQK2r?�i "2ii2` Jm+? "2ii2`

6B;m`2 dXNX 1tT2`i _2pB2r, amBi�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b 1p�Hm�iBQM

bmBi�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX NXyW Q7 T�`iB+BT�Mib BM/B+�i2
i?2 T`QTQb2/ �TT`Q�+? Bb h?2 a�K2 BM Qp2`�HH bmBi�#BHBiv 7Q` i?2 i�`;2i mb2`b
+QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2b- r?BH2 ejXyW �M/ k3XyW Q7 T�`iB+BT�Mib BM@
/B+�i2 i?2 �TT`Q�+? Bb aQK2r?�i "2ii2` �M/ Jm+? "2ii2` bmBi�#H2 `2bT2+iBp2Hv-
7Q` i?2 i�`;2i mb2`b- +QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2bX
aQK2 Q7 i?2 T�`iB+BT�Mib U98XyWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B`
�Mbr2`bX h?2 K�BM 722/#�+F Bb, ǳh?2 .aG }ib r2HH iQ i?2 u�JG }H2b mb2/
7Q` .Q+F2`fEm#2`M2i2bfXXX �M/ i?2 BMi2;`�iBQM rBi? *A*. Bb +`m+B�H BM Kv
QTBMBQM(XXX)Ǵ- ǳ� /2p2HQT2`- Z� 2M;BM22`- Q` bQ7ir�`2 i2bi2` Bb T`Q#�#Hv 7�KBHB�`
rBi? i?2 /QK�BM Q7 T2`7Q`K�M+2 i2biBM; �M/ +�M 2�bBHv �/�Ti iQ i?2 T`QTQb2/
�TT`Q�+?X h?Bb �TT`Q�+? �HHQrb 7Q` � KmHiBim/2 Q7 +QM};m`�iBQMb BM QM2 }H2
�M/ /Q2b MQi M2+2bb�`BHv `2Hv QM BMi2`7�+2bǴ- ǳ.2}MBi2Hv � bi2T 7Q`r�`/ 7Q`
T2`7Q`K�M+2 i2biBM; �r�`2M2bbǴX

q`�T@mT *QMbB/2`�iBQMb

q2 `2TQ`i i?2 K�BM S`QǶb- *QMǶb- �M/ bBKBH�` �TT`Q�+?2b �b `2TQ`i2/ #v i?2
T�`iB+BT�MibX
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J�BM S`QǶb @ h?2 K�BM `2TQ`i2/ S`QǶb �`2,

RV ǳ+2Mi`�HBb2/ +QM};m`�iBQMc bBKTHB+BivǴc

kV ǳRX �miQK�i2/ /2THQvK2Mi Q7 i?2 alhX kX �miQK�i2/ 2t2+miBQM Q7
KmHiBTH2 i2bib U�M/ /2i2`KBM�iBQM Q7 i?2 MmK#2` Q7 i2bib iQ 2t2+mi2VX
jX 1�bBHv mM/2`bi�M/�#H2 .aGX 9X � bBM;H2 /2b+`BTiBQM Q7 2p2`vi?BM;
UrQ`FHQ�/- ;Q�H- [m�HBiv ;�i2b- i2`KBM�iBQM +`Bi2`B�- /2THQvK2Mi- XXXVǴc

jV ǳh?2 u�JG 7Q`K�i T`QpB/2b � +H2�` �M/ bi`m+im`2/ /Q+mK2MiX S�`�K2@
i2`b BM i?2 +QM};m`�iBQM UBX2X `2bQm`+2V �`2 2�bBHv pBbB#H2X � +QM};m`�iBQM
Bb `2mb�#H2Ǵc

9V ǳh?2 ;Q�H@/`Bp2M bT2+B}+�iBQM- +H2�`Hv bi�iBM; i?2 ;Q�H Q7 i?2 i2biX lbm@
�HHv- i?Bb Bb ?BM/2`2/ BM i2bi /Q+mK2MibǴX

J�BM *QMǶb @ h?2 K�BM `2TQ`i2/ *QMǶb �`2,

RV ǳ}M2@imMBM; Q7 i?2 mM/2`HvBM; iQQHb UKQMBiQ`BM;- HQ�/ /`Bp2`Vc biBHH MQi
?mK�M@`2�/�#H2- #mi K�+?BM2@`2�/�#H2c KQ`2 /2i�BH2/ rQ`FHQ�/ bT2+B}@
+�iBQMb �`2 MQi TQbbB#H2Ǵc

kV ǳ(XXX)A /B/ MQi b22 �Mv bmTTQ`i 7Q` bT2+B7vBM; i?2 rQ`FHQ�/- r?B+? +�M #2
p2`v iBK2 +QMbmKBM;(XXX)Ǵc

jV ǳ(XXX)"�b2/ QM i?2 T2`7Q`K�M+2 b+2M�`BQ � +QM};m`�iBQM }H2 +�M #2+QK2
p2`v #HQ�i2/ �M/ KB;?i #2 ?�`/ iQ 7QHHQr(XXX)Ǵc

9V ǳ�b �M 2tT2`i A rQmH/ M22/ iQ H2�`M bQK2i?BM; [mBi2 /Bz2`2Mi +QKT�`2/
iQ i?2 iQQHb A �K mbBM; MQrǴc

8V ǳhBK2 Bb `2[mB`2/ iQ ;2i mb2/ iQ i?2 bT2+B}+�iBQM- #mi A i?BMF �Mvr�v
H2bb i?�M H2�`MBM; ?Qr iQ /Q Bi rBi? BKT2`�iBp2 H�M;m�;2bǴX

aBKBH�` �TT`Q�+?2b @ _2TQ`i2/ bBKBH�` �TT`Q�+?2b �`2,

RV ǳ"..f:?2`FBM- .2+H�`2Ǵc

kV ǳh�m`mb U;2ii�m`mbXQ`;V- �`iBHH2`vXBQǴX

q2 BM+Hm/2 i?2 `2TQ`i2/ bBKBH�` �TT`Q�+?2b `2H�i2/ iQ T2`7Q`K�M+2 i2biBM; BM
i?2 �M�HvbBb r2 T`QpB/2 �b T�`i Q7 i?2 bi�i2@Q7@i?2@�`i �M�HvbBb BM a2+iX jXdX
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*QM+HmbBQM �M/ G2bbQMb G2�`M2/

h?2 2tT2`iǶb 722/#�+F `2TQ`i2/ i?2 2tT`2bbBp2M2bb Q7 i?2 .aG Bb +QMbB/2`2/
QM K2/B�M �b :QQ/ BM +Qp2`BM; i?2 M22/b Q7 i?2 i�`;2i mb2`b �M/ bmBi�#H2 7Q`
i?2K BM bT2+B7vBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib- �M/ i?2 `2mb�#BHBiv- i?2
bmBi�#BHBiv Q7 i?2 �TT`Q�+? 7Q` i?2 i�`;2i mb2`b- i?2 T2`+2Bp2/ mb�#BHBiv �M/ 27@
7Q`i Bb +QMbB/2`2/ QM K2/B�M Jm+? "2ii2` Ui?2 �p2`�;2- B7 2tBbiBM;- rQmH/ HB2 BM
#2ir22M aQK2r?�i "2ii2` iQ Jm+? "2ii2`V i?�M bi�M/�`/ �TT`Q�+?2b 7Q` T2`@
7Q`K�M+2 i2biBM;- KQbiHv BKT2`�iBp2 QM2bX AM ;2M2`�H- i?2 �TT`Q�+? r2 T`QTQb2
�b �M �Mbr2` iQ Qm` _X:X k �M/ _X:X j Bb +QMbB/2`2/ r2HH bmBi2/ BM bmTTQ`iBM;
i�`;2i mb2`b Q7 i?2 b�K2 BM /2}MBiBQM �M/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bibX h?Bb
�HHQrb iQ +QM}`K �HH i?2 �Hi2`M�iBp2 ?vTQi?2bBb r2 bi�i2 BM a2+iX dXRXR 7Q` _ZR@
eX h?2 2tT2`ib �HbQ T`QpB/2 mb rBi? p�Hm�#H2 �M/ +QMbi`m+iBp2 722/#�+F r2 i�F2
BMiQ �++QmMi 7Q` 7mim`2 rQ`FX 1tT2`ib T`QpB/2 +QMbi`m+iBp2 722/#�+F �#Qmi i?2
2tT`2bbBp2M2bb Q7 i?2 .aG- ?BMiBM; mb iQ BKT`Qp2 �M/ 7�+BHBi�i2 i?2 r�v mb2`b
+�M bT2+B7v i?2 rQ`FHQ�/- +QMbi`m+iBp2 722/#�+F �#Qmi i?2 mb�#BHBiv- bm;;2biBM;
iQ mb i?2 M22/ 7Q` bmTTQ`iBM; i?2 mb2`b rBi? �M 2/BiQ` 7Q` i2bi bT2+B}+�iBQMb
r`BiBM;X

dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG
�b T`2b2Mi2/ BM a2+iX RXk- r2 �BK �i /2bB;MBM; M2r K2i?Q/b �M/ i2+?MB[m2b 7Q`
i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib bmBi�#H2 iQ #2 mb2/ �HQM;bB/2
i?2 *a.GX AM /QBM; bQ- �b T�`i Q7 i?2 _X:X k- r2 /2p2HQT2/ � /2+H�`�iBp2 .aG
7Q` i?2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb2bX q2 T2`7Q`K
� bmKK�iBp2 2p�Hm�iBQM9 rBi? TQi2MiB�H i�`;2i mb2`b Q7 Qm` �TT`Q�+?- iQ �b@
b2bb i?2 H2�`M�#BHBiv Q7 i?2 T`QTQb2/ .aG Umb�#BHBivV- �M/ +QHH2+i 722/#�+F QM
2tT`2bbBp2M2bb- �M/ `2mb�#BHBivX h?2 i�`;2i mb2`b Q7 Qm` �TT`Q�+? �`2 T`�+iB@
iBQM2`b BMpQHp2/ BM i?2 *a.G- �M/ BM T�`iB+mH�` /2p2HQT2`b- bQ7ir�`2 i2bi2`b-
[m�HBiv �bbm`�M+2 2M;BM22`b- .2pPTb 2M;BM22`- �M/ QT2`�iBQMb 2M;BM22`bX AM
#mBH/BM; i?2 bmKK�iBp2 2p�Hm�iBQM r2 `272` iQ i?2 rQ`F #v (_Q/`B;m2b 2i �HX-
kyR3) �#Qmi � 7`�K2rQ`F iQ 2p�Hm�i2 i?2 mb�#BHBiv Q7 .aGX 6QHHQrBM; i?2 +`Bi2`B�
BM (_Q/`B;m2b 2i �HX- kyR3)- r2 /2}M2 � ?2m`BbiB+ 2p�Hm�iBQM- i�`;2iBM; TQi2MiB�H
mb2`b Q7 i?2 T`QTQb2/ �TT`Q�+? �M/ 2p�Hm�iBM; i?2 +QKT`2?2MbBQMfH2�`MBM; �M/
`2T`2b2Mi�iBp2b /BK2MbBQMb- �KQM; Qi?2` �bb2bb2/X

9https://www.usabilitybok.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.usabilitybok.org/


jR8 dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

dXkXR 1p�Hm�iBQM Zm2biBQMb �M/ >vTQi?2b2b
h?2 2p�Hm�iBQM b22Fb iQ �Mbr2` i?2 7QHHQrBM; [m2biBQMb,

_ZRV h?2 T`QTQb2/ .aG ?�b ;QQ/ H2�`M�#BHBiv iQ bmTTQ`i i?2 i�`;2i mb2`b BM
�miQK�iBM; T2`7Q`K�M+2 i2bi 2t2+miBQM �M/ BMi2;`�iBM; Bi BM *a.Gc

_ZkV h?2 T`QTQb2/ .aG ?�b ;QQ/ `2mb�#BHBiv iQ bmTTQ`i i?2 i�`;2i mb2`b BM
�miQK�iBM; T2`7Q`K�M+2 i2bi 2t2+miBQM �M/ BMi2;`�iBM; Bi BM *a.GX

q2 �HbQ +QMbB/2` i?2 7QHHQrBM; MmHH U>yV �M/ �Hi2`M�iBp2 ?vTQi?2b2b U>�HiV 7Q`
2�+? Q7 i?2 �#Qp2 [m2biBQMb,

_ZRV >y, h?2 H2p2H Q7 H2�`M�#BHBiv Bb K2/BmK@HQrX >�Hi, h?2 H2p2H Q7 H2�`M�#BHBiv
Bb ?B;?c

_ZkV >y, h?2 H2p2H Q7 `2mb�#BHBiv Bb K2/BmK@HQrX >�Hi, h?2 H2p2H Q7 `2mb�#BHBiv
Bb ?B;?c

q2 �HbQ T`QTQb2 Qi?2` [m2biBQMb iQ i?2 mb2`b- iQ +QHH2+i ;2M2`�H 722/#�+F QM
2tT`2bbBp2M2bb- mb�#BHBiv- i?2 ;Q�H@#�b2/ i2bi bT2+B}+�iBQM- �M/ +QKT�`BbQM rBi?
rB/2Hv@mb2/ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX

dXkXk 1p�Hm�iBQM J2i?Q/b Pp2`pB2r
hQ +QHH2+i 722/#�+F �M/ �Mbr2` iQ i?2 `2b2�`+? [m2biBQMb T`2b2Mi2/ BM
a2+iX dXkXR- r2 T`QTQb2 �M QMHBM2 �MQMvKQmb bm`p2v iQ TQi2MiB�H i�`;2i mb2`b-
#Qi? 7`QK �+�/2KB� �M/ BM/mbi`vX

dXkXj .�i� *QHH2+iBQM J2i?Q/ �M/ am`p2v .Bbb2KBM�iBQM
h?2 /�i� +QHH2+iBQM �M/ bm`p2v /Bbb2KBM�iBQM K2i?Q/b 7Q` i?2 bmKK�iBp2 2p�H@
m�iBQM �`2 bBKBH�` iQ i?2 QM2 r2 `2HB2/ QM 7Q` i?2 2tT2`i `2pB2r- T`2b2Mi2/ BM
a2+iX dXRXjX :Bp2M i?2 #`Q�/2` �m/B2M+2- r2 i�`;2i 7Q` i?2 bmKK�iBp2 2p�H@
m�iBQM- r2 `2Hv QM /Bz2`2Mi +?�MM2Hb �M/ i2+?MB[m2b +QKT�`2/ iQ i?2 2tT2`i
`2pB2rX h?Bb Bb BKTQ`i�Mi �HbQ iQ F22T i?2 i�`;2i ;`QmTb Q7 i?2 irQ 2p�Hm�iBQM
�b b2T�`�i2 �b TQbbB#H2X q2 /Bbb2KBM�i2 i?2 bmKK�iBp2 2p�Hm�iBQM `2HvBM; QM,

�V /B`2+i 2K�BHb iQ K�Mv +QHH2�;m2b �M/ T2QTH2 r2 FMQr BM p�`BQmb +QKT�@
MB2b �`QmM/ i?2 ;HQ#2 rQ`FBM; BM QM2 Q7 i?2 `QH2b Q7 i?2 i�`;2i mb2` Q7 Qm`
�TT`Q�+?c



jRe dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

#V TQbi QM GBMF2/BM8- �M/ hrBii2`e �#Qmi i?2 bm`p2vX h?2 TQbib ?�p2 #22M
b?�`2/ #v K�Mv T2QTH2 iQ i?2B` `2bT2+iBp2 +QMi�+ibc

+V TQbi BM b2H2+i2/ _2//Bid +QKKmMBiB2b 7Q+mbBM; QM, T2`7Q`K�M+2 2M;BM22`@
BM;- T2`7Q`K�M+2 i2biBM;- T2`7Q`K�M+2 i2biBM; `2H�i2/ iQQHb U2X;X- CJ2i2`V-
[m�HBiv �bbm`�M+2- .2pPTb- *HQm/@M�iBp2 i2+?MQHQ;B2b U2X;X- .Q+F2`- Em@
#2`M2i2bV- *A*.X q2 �HbQ �/p2`iBb2/ i?2 bm`p2v BM H�`;2` +QKKmMBiB2b BM
+QKTmi2` b+B2M+2- BM7Q`K�iBQM i2+?MQHQ;v- �M/ T`Q;`�KKBM;- �b r2HH �b
BM � +QKKmMBiv /2/B+�i2/ iQ TQbiBM; bm`p2vb3X

_2//Bi ?�b #22M �M 2t+2HH2Mi iQQH 7Q` /Bbb2KBM�iBM; i?2 bmKK�iBp2 2p�Hm�iBQM
bm`p2v �M/ +QHH2+iBM; 722/#�+F (a?�ix- kyRd)X �HKQbi � i?B`/ Q7 i?2 pB2rb +QK2
7`QK _2//Bi �M/ �#Qmi � [m�`i2` Q7 i?2 bm`p2v `2bTQMb2bX q2 �HbQ 2M;�;2/
BM BMi2`2biBM; /Bb+mbbBQMb rBi? i?2 i�`;2i2/ +QKKmMBiB2b QM _2//Bi- T`QpB/@
BM; mb rBi? p�Hm�#H2 �M/ +QMbi`m+iBp2 722/#�+F r2 +QMbB/2` r?2M r`BiBM; i?Bb
/Bbb2`i�iBQMX
h?2 iBK2@bT�M BM r?B+? r2 +QHH2+i2/ `2bTQMb2b �M/ i?2 T`Bx2 BM+2MiBp2b �`2 i?2
b�K2 �b i?2 2tT2`i `2pB2rX h?2 KBMBKmK MmK#2` Q7 `2bTQMb2b iQ #2 `2�+?2/
iQ T2`7Q`K i?2 `�|2 Bb 9y 7Q` i?2 bmKK�iBp2 2p�Hm�iBQM- ;Bp2M r2 M22/ KQ`2
T�`iB+BT�Mib �M/ i?2 �m/B2M+2 Bb #`Q�/2`X q2 `2�+?2/ i?2 KBMBKmK MmK#2`
�M/ r2 T2`7Q`K2/ i?2 `�|2 QM �m;mbi- R8i? �M/ i?`22 rBMM2`b ?�p2 #22M
�r�`/2/ i?2 T`Bx2X
h?2 bmKK�iBp2 2p�Hm�iBQM bm`p2v Bb �p�BH�#H2 �M/ H27i QMHBM2 �i i?2 7QHHQrBM;
�//`2bb, https://bit.ly/dpe-summative-evaluation-surveyX h?2 b2iiBM;b Q7
i?2 bm`p2v �`2 i?2 b�K2 �b T2` i?2 2tT2`i `2pB2rX q2 i`�+F2/ i?2 MmK#2` Q7
T2QTH2 QT2MBM; i?2 bm`p2v #v `2HvBM; QM i?2 #BiHöv l_G b?Q`i2MBM; b2`pB+2X 9yR
T2QTH2 BM iQi�H QT2M2/ i?2 bm`p2vX

dXkX9 ai`m+im`2 Q7 i?2 1p�Hm�iBQM am`p2v
h?2 2p�Hm�iBQM bm`p2v r2 T`QTQb2 iQ T�`iB+BT�Mib 7Q` 2p�Hm�iBQM ?�b i?2 7QHHQr@
BM; bi`m+im`2,

RV �M BMi`Q/m+iBQM b2+iBQMc

kV � b2+iBQM rBi? [m2biBQMb K2�Mi iQ +QHH2+i 2tT2`B2M+2 �M/ 2tT2`iBb2 �#Qmi
i?2 T�`iB+BT�Mibc

8https://www.linkedin.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
ehttps://www.twitter.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
dhttps://www.reddit.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
3https://www.reddit.com/r/SampleSize- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://bit.ly/dpe-summative-evaluation-survey
https://www.linkedin.com/
https://www.twitter.com/
https://www.reddit.com/
https://www.reddit.com/r/SampleSize


jRd dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

jV � b2+iBQM /2/B+�i2/ iQ T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?- �b
r2HH �b 2t�KTH2b BM mbBM; i?2 .aG 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM;
bT2+B}+�iBQMc

9V � b2+iBQM /2/B+�i2/ iQ KmHiBTH2@+?QB+2 i�bFb `2H�i2/ iQ i?2 _Zb Q7 i?2
bmKK�iBp2 2p�Hm�iBQM K2�Mi iQ �bb2bb i?2 H2�`M�#BHBiv �M/ `2mb�#BHBiv Q7
i?2 T`QTQb2/ �TT`Q�+? UK�BMHv i?2 .aGVc

8V � b2+iBQM /2/B+�i2/ iQ [m2biBQMb �#Qmi 2tT`2bbBp2M2bb- mb�#BHBiv �M/ Qi?2`
;2M2`�H [m2biBQMb �#Qmi i?2 ;Q�H@Q`B2Mi2/ bT2+B}+�iBQM �M/ i?2 Qp2`�HH
�TT`Q�+? r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bc

eV � b2+iBQM /2/B+�i2/ iQ +QHH2+i }M�H �//BiBQM�H 722/#�+Fc

dV � }M�H b2+iBQM- i?�MFBM; i?2 T�`iB+BT�Mib �M/ �bFBM; ?2` iQ QTiBQM�HHv
T`QpB/2 i?2 2K�BH �//`2bb iQ T�`iB+BT�i2 BM i?2 `�|2- Qi?2` i?�M T`QpB/BM;
KQ`2 /2i�BHb QM i?2 `�|2X

AM �TTX . r2 `2TQ`i i?2 2MiB`2 bm`p2v- �M/ i?2 2MiB`2 HBbi Q7 [m2biBQMb �M/
TQbbB#H2 �Mbr2`b- r?BH2 i?2 +QKTH2i2 bm`p2v +�M #2 +QMbmHi2/ �i https://bit.
ly/dpe-summative-evaluation-surveyX

dXkX8 1p�Hm�iBQM S`Q+2/m`2
AMi`Q/m+iBQM

h?2 BMi`Q/m+iBQM b2+iBQM 7Q` i?2 bmKK�iBp2 2p�Hm�iBQM Bb bBKBH�` iQ i?2 QM2 QM
i?2 2tT2`i `2pB2r T`2b2Mi2/ BM a2+iX dXRX8X h?2 i�`;2i �m/B2M+2 Bb B/2MiB}2/
�b /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb
2M;BM22`b- #Qi? BM �+�/2KB� �M/ BM/mbi`vX h?2 T`QpB/2/ 2tT2+i2/ �p2`�;2
+QKTH2iBQM iBK2 7Q` i?2 bmKK�iBp2 2p�Hm�iBQM Bb mT iQ j8@8y KBMmi2b- Q7 r?B+?
mT iQ k8@jy KBMmi2b 7Q` H2�`MBM; �#Qmi i?2 T`QTQb2/ �TT`Q�+?- /2T2M/BM; QM
vQm` #�+F;`QmM/X

ai�`i2` Zm2biBQMb

h?2 bi�`i2` [m2biBQMb r2 T`QTQb2 T�`iB+BT�Mib Q7 i?Bb bm`p2v �`2 i?2 b�K2 �b i?2
QM2 T`QTQb2/ 7Q` i?2 2tT2`i `2pB2r �M/ /Bb+mbb2/ BM a2+iX dXRX8X h?2 Q#D2+iBp2
Bb iQ �bb2bb i?2 T�`iB+BT�MibǶ 2tT2`B2M+2 �M/ 2tT2`iBb2X

https://bit.ly/dpe-summative-evaluation-survey
https://bit.ly/dpe-summative-evaluation-survey


jR3 dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

G2�`MBM; i?2 .aG �M/ i?2 "2M+?6HQr �TT`Q�+?

h?2 Qp2`pB2r Q7 i?2 �TT`Q�+? T`2b2Mi2/ iQ i?2 mb2` iQ BHHmbi`�i2 i?2 T`QTQb2/
�TT`Q�+? Bb bBKBH�` iQ i?2 QM2 T`QpB/2/ 7Q` i?2 2tT2`i `2pB2r �M/ T`2b2Mi2/
BM a2+iX dXRX8X :Bp2M i?2 /Bz2`2Mi �bb2bbK2Mi K2i?Q/ �M/ i?2 i�`;2i iQ �bb2bb
i?2 H2�`M�#BHBiv- r2 T`QpB/2 i?2 mb2`b rBi? 72r2` 2t�KTH2b r?2M +QKT�`2/ iQ
i?2 2tT2`i `2pB2rX q2 T`QpB/2 2t�KTH2b Q7 ?Qr iQ bT2+B7v � HQ�/ i2bi- � bKQF2
i2bi- �M/ ?Qr iQ BMi2;`�i2 bKQF2 i2bi bmBi2b �b T�`i Q7 i?2 *a.GX q2 K�F2
bm`2 i?2 2t�KTH2b /Q MQi +QHHB/2 rBi? i?2 �bb2bbK2Mi i�bFb r2 T`QTQb2 iQ i?2
mb2`bX

�bb2bbK2Mi h�bFb

q2 T`QTQb2 i?2 T�`iB+BT�Mib Q7 i?2 bmKK�iBp2 2p�Hm�iBQM rBi? /Bz2`2Mi
KmHiBTH2@+?QB+2 i�bFb +Qp2`BM; �HH i?2 2H2K2Mib Q7 i?2 .aGX q2 QTi 7Q` �
KmHiBTH2@+?QB+2 i�bFb bm`p2v iQ +QHH2+i 722/#�+F �#Qmi H2�`M�#BHBiv �M/ `2mb�#BH@
Biv #2+�mb2 r2 `2Hv QM �M QMHBM2 bm`p2v �M/ KQ`2 BM@/2Ti? �M�HvbBb- 7Q` 2t�KTH2-
�M 2p�Hm�iBQM #�b2/ QM i?2 �+im�H r`BiBM; Q7 i2bi bT2+B}+�iBQM- Bb MQi �/pBb�#H2
rBi? bm+? � K2/BmKX h?2 KmHiBTH2@+?QB+2 �TT`Q�+? ?�b #22M /2KQMbi`�i2/ �
p�HB/ r�v iQ �bb2bb T�`iB+BT�MibǶ �#BHBiv iQ ǳ`2+�HH BM7Q`K�iBQMc (XXX) mM/2`bi�M/
+QM+2Tibc (XXX) bQHp2 T`Q#H2KbǴ ("m`iQM 2i �HX- RNNy)- i?mb � ;QQ/ �TT`Q�+? iQ
�bb2bb H2�`M�#BHBiv �M/ `2mb�#BHBivX q2 `2Hv QM �M QMHBM2 bm`p2v iQ b+�H2 rBi?
i?2 +QHH2+i2/ 722/#�+F iQ � H�`;2 MmK#2` Q7 T�`iB+BT�MibX .m2 iQ i?2 bi`m+im`2
Q7 i?2 �bb2bbK2Mi- r2 /Q MQi BM+Hm/2 i?2 bi�M/�`/ avbi2K lb�#BHBiv a+�H2 UalaV
7Q` K2�bm`BM; mb�#BHBivX Ai rQmH/ K�F2 HBKBi2/ b2Mb2 /m2 iQ i?2 7�+i i?2 mb2`b
�`2 MQi mbBM; � iQQH 7Q` +QKTH2iBM; i�bFbX
h?2 i�bFb �`2 /BpB/2/ BMiQ i�bFb �bb2bbBM; i?2 H2�`M�#BHBiv �M/ i�bFb �bb2bbBM;
i?2 `2mb�#BHBivX h?2 i�bFb �bb2bbBM; i?2 H2�`M�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+?-
`2H�i2/ iQ _ZR- �M/ BM T�`iB+mH�` i?2 .aG- +Qp2`,

RV i?2 i2bi ;Q�H U;Q�HVc

kV i?2 HQ�/ 7mM+iBQM UHQ�/n7mM+iBQMVc

jV i?2 2tTHQ`�iBQM bT�+2 U2tTHQ`�iBQMnbT�+2Vc

9V i?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi UQ#b2`p2Vc

8V i?2 +`Bi2`B� iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2
Bib +QKTH2iBQM Ui2`KBM�iBQMn+`Bi2`B�Vc



jRN dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

eV i?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�
U[m�HBivn;�i2bVc

dV i?2 rQ`FHQ�/b mb2/ 7Q` i?2 i2bi UrQ`FHQ�/bVc

3V i?2 QT2`�iBQMb T�`i Q7 i?2 rQ`FHQ�/b UQT2`�iBQMbVc

NV i?2 KBt Q7 QT2`�iBQMb UKBtVc

RyV i?2 bvbi2K mM/2` i2bi ivT2- �M/ Bib +QM};m`�iBQM UbmiVc

RRV i?2 /�i� +QHH2+iBQM b2`pB+2b U/�i�n+QHH2+iBQMVc

RkV �M 2MiB`2 /2+H�`�iBp2 i2bi bT2+B}+�iBQM UBM i?2 +�b2 Q7 i?2 2t�KTH2- �
`2;`2bbBQM i2biVc

RjV �M 2MiB`2 /2+H�`�iBp2 i2bi bmBi2 bT2+B}+�iBQM UBM i?2 +�b2 Q7 i?2 2t�KTH2-
� i2bi bmBi2 b+?2/mHBM; HQ�/ i2bibVX

h?2 i�bFb �bb2bbBM; i?2 `2mb�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+?- `2H�i2/ iQ _Zk-
�M/ BM T�`iB+mH�` i?2 .aG- +Qp2` i?2 `2mb2 Q7,

RV �M 2MiB`2 /2+H�`�iBp2 i2bi bT2+B}+�iBQMX AM i?2 +�b2 Q7 i?2 2t�KTH2 i?2
T�`iB+BT�Mib �`2 `2[m2bi2/ iQ b2H2+i � bT2+B}+�iBQM iQ `2mb2 iQ bT2+B7v �M
�++2Ti�M+2 i2bic

kV � i2`KBM�iBQM +`Bi2`B� bT2+B}+�iBQMc

jV � [m�HBiv ;�i2b bT2+B}+�iBQMc

9V �M 2MiB`2 i2bi bmBi2 bT2+B}+�iBQMX AM i?2 +�b2 Q7 i?2 2t�KTH2- i?2 `2mb2
[m2biBQMb i�`;2i i?2 2p2Mib iQ KQMBiQ` 7Q` /2+B/BM; r?2M iQ b+?2/mH2 i?2
i2bi bmBi2X

h?2 i�bFb �bb2bbBM; i?2 H2�`M�#BHBiv `2TQ`i � .aG bT2+B}+�iBQM Q7 � i2bi Q`
�M 2MiBiv T�`i Q7 i?2 .aG �M/ T`QTQb2 i?2 mb2`b rBi? i?`22 TQbbB#H2 QTiBQMb
�#Qmi r?�i i?2 T`QTQb2/ bT2+B}+�iBQM `2T`2b2Mib- QM2 Q7 i?2K #2BM; i?2 +Q`@
`2+i �Mbr2`X 6Q` �HH i?2 [m2biBQMb `2H�i2/ iQ H2�`M�#BHBiv- r2 �HbQ `2[m2bi i?2
T�`iB+BT�Mib iQ T`QpB/2 QTiBQM�H 722/#�+F �#Qmi i?2 b?Qr2/ bT2+B}+�iBQMX h?2
i�bFb �bb2bbBM; i?2 `2mb�#BHBiv `2TQ`i i?2 mb2` rBi? i?`22 TQbbB#H2 QTiBQMb iQ
b2H2+i 7`QK- `2T`2b2MiBM; .aG 2H2K2Mib iQ #2 `2mb2/ �M/ � [m2biBQM �bFBM;
i?2K iQ b2H2+i r?B+? Q7 i?2 i?`22 QTiBQMb i?2v rQmH/ b2H2+i 7Q` �++QKTHBb?BM;
� T`QTQb2/ i�bFX 6Q` #Qi? i?2 i�bFb �bb2bbBM; H2�`M�#BHBiv �M/ i?2 QM2b �bb2bb@
BM; `2mb�#BHBiv- i?2 T`QTQb2/ i?`22 QTiBQMb �`2 bm+? i?�i QM2 Bb +Q``2+i- QM2 Bb
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KBbH2�/BM; QM Tm`TQb2- �M/ � i?B`/ QM2 Bb r`QM;X q2 K�F2 bm`2 i?2 KBbH2�/BM;
�Mbr2`b �+`Qbb �HH i?2 i�bFb ?�p2 i?2 b�K2 ivT2 Q7 KQ/B}+�iBQM- �++Q`/BM; iQ
i?2 �+im�H 2MiBiv bT2+B}+�iBQMX
hQ `2/m+2 i?2 TQbbB#BHBiv 7Q` i?2 T�`iB+BT�Mib iQ B/2MiB7v T�ii2`Mb BM i?2 +Q``2+i
�Mbr2` 7Q` i?2 /Bz2`2Mi i�bFb- r2 K�F2 bm`2 iQ b?m|2 i?2 TQbbB#H2 QTiBQMb 7Q`
2�+? T�`iB+BT�MiX

SQbi@�bb2bbK2Mi Zm2biBQMb

�7i2` i?2 i�bFb@#�b2/ �bb2bbK2Mi- r2 �bF i?2 T�`iB+BT�Mib iQ `2THv iQ �//BiBQM�H
[m2biBQMb- mbBM; }p2 8@b+�H2 GBF2`i- iQ +QHH2+i ;2M2`�H 722/#�+F QM 2tT`2bbBp2@
M2bb- mb�#BHBiv- i?2 ;Q�H@#�b2/ i2bi bT2+B}+�iBQM- �M/ +QKT�`BbQM rBi? bi�M/�`/
BKT2`�iBp2 �TT`Q�+?2bX 6Q` 2�+? Q7 i?2 }p2 [m2biBQMb- r2 �HbQ T`QTQb2 �M QT@
iBQM�H [m2biBQM �bFBM; i?2 T�`iB+BT�Mi iQ KQiBp�i2 i?2 T`QpB/2/ �Mbr2`X h?2
[m2biBQMb r2 T`QTQb2 �`2,

RV 1tT`2bbBp2M2bb @ ǳ>Qr /Q vQm 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7
i?2 T`QTQb2/ .aG\Ǵc

kV Pp2`�HH lb�#BHBiv @ ǳ>Qr mb27mH /Q vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+?
7Q` i?2 i�`;2i mb2`b Q7 i?2 b�K2\Ǵc

jV :Q�H@#�b2/ bT2+B}+�iBQM lb�#BHBiv @ ǳ>Qr mb27mH /Q vQm +QMbB/2` i?2
;Q�H@#�b2/ bT2+B}+�iBQM 7Q` i?2 i�`;2i mb2`b Q7 i?2 b�K2\Ǵc

9V *QKT�`BbQM rBi? bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b @ ǳ>Qr Km+?
KQ`2fH2bb /Q vQm i?BMF i?2 T`QTQb2/ �TT`Q�+? rQmH/ ?2HT i?2 i�`;2i mb2`b
Q7 i?2 b�K2 BM BKTH2K2MiBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib- +QKT�`2/
iQ i?2 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b\ǴX

q`�T@mT

"27Q`2 +QM+Hm/BM; i?2 bm`p2v r2 �bF T�`iB+BT�Mib r?2i?2` i?2v rQmH/ #2 BMi2`@
2bi2/ BM mbBM; � iQQH #�b2/ QM i?2 T`QTQb2/ �TT`Q�+?- �M/ iQ `2TQ`i i?2 K�BM
S`QǶb �M/ *QMǶb Q7 i?2 T`QTQb2/ �TT`Q�+? �++Q`/BM; iQ i?2K- �b r2HH �b M�K2
bBKBH�` �TT`Q�+?2b i?2v �`2 �r�`2 Q7X

dXkXe _2bmHib
AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 `2bmHib Q#i�BM2/ 7`QK i?2 T2`7Q`K2/ bmKK�iBp2
2p�Hm�iBQMX
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LmK#2` Q7 _2bTQM/2Mib

h?2 iQi�H MmK#2` Q7 `2bTQM/2Mib Q7 i?2 bm`p2v Bb ej- +QKT�`2/ iQ i?2 MmK#2` Q7
T2QTH2 QT2MBM; i?2 bm`p2v T�;2 U9yRV- Bi +Q``2bTQM/b iQ ReXyWX h?2 T2`+2Mi�;2
Bb HQr2` i?�M i?2 �p2`�;2 `2TQ`i2/ BM i?2 HBi2`�im`2 UkeXyWVN- p2`v HBF2Hv #2+�mb2
Q7 i?2 /m`�iBQM Q7 i?2 bm`p2v- `2[mB`BM; � +QMbB/2`�#H2 �KQmMi Q7 iBK2 iQ #2
+QKTH2i2/X

_2bTQM/2Mi 1tT2`B2M+2 �M/ 1tT2`iBb2

jdXNW

j9X8W

RdXkW

RyXjW

J�bi2` .2;`22
"�+?2HQ` .2;`22
Pi?2`
S?/

6B;m`2 dXRyX amKK�iBp2 1p�Hm�iBQM, 1/m+�iBQM

1/m+�iBQM @ �b `2TQ`i2/ BM 6B;X dXRy- KQbi Q7 i?2 `2bTQM/2Mi ?�p2 2Bi?2` �
J�bi2` .2;`22 UjdXNWV Q` � "�+?2HQ` .2;`22 Uj9X8WVX RdXkW Q7 T�`iB+BT�Mib
`2TQ`i2/ Pi?2` �b i?2 H�i2bi 2/m+�iBQM H2p2H- r?BH2 RyX9W Q7 T�`iB+BT�Mib ?�p2
� S?.X
S`Q72bbBQM�H _QH2 @ �b `2TQ`i2/ BM 6B;X dXRR- KQbi Q7 i?2 `2bTQM/2Mi �`2
aQ7ir�`2 1M;BM22` UkdXeWV- .2pPTb 1M;BM22` URdXkWV Q` aQ7ir�`2 .2p2HQT2`b
URdXkWVX Pi?2` T`Q72bbBQM�H `QH2b BM/B+�i2/ #v i?2 T�`iB+BT�Mib �`2 aQ7ir�`2
h2bi2` URyXjWV- _2b2�`+?2` UeXNWV- aBi2 _2HB�#BHBiv 1M;BM22` UeXNWV- aim/2Mi
UeXNWV- S2`7Q`K�M+2 �M�Hvbi UjX9WV- Z� �M�Hvbi UjX9WVX h?2 T�`iB+BT�MibǶ
T`Q72bbBQM�H `QH2 BM HBM2 rBi? i?2 i�`;2i mb2`b- rBi? � #B�b iQr�`/b `QH2b i`�/B@
iBQM�HHv H2bb `2H�i2/ iQ T2`7Q`K�M+2 i2biBM; �+iBpBiB2bX
1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2 @ i?2 2tT2`B2M+2 BM i?2 +m``2Mi
T`Q72bbBQM�H `QH2 BM/B+�i2/ #v i?2 T�`iB+BT�Mib Bb BM i?2 `�M;2 Q7 (R@Rk) rBi? �

Nhttps://www.getfeedback.com/resources/online-surveys/better-online-survey-respon
se-rates/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.getfeedback.com/resources/online-surveys/better-online-survey-response-rates/
https://www.getfeedback.com/resources/online-surveys/better-online-survey-response-rates/
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eXNW

RdXkW
RyXjW

kdXeW

RdXkW eXNW
eXNW

jX9W
jX9W

_2b2�`+?2`
.2pPTb 1M;BM22`
aQ7ir�`2 h2bi2`
aQ7ir�`2 1M;BM22`
aQ7ir�`2 .2p2HQT2`
aBi2 _2HB�#BHBiv 1M;BM22`
aim/2Mi
S2`7Q`K�M+2 �M�Hvbi
Z� �M�Hvbi

6B;m`2 dXRRX amKK�iBp2 1p�Hm�iBQM, S`Q72bbBQM�H _QH2

K2/B�M Q7 8 U`2TQ`i2/ #v RdXkW Q7 i?2 T�`iB+BT�MibVX q2 +�M +QMbB/2` i?2
T�`iB+BT�Mib +Qp2`BM; 2tT2`iBb2 BM i?2B` `QH2 7`QK MQpB+2 iQ 2tT2`iX
1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; @ i?2 2tT2`B2M+2
`2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM; BM/B+�i2/ #v i?2 T�`iB+BT�Mib Bb BM i?2
`�M;2 Q7 (y@e) rBi? � K2/B�M Q7 R U`2TQ`i2/ #v j9X8W Q7 i?2 T�`iB+BT�MibVX q2
+�M +QMbB/2` i?2 T�`iB+BT�Mib rBi? HBKBi2/ 2tT2`iBb2 `2H�i2/ iQ T2`7Q`K�M+2
i2biBM;- i?mb p�HB/ i�`;2i �m/B2M+2 7Q` Qm` bmKK�iBp2 2p�Hm�iBQMX
q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\ @ i?2 K�BM i�bFb �M/ �+iBpBiB2b
`2TQ`i2/ #v i?2 T�`iB+BT�Mib �`2 `2H�i2/ iQ �`+?Bi2+iBM; �M/ /2p2HQTBM; bQ7ir�`2
BM /Bz2`2Mi /QK�BMb- `2b2�`+? BM /Bz2`2Mi �`2�b Q7 +QKTmi2` b+B2M+2- �miQK�iBQM
`2H�i2/ iQ *A*. �M/ `mMMBM; bQ7ir�`2X
>Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\ @ AM 6B;X dXRk r2
T`2b2Mi i?2 �bb2bbK2Mi Q7 i?2 7�KBHB�`Biv Q7 bmKK�iBp2 2p�Hm�iBQM T�`iB+BT�Mib
rBi? +QM+2Tib r2 B/2MiB7v �b `2H2p�Mi iQ T`QT2`Hv mM/2`bi�M/ �M/ 2p�Hm�i2 i?2
T`QTQb2/ �TT`Q�+?X h?2 �bb2bb2/ +QM+2Tib �`2 i?2 b�K2 �b 7Q` i?2 2tT2`i
`2pB2rX q2 T`QTQb2 T�`iB+BT�Mib rBi? +QM+2Tib `2H�i2/ iQ i?2 T2`7Q`K�M+2
i2biBM; /QK�BM- .Q+F2` /QK�BM- *a.G /QK�BM- _1ah7mH q2# b2`pB+2 /QK�BMX
h?2 `2bTQM/2Mib `2TQ`i iQ #2,

RV GQr iQ JQ/2`�i2 UrBi? � K2/B�M QM JQ/2`�i2V 7�KBHB�` rBi? i?2 T2`7Q`@
K�M+2 i2biBM; /QK�BMc

kV JQ/2`�i2 iQ >B;? UrBi? � K2/B�M QM JQ/2`�i2V 7�KBHB�` rBi? i?2 .Q+F2`
/QK�BMc

jV >B;? 7�KBHB�` rBi? i?2 *a.G /QK�BMc



jkj dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

0 10 20 30 40 50 60

S2`7Q`K�M+2 h2biBM;
avbi2K lM/2` h2bi
avbi2K qQ`FHQ�/
S2`7Q`K�M+2 .�i� *QHH2+iBQM
avbi2K S2`7Q`K�M+2 J2i`B+b
S2`7Q`K�M+2 h2bib 1t2+miBQM 6`�K2@
rQ`F
GQ�/ .`Bp2`
AKT2`�iBp2 �TT`Q�+?2b 7Q` S2`7Q`@
K�M+2 1M;BM22`BM;
.2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;
avbi2K .2THQvK2Mi .2b+`BTiQ`
.Q+F2` *QMi�BM2`
*QMi�BM2` P`+?2bi`�iQ` 6`�K2rQ`F
*QMiBMmQmb AMi2;`�iBQM �M/ .2HBp2`v
_1ah7mH q2# a2`pB+2b
u�JG G�M;m�;2

LmK#2` Q7 T�`iB+BT�Mib
LQi �i �HH GQr JQ/2`�i2 >B;? 1tT2`i

6B;m`2 dXRkX amKK�iBp2 1p�Hm�iBQM, 6�KBHB�`Biv rBi? *QM+2Tib

9V >B;? 7�KBHB�` rBi? i?2 _1ah7mH q2# b2`pB+2 /QK�BMX

q2 �HbQ �bF T�`iB+BT�Mib iQ BM/B+�i2 i?2B` 7�KBHB�`Biv rBi? i?2 .S1 /QK�BM
�M/ i?2 `2bmHib BM/B+�i2 i?2v ?�p2 � GQr iQ LQi �i �HH 7�KBHB�`Biv rBi? bm+?
/QK�BMX h?2 +QHH2+i2/ 722/#�+F p�HB/�i2b i?2 T�`iB+BT�Mib ?�p2 bQK2 mM/2`@
bi�M/BM; �M/ FMQrH2/;2 �#Qmi i?2 T2`7Q`K�M+2 /QK�BM �M/ ?�p2 � ;QQ/ iQ
?B;? mM/2`bi�M/BM; Q7 +QM+2Tib `2H�i2/ iQ .2pPTb- *a.G- �M/ *A*.X h?2v
+�M #2 +QMbB/2`2/ � ;QQ/ b�KTH2 Q7 i�`;2i mb2`bX

h�bF@#�b2/ 1p�Hm�iBQM _2bmHib

G2�`M�#BHBiv �bb2bbK2Mi _2bmHib AM 6B;X dXRj r2 `2TQ`i i?2 `2bmHib Q7 i?2
i�bFb /2/B+�i2/ iQ �bb2bbBM; i?2 H2�`M�#BHBiv Q7 i?2 .aG �M/ i?2 Qp2`�HH T`QTQb2/
�TT`Q�+?X JQbi Q7 i?2 T�`iB+BT�Mib +Q``2+iHv �Mbr2` �HH i?2 T`QTQb2/ [m2biBQMb
U3kXyW Q7 i?2 iQi�H MmK#2` Q7 T�`iB+BT�MibV- i?2 `2K�BMBM; R3XyW r`QM;Hv
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�Mbr2` iQ �i H2�bi QM2 [m2biBQM- �M/ BM KQbi +�b2b #v b2H2+iBM; i?2 KBbH2�/BM;
�Mbr2`X h?2 i�bF rBi? i?2 KQbi +Q``2+i �Mbr2`b U3NXdWV Bb i?2 QM2 �#Qmi
i?2 rQ`FHQ�/ bT2+B}+�iBQM- r?BH2 i?2 i�bFb rBi? i?2 KQbi- MQi +Q``2+i �Mbr2`b
�`2 i?2 QM2 `2H�i2/ iQ i2`KBM�iBQM +`Bi2`B� UkyXdW- Q7 r?B+? RdXjW b2H2+i2/
i?2 KBbH2�/BM; �Mbr2`V- alh bT2+B}+�iBQM UkyXdW- Q7 r?B+? RdXjW b2H2+i2/ i?2
KBbH2�/BM; �Mbr2`V- �M/ +QKTH2i2 i2bi bT2+B}+�iBQM �#Qmi i?2 `2;`2bbBQM i2bi
UkyXeW- Q7 r?B+? RdXkW b2H2+i2/ i?2 KBbH2�/BM; �Mbr2`VX q2 +QMbB/2` i?2 i�bF
�#Qmi i?2 i2`KBM�iBQM +`Bi2`B� bT2+B}+�iBQM �b +QKTH2t- �M/ r2 2tT2+i2/ Bi iQ
#2 �KQM; i?2 QM2b KQbi /B{+mHi iQ H2�`MX h?2 b�K2 ?QH/b 7Q` i?2 i�bF QM
i?2 `2;`2bbBQM i2bi bT2+B}+�iBQMX q2 /B/ MQi 2tT2+i i?2 i�bF �#Qmi i?2 alh
bT2+B}+�iBQM iQ #2 /B{+mHi iQ H2�`MX h?Bb `2bmHi Bb T`Q#�#Hv /m2 iQ JQ/2`�i2
7�KBHB�`Biv rBi? +QM+2Tib `2H�i2/ iQ .Q+F2`X h?2 Qi?2` i�bFb ?�p2 � T2`+2Mi�;2
Q7 +Q``2+i �Mbr2`b BM i?2 `�M;2 (3kX3W@3eXNW)X
hQ �++QmMi 7Q` TQbbB#H2 BKT�+ib QM i?2 `2bmHib 7`QK T�`iB+BT�Mib B/2MiB7vBM;
i?2Kb2Hp2b �b 2tT2`ib- BM/2T2M/2MiHv QM i?2 MmK#2` Q7 v2�`b Q7 2tT2`iBb2- QM
i?2 +QM+2Tib `2H�i2/ iQ i?2 T2`7Q`K�M+2 2M;BM22`BM; /QK�BM- BM i?2 �bb2bbK2Mi
T`2b2Mi2/ BM a2+iX dXkXe- r2 +QKTmi2 i?2 bi�iBbiB+b `2H�i2/ iQ i?2 H2�`M�#BHBiv
Q7 i?2 i�bF �HbQ #v 2t+Hm/BM; i?2KX AM /2i�BH- r2 2t+Hm/2 7`QK i?2 b2i Q7 i?2
T�`iB+BT�Mib �HH i?2 T�`iB+BT�Mib BM/B+�iBM; � >B;? iQ 1tT2`i 7�KBHB�`Biv rBi? �i
H2�bi ?�H7 Q7 i?2 T2`7Q`K�M+2 /QK�BM +QM+2TibX h?Bb `2bmHi2/ BM �M mT/�i2/
b2i Q7 8k T�`iB+BT�Mib- 2z2+iBp2Hv `2/m+BM; i?2 MmK#2` Q7 T�`iB+BT�Mib iQ �#Qmi
RdXyWX �HKQbi �HH i?2 `2K�BMBM; T�`iB+BT�Mib ?�p2 2Bi?2` � J�bi2` .2;`22 Q` �
"�+?2HQ` .2;`22- i?2v rQ`F �b aQ7ir�`2 1M;BM22`- .2pPTb 1M;BM22`- aQ7ir�`2
.2p2HQT2`b- Q` aim/2MiX h?2v rQ`F BM i?2B` +m``2Mi `QH2 rBi? � K2/B�M Q7 e v2�`b
UrBi? � `�M;2 BM (R@Rk)V �M/ ?�p2 QM K2/B�M y v2�`b Q7 2tT2`B2M+2 `2H�i2/ iQ i?2
bQ7ir�`2 T2`7Q`K�M+2 i2biBM; /QK�BM UrBi? � `�M;2 Q7 (y@9)VX h?2v `2TQ`i � GQr
iQ JQ/2`�i2 UrBi? � K2/B�M QM GQrV 7�KBHB�`Biv rBi? i?2 T2`7Q`K�M+2 i2biBM;
/QK�BMX h?2 `2bmHib �bb2bb2/ QM i?2 mT/�i2/ b2i Q7 T�`iB+BT�Mib /Q MQi /2pB�i2
Km+? 7`QK i?2 QM2 BM+Hm/BM; T�`iB+BT�Mib KQ`2 7�KBHB�` rBi? i?2 T2`7Q`K�M+2
2M;BM22`BM; /QK�BM- �Hi?Qm;? i?2v /2KQMbi`�i2 � bHB;?i `2/m+iBQM BM +Q``2+i
�Mbr2`b �b 2tT2+i2/X JQbi Q7 i?2 T�`iB+BT�Mib 7`QK i?2 mT/�i2/ b2i +Q``2+iHv
�Mbr2` �HH i?2 T`QTQb2/ [m2biBQMb UdeXyW Q7 i?2 iQi�H MmK#2` Q7 T�`iB+BT�MibV-
i?2 `2K�BMBM; k9XyW r`QM;Hv �Mbr2` iQ �i H2�bi QM2 [m2biBQM- �M/ BM KQbi +�b2b
#v b2H2+iBM; i?2 KBbH2�/BM; �Mbr2`X
S�`iB+BT�Mib �HbQ +QMi`B#mi2 rBi? 722/#�+F r?BH2 T2`7Q`KBM; i?2 i�bFb- �Hi?Qm;?
BM � Km+?@HBKBi2/ T2`+2Mi�;2 r?2M +QKT�`2/ iQ i?2 2tT2`i `2pB2rX q2 `2+2Bp2
722/#�+F 7`QK QMHv k T�`iB+BT�Mib �M/ QMHv QM i?2 i2bi bmBi2 bT2+B}+�iBQMX h?2
T�`iB+BT�Mib `2TQ`i, ǳA HBF2 Bi5 Ai HQQFb p2`v bBKTH2 iQ BMi2;`�i2 T2`7Q`K�M+2
i2bi bmBi2b rBi? i?2 iQQHb A mb2 2p2`v /�v iQ +QMiBMmQmbHv #mBH/ �M/ /2THQv i?2
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bQ7ir�`2 A /2p2HQTǴ �M/ ǳA r�Mi i?Bb 7Q` Kv C2MFBMb TBT2HBM2b ,VǴX
_2bmHib QM H2�`M�#BHBiv +�M #2 +QMbB/2`2/ p2`v ;QQ/X �Hi?Qm;? rBi? HBKBi2/
iBK2 �M/ BM7Q`K�iBQM �#Qmi i?2 T`QTQb2/ .aG �M/ Qp2`�HH �TT`Q�+?- KQ`2
i?�M 3yXyW UQ` �HKQbi 3yXyW 7Q` i?2 mT/�i2/ b2i Q7 T�`iB+BT�MibV +Q``2+iHv
�Mbr2` i?2 T`QTQb2/ [m2biBQMbX

_2mb�#BHBiv �bb2bbK2Mi _2bmHib AM 6B;X dXR9 r2 T`2b2Mi i?2 `2bmHib Q7 i?2
i�bFb r2 �bF i?2 T�`iB+BT�Mib iQ +QKTH2i2 iQ �bb2bb i?2 `2mb�#BHBiv Q7 i?2 .aG
BM i?2 +QMi2ti Q7 i?2 T`QTQb2/ �TT`Q�+?X h?2 i2bi bmBi2 �M/ i?2 i2`KBM�iBQM
+`Bi2`B� bT2+B}+�iBQM `2bmHi BM i?2 QM2b rBi? i?2 KQbi +Q``2+i �Mbr2`b U3kX3WVX
h?2 ;Q�H bT2+B}+�iBQM `2mb2 Q#i�BMb dNXjW +Q``2+i �Mbr2`b- r?BH2 i?2 i2`KB@
M�iBQM +`Bi2`B� bT2+B}+�iBQM `2mb2 Q#i�BMb e8X8W +Q``2+i �Mbr2`b �M/ i?2 KQbi
b2H2+iBQM Q7 i?2 KBbH2�/BM; �Mbr2`b UkyXdWVX h?2 `2bmHi Q7 i?2 `2mb�#BHBiv Q7
i?2 i2`KBM�iBQM +`Bi2`B� Bb 2tT2+i2/- ;Bp2M i?2 `2bmHi QM i?2 H2�`M�#BHBiv Q7 i?2
b�K2 +QM+2TiX
q2 �bb2bb i?2 `2mb�#BHBiv QM i?2 b�K2 mT/�i2/ b2i Q7 T�`iB+BT�Mib B/2MiB}2/
7Q` i?2 H2�`M�#BHBiv �bb2bbK2MiX �HbQ BM i?Bb +�b2 i?2 `2bmHib �`2 BM HBM2 rBi?
i?2 QM2b +QMbB/2`BM; �HH i?2 T�`iB+BT�Mib- �Hi?Qm;? i?2v /2KQMbi`�i2 � bHB;?i
`2/m+iBQM BM +Q``2+i �Mbr2`b �b 2tT2+i2/X JQbi Q7 i?2 T�`iB+BT�Mib 7`QK i?2
mT/�i2/ b2i +Q``2+iHv �Mbr2` �HH i?2 T`QTQb2/ [m2biBQMb UddXjW Q7 i?2 iQi�H
MmK#2` Q7 T�`iB+BT�MibV- i?2 `2K�BMBM; kkXdW r`QM;Hv �Mbr2` iQ �i H2�bi QM2
[m2biBQM- �M/ BM KQbi +�b2b #v b2H2+iBM; i?2 KBbH2�/BM; �Mbr2`X
_2bmHib QM `2mb�#BHBiv �`2 BM HBM2 rBi? i?2 QM2 QM H2�`M�#BHBiv �M/ +�M #2 +QM@
bB/2`2/ p2`v ;QQ/X JQ`2 i?�M 3yXyW UQ` �HKQbi 3yXyW 7Q` i?2 mT/�i2/ b2i Q7
T�`iB+BT�MibV +Q``2+iHv �Mbr2` i?2 T`QTQb2/ [m2biBQMbX



jke dXk amKK�iBp2 1p�Hm�iBQM Q7 i?2 "2M+?6HQr .aG

3eXkW
RyX9W
jX9W

:Q�H aT2+B}+�iBQM

3kX3W

RyXjW
eXNW

1tTHQ`�iBQM aT�+2 aT2+B}+�iBQM

3eXkW
RyX9W
jX9W

P#b2`p2 aT2+B}+�iBQM

dNXjW

RdXjW
jX9W

h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM

3kX3W

RjX3W
jX9W

Zm�HBiv :�i2b aT2+B}+�iBQM

3NXdW
eXNW
jX9W

qQ`FHQ�/b aT2+B}+�iBQM

3eXjW
RyXjW
jX9W

PT2`�iBQMb aT2+B}+�iBQM

3eXjW
RyXjW
jX9W

JBt aT2+B}+�iBQM

dNXjW

RdXjW
jX9W

alh aT2+B}+�iBQM

3kX3W

RjX3W
jX9W

.�i� *QHH2+iBQM aT2+B}+�iBQM

dNX9W

RdXkW
jX9W

*QKTH2i2 h2bi aT2+B}+�iBQM @ _2;`2bbBQM h2bi

3eXjW
RyXjW
jX9W

h2bi amBi2 aT2+B}+�iBQM

*Q``2+i �Mbr2` JBbH2�/BM; �Mbr2` q`QM; �Mbr2`

6B;m`2 dXRjX amKK�iBp2 1p�Hm�iBQM, G2�`M�#BHBiv 1p�Hm�iBQM
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dNXjW

RjX3W
eXNW

:Q�H aT2+B}+�iBQM _2mb2

e8X8W

kyXdW
RjX3W

h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM _2mb2

3kX3W

RjX3W
jX9W

Zm�HBiv :�i2 aT2+B}+�iBQM _2mb2

3kX3W

RyXjW
eXNW

h2bi amBi2 aT2+B}+�iBQM _2mb2

*Q``2+i �Mbr2` JBbH2�/BM; �Mbr2` q`QM; �Mbr2`

6B;m`2 dXR9X amKK�iBp2 1p�Hm�iBQM, _2mb�#BHBiv 1p�Hm�iBQM
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o2`v SQQ` SQQ` 6�B` :QQ/ 1t+2HH2Mi

6B;m`2 dXR8X amKK�iBp2 1p�Hm�iBQM, 1tT`2bbBp2M2bb 1p�Hm�iBQM

1tT`2bbBp2M2bb AM 6B;X dXR8 r2 `2TQ`i i?2 2p�Hm�iBQM i?2 T�`iB+BT�Mib Q7 i?2
bmKK�iBp2 2p�Hm�iBQM ;Bp2 iQ i?2 2tT`2bbBp2M2bb Q7 i?2 T`QTQb2/ .aGX h?2
T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 �TT`Q�+? BM i?2 `�M;2 Q7
(6�B`@1t+2HH2Mi) rBi? � K2/B�M p�Hm2 QM :QQ/X jX9W Q7 T�`iB+BT�Mib BM/B+�i2 �
6�B` 2tT`2bbBp2M2bb- eNXyW Q7 T�`iB+BT�Mib BM/B+�i2 � :QQ/ 2tT`2bbBp2M2bb- �M/
i?2 `2K�BMBM; kdXeW BM/B+�i2 �M 1t+2HH2Mi 2tT`2bbBp2M2bbX
62r T�`iB+BT�Mib URyXjWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B` �Mbr2`b-
7Q` 2t�KTH2, ǳA HBF2 i?2 7�+i A mM/2`bi�M/ r?�i A �K `2[m2biBM; iQ #2 i2bi2/-
2p2M B7 A ?�p2 �HKQbi MQ FMQrH2/;2 BM T2`7Q`K�M+2 i2biBM;Ǵ �M/ ǳA }M/ KQbi
Q7 r?�i A 2tT2+iX qQ`FHQ�/ +QmH/ BMi2;`�i2 2ti2`M�H /2}MBiBQMbǴX �HbQ 7`QK
i?2 bmKK�iBp2 2p�Hm�iBQM- r2 `2+2Bp2 722/#�+F �#Qmi i?2 rQ`FHQ�/- �M/ i?2
QTTQ`imMBiv iQ 2ti2M/ i?2 rQ`FHQ�/ /2}MBiBQM b2K�MiB+bX

Pp2`�HH lb�#BHBiv AM 6B;X dXRe r2 T`2b2Mi i?2 �bb2bbK2Mi QM i?2 mb�#BHBiv Q7
i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2 i�`;2i mb2`b- i?2 T�`iB+BT�Mib T`QpB/2/X h?2 T�`@
iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH mb�#BHBiv Q7 i?2 �TT`Q�+? BM i?2 `�M;2 Q7 (JQ/@
2`�i2Hv lb�#H2@o2`v lb�#H2) rBi? � K2/B�M p�Hm2 Q7 aQK2r?�i lb�#H2 r?2M
`272``BM; iQ i?2 i�`;2i mb2`b Q7 i?2 �TT`Q�+?X eXNW Q7 T�`iB+BT�Mib BM/B+�i2
i?2 T`QTQb2/ �TT`Q�+? Bb JQ/2`�i2Hv lb�#H2 7Q` i?2 i�`;2i mb2`b- r?BH2 ekXyW
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LQi lb�#H2 aHB;?iHv lb�#H2 JQ/2`�i2Hv lb�#H2
aQK2r?�i lb�#H2 o2`v lb�#H2

6B;m`2 dXReX amKK�iBp2 1p�Hm�iBQM, lb�#BHBiv 1p�Hm�iBQM

�M/ jRXRW Q7 T�`iB+BT�Mib BM/B+�i2 i?2 �TT`Q�+? Bb aQK2r?�i lb�#H2 �M/ o2`v
lb�#H2 `2bT2+iBp2HvX
62r T�`iB+BT�Mib URyXjWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B` �Mbr2`b-
7Q` 2t�KTH2, ǳA i?BMF KQbi Q7 Kv +QHH2�;m2b rQmH/ mM/2`bi�M/ KQbi Q7 BiǴ �M/
ǳAi HQQFb HBF2 bi�`iBM; 7`QK i2KTH�i2 A +�M �+?B2p2 K�Mv i2bibǴX

:Q�H@#�b2/ aT2+B}+�iBQM lb�#BHBiv AM 6B;X dXRd r2 T`2b2Mi i?2 �bb2bbK2Mi
QM i?2 mb�#BHBiv Q7 i?2 ;Q�H@#�b2/ /2+H�`�iBp2 bT2+B}+�iBQM r2 T`QTQb2 �b T�`i
Q7 i?2 .aGX h?2 T�`iB+BT�Mib 2p�Hm�i2 i?2 Qp2`�HH mb�#BHBiv Q7 i?2 ;Q�H@#�b2/
bT2+B}+�iBQM BM i?2 `�M;2 Q7 (JQ/2`�i2Hv lb�#H2@o2`v lb�#H2) rBi? � K2/B�M
p�Hm2 Q7 aQK2r?�i lb�#H2 r?2M `272``BM; iQ i?2 i�`;2i mb2`b Q7 i?2 �TT`Q�+?X
jX9W Q7 T�`iB+BT�Mib BM/B+�i2 i?2 T`QTQb2/ �TT`Q�+? Bb JQ/2`�i2Hv lb�#H2 7Q`
i?2 i�`;2i mb2`b- r?BH2 8RXdW �M/ 99X3W Q7 T�`iB+BT�Mib BM/B+�i2 i?2 �TT`Q�+?
Bb aQK2r?�i lb�#H2 �M/ o2`v lb�#H2 `2bT2+iBp2HvX
62r T�`iB+BT�Mib URyXjWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B` �Mbr2`b-
7Q` 2t�KTH2, ǳA ;2i r?�i i?2 i2bi Bb /2}MBM;- �M/ i?�i Bb ;`2�i5Ǵ �M/ ǳAi Bb MB+2
iQ b22 i?2 ;Q�H +H2�`Hv bi�i2/ BM i?2 i2biǴX
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LQi lb�#H2 aHB;?iHv lb�#H2 JQ/2`�i2Hv lb�#H2
aQK2r?�i lb�#H2 o2`v lb�#H2

6B;m`2 dXRdX amKK�iBp2 1p�Hm�iBQM, :Q�H@#�b2/ aT2+B}+�iBQM lb�#BHBiv 1p�Hm�iBQM

*QKT�`BbQM rBi? ai�M/�`/ AKT2`�iBp2 �TT`Q�+?2b AM 6B;X dXR3 r2 BHHmb@
i`�i2 i?2 `2bmHi �#Qmi r?�i T�`iB+BT�Mib i?BMF Q7 i?2 T`QTQb2/ �TT`Q�+? +QK@
T�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX q2 `2[m2bi T�`iB+BT�Mib iQ BM/B+�i2
?Qr Km+? KQ`2 Q` H2bb i?2v i?BMF i?2 T`QTQb2/ �TT`Q�+? rQmH/ ?2HT i?2 i�`;2i
mb2`b Q7 i?2 b�K2 BM BKTH2K2MiBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib- +QKT�`2/
iQ i?2 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?2 T�`iB+BT�Mib 2p�Hm�i2 i?2 �TT`Q�+?
BM i?2 `�M;2 Q7 (aQK2r?�i G2bb@Jm+? JQ`2) rBi? � K2/B�M p�Hm2 Q7 aQK2r?�i
JQ`2- BM ?2HTBM; i�`;2i mb2`b BM BKTH2K2MiBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib
r?2M +QKT�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX jX9W �M/ jX9W Q7 T�`iB+B@
T�Mib BM/B+�i2 i?2 T`QTQb2/ �TT`Q�+? Bb aQK2r?�i G2bb Q` h?2 a�K2 2z2+iBp2-
`2bT2+iBp2Hv- BM ?2HTBM; i?2 i�`;2i mb2`b +QKT�`2/ iQ BKT2`�iBp2 �TT`Q�+?2b-
r?BH2 93XjW �M/ 99X3W Q7 T�`iB+BT�Mib BM/B+�i2 i?2 �TT`Q�+? �b aQK2r?�i
JQ`2 �M/ Jm+? JQ`2 2z2+iBp2- `2bT2+iBp2Hv- BM bmTTQ`iBM; i?2 i�`;2i mb2`b BM
/2}MBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bibX
62r T�`iB+BT�Mib URyXjWV �HbQ T`QpB/2 �//BiBQM�H KQiBp�iBQMb 7Q` i?2B` �Mbr2`b-
7Q` 2t�KTH2, ǳh?Bb Bb QMHv #2+�mb2 A i?BMF T2QTH2 �`2 `2bBbi�Mi iQ +?�M;2Ǵ �M/
ǳAi Bb i?2 r�v iQ ;QǴX AM T�`iB+mH�`- i?2 722/#�+F `2H�i2/ iQ i?2 `2bBbi�M+2 iQ
+?�M;2 ?�b #22M T`QpB/2/ 7`QK i?2 b2i Q7 T�`iB+BT�Mib BM/B+�iBM; i?2 T`QTQb2/
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Jm+? G2bb aQK2r?�i G2bb h?2 a�K2
aQK2r?�i JQ`2 Jm+? JQ`2

6B;m`2 dXR3X amKK�iBp2 1p�Hm�iBQM, amBi�#BHBiv pb AKT2`�iBp2 �TT`Q�+?2b 1p�Hm�@
iBQM

�TT`Q�+? Bb aQK2r?�i G2bb 2z2+iBp2 BM bmTTQ`iBM; i?2 i�`;2i mb2`bX

q`�T@mT *QMbB/2`�iBQMb

q2 `2TQ`i r?2i?2` T�`iB+BT�Mib �`2 rBHHBM; iQ mb2 Qm` �TT`Q�+?- i?2 K�BM
S`QǶb- *QMǶb- �M/ bBKBH�` �TT`Q�+?2b �b `2TQ`i2/ #v i?2 T�`iB+BT�MibX LQM2 Q7
i?2 T`2pBQmb [m2biBQMb �`2 K�M/�iQ`vX
q?2M `2[m2bi2/ B7 i?2v rQmH/ #2 BMi2`2bi2/ BM mbBM; i?2 7`�K2rQ`F BKTH2K2Mi@
BM; i?2 T`QTQb2/ �TT`Q�+?- d3XeW Q7 i?2 T�`iB+BT�Mib `2TQ`i i?2v r�Mi iQ mb2
Bi- r?BH2 i?2 `2K�BMBM; kRXeW `2TQ`i i?2v �`2 J�v#2 BMi2`2bi2/ BM mbBM; BiX �
iQi�H Q7 3NXyW Q7 i?2 T�`iB+BT�Mib `2THv iQ i?2 T`2pBQmb [m2biBQMX
J�BM S`QǶb @ h?2 K�BM `2TQ`i2/ S`QǶb- `2TQ`i2/ #v kyXdW Q7 i?2 T�`iB+BT�Mib-
�`2,

RV ǳ1�bv iQ mM/2`bi�M/ �M/ ;mB/2b vQm iQ � +Q``2+i T2`7Q`K�M+2 i2bi /2}@
MBiBQMǴc

kV ǳ1�bv iQ mb2 .aG- mb2`b +�M `2�/ Bi �M/ `2�bQM�#Hv ;m2bb r?�iǶb 2tT2+i2/
Q7 i?2 i2bibǴc
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jV ǳBi HQQFb p2`v bBKTH2 �M/ TQr2`7mHX A7 Bi rQ`Fb �b Bi Bb /2}M2/- A r�Mi iQ
mb2 BiǴc

9V ǳA i?BMF bQK2 Q7 i?2 ;Q�Hb �`2 p2`v mb27mH iQ i2bi i?2 T2`7Q`K�M+2 Q7 bQK2
2K#2//2/ bvbi2Kb A /2p2HQTǴX

h?2 `2+2Bp2/ 722/#�+F �#Qmi i?2 T`QǶb Q7 i?2 T`QTQb2/ �TT`Q�+? Bb BM HBM2 rBi?
i?2 QM2 `2+2Bp2/ �b T�`i Q7 i?2 2tT2`i `2pB2rX
J�BM *QMǶb @ h?2 `2TQ`i2/ *QMǶb- `2+2Bp2/ #v � bBM;H2 T�`iB+BT�Mi- Bb,

RV ǳu�JG Bb m;Hv- /22T M2biBM; +�M ;2i +QM7mbBM; bQK2iBK2bX J�v#2 �#@
bi`�+iBM; �r�v T�`ib Q7 i?2 bT2+B}+�iBQM QM2 +�M ;2M2`�i2 rBi? � iQQH
rQmH/ ?2HTǴX

h?Bb Bb BM HBM2 rBi? 722/#�+F `2+2Bp2/ �#Qmi i?2 +QKTH2tBiv Q7 i?2 bT2+B}+�iBQM-
�M/ i?2 M22/ 7Q` A.1 bmTTQ`i r2 `2+2Bp2 7`QK 2tT2`ib T�`iB+BT�iBM; BM i?2 2t@
T2`i `2pB2rX h?2 T�`iB+BT�Mi �HbQ �//b i?2 QTTQ`imMBiv iQ BMi`Q/m+2 ;2M2`�i2/
/2+H�`�iBp2 i2bi bT2+B}+�iBQMb- BM HBM2 rBi? i?2 Qp2`�HH pBbBQM Q7 .S1X
aBKBH�` �TT`Q�+?2b @ LQ bBKBH�` �TT`Q�+?2b �`2 K2MiBQM2/ #v i?2 T�`iB+B@
T�MibX

*QM+HmbBQM �M/ G2bbQMb G2�`M2/

h?2 bmKK�iBp2 2p�Hm�iBQM `2bmHib BM/B+�i2 i?2 H2�`M�#BHBiv �M/ `2mb�#BHBiv Q7
i?2 .aG Bb K2/BmK@?B;?- +QMbB/2`BM; KQ`2 i?�M 3yXyW Q7 T�`iB+BT�Mib QM �p@
2`�;2 +Q``2+iHv �Mbr2` iQ i?2 �bb2bbK2Mi i�bFbX AM ;2M2`�H- i?2 �TT`Q�+? Bb
+QMbB/2`2/ ?B;?Hv 2tT`2bbBp2 BM �HHQrBM; mb2`b bT2+B7vBM; T2`7Q`K�M+2 i2bib �M/
i?2B` �miQK�iBQM T`Q+2bbX q?2M `2[m2bi2/ �#Qmi i?2 Qp2`�HH mb�#BHBiv Q7 i?2
�TT`Q�+?- i?2 T�`iB+BT�Mib +QMbB/2` Bi iQ #2 #2ir22M aQK2r?�i lb�#H2 �M/
o2`v lb�#H2- BM+Hm/BM; 7Q` r?�i +QM+2`Mb i?2 ;Q�H@#�b2/ bT2+B}+�iBQMX h?2
T�`iB+BT�Mib �HbQ �bb2bb i?2 �TT`Q�+? �b #2ii2` bmBi2/ iQ 2z2+iBp2Hv bmTTQ`iBM;
i?2 i�`;2i mb2`b BM /2}MBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib- r?2M +QKT�`2/
iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bX h?Bb �HHQrb iQ +QM}`K �HH i?2 �Hi2`M�iBp2
?vTQi?2bBb r2 bi�i2 BM a2+iX dXkXR 7Q` _ZR@kX h?2 T�`iB+BT�Mib �HbQ 2tT`2bb
i?2B` rBHHBM;M2bb iQ mb2 i?2 7`�K2rQ`F BKTH2K2MiBM; i?2 T`QTQb2/ �TT`Q�+?
r2 /2p2HQT2/ �b T�`i Q7 i?2 rQ`F +QMi`B#miBM; iQ �Mbr2`BM; _X:X j- 7Q` i?2B`
T2`7Q`K�M+2 i2biBM; �+iBpBiB2bX h?Bb p�HB/�i2b i?2 BKTQ`i�M+2 Q7 T`QpB/BM; �
7`�K2rQ`F 7Q` BKTH2K2MiBM; i?2 Qp2`�HH T`QTQb2/ �TT`Q�+?X h?2 T�`iB+BT�Mib
�HbQ T`QpB/2 +QMbi`m+iBp2 722/#�+F �#Qmi i?2 M22/ 7Q` iQQH bmTTQ`i /m`BM; i?2
i2bi bT2+B}+�iBQM r`BiBM; �M/ i?2 QTTQ`imMBiv iQ ;2M2`�i2 T�`i Q7 i?2 bT2+B}@
+�iBQM BMbi2�/ Q7 `2[m2biBM; i?2 mb2` iQ r`Bi2 �HH Q7 BiX q2 i�F2 BMiQ �++QmMi
i?2 T`QpB/2/ 722/#�+F 7Q` 7mim`2 rQ`FX
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dXj Ai2`�iBp2 _2pB2r Q7 i?2 "2M+?6HQr 6`�K2rQ`F
"2M+?6HQr 2pQHp2/ Qp2` K�Mv v2�`b Q7 mb2 �M/ Bi2`�iBp2 /2p2HQTK2MiX q2 BMB@
iB�HHv /2p2HQT2/ "2M+?6HQr 7Q` "SJL kXy q7Jab #2M+?K�`FBM;- �M/ i?2M
r2 2pQHp2/ Bi iQ bmTTQ`i _1ah7mH q2# a2`pB+2b �M/ /Bz2`2Mi +�b2 bim/B2b /2@
p2HQT2/ rBi? /Bz2`2Mi bim/2Mib �M/ `2b2�`+? ;`QmTb �`QmM/ i?2 rQ`H/X aBM+2
i?2 }`bi p2`bBQM "2M+?6HQr �Hr�vb 2K#`�+2/ � /2+H�`�iBp2 �TT`Q�+? 7Q` T2`@
7Q`K�M+2 i2biBM;X

62�im`2b Pp2`pB2r

"27Q`2 oR

62�im`2b

Ç PMHv i?2 2tT2`BK2Mi KQ/2H Bb �p�BH�#H2 �M/ +QMb2[m2MiHv-
i?2 ;Q�H@/`Bp2M bT2+B}+�iBQM Bb MQi �p�BH�#H2X

Ç h?2 2tT2`BK2Mi KQ/2H �/ i?2 7`�K2rQ`F 7Q+mb2b K�BMHv QM
�miQK�iBM; "SJL kXy q7Jab #2M+?K�`FBM;X

Ç hQ 2t2+mi2 KmHiBTH2 2tT2`BK2Mib +QM};m`BM; i?2 bvbi2K BM
/Bz2`2Mi r�vb `2[mB`2b i?2 /2}MBiBQM Q7 KmHiBTH2 2tT2`BK2Mi
bT2+B}+�iBQMbX

Ç Zm�HBiv ;�i2b �`2 MQi �p�BH�#H2- �M/ QMHv iBK2@#�b2/ i2`KB@
M�iBQM +`Bi2`B� �`2 BKTH2K2Mi2/X

Ç PMHv 6�#�M Bb �p�BH�#H2 �b � i`B�H 2t2+miBQM 7`�K2rQ`FX

_�iBQM�H

h?2 T`QTQb2/ �TT`Q�+? K�BMHv 7Q+mb2/ QM "SJL kXy q7Jab
#2M+?K�`FBM;X

UhQ #2 +QMiBMm2/V
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62�im`2b Pp2`pB2r

oR

62�im`2b

Ç h?2 i2bi KQ/2H Bb �//2/X

Ç amTTQ`i 7Q` 2tTHQ`�iBQM i2biBM; ;Q�H Bb �//2/X

Ç h?2 2tTHQ`�iBQM bT�+2 +QM};m`�iBQM QMHv bmTTQ`ib i?2 2t@
THQ`�iBQM Q7 i?2 MmK#2` Q7 mb2`bX

Ç h?2 QMHv bmTTQ`i2/ 2tTHQ`�iBQM bi`�i2;v Bb i?2 ǴQM2@�i@�@
iBK2Ǵ QM2X

Ç h2`KBM�iBQM +`Bi2`B� #�b2/ QM i?2 T`2+BbBQM �M/ i?2 [m�HBiv
Q7 +QHH2+i2/ /�i� �`2 bmTTQ`i2/X

Ç h?2 2tT2`BK2Mi KQ/2H 2pQHp2b BM KmHiBTH2 Bi2`�iBQMb iQ bmT@
TQ`i i?2 72�im`2b BMi`Q/m+2/ BM i?2 i2bi KQ/2HX

_�iBQM�H

*QKTH2t �miQK�iBQM T`Q+2bb2b M22/2/ 7Q` �miQK�iBM; "SJL
kXy q7Jab #2M+?K�`FBM;- i2biBM; i?2 T2`7Q`K�M+2 mM/2` /B7@
72`2Mi mb2`b HQ�/X
*QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`b BM i?2 "SJL kXy q7Jab
#2M+?K�`FBM; /QK�BM- r2 `2�HBx2/ i?2 BKTQ`i�M+2 Q7 KQ`2 �/@
p�M+2/ i2`KBM�iBQM +`Bi2`B�X

UhQ #2 +QMiBMm2/V
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62�im`2b Pp2`pB2r

oRXR

62�im`2b

Ç Zm�HBiv ;�i2b �`2 bmTTQ`i2/X

Ç JQ`2 /�i� +QHH2+iQ`b �M/ K2i`B+b �`2 +QKTmi2/X

Ç JQ`2 /2b+`BTiBp2 bi�iBbiB+b �M/ bi�iBbiB+�H i2bib �`2 bmT@
TQ`i2/X

Ç JQ`2 T2`7Q`K�M+2 i2bi ;Q�Hb �`2 bmTTQ`i2/X

Ç h?2 2tT2`BK2Mi KQ/2H 2pQHp2b BM KmHiBTH2 Bi2`�iBQMb iQ bmT@
TQ`i i?2 72�im`2b BMi`Q/m+2/ BM i?2 i2bi KQ/2HX

_�iBQM�H

1t2+miBQM Q7 KmHiBTH2 #2M+?K�`Fb QM KmHiBTH2 "SJL kXy
q7Jab- BM /Bz2`2Mi p2`bBQMb �M/ +QM};m`�iBQMb- `2[mB`2/ �m@
iQK�iB+ p�HB/�iBQM Q7 `2bmHib �M/ `2TQ`iBM;X
*QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`b BM i?2 "SJL kXy q7Jab
#2M+?K�`FBM; /QK�BM- r2 `2�HBx2/ i?2 BKTQ`i�M+2 Q7 bmTTQ`i@
BM; KQ`2 /2b+`BTiBp2 bi�iBbiB+b �M/ bi�iBbiB+�H i2bibX

UhQ #2 +QMiBMm2/V
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62�im`2b Pp2`pB2r

ok

62�im`2b

Ç q2# b2`pB+2b T2`7Q`K�M+2 i2biBM; Bb bmTTQ`i2/- �//BM; i?2
TQbbB#BHBiv iQ /2}M2 +QKTH2t HT T P rQ`FHQ�/bX

Ç CJ2i2` Bb bmTTQ`i2/ �b � i`B�H 2t2+miBQM 7`�K2rQ`FX

Ç �HH i?2 T2`7Q`K�M+2 i2bi ;Q�Hb �`2 bmTTQ`i2/X

Ç h?2 2tTHQ`�iBQM bT�+2 +QM};m`�iBQM bmTTQ`ib �HbQ i?2 2tTHQ@
`�iBQM Q7 b2`pB+2bX

Ç h?2 bi�#BHBiv i2bi �M/ bi�#BHBiv +`Bi2`B� �`2 bmTTQ`i2/X

Ç alh /2THQvK2Mi Bb MQi 2M7Q`+2/ �MvKQ`2- �M/ �M 2M/TQBMi
Q7 �M �H`2�/v /2THQv2/ alh +�M #2 T`QpB/2/X

Ç h?2 HB;?i p2`bBQM Q7 i?2 "2M+?6HQr 7`�K2rQ`F Bb BMi`Q/m+2/-
K�BMHv iQ �pQB/ /2THQvK2Mi Q7 i?2 �M�HvbBb `2H�i2/ b2`pB+2bX

Ç h?2 2tT2`BK2Mi KQ/2H 2pQHp2b BM KmHiBTH2 Bi2`�iBQMb iQ bmT@
TQ`i i?2 72�im`2b BMi`Q/m+2/ BM i?2 i2bi KQ/2HX

_�iBQM�H

amTTQ`i q2# b2`pB+2b T2`7Q`K�M+2 i2biBM; �M/ KQ`2 +QKTH2t
rQ`FHQ�/b �M/ T2`7Q`K�M+2 i2bi ;Q�Hb `2[mB`2/ iQ T`QT2`Hv �b@
b2bb i?2 T2`7Q`K�M+2 Q7 +QKTH2t q2# b2`pB+2b /2THQvK2Mib
U2X;X- JB+`Qb2`pB+2bVX
AM i?Bb Bi2`�iBQM- K�Mv /Bz2`2Mi 2H2K2Mib Q7 i?2 .aG �`2 `2@
/2bB;M2/ �M/ `27�+iQ`2/ iQ bmTTQ`i i?2 �//BiBQM Q7 q2# b2`pB+2b
T2`7Q`K�M+2 i2biBM; r?BH2 +QHH�#Q`�iBM; �M/ +QHH2+iBM; 722/#�+F
7`QK K�Mv `2b2�`+? ;`QmTb rQ`FBM; QM q2# b2`pB+2b �miQK�@
iBQM �M/ /2+H�`�iBp2 T2`7Q`K�M+2 2M;BM22`BM;X *QHH�#Q`�iBM;
rBi? Qi?2` `2b2�`+? ;`QmTb r2 �HbQ `2�HBx2/ BM bQK2 +QMi2tib
alh /2THQvK2Mi 7�+BHBiv �M/ K2i`B+b +QKTmi�iBQM Bb MQi `2@
[mB`2/ �M/ Bb +QMbB/2`2/ Qp2`?2�/X

UhQ #2 +QMiBMm2/V
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62�im`2b Pp2`pB2r

oj

62�im`2b

Ç h?2 2tTHQ`�iBQM bi`�i2;v bmTTQ`ib /Bz2`2Mi �TT`Q�+?2b iQ
2tTHQ`2 i?2 T2`7Q`K�M+2 bT�+2X

Ç S`2/B+iBp2 2tTHQ`�iBQM bi`�i2;B2b U2X;X- J�_aV �`2 bmT@
TQ`i2/X

Ç �#bi`�+iBQM �M/ BMi2;`�iBQM rBi? i?2 *a.G �`2 bmTTQ`i2/X

Ç h?2 2tT2`BK2Mi KQ/2H 2pQHp2b BM KmHiBTH2 Bi2`�iBQMb iQ bmT@
TQ`i i?2 72�im`2b BMi`Q/m+2/ BM i?2 i2bi KQ/2HX

_�iBQM�H

PTiBKBx2 i?2 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �M/ 2M�#H2 i?2
BMi2;`�iBQM rBi? *a.G iQ 2M�#H2 �miQK�iBQM �M/ BMi2;`�iBQM
rBi? 2Mi2`T`Bb2 iQQHbX
AM i?Bb Bi2`�iBQM- r2 +QHH�#Q`�i2/ rBi? +QKT�MB2b BMi2`2bi2/
BM 2tTHQ`BM; /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �M/ r2 +QHH2+i2/
722/#�+F QM 7m`i?2` BKT`QpBM; i?2 .aG �M/ i?2 "2M+?6HQr
7`�K2rQ`FX

h�#H2 dXRX .2p2HQTK2Mi Ai2`�iBQMb Q7 i?2 "2M+?6HQr 6`�K2rQ`F

AM h�#X dXR r2 T`2b2Mi i?2 K�BM Bi2`�iBQMb Q7 i?2 "2M+?6HQr /2p2HQTK2Mi
�M/ i?2 `�iBQM�H2 7Q` i?2 /Bz2`2Mi 2pQHmiBQM T?�b2b �b r2HH �b i?2 722/#�+F r2
+QHH2+i2/ KQiBp�iBM; i?2 2pQHmiBQM �M/ i?2 +QMi2ti BM r?B+? bm+? 722/#�+F ?�b
#22M +QHH2+i2/X
"27Q`2 oR @ i?2 Bi2`�iBQMb #27Q`2 i?2 oR �`2 K�BMHv 7Q+mb2/ QM bmTTQ`iBM;
"SJL kXy q7Jab #2M+?K�`FBM;X h?2 i2bi KQ/2H Bb MQi T�`i Q7 i?2 T`QTQb2/
�TT`Q�+? v2i- �M/ iQ 2t2+mi2 KmHiBTH2 2tT2`BK2Mib K�Mv /Bz2`2Mi 2tT2`BK2Mi
bT2+B}+�iBQMb ?�p2 iQ #2 T`QpB/2/X 6�#�M Bb i?2 QMHv i`B�H 2t2+miBQM 7`�K2rQ`F
bmTTQ`i2/- �M/ QMHv iBK2@#�b2/ i2`KBM�iBQM +`Bi2`B� �`2 �p�BH�#H2 iQ b2i �M mT@
T2` #QmM/ BM i?2 iQi�H 2t2+miBQM iBK2 7Q` �M 2tT2`BK2MiX oR @ r2 bi�`i iQ
+QHH�#Q`�i2 rBi? Qi?2` `2b2�`+?2`b BMi2`2bi2/ BM mbBM; i?2 T`QTQb2/ �TT`Q�+?
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iQ �miQK�i2 i?2B` 2tT2`BK2MibX AM oR i?2 i2bi KQ/2H Bb �//2/- �M/ � KQ`2
+QKTH2t T2`7Q`K�M+2 i2bi �M/ T2`7Q`K�M+2 �miQK�iBQM T`Q+2bb +QM};m`�iBQM
�`2 bmTTQ`i2/X AM i?Bb p2`bBQM- `2HvBM; QM i?2 722/#�+F Q7 `2b2�`+?2`b r2 +QH@
H�#Q`�i2/ rBi?- r2 BMi`Q/m+2 i2`KBM�iBQM +`Bi2`B� #�b2/ QM i?2 [m�HBiv Q7 `2@
bmHibX hQ bmTTQ`i i?2 i2bi KQ/2H �M/ i?2 M2r 72�im`2b Q7 i?2 �TT`Q�+?- i?2
2tT2`BK2Mi KQ/2H 2pQHp2b �b r2HHX h?Bb Bb i?2 }`bi p2`bBQM +QMi`B#miBM; iQ@
r�`/b i?2 /2+H�`�iBp2 T2`7Q`K�M+2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi- i?mb iQ
i?2 _X:X k T`2b2Mi2/ BM a2+iX RXkXRX oRXR @ KQ`2 �/p�M+2/ +QMi`QH QM i?2
T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb Bb 2M�#H2/- #v BMi`Q/m+BM; i?2 [m�HBiv
;�i2bX "2M+?K�`FBM; "SJL kXy q7Jab �M/ bmTTQ`iBM; Qi?2` `2b2�`+?2`b BM
i?2B` T2`7Q`K�M+2 i2biBM; �miQK�iBQM M22/b- r2 B/2MiB}2/ i?2 M22/ Q7 �//BM;
KQ`2 �/p�M+2/ /2b+`BTiBp2 bi�iBbiB+b �M/ bi�iBbiB+�H i2bib iQ 2Mbm`2 �M/ p�HB/�i2
i?2 [m�HBiv Q7 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ +QKTmi2/ T2`7Q`K�M+2 K2i`B+bX
oRXR �HbQ bmTTQ`ib KQ`2 T2`7Q`K�M+2 i2bi ;Q�Hb- iQ �++QKKQ/�i2 7Q` i?2 /B7@
72`2Mi M22/b BM bvbi2KbǶ T2`7Q`K�M+2 i2biBM;X ok @ BM ok r2 �// i?2 bmTTQ`i
7Q` T2`7Q`K�M+2 i2biBM; Q7 q2# b2`pB+2b- �b T�`i Q7 � +QHH�#Q`�iBQM rBi? Qi?2`
`2b2�`+?2`b BM 2ti2M/BM; i?2 "2M+?6HQr 7`�K2rQ`F �M/ i?2 .aG 7Q` JB+`Qb2`@
pB+2b T2`7Q`K�M+2 �bb2bbK2MiX J�Mv .aG 2H2K2Mib �`2 `2/2bB;M2/ 7Q` 2M�#HBM;
i?2 2ti2MbBQM iQ q2# b2`pB+2bX hQ bmTTQ`i q2# b2`pB+2b T2`7Q`K�M+2 i2biBM;
r2 �HbQ �// bmTTQ`i 7Q` CJ2i2` �b � i`B�H 2t2+miBQM 7`�K2rQ`FX CJ2i2` 2M�#H2b
KQ`2 +QKTH2t rQ`FHQ�/ bT2+B}+�iBQMb r?2M +QKT�`2/ iQ 6�#�MX ok 2M�#H2b �HH
i?2 T2`7Q`K�M+2 i2bi ;Q�Hb T`2b2Mi2/ BM 6B;X 8XRd- �M/ �HHQrb 7Q` i?2 2t2+miBQM
Q7 T2`7Q`K�M+2 i2bib r?BH2 bFBTTBM; i?2 alh /2THQvK2Mi T�`i- r?2M i?2 alh
Bb /2THQv2/ #v i?B`/@T�`iv bQHmiBQMb Q` K�Mm�HHvX AM ok r2 �HbQ BMi`Q/m+2 �
HB;?i p2`bBQM Q7 i?2 7`�K2rQ`FX qQ`FBM; rBi? Qi?2` `2b2�`+? ;`QmTb r2 `2�HBx2/
BM bQK2 +QMi2tib i?2 /�i� �M�HvbBb +�T�#BHBiB2b �`2 MQi `2[mB`2/- 7Q` 2t�KTH2
r?2M +QHH2+iBM; T2`7Q`K�M+2 /�i� i?�i �`2 i?2M 72/ BMiQ T2`7Q`K�M+2 KQ/2HBM;
�H;Q`Bi?KbX :Bp2M i?2 �M�HvbBb +QKTQM2Mi Bb [mBi2 +QKTH2t iQ /2THQv �M/ +QK@
Tmi�iBQM�HHv BMi2MbBp2- BM i?2 HB;?i p2`bBQM r2 bmTTQ`i i?2 TQbbB#BHBiv Q7 `2HvBM;
QM i?2 "2M+?6HQr �TT`Q�+? 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM �M/
/�i� +QHH2+iBQM QMHvX h?2 ok Bb i?2 }`bi +QKTH2i2 p2`bBQM +QMi`B#miBM; iQr�`/b
/2+H�`�iBp2 �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib- i?mb +QMi`B#miBM;
iQ i?2 _X:X j T`2b2Mi2/ BM a2+iX RXkXRX oj @ +QKTH2i2b i?2 /2}MBiBQM QM i?2
.aG 72�im`2b �M/ i?2 "2M+?6HQr 7`�K2rQ`F KQ/2H@/`Bp2M +�T�#BHBiB2bX q2
BMi`Q/m+2 i?2 bmTTQ`i 7Q` T`2/B+iBp2 T2`7Q`K�M+2 bT�+2 2tTHQ`�iBQM U2X;X- i?2
J�_a KQ/2HV �M/ /Bz2`2Mi �TT`Q�+?2b 7Q` 2tTHQ`BM; i?2 T2`7Q`K�M+2 bT�+2X
*QHH�#Q`�iBM; rBi? +QKT�MB2b 2tTHQ`BM; i?2 T`QTQb2/ .S1 �TT`Q�+? 7Q` T2`@
7Q`K�M+2 i2biBM; �miQK�iBQM- r2 �HbQ 2ti2M/ i?2 .aG iQ bmTTQ`i 7Q` /2+H�`�iBp2
bT2+B}+�iBQM Q7 i2bi bmBi2b 2M�#HBM; i?2 BMi2;`�iBQM Q7 /2+H�`�iBp2 T2`7Q`K�M+2
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i2biBM; rBi? *a.G- �b T�`i Q7 i?2 _X:X 9 T`2b2Mi2/ BM a2+iX RXkXRX
h?2 "2M+?6HQr 7`�K2rQ`F ?�b #22M /2p2HQT2/ rBi? i?2 +QMi`B#miBQM Q7 K�Mv
bim/2Mib �M/ `2b2�`+?2`b- BKT`QpBM; Bib [m�HBiv �M/ 2ti2M/BM; Bib 72�im`2bX Pp2`
i?2 7Qm` v2�`b 7`QK kyR9 iQ kyR3- }p2 bim/2Mib +QMi`B#mi2/ iQ i?2 "2M+?6HQr
7`�K2rQ`F rBi? i?2 rQ`F i?2v /B/ �b T�`i Q7 i?2B` J�bi2` i?2b2bX
h?2 "2M+?6HQr 7`�K2rQ`F ?�b #22M i2bi2/ BM i?2 }2H/ +QHH�#Q`�iBM; rBi? K�Mv
`2b2�`+? ;`QmTb- `2b2�`+? BMBiB�iBp2b- �M/ bQK2 +QKT�MB2bX h?2 +QHH�#Q`�iBQM
2M�#H2/ mb iQ Bi2`�iBp2Hv BKT`Qp2 �M/ T2`72+i i?2 7`�K2rQ`F �M/ i?2 Qp2`�HH �T@
T`Q�+? iQr�`/b i?2 T`2b2Mi2/ /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi �m@
iQK�iBQM T`Q+2bb2bX q2 +QHH�#Q`�i2/ rBi? i?`22 K�BM `2b2�`+? ;`QmTb- HQ+�i2/
BM Ai�Hv- :2`K�Mv- �M/ �+`Qbb i?2 lMBi2/ ai�i2b Q7 �K2`B+� �M/ "`�xBHX q2
�HbQ +QHH�#Q`�i2/ rBi? `2b2�`+?2`b K�BMHv HQ+�i2/ BM :2`K�Mv- Ai�Hv- arBix2`@
H�M/- 6`�M+2- �M/ "`�xBHX q2 /2THQv2/ i?2 "2M+?6HQr 7`�K2rQ`F BM i?2 i?`22
K�BM `2b2�`+? ;`QmTb r2 +QHH�#Q`�i2/ rBi?- �M/ QM i?2 Sm#HB+ *HQm/ QM JB@
+`QbQ7i �xm`2Ry +QHH�#Q`�iBM; rBi? `2b2�`+?2`b BM 6`�M+2X �HH@BM@�HH- 7Q` �#Qmi
7Qm` v2�`b 7`QK kyR9 iQ kyR3-

�V b2p2M T2QTH2 �+iBp2Hv +QMi`B#mi2/ +Q/2 iQ i?2 "2M+?6HQr `2TQbBiQ`v QM
:Bi>m#c

#V i?`22 K�BM `2b2�`+? ;`QmTb �/QTi2/ i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2B` T2`@
7Q`K�M+2 2tT2`BK2Mib �miQK�iBQM M22/bc

+V KQ`2 i?�M 9yy mMB[m2 T2`7Q`K�M+2 i2bi #mM/H2b �M/ KQ`2 i?�M 9y i2bi
bmBi2 #mM/H2b ?�p2 #22M /2}M2/ `2HvBM; QM i?2 T`QTQb2/ .aG- +Qp2`BM; �HH
i?2 i2bi ;Q�Hb i?2 .aG bmTTQ`i rBi? �#Qmi 9yXyW Q7 i?2K /2}MBM; HQ�/
i2bibX �HH i?2 i2bi 2t2+miBQMb i?�i ?�TT2M2/ 7`QK oRXR QM- ?�p2 #22M
p�HB/�i2/ rBi? [m�HBiv ;�i2bX h?2 /Bz2`2Mi /2}M2/ i2bi #mM/H2b i�`;2i
#Qi? i?2 alh ivT2b r2 +QMbB/2` �b i�`;2i bvbi2K �M/ +Qp2` ky /Bz2`2Mi
bvbi2Kb �M/ e9 /Bz2`2Mi p2`bBQMb BM iQi�Hc

/V KQ`2 i?�M }p2 i?Qmb�M/ T2`7Q`K�M+2 2tT2`BK2Mib ?�p2 #22M 2t2+mi2/
#v i?2 "2M+?6HQr 7`�K2rQ`F- bi�`iBM; 7`QK i?2 /2}M2/ #mM/H2b �M/
�++QmMiBM; 7Q` i?2 MmK#2` Q7 `2T2iBiBQMbc

2V p�HB/�iBQM Q7 T2`7Q`K�M+2 i2bib- i2`KBM�iBQM +`Bi2`B�- �M/ 7�BHm`2 ?�M@
/HBM; K2+?�MBbK BM TH�+2 �b T�`i Q7 i?2 "2M+?6HQr 7`�K2rQ`F �pQB/2/
i?2 2t2+miBQM Q7 �#Qmi eyy 2tT2`BK2MibX h?Bb MmK#2` /Q2b MQi BM+Hm/2
i2`KBM�iBQM +`Bi2`B� #�b2/ QM iBK2 �M/ biQTTBM; i?2 i2bi 2t2+miBQM- #mi
QMHv i2`KBM�iBQM +`Bi2`B� #�b2/ QM i?2 [m�HBiv Q7 `2bmHibc

Ryhttps://azure.microsoft.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://azure.microsoft.com/
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7V KQ`2 i?�M QM2 i2`�#vi2 Q7 xBTT2/ T2`7Q`K�M+2 /�i� ?�p2 #22M +QHH2+i2/
�+`Qbb i?2 2t2+mi2/ T2`7Q`K�M+2 i2bib �M/ ?�b #22M �M�Hvx2/ rBi? i?2
"2M+?6HQr 7`�K2rQ`Fc

;V KQ`2 i?�M jyyyy K2i`B+b- bi�iBbiB+b- �M/ bi�iBbiB+�H i2bib ?�p2 #22M +QK@
Tmi2/ iQ �bb2bb i?2 [m�HBiv Q7 i?2 alhb i�`;2i Q7 i?2 i?Qmb�M/b Q7 2t2@
+mi2/ T2`7Q`K�M+2 2tT2`BK2MibX

J�Mv Q7 i?2 /2}M2/ i2bi #mM/H2b �M/ 2t2+mi2/ 2tT2`BK2Mib ?�p2 #22M /2}M2/
BM i?2 +QMi2ti Q7 i?2 +�b2 bim/B2b T`2b2Mi2/ BM *?�TX 3X

dX9 *QKT�`�iBp2 1p�Hm�iBQM Q7 S2`7Q`K�M+2 h2bi@
BM; �miQK�iBQM 6`�K2rQ`Fb

AM i?Bb b2+iBQM- r2 +QKT�`2 i?2 T`QTQb2/ �TT`Q�+? rBi? i?2 iQQHb r2 B/2MiB}2/
�b T�`i Q7 i?2 bi�i2@Q7@i?2@�`i �M�HvbBb r2 T`2b2Mi BM a2+iX jXdX
h�#X dXk r2 `2TQ`i i?2 HBbi Q7 iQQHb r2 T`2b2Mi BM a2+iX jXd �M/ r2 �//BiBQM�HHv
�// i?2 T`QTQb2/ "2M+?6HQr 7`�K2rQ`F iQ i?2 HBbi BM i?2 :2M2`�H Sm`TQb2
S2`7Q`K�M+2 h2biBM; hQQHb UPT2M@bQm`+2V +�i2;Q`vX
q2 +?�`�+i2`Bx2 i?2 iQQHb �++Q`/BM; iQ .S1 `2H�i2/ /BK2MbBQMb r2 B/2MiB}2/
�b `2H2p�Mi 7Q` /2bB;MBM; �M/ BKTH2K2MiBM; iQQHb 7Q` /2+H�`�iBp2 T2`7Q`K�M+2
i2biBM; BMi2;`�i2/ rBi? *a.GX h?2 /BK2MbBQMb r2 2p�Hm�i2 7Q` i?2 T`2b2Mi2/
iQQHb �`2,

RV :Q�H@/`Bp2M S2`7Q`K�M+2 .aG @ r?2i?2` Q` MQi Bi Bb TQbbB#H2 iQ bT2+B7v
i?2 T2`7Q`K�M+2 i2bi Q#D2+iBp2 mbBM; � .aGc

kV .2}MBiBQM Q7 h2bi amBi2b @ r?2i?2` Q` MQi Bi Bb TQbbB#H2 iQ bT2+B7v i2bi
bmBi2bc

jV o�HB/�iBQM Q7 S2`7Q`K�M+2 h2bib @ r?2i?2` Q` MQi i?2 iQQH bmTTQ`ib 7Q`
p�HB/�iBQM Q7 i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQM- �M/ B7 Bi /Q2b �i r?B+?
H2p2H Q7 /2i�BHbc

9V AKTH2K2Mi alh@�r�`2M2bb @ r?2i?2` Q` MQi i?2 iQQH Qz2`b bmTTQ`i 7Q`
bT2+B}+ FBM/b Q7 bQ7ir�`2- bBKTHB7vBM; i?2 r�v mb2`b +�M bT2+B7v T2`7Q`@
K�M+2 i2bib 7Q` i?�i bQ7ir�`2c

8V amTTQ`i Q7 h2`KBM�iBQM *`Bi2`B� @ r?2i?2` Q` MQi i?2 iQQH 2M�#H2b i?2
+QMi`QH Q7 i?2 T2`7Q`K�M+2 i2bi HB72+v+H2 rBi? i2`KBM�iBQM +`Bi2`B�c
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eV �miQK�i2/ a+?2/mHBM; Q7 S2`7Q`K�M+2 h2bib @ r?2i?2` Q` MQi i?2 iQQH
?�M/H2b i?2 �miQK�i2/ b+?2/mHBM; Q7 T2`7Q`K�M+2 i2bibc

dV alh J�M�;2K2Mi �M/ *QM};m`�iBQM @ r?2i?2` Q` MQi Bi Bb TQbbB#H2 iQ
K�M�;2 i?2 alh �M/ Bib +QM};m`�iBQMX h?Bb Bb 7mM/�K2Mi�H 7Q` 2M�#HBM;
?2�pv �miQK�iBQMc

3V .�i� *QHH2+iBQM �M/ J2i`B+b @ r?2i?2` Q` MQi i?2 iQQH K�M�;2b T2`7Q`@
K�M+2 /�i� +QHH2+iBQM U+HB2Mi@bB/2 �M/fQ` b2`p2`@bB/2V �M/ T2`7Q`K�M+2
�M�Hvb2b +QKTmi�iBQMc

NV amTTQ`i Q7 Zm�HBiv :�i2b @ r?2i?2` Q` MQi i?2 iQQH bmTTQ`ib i?2 �M�Hv@
bBb Q7 i?2 i2bi Qmi+QK2 miBHBxBM; [m�HBiv ;�i2b /2}MBM; bm++2bb Q` 7�BHm`2
+QM/BiBQMb 7Q` i?2 i2biX

h?2 i�#H2 +2HHb K�`F r?2i?2` i?2 iQQH +Qp2`b i?2 ;Bp2M /BK2MbBQM #v mbBM; i?2 ✓
bvK#QH- Q` #v `2TQ`iBM; /2i�BHb �#Qmi ?Qr i?2 iQQH +Qp2`b i?2 ;Bp2M /BK2MbBQM-
Q` B7 i?2 iQQHb /Q MQi +Qp2` i?2 /BK2MbBQM r2 K�`F i?2 +2HHb #v mbBM; i?2 ✗
bvK#QHX A7 i?2 +?�`�+i2`BbiB+ /Q2b MQi �TTHv iQ i?2 iQQH- r2 mb2 i?2 @ bvK#QHX
AM i?2 7QHHQrBM;- r2 #`B2~v /Bb+mbb ?Qr i?2 /Bz2`2Mi T2`7Q`K�M+2 i2biBM; �m@
iQK�iBQM iQQHb +Qp2` i?2 /Bz2`2Mi /BK2MbBQMb r2 B/2MiB7v �b `2H2p�Mi �M/ r2
+QKT�`2 i?2 r�v 2�+? ;Bp2M /BK2MbBQM Bb bmTTQ`i2/ #v i?2 iQQHb- rBi? i?2 r�v
r2 bmTTQ`i i?2 b�K2 /BK2MbBQM BM i?2 "2M+?6HQr 7`�K2rQ`FX
:Q�H@/`Bp2M S2`7Q`K�M+2 .aG @ hQ i?2 #2bi Q7 Qm` FMQrH2/;2- � bBM;H2
iQQH bmTTQ`ib � ;Q�H@/`Bp2M T2`7Q`K�M+2 i2bi bT2+B}+�iBQM- .vM�KB+ aTQi@
i2` (aQT2+Q- kyR9)X Pi?2` iQQHb- /2/B+�i2/ iQ bT2+B}+ FBM/b Q7 alhb BKTHB+BiHv
2M�#H2 ;Q�H@/`Bp2M T2`7Q`K�M+2 i2biBM; i�`;2iBM; bT2+B}+ +?�`�+i2`BbiB+b Q7 i?2
alhbX .vM�KB+ aTQii2` 2M�#H2b bT2+B}+�iBQM Q7 2tTHQ`�iBQM T2`7Q`K�M+2 i2bi
;Q�Hb- r?2`2 mb2`b +�M bi�i2 i?2B` 2tTHQ`�iBQM ;Q�H BM i2`Kb Q7 +QM};m`�iBQMb Q7
i?2 alh iQ #2 2tTHQ`2/ �M/ K2i`B+b Q7 BMi2`2bi iQ #2 +QKTmi2/ �M/ +QKT�`2/
rBi? bT2+B}2/ i?`2b?QH/bX *QKT�`2/ iQ i?2 "2M+?6HQr 7`�K2rQ`F- .vM�KB+
aTQii2` HBKBib i?2 7Q+mb QM � bT2+B}+ FBM/ Q7 T2`7Q`K�M+2 i2bi ;Q�H- r?BH2 BM
i?2 "2M+?6HQr 7`�K2rQ`F r2 bmTTQ`i KmHiBTH2 T2`7Q`K�M+2 i2bi ;Q�HbX
.2}MBiBQM Q7 h2bi amBi2b @ aQK2 iQQHb- 2bT2+B�HHv +QKK2`+B�H QM2b- 2M�#H2
� i2bi bmBi2 bT2+B}+�iBQM bQ i?2 mb2` +�M +QHH2+i /Bz2`2Mi T2`7Q`K�M+2 i2bib iQ
#2 2t2+mi2/ �b � r?QH2X hQQHb bmTTQ`iBM; i2bi bmBi2 bT2+B}+�iBQM 2M�#H2 i?2
b2H2+iBQM Q7 i2bib #v `272``BM; iQ }H2b QM i?2 }H2 bvbi2Kb bT2+B7vBM; i?2 i2bi Q7
BMi2`2biX AM i?2 "2M+?6HQr 7`�K2rQ`F r2 2M�#H2 7Q` � `B+?2` bT2+B}+�iBQM Q7 �
i2bi bmBi2- r?2`2 r2 2M�#H2 i?2 mb2` iQ `2Hv QM � /2+H�`�iBp2 bT2+B}+�iBQM 7Q`
b2H2+iBM; bm#b2ib Q7 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb #�b2/ QM H�#2Hb K�i+?BM;X
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�//BiBQM�HHv- r2 T`QpB/2 � K2+?�MBbK 7Q` i`B;;2`BM; /Bz2`2Mi T2`7Q`K�M+2 i2bi
bmBi2b #�b2/ QM 2p2Mib ;2M2`�i2/ �b T�`i Q7 i?2 *a.GX
o�HB/�iBQM Q7 S2`7Q`K�M+2 h2bib @ �HH i?2 B/2MiB}2/ iQQHb bmTTQ`i 7Q` T2`@
7Q`K�M+2 i2bi bT2+B}+�iBQM p�HB/�iBQMX h?2 T`2+BbBQM �M/ �++m`�+v Q7 i?2 p�H@
B/�iBQM p�`v �+`Qbb i?2 /Bz2`2Mi iQQHbX avMi�+iB+ p�HB/�iBQM Q7 i?2 i2bi bT2+B@
}+�iBQM Bb ;m�`�Mi22/ BM �HH Q7 i?2 iQQHb- r?BH2 b2K�MiB+b p�HB/�iBQM Bb T`2b2Mi
KQbiHv QMHv BM iQQHb bmTTQ`iBM; T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb 2M�#HBM; 7Q`
b2K�MiB+b p�HB/�iBQM U2X;X- iQQHb `2HvBM; QM +mbiQK .aGbVX JQ`2 �/p�M+2/ p�HB@
/�iBQM- 2X;X- p�HB/�iBQM `2H�i2/ iQ i?2 �p�BH�#BHBiv Q7 `2[m2bi2/ `2bQm`+2b �b T�`i
Q7 i?2 T2`7Q`K�M+2 i2bi BM7`�bi`m+im`2- Bb mbm�HHv T`2b2Mi QMHv BM +QKK2`+B�H
iQQHbX AM i?2 "2M+?6HQr 7`�K2rQ`F r2 bmTTQ`i #Qi? bvMi�+iB+ �M/ b2K�MiB+
p�HB/�iBQM- #v `2HvBM; QM i?2 /2+H�`�iBp2 .aG �M/ i?2 T2`7Q`K�M+2 i2bi KQ/2H
r2 T`2b2Mi BM a2+iX 8X9X q2 �HbQ bmTTQ`i KQ`2 �/p�M+2/ p�HB/�iBQM- iQ 2Mbm`2
i?2 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib /Q2b MQi 7�BH 7Q` mM2tT2+i2/ +QM/BiBQMb BM
i?2 T2`7Q`K�M+2 i2bi Q` i?2 alh /2THQvK2Mi BM7`�bi`m+im`2- �b /Bb+mbb2/ BM
a2+iX 8XeX9X
AKTH2K2Mi alh@�r�`2M2bb @ :2M2`�H Tm`TQb2 T2`7Q`K�M+2 i2biBM; iQQHb
`�`2Hv bmTTQ`i 7Q` alh@�r�`2M2bbX h?Bb 72�im`2 Bb K�BMHv T`2b2Mi BM iQQHb
/2/B+�i2/ iQ T2`7Q`K�M+2 i2biBM; BM bT2+B}+ /QK�BMb- �b Bi Bb 7Q` iQQHb /2/B@
+�i2 iQ KB//H2r�`2 �M/ *HQm/ T2`7Q`K�M+2 i2biBM;X hQQHb BKTH2K2MiBM; alh@
�r�`2M2bb- Q7i2M Qz2` i2bi bT2+B}+�iBQM H�M;m�;2b BM+Hm/BM; 2MiBiB2b `2H�i2/
iQ i?2 i�`;2i alh /QK�BM KQ/2H- �b r2HH �b +mbiQKBx2/ K2i`B+b `2H2p�Mi iQ
i?2 i�`;2i alhbX AM i?2 "2M+?6HQr 7`�K2rQ`F �M/ i?2 T`QTQb2/ .aG- r2
BKTH2K2Mi alh@�r�`2M2bb #v K�BMHv bmTTQ`iBM; 7Q` bBKTHB}2/ rQ`FHQ�/ bT2+@
B}+�iBQM- alh /2THQvK2Mi Q`+?2bi`�iBQM- �M/ +mbiQK T2`7Q`K�M+2 K2i`B+bX
amTTQ`i Q7 h2`KBM�iBQM *`Bi2`B� @ �HKQbi �HH i?2 +QKK2`+B�H iQQHb- �M/
bQK2 QT2M@bQm`+2 iQQHb bmTTQ`i 7Q` i2`KBM�iBQM +`Bi2`B� /2i2`KBMBM; +QM/BiBQMb
r?2M iQ BMi2``mTi i?2 i2bi 2t2+miBQMX h?Bb Bb �M BKTQ`i�Mi 72�im`2 7Q` BMi2;`�i@
BM; i?2 iQQH BM *a.G �M/ 2M�#H2 +QMiBMmQmb T2`7Q`K�M+2 i2bi 2t2+miBQMX JQbi
Q7 i?2 iQQHb bmTTQ`iBM; i2`KBM�iBQM +`Bi2`B�- 2M�#H2 iBK2@#�b2/ i2`KBM�iBQM +`B@
i2`B�X aQK2 iQQHb �HbQ 2M�#H2 i2`KBM�iBQM +`Bi2`B� #�b2/ QM i?2 T2`7Q`K�M+2
i2bi `2bmHib [m�HBiv �M/ i?2 Qp2`�HH [m�HBiv Q7 i?2 �miQK�iBQM T`Q+2bbX AM i?2
"2M+?6HQr 7`�K2rQ`F r2 bmTTQ`i #Qi? iBK2@ �M/ [m�HBiv@#�b2/ i2`KBM�iBQM
+`Bi2`B� �M/ r2 �//BiBQM�HHv BKTH2K2Mi 7�BHm`2@?�M/HBM; K2+?�MBbKb �b T�`i Q7
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.�i� *QHH2+iBQM �M/ J2i`B+b @ �HH i?2 iQQHb bmTTQ`i T2`7Q`K�M+2 /�i�
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bB/2 /�i� +QHH2+iBQMX AM i?2 "2M+?6HQr 7`�K2rQ`F r2 bmTTQ`i #Qi? +HB2Mi@ �M/
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`2TQ`i /�i� QM i?2 MmK#2` Q7 T2QTH2 +QHH�#Q`�iBM; QM i?2 7`�K2rQ`F /2p2HQT@
K2Mi- �M/ i?2 MmK#2` Q7 2tT2`BK2Mib �M/ T2`7Q`K�M+2 /�i� �M�HvbBb r2 T2`@
7Q`K2/ rBi? i?2 7`�K2rQ`F Qp2` i?2 v2�`bX q2 �HbQ +QKT�`2 i?2 "2M+?6HQr
7`�K2rQ`F rBi? Qi?2` T2`7Q`K�M+2 i2biBM; bQHmiBQMb �p�BH�#H2 QM i?2 K�`F2i
+QM+2`MBM; /BK2MbBQMb r2 /2}M2/ �b `2H2p�Mi 7Q` 7`�K2rQ`Fb BKTH2K2MiBM; �
/2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM �TT`Q�+? BM *a.GX h?2 "2M+?@
6HQr 7`�K2rQ`F- i?�i ?�b biBHH iQ #2 +QMbB/2`2/ � `2b2�`+? T`QiQivT2 �M/ 7�`
7`QK #2BM; � +QKTH2i2 T2`7Q`K�M+2 i2biBM; bQHmiBQM- Bb i?2 }`bi 7`�K2rQ`F bmT@
TQ`iBM; � +QKTH2i2Hv /2+H�`�iBp2 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM;- �++Q`/BM;
iQ Qm` �M�HvbBbX h?2 KmHiBTH2 +QHH�#Q`�iBQM rBi? Qi?2` `2b2�`+?2`b- �HbQ p�HB@
/�i2 i?2 bQHmiBQM r2 T`QTQb2 �b �M �Mbr2` iQ _X:X j �b bmBi�#H2 7Q` T2`7Q`K�M+2
i2biBM; �miQK�iBQMX
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*?�Ti2` 3

*�b2 aim/B2b

AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 K�BM +�b2 bim/B2b BM r?B+? r2 /2p2HQT2/- BK@
T`Qp2/- �M/ �TTHB2/ i?2 T`QTQb2/ �TT`Q�+?X q2 T`2b2Mi 7Qm` +�b2 bim/B2b BM
iQi�HX h?2 }`bi QM2 T`2b2Mi i?2 rQ`F Bb /QM2 BM i?2 +QMi2ti Q7 #2M+?K�`FBM;
"SJL kXy q7Jab- i?2 }`bi bvbi2K r2 i�`;2i2/ rBi? Qm` �TT`Q�+?X q2 i?2M
T`2b2Mi � b2+QM/ +�b2 bim/v BM r?B+? r2 BMi2;`�i2/ i?2 "2M+?6HQr 7`�K2rQ`F
r2 T`QTQb2 rBi? �MQi?2` 7`�K2rQ`F BM i?2 +QMi2ti Q7 T2`7Q`K�M+2 i2biBM; �m@
iQK�iBQM BM *a.GX h?2 H�bi irQ T`2b2Mi2/ +�b2 bim/B2b �`2 �#Qmi �//BM; � M2r
H�v2` Q7 �#bi`�+iBQM QM iQT Q7 i?2 .aG T`QTQb2/ BM i?Bb /Bbb2`i�iBQM �M/ �#Qmi
/2}MBM; � T2`7Q`K�M+2@#�b2/ /QK�BM K2i`B+ 7Q` JB+`Qb2`pB+2b /2THQvK2Mi �`@
+?Bi2+im`2b �bb2bbK2MiX 6Q` 2�+? +�b2 bim/v- r2 ?B;?HB;?i i?2 rQ`F /QM2- �M/
?Qr Bi Bb `2H�i2/ iQ i?2 �TT`Q�+? r2 T`QTQb2 BM i?Bb /Bbb2`i�iBQMX q2 `272` iQ
Tm#HBb?2/ rQ`F 7Q` �//BiBQM�H /2i�BHb QM i?2 +�b2 bim/B2bX

3XR "2M+?K�`FBM; qQ`F~Qr J�M�;2K2Mi avb@
i2Kb

qQ`F~Qr J�M�;2K2Mi avbi2Kb Uq7JabV 2M�#H2 mb2`b iQ b+?2/mH2- 2t2+mi2-
�M/ K�M�;2 i?2 2t2+miBQM Q7 #mbBM2bb T`Q+2bb2b (aT2+B}+�iBQM- RNNNc G2vK�MM
�M/ _QHH2`- kyyy)X �b /2}M2/ #v i?2 qQ`F~Qr J�M�;2K2Mi *Q�HBiBQM Uq7J*V-
i?2 q7Ja Bb ǳ� bvbi2K i?�i +QKTH2i2Hv /2}M2b- K�M�;2b- �M/ 2t2+mi2b ǵrQ`F@
~QrbǶ i?`Qm;? i?2 2t2+miBQM Q7 bQ7ir�`2 r?Qb2 Q`/2` Q7 2t2+miBQM Bb /`Bp2M #v
� +QKTmi2` `2T`2b2Mi�iBQM Q7 i?2 rQ`F~Qr HQ;B+Ǵ (>QHHBM;brQ`i?- RNN8)X JQbi
Q7 i?2 q7Jab �p�BH�#H2 QM i?2 K�`F2i �HbQ �HHQr mb2`b iQ ;�BM BMbB;?ib QM 2t@
2+mi2/ T`Q+2bb2b- BMi2`�+i rBi? i?2 +QMi`QH �M/ /�i� ~Qr �M/ #mBH/ pB2rb iQ
7�+BHBi�i2 i?2 rQ`F Q7 /Bz2`2Mi mb2`b iQ BMi2`�+i rBi? bm+? bvbi2KbX q7Jab

j9d
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�`2 /2bB;M2/ #v 2tTQbBM; �SAb Qz2`BM; T`Q+2bb K�M�;2K2Mi 7mM+iBQM�HBiB2b iQ
Qi?2` bvbi2Kb �M/ �`2 Q7i2M BMi2;`�i2/ rBi? Qi?2` bvbi2Kb iQ bmTTQ`i #mbBM2bb
T`Q+2bb 2t2+miBQMX

Application Server DBMS

Workflow Engine

Job 
Executor

Core 
Engine

Transaction Manager

Instance
 DatabasePersistent Manager

Process Navigator

A

B

C
D

Task Dispatcher
Users

Service Invoker

…

Web 
Service

6B;m`2 3XRX q7Jab J�BM AMi2`M�H *QKTQM2Mib

AM 6B;X 3XR r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 +QKKQM BMi2`M�H 2H2K2Mib �M/ b2`pB+2b
Q7 � q7JabX h?2 +Q`2 BMi2`M�H b2`pB+2 Q7 � q7Jab Bb i?2 rQ`F~Qr 2M;BM2X
h?2 rQ`F~Qr 2M;BM2 Bb `2bTQMbB#H2 7Q` �++2TiBM; `2[m2bib 7`QK i?2 BMi2`�+iBM;
mb2`b- #2BM; `2�H mb2`b Q` Qi?2` bvbi2Kb- �M/ /BbT�i+?BM; Uh�bF .BbT�i+?2`V
i?2 `2+2Bp2/ `2[m2bib iQ BMi2`M�H b2`pB+2b 7Q` 2t2+miBQM +QQ`/BM�i2/ #v i?2 *Q`2
1M;BM2 b2`pB+2X hQ 2t2+mi2 i?2 T`Q+2bb2b- i?2 rQ`F~Qr 2M;BM2 `2HB2b QM i?2
S`Q+2bb L�pB;�iQ` iQ M�pB;�i2 i?2 +QMi`QH �M/ /�i� ~Qr Q7 #mbBM2bb T`Q+2bb2b-
�M/ �++Q`/BM; iQ i?2 /2}MBiBQM /Bz2`2Mi BMi2`M�H b2`pB+2b �`2 BMpQHp2/X h?2
CQ# 1t2+miQ` Bb BMpQHp2/ r?2M �bvM+?`QMQmb i�bFb ?�p2 iQ #2 2t2+mi2/ U2X;X-
i�bFb #�b2/ QM iBK2 +QMbi`�BMibVX h?2 a2`pB+2 AMpQF2` Bb BMpQHp2/ 2p2`v iBK2
i?2 2t2+mi2/ #mbBM2bb T`Q+2bb BMpQF2b �M 2ti2`M�H b2`pB+2- mbm�HHv pB� _1ah
�SAbX h?2 h`�Mb�+iBQM J�M�;2` �M/ i?2 S2`bBbi2Mi J�M�;2` b2`pB+2b �`2
�Hr�vb BMpQHp2/ 7Q` �HH i?2 #mbBM2bb T`Q+2bb2b 2t2+miBQMb- #2BM; `2bTQMbB#H2 7Q`
T2`bBbi2MiHv biQ`2 i?2 #mbBM2bb T`Q+2bb bi�i2 QM /2/B+�i2/ ."JaX
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q2 bi�`i2/ Qm` rQ`F BM T2`7Q`K�M+2 i2biBM; �miQK�iBQM- +QMi`B#miBM; iQ i?2
"2M+?6HQr `2b2�`+? T`QD2+i �BKBM; �i /2bB;MBM; i?2 }`bi #2M+?K�`F 7Q` �b@
b2bbBM; �M/ +QKT�`BM; i?2 T2`7Q`K�M+2 Q7 q7JabX �b 2pB/2Mi 7`QK 6B;X 3XR-
q7Jab �`2 +QKTH2t bvbi2Kb- �M/ � #2M+?K�`F iQ �bb2bb i?2B` T2`7Q`K�M+2 Bb
M22/2/ 7Q` T`QT2` +QKT�`BbQM Q7 /Bz2`2Mi bQHmiBQMb �p�BH�#H2 QM i?2 K�`F2iX
h?2 "2M+?6HQr `2b2�`+? T`QD2+i 7Q+mb2/ BM T�`iB+mH�` QM "SJL kXy q7Jab-
/m2 iQ `Bb2 Q7 MmK#2` Q7 2M;BM2b bmTTQ`iBM; "SJL kXy �b i?2 bi�M/�`/ KQ/@
2HBM; H�M;m�;2 7Q` #mbBM2bb T`Q+2bb2b (aFQm`�/�FB 2i �HX- kyR8#)X
AM i?2 +QMi2ti Q7 "SJL kXy q7Jab r2 +QMi`B#mi2,

RV T`2HBKBM�`v �M�HvbBb Q7 �HH i?2 +?�HH2M;2b BMpQHp2/ BM #2M+?K�`FBM;
q7Jab- #Qi? 7`QK i?2 #2M+?K�`F T`Q+2/m`�H bB/2 (S�mi�bbQ 2i �HX- kyR8)
�M/ 7`QK i?2 i2+?MB+�H TQBMi Q7 pB2r (aFQm`�/�FB 2i �HX- kyR9)X ai�`iBM;
7`QK i?2 +?�HH2M;2b r2 B/2MiB}2/- r2 T`QTQb2/ � `2b2�`+? TH�M iQr�`/b
T`QpB/BM; i?2 }`bi #2M+?K�`F 7Q` "SJL kXy q7Jab (aFQm`�/�FB 2i �HX-
kyR8#)X

kV � 7`�K2rQ`F 7Q` #2M+?K�`FBM; Q7 q7Jab (62`K2 2i �HX- kyR8)X �b T�`i
Q7 i?2 i2+?MB+�H +?�HH2M;2b- r2 �HbQ B/2MiB}2/ i?2 M22/ Q7 �miQK�iBM; i?2
T2`7Q`K�M+2 2tT2`BK2Mib M22/2/ 7Q` 2tTHQ`BM; i?2 T2`7Q`K�M+2 Q7 q7Jab
�M/ /2}MBM; � #2M+?K�`FX h?Bb +QMi`B#miBQM `2T`2b2Mib i?2 }`bi p2`bBQM
Q7 i?2 "2M+?6HQr 7`�K2rQ`F T`2b2Mi2/ BM *?�TX ec

jV � K2i?Q/QHQ;v 7Q` #2M+?K�`FBM; q7Jab (62`K2 2i �HX- kyRe#) �++QmMi@
BM; 7Q` i?2 +QKTH2tBiv Q7 bm+? �+iBpBiB2b- �M/ 7Q` i?2 M22/ Q7 T`QT2`Hv BM@
pQHpBM; i?2 +QKT�MB2b `2H2�bBM; i?2 q7Jab BM+Hm/2/ BM i?2 #2M+?K�`FX
"2M+?K�`Fb M22/ iQ #2 `2T2�i�#H2- `2T`2b2Mi�iBp2- TQ`i�#H2- b+�H�#H2- `2H@
2p�Mi- 2{+B2Mi- �++2bbB#H2- �zQ`/�#H2- �M/ bBKTH2 (EQmM2p 2i �HX- kykyc
>mTTH2`- kyyNc :`�v- RNNkc aBK �M/ 1�bi2`#`QQF- kyyjc "`2#M2` 2i �HX-
kyy8c *`QHQii2- kyyN)X h?2 T`QTQb2/ K2i?Q/QHQ;v Qz2`b bQHmiBQMb iQ #Qi?
i2+?MB+�H �M/ HQ;BbiB+ +?�HH2M;2b BM #2M+?K�`FBM; q7JabX h?2 `2b2�`+?
T2`7Q`K�M+2 BM /2}MBM; i?2 T`QTQb2/ #2M+?K�`FBM; K2i?Q/QHQ;v T`Q@
pB/2/ mb rBi? 722/#�+F BM~m2M+BM; i?2 /2bB;M Q7 i?2 "2M+?6HQr 7`�K2@
rQ`F- 2X;X- +QM+2`MBM; i?2 M22/ 7Q` i`�MbT�`2M+v �M/ `2T`Q/m+B#BHBivc

9V i?2 }`bi #2M+?K�`F 7Q` �bb2bbBM; �M/ +QKT�`BM; i?2 T2`7Q`K�M+2 Q7
"SJL kXy q7Jab- `2HvBM; QM rQ`F~Qr T�ii2`Mb (aFQm`�/�FB 2i �HX- kyRe)X
�b T�`i Q7 i?Bb rQ`F r2 /2}M2 i?2 BMBiB�H p2`bBQMb Q7 i?2 .aG r2 T`QTQb2
BM i?Bb /Bbb2`i�iBQM �M/ r2 ?2�pBHv `2Hv QM i?2 "2M+?6HQr 7`�K2rQ`F 7Q`
�miQK�iBM; i?2 2tT2`BK2Mi 2t2+miBQM �M/ /Bbb2KBM�iBM; i?2 #2M+?K�`F
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`2bmHibX q2 `272` iQ i?2 �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�HQ;
T`2b2Mi2/ BM *?�TX 9 7Q` B/2MiB7vBM; i?2 /Bz2`2Mi T2`7Q`K�M+2 i2bib iQ #2
2t2+mi2/ iQ T`QT2`Hv �bb2bb i?2 T2`7Q`K�M+2 Q7 i?2 alhc

8V �M �M�HvbBb Q7 i?2 T2`7Q`K�M+2 Q7 "SJL kXy q7Jab r?2M +QMbB/2`BM;
Sm#HB+ *HQm/ 2t2+miBQM 2MpB`QMK2Mib (62`K2 2i �HX- kyRe�)- �M/ T2`7Q`@
K�M+2 +QKT�`BbQM Q7 /Bz2`2Mi p2`bBQMb Q7 i?2 b�K2 "SJL kXy q7Jab
iQ �bb2bb ?Qr i?2 T2`7Q`K�M+2 Q7 bm+? bvbi2Kb mM/2` i?2 b�K2 rQ`FHQ�/
2pQHp2 (62`K2 2i �HX- kyRe�)X q2 `2Hv QM i?2 �miQK�iBQM +�T�#BHBiB2b
Q7 i?2 T`QTQb2/ �TT`Q�+? 7Q` /2+H�`�iBp2Hv /2}MBM; �M/ 2t2+miBM; T2`@
7Q`K�M+2 2tT2`BK2MibX q2 `2Hv QM i?2 "2M+?6HQr 7`�K2rQ`F �HbQ 7Q`
�bb2bbBM; i?2 T2`7Q`K�M+2 Qp2`?2�/ Q7 /Bz2`2Mi T2`7Q`K�M+2 KQ/2HBM;
T`�+iB+2b (Ap�M+?BFD 2i �HX- kyRd) �M/ BM 2p�Hm�iBM; KmHiB@i2M�Mi HBp2 KB@
;`�iBQM 2z2+ib QM T2`7Q`K�M+2 7Q` � "SJL kXy q7Jab +QM};m`2/ 7Q`
KmHiBTH2 i2M�Mib (_QbBMQbFv 2i �HX- kyR3)X

q2 bmKK�`Bx2 KQbi Q7 i?2 rQ`F r2 /B/ BM T`QpB/BM; i?2 }`bi #2M+?K�`F 7Q`
"SJL kXy q7Jab BM � #QQF +?�Ti2` (62`K2 2i �HX- kyRN)- �M/ BM irQ `2b2�`+?
rQ`F /Bb+mbbBM; i?2 H2bbQMb H2�`M2/ BM 2p�Hm�iBQM q7Jab T2`7Q`K�M+2 (G2M?�`/
2i �HX- kyRdc 62`K2 2i �HX- kyRd�)- �b r2HH �b T�`i Q7 � T�ii2`M H�M;m�;2 r2
+QMi`B#mi2 /2b+`B#BM; /Bz2`2Mi T�ii2`Mb iQ +QMbB/2` r?2M �TT`Q�+?BM; q7Jab
+QM7Q`K�M+2 �M/ T2`7Q`K�M+2 #2M+?K�`FBM; (>�``2` 2i �HX- kyRd)X AM i?2 #QQF
+?�Ti2` (62`K2 2i �HX- kyRN) r2 �HbQ bmKK�`Bx2 �HH i?2 T2`7Q`K�M+2 K2i`B+b �M/
ESAb r2 /2}M2 7Q` #2M+?K�`FBM; "SJL kXy q7Jab- T`2b2Mi2/ BM a2+iX eXjX8
�M/ T`QpB/2 +QKTH2i2 2t�KTH2bX
AM i?2 +QMi2ti Q7 i?2 rQ`F T2`7Q`K2/ 7Q` �bb2bbBM; �M/ +QKT�`BM; i?2 T2`@
7Q`K�M+2 Q7 "SJL kXy q7Jab r2 bi�`i2/ iQ +QMi`B#mi2 iQr�`/b i?2 .S1
�TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM T`2b2Mi2/ BM i?Bb i?2bBbX S�`iB+m@
H�`Hv `2H2p�Mi 7Q` i?2 +�b2 Q7 #2M+?K�`FBM; "SJL kXy q7Jab Bb i?2 bmTTQ`i 7Q`
`B+? �M/ 2tT`2bbBp2 +QMi`QH Q7 T2`7Q`K�M+2 i2bib Qp2` /Bz2`2Mi +QM};m`�iBQMb Q7
i?2 alh- �M/ i?2 TQbbB#BHBiv iQ b+?2/mH2 � H�`;2 MmK#2` Q7 i2bib rBi? /Bz2`2Mi
;Q�HbX h?2 /2+H�`�iBp2 .aG Bb p2`v `2H2p�Mi 7Q` b?�`BM; i?2 `2b2�`+? �`iB7�+ib
rBi? Qi?2` `2b2�`+?2`b- #2+�mb2 i?2 /2}M2/ i2bib �`2 2�bBHv `2�/�#H2 �HbQ #v
MQi 2tT2`i T2QTH2 BM i?2 T2`7Q`K�M+2 2M;BM22`BM; /QK�BMX �//BiBQM�HHv- i?2
TQbbB#BHBiv iQ /Bbi`B#mi2 i2bi #mM/H2b- +QHH2+i T2`7Q`K�M+2 /�i�- �M/ +QKTmi2
K2i`B+b �M/ bi�iBbiB+b Bb �HbQ p2`v BKTQ`i�MiX
�b 2pB/2Mi 7`QK i?2 MmK#2` Q7 Tm#HB+�iBQMb- #2M+?K�`FBM; "SJL kXy q7Jab
?�b #22M QM2 Q7 i?2 K�BM `2b2�`+? �`2�b r?2`2 r2 �TTHB2/ i?2 �TT`Q�+? r2 T`Q@
TQb2 BM i?Bb /Bbb2`i�iBQM �M/ QM2 Q7 i?2 K�BM /`Bp2`bX "�b2/ QM Qm` 2tT2`B2M+2
r2 +QMbB/2` i?2 T`QTQb2/ .S1 �TT`Q�+? �b �M 2M�#H2` Q7 T2`7Q`K�M+2 `2b2�`+?
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rQ`F ?2�pBHv #�b2/ QM 2tT2`BK2Mi�iBQM #2+�mb2 Bi �HHQrb `2b2�`+?2`b iQ 7Q+mb
QM i?2 +Q`2 Q7 i?2B` `2b2�`+? ;Q�Hb- `2HvBM; QM � +QKTH2i2 bQHmiBQM 7Q` /2}MBM;
�M/ b+?2/mHBM; i?2 T2`7Q`K�M+2 i2bib M22/2/ 7Q` p�HB/�iBM; i?2B` �bbmKTiBQMX
�//BiBQM�HHv- #v `2HvBM; QM i?2 2tT`2bbBp2M2bb Q7 i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7
T2`7Q`K�M+2 i2bib- r2 7QmM/ i?�i /Bbb2KBM�iBM; i?2 `2b2�`+? Bb �HbQ 7�+BHBi�i2/
#v i?2 2�bBM2bb iQ mM/2`bi�M/ i?2 i2bi bT2+B}+�iBQMbX

3Xk AMi2;`�iBQM Q7 i?2 "2M+?6HQr �TT`Q�+? rBi?
i?2 *QMiBMmAhv �TT`Q�+?

*QMiBMmAhv Bb � T`QD2+i 7Q+mbBM; QM 2Mbm`BM; �miQK�i2/- 2{+B2Mi- �M/ bmb@
i�BM�#H2 HQ�/ i2biBM; #v mbBM; +QMiBMmQmbHv `2+Q`/2/ K2�bm`2K2Mi /�i� 7`QK
bvbi2Kb QT2`�iBM; BM T`Q/m+iBQMX *QMiBMmAhv �HbQ 7Q+mb2b QM BMi2;`�iBM; HQ�/
i2biBM; BMiQ +QMiBMmQmb bQ7ir�`2 /2p2HQTK2Mi- �M/ T`QpB/BM; � K2+?�MBbK iQ
Ub2KB@V�miQK�iB+�HHv 2pQHp2 T2`7Q`K�M+2 i2bi /2}MBiBQMb �+`Qbb KmHiBTH2 p2`@
bBQMb Q7 i?2 alhX
q2 ?�/ i?2 QTTQ`imMBiv iQ bi`B+iHv +QHH�#Q`�i2 rBi? `2b2�`+?2`b rQ`FBM; QM i?2
*QMiBMmAhv T`QD2+i /m`BM; Qm` BMi2`Mb?BT #�b2/ QM i?2 aLa6 T`QD2+i ǳ.2+H�`@
�iBp2 *QMiBMmQmb S2`7Q`K�M+2 h2biBM; 7Q` JB+`Qb2`pB+2b BM .2pPTbǴRX .m`BM;
i?2 +QHH�#Q`�iBQM- r2 BMi2;`�i2/ *QMiBMmAhv- i?2 iQQH /2p2HQT2/ �b T�`i Q7 i?2
*QMiBMmAhv T`QD2+i- �M/ i?2 "2M+?6HQr 7`�K2rQ`F 7Q` 2ti2M/BM; i?2 +�T�#BH@
BiB2b Q7 #Qi? iQQHbX *QMiBMmAhv T`QpB/2b � q2#@#�b2/ 7`�K2rQ`F 7Q` +QMiBM@
mQmbHv +QHH2+iBM; T2`7Q`K�M+2 /�i� 7`QK bvbi2Kb /2THQv2/ BM T`Q/m+iBQM- �M/
�SAb iQ ;2M2`�i2 HQ�/ i2bib bi�`iBM; 7`QK bm+? +QHH2+i2/ T2`7Q`K�M+2 /�i�X h?2
"2M+?6HQr 7`�K2rQ`F QM i?2 Qi?2` 2M/ Qz2`b � TQr2`7mH bQHmiBQM 7Q` T2`7Q`@
K�M+2 i2biBM; �miQK�iBQM #�b2/ QM � /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2
i2bibX
AM 6B;X 3Xk r2 T`2b2Mi i?2 Qp2`pB2r Q7 i?2 �TT`Q�+? `2bmHiBM; 7`QK i?2 BMi2@
;`�iBQM Q7 i?2 *QMiBMmAhv iQQH +�T�#BHBiB2b rBi? i?2 QM2b Q7 i?2 "2M+?6HQr
7`�K2rQ`FX q2 K2`;2/ i?2 +�T�#BHBiB2b Q7 #Qi? i?2 �TT`Q�+?2b �M/ 2M�#H2/
i?2 TQbbB#BHBiv 7Q` i?2 mb2`b iQ bT2+B7v /2+H�`�iBp2 T2`7Q`K�M+2 ;Q�Hb mbBM; i?2
"2M+?6HQr .aG- QTiBQM�HHv QKBiiBM; /2i�BHb `2H�i2/ iQ i?2 rQ`FHQ�/b- �M/ i?2
GQ�/ 6mM+iBQMX PKBii2/ /2i�BHb �`2 TQTmH�i2/ #v i?2 *QMiBMmAhv iQQH `2Hv@
BM; QM QT2`�iBQM�H T`Q}H2b Q7 i?2 bvbi2K `mMMBM; BM T`Q/m+iBQM �M/ T`QpB/2/
alh �SAb bT2+B}+�iBQM +Q/B}2/ mbBM; ar�;;2`kX h?2 mb2` +�M +QM};m`2 ?Qr

Rhttp://p3.snf.ch/project-178653- H�bi pBbBi2/ QM 62#`m�`v d- kykR
khttps://www.swagger.io/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

http://p3.snf.ch/project-178653
https://www.swagger.io/


j8k 3Xk AMi2;`�iBQM Q7 i?2 "2M+?6HQr �TT`Q�+? rBi? i?2 *QMiBMmAhv �TT`Q�+?

Continuous Tests Orchestrator - Automatron

BenchFlowContinuITy

ContinuITy Definition

SUT Deploy. Descr.BenchFlow Test

Swagger APIs

Query-time Provided

1

2 3 4 5

6B;m`2 3XkX *QMiBMmAhv �M/ "2M+?6HQr 6`�K2rQ`F AMi2;`�iBQM

iQ `2i`B2p2 bm+? /�i� `2HvBM; QM � *QMiBMmAhv /2}MBiBQM }H2 Q` `2HvBM; QM /2@
7�mHib T`QpB/2/ #v i?2 BMi2;`�iBQM H�v2` r2 M�K2/ �miQK�i`QMX h?2 T`QpB/2/
BMi2;`�i2/ bQHmiBQM 2M�#H2b mb2`b iQ `2[m2bi- 7Q` 2t�KTH2- iQ 2t2+mi2 � `2;`2b@
bBQM i2bi /2}M2/ mbBM; i?2 "2M+?6HQr .aG rBi?Qmi bT2+B7vBM; i?2 rQ`FHQ�/bX
*QMiBMmAhv Bb i?2M BMi2``Q;�i2/ #v i?2 �miQK�i`QM BMi2;`�iBQM H�v2` �M/ `2@
[m2bi2/ iQ TQTmH�i2 i?2 "2M+?6HQr i2bi bT2+B}+�iBQM rBi? rQ`FHQ�/b `2H�i2/
/�i�X �7i2` TQTmH�iBM; i?2 rQ`FHQ�/b i?2 i2bi Bb `2�/v iQ #2 b+?2/mH2/ 7Q`
2t2+miBQM QM i?2 "2M+?6HQr 7`�K2rQ`FX h?2 �miQK�i`QM BMi2;`�iBQM H�v2` Bb
/2bB;M2/ �b � *GA bQ i?�i Bi +�M #2 BMi2;`�i2/ BMiQ iQQHb T�`i Q7 i?2 *a.GX
h?2 BMi2;`�iBQM #2ir22M i?2 *QMiBMmAhv iQQH �M/ i?2 "2M+?6HQr 7`�K2rQ`F
r�b /2p2HQT2/ �b T�`i Q7 � J�bi2` i?2bBb (S�H2M;�- kyR3)- �M/ Bi Bb �p�BH�#H2 �b
T�`i Q7 i?2 QT2M@bQm`+2 +Q/2 Q7 i?2 +QMiBMmBiv iQQH QM :Bi>m#jX
h?Bb +�b2 bim/v T`2b2Mib � }`bi 2ti2MbBQM QM i?2 T`QTQb2/ /2+H�`�iBp2 �TT`Q�+?
7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM BM *a.GX 1KTQr2`BM; i?2 2tT`2bbBp2M2bb

jhttps://github.com/ContinuITy-Project/ContinuITy/tree/master/continuity.service.
benchflow- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://github.com/ContinuITy-Project/ContinuITy/tree/master/continuity.service.benchflow
https://github.com/ContinuITy-Project/ContinuITy/tree/master/continuity.service.benchflow


j8j 3Xj "2?�pBQ`�H@/`Bp2M S2`7Q`K�M+2 h2biBM;

Q7 i?2 "2M+?6HQr .aG- �M/ i?2 �SAb �M/ i?2 b+?2/mHBM; �M/ �miQK�iBQM +�T�@
#BHBiB2b Q7 i?2 "2M+?6HQr 7`�K2rQ`F r2 K�M�;2/ iQ BKT`Qp2 i?2 Qp2`�HH .S1
�TT`Q�+? #v bBKTHB7vBM;- 2p2M KQ`2- i?2 rQ`F 7Q` mb2`b /2}MBM; T2`7Q`K�M+2
i2biX
h?Bb +QMi`B#miBQM Bb BKTQ`i�Mi- 2bT2+B�HHv #2+�mb2 QM2 Q7 i?2 722/#�+F r2 `2@
+2Bp2/ �b T�`i Q7 i?2 2tT2`i `2pB2r K2MiBQM2/ i?2 +QKTH2tBiv Q7 i?2 rQ`FHQ�/
bT2+B}+�iBQMX

3Xj "2?�pBQ`�H@/`Bp2M S2`7Q`K�M+2 h2biBM;
"2?�pBQ`�H@/`Bp2M i2biBM; 2M�#H2b mb2`b iQ bT2+B7v i?2 2tT2+i2/ #2?�pBQ` Q7
� bvbi2K mbBM; +QMi`QHH2/ M�im`�H H�M;m�;2bX h?2 7Q+mb Q7 #2?�pBQ`�H@/`Bp2M
i2biBM; Bb QM i?2 #mbBM2bb `2[mB`2K2Mib Q7 i?2 BKTH2K2Mi2/ bQHmiBQM- `�i?2`
i?�M i?2 BKTH2K2Mi�iBQM Q7 i?2 b�K2X
Pm` i�`;2i mb2`b- �Hi?Qm;? BM/B+�iBM; i?2 .aG �M/ i?2 Qp2`�HH �TT`Q�+? �b ;QQ/
BM i2`Kb Q7 H2�`M�#BHBiv �M/ mb�#BHBiv- �HbQ BM/B+�i2/ �//BiBQM�H �#bi`�+iBQM QM
i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQM KB;?i #2 mb27mH Ua2+iX dXkXeVX
q2 +QHH�#Q`�i2/ rBi? Qi?2` `2b2�`+?2`b iQ Qz2` �M �//BiBQM�H �#bi`�+iBQM QM iQT
Q7 i?2 /2+H�`�iBp2 .aG r2 T`QTQb2 �b T�`i Q7 i?Bb /Bbb2`i�iBQMX q2 /2bB;M2/ �M/
BKTH2K2Mi2/ � "2?�pBQ`@/`Bp2M GQ�/ h2biBM; U".GhV H�M;m�;2 (a+?mHx 2i �HX-
kyRN) �HHQrBM; mb2`b iQ bT2+B7v, �V � T2`7Q`K�M+2 i2bi `2[m2bi BM i?2 7Q`K �
+QMi`QHH2/ M�im`�H H�M;m�;2 `2HvBM; QM i?2 :Ao1L- q>1L- h>1L F2vrQ`/b
bT2+B7vBM; i?2 2tT2+i2/ +QM/BiBQM Q7 i?2 alh Q` Bib /2THQvK2Mi +QMi2ti #27Q`2
bi�`iBM; i?2 T2`7Q`K�M+2 i2bi- i?2 +QM};m`�iBQM Q7 i?2 alh �M/ i?2 �+im�H HQ�/
iQ Bbbm2 iQ i?2 alh `2bT2+iBp2Hvc #V � iBK2 `272`2M+2 iQ i?2 QT2`�iBQM�H T`Q}H2
Q7 � /2THQv2/ bvbi2K- iQ #2 mb2/ �b � `272`2M+2 TQBMi iQ ;2M2`�i2 HQ�/ i2bib
mbBM; QT2`�iBQM�H /�i�X *QKT�`2/ iQ i?2 /Bz2`2Mi ivT2b Q7 i2bib bmTTQ`i2/ #v
i?2 "2M+?6HQr .aG- BM i?Bb +�b2 bim/v r2 K�BMHv 7Q+mb2/ QM HQ�/ i2bib �M/
2tTHQ`�iBQM i2bibX
h?2 ".Gh bT2+B}+�iBQM Bb +QMp2`i2/ 7Q` 2t2+miBQM iQ � "2M+?6HQr T2`7Q`K�M+2
i2bi bT2+B}+�iBQM #v `2HvBM; QM i?2 BMi2;`�iBQM H�v2` #mBHi iQ BMi2;`�i2 i?2 *QM@
iBMmAhv iQQH �M/ i?2 "2M+?6HQr 7`�K2rQ`F T`2b2Mi2/ BM a2+iX 3XkX AM 6B;X 3Xj
r2 `2T`2b2Mi i?2 K�TTBM; #2ir22M i?2 2H2K2Mib Q7 � ".Gh bT2+B}+�iBQM �M/
i?2 "2M+?6HQr .aGX h?2 +QMp2`bBQM ?�TT2Mb #v `2HvBM; QM i2KTH�i2 bT2+B}+�@
iBQMb T`QpB/2/ #v i?2 "2M+?6HQr 7`�K2rQ`F �M/ TQTmH�i2/ rBi? /�i� +QKBM;
7`QK i?2 ".Gh bT2+B}+�iBQM T`QpB/2/ #v i?2 mb2`X JQ`2 /2i�BHb QM i?2 ".Gh
bT2+B}+�iBQM- i?2 K�TTBM; iQ i?2 "2M+?6HQr .aG �M/ `2�H@rQ`H/ +�b2 bim/B2b
�`2 T`QpB/2/ BM (a+?mHx 2i �HX- kyRN)X



j89 3Xj "2?�pBQ`�H@/`Bp2M S2`7Q`K�M+2 h2biBM;

ContinuITy
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varying

event happens
run

ensure
collect

break
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6B;m`2 3XjX "2?�pBQ`@/`Bp2M GQ�/ h2biBM; J�TTBM; iQ "2M+?6HQr .aG (a+?mHx
2i �HX- kyRN)

�b T�`i Q7 i?2 b�K2 `2b2�`+? rQ`F- r2 �HbQ +QHH�#Q`�i2/ QM /2}MBM; �M �TT`Q�+?
7Q` ;2M2`�iBM; T2`7Q`K�M+2 `2TQ`ib #�b2/ QM i?2 BMi2Mi i?2 mb2` bT2+B}2b �b T�`i
Q7 i?2 i2bi (PF�MQpBÉ 2i �HX- kyRN)X AM 6B;X 3X9 r2 T`2b2Mi �M Qp2`pB2r Q7 i?2
Qp2`�HH �TT`Q�+?X h?2 `2TQ`i ;2M2`�iBQM i�F2b BMiQ �++QmMi i?2 T2`7Q`K�M+2
BMi2Mi bT2+B}2/ #v i?2 mb2`- 2X;X- #v `2HvBM; QM i?2 ".Gh bT2+B}+�iBQM Q` i?2
"2M+?6HQr .aG- }Hi2`b i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ i?2M b2H2+i T`QT2`
pBbm�HBx�iBQM i2+?MB[m2b iQ #2bi �Mbr2` i?2 T2`7Q`K�M+2 [m2`v bT2+B}2/ #v i?2
mb2`X JQ`2 /2i�BHb QM i?2 Qp2`�HH �TT`Q�+? �`2 /Bb+mbb2/ BM (PF�MQpBÉ 2i �HX-
kyRNc wQ`M- kyR3)X
h?Bb +�b2 bim/v rQ`Fb QM �#bi`�+iBM;- 2p2M KQ`2- i?2 H�M;m�;2 2tTQb2/ iQ 2M/@
mb2`b Q7 i?2 /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; �miQK�iBQM �TT`Q�+? r2 T`QTQb2X
qBi? i?Bb +�b2 bim/v- r2 �HbQ 7�+2 QM2 QM i?2 722/#�+F `2+2Bp2/ �b T�`i Q7 i?2
bmKK�iBp2 2p�Hm�iBQM- BM/B+�iBM; i?2 QTTQ`imMBiv iQ �#bi`�+i 2p2M KQ`2 i?2
bT2+B}+�iBQM H�M;m�;2X
h?2 T`QTQb2/ �#bi`�+iBQM 2M�#H2b mb2`b iQ mb2 � +QMi`QHH2/ M�im`�H H�M;m�;2
iQ 2tT`2bb i?2B` T2`7Q`K�M+2 BMi2Mib- #mi HBKBib i?2 +QMi`QH �M/ 2tT`2bbBp2M2bb
+QKT�`2/ iQ i?2 .aG T`QTQb2/ BM i?Bb /Bbb2`i�iBQMX



j883X9 .2}MBiBQM Q7 � S2`7Q`K�M+2@#�b2/ .QK�BM J2i`B+ 7Q` a2`pB+2bǶ .2THQvK2Mi

Choosing
Presentation
Techniques

Filtering the
Data

Report
Generation

Performance
Analysis

Performance
Concern

Refine the
Concern

Data Filtered
Data

6B;m`2 3X9X *QM+2`M@/`Bp2M _2TQ`iBM; Q7 aQ7ir�`2 S2`7Q`K�M+2 �M�HvbBb _2@
bmHib (PF�MQpBÉ 2i �HX- kyRN)

3X9 .2}MBiBQM Q7 � S2`7Q`K�M+2@#�b2/ .QK�BM
J2i`B+ 7Q` a2`pB+2bǶ .2THQvK2Mi

JB+`Qb2`pB+2b +�M #2 /2THQv2/ BM /Bz2`2Mi /2THQvK2Mi +QMi2tib �M/ #v miBHBxBM;
/Bz2`2Mi /2THQvK2Mi �`+?Bi2+im`2bX
�bb2bbBM; i?2 /Bz2`2Mi /2THQvK2Mi �`+?Bi2+im`2b BM i2`Kb Q7 T2`7Q`K�M+2 �+@
+Q`/BM; iQ i?2 2tT2+i2/ rQ`FHQ�/ i?2 bvbi2K Bb ;QBM; iQ 2tT2`B2M+2- Bb � +QKTH2t
i�bFX PM i?2 Qi?2` 2M/- Bi Bb BKTQ`i�Mi iQ FMQr i?2 KQbi bmBi�#H2 /2THQvK2Mi
�`+?Bi2+im`2 7Q` � rQ`FHQ�/ bQ i?�i i?2 bvbi2K +�M 2pQHp2 �M/ �/�Ti T`QT2`Hv
iQ i?2 HQ�/ #v QTiBK�HHv miBHBxBM; i?2 mM/2`HvBM; +QKTmi�iBQM `2bQm`+2bX
q2 +QHH�#Q`�i2/ rBi? Qi?2` `2b2�`+?2`b iQ /2bB;M � MQp2H �TT`Q�+? 7Q` JB@
+`Qb2`pB+2b /2THQvK2Mi �`+?Bi2+im`2 �bb2bbK2Mib #v /2}MBM; � T2`7Q`K�M+2@
#�b2/ /QK�BM K2i`B+ (�p`Bix2` 2i �HX- kyky- kyR3)X q2 7mHHv �miQK�iBx2/ i?2
T`QTQb2/ �TT`Q�+? BM � iQQH (�p`Bix2` 2i �HX- kyRN) `2HvBM; QM i?2 *QMiBMmAhv



j8e3X9 .2}MBiBQM Q7 � S2`7Q`K�M+2@#�b2/ .QK�BM J2i`B+ 7Q` a2`pB+2bǶ .2THQvK2Mi

iQQH �M/ i?2 "2M+?6HQr 7`�K2rQ`F 7Q` T2`7Q`K�M+2 i2bib /2}MBiBQM �M/ 2t2@
+miBQMX h?2 T`QTQb2/ �TT`Q�+? �miQK�iB+�HHv 2t2+mi2b � #�b2HBM2 T2`7Q`K�M+2
i2bi iQ K2�bm`2 i?2 T2`7Q`K�M+2 Q7 i?2 alh �M/ i?2M i2bib �Mv ;Bp2M /2THQv@
K2Mi +QM};m`�iBQM rBi? /Bz2`2Mi mb2` T`Q}H2b /2`Bp2/ 7`QK T`Q/m+iBQM mb�;2
Q7 i?2 alhX h?2 `2bmHi Q7 i?2 i2bi Bb � MQ`K�HBx2/ /QK�BM K2i`B+ BM/B+�iBM;
?Qr r2HH � ;Bp2M +QM};m`�iBQM bmTTQ`ib i?2 Bbbm2/ HQ�/- /2}M2/ #v �TTHvBM; �
b+�H�#BHBiv `2[mB`2K2Mi QM i?2 `2bmHib Q#i�BM2/ 7`QK 2�+? i2bi r?2M +QKT�`2/
iQ i?2 #�b2HBM2X AM 6B;X 3X8 r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?X
h?2 �TT`Q�+? +QMbBbib Q7 i?2 7QHHQrBM; bi2Tb,

RV *QHH2+iBQM Q7 QT2`�iBQM�H /�i�, /�i� �#Qmi i?2 bvbi2K T2`7Q`K�M+2 �`2
+QHH2+i2/ 7`QK T`Q/m+iBQM 2MpB`QMK2Mib r?2`2 i?2 bvbi2K Bb /2THQv2/X
h?2 +QHH2+i2/ /�i� mbm�HHv `272`b iQ i?2 MmK#2` Q7 `2+2Bp2/ `2[m2bib Qp2` �
;Bp2M T2`BQ/X 6Q` i?Bb bi2T- r2 `2Hv QM i?2 *QMiBMmAhv iQQH +�T�#BHBiB2b iQ
+QHH2+i �M/ KQ/2H QT2`�iBQM�H /�i�X h?2 /�i� �`2 biQ`2/ QM AM~mt.�i�9-
� iBK2@b2`B2b /�i� biQ`2c

kV �M�HvbBb Q7 QT2`�iBQM�H /�i�, �7i2` +QHH2+iBM; i?2 QT2`�iBQM�H /�i� 7`QK
T`Q/m+iBQM- i?2 /�i� �`2 �M�Hvx2/ `2HvBM; QM b+`BTib r2 #mBHi QM iQT Q7
CmTvi2` MQi2#QQFb8X AM i?Bb bi2T- r2 2biBK�i2 i?2 T`Q#�#BHBiv Q7 i?2
Q++m``2M+2 Q7 � +2`i�BM rQ`FHQ�/ bBim�iBQMX 6Q` 2t�KTH2- r?2M +QHH2+iBM;
i?2 MmK#2` Q7 `2[m2bib T2` b2+QM/ Qp2` � ;Bp2M T2`BQ/- BM i?Bb bi2T r2
2biBK�i2 i?2 T`Q#�#BHBiv Q7 � ;Bp2M MmK#2` Q7 mb2`b BMi2`�+iBM; rBi? i?2
alh �i �Mv ;Bp2M TQBMi BM iBK2X hQ �;;`2;�i2 i?2 /�i� r2 +QKTmi2 i?2
MmK#2` Q7 BMi2`�+iBM; mb2`b QM � ;Bp2M KQpBM; iBK2 rBM/Qrc

jV 1tT2`BK2Mi ;2M2`�iBQM, r2 `2Hv QM i?2 +QKTmi2` rQ`FHQ�/ bBim�iBQMb
�M/ /�i� KQ/2H2/ #v i?2 *QMiBMmAhv iQQH iQ ;2M2`�i2 "2M+?6HQr i2bib
bi�`iBM; 7`QK T`QpB/2/ i2KTH�i2bX h?2 ;2M2`�i2/ "2M+?6HQr i2bib i�`;2i
/Bz2`2Mi /2THQvK2Mi �`+?Bi2+im`2b Q7 i?2 alh �M/ �`2 2t2+mi2/ 7Q` /Bz2`@
2Mi rQ`FHQ�/ bBim�iBQMbX � #�b2HBM2 T2`7Q`K�M+2 i2bi Bb �Hr�vb 2t2+mi2/
#27Q`2 i?2 Qi?2` T2`7Q`K�M+2 i2bib- iQ �bb2bb i?2 #�b2HBM2 T2`7Q`K�M+2 Q7
i?2 alhc

9V 1tT2`BK2Mi 2t2+miBQM, ;2M2`�i2/ 2tT2`BK2Mib �`2 2t2+mi2/ `2HvBM; QM i?2
"2M+?6HQr 7`�K2rQ`F �M/ T2`7Q`K�M+2 /�i� �`2 +QHH2+i2/X h?2 "2M+?@
6HQr 7`�K2rQ`F +QKTmi2b K2i`B+b Q7 BMi2`2bi �b r2HH- �M/ i?2M r2 +QK@
Tmi2 i?2 `2bmHib Q7 i?2 2tT2`BK2Mi 2t2+miBQM #v +QKT�`BM; i?2 `2bmHib

9https://www.influxdata.com/- H�bi pBbBi2/ QM 62#`m�`v d- kykR
8https://jupyter.org/- H�bi pBbBi2/ QM 62#`m�`v d- kykR

https://www.influxdata.com/
https://jupyter.org/
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Q#i�BM2/ 7Q` 2�+? +QM};m`�iBQM rBi? i?2 #�b2HBM2- #v �bb2bbBM; � /2}M2/
b+�H�#BHBiv `2[mB`2K2Mi 7Q` i?2 alhX �M 2t�KTH2 Q7 b+�H�#BHBiv `2[mB`2@
K2Mib Bb i?�i �+`Qbb i?2 /Bz2`2Mi rQ`FHQ�/ bBim�iBQM i?2 `2bTQMb2 iBK2 Q7
�SAb i�`;2i2/ /m`BM; i?2 i2bi ?�p2 iQ #2 rBi?BM � ;Bp2M `�M;2 7`QK i?2
QM2 K2�bm`2/ BM i?2 #�b2HBM2 i2bic

8V .QK�BM K2i`B+ +�H+mH�iBQM, bi�`iBM; 7`QK i?2 2tT2`BK2Mi `2bmHib- r2
+QKTmi2 � /QK�BM K2i`B+ MQ`K�HBx2/ #2ir22M y �M/ RX h?2 /QK�BM
K2i`B+ `2T`2b2Mib ?Qr r2HH � ;Bp2M +QM};m`�iBQM bmTTQ`ib i?2 rQ`FHQ�/
bBim�iBQMb- #v i�FBM; BMiQ �++QmMi ?Qr K�Mv pBQH�iBQMb Q7 i?2 /2}M2/
b+�H�#BHBiv `2[mB`2K2Mi i?2 ;Bp2M +QM};m`�iBQM 2tT2`B2M+2bX

q2 �TTHB2/ i?2 /2p2HQT2/ �TT`Q�+? iQ b2p2`�H /2THQvK2Mi +QM};m`�iBQMb Q7 �
JB+`Qb2`pB+2 �TTHB+�iBQM- ?�M/HBM; i?2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQM �M/ T2`@
7Q`K�M+2 i2bi 2t2+miBQM mbBM; i?2 "2M+?6HQr 7`�K2rQ`FX h?2 2tT2`BK2Mib
r2 T2`7Q`K2/ �b T�`i Q7 Qm` rQ`F (�p`Bix2` 2i �HX- kyky) b?Qr2/ i?�i +�`27mH
T2`7Q`K�M+2 �bb2bbK2Mi Q7 JB+`Qb2`pB+2b /2THQvK2Mi Bb BKTQ`i�Mi iQ T`QT2`Hv
/2i2`KBM2 iQ r?B+? b2`pB+2 �HHQ+�i2 `2bQm`+2b- �M/ ?Qr K�Mv `2bQm`+2b iQ �H@
HQ+�i2X
h?Bb +�b2 bim/v Bb `2H�i2/ iQ i?2 i?2bBb #2+�mb2 Bi ?�b #22M 2M�#H2/ #v i?2
�miQK�iBQM +�T�#BHBiB2b Qz2`2/ #v i?2 "2M+?6HQr 7`�K2rQ`F �M/ i?2 2tT`2b@
bBp2M2bb �M/ `2mb�#BHBiv Q7 i?2 .aGX
h?2 `2b2�`+?2`b r2 +QHH�#Q`�i2/ rBi? 7Q` i?Bb +�b2 bim/v �TT`2+B�i2/ i?2 2t@
T`2bbBp2M2bb Q7 i?2 /2+H�`�iBp2 .aG �M/ i?2 QTTQ`imMBiv iQ b+?2/mH2 � H�`;2
MmK#2` Q7 +QKTH2t T2`7Q`K�M+2 i2bib iQ /2}M2 � MQp2H �TT`Q�+? 7Q` JB+`Qb2`@
pB+2b /2THQvK2Mi �`+?Bi2+im`2 �bb2bbK2MiX



j833X9 .2}MBiBQM Q7 � S2`7Q`K�M+2@#�b2/ .QK�BM J2i`B+ 7Q` a2`pB+2bǶ .2THQvK2Mi

 
t

λ 

w
all clock tim

e
9 AM

300

BenchFlow

    Faban

Load test
tem

plate

Architect.
con�g.

s
0

1
ϕ

i

0.015
Γ

k
0.042

pass/fail (c
k )

PASS

s
n 1

2.164
0.108
FAIL

... ...

δ
k

1.26 %
2.58 %

δ
k  ⋅ c

k
1.26 %

0.00 %
norm

. test m
ass (s

i  * p'(λ'))

Σ100.00 %
74.81 %
0.142

...

...

...

...

...

...

...

...

...

...

^

O
perational pro�le

Em
pirical distribution of

w
orkload situations

Baseline & test results
per architectural con�g.

D
om

ain m
etric

dashboard

#W
orkload

situations

C
ontinuITy

Analysis of
operational data

2
Experim

ent
generation

3
Experim

ent
execution

4
D

om
ain m

etric
calculation

5
C

ollection of
operational data

1

λ' 
sam

pled w
orkload situation

f'

100
200

300

0.2

Relative Mass 0.25

0.20

0.15

0.05

0

50
100

150
200

W
orkload Situations (Num

ber of Users)

x

x
x

x
x

x

x

0.10
x

250
300

x
x

x

Step(Intermediate)
ArtifactTool6B;m`23X8Xa+�H�#BHBiv

�bb2bbK
2MiQ7J

B+`Qb2`pB+2�`+?Bi2+im`2.2THQvK
2Mi*QM};m`�iBQMb(�p`Bix2`2i�HX-kyky)



j8N 3X8 *QM+Hm/BM; _2K�`Fb

3X8 *QM+Hm/BM; _2K�`Fb
q2 ?�/ i?2 QTTQ`imMBiv iQ +QHH�#Q`�i2 rBi? K�Mv `2b2�`+?2`b �`QmM/ i?2
qQ`H/X .m`BM; bm+? +QHH�#Q`�iBQMb- r2 ?�/ i?2 QTTQ`imMBiv iQ /2p2HQT �M/
BKT`Qp2 i?2 �TT`Q�+? r2 T`QTQb2 BM i?Bb /Bbb2`i�iBQM- �M/ iQ �TTHv Bi BM /B7@
72`2Mi +QMi2tibX AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 KQbi `2H2p�Mi +�b2 bim/B2b r2
T2`7Q`K2/ +QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`b �M/ ?Qr i?2v �`2 `2H�i2/ iQ i?2
.S1 �TT`Q�+? 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM r2 T`QTQb2- Qi?2` i?�M ?Qr
i?2v +QMi`B#mi2/ iQ 2ti2M/ �M/ BKT`Qp2 i?2 T`QTQb2/ �TT`Q�+?X �+`Qbb i?2
/Bz2`2Mi +�b2 bim/B2b- r2 `2HB2/ QM i?2 T`QTQb2/ �TT`Q�+? 7Q` �miQK�iBM; T2`@
7Q`K�M+2 i2bib 2t2+miBQM 7Q` /Bz2`2Mi FBM/ Q7 bvbi2Kb- �M/ 7Q` /2}MBM; T2`7Q`@
K�M+2 i2bi i2KTH�i2b T�`iB�HHv TQTmH�i2/ #v Qi?2` 7`�K2rQ`Fb- iQ bBKTHB7v i?2
rQ`F Q7 mb2`b /2}MBM; /2+H�`�iBp2 T2`7Q`K�M+2 i2bibX AM QM2 +�b2 bim/v- r2 �HbQ
+QMi`B#mi2/ � +QMi`QHH2/ M�im`�H H�M;m�;2 7Q` � #2?�pBQ`�H@/`Bp2M T2`7Q`K�M+2
i2bi /2}MBiBQMX h?2 +QMi`QHH2/ M�im`�H H�M;m�;2 `2T`2b2Mib �M �#bi`�+iBQM QM
iQT Q7 i?2 .aG T�`i Q7 i?Bb i?2bBb �M/ Bb K�TT2/ iQ Qm` .aG 7Q` 2t2+miBM; i?2
bT2+B}2/ T2`7Q`K�M+2 i2bibX
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*?�Ti2` N

G2bbQMb G2�`M2/

AM i?Bb +?�Ti2`- r2 T`2b2Mi �M Qp2`pB2r Q7 H2bbQMb H2�`M2/ r?BH2 /2bB;MBM; �M/
/2p2HQTBM; i?2 }`bi .S1 �TT`Q�+? 7Q` +QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM
Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX h?2 T`QTQb2/ �TT`Q�+? #mBH/b QM
i?2 ;`2�i rQ`F /QM2 BM +QHH�#Q`�iBQM rBi? Qi?2` `2b2�`+?2`b- �M/ bim/2Mib iQ
/2bB;M �M/ /2p2HQT i?2 .aG �M/ i?2 "2M+?6HQr 7`�K2rQ`FX �+`Qbb /Bz2`2Mi
+QHH�#Q`�iBQMb r2 ?�/ i?2 QTTQ`imMBiv iQ bmTTQ`i Qi?2` T2QTH2 BM /2THQvBM;
i?2 T`QTQb2/ �TT`Q�+? BM i?2B` `2b2�`+? ;`QmTb- r2 2ti2M/2/ i?2 T`QTQb2/
�TT`Q�+? iQ bmTTQ`i KmHiBTH2 bvbi2Kb �M/ 7Q` BMi2;`�iBM; Bi BM i?B`/@T�`iv
bvbi2Kb- �M/ r2 Bi2`�iBp2Hv /2p2HQT2/ �M/ BKT`Qp2/ i?2 T`QTQb2/ �TT`Q�+?
+QMiBMmQmbHv BM+Hm/BM; 722/#�+F `2+2Bp2/ 7`QK Qi?2` `2b2�`+?2`bX

NXR G2bbQMb G2�`M2/ BM Qi?2` S2QTH2 lbBM; i?2
"2M+?6HQr .aG �M/ 6`�K2rQ`F

q2 /2THQv2/ i?2 "2M+?6HQr 7`�K2rQ`F BM /Bz2`2Mi +QMi2tib �M/ `2b2�`+?
;`QmTbX AM bQK2 `2b2�`+? ;`QmTb- Qi?2` `2b2�`+?2`b iQQF +�`2 Q7 /2THQvBM;
i?2 7`�K2rQ`F- BM Qi?2` BMbi�M+2b r2 iQQF +�`2 Q7 i?2 7`�K2rQ`F /2THQvK2Mi
T�`iX _2HvBM; QM .Q+F2` 7Q` /2p2HQTBM; �M/ /2THQvBM; i?2 T`QTQb2/ 7`�K2rQ`F
?2HT2/ mb BM bBKTHB7vBM; i?2 r�v i?2 7`�K2rQ`F Bib2H7 +�M #2 /2THQv2/ �M/ QT@
2`�i2/- i?Bb bBKTHB}2/ i?2 rQ`F Q7 Qi?2` `2b2�`+?2`b /2THQvBM; i?2 7`�K2rQ`F
BM i?2B` `2b2�`+? H�#b �b r2HHX aQK2 #�bB+ FMQrH2/;2 Q7 .Q+F2` Bb `2[mB`2/-
#mi KQbi Q7 i?2 �+iBpBiB2b �`2 +Q/B}2/ BM /2+H�`�iBp2 /2THQvK2Mi /2b+`BTiQ`b
i?�i +�M Dmbi #2 2t2+mi2/ 7`QK Qi?2` T2QTH2 pB� i?2 "2M+?6HQr *GA- �bbmK@
BM; �i H2�bi �M �p2`�;2 mM/2`bi�M/BM; Q7 BM7`�bi`m+im`2 QT2`�iBQMb �M/ lMBt
QT2`�iBM; bvbi2KX AM K�Mv +�b2b- KQbi Q7 i?2 �+im�H mb2`b Q7 i?2 "2M+?6HQr

jej
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7`�K2rQ`F BM Qi?2` `2b2�`+? ;`QmTb r2`2 /2}MBM; T2`7Q`K�M+2 i2bib `2HvBM;
QM i?2 .aGX h?2v mb2/ i?2 7`�K2rQ`F �b i?2 i�`;2i mb2`b Q7 i?2 bmKK�iBp2
2p�Hm�iBQM r2 T`QTQb2 BM a2+iX dXkX q?�i r2 H2�`M2/ 7`QK T2QTH2 mbBM; i?2
7`�K2rQ`F- rBi? r?QK r2 ?�/ /B`2+i +QHH�#Q`�iBQM �M/ /Bb+mbbBQMb- �HHQr2/ mb
iQ BKT`Qp2 i?2 Qp2`�HH T`QTQb2/ �TT`Q�+? Qp2` /Bz2`2Mi Bi2`�iBQMbX h?2 }`bi
p2`bBQM Q7 i?2 T`QTQb2/ �TT`Q�+? �M/ i?2 "2M+?6HQr 7`�K2rQ`F ?�/ HBKBi2/
mb�#BHBiv- #mi i?2 H�i2bi p2`bBQM ?�b #22M 2p�Hm�i2/ Km+? #2ii2` r?2M +QK@
T�`2/ iQ T`2pBQmb p2`bBQMb BM i2`Kb Q7 2tT`2bbBp2M2bb �M/ Qp2`�HH mb�#BHBiv Q7
i?2 T`QTQb2/ �TT`Q�+?X h?2 KQbi +QKTH2t T�`i r2 ?�/ iQ /2�H rBi? ?�b #22M
i?2 MQM@/2i2`KBMBbiB+ #2?�pBQ` Q7 i?2 alh /2THQvK2Mi- 2t2+miBQM- �M/ mM/2@
THQvK2MiX q2 +QHH2+i2/ Km+? 722/#�+F 7`QK QM@i?2@}2H/ 2tT2`BK2Mib �M/ r2
+Q/B}2/ i?2 FMQrH2/;2 �b T�`i Q7 i?2 "2M+?6HQr 7`�K2rQ`F iQ T`QpB/2 i?2
mb2`b rBi? 7�+BHBiB2b �M/ �miQK�iBQM iQ K�M�;2 i?2 alh HB72+v+H2X �Hi?Qm;?
i?2 H2�`MBM; +m`p2 iQ �/QTi i?2 .aG ?�b #22M +QMbB/2`2/ �p2`�;2- i?2 `2bmHi
Q#i�BM2/ #v i?2 �miQK�iBQM QTTQ`imMBiB2b �M/ i?2 TQbbB#BHBiv iQ `2mb2 bT2+B}@
+�iBQMb �+`Qbb KmHiBTH2 2tT2`BK2Mib ?�b #22M +QMbB/2`2/ � F2v �/p�Mi�;2 #v �HH
i?2 `2b2�`+?2`b �/QTiBM; i?2 T`QTQb2/ �TT`Q�+?X S2QTH2 r2 +QHH�#Q`�i2/ rBi?
2bT2+B�HHv �TT`2+B�i2 i?2 TQbbB#BHBiv iQ /2}M2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb
i?�i +�M �HbQ 2�bBHv #2 T`2b2Mi2/ iQ Qi?2` T2QTH2 �M/fQ` BM `2b2�`+? T�T2`b �M/
+�M i?2M #2 mb2/ iQ �miQK�i2 T2`7Q`K�M+2 i2bib 2t2+miBQM �M/ `2mb2/ �+`Qbb
K�Mv /Bz2`2Mi 2tT2`BK2Mi�iBQM b2iiBM;bX "2BM; KQbiHv `2b2�`+?2`b- �MQi?2`
#B; �/p�Mi�;2 T2QTH2 r2 +QHH�#Q`�i2/ rBi? �TT`2+B�i2/- Bb i?2 TQbbB#BHBiv iQ
/Bbi`B#mi2 i2bi #mM/H2b- +QHH2+i2/ T2`7Q`K�M+2 /�i�- �M/ +QKTmi2/ K2i`B+b �b
T�`i Q7 i?2 �`iB7�+ib T`Q/m+2/ BM i?2B` `2b2�`+? rQ`F BM �M 2�bv r�vX "v T`Q@
pB/BM; i?2 i2bi #mM/H2b- Qi?2` `2b2�`+?2`b +�M `2T`Q/m+2 i?2 b�K2 2tT2`BK2Mib
#v `2HvBM; QM i?2 "2M+?6HQr 7`�K2rQ`FX

NXk G2bbQMb G2�`M2/ BM 1ti2M/BM; i?2 "2M+?6HQr
.aG �M/ 6`�K2rQ`F

h?2 /Bz2`2Mi p2`bBQMb Q7 i?2 "2M+?6HQr .aG �M/ 7`�K2rQ`F ?�p2 #22M /2@
p2HQT2/ rBi? i?2 +QMi`B#miBQMb Q7 /Bz2`2Mi T2QTH2- K�BMHv +QKTmi2` b+B2M+2
bim/2Mib +QHH�#Q`�iBM; rBi? mb r?BH2 /2p2HQTBM; i?2B` J�bi2` i?2b2bX h?2 +QK@
TH2tBiv �M/ i?2 /Bbi`B#mi2/ M�im`2 Q7 i?2 7`�K2rQ`F `2[mB`2/ i?2 T`QT2` �T@
T`Q�+? 7Q` bm++2bb7mH K�M�;2K2Mi Q7 i?2 T`QD2+i rBi? KmHiBTH2 +QMi`B#miBM;
T2QTH2- bBM+2 i?2 BMBiB�H T?�b2 Q7 /2p2HQTK2MiX �7i2` �M BMBiB�H T`QiQivT2 Q7 i?2
"2M+?6HQr 7`�K2rQ`F �M/ i?2 .aG r�b /2p2HQT2/- r2 bi�`i2/ iQ Q`;�MBx2 i?2



je8
NXj G2bbQMb G2�`M2/ BM AMi2;`�iBM; i?2 "2M+?6HQr .aG �M/ 6`�K2rQ`F rBi? Qi?2`

avbi2Kb

T`QD2+i �b �M QT2M@bQm`+2 T`QD2+i QM :Bi>m#R �M/ r2 �TTHB2/ .2pPTb T`�+@
iB+2b �M/ /2p2HQT2/ i?2 /Bz2`2Mi Bi2`�iBQMb Q7 i?2 T`QTQb2/ �TT`Q�+? 7QHHQrBM;
� *a.GX h?2 K�BM �/p�Mi�;2b Q7 bm+? �M �TT`Q�+? 7Q` mb ?�p2 #22M i?2 TQb@
bB#BHBiv iQ b2i �M/ b?�`2 � bi�M/�`/ /2p2HQTK2Mi T`Q+2bb 7Q` /Bz2`2Mi bim/2Mib
+QMi`B#miBM; iQ i?2 T`QD2+i- �miQK�i2 [m�HBiv 2M7Q`+2K2Mi �M/ bi`m+im`2 i?2
+Q/2 `2pB2r T`Q+2bb iQ p�HB/�i2 i?2 [m�HBiv Q7 i?2 +QMi`B#mi2/ BKT`Qp2K2MibX
�TTHvBM; i?2b2 T`�+iB+2b BM Qm` `2b2�`+? T`QD2+i ?2HT2/ mb K�BMi�BMBM; +QMi`QH
Q7 i?2 [m�HBiv Q7 i?2 /2p2HQT2/ bQHmiBQMb- �M/ Qz2`2/ i?2 bim/2Mib +QMi`B#miBM;
iQ i?2 /2p2HQTK2Mi i?2 QTTQ`imMBiv iQ H2�`M �M/ 7QHHQr � /2p2HQTK2Mi �M/
/2HBp2`v �TT`Q�+? [mBi2 +QKKQM BM i?2 BM/mbi`vX
h?2 /Bz2`2Mi 7mM+iBQM�HBiB2b Q7 i?2 "2M+?6HQr 7`�K2rQ`F `2[mB`2/ mb iQ `2Hv
QM KmHiBTH2 bQ7ir�`2 /2p2HQTK2Mi H�M;m�;2b �M/ i?B`/@T�`iv bQHmiBQMbX q2
/2+B/2/ iQ /2p2HQT i?2 "2M+?6HQr 7`�K2rQ`F QM KmHiBTH2 +Q?2bBp2 b2`pB+2b +QH@
H�#Q`�iBM; iQ Qz2` i?2 Qp2`�HH 7mM+iBQM�HBivX hQ 2Mbm`2 i?2 T`QpB/2/ bQHmiBQMb
F2Ti rQ`FBM; Qp2` i?2 /Bz2`2Mi /2p2HQTK2Mi Bi2`�iBQMb- r2 �miQK�i2/ �b Km+?
�b TQbbB#H2 mMBi- bvbi2K- �M/ 2M/@iQ@2M/ 7mM+iBQM�H i2bib (*H2KbQM- hQ#v- kyR9)X
q2 �HbQ �miQK�i2/ T2`7Q`K�M+2 i2bib 7Q` bQK2 Q7 i?2 "2M+?6HQr 7`�K2rQ`F
�SAb #v `2HvBM; QM i?2 "2M+?6HQr 7`�K2rQ`F Bib2H7 BM i?2 H�i2bi bi�#H2 p2`@
bBQMX .m`BM; i?2 /2p2HQTK2Mi Q7 i?2 "2M+?6HQr 7`�K2rQ`F- r2 H2�`M2/ i?2
BKTQ`i�M+2 Q7 b2H2+iBM; rB/2Hv bmTTQ`i2/ T`Q;`�KKBM; H�M;m�;2b- T`QpB/BM;
bmTTQ`i 7Q` T`QT2` i2biBM;X q2 �b r2HH `2�HBx2/ i?2 BKTQ`i�M+2 Q7 `2HvBM; QM
QT2M@bQm`+2 bQ7ir�`2 rBi? bi`QM; /2p2HQTK2Mi +QKKmMBiB2b �M/ ;QQ/ bmTTQ`i-
iQ bm++2bb7mHHv BMi2;`�i2 i?B`/@T�`iv bQHmiBQMb �M/ /2}M2 �miQK�i2/ i2bib 7Q`
i?2 BMi2;`�iBQM rBi? i?2 b�K2X 6Q` KQ`2 /2i�BHb QM i?2 /2p2HQTK2Mi T`Q+2bb-
r2 7QHHQr2/ `272` iQ (6BM/�?H- kyRd- �TT2M/Bt �)

NXj G2bbQMb G2�`M2/ BM AMi2;`�iBM; i?2 "2M+?6HQr
.aG �M/ 6`�K2rQ`F rBi? Qi?2` avbi2Kb

q2 BMi2;`�i2/ i?2 "2M+?6HQr rBi? Qi?2` 7`�K2rQ`Fb- �b /Bb+mbb2/ BM a2+iX 3Xk-
�M/ a2+iX 3XjX q2 �b r2HH BMi2;`�i2/ i?2 "2M+?6HQr 7`�K2rQ`F rBi? *A iQQHb-
`2HvBM; QM i?2 T`QpB/2/ *GAX AM i?2 +�b2 Q7 i?2 BMi2;`�iBQM T2`7Q`K2/ BM
a2+iX 3Xk- r2 H2p2`�;2/ i?2 .aG HB#`�`v 7Q` ;2M2`�iBM; T2`7Q`K�M+2 i2bib `2HvBM;
QM /2}M2/ bi�`iBM; i2KTH�i2 bT2+B}+�iBQMb �M/ +mbiQKBxBM; bm+? bT2+B}+�iBQMb
7Q` i?2 /Bz2`2Mi M22/b r2 ?�/ /m`BM; 2tT2`BK2Mi�iBQMX AM #Qi? +�b2b i?2 BMi2@
;`�iBQM #2ir22M i?2 i?B`/@T�`iv iQQH �M/ i?2 "2M+?6HQr 7`�K2rQ`F `2HB2/ QM
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jee
NXj G2bbQMb G2�`M2/ BM AMi2;`�iBM; i?2 "2M+?6HQr .aG �M/ 6`�K2rQ`F rBi? Qi?2`

avbi2Kb

i?2 _1ah7mH �SAb 2tTQb2/ #v i?2 "2M+?6HQr 7`�K2rQ`FX AM i?2 +�b2 Q7 i?2
BMi2;`�iBQM rBi? i?2 *QMiBMmAhv 7`�K2rQ`F Ua2+iX 3XkV r2 �HbQ `2HB2/ QM i?2
.aG KQ/2H 2tTQb2/ mbBM; i?2 .aG HB#`�`v 7Q` �miQK�iB+�HHv ;2M2`�i2 T2`7Q`@
K�M+2 i2bib �M/ rQ`FHQ�/b #v `2HvBM; QM i?2 +�T�#BHBiB2b Q7 i?2 *QMiBMmAhv
7`�K2rQ`FX h?2 "2M+?6HQr 7`�K2rQ`F _1ah7mH �SAb �M/ i?2 .aG HB#`�`v
?�p2 #22M F2v 7Q` bmTTQ`iBM; � bm++2bb7mH BMi2;`�iBQM rBi? Qi?2` 7`�K2rQ`Fb
�M/ bQHmiBQMbX h?2v 2M�#H2/ i?2 QTTQ`imMBiv iQ `2Hv QM i?2 T`QTQb2/ �TT`Q�+?
+�T�#BHBiB2b iQ T`QpB/2 �//BiBQM�H 7mM+iBQM�HBiB2b �M/ bQHmiBQMb BM i?2 +QMi2ti Q7
.S1 r?2M �TTHB2/ iQ T2`7Q`K�M+2 i2biBM;X _2H2p�Mi �SAb BM i?Bb +QMi2ti ?�p2
#22M �HbQ i?2 QM2b /2/B+�i2/ iQ KQMBiQ`BM; i?2 2t2+miBQM bi�i2 Q7 i?2 b+?2/mH2/
T2`7Q`K�M+2 i2bib �M/ i?2 `B+? HB72+v+H2 K�M�;2K2Mi Qz2`2/ #v i?2 "2M+?6HQr
7`�K2rQ`F i?�i +�M #2 H2p2`�;2/ #v BMi2;`�iBM; 7`�K2rQ`Fb iQ }M2@imM2 i?2B`
2t2+miBQM HB72+v+H2X
6Q` r?�i +QM+2`Mb i?2 rQ`F T`2b2Mi2/ BM a2+iX 3Xj- r2 K�BMHv H2p2`�;2/ i?2
.aG HB#`�`v �b i?2 iQQH mb2/ 7Q` i`�MbH�iBM; � "2?�pBQ`@/`Bp2M .2p2HQTK2Mi
U"..V i2biBM; /2}MBiBQM iQ �+im�H 2t2+mi�#H2 T2`7Q`K�M+2 i2bib b+?2/mH2/ #v
i?2 "2M+?6HQr 7`�K2rQ`FX 6Q` BMi2;`�iBM; i?2 T`QTQb2/ bQHmiBQM rBi? Qi?2`
�TT`Q�+?2b 7Q` KQ/2HBM; /2+H�`�iBp2 T2`7Q`K�M+2 i2bib- i?2 .aG HB#`�`v T`Qp2/
iQ #2 � ;`2�i 2M�#H2`X
q?2M BMi2;`�iBM; i?2 "2M+?6HQr 7`�K2rQ`F rBi? *A iQQHb- r2 K�BMHv `2H�v2/
QM i?2 *GA 7Q` i?2 BMi2;`�iBQMX �Hi?Qm;? i?2 �SAb T`QpB/2 � ;`2�i BMi2`7�+2
7Q` �++2bbBM; "2M+?6HQr 7`�K2rQ`FǶb 7mM+iBQM�HBiB2b- i?2 *GA �HHQr2/ mb iQ
+Q/B7v i?2 BMi2`�+iBQMb rBi? i?2 �SAb- `2bmHib- �M/ 2``Q` ?�M/HBM; BM � *A iQQH@
�;MQbiB+ r�vX h?Bb ?�b i?2 �/p�Mi�;2 Q7 Qz2`BM; i?2 QTTQ`imMBiv iQ BMi2;`�i2
i?2 T`QTQb2/ �TT`Q�+? BM KQbi Q7 i?2 �p�BH�#H2 iQQHb BM i?2 .2pPTb +QMi2ti- #v
2K#2//BM; i?2 "2M+?6HQr *GA �b T�`i Q7 i?2 iQQHbǶ bQHmiBQMbX q2 �+FMQrH2/;2
i?2 �/p�Mi�;2b- 2bT2+B�HHv BM i2`Kb Q7 mb2` 2tT2`B2M+2- Q7 /2p2HQTBM; /2/B+�i2/
BMi2;`�iBQM rBi? /Bz2`2Mi iQQHb- 2X;X- `2HvBM; QM THm;BMb- #mi r2 H2�`M2/ i?�i
i?Bb +�M ?�TT2M H�i2` BM i?2 BMi2;`�iBQM T`Q+2bbX h?2 *GA T`QpB/2b � 7�bi �M/
`2HB�#H2 r�v iQ 2M�#H2 i?2 BMi2;`�iBQM rBi? HBKBi2/ 2zQ`iX



*?�Ti2` Ry

*QM+HmbBQM

AM i?Bb +?�Ti2`- r2 bmKK�`Bx2 Qm` +QMi`B#miBQMb �M/ /Bb+mbb i?`2�ib iQ p�HB/Biv
7Q` i?2 2p�Hm�iBQMb r2 T2`7Q`K2/X

RyXR h?2bBb amKK�`v
AM i?Bb rQ`F r2 T`2b2Mi i?2 }`bi .S1 �TT`Q�+? 7Q` +QMiBMmQmb �M/ �miQK�i2/
2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX h?2 T`QTQb2/ �TT`Q�+?
�HHQrb `2�H mb2`b �M/ bvbi2Kb iQ �miQK�i2 T2`7Q`K�M+2 i2bib bT2+B}2/ `2HvBM;
QM � T`QTQb2/ /2+H�`�iBp2 H�M;m�;2- �M/ BMi2;`�i2 i?2K BM *A*. TBT2HBM2bX
*QKT�`2/ iQ i?2 bi�i2@Q7@i?2@�`i BM i`�/BiBQM�H T2`7Q`K�M+2 i2biBM;- /2+H�`�@
iBp2 T2`7Q`K�M+2 i2biBM;- �M/ �miQK�iBQM Q7 T2`7Q`K�M+2 i2bib BM *a.G- r2
+QMi`B#mi2 � MQp2H 2M/@iQ@2M/ �TT`Q�+? 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B@
}+�iBQM- �HHQrBM; `2�H mb2`b �M/ bvbi2Kb iQ bi�i2 i?2 i2bi ;Q�H �M/ +QMi`QH i?2
2MiB`2 �miQK�iBQM T`Q+2bb iQ �+?B2p2 i?2 bi�i2/ ;Q�HX
h?2 i�`;2i bvbi2Kb Q7 Qm` �TT`Q�+? �`2 K�BMHv _1ah7mH q2# b2`pB+2b �M/
"SJL kXy q7Jab- r?BH2 i?2 i�`;2i mb2`b �`2 T`�+iBiBQM2`b BMpQHp2/ BM i?2
*a.G- �M/ BM T�`iB+mH�` /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;B@
M22`b- .2pPTb 2M;BM22`- �M/ QT2`�iBQMb 2M;BM22`bX
hQ 2M�#H2 `2�H mb2`b �M/ i?B`/@T�`iv bvbi2Kb iQ /2+H�`�iBp2Hv bT2+B7vBM; T2`7Q`@
K�M+2 i2bi �miQK�iBQM T`Q+2bb2b- r2 /2p2HQT2/ �M 2tT`2bbBp2 .aG 2M�#HBM; i?2
bT2+B}+�iBQM Q7 ;Q�H@/`Bp2M T2`7Q`K�M+2 i2bib �M/ i?2B` 2M/@iQ@2M/ �miQK�iBQM
T`Q+2bbX lb2`b Q7 i?2 .aG +�M,

�V /2}M2 K�Mv /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib �M/ i2bi bmBi2b ?�pBM;
/Bz2`2Mi ;Q�Hb-

#V p�HB/�i2 i?2 i2bi �M/ i2bi bmBi2 bT2+B}+�iBQM-

jed



je3 RyXR h?2bBb amKK�`v

+V /2}M2 i?2 rQ`FHQ�/b iQ #2 Bbbm2/ iQ i?2 alh �M/ ?Qr iQ KBt rQ`FHQ�/bǶ
QT2`�iBQMb-

/V /2}M2 i?2 T2`7Q`K�M+2 K2i`B+b �M/ bi�iBbiB+b Q7 BMi2`2bi �M/ T2`7Q`K�M+2
/�i� iQ #2 +QHH2+i2/-

2V +QM};m`2 i?2 T`Q+2bb iQ #2 2t2+mi2/ iQ �+?B2p2 i?2 bi�i2/ ;Q�H-

7V +QMi`QH i?2 2t2+miBQM Q7 i?2 i2bi T`Q+2bb �M/ b2i +`Bi2`B� �#Qmi Bib i2`KB@
M�iBQM-

;V /2}M2 +`Bi2`B� /2i2`KBMBM; r?2M � i2bi Q` i2bi bmBi2 Bb bm++2bb7mH Q` 7�BHBM;-

?V /2}M2 i?2 alh �M/ Bib b2`pB+2b +QM};m`�iBQM-

BV �b r2HH �b /2}M2 *a.G 2p2Mib �+iBp�iBM; i?2 /Bz2`2Mi i2bi bmBi2bX

h?2 T`QTQb2/ .aG �HHQrb � +H2�` �M/ p�HB/�i2/ bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2
i2bi ;Q�H- �M/ 7�+BHBi�i2 `2mb2 Q7 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMbX �HQM; rBi?
i?2 .aG r2 T`QpB/2 K�Mv 2t�KTH2b �M/ i2KTH�i2 bT2+B}+�iBQMb i?2 mb2`b +�M
`2Hv QM iQ bT2+B7v T2`7Q`K�M+2 i2bib ?�pBM; /Bz2`2Mi ;Q�Hb 2ti`�+i2/ 7`QK �M
�miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�HQ; r2 T`QTQb2X q2 �HbQ /2b+`B#2
� T`QTQb�H i?2 mb2`b Q7 i?2 .aG +�M `272` iQ r?2M /2}MBM; i?2 /Bz2`2Mi ivT2b
Q7 i2bib iQ #2 BMi2;`�i2/ BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G �++Q`/BM; iQ i?2
2p2Mib ;2M2`�i2/ �b T�`i Q7 i?2 T`Q+2bbX
hQ bmTTQ`i mb2`b �M/ i?B`/@T�`iv bvbi2Kb BM �miQK�iBM; i?2 2t2+miBQM Q7
i2bib bT2+B}2/ mbBM; i?2 T`QTQb2/ .aG- r2 /2p2HQT � KQ/2H@/`Bp2M 7`�K2@
rQ`F- M�K2/ "2M+?6HQr- +QM};m`2/ mbBM; bm+? .aG �M/ /`BpBM; i?2 2MiB`2
2M/@iQ@2M/ T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q+2bb �++Q`/BM; iQ i?2 i2bi bT2+B}@
+�iBQMX h?2 7`�K2rQ`F +QMi`B#mi2b iQ /Bz2`2Mi b2`pB+2b- 2M�#HBM; i?2 2t2+miBQM
Q7 /2+H�`�iBp2Hv bT2+B}2/ i2bibX h?2 K�BM b2`pB+2b �`2,

�V p�HB/�iBQM Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bib �M/ i2bi bmBi2b-

#V b+?2/mHBM; Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bib �M/ i2bi bmBi2b-

+V �miQK�iB+ 2t2+miBQM Q7 i?2 b+?2/mH2/ i2bib-

/V �miQK�iB+ ;2M2`�iBQM Q7 HQ�/ /`Bp2`b M22/2/ 7Q` i?2 i2bi 2t2+miBQM-

2V �miQK�iB+ HB72+v+H2 K�M�;2K2Mi Q7 i?2 alh BM+Hm/BM; /2THQvBM;- +QM};@
m`�iBQM �M/ mM/2THQvBM;-

7V �miQK�i2/ T2`7Q`K�M+2 /�i� +QHH2+iBQM-



jeN RyXR h?2bBb amKK�`v

;V �miQK�i2/ K2i`B+b �M/ bi�iBbiB+b +QKTmi�iBQM 7Q` /Bz2`2Mi alh ivT2bX

_2HvBM; QM i?2 .aG �M/ i?2 "2M+?6HQr 7`�K2rQ`F- mb2`b �M/ i?B`/@T�`iv bvb@
i2Kb +�M `2Hv QM � +QKTH2i2 .S1 �TT`Q�+? 7Q` +QMiBMmQmb �M/ �miQK�i2/ 2t2@
+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX lb2`b �M/ i?B`/@T�`iv bvbi2Kb
+�M /2+H�`�iBp2Hv bT2+B7v T2`7Q`K�M+2 i2bib �M/ i2bi bmBi2b �M/ i?2B` �miQK�@
iBQM T`Q+2bb mbBM; i?2 .aG- �M/ bm#KBi i?2K 7Q` 2t2+miBQM iQ i?2 "2M+?6HQr
7`�K2rQ`FX h?2v +�M �++2bb i?2 bi�imb Q7 i?2 2t2+miBQM �i �Mv TQBMi BM iBK2-
`2HvBM; QM i?2 T`QpB/2/ _1ah7mH �SAb �M/ i?2 T`QpB/2/ *GA- �M/ BMi2`�+i rBi?
i?2 2t2+miBQM HB72+v+H2 iQ T`QpB/2 7Q` BMTmi Q` iQ biQT i?2 2t2+miBQMX �i i?2 2M/
Q7 i?2 i2bi 2t2+miBQM- r?2M i2bi `2bmHib �`2 �p�BH�#H2- mb2`b �M/ bvbi2Kb +�M �HbQ
�++2bb K2i`B+b �M/ bi�iBbiB+b �#Qmi i?2 T2`7Q`K�M+2 Q7 i?2 alh `2H�i2/ iQ i?2
i2bibX h?2v �HbQ ;2i �++2bb iQ �HH i?2 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ �`iB7�+ib
;2M2`�i2/ 7Q`- /m`BM;- �M/ �7i2` i?2 �miQK�i2/ 2t2+miBQM Q7 i?2 T2`7Q`K�M+2
i2biX
1KTQr2`BM; i?2 HB#`�`v BKTH2K2MiBM; i?2 .aG- i?2 "2M+?6HQr 7`�K2rQ`F
�SAb �M/ i?2 T`QpB/2/ *GA- mb2`b +�M 2ti2M/ i?2 �TT`Q�+? �b 7Q` 2t�KTH2 #v,
�V BMi2;`�iBM; i?2 HB#`�`v BM � iQQH T�`i Q7 i?2 *a.G ;2M2`�iBM; T2`7Q`K�M+2
i2bib �++Q`/BM; iQ Q#b2`p2/ +QM/BiBQMb �M/ bm#KBiiBM; i?2K iQ i?2 "2M+?@
6HQr 7`�K2rQ`F 7Q` 2t2+miBQMc #V BMi2;`�iBM; i?2 *GA BM T`Q+2bb2b /2}M2/ BM
iQQHb T�`i Q7 i?2 alh /2THQvK2Mi 2MpB`QMK2Mi- 7Q` 2t�KTH2 BM �M �SJ- 7Q`
b+?2/mHBM; T2`7Q`K�M+2 i2bib �M/ T2`7Q`K�M+2 i2bi bmBi2b �++Q`/BM; iQ 2tT2@
`B2M+2/ T2`7Q`K�M+2 #2?�pBQ` iQ 2Mbm`2 T2`7Q`K�M+2 `2[mB`2K2Mib +Q/B}2/ BM
i?2 i2bi bT2+B}+�iBQMb �`2 biBHH p�HB/X
qBi? i?2 T`QTQb2/ �TT`Q�+? 7Q` +QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM Q7 T2`@
7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.G r2 �BK �i +QMi`B#miBM; iQ 7�+BHBi�iBM; i?2
BMi2;`�iBQM Q7 T2`7Q`K�M+2 �+iBpBiB2b �HQM;bB/2 i?2 *a.G �M/ �i 2M�#HBM; i?2
i�`;2i mb2`b Q7 Qm` �TT`Q�+? iQ bT2+B7vBM; T2`7Q`K�M+2 i2bibX hQ p�HB/�i2 Qm`
T`QTQb�H r2 Bi2`�iBp2Hv BKT`Qp2/ i?2 T`QTQb2/ �TT`Q�+? #v �TTHvBM; Bi BM /B7@
72`2Mi mb2@+�b2b ?2�pBHv `2[mB`BM; T2`7Q`K�M+2 i2bi �miQK�iBQM- �b r2HH �b #v
T2`7Q`KBM; �M 2tT2`i `2pB2r �M/ � bmKK�iBp2 2p�Hm�iBQM Q7 i?2 .aG �M/ i?2
T`QTQb2/ �TT`Q�+?X h?2 `2bmHib Q7 i?2 bm`p2v +Q``Q#Q`�i2 Qm` T`QTQbBiBQM �M/
+QM}`K i?2 T`QTQb2/ �TT`Q�+? Bb p�HB/ 7Q` i?2 �BKb Bi ?�b #22M #mBHi 7Q`X AM
T�`iB+mH�`- 7`QK i?2 2tT2`i `2pB2r- r2 H2�`M2/ i?�i i?2 2tT`2bbBp2M2bb Q7 i?2
.aG Bb +QMbB/2`2/ QM i?2 K2/B�M �b ;QQ/ BM +Qp2`BM; i?2 M22/b Q7 i?2 i�`;2i
mb2`b �M/ bmBi�#H2 7Q` i?2K 7Q` i?2 �+iBpBiB2b Q7 bT2+B7vBM; �M/ 2t2+miBM; T2`@
7Q`K�M+2 i2bibX h?2 `2mb�#BHBiv- i?2 bmBi�#BHBiv Q7 i?2 �TT`Q�+? 7Q` i?2 i�`;2i
mb2`b- i?2 T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Bb +QMbB/2`2/ QM K2/B�M Km+? #2i@
i2` Ui?2 �p2`�;2- B7 2tBbiBM;- rQmH/ HB2 BM #2ir22M Q7 bQK2r?�i #2ii2` iQ Km+?



jdy RyXk amKK�`v Q7 *QMi`B#miBQMb

#2ii2`V i?�M bi�M/�`/ �TT`Q�+?2b 7Q` T2`7Q`K�M+2 i2biBM;- KQbiHv BKT2`�iBp2
QM2bX S�`iB+BT�Mib Q7 i?2 bmKK�iBp2 2p�Hm�iBQM +QM}`K2/ i?2 .aG Bb 2�bv
iQ H2�`M �M/ mM/2`bi�M/X �7i2` � b?Q`i BMi`Q/m+iBQM iQ i?2 �TT`Q�+? �M/ �HH
i?2 2H2K2Mib T�`i Q7 i?2 .aG- KQ`2 i?�M 3yXyW Q7 i?2 T�`iB+BT�Mib QM �p2`@
�;2 +Q``2+iHv �Mbr2`2/ i?2 T`QTQb2/ KmHiB@+?QB+2 i�bFb 2p�Hm�iBM; i?2 mb�#BHBiv
�M/ `2mb�#BHBiv Q7 i?2 H�M;m�;2 2H2K2MibX h?Bb ?2H/ �HbQ r?2M i?2 T�`iB+BT�Mib
?�/ HBKBi2/ iQ MQ FMQrH2/;2 Q7 i?2 T2`7Q`K�M+2 i2biBM; /QK�BMX S�`iB+BT�Mib
�HbQ +QM}`K2/ i?2 2tT`2bbBp2M2bb �M/ `2mb�#BHBiv Q7 i?2 .aG Bb ;QQ/ 7Q` 2t@
T`2bbBM; i?2B` T2`7Q`K�M+2 i2biBM; M22/b- �M/ i?2v T�`iB+mH�`Hv �TT`2+B�i2 i?2
;Q�H@/`Bp2M bT2+B}+�iBQM Q7 i2bibX �b i�`;2i mb2`b- i?2v �HbQ +QM}`K2/ i?2v
rQmH/ T`272` i?2 T`QTQb2/ �TT`Q�+? iQ BKTH2K2Mi T2`7Q`K�M+2 i2bib- +QK@
T�`2/ iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b �M/ i?�i i?2v �`2 BMi2`2bi2/ BM mbBM;
i?2 7`�K2rQ`F BKTH2K2MiBM; i?2 T`QTQb2/ �TT`Q�+?X

RyXk amKK�`v Q7 *QMi`B#miBQMb
hQ �Mbr2` i?2 `2b2�`+? ;Q�Hb r2 bi�i2 BM a2+iX RXkXR- r2 +QMi`B#mi2,

RV �M �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�HQ; 7Q` .S1 BM *?�TX 9c

kV �M �M�HvbBb Q7 ?Qr iQ BMi2;`�i2 /Bz2`2Mi ivT2b Q7 T2`7Q`K�M+2 i2bib B/2M@
iB}2/ BM i?2 T`QTQb2/ +�i�HQ; �b T�`i Q7 i?2 *a.G BM a2+iX 9X9c

jV � .aG 7Q` /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bi �miQK�iBQM T`Q@
+2bb BM *?�TX 8X q2 2p�Hm�i2 i?2 T`QTQb2/ .aG mb�#BHBiv BM i2`Kb Q7
H2�`M�#BHBiv �M/ `2mb�#BHBiv- #v T2`7Q`KBM; �M 2tT2`i `2pB2r �M/ � bmK@
K�iBp2 2p�Hm�iBQM T`2b2Mi2/ BM a2+iX dXR �M/ a2+iX dXk `2bT2+iBp2Hvc

9V � 7`�K2rQ`F 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2biBM; BM *?�TX eX q2 2p�H@
m�i2 i?2 T`QTQb2/ 7`�K2rQ`F- #v T2`7Q`KBM; �M Bi2`�iBp2 `2pB2r �M/ �
+QKT�`�iBp2 2p�Hm�iBQM T`2b2Mi2/ BM a2+iX dXj �M/ a2+iX dX9 `2bT2+iBp2HvX

RyXj h?`2�ib iQ o�HB/Biv
h?2 K�BM i?`2�ib iQ i?2 p�HB/Biv Q7 Qm` rQ`F `272` iQ i?2 2p�Hm�iBQM Q7 i?2 b�K2X
q2 �HbQ K2MiBQM i?`2�ib iQ p�HB/Biv `2H�i2/ iQ i?2 BKTH2K2Mi2/ .aG �M/ i?2
"2M+?6HQr 7`�K2rQ`FX



jdR RyXj h?`2�ib iQ o�HB/Biv

RyXjXR *QMbi`m+i o�HB/Biv
h?`2�ib iQ +QMbi`m+i p�HB/Biv �`2 `2H�i2/ iQ i?2 `2H�iBQMb?BT #2ir22M i?2Q`v
�M/ Q#b2`p�iBQMX AM Qm` rQ`F- r2 ?�p2 i?`2�ib iQ +QMbi`m+i p�HB/Biv 7Q` i?2
bm`p2vb r2 mb2/ iQ 2p�Hm�i2 i?2 T`QTQb2/ �TT`Q�+?X q2 T`QTQb2/ i?2 mb2`b �
KmHiB@+?QB+2 i�bFb #�b2/ bm`p2v- r?2`2 r2 `2[m2bi2/ i?2K iQ b2H2+i i?2 +Q``2+i
�Mbr2`b- �b r2HH �b r2 T`QTQb2/ iQ 2p�Hm�i2 bQK2 bi�i2K2Mib mbBM; � GBF2`i
b+�H2X q2 KBiB;�i2 i?`2�ib iQ +QMbi`m+i p�HB/Biv #v `2HvBM; QM bi�M/�`/Bx2/
2p�Hm�iBQM K2i?Q/b- �M/ bi�M/�`/Bx2/ GBF2`iǶb b+�H2 QTiBQMb iQ +QHH2+i T�`iB+B@
T�MibǶ 722/#�+F- �M/ r2 �bF2/ T�`iB+BT�Mib iQ 2tT`2bb �//BiBQM�H 722/#�+F mbBM;
7`22@i2ti }2H/b iQ `2TQ`i i?2B` QTBMBQM QM i?2 /Bz2`2Mi �Mbr2`b i?2v T`QpB/2X

RyXjXk AMi2`M�H o�HB/Biv
h?`2�ib iQ BMi2`M�H p�HB/Biv �`2 `2H�i2/ iQ 7�+iQ`b i?�i +QmH/ ?�p2 BM~m2M+2/
i?2 `2bmHibX AM Qm` rQ`F- i?2 bm`p2vb r2 `2HB2/ QM iQ 2p�Hm�i2 i?2 T`QTQb2/ �T@
T`Q�+? �`2 �z2+i2/ #v BMi2`M�H p�HB/BivX q2 KBiB;�i2 BMi2`M�H p�HB/Biv i?`2�ib-
#v +QHH2+iBM; FMQrH2/;2 7`QK � /Bp2`b2 b2i Q7 T�`iB+BT�Mib `2�+?2/ rBi? /B7@
72`2Mi K2/B�- rBi? /Bz2`2Mi T`BQ` FMQrH2/;2 QM i?2 +QM+2Tib `2H2p�Mi 7Q` i?2
2p�Hm�iBQM �M/ r2 �bb2bb bm+? #v +QHH2+iBM; /�i� QM i?2 FMQrH2/;2 Q7 �HH i?2
T�`iB+BT�Mib #27Q`2 T`QTQbBM; i?2K i?2 bm`p2vX

RyXjXj *QM+HmbBQM o�HB/Biv
h?`2�ib iQ +QM+HmbBQM p�HB/Biv +QM+2`M 7�+iQ`b H2�/BM; iQ `2�+? �M BM+Q``2+i
+QM+HmbBQM �#Qmi � `2H�iBQMb?BT BM i?2 Q#b2`p�iBQMbX AM Qm` rQ`F- i?2 +QKT�`@
�iBp2 2p�Hm�iBQM r2 T2`7Q`K2/ BM+Hm/BM; i?2 Qp2`�HH T`QTQb2/ .S1 �TT`Q�+?
�M/ Qi?2` T2`7Q`K�M+2 i2biBM; iQQHb 2tT2`B2M+2 i?`2�ib iQ +QM+HmbBQM p�HB/BivX
q2 +QM+Hm/2 i?2`2 �`2 MQ Qi?2` �TT`Q�+?2b �p�BH�#H2 �HHQrBM; /2+H�`�iBp2 �M/
�miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX q2 KBiB;�i2
i?2 `BbF Q7 KBbbBM; �p�BH�#H2 bQHmiBQMb #v T2`7Q`KBM; �M BM@/2Ti? �M�HvbBb Q7
bi�i2@Q7@i?2@�`i �M/ +QKK2`+B�HHv �p�BH�#H2 bQHmiBQMb- �M/ #v �bFBM; BM #Qi?
T`QTQb2/ bm`p2vb �#Qmi bBKBH�` �TT`Q�+?2b iQ i?2 T`QTQb2/ QM2- FMQrM #v
T�`iB+BT�MibX

RyXjX9 1ti2`M�H o�HB/Biv
h?`2�ib iQ 2ti2`M�H p�HB/Biv +QM+2`M i?2 ;2M2`�HBx�#BHBiv Q7 Qm` }M/BM;bX q2
KBiB;�i2 i?2 i?`2�ib iQ 2ti2`M�H p�HB/Biv BM i?2 }M/BM;b r2 Q#i�BM2/ rBi? i?2
T`QTQb2/ bm`p2vb- #v i�`;2iBM; bT2+B}+ ;`QmTb Q7 /Bp2`bB}2/ T`Q72bbBQM�HbX h?2



jdk RyXj h?`2�ib iQ o�HB/Biv

2tT2`i `2pB2r ?�b #22M T2`7Q`K2/ i�`;2iBM; 2tT2`ib BM i?2 T2`7Q`K�M+2 i2biBM;
/QK�BM- r?BH2 i?2 bmKK�iBp2 2p�Hm�iBQM BMpQHp2/ #Qi? T`Q72bbBQM�Hb �M/ bim@
/2Mib- rBi? /Bz2`2Mi /2;`22b Q7 2tT2`B2M+2X q2 +H�BK i?2 bim/v T`QpB/2b ;QQ/
+Qp2`�;2 Q7 i?2 TQi2MiB�H +�i2;Q`B2b Q7 i�`;2i mb2`b- �Hi?Qm;? 7m`i?2` bim/B2b
rBi? KQ`2 T�`iB+BT�Mib �M/ QM i?2 }2H/ �`2 �/pBb�#H2 /m2 iQ i?2 HBKBi2/ MmK@
#2` Q7 T�`iB+BT�Mib Uej 7Q` i?2 bmKK�iBp2 2p�Hm�iBQM- �M/ R3 7Q` i?2 2tT2`i
`2pB2rVX AM i2`Kb Q7 i?2 T`QTQb2/ i�bFb BM i?2 bmKK�iBp2 2p�Hm�iBQM- r2 b2@
H2+i2/ i�bFb +Qp2`BM; �HH i?2 2H2K2Mib Q7 i?2 i2bi bT2+B}+�iBQM r2 T`QTQb2 BM
i?2 .aG- �M/ r2 `�M/QKBx2/ �Mbr2`bǶ QTiBQMb 7Q` 2�+? i�bF 7Q` 2�+? T�`iB+B@
T�Mi iQ �pQB/ TQbbB#H2 T�ii2`Mb BM B/2MiB7vBM; i?2 +Q``2+i �Mbr2`bX >Qr2p2`-
r2 +�M MQi 2t+Hm/2 Qm` `2bmHib /2T2M/ QM i?2 T�`iB+mH�` +?QB+2 Q7 i?2 i�bFbX
q2 BKTH2K2Mi2/ i?2 .aG �M/ i?2 "2M+?6HQr 7`�K2rQ`F #v K�BMHv HQQFBM;
�i irQ ivT2b Q7 bvbi2Kb, _1ah7mH q2# b2`pB+2b �M/ "SJL kXy q7JabX h?Bb
BMi`Q/m+2b i?`2�ib iQ 2ti2`M�H p�HB/Biv #2+�mb2 i?2 /2bB;M �M/ BKTH2K2Mi�iBQM
/2+BbBQMb KB;?i MQi �TTHv iQ Qi?2` FBM/b Q7 bvbi2KbX



*?�Ti2` RR

PT2M *?�HH2M;2b �M/ PmiHQQF

AM i?Bb +?�Ti2`- r2 T`2b2Mi i?2 K�BM B/2MiB}2/ +?�HH2M;2b Q7 i?2 T`QTQb2/ �T@
T`Q�+? �M/ ?Qr r2 bi�`i2/ iQ i�+FH2 bQK2 Q7 i?2KX q2 i?2M T`2b2Mi i?2 HQM;@
i2`K pBbBQM 7Q` i?2 T`QTQb2/ .S1 �TT`Q�+? 7Q` +QMiBMmQmb �M/ �miQK�i2/
2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �HQM;bB/2 i?2 *a.GX

RRXR GBKBi�iBQMb

h?2 K�BM K2MiBQM2/ HBKBi�iBQMb #v i?2 T�`iB+BT�Mib Q7 i?2 2tT2`i `2pB2r �M/
i?2 bmKK�iBp2 2p�Hm�iBQM- `272` iQ i?2 +QKTH2tBiv BM KQ/2HBM; i?2 rQ`FHQ�/-
i?2 M22/ 7Q` bmTTQ`i 7`QK A.1b iQ bm++2bb7mHHv bT2+B7v i2bib /m2 iQ i?2 `B+?M2bb
�M/ 2tT`2bbBp2M2bb Q7 i?2 .aG- �M/ iQ i?2 M22/ 7Q` �MQi?2` H�v2` Q7 �#bi`�+iBQM
iQ K�F2 i?2 i2bi bT2+B}+�iBQM 2p2M KQ`2 ?mK�M@`2�/�#H2X A +QKTH2i2Hv �;`22
rBi? i?2 722/#�+F- �M/ r2 ;Qi bBKBH�` 722/#�+F r?BH2 /2p2HQTBM; �M/ �TTHvBM;
i?2 �TT`Q�+? BM KmHiBTH2 mb2@+�b2b +QHH�#Q`�iBM; rBi? K�Mv `2b2�`+?2`bX aQK2
Q7 i?2 HBKBi�iBQMb ?�p2 #22M �H`2�/v T`2HBKBM�`v i�+FH2/ BM rQ`F r2 /B/ BM +QH@
H�#Q`�iBQM rBi? Qi?2` `2b2�`+?2`b- �M/ i?2B` Qp2`+QKBM; +QMi`B#mi2b iQ 2M�#HBM;
Qm` HQM;@i2`K pBbBQM Q7 .S1 �TT`Q�+?2b 7Q` T2`7Q`K�M+2 i2biBM; �miQK�iBQM
�M/ BMi2;`�iBQM BM *a.GX q2 T`2b2Mi �M �TT`Q�+? i�+FHBM; i?2 +QKTH2tBiv BM
KQ/2HBM; i?2 rQ`FHQ�/ �b T�`i Q7 i?2 +�b2 bim/v /Bb+mbb2/ BM a2+iX 3Xk- �M/
�M �TT`Q�+? rQ`FBM; QM �M �//BiBQM�H H�v2` Q7 �#bi`�+iBQM iQ BM+`2�b2 ?mK�M@
`2�/�#BHBiv Q7 i?2 bT2+B}2/ i2bib BM a2+iX 3XjX h?2 BMi2;`�iBQM rBi? A.1b Bb
T�`i Q7 i?2 7mim`2 rQ`F �M/ 2M�#H2/ #v i?2 T`QpB/2/ .aG HB#`�`v- �M/ i?2
"2M+?6HQr �SAbX

jdj
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Functional 
Test Stages

Commits "Fast"  Performance 
Test Stages

"Slow"  Performance Test Stages
Triggers

e.g., nightly 
build

BenchFlow Fast 
Performance 

Feedback

Target Users

Target Users

BenchFlow 
Performance 

KnowlegePerformance
   Feedback BenchFlow 

Goal-driven 
Performance Tests

One-shot 
   Tests

One-shot Test
(BenchFlow DSL)

Continuous Test
(BenchFlow DSL)Continuous Tests

Continuous
      Tests

BenchFlow
BenchFlow Actionable 
Performance Insights

6B;m`2 RRXRX GQM;@i2`K oBbBQM �M/ PmiHQQF

RRXk GQM;@i2`K oBbBQM �M/ PmiHQQF
AM 6B;X RRXR r2 T`2b2Mi Qm` HQM;@i2`K pBbBQM �M/ QmiHQQF 7Q` .S1 �TT`Q�+?2b 7Q`
T2`7Q`K�M+2 i2biBM; �miQK�iBQM �M/ BMi2;`�iBQM BM *a.GX h?2 Qp2`�HH pBbBQM
Bb `2�HBx2/ #v 7Qm` K�BM #mBH/BM; #HQ+Fb,

RV *a.G GB72+v+H2 AMi2;`�iBQM, /2}M2 bmBi�#H2 r�vb iQ 2M�#H2 i?2 mb2`b iQ
2tT`2bb i?2 KQK2Mi BM i?2 *a.G BM r?B+? iQ BMi2;`�i2 r?B+? T2`7Q`@
K�M+2 i2bibf[m2`B2b- HBKBiBM; i?2 BKT�+i QM i?2 ǳ+QMiBMmBivǴ Q7 i?2 HB72@
+v+H2 �M/ /2+B/BM; �#Qmi i?2 `2bmHi Q7 *a.G T`Q+2bb2b �++Q`/BM; iQ i?2
2t2+mi2/ i2bib `2bmHiX aQK2 T2`7Q`K�M+2 i2bib- `2H�iBp2Hv 7�bi- K�M/�iQ`v
iQ T`Q+22/ iQ i?2 M2ti bi�;2b Q7 /2p2HQTK2Mi �`2 2t2+mi2/ +QMiBMmQmbHv
/m`BM; �+iBp2 /2p2HQTK2MiX aQK2 Qi?2` T2`7Q`K�M+2 i2bib- KQ`2 +QK@
TH2t �M/ bHQr +QKT�`2/ iQ i?2 T`2pBQmb QM2b- �`2 2t2+mi2/ BM /Bz2`2Mi
KQK2Mib- 7Q` 2t�KTH2 Qp2`MB;?ic

kV "2M+?6HQr :Q�H@/`Bp2M S2`7Q`K�M+2 h2bib, 2M�#H2 mb2`b iQ /2+H�`�iBp2Hv
2tT`2bb ;Q�H@/`Bp2M T2`7Q`K�M+2 [m2biBQMb (q�Hi2` 2i �HX- kyRe)- /B@
`2+iHv b+?2/mH2 i?2 2t2+miBQM Q7 i?2 /2}M2/ i2bi Q` i`B;;2` i?2K 7`QK
*a.G T`Q+2bb2b- �M/ Q#i�BM i2bi `2bmHibc



jd8 RRXk GQM;@i2`K oBbBQM �M/ PmiHQQF

jV "2M+?6HQr 6�bi S2`7Q`K�M+2 622/#�+F, T`QpB/2 7�bi T2`7Q`K�M+2
722/#�+F iQ i?2 mb2`b `2HvBM; QM T2`7Q`K�M+2 FMQrH2/;2 +QHH2+i2/ 7`QK
i?2 alh- bQ i?�i i?2v +�M +QMiBMmQmbHv ;�BM T2`7Q`K�M+2 FMQrH2/;2
�#Qmi i?2 alh �M/ mb2 i?Bb FMQrH2/;2 iQ BKT`Qp2 i?2 b�K2c

9V "2M+?6HQr �+iBQM�#H2 S2`7Q`K�M+2 AMbB;?ib, /2p2HQT bmBi�#H2 r�vb iQ
�M�Hvx2 +QHH2+i2/ T2`7Q`K�M+2 FMQrH2/;2 �#Qmi i?2 alh- iQ T`QpB/2 mb2`b
rBi? �+iBQM�#H2 BMbB;?ib �#Qmi i?2 alhǶb T2`7Q`K�M+2 2KTHQvBM; T`2@
�M�Hvx2/ T2`7Q`K�M+2 `2TQ`ib �/ �miQK�iB+�HHv BMi2`T`2i2/ T2`7Q`K�M+2
`2bmHib /2i2`KBM2/ #v i?2 alh ivT2 �M/ /2THQvK2Mi 2MpB`QMK2Mi- mb27mH
iQ BKT`Qp2 i?2 alhǶb [m�HBivX

AM i?Bb rQ`F r2 T`QpB/2 bQHmiBQMb iQr�`/b i?2 }`bi irQ #mBH/BM; #HQ+Fb- #2BM;
i?2 BMi2;`�iBQM BM i?2 *a.G HB72+v+H2 Ua2+iX 9X9V- 7Q` r?B+? r2 �HbQ +QMi`B#mi2 �M
2ti2MbBQM BM � DQBM `2b2�`+? rQ`F rBi? Qi?2` `2b2�`+?2`b T`2b2Mi2/ BM a2+iX 3Xk-
�M/ i?2 bmTTQ`i 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb U*?�TX 8V �M/
2t2+miBQM U*?�TX eV #�b2/ QM i2bi ;Q�Hb 7Q` � bm#b2i Q7 i2bib B/2MiB}2/ BM �
T`QTQb2/ �miQK�iBQM@Q`B2Mi2/ T2`7Q`K�M+2 i2bib +�i�HQ; U*?�TX 9VX
q2 B/2MiB7v �//BiBQM�H rQ`F iQ #2 +QM/m+i2/ BM BMi2;`�iBM; i?2 T`QTQb2/ �T@
T`Q�+? BM A.1b �M/ Qi?2` iQQHb mb2/ #v /2p2HQT2`b bQ i?�i i?2v +�M 2�bBHv
/2}M2 �M/ p�HB/�i2 /2+H�`�iBp2 T2`7Q`K�M+2 i2bi bT2+B}+�iBQMb r?BH2 /2p2HQT@
BM; i?2 bQ7ir�`2X Pi?2` B/2MiB}2/ M22/2/ BMi2;`�iBQM BM i?2 Qp2`�HH *a.G iQQHb
H�M/b+�T2 BKTQ`i�Mi iQ 7�+BHBi�i2 b?B7i@H27i Q7 T2`7Q`K�M+2 i2biBM; �+iBpBiB2b �M/
T`Q�+iBp2 T2`7Q`K�M+2 i2biBM; �`2 �HbQ rBi? iQQHb bm+? �b �SJbX �//BiBQM�HHv-
/m2 iQ i?2 BM+`2�bBM; �/QTiBQM Q7 TH�i7Q`Kb #�b2/ QM Em#2`M2i2b (ai�+F_Qt-
kyky) 7Q` +QMi�BM2` Q`+?2bi`�iBQM- r2 7Q`2b22 i?2 M22/ Q7 2ti2M/BM; i?2 .aG 7Q`
BMi2;`�iBM; �//BiBQM�H Em#2`M2i2b +�T�#BHBiB2b BM +QMi`QHHBM; �M/ +QM};m`BM;
alh /2THQvK2Mi- �b r2HH �b "2M+?6HQr b2`pB+2b /2/B+�i2/ iQ �miQK�iB+ alh
/2THQvK2Mi iQ �++QKKQ/�i2 i?2 M�iBp2 BMi2;`�iBQM rBi? Em#2`M2i2bX
AM T`QpB/BM; Qm` bQHmiBQMb- r2 �HbQ bi�`i2/ iQ i�+FH2 i?2 i?B`/ #mBH/BM; #HQ+F-
#v 2M�#HBM; `2mb2 Q7 +QHH2+i2/ T2`7Q`K�M+2 FMQrH2/;2 rBi? � }`bi �M/ bBKTHB@
}2/ �TT`Q�+? �M/ bmTTQ`iBM; i?2 T2`7Q`K�M+2 bT�+2 2tTHQ`�iBQM mbBM; T`2/B+@
iBp2 KQ/2HbX �//BiBQM�H rQ`F Bb `2[mB`2/ iQ i�+FH2 i?2 i?B`/ #mBH/BM; #HQ+F-
r?B+? Bb i?2 KQbi +?�HH2M;BM; BM i2`Kb Q7 `2b2�`+? �M/ /2p2HQTK2Mi- BM Qm`
QTBMBQMX q2 B/2MiB7v i?2 M22/ Q7, �V KQ/2HBM; i?2 T2`7Q`K�M+2 Q7 i?2 alhc
#V 2M�#HBM; TQ`i�#BHBiv Q7 T2`7Q`K�M+2 KQ/2Hb �+`Qbb /Bz2`2Mi T?�b2b Q7 i?2
/2p2HQTK2Mi (GBx?B 2i �HX- kyky) �b r2HH �b �+`Qbb /Bz2`2Mi bvbi2Kb �M/ /2THQv@
K2Mi 2MpB`QMK2Mi (u�M; 2i �HX- kyy8c w?2M; 2i �HX- kyR8c �H2iB 2i �HX- kyR3)c
+V /vM�KB+�HHv /2i2`KBMBM; i2bib iQ #2 2t2+mi2/ BM *a.G �++Q`/BM; iQ +?�M;2b
�TTHB2/ iQ i?2 alh �M/ Bib /2p2HQTK2Mi bi�;2- �M/ +m``2Mi FMQrH2/;2 �#Qmi
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i?2 alh T2`7Q`K�M+2 iQ K�tBKBx2 i?2 2t2+miBQM Q7 i2bib HBF2Hv iQ 7�BH mb2`bǶ
/2}M2/ T2`7Q`K�M+2 [m�HBiv +`Bi2`B� (a+?2`K�MM �M/ G2BiM2`- kyR3c >�b?2KB�M
2i �HX- kyRdc JQbi�7� 2i �HX- kyRdc �H:?�K/B 2i �HX- kykyc JɃ?H#�m2` 2i �HX- kykyc
:�xxQH� 2i �HX- kykyc a+?mHx �M/ p�M >QQ`M- kyky)X AM i?Bb +QMi2ti- DQBMBM; i?2
`2bmHib Q7 i?Bb /Bbb2`i�iBQM rBi? i?2 `2bmHib Q7 i?2 /Bbb2`i�iBQM #v (q�Hi2`- kyR3)
rQmH/ +QMi`B#mi2 iQ i?2 Qp2`�HH .S1 pBbBQM #v K2`;BM; i?2 /2+H�`�iBp2 �TT`Q�+?
7Q` T2`7Q`K�M+2 i2bi 2t2+miBQM Q7 i?Bb i?2bBb- rBi? i?2 �miQK�i2/ 2M;BM2 7Q`
T2`7Q`K�M+2 2M;BM22`BM; �TT`Q�+? b2H2+iBQM T`2b2Mi2/ BM (q�Hi2`- kyR3)X h?2
�miQK�i2/ 2M;BM2 Bb b2H2+iBM; �KQM; /Bz2`2Mi TQbbB#H2 �TT`Q�+?2b �p�BH�#H2 BM
T2`7Q`K�M+2 2M;BM22`BM; iQ �Mbr2` i?2 [m2biBQMb � mb2` ?�b- QM2 Q7 i?2K #2BM;
i?2 2t2+miBQM Q7 i�`;2i2/ T2`7Q`K�M+2 i2bibX
*QHH�#Q`�iBM; rBi? Qi?2` `2b2�`+?2`b r2 +QMi`B#mi2 BMBiB�H rQ`F iQr�`/b T`Q@
pB/BM; bQHmiBQMb 7Q` i?2 7Qm`i? #mBH/BM; #HQ+F- �b T`2b2Mi2/ BM a2+iX 3XjX h?2
Qp2`�HH HQM;@i2`K pBbBQM 7Q` i?2 7Qm`i? #mBH/BM; #HQ+F BM+Hm/2b i?2 ;2M2`�iBQM Q7
T2`7Q`K�M+2 i2biǶb `2bmHib BMi2`T`2i�iBQM (GHQv/ 2i �HX- kyR9)- T`QpB/BM; BMbB;?i
iQ i?2 mb2`b �#Qmi i?2 T2`7Q`K�M+2 Q7 i?2 alh- r?�i Bb HBKBiBM; Bib T2`7Q`@
K�M+2 �M/ ?Qr iQ BKT`Qp2 i?2 b�K2 iQ #2ii2` K�i+? i?2 T2`7Q`K�M+2 [m�HBiv
+`Bi2`B�X
"v `2HvBM; QM i?2 �TT`Q�+? T`QTQb2/ BM i?Bb rQ`F- �M/ 2ti2M/BM; Bi iQr�`/b
Qm` HQM;@i2`K pBbBQM- r2 �`2 +QM}/2Mi .S1 +�M #2+QK2 T�`i Q7 2p2`v /�v
T2`7Q`K�M+2 i2biBM; �miQK�iBQM �+iBpBiB2bX q2 2MpBbBQM T2`7Q`K�M+2 i2bi 2t@
2+miBQM Bb ;QBM; iQ #2 BMi2;`�i2/ KQ`2 �M/ KQ`2 BM �HH i?2 T?�b2b Q7 *a.G-
2M�#HBM; /Bz2`2Mi mb2`b �M/ bvbi2Kb BM /2}MBM; �M/ 2t2+miBM; T2`7Q`K�M+2
i2bib i`B;;2`2/ �++Q`/BM; iQ 2p2Mib ;2M2`�i2/ BM *a.G #v ?mK�Mb Q` #v Qi?2`
bvbi2KbX _2bBbi�M+2 iQ +?�M;2 Bb ;QBM; �Hr�vb iQ BKT�+i i?2 �/QTiBQM- #mi
/Bz2`2Mi bi`�i2;B2b +�M #2 Tmi BM TH�+2 iQ `2/m+2 i?2 BKT�+i Q7 i?Bb- 7Q` 2t@
�KTH2- +QMp2`i2/ 7`QK bi�M/�`/ �M/ rB/2Hv@mb2/ �TT`Q�+?2b iQ .S1 QM2b �M/
QT2MM2bb@Q`B2Mi2/ /2p2HQTK2Mi iQ �Hr�vb 2M�#H2 Qi?2` iQQHb iQ BMi2;`�i2 rBi?
iQQHb #mBHi BM i?2 +QMi2ti Q7 .S1X

RRXj 6BM�H _2K�`Fb
AM i?Bb /Bbb2`i�iBQM- r2 +H�BK i?�i � .S1 �TT`Q�+? �HHQrb 7Q` #2ii2` BMi2;`�iBQM
Q7 T2`7Q`K�M+2 i2biBM; �miQK�iBQM rBi? *a.G r?2M +QKT�`2/ iQ bi�M/�`/ BK@
T2`�iBp2 �TT`Q�+?2b- �M/ T`QpB/2b K2�Mb 7Q` /Bz2`2Mi mb2`b iQ bT2+B7v �M/fQ`
2t2+mi2 T2`7Q`K�M+2 i2biBM; �+iBpBiB2b /m`BM; bQ7ir�`2 /2p2HQTK2Mi �M/ `2H2�b2X
q2 ?B;?HB;?i i?2 BKTQ`i�M+2 Q7 `2HvBM; QM �M 2tT`2bbBp2 .aG 7Q` i2bi bT2+B}+�@
iBQM �M/ � KQ/2H@/`Bp2M 7`�K2rQ`F- �HHQrBM; i?2 mb2` iQ bT2+B7v i?2 i2bi ;Q�H
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�M/ +QM};m`2 i?2B` �miQK�iBQM BM � /2+H�`�iBp2 K�MM2` �M/ b+?2/mH2 i?2K 7Q`
�miQK�i2/ 2t2+miBQMX h?Bb i?2bBb TQBMib Qmi i?2 M22/ 7Q` � M2r T�`�/B;K iQ
HQQF �i T2`7Q`K�M+2 i2biBM; �miQK�iBQM �+iBpBiB2b- iQ 7�pQ` T2`7Q`K�M+2 i2bi
2t2+miBQM �M/ b?B7i@H27i Q7 bm+? �+iBpBiB2b i?�i �`2 ?BbiQ`B+�HHv 2t2+mi2/ BM H�i2`
bi�;2b Q7 bQ7ir�`2 /2p2HQTK2MiX 1tT2`B2M+2 BM /Bz2`2Mi +�b2 bim/B2b- BM K�Mv
/Bz2`2Mi /QK�BMb- +QHH�#Q`�iBQM �M/ 722/#�+F 7`QK Qi?2` `2b2�`+?2`b BM i?2
�`2� Q7 T2`7Q`K�M+2 2M;BM22`BM;- �M/ i?2 `2bmHib Q7 i?2 2tT2`i `2pB2r �M/ i?2
bmKK�iBp2 2p�Hm�iBQM r2 +QM/m+i2/ ?BMib mb Qm` +H�BKb }M/ bmTTQ`i BM i?2
+QKKmMBiv �M/ KQiBp�i2 i?2 +QM/m+i2/ `2b2�`+? �M/ `2bmHib- �b r2HH �b i?2
T`QTQb2/ HQM;@i2`K pBbBQMX
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1 version: { String : <Test DSL version, e.g. '1'> }
2 name: { String : <name of the performance test> }
3 # OPTIONAL
4 description: { String : <description of the performance test> }
5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 goal:
9 type: { String : <"load" | "smoke" | "sanity" | "configuration" |

"scalability" | "spike" | "exhaustive_exploration" | "stability_boundary"
| "capacity_constraints" | "regression_complete" |
"regression_intersection" | "acceptance"> }

!→

!→

!→

10 # OPTIONAL
11 stored_knowledge: { Boolean : <"true" | "false"> } #default "false"
12 observe:
13 # OPTIONAL
14 workloads:
15 # OPTIONAL
16 { String : <name of workload> }: { [String] : <a list of workload metrics>

}!→

17 # OPTIONAL
18 { String : <name of workload.operation> }: { [String] : <a list of

workload metrics> }!→

19 ...
20 # OPTIONAL
21 services:
22 { String : <name of service> }: { [String] : <a list of service metrics> }
23 ...

j3R
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24 # OPTIONAL
25 exploration:
26 exploration_space:
27 services:
28 { String : <name of service> }:
29 # OPTIONAL
30 resources:
31 cpu:
32 # EITHER specific values
33 values: { [String] : <a list of values + unit> }
34 # OR range
35 range: { [String, String] : <a list of values + unit

(inclusive)> }!→

36 # IF range we can specify step
37 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><values + unit> }!→

38 memory:
39 # EITHER specific values
40 values: { [String] : <a list of bytes value + unit> }
41 # OR range
42 range: { [String, String] : <a list of bytes value + unit

(inclusive)> }!→

43 # IF range we can specify step
44 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><bytes value + unit> }!→

45 # OPTIONAL
46 configuration:
47 { String : <name of environment variable> }: { [String] : <a list

of possible values> }!→

48 ...
49 ...
50 load_function:
51 # OPTIONAL
52 users: { [Number] : <a list of numbers> }
53 # OPTIONAL
54 users_range: { [Number, Number] : <a range of numbers (inclusive)> }
55 # OPTIONAL
56 users_step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><number> }!→

57 # OPTIONAL IF goal.type = stability_boundary
58 stability_criteria:
59 services:
60 { String : <name of service> }:
61 # OPTIONAL
62 avg_cpu: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→
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63 # OPTIONAL
64 avg_memory: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

65 ...
66 workloads:
67 { String : <name of workload> }:
68 ...
69 exploration_strategy:
70 selection: { String : <"one_at_a_time" | "random_breakdown" |

"stability_boundary_first"> }!→

71 # OPTIONAL
72 validation: { String : <random_validation_set> }
73 # OPTIONAL
74 regression: { String : <mars> }
75 load_function:
76 # OPTIONAL IF SPECIFIED IN EXPLORATION
77 users: { Number : <total number of users to be simulated> }
78 ramp_up: { String : <amount of time><unit> }
79 steady_state: { String : <amount of time><unit> }
80 ramp_down: { String : <amount of time><unit> }
81 # OPTIONAL
82 termination_criteria:
83 # OPTIONAL
84 test:
85 max_time: { String : <amount of time><unit> }
86 # OPTIONAL
87 max_number_of_experiments: { Number : <maximum number of experiments> }
88 # OPTIONAL
89 max_failed_experiments: { String : <number><"%"> }
90 # OPTIONAL
91 experiment:
92 max_number_of_trials: { Number : <maximum number of trials> }
93 # OPTIONAL
94 max_failed_trials: { String : <number><"%"> }
95 # OPTIONAL
96 workloads:
97 # OPTIONAL
98 { String : <name of workload> }:
99 confidence_interval_metric: { String : <a workload metrics> }
100 confidence_interval_value: { Number : <value of the workload metric> }
101 confidence_interval_precision: { String : <number><"%"> }
102 ...
103 # OPTIONAL
104 services:
105 { String : <name of service> }:
106 confidence_interval_metric: { String : <a service metrics> }
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107 confidence_interval_value: { Number : <value of the service metric> }
108 confidence_interval_precision: { String : <number><"%"> }
109 ...
110 # OPTIONAL
111 quality_gates:
112 # OPTIONAL IF exploration_strategy.regression = mars
113 mean_absolute_error: { String : <number><"%"> }
114 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

115 regression:
116 # EITHER service name
117 service: { String : <name of service> }
118 # OR workload name
119 workload: { String : <name of workload> }
120 gate_metric: { String : <name of the workload or service metric> }
121 # OPTIONAL
122 regression_delta_absolute: { String : <amount><unit> }
123 # OPTIONAL
124 regression_delta_percent: { String : <number><"%"> }
125 # OPTIONAL
126 workloads:
127 { String : <name of workload> }:
128 # OPTIONAL
129 - max_mix_deviation: { String : <number><"%"> }
130 # OPTIONAL
131 max_think_time_deviation: { String : <number><"%"> }
132 # OPTIONAL
133 gate_metric: { String : <name of the workload metric> }
134 # OPTIONAL
135 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
136 # OPTIONAL
137 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

138 # OPTIONAL
139 gate_threshold_minimum: { String : <a threshold value> OR Number :

<value of the workload metric> }!→

140 ...
141 ...
142 # OPTIONAL
143 services:
144 { String : <name of service> }:
145 - gate_metric: { String : <name of the service metric> }
146 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
147 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the service metric> }!→

148 # OPTIONAL
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149 gate_threshold_minimum: { String : <a threshold value> OR Number :
<value of the service metric> }!→

150 ...
151 ...
152 sut:
153 name: { String : <name of the sut> }
154 versions:
155 # EITHER specific values
156 values: { [String] : <name of versions in the wanted order> }
157 # OR range
158 range: { [String, String] : <a list of versions (inclusive)> }
159 # OPTIONAL
160 type: { String : <"wfms" | "http"> }
161 sut_configuration:
162 default_target_service:
163 name: { String : <name of target service> }
164 endpoint: { String : <base endpoint for each operation> }
165 # OPTIONAL
166 sut_ready_log_check: { String : <a regular expression to check the

availability of the sut> }!→

167 # OPTIONAL
168 deployment:
169 { String : <name of service> }: { String : <name of server alias> }
170 ...
171 # OPTIONAL
172 services_configuration:
173 { String: <name of service> }:
174 # OPTIONAL
175 resources:
176 # OPTIONAL
177 cpu: { [String] : <a list of values + unit> }
178 # OPTIONAL
179 memory: { [String] : <a list of bytes value + unit> }
180 # OPTIONAL
181 configuration:
182 { String: <name of environment variable> }: { String: <value> }
183 ...
184 ...
185 workloads:
186 { String : <name of the workload> }
187 # OPTIONAL IF more than one workload
188 popularity: { String : <number><"%"> }
189 { String : <name of the workload item> }
190 driver_type: { String : <"start_bpmn" | "http"> }
191 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→
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192 sut_version: { String : <sut version> }
193 # OPTIONAL
194 target_service: { String : <name of service> } # default to

default_target_service!→

195 # OPTIONAL
196 inter_operation_timings: { String : <"negative_exponential" | "uniform" |

"fixed_time"> }!→

197 # OPTIONAL IF more than one workload item
198 popularity: { String : <number><"%"> }
199 # IF driver_type = start_bpmn (WfMS)
200 operations:
201 - { String : <name of the .bpmn file with the process> }
202 ...
203 # IF driver_type = http (Web Services)
204 operations:
205 { String : <Name of operation> }
206 protocol: { String : <"http" | "https"> }
207 endpoint: { String : <path to call optionally referencing to data in

body, parameter or extracted from response to other operations> }!→

208 # REFERENCE:
https://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html#sec5.1.1!→

209 method: { String : <"OPTIONS" | "GET" | "HEAD" | "POST" | "PUT" |
"DELETE" | "TRACE" | "CONNECT"> }!→

210 # OPTIONAL
211 # REFERENCE: https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
212 headers:
213 Accept: { String : <Media Type> }
214 ...
215 # OPTIONAL
216 query_parameter:
217 - { String : <name of the query parameter> }:
218 items:
219 - { String : <content value> }
220 ...
221 # OPTIONAL
222 retrieval: { String : <"sequential" | "random"> }
223 ...
224 # OPTIONAL
225 url_parameter:
226 - { String : <name of the url parameter> }:
227 items:
228 - { String : <content value> }
229 ...
230 # OPTIONAL
231 retrieval: { String : <"sequential" | "random"> }
232 ...
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233 # OPTIONAL
234 extract_regex:
235 - { String : <name assigned to the extracted value> }:
236 # REFERENCE: https://developer.mozilla ⌋

.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/String/match!→

237 pattern: { String : <a regex pattern to extract values> }
238 # OPTIONAL
239 default: { String : <the default value assigned when no values are

extracted> }!→

240 # OPTIONAL
241 match_number: { Number : <the matched element index to select> }
242 ...
243 # OPTIONAL
244 extract_json:
245 - { String : <name assigned to the extracted value> }:
246 # REFERENCE: https://goessner.net/articles/JsonPath/
247 pattern: { String : <a JSON selector pattern to extract values> }
248 # OPTIONAL
249 default: { String : <the default value assigned when no values are

extracted> }!→

250 # OPTIONAL
251 match_number: { Number : <the matched element index to select> }
252 ...
253 # OPTIONAL
254 body:
255 content:
256 - { String : <content value> }
257 ...
258 # OPTIONAL
259 retrieval: { String : <"sequential" | "random"> }
260 # OPTIONAL
261 body_file: { String : <name of a data_sources> }
262 # OPTIONAL
263 body_form:
264 - { String : <name of the form field> }:
265 items:
266 - { String : <content value> }
267 ...
268 # OPTIONAL
269 retrieval: { String : <"sequential" | "random"> }
270 ...
271 # OPTIONAL IF driver_type = http (Web Services)
272 data_sources:
273 - path: { String : <path to a file containing data> }
274 delimiter: { String : <delimiter used in the file containing data> }
275 # OPTIONAL
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276 name: { String : <name assigned to the data source> }
277 # OPTIONAL
278 retrieval: { String : <"sequential" | "random"> }
279 ...
280 # OPTIONAL
281 mix:
282 # IF FixedSequenceMix
283 fixed_sequence: { [String] : <name of operations in the wanted order> }
284 # IF FlatMix. List of percentages (SUM = 100%) and optionally think time

(tt), index refers to index of operation!→

285 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

286 # IF FlatSequenceMix. List of percentages (SUM = 100%) and optionally
think time (tt), index refers to index of sequence specified below!→

287 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

288 sequences:
289 - { [String] : <name of operations in the wanted order> }
290 ...
291 # IF MatrixMix (needs to be a square matrix). List of percentages (SUM =

100%) and optionally think time (tt), index refers to index of
operation

!→

!→

292 matrix:
293 - { [String] : <number><"%"> <tt({ Number : <mean> } { Number :

<deviation> })> }!→

294 ...
295 ...
296 ...
297 # OPTIONAL
298 data_collection:
299 only_declared: { Boolean : <"true" | "false"> } # default "false"
300 # OPTIONAL
301 services:
302 # IF collector does NOT require CONFIGURATION
303 { String : <name of service> }: { String | [String] : <names of BenchFlow

collectors> }!→

304 # IF some collectors requires CONFIGURATION
305 { String : <name of service> }:
306 { String : <name of BenchFlow collector> }:
307 configuration:
308 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

309 ...
310 ...
311 ...
312 # OPTIONAL
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313 workloads:
314 { String : <name of the workload> }:
315 # OPTIONAL IF trial execution framework = JMeter
316 jmeter:
317 interval: { String : <time interval for data collection><"s" (seconds)> }

# default 1s!→

318 # OPTIONAL IF trial execution framework = Faban
319 faban:
320 interval: { String : <time interval for data collection><"s" (seconds)> }

# default 1s!→

321 ...

GBbiBM; �XRX .aG, *QKTH2i2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM

1 version: { String : <Experiment DSL version, e.g. "1"> }
2 name: { String : <name of the performance experiment derived from the name of the

test> }!→

3 # OPTIONAL
4 description: { String : <description of the performance experiment derived from

the name of the test> }!→

5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 # SET dependent on the load_function or exploration specification at test level
9 load_function:
10 users: { Number : <total number of users to be simulated> }
11 ramp_up: { String : <amount of time><unit> }
12 steady_state: { String : <amount of time><unit> }
13 ramp_down: { String : <amount of time><unit> }
14 termination_criteria:
15 max_time: { String : <amount of time><unit> }
16 # OPTIONAL
17 experiment:
18 max_number_of_trials: { Number : <maximum number of trials> }
19 # OPTIONAL
20 max_failed_trials: { String : <number><"%"> }
21 # OPTIONAL
22 workloads:
23 # OPTIONAL
24 { String : <name of workload> }:
25 confidence_interval_metric: { String : <a workload metrics> }
26 confidence_interval_value: { Number : <value of the workload metric> }
27 confidence_interval_precision: { String : <number><"%"> }
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28 ...
29 # OPTIONAL
30 services:
31 { String : <name of service> }:
32 confidence_interval_metric: { String : <a service metrics> }
33 confidence_interval_value: { Number : <value of the service metric> }
34 confidence_interval_precision: { String : <number><"%"> }
35 ...
36 sut:
37 name: { String : <name of the sut> }
38 version: { String : <name of version> }
39 # OPTIONAL
40 type: { String : <"wfms" | "http"> }
41 sut_configuration:
42 default_target_service:
43 name: { String : <name of target service> }
44 endpoint: { String : <base endpoint for each operation> }
45 # OPTIONAL
46 sut_ready_log_check: { String : <a regular expression to check the

availability of the sut> }!→

47 # OPTIONAL
48 deployment:
49 { String : <name of service> }: { String : <name of server alias> }
50 ...
51 # OPTIONAL. SET dependent on the load_function or exploration specification at

test level!→

52 services_configuration:
53 { String: <name of service> }:
54 # OPTIONAL
55 resources:
56 # OPTIONAL
57 cpu: { [String] : <a list of values + unit> }
58 # OPTIONAL
59 memory: { [String] : <a list of bytes value + unit> }
60 # OPTIONAL
61 configuration:
62 { String: <name of environment variable> }: { String: <value> }
63 ...
64 ...
65 workloads:
66 { String : <name of the workload> }
67 # OPTIONAL IF more than one workload
68 popularity: { String : <number><"%"> }
69 { String : <name of the workload item> }
70 driver_type: { String : <"start_bpmn" | "http"> }
71 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→
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72 sut_version: { String : <sut version> }
73 # OPTIONAL
74 target_service: { String : <name of service> } # default to

default_target_service!→

75 # OPTIONAL
76 inter_operation_timings: { String : <"negative_exponential" "uniform"

"fixed_time"> }!→

77 # OPTIONAL IF more than one workload item
78 popularity: { String : <number><"%"> }
79 # IF driver_type = start_bpmn (WfMS)
80 operations:
81 - { String : <name of the .bpmn file with the process> }
82 ...
83 # IF driver_type = http (Web Services)
84 operations:
85 { String : <Name of operation> }
86 protocol: { String : <"http" | "https"> }
87 endpoint: { String : <path to call optionally referencing to data in

body, parameter or extracted from response to other operations> }!→

88 # REFERENCE:
https://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html#sec5.1.1!→

89 method: { String : <"OPTIONS" "GET" "HEAD" "POST" "PUT" "DELETE"
"TRACE" | "CONNECT"> }!→

90 # OPTIONAL
91 # REFERENCE: https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
92 headers:
93 Accept: { String : <Media Type> }
94 ...
95 # OPTIONAL
96 query_parameter:
97 - { String : <name of the query parameter> }:
98 items:
99 - { String : <content value> }
100 ...
101 # OPTIONAL
102 retrieval: { String : <"sequential" | "random"> }
103 ...
104 # OPTIONAL
105 url_parameter:
106 - { String : <name of the url parameter> }:
107 items:
108 - { String : <content value> }
109 ...
110 # OPTIONAL
111 retrieval: { String : <"sequential" | "random"> }
112 ...
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113 # OPTIONAL
114 extract_regex:
115 - { String : <name assigned to the extracted value> }:
116 # REFERENCE: https://developer.mozilla ⌋

.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/String/match!→

117 pattern: { String : <a regex pattern to extract values> }
118 # OPTIONAL
119 default: { String : <the default value assigned when no values are

extracted> }!→

120 # OPTIONAL
121 match_number: { Number : <the matched element index to select> }
122 ...
123 # OPTIONAL
124 extract_json:
125 - { String : <name assigned to the extracted value> }:
126 # REFERENCE: https://goessner.net/articles/JsonPath/
127 pattern: { String : <a JSON selector pattern to extract values> }
128 # OPTIONAL
129 default: { String : <the default value assigned when no values are

extracted> }!→

130 # OPTIONAL
131 match_number: { Number : <the matched element index to select> }
132 ...
133 # OPTIONAL
134 body:
135 content:
136 - { String : <content value> }
137 ...
138 # OPTIONAL
139 retrieval: { String : <"sequential" | "random"> }
140 # OPTIONAL
141 body_file: { String : <name of a data_sources> }
142 # OPTIONAL
143 body_form:
144 - { String : <name of the form field> }:
145 items:
146 - { String : <content value> }
147 ...
148 # OPTIONAL
149 retrieval: { String : <"sequential" | "random"> }
150 ...
151 # OPTIONAL IF driver_type = http (Web Services)
152 data_sources:
153 - path: { String : <path to a file containing data> }
154 delimiter: { String : <delimiter used in the file containing data> }
155 # OPTIONAL
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156 name: { String : <name assigned to the data source> }
157 # OPTIONAL
158 retrieval: { String : <"sequential" | "random"> }
159 ...
160 # OPTIONAL
161 mix:
162 # IF FixedSequenceMix
163 fixed_sequence: { [String] : <name of operations in the wanted order> }
164 # IF FlatMix. List of percentages (SUM = 100%) and optionally think time

(tt), index refers to index of operation!→

165 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

166 # IF FlatSequenceMix. List of percentages (SUM = 100%) and optionally
think time (tt), index refers to index of sequence specified below!→

167 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

168 sequences:
169 - { [String] : <name of operations in the wanted order> }
170 ...
171 # IF MatrixMix (needs to be a square matrix). List of percentages (SUM =

100%) and optionally think time (tt), index refers to index of
operation

!→

!→

172 matrix:
173 - { [String] : <number><"%"> <tt({ Number : <mean> } { Number :

<deviation> })> }!→

174 ...
175 ...
176 ...
177 # DEPENDENT on the observe and the data_collection sections in the test

specification!→

178 data_collection:
179 only_declared: { Boolean : <"true" | "false"> } # default "false"
180 # OPTIONAL.
181 services:
182 # IF collector does NOT require CONFIGURATION
183 { String : <name of service> }: { String | [String] : <names of BenchFlow

collectors> }!→

184 # IF some collectors requires CONFIGURATION
185 { String : <name of service> }:
186 { String : <name of BenchFlow collector> }:
187 configuration:
188 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

189 ...
190 ...
191 ...
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192 # OPTIONAL
193 workloads:
194 { String : <name of the workload> }:
195 # OPTIONAL IF trial execution framework = JMeter
196 jmeter:
197 interval: { String : <time interval for data collection><"s" (seconds)> }

# default 1s!→

198 # OPTIONAL IF trial execution framework = Faban
199 faban:
200 interval: { String : <time interval for data collection><"s" (seconds)> }

# default 1s!→

201 ...

GBbiBM; �XkX .aG, *QKTH2i2 1tT2`BK2Mi u�JG 6Q`K�i aT2+B}+�iBQM
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.aG, u�JG aT2+B}+�iBQM
1t�KTH2b

1 version: "3"
2 name: "Predictive Stability Boundary Test"
3 description: "Example of Predictive Stability Boundary Test re-using Store

Knowledge and Observing Client- and Server-side Metrics"!→

4 labels: "stability_boundary", "predictive", "stored_knowledge"
5 configuration:
6 goal:
7 type: "stability_boundary"
8 stored_knowledge: "true"
9 observe:
10 workloads:
11 workload_a: avg_response_time, avg_latency
12 workload_b: avg_response_time, avg_latency
13 workload_b.operation_a: avg_response_time
14 services:
15 service_a: avg_cpu, avg_memory
16 service_b: avg_cpu, avg_memory
17 dbms_a: avg_cpu, avg_memory, avg_io
18 exploration:
19 exploration_space:
20 services:
21 service_a:
22 resources:
23 cpu:
24 range: [100m, 1000m]
25 step: "*4"
26 memory:
27 range: [256Mi, 1024Mi]
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28 step: "+768Mi"
29 configuration:
30 NUM_SERVICE_THREAD: [12, 24]
31 dbms_a:
32 resources:
33 cpu:
34 range: [100m, 1000m]
35 step: "*10"
36 memory:
37 range: [256Mi, 1024Mi]
38 step: "+768Mi"
39 configuration:
40 QUERY_CACHE_SIZE: 48Mi
41 stability_criteria:
42 services:
43 service_a:
44 avg_cpu: "<=60%"
45 avg_memory: "<=80%"
46 dbms_a:
47 avg_memory: "<=70%"
48 workloads:
49 workload_b:
50 max_mix_deviation: 5%
51 exploration_strategy:
52 selection: "stability_boundary_first"
53 validation: "random_validation_set"
54 regression: "mars"
55 load_function:
56 users: 1000
57 ramp_up: 5m
58 steady_state: 20m
59 ramp_down: 5m
60 termination_criteria:
61 test:
62 max_time: 120h
63 max_failed_experiments: 10%
64 experiment:
65 max_failed_trials: 10%
66 workloads:
67 workload_a:
68 confidence_interval_metric: avg_response_time
69 confidence_interval_value: 50ms
70 confidence_interval_precision: 95%
71 services:
72 service_a:
73 confidence_interval_metric: avg_cpu
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74 confidence_interval_value: 60%
75 confidence_interval_precision: 95%
76 quality_gates:
77 mean_absolute_error: 10%
78 workloads:
79 workload_a:
80 - max_mix_deviation: 5%
81 max_think_time_deviation: 2%
82 gate_metric: avg_response_time
83 condition: "<="
84 gate_threshold_target: "100ms"
85 gate_threshold_minimum: "200ms"
86 services:
87 service_a:
88 - gate_metric: avg_cpu
89 condition: "<="
90 gate_threshold_target: 50%
91 gate_threshold_minimum: 60%
92 sut:
93 name: "my_app"
94 versions:
95 values: "v1.5"
96 type: "http"
97 sut_configuration:
98 default_target_service:
99 name: "service_a"
100 endpoint: "/"
101 sut_ready_log_check: "/(.*)System started(.*)/g"
102 deployment:
103 service_a: "my_server"
104 services_configuration:
105 service_b:
106 resources:
107 cpu: 200m
108 memory: 256Mi
109 configuration:
110 THREADPOOL_SIZE: 64
111 workloads:
112 workload_a:
113 popularity: 70%
114 item_a:
115 driver_type: "http"
116 inter_operation_timings: "negative_exponential"
117 popularity: 80%
118 operations:
119 operation_a:
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120 protocol: "https"
121 endpoint: "/"
122 method: "GET"
123 extract_regex:
124 - title:
125 pattern: "<title>(.*?)</title>"
126 default: ""
127 match_number: 1
128 operation_b:
129 protocol: "https"
130 endpoint: "/${title}"
131 method: "POST"
132 body_file: "datasource_a"
133 data_sources:
134 - path: "/path_to_datasource_a"
135 delimiter: ","
136 name: datasource_a
137 retrieval: "random"
138 mix:
139 flat: "75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0)"
140 item_b:
141 driver_type: "http"
142 inter_operation_timings: "negative_exponential"
143 popularity: 20%
144 operations:
145 operation_a:
146 protocol: "https"
147 endpoint: "/"
148 method: "GET"
149 workload_b:
150 popularity: 30%
151 item_a:
152 driver_type: "http"
153 target_service: "service_b"
154 operations:
155 operation_a:
156 protocol: "https"
157 endpoint: "/"
158 method: "GET"
159 data_collection:
160 # AUTOMATICALLY attached based on the observe section IF NOT specified
161 services:
162 service_a: "stats"
163 service_b: "stats"
164 dbms_a: "stats"
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�TT2M/Bt *

1tT2`i _2pB2r am`p2v

*XR .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM;

h?2 S`QTQb2/ �TT`Q�+? 7Q` .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}@
+�iBQM �M/ 1t2+miBQM
h?Bb �TT`Q�+? Bb T�`i Q7 � S?. +QMi`B#miBQMX q2 �bF vQm iQ +QMi`B#mi2 rBi?
vQm` p�Hm�#H2 722/#�+F iQ +QKTH2i2 i?2 2p�Hm�iBQM b2+iBQM Q7 i?2 b�K2X h?2
�Mbr2`b �`2 ;QBM; iQ #2 `2TQ`i2/ �MQMvKQmbHv �b T�`i Q7 i?2 i?2bBbX q2 p�Hm2
i?2 iBK2 vQm bT2M/ QM T`QpB/BM; i?2 722/#�+F- bQ r2 r�Mi iQ ;Bp2 vQm #�+F
bQK2i?BM; iQ b?Qr Qm` �TT`2+B�iBQMX q2 �`2 ;BpBM; �r�v i?`22 HBiiH2 ;B7ib �b �
bB;M Q7 �TT`2+B�iBQM- `�|2/ �KQM; �HH i?2 T�`iB+BT�Mib +QKTH2iBM; i?2 bm`p2vX
JQ`2 /2i�BHb QM i?Bb �i i?2 2M/ Q7 i?2 bm`p2v- r?2`2 vQm +�M /2+B/2 r?2i?2`
iQ QTi@BM Q` MQiX

LPh1 R, /m2 iQ HBKBi�iBQMb Q7 :QQ;H2 6Q`Kb- r2 +�M MQi mb2 � H�`;2`
7QMi bBx2X hQ BM+`2�b2 i?2 7QMi@bBx2 TH2�b2 7QHHQr i?2 �/pB+2 QM i?2 7QHHQrBM;
;mB/2, https://www.computerhope.com/issues/ch000779.htm Uam;;2bi2/, mb2
i?2 iQTKQbi hBT Q7 i?2 `272`2M+2/ ;mB/2VX AK�;2b �`2 MQi ;QBM; iQ #2 BM+`2�b2/
;m�`�Mi22BM; i?2 [m�HBiv- i?mb r2 �Hr�vb Qz2` � 7mHH@bBx2 BK�;2 HBMFX
LPh1 k, ;QBM; #�+F iQ i?2 T`2pBQmb T�;2 /m`BM; i?2 bm`p2v- mbm�HHv b�p2b i?2
�H`2�/v T`QpB/2/ �Mbr2`b r?2M +QKBM; #�+F iQ i?2 T�;2 +QMi�BMBM; i?2 �Mbr2`X
A7 vQm i?BMF vQm KB;?i M22/ iQ /Q i?Bb- r2 �/pBb2 vQm iQ i2bi i?2 #2?�pBQ` rBi?
vQm` #`Qrb2` iQ #2 bm`2 �#Qmi Bi- #27Q`2 +QKTH2iBM; KmHiBTH2 �Mbr2`b
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*Xk 1tT2`i _2pB2r Q7 h?2 S`QTQb2/ �TT`Q�+?
*QMi2ti
_2+2Mi BM/mbi`v i`2M/b b?Qr BM+`2�bBM; �/QTiBQM Q7 .2p2HQTK2Mi �M/ PT2`@
�iBQMb U.2pPTbV T`�+iB+2bX �HQM;bB/2 i?2 �/QTiBQM Q7 .2pPTb- T2`7Q`K�M+2
i2biBM; +QMiBMm2b iQ 2pQHp2 iQ K22i i?2 ;`QrBM; /2K�M/b Q7 i?2 KQ/2`M
2Mi2`T`Bb2 �M/ Bib M22/ 7Q` �miQK�iBQMX JQ/2HBM; �M/ �miQK�i2/ 2t2+miBQM Q7
T2`7Q`K�M+2 i2bib �`2 iBK2@+QMbmKBM; �M/ /B{+mHi �+iBpBiB2b- `2[mB`BM; 2tT2`i
FMQrH2/;2- +QKTH2t BM7`�bi`m+im`2- �M/ � `B;Q`Qmb T`Q+2bb iQ ;m�`�Mi22 i?2
[m�HBiv Q7 +QHH2+i2/ T2`7Q`K�M+2 /�i� �M/ i?2 Q#i�BM2/ `2bmHibX *m``2MiHv
�p�BH�#H2 T2`7Q`K�M+2 i2biBM; �TT`Q�+?2b �`2 MQi r2HH BMi2;`�i2/ rBi? .2pPTb
T`�+iB+2b �M/ iQQHb �M/ �`2 Q7i2M 7Q+mbBM; QMHv QM bT2+B}+ M22/b Q7 T2`7Q`K�M+2
i2biBM; KQ/2HBM; �M/ �miQK�iBQMX

S`QTQb�H
q2 T`QTQb2 � .2+H�`�iBp2 �TT`Q�+? 7Q` S2`7Q`K�M+2 h2bib 1t2+miBQM-
2M�#HBM; i?2 +QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib
�HQM;bB/2 i?2 *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2 U*a.GV X
h?2 �TT`Q�+? Bb +QKT`Bb2/ Q7 � /2+H�`�iBp2 .QK�BM aT2+B}+ G�M;m�;2 U.aGV
2M�#HBM; i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib �M/ i?2B` �miQK�i2/
Q`+?2bi`�iBQM T`Q+2bb2b �HQM;bB/2 i?2 *a.G- �M/ � 7`�K2rQ`F 7Q` 2M/@iQ@2M/
�miQK�i2/ T2`7Q`K�M+2 i2biBM; `2HvBM; QM i?2 +QMi`B#mi2/ .aGX h?2 K�BM
i�`;2i bvbi2Kb �`2 _1ah7mH q2# b2`pB+2b �M/ "mbBM2bb S`Q+2bb JQ/2H �M/
LQi�iBQM kXy U"SJLkyV qQ`F~Qr J�M�;2K2Mi avbi2Kb Uq7JabV /2THQv2/
mbBM; � /2THQvK2Mi /2b+`BTiQ` `2HvBM; QM .Q+F2` +QMi�BM2`b UJQ`2 /2i�BHb QM
https://docs.docker.com/compose/compose-file/VX
h?2 K�BM i�`;2i mb2`b Q7 Qm` �TT`Q�+? �`2 /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv
�bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb 2M;BM22`bX h?2 mb2`b Q7 Qm` �TT`Q�+? +�M
bT2+B7v T2`7Q`K�M+2 i2bib mbBM; � ;Q�H@Q`B2Mi2/ �TT`Q�+?- �M/ /2+H�`�iBp2Hv
+QM};m`2 i?2 2MiB`2 T`Q+2bb 7QHHQr2/ iQ `2�+? i?2 ;Q�H �M/ 2p�Hm�i2 i?2 i2bi
`2bmHi mbBM; i?2 b�K2 .aGX qBi? i?2 b�K2 .aG- i?2v +�M #mBH/ i2bi bmBi2b
�M/ /2}M2 r?2M /Bz2`2Mi i2bib �`2 2t2+mi2/ /m`BM; i?2 *a.G- �++Q`/BM; iQ
bT2+B}+ i`B;;2`bX h?2 .aG Bb mb2/ iQ +QM};m`2 � 7`�K2rQ`F T`Q;`�KK2/ mbBM;
bm+? .aG �M/ BKTH2K2MiBM; i?2 T`Q+2bb2b M22/2/ 7Q` 2t2+miBM; T2`7Q`K�M+2
2tT2`BK2Mib T�`i Q7 i?2 /2+H�`2/ i2bi- �M/ � +QMi`QH HQQT r�i+?BM; i?2 bi�i2
Q7 i?2 2t2+miBM; i2bi �M/ b+?2/mHBM; 2tT2`BK2Mib iQ `2�+? i?2 bT2+B}+�iBQM
bi�i2/ BM i?2 /2+H�`�iBp2 bT2+B}+�iBQM bm#KBii2/ #v i?2 mb2`bX
JQ`2 /2i�BHb �`2 T`QpB/2/ BM � /2/B+�i2/ b2+iBQM Q7 i?Bb bm`p2vX
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1tT2`i _2pB2r P#D2+iBp2
h?2 Q#D2+iBp2 Q7 i?Bb 2tT2`i `2pB2r Bb iQ +QHH2+i 722/#�+F �#Qmi i?2 T`QTQb2/
�TT`Q�+? BM i2`Kb Q7 2tT`2bbBp2M2bb �M/ `2mb�#BHBiv Q7 i?2 .aG- �b r2HH
�b T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Q7 i?2 b�K2 �M/ bmBi�#BHBiv 7Q` i?2
i�`;2i mb2`b- 2bT2+B�HHv +QKT�`BM; Bi iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bY- HBF2
i?2 QM2 T`QTQb2/ #v CJ2i2`- �M/ +QMbB/2`BM; i?2 i�`;2i mb2`b Q7 i?2 �TT`Q�+?�X

1tT2`i _2pB2r h�`;2i �m/B2M+2
q2 K�BMHv i�`;2i T2`7Q`K�M+2 2M;BM22`BM; T`�+iBiBQM2`b- #Qi? BM �+�/2KB�
�M/ BM/mbi`vX

ai`m+im`2 Q7 i?2 am`p2v
h?2 bm`p2v bi�`ib rBi? � b2+iBQM r?2`2 r2 �bF vQm iQ }HH BM bQK2 BM7Q`K�iBQM
�#Qmi vQm` 2tT2`B2M+2 �M/ 2tT2`iBb2X q2 i?2M T`2b2Mi vQm i?2 �TT`Q�+? BM
� /2/B+�i2/ b2+iBQM r?2`2 r2 ;Q Qp2` �HH i?2 2H2K2Mib Q7 i?2 T`QTQb2/ .aG-
�M/ r2 T`QpB/2 vQm rBi? 2t�KTH2b BHHmbi`�iBM; ?Qr � mb2` Bb 2tT2+i2/ iQ
bi�i2 ;Q�H@/`Bp2M /2+H�`�iBp2 T2`7Q`K�M+2 i2bib mbBM; Qm` �TT`Q�+?X �7i2` �M
BMi`Q/m+iBQM iQ i?2 �TT`Q�+?- r2 �`2 ;QBM; iQ �bF vQm }p2 KmHiBTH2@+?QB+2
[m2biBQMb �#Qmi i?2 b�K2 r?2`2 vQm +�M �HbQ QTiBQM�HHv T`QpB/2 �//BiBQM�H
722/#�+FX 6BM�HHv- r2 T`QTQb2 bQK2 [m2biBQMb iQ +QHH2+i S_Pb �M/ *PLb
�#Qmi i?2 �TT`Q�+? �M/ `272`2M+2b iQ bBKBH�` �TT`Q�+?2bX

1tT2+i2/ �p2`�;2 +QKTH2iBQM iBK2, mT iQ j8@98 KBMmi2b- Q7 r?B+?
mT iQ ky@jy KBMmi2b 7Q` H2�`MBM; �#Qmi i?2 T`QTQb2/ �TT`Q�+?- /2T2M/BM; QM
vQm` #�+F;`QmM/X

h?2 bm`p2v Bb �MQMvKQmb �M/ MQ +QMi�+i /2i�BHb �`2 +QHH2+i2/- mMH2bb
T`QpB/2/ #v vQm �i i?2 2M/ Q7 i?2 bm`p2vX *QMbi`m+iBp2 722/#�+F Bb �Hr�vb i?2
KQbi p�Hm�#H2X
 h?2 �TT`Q�+? ?�b #22M }`bi T`2b2Mi2/ �i i?2 AMi2`M�iBQM�H qQ`Fb?QT
QM Zm�HBiv@�r�`2 .2pPTb BM kyRd UT�T2`, https://dl.acm.org/doi/pdf/
10.1145/3053600.3053636- T`2b2Mi�iBQM, https://bit.ly/2VtcqnyV �M/ i?2M
�i i?2 AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; BM kyR3 UT�@
T2`, https://dl.acm.org/doi/pdf/10.1145/3184407.3184417- T`2b2Mi�iBQM,
https://bit.ly/3g7T7YPVX Ai ?�b #22M H�`;2Hv 2ti2M/2/ Qp2` iBK2X
Y � #`B27 Qp2`pB2r Q7 BKT2`�iBp2 �TT`Q�+?2b pb /2+H�`�iBp2 �TT`Q�+?2b 7Q`
i2biBM; +�M #2 7QmM/ QM https://wiki.saucelabs.com/display/DOCS/Best+
Practice%3A+Imperative+v.+Declarative+Testing+Scenarios

https://dl.acm.org/doi/pdf/10.1145/3053600.3053636
https://dl.acm.org/doi/pdf/10.1145/3053600.3053636
https://bit.ly/2Vtcqny
https://dl.acm.org/doi/pdf/10.1145/3184407.3184417
https://bit.ly/3g7T7YP
https://wiki.saucelabs.com/display/DOCS/Best+Practice%3A+Imperative+v.+Declarative+Testing+Scenarios
https://wiki.saucelabs.com/display/DOCS/Best+Practice%3A+Imperative+v.+Declarative+Testing+Scenarios


9y9 *Xj 1tT2`B2M+2 �M/ 1tT2`iBb2

� 1p�Hm�iBM; i?2 7`�K2rQ`F �HHQrBM; i?2 �miQK�i2/ 2t2+miBQM Q7 i?2 /2+H�`@
�iBp2Hv bT2+B}2/ T2`7Q`K�M+2 i2bib Bb Qmi Q7 i?2 b+QT2 7Q` i?Bb bm`p2v bBM+2
Bi Bb � `2b2�`+? T`QiQivT2 �M/ Bi Bb MQi rB/2Hv mb2/ �b Qi?2` 7`�K2rQ`Fb 7Q`
T2`7Q`K�M+2 i2biBM;X

*Xj 1tT2`B2M+2 �M/ 1tT2`iBb2
AM i?Bb b2+iBQM- r2 �`2 +QHH2+iBM; bQK2 BM7Q`K�iBQM �#Qmi vQm- iQ #2ii2` �M�Hvx2
i?2 �Mbr2`b vQm �`2 ;QBM; iQ T`QpB/2 BM i?2 7QHHQrBM; b2+iBQMbX

*XjXR 1/m+�iBQM
RX G�i2bi /2;`22 Q7 2/m+�iBQM
" JB//H2 b+?QQHX
" >B;? a+?QQHX
" "�+?2HQ` .2;`22X
" J�bi2` .2;`22X
" S?.X
" Pi?2`X

*XjXk S`Q72bbBQM�H _QH2
kX uQm` +m``2Mi T`Q72bbBQM�H `QH2
" aQ7ir�`2 .2p2HQT2`X
" aQ7ir�`2 1M;BM22`X
" aQ7ir�`2 h2bi2`X
" .2pPTb 1M;BM22`X
" Z� �M�HvbiX
" S2`7Q`K�M+2 �M�HvbiX
" aBi2 _2HB�#BHBiv 1M;BM22`X
" _2b2�`+?2`X
" S`Q72bbQ`X
" aim/2MiX
" Pi?2`, X



9y8 *Xj 1tT2`B2M+2 �M/ 1tT2`iBb2

*XjXj 1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2
jX u2�`b Q7 2tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2,

*XjX9 1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM;
9X u2�`b Q7 2tT2`B2M+2 BM i?2 �`2� Q7 bQ7ir�`2 T2`7Q`K�M+2 i2biBM;X

LQi M2+2bb�`BHv �b i?2 K�BM �+iBpBivX LPh1, Bi +�M #2 yX ,

*XjX8 q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\
8X .2b+`B#2 vQm` K�BM i�bFb �M/ �+iBpBiB2b BM vQm` +m``2Mi `QH2,

*XjXe >Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\
ai�i2 ?Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib `2H�i2/ iQ T2`7Q`K�M+2
i2bi BKTH2K2Mi�iBQM �M/ 2t2+miBQM BM i?2 +QMi2ti Q7 i?Bb bm`p2v

e�X S2`7Q`K�M+2 h2biBM; LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e#X avbi2K lM/2` h2bi LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e+X avbi2K qQ`FHQ�/ LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e/X S2`7Q`K�M+2 .�i� *QHH2+iBQM LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e2X avbi2K S2`7Q`K�M+2 J2i`B+b LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e7X S2`7Q`K�M+2 h2bib 1t2+miBQM 6`�K2rQ`F

LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e;X GQ�/ .`Bp2` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e?X AKT2`�iBp2 �TT`Q�+?2b 7Q` S2`7Q`K�M+2 1M;BM22`BM; U2X;X-

CJ2i2`V LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eBX .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;

LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eDX avbi2K .2THQvK2Mi .2b+`BTiQ` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eFX .Q+F2` *QMi�BM2` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eHX *QMi�BM2` P`+?2bi`�iQ` 6`�K2rQ`F U2X;X- Em#2`M2i2bV

LQi �i �HH "ě"ě"ě"ě" 1tT2`i



9ye *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

eKX *QMiBMmQmb AMi2;`�iBQM �M/ .2HBp2`v
LQi �i �HH "ě"ě"ě"ě" 1tT2`i

eMX _1ah7mH q2# a2`pB+2b LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eQX u�JG G�M;m�;2 LQi �i �HH "ě"ě"ě"ě" 1tT2`i

*X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b
AM i?2 7QHHQrBM;- r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?X q2 BHHmb@
i`�i2 i?2 u�JG bT2+B}+�iBQM 7Q`K�i i?2 mb2`b Q7 Qm` �TT`Q�+? �`2 2tT2+i2/ iQ
K�bi2` 7Q` /2+H�`�iBp2Hv bT2+B7vBM; T2`7Q`K�M+2 i2bib �M/ +QM};m`BM; i?2 i2biǶb
�miQK�iBQM T`Q+2bbX q2 i?2M T`2b2Mi bQK2 2t�KTH2b Q7 /2+H�`�iBp2 T2`7Q`@
K�M+2 i2bi bT2+B}+�iBQMb `2HvBM; QM i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�iX
q?�i mb2`b �`2 2tT2+i2/ iQ bi�i2 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM
hQ `2Hv QM i?2 T`QTQb2/ /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM bQHmiBQM- mb2`b
M22/ iQ ?�p2 � #�bB+ mM/2`bi�M/BM; Q7 i?2 T2`7Q`K�M+2 i2biBM; /QK�BM �M/
�`2 2tT2+i2/ iQ /2}M2 � i2bi mbBM; i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�i
�M/ bT2+B7v,

RV h?2 i2bi ;Q�H �M/ Bib +QM};m`�iBQM- �b r2HH �b i?2 T2`7Q`K�M+2 bT�+2 iQ
#2 2tTHQ`2/ B7 `2[mB`2/ #v i?2 ;Q�H Ugoal- exploration_spaceV

kV h?2 HQ�/ 7mM+iBQM Uload_functionV

jV h?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi UobserveV

9V h?2 +`Bi2`B� iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2
Bib +QKTH2iBQM Utermination_criteriaV

8V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�
Uquality_gatesV

eV h?2 rQ`FHQ�/b mb2/ 7Q` i?2 i2bi �M/ ?Qr iQ KBt Bib QT2`�iBQMb Uworkloads-
operations- mixV

dV h?2 bvbi2K mM/2` i2bi ivT2- �M/ Bib +QM};m`�iBQM UsutV

3V h?2 /�i� +QHH2+iBQM b2`pB+2b M22/2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb27mH iQ
+QKTmi2 i?2 K2i`B+b Q7 BMi2`2bi Udata_collectionV

�7i2` bT2+B7vBM; /Bz2`2Mi i2bib- mb2`b +�M �HbQ /2}M2 i2bi bmBi2b iQ BMi2;`�i2
bm#b2ib Q7 i2bib �b T�`i Q7 i?2 *a.GX hQ /Q bQ- mb2`b �`2 2tT2+i2/ iQ /2}M2,



9yd *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

RV h?2 i2bi bmBi2- b2H2+iBM; i2bib #v `272``BM; iQ u�JG }H2b /2}MBM; i?2K
Q` #v b2H2+iBM; i?2K mbBM; H�#2Hb Usuite- testsV

kV h?2 i`B;;2`b �+iBp�iBM; i?2 i2bi 2t2+miBQM- �++Q`/BM; iQ *a.G 2p2Mib
UtriggersV

jV PTiBQM�HHv- i?2 2MpB`QMK2Mib QM r?B+? i2bib ?�p2 iQ #2 2t2+mi2/
UenvironmentsV

9V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi bmBi2 �++Q`/BM; iQ /2}M2/ [m�HBiv +`B@
i2`B� Uquality_gatesV

lb2`b �`2 2tT2+i2/ iQ T`QpB/2 i?2 i2bi bT2+B}+�iBQMb- �b r2HH �b i2bi /�i�
�M/ � bvbi2K mM/2` i2bi UalhV /2THQvK2Mi /2b+`BTiQ` �b T�`i Q7 � bQ@+�HH2/
i2bi #mM/H2X h?2 alh /2THQvK2Mi /2b+`BTiQ` /2}M2b i?2 b2`pB+2b T�`i Q7
i?2 alh- i?2B` +QM};m`�iBQM- /2THQvK2Mi bT2+B}+�iBQM- �M/ ?Qr i?2v +QK@
KmMB+�i2 �KQM; i?2KX JQ`2 /2i�BHb �`2 T`QpB/2/ QM i?2 Q{+B�H `272`2M+2,
https://docs.docker.com/compose/compose-file/X
h?2 T`QTQb2/ 7`�K2rQ`F T`QpB/2b � +QKK�M/@HBM2 BMi2`7�+2 U*GAV i?�i +�M
�HbQ #2 BMi2;`�i2/ BMiQ /Bz2`2Mi *QMiBMmQmb AMi2;`�iBQM �M/ *QMiBMmQmb .2@
HBp2`v TBT2HBM2b- /2}M2/ rBi? iQQHb bm+? �b C2MFBMb Uhttps://www.jenkins.io/VX
h?`Qm;? bm+? *GA i?2 mb2` +�M �miQK�iB+�HHv bm#KBi i2bib �M/ i2bi bmBi2 bT2+@
B}+�iBQMb 7Q` 2t2+miBQM iQ i?2 T`QTQb2/ 7`�K2rQ`FX
h2bi bT2+B}+�iBQMb +�M #2 `2mb2/- 2ti2M/2/ �M/ Qp2``B//2M- iQ 7�+BHBi�i2 `2mb2
Q7 #�b2 i2bi /2}MBiBQMb 7Q` KQ`2 +QKTH2t i2bibX aQK2 2t�KTH2b �`2 T`QpB/2/ BM
i?2 2t�KTH2b b2+iBQM- T`2b2Mi2/ �7i2` i?2 u�JG bT2+B}+�iBQM 7Q`K�iX
AM i?2 7QHHQrBM;- r2 T`2b2Mi i?2 u�JG bT2+B}+�iBQM 7Q`K�i �b r2HH �b 2t�KTH2b
Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bib bT2+B}+�iBQM �M/ BMi2;`�iBQM rBi? *a.GX

 LQi2 i?�i i?Bb bi�i2K2Mi `272`b iQ T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX 6Q`
r?�i +QM+2`Mb �M�HvxBM; i?2 T2`7Q`K�M+2 `2bmHib- �M/ BKT`QpBM; i?2 bvbi2K
T2`7Q`K�M+2 #�bB+ mM/2`bi�M/BM; Q7 i?2 T2`7Q`K�M+2 /QK�BM KB;?i MQi #2
bm{+B2MiX

*X9XR u�JG aT2+B}+�iBQM 6Q`K�i
.2}MBM; � .2+H�`�iBp2 S2`7Q`K�M+2 h2bi
Pp2`�HH h2bi aT2+B}+�iBQM

https://docs.docker.com/compose/compose-file/
https://www.jenkins.io/
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1 version: { String : <Test DSL version, e.g. '1'> }
2 name: { String : <name of the performance test> }
3 # OPTIONAL
4 description: { String : <description of the performance test> }
5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 goal:
9 ...
10 load_function:
11 # OPTIONAL IF SPECIFIED IN EXPLORATION
12 users: { Number : <total number of users to be simulated> }
13 ramp_up: { String : <amount of time><unit> }
14 steady_state: { String : <amount of time><unit> }
15 ramp_down: { String : <amount of time><unit> }
16 # OPTIONAL
17 termination_criteria:
18 ...
19 # OPTIONAL
20 quality_gates:
21 ...
22 sut:
23 ...
24 workloads:
25 ...
26 # OPTIONAL
27 data_collection:
28 ...

GBbiBM; *XRX 1tT2`i _2pB2r, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *XR- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 Qp2`�HH i2bi bi`m+im`2X �b vQm
+�M b22- i?2 mb2` +�M bT2+B7v �HH i?2 BM7Q`K�iBQM /2b+`B#2/ �#Qp2X �++Q`/BM;
iQ i?2 b2H2+i2/ ;Q�H- i?2 mb2` Bb `2[m2bi2/ iQ +QM};m`2 i?2 �miQK�iBQM T`Q+2bb
7QHHQr2/ iQ `2�+? bm+? ;Q�HbX
6Q` r?�i +QM+2`Mb i?2 load_function- i?2 mb2` +�M bT2+B7v i?2 r�Mi2/ MmK#2`
Q7 bBKmH�i2/ mb2`b �M/ +?�`�+i2`BbiB+b Q7 i?2 HQ�/ 7mM+iBQM BM i2`Kb Q7 iBK2 iQ
;Q 7`QK x2`Q iQ i?2 MmK#2` Q7 bT2+B}2/ mb2`b Uramp_upV- iBK2 iQ Bbbm2 i?2 HQ�/
iQ i?2 bvbi2K mM/2` i2bi �i i?2 bT2+B}2/ MmK#2` Q7 mb2`b Usteady_stateV- �M/
iBK2 iQ ;Q 7`QK i?2 r�Mi2/ MmK#2` Q7 mb2`b #�+F iQ x2`Q Uramp_downVX 
�KQM; i?2 Qi?2` /�i�- i?2 mb2` +�M �HbQ bT2+B7v labels UHBM2 OeVX G�#2Hb
�`2 BKTQ`i�Mi 7Q` b2H2+iBM; /Bz2`2Mi i2bi bT2+B}+�iBQMb r?2M BMi2;`�iBM; i2bi



9yN *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

2t2+miBQM BM *a.GX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4

 q2 +m``2MiHv QMHv bmTTQ`i i?2 K2MiBQM2/ b?�T2 Q7 i?2 HQ�/ 7mM+iBQM-
/m2 iQ HBKBi�iBQMb BM i?2 7`�K2rQ`Fb r2 mb2 iQ �miQK�i2 i?2 T2`7Q`K�M+2 i2bi
2t2+miBQMX Pi?2` 7`�K2rQ`Fb +�M #2 BMi2;`�i2/- i?mb i?2 b?�T2b Q7 bmTTQ`i2/
HQ�/ 7mM+iBQMb +QmH/ #2 2M?�M+2/X

h?2 :Q�H aT2+B}+�iBQM

1 configuration:
2 goal:
3 type: { String : < "load" | "smoke" | "sanity" | "configuration" |

"scalability" | "spike" | "exhaustive_exploration" | "stability_boundary" |
"capacity_constraints" | "regression_complete" | "regression_intersection"
| "acceptance" > }

!→

!→

!→

4 # OPTIONAL
5 stored_knowledge: { Boolean : <"true" | "false"> } # default "false"
6 observe:
7 ...
8 # OPTIONAL
9 exploration:
10 ...

GBbiBM; *XkX 1tT2`i _2pB2r, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *Xk- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 i2bi ;Q�HX �b vQm
+�M b22- i?2 mb2` +�M bT2+B7v K�Mv /Bz2`2Mi bmTTQ`i2/ ;Q�Hb UHBM2 OjV- bm+?
�b load test- smoke test- configuration test- �M/ regression testX h?2
;Q�H Bb mbm�HHv K�TT2/ iQ r2HH@FMQrM T2`7Q`K�M+2 i2bi ivT2bX h?2 MmK#2` Q7
bmTTQ`i2/ ;Q�Hb +�M #2 2ti2M/2/ Qp2` iBK2X
�KQM; i?2 Qi?2` /�i�- i?2 mb2` +�M �HbQ bT2+B7v r?2i?2` b?2 r�Mib iQ mb2
stored_knowledge UHBM2 O9V Q` MQiX _2mbBM; biQ`2/ FMQrH2/;2 2M�#H2b i?2
TQbbB#BHBiv iQ `2mb2 T`2pBQmb `2bmHib Q7 i2bib �M/ 2tT2`BK2Mib /2}MBM; i?2 2t�+i
b�K2 bT2+B}+�iBQM- 2t2+mi2/ �b T�`i Q7 T`2pBQmb i2bi 2t2+miBQM- Q` �b T�`i Q7
Qi?2` i2bib bT2+B}+�iBQMb b+?2/mH2/ BM T�`�HH2H iQ i?2 bm#KBii2/ QM2X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y

https://docs.google.com/drawings/d/1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4
https://docs.google.com/drawings/d/1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4
https://docs.google.com/drawings/d/1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y
https://docs.google.com/drawings/d/1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y
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 h?2 �+im�H p�Hm2b 7Q` i?2 ivT2 Q7 i2bi +�M p�`vX lbm�HHv- �HbQ i?2
p�`B�Mi Q7 i?2 M�K2 rBi? i?2 �//BiBQM Q7 i?2 bm{t Ǵni2biǴ Bb bmTTQ`i2/X

h?2 1tTHQ`�iBQM aT�+2 aT2+B}+�iBQM

1 goal:
2 # OPTIONAL
3 exploration:
4 exploration_space:
5 services:
6 { String : <name of service> }:
7 # OPTIONAL
8 resources:
9 cpu:
10 # EITHER specific values
11 values: { [String] : <a list of values + unit> }
12 # OR range
13 range: { [String, String] : <a list of values + unit (inclusive)>

}!→

14 # IF range we can specify step
15 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><values + unit> }!→

16 memory:
17 # EITHER specific values
18 values: { [String] : <a list of bytes value + unit> }
19 # OR range
20 range: { [String, String] : <a list of bytes value + unit

(inclusive)> }!→

21 # IF range we can specify step
22 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><bytes value + unit> }!→

23 # OPTIONAL
24 configuration:
25 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

26 ...
27 ...
28 load_function:
29 ...
30 # OPTIONAL IF goal.type = stability_boundary
31 stability_criteria:
32 services:
33 { String : <name of service> }:
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34 # OPTIONAL
35 avg_cpu: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

36 # OPTIONAL
37 avg_memory: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

38 ...
39 workloads:
40 { String : <name of workload> }:
41 ...
42 exploration_strategy:
43 selection: { String : <"one_at_a_time" | "random_breakdown" |

"stability_boundary_first"> }!→

44 # OPTIONAL
45 validation: { String : <random_validation_set> }
46 # OPTIONAL
47 regression: { String : <mars> }

GBbiBM; *XjX 1tT2`i _2pB2r, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM ai`�i2;v
u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *Xj- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 2tTHQ`�iBQM bT�+2 `2[mB`2/ #v
bQK2 Q7 i?2 bmTTQ`i2/ ;Q�Hb- bm+? �b i?2 configuration testX
q?2M � +QKTH2t i2bi Bb bT2+B}2/- i?2 mb2` +�M /2}M2 i?2 2tTHQ`�iBQM bT�+2 BM
i2`Kb Q7 services’ resources- �M/ configuration U� K�T Q7 F2v@p�Hm2 T�B`bV-
�M/ i?2 load functionX a2`pB+2b `272` iQ b2`pB+2b /2}M2/ BM i?2 bvbi2K mM/2`
i2bi /2THQvK2Mi /2b+`BTiQ`- T`QpB/2/ �b T�`i Q7 i?2 i2bi #mM/H2X
6Q` bQK2 ;Q�Hb- bT2+B}+ /�i� ?�p2 iQ #2 bT2+B}2/- bm+? �b 7Q` i?2
ǳstability_boundaryǴ QM2X AM bm+? +�b2b- bT2+B}+ b2+iBQMb Q7 i?2 2tTHQ`�iBQM
bT�+2 �`2 T`QpB/2/X 6Q` i?2 bi�#BHBiv #QmM/�`v i2bi- i?2 stability criteria-
b2+iBQM Bb T`QpB/2/ UHBM2b Oje@O9dV- �HHQrBM; i?2 mb2` iQ bT2+B7v bi�#BHBiv +`B@
i2`B� QM b2`pB+2b �M/ rQ`FHQ�/bX
h?2 2tTHQ`�iBQM bT�+2 +QmH/ p�`v BM bBx2- i?mb i?2 mb2` +�M `2Hv QM � bT2+B}@
+�iBQM mbBM; � range- U2X;X- HBM2 ORjV Q7 p�Hm2b iQ 2tTHQ`2 �M/ � mathematical
function- U2X;- HBM2 OR8V iQ M�pB;�i2 i?2 bT2+B}2/ `�M;2X
Pm` �TT`Q�+? +QKTmi2b i?2 2MiB`2 T2`7Q`K�M+2 bT�+2 iQ 2tTHQ`2 +�H+mH�iBM;
i?2 +QK#BM�iBQMb rBi?Qmi `2T2iBiBQMb QM �HH i?2 TQbbB#H2 p�Hm2b bT2+B}2/ #v i?2
mb2` BM i?2 +QM};m`�iBQM bT�+2- +QMbB/2`BM; 2�+? bT2+B}2/ /BK2MbBQM �b � p2+iQ`X
6Q` 2t�KTH2- B7 i?2 mb2` /2}M2b �M 2tTHQ`�iBQM bT�+2 rBi? � ǳb2`pB+2n�Ǵ ?�pBM;
�b `2bQm`+2b p�Hm2 7Q` K2KQ`v, (Rk3JB- k8eJB) �M/ � HQ�/ 7mM+iBQM /2}MBM;
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Ryy �b i?2 MmK#2` Q7 mb2`b- i?2M i?2 2tTHQ`�iBQM bT�+2 Bb +QKT`Bb2/ Q7 irQ
2tT2`BK2Mib- QM2 rBi? Ryy mb2`b �M/ Rk3JB Q7 K2KQ`v 7Q` ǳb2`pB+2n�Ǵ- �M/ �
b2+QM/ QM2 Q7 rBi? Ryy mb2`b �M/ k8eJB Q7 K2KQ`v 7Q` ǳb2`pB+2n�ǴX
:Bp2M i?�i i?2 2tTHQ`�iBQM bT�+2 +QmH/ 2tTHQ/2 BM i2`Kb Q7 2tT2`BK2Mib
iQ #2 2t2+mi2/- r2 T`QpB/2 /Bz2`2Mi bi`�i2;B2b iQ 2tTHQ`2 i?2 bT�+2 UHBM2b
O93@O8jVX q2 �HbQ �H2`i i?2 mb2` B7 i?2 bBx2 Q7 i?2 bT�+2 Bb ;`2�i2` i?�M �
i?`2b?QH/ U/27�mHi, RyV X PM2 Q7 i?2 TQbbB#H2 bi`�i2;B2b i?�i +�M #2 bT2+B}2/-
Bb � T`2/B+iBp2 bi`�i2;v UHBM2b O8R@O8jV �ii2KTiBM; iQ �TT`QtBK�i2 i?2
T2`7Q`K�M+2 Q7 i?2 alh BM i?2 T2`7Q`K�M+2- bT�+2- i?mb `2/m+BM; i?2 MmK#2`
Q7 2t2+mi2/ 2tT2`BK2MibX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc

 lb2`b Q7 i?2 7`�K2rQ`F 2t2+miBM; i?2 bT2+B}2/ i2bi +�M bT2+B7v i?2
i?`2�b?QH/ �b T�`i Q7 i?2 7`�K2rQ`F +QM};m`�iBQMbX

h?2 aT2+B}+�iBQM 7Q` i?2 S2`7Q`K�M+2 J2i`B+b iQ P#b2`p2

1 goal:
2 observe:
3 # OPTIONAL
4 workloads:
5 # OPTIONAL
6 { String : <name of workload> }: { [String] : <a list of workload metrics> }
7 # OPTIONAL
8 { String : <name of workload.operation> }: { [String] : <a list of workload

metrics> }!→

9 ...
10 # OPTIONAL
11 services:
12 { String : <name of service> }: { [String] : <a list of service metrics> }
13 ...

GBbiBM; *X9X 1tT2`i _2pB2r, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *X9- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi
7Q` i?2 T2`7Q`K�M+2 i2biX h?2 mb2` +�M `2[m2bi iQ observe � rB/2 `�M;2 Q7
T2`7Q`K�M+2 K2i`B+b �M/ bi�iBbiB+b T`QpB/2/ #v i?2 T`QTQb2/ 7`�K2rQ`F �M/
+QKTmi2/ QM +QHH2+i2/ T2`7Q`K�M+2 /�i�- #v `272``BM; iQ i?2K #v i?2B` M�K2bX

https://docs.google.com/drawings/d/1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc
https://docs.google.com/drawings/d/1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc
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S2`7Q`K�M+2 K2i`B+b +�M #2 Q#b2`p2/ Q7 #Qi? i?2 workloads- `2T`2b2MiBM;
+HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b- �b r2HH �b 7Q` i?2 services- `2T`2b2Mi@
BM; b2`p2`@bB/2 T2`7Q`K�M+2 K2i`B+bX 1t�KTH2b Q7 rQ`FHQ�/ K2i`B+b �`2
�p2`�;2 `2bTQMb2 iBK2 �M/ �p2`�;2 H�i2M+vX 1t�KTH2b Q7 b2`pB+2 K2i@
`B+b �`2 �p2`�;2 *Sl miBHBx�iBQM �M/ K�tBKmK K2KQ`v miBHBx�iBQMX q2
�HbQ T`QpB/2 alh@bT2+B}+ K2i`B+b- 7Q` 2t�KTH2 7Q` "SJLky q7Jab r2
T`QpB/2 +mbiQK K2i`B+b �#Qmi MmK#2` �M/ iBK2 Q7 2t2+mi2/ T`Q+2bb BM@
bi�M+2b- �b r2HH �b Qi?2` QM2b U7Q` KQ`2 /2i�BHb- `272` iQ b2+iBQM 9 Q7
http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdfV
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI

h?2 h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM

1 configuration:
2 # OPTIONAL
3 termination_criteria:
4 # OPTIONAL
5 test:
6 max_time: { String : <amount of time><unit> }
7 # OPTIONAL
8 max_number_of_experiments: { Number : <maximum number of experiments> }
9 # OPTIONAL
10 max_failed_experiments: { String : <number><"%"> }
11 # OPTIONAL
12 experiment:
13 max_number_of_trials: { Number : <maximum number of trials> }
14 # OPTIONAL
15 max_failed_trials: { String : <number><"%"> }
16 # OPTIONAL
17 workloads:
18 # OPTIONAL
19 { String : <name of workload> }:
20 confidence_interval_metric: { String : <a workload metrics> }
21 confidence_interval_value: { Number : <value of the workload metric> }
22 confidence_interval_precision: { String : <number><"%"> }
23 ...
24 # OPTIONAL
25 services:
26 { String : <name of service> }:
27 confidence_interval_metric: { String : <a service metrics> }
28 confidence_interval_value: { Number : <value of the service metric> }
29 confidence_interval_precision: { String : <number><"%"> }

http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
https://docs.google.com/drawings/d/1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI
https://docs.google.com/drawings/d/1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI
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30 ...

GBbiBM; *X8X 1tT2`i _2pB2r, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *X8- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 +`Bi2`B� mb2/ iQ /2i2`KBM2 B7 i?2
i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2 Bib +QKTH2iBQMX :Bp2M T2`7Q`K�M+2
i2bib K�v M22/ � +QMbB/2`�#H2 �KQmMi Q7 iBK2 iQ #2 2t2+mi2/- i?2 bmTTQ`i
Q7 i2bib 2tTHQ`BM; TQi2MiB�HHv p�bi T2`7Q`K�M+2 bT�+2- �M/ i?2 BMi`BMbB+ 7�+i
T2`7Q`K�M+2 i2bi +�M 7�BH Q` ?�p2 MQM@/2i2`KBMBbiB+ Bbbm2b /m`BM; 2t2+miBQM
U2X;X- /m2 iQ BMbi�#BHBiv Q7 i?2 alh- i?2 HQ�/ /`Bp2`b- Q` i?2 T2`7Q`K�M+2 i2bi
2t2+miBQM 7`�K2rQ`FV- Bi Bb Q7 miKQbi BKTQ`i�M+2 iQ bT2+B7v +`Bi2`B� +QMi`QHHBM;
r?2M iQ biQT i2bib i?�i �`2 2tT2+i2/ MQi iQ #2 bm++2bb7mHX
� i2`KBM�iBQM +`Bi2`BQM +�M #2 bT2+B}2/ QM i?2 test Bib2H7 UHBM2b O8@ORyV- Q`
QM experiments UHBM2b ORk@OjyVX �i i?2 i2bi H2p2H- i?2 mb2`b +�M bi�i2 i?2
K�tBKmK iBK2 i?2 i2bi Bb �HHQr2/ iQ #2 2t2+mi2/ - �b r2HH �b mTT2` #QmM/b
7Q` i?2 MmK#2` Q7 2t2+mi2/ 2tT2`BK2Mib Q` i?2 MmK#2` Q7 7�BH2/ 2tT2`BK2MibX
�i i?2 2tT2`BK2Mi H2p2H- i?2 mb2` +�M bT2+B7v i?2 K�tBKmK MmK#2` Q7 i`B�Hb
U2X;X- i?2 MmK#2` Q7 `2T2iBiBQMb � bBM;H2 2tT2`BK2Mi Bb �HHQr2/ iQ T2`7Q`K iQ
T`QpB/2 `2HB�#H2 T2`7Q`K�M+2 K2i`B+bVÙ �b r2HH �b i?2 K�tBKmK MmK#2` Q7 7�BHBM;
i`B�HbX a?2 +�M i?2M /2}M2 i2`KBM�iBQM +`Bi2`B� #�b2/ QM +QM}/2M+2 BMi2`p�Hb
Q7 rQ`FHQ�/b �M/ b2`pB+2b K2i`B+bX h?2 +QM}/2M+2 BMi2`p�H Bb i?2M mb2/ iQ
/vM�KB+�HHv +QKTmi2 i?2 MmK#2` Q7 i`B�HbYX
h2`KBM�iBQM +`Bi2`B� �`2 2p�Hm�i2/ /m`BM; � i2bi �M/ 2tT2`BK2Mi 2t2+miBQMX
h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2 +`Bi2`BQM 7Q` i?2 ;Bp2M
2MiBiv �M/ i?2M �TTHvBM; i?2 P_ QT2`�iQ` iQ i?2 +`Bi2`BQM +QM/BiBQMb `2bmHiX
�b bQQM �b QM2 +`Bi2`BQM `2bmHib p2`B}2/ 7Q` i?2 ;Bp2M 2MiBiv- i?2 2t2+miBQM Bb
i2`KBM�i2/X 6Q` 2t�KTH2- 7Q` � iBK2@#�b2/ i2bi i2`KBM�iBQM +`Bi2`BQM- �b bQQM
�b i?2 +`Bi2`BQM Bb K2i i?2 i2bi Bb i2`KBM�i2/X 6Q` i2`KBM�iBQM +`Bi2`BQM #�b2/
QM +QM}/2M+2 BMi2`p�Hb 7Q` 2tT2`BK2Mib- �b bQQM �b i?2 +`Bi2`BQM `2bmHib p�HB/-
i?2 Bi2`�iBQM Q7 i?2 2tT2`BK2Mi BM KmHiBTH2 i`B�Hb Bb i2`KBM�i2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/16uJHecrkh9ML_
vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w

 i?2 T`QTQb2/ 7`�K2rQ`Fb +?2+Fb 7Q` +QMbBbi2M+v Q7 i?2 i2`KBM�iBQM
+`Bi2`B�- rBi? i?2 MmK#2` �M/ iBK2 M22/2/ 7Q` 2t2+miBM; i?2 2tT2`BK2Mib T�`i
Q7 i?2 i2bi �M/ r�`Mb i?2 mb2` BM +�b2 Q7 BM+QMbBbi2M+B2b- 2X;X- QM i?2 iQi�H iBK2

https://docs.google.com/drawings/d/16uJHecrkh9ML_vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w
https://docs.google.com/drawings/d/16uJHecrkh9ML_vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w


9R8 *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

� i2bi Bb �HHQr2/ iQ 2t2+mi2
� bQ7ir�`2 bvbi2Kb K2i`B+b �`2 2tT2+i2/ iQ p�`v �+`Qbb KmHiBTH2 2tT2`BK2Mi
Bi2`�iBQMb- i?mb Bi Bb BKTQ`i�Mi iQ `2T2�i i?2 2tT2`BK2Mi KmHiBTH2 iBK2b- iQ
+QKTmi2 `2HB�#H2 T2`7Q`K�M+2 K2i`B+bX JQ`2 BM7Q`K�iBQM +�M #2 7QmM/ BM
b2+iBQM 9 Q7 http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
Y JQ`2 /2i�BHb �#Qmi +QM}/2M+2 BMi2`p�Hb +�M #2 7QmM/ QM https:
//en.wikipedia.org/wiki/Confidence_interval �M/ i?2 `272`2M+2/ #QQF,
Ǵ� KQ/2`M BMi`Q/m+iBQM iQ T`Q#�#BHBiv �M/ bi�iBbiB+b, mM/2`bi�M/BM; r?v �M/
?QrǴ

h?2 Zm�HBiv :�i2b aT2+B}+�iBQM

1 configuration:
2 # OPTIONAL
3 quality_gates:
4 # OPTIONAL IF exploration_strategy.regression = mars
5 mean_absolute_error: { String : <number><"%"> }
6 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

7 regression:
8 # EITHER service name
9 service: { String : <name of service> }
10 # OR workload name
11 workload: { String : <name of workload> }
12 gate_metric: { String : <name of the workload or service metric> }
13 # OPTIONAL
14 regression_delta_absolute: { String : <amount><unit> }
15 # OPTIONAL
16 regression_delta_percent: { String : <number><"%"> }
17 # OPTIONAL
18 workloads:
19 { String : <name of workload> }:
20 # OPTIONAL
21 - max_mix_deviation: { String : <number><"%"> }
22 # OPTIONAL
23 max_think_time_deviation: { String : <number><"%"> }
24 # OPTIONAL
25 gate_metric: { String : <name of the workload metric> }
26 # OPTIONAL
27 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
28 # OPTIONAL
29 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

30 # OPTIONAL

http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
https://en.wikipedia.org/wiki/Confidence_interval
https://en.wikipedia.org/wiki/Confidence_interval
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31 gate_threshold_minimum: { String : <a threshold value> OR Number : <value
of the workload metric> }!→

32 ...
33 ...
34 # OPTIONAL
35 services:
36 { String : <name of service> }:
37 - gate_metric: { String : <name of the service metric> }
38 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
39 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the service metric> }!→

40 # OPTIONAL
41 gate_threshold_minimum: { String : <a threshold value> OR Number : <value

of the service metric> }!→

42 ...
43 ...

GBbiBM; *XeX 1tT2`i _2pB2r, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *Xe- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 quality gatesX lb2`b bT2+B7v
[m�HBiv ;�i2b iQ /2}M2 i?2 Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /Bz2`2Mi +`Bi2`B�-
i?mb +QMi`B#miBM; iQ i?2 ;Q�H@/`Bp2M bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 i2biX h?2
Qmi+QK2 Q7 i?2 i2bi �i i?2 2M/ Q7 Bib 2t2+miBQM Bb mbm�HHv successful Q` failingX
h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2 ;�i2 �M/ i?2M �TTHvBM; i?2
�L. QT2`�iQ` iQ i?2 ;�i2bǶ `2bmHibX
Zm�HBiv ;�i2b +�M #2 bT2+B}2/ QM rQ`FHQ�/b UHBM2b OR3@OjjV �M/ b2`pB+2 K2i@
`B+b UHBM2b Oj8@O9jVX :�i2b �`2 bT2+B}2/ mbBM; /2/B+�i2/ K2i`B+b- bm+? �b
max_mix_deviation UHBM2 OkRV- /2}MBM; i?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK
i?2 bT2+B}2/ rQ`FHQ�/ iQ BMi2`�+i rBi? i?2 alh - Q` max_think_time_deviation
UHBM2 OkjV- /2}MBM; i?2 K�tBKmK �++2Ti2/ /2pB�iBQM BM i?2 iBK2 BMi2`H2�pBM;
KmHiBTH2 QT2`�iBQMb BMi2`�+iBM; rBi? i?2 alh rBi? `2bT2+i iQ i?2 bT2+B}2/
b2iiBM;b X *QM/BiBQMb +�M �HbQ #2 bT2+B}2/ QM bT2+B}+ K2i`B+b UHBM2b Ok9@
OjR �M/ Oj3@O9RVX 6Q` K2i`B+b- mb2`b +�M �Hr�vb `2TQ`i #Qi? � i?`2b?@
QH/ BM/B+�iBM; i?2 r�Mi2/ p�Hm2 7Q` i?2 K2i`B+- �b r2HH �b � KBMBKmK �+@
+2Ti2/ p�Hm2X h?2 ;�i2b �`2 2p�Hm�i2/ �++Q`/BM; iQ i?2 KBMBKmK �++2Ti2/
p�Hm2X _2TQ`iBM; i?2 2tT2+i2/ i?`2b?QH/ �b r2HH Bb BKTQ`i�Mi 7Q` #2ii2` 2p�Hm@
�iBM; i?2 i2bi `2bmHi UKQ`2 /2i�BHb QM https://www.stickyminds.com/article/
better-way-reporting-performance-test-resultsVX q?2M `2HvBM; QM �M 2t@
THQ`�iBQM bi`�i2;v #mBH/BM; � T`2/B+iBQM KQ/2H- i?2 mb2` +�M �HbQ bT2+B7v �
[m�HBiv ;�i2 iQ /2i2`KBM2 r?2M i?2 i2bi +�M #2 +QMbB/2`2/ bm++2bb7mH �++Q`/BM;

https://www.stickyminds.com/article/better-way-reporting-performance-test-results
https://www.stickyminds.com/article/better-way-reporting-performance-test-results
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iQ i?2 T`2+BbBQM `2�+?2/ #v i?2 KQ/2H UHBM2 O8VX
6Q` bT2+B}+ i2bi ivT2b- bm+? �b i?2 regression- Bb `2[m2bi2/ iQ bT2+B7v
+mbiQKBx2/ [m�HBiv ;�i2bX AM i?Bb +�b2- � bT2+B}+ b2+iBQM Bb T`QpB/2/ �b T�`i
Q7 i?2 H�M;m�;2 UHBM2b Od@OReVX q2 +m``2MiHv bmTTQ`i � bBM;H2 `2;`2bbBQM
+QM/BiBQM #�b2/ QM �M Q#b2`p2/ K2i`B+- �TTHB2/ 2Bi?2` QM � rQ`FHQ�/ Q` �
b2`pB+2X h?2 +QM/BiBQM +?2+Fb 7Q` �M �#bQHmi2 Q` � T2`+2Mi�;2 p�`B�iBQM �KQM;
i?2 p2`bBQMb bT2+B}2/ �b T�`i Q7 i?2 `2;`2bbBQM i2biX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI

 _272` iQ i?2 M2ti b2+iBQM 7Q` KQ`2 /2i�BHbX

h?2 qQ`FHQ�/b- PT2`�iBQMb- �M/ i?2B` JBt aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 driver_type: { String : <"start_bpmn" | "http"> }
7 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

8 sut_version: { String : <sut version> }
9 # OPTIONAL
10 target_service: { String : <name of service> } # default to

default_target_service!→

11 # OPTIONAL
12 inter_operation_timings: { String : <"negative_exponential" | "uniform" |

"fixed_time"> }!→

13 # OPTIONAL IF more than one workload item
14 popularity: { String : <number><"%"> }
15 operations:
16 ...
17 # OPTIONAL IF driver_type = http (Web Services)
18 data_sources:
19 ...
20 # OPTIONAL
21 mix:
22 ...
23 ...
24 ...

https://docs.google.com/drawings/d/13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI
https://docs.google.com/drawings/d/13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI
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GBbiBM; *XdX 1tT2`i _2pB2r, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # IF driver_type = start_bpmn (WfMS)
7 operations:
8 - { String : <name of the .bpmn file with the process> }
9 ...
10 # IF driver_type = http (Web Services)
11 operations:
12 { String : <Name of operation> }
13 protocol: { String : <"http" | "https"> }
14 endpoint: { String : <path to call optionally referencing to data in

body, parameter or extracted from response to other operations> }!→

15 # REFERENCE:
https://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html#sec5.1.1!→

16 method: { String : <"OPTIONS" | "GET" | "HEAD" | "POST" | "PUT" |
"DELETE" | "TRACE" | "CONNECT"> }!→

17 # OPTIONAL
18 # REFERENCE: https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
19 headers:
20 Accept: { String : <Media Type> }
21 ...
22 # OPTIONAL
23 query_parameter:
24 - { String : <name of the query parameter> }:
25 items:
26 - { String : <content value> }
27 ...
28 # OPTIONAL
29 retrieval: { String : <"sequential" | "random"> }
30 ...
31 # OPTIONAL
32 url_parameter:
33 - { String : <name of the url parameter> }:
34 items:
35 - { String : <content value> }
36 ...
37 # OPTIONAL
38 retrieval: { String : <"sequential" | "random"> }
39 ...
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40 # OPTIONAL
41 extract_regex:
42 - { String : <name assigned to the extracted value> }:
43 # REFERENCE: https://developer.mozilla ⌋

.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/String/match!→

44 pattern: { String : <a regex pattern to extract values> }
45 # OPTIONAL
46 default: { String : <the default value assigned when no values are

extracted> }!→

47 # OPTIONAL
48 match_number: { Number : <the matched element index to select> }
49 ...
50 # OPTIONAL
51 extract_json:
52 - { String : <name assigned to the extracted value> }:
53 # REFERENCE: https://goessner.net/articles/JsonPath/
54 pattern: { String : <a JSON selector pattern to extract values> }
55 # OPTIONAL
56 default: { String : <the default value assigned when no values are

extracted> }!→

57 # OPTIONAL
58 match_number: { Number : <the matched element index to select> }
59 ...
60 # OPTIONAL
61 body:
62 content:
63 - { String : <content value> }
64 ...
65 # OPTIONAL
66 retrieval: { String : <"sequential" | "random"> }
67 # OPTIONAL
68 body_file: { String : <name of a data_sources> }
69 # OPTIONAL
70 body_form:
71 - { String : <name of the form field> }:
72 items:
73 - { String : <content value> }
74 ...
75 # OPTIONAL
76 retrieval: { String : <"sequential" | "random"> }
77 ...
78 # OPTIONAL IF driver_type = http (Web Services)
79 data_sources:
80 - path: { String : <path to a file containing data> }
81 delimiter: { String : <delimiter used in the file containing data> }
82 # OPTIONAL
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83 name: { String : <name assigned to the data source> }
84 # OPTIONAL
85 retrieval: { String : <"sequential" | "random"> }
86 ...
87 # OPTIONAL
88 mix:
89 ...
90 ...
91 ...

GBbiBM; *X3X 1tT2`i _2pB2r, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # OPTIONAL
7 mix:
8 # IF FixedSequenceMix
9 fixed_sequence: { [String] : <name of operations in the wanted order> }
10 # IF FlatMix. List of percentages (SUM = 100%) and optionally think time

(tt), index refers to index of operation!→

11 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

12 # IF FlatSequenceMix. List of percentages (SUM = 100%) and optionally think
time (tt), index refers to index of sequence specified below!→

13 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

14 sequences:
15 - { [String] : <name of operations in the wanted order> }
16 ...
17 # IF MatrixMix (needs to be a square matrix). List of percentages (SUM =

100%) and optionally think time (tt), index refers to index of
operation

!→

!→

18 matrix:
19 - { [String] : <number><"%"> <tt({ Number : <mean> } { Number :

<deviation> })> }!→

20 ...
21 ...
22 ...
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GBbiBM; *XNX 1tT2`i _2pB2r, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *Xd- GBbiBM; *X3- �M/ GBbiBM; *XN- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2
workloads- i?2 operations- �M/ i?2B` mix `2bT2+iBp2HvX q2 bmTTQ`i rQ`FHQ�/
bT2+B}+�iBQMb 7Q` #Qi? _1ah7mH q2# b2`pB+2b Ub2H2+iBM; http �b driver_type
QM HBM2 O9 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV �M/ "SJLky q7Jab Ub2H2+iBM;
start_bpmn �b driver_type QM HBM2 O9 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMVX
h?2 mb2` +�M bT2+B7v KmHiBTH2 workloads- `2T`2b2MiBM; /Bz2`2Mi BMi2`�+iBQM b+2@
M�`BQb rBi? i?2 alhX h?2 rQ`FHQ�/ +�M #2 `2�HBx2/ #v /Bz2`2Mi rQ`FHQ�/ Bi2Kb
U2X;X- `2T`2b2MiBM; /Bz2`2Mi b+2M�`BQb Q7 BMi2`�+iBQM rBi? i?2 alhV- i�`;2i � bT2@
+B}+ alh p2`bBQM UHBM2 Oe Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV- �M/ +�M bT2+B7v i?2
i�`;2i b2`pB+2 UHBM2 O3 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMVX Ai Bb �HbQ TQbbB#H2 iQ
bT2+B7v ?Qr iQ b2H2+i i?2 iBKBM;b �KQM; i?2 rQ`FHQ�/ Bi2Kb QT2`�iBQMb UHBM2
ORy Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV �M/ i?2 popularity UHBM2 ORk Q7 i?2 rQ`F@
HQ�/b bT2+B}+�iBQMV Q7 2�+? rQ`FHQ�/ Bi2K- mb27mH iQ /2+B/2 i?2 r2B;?i r?2M
KmHiBTH2 rQ`FHQ�/ Bi2Kb �`2 bT2+B}2/X
�b T�`i Q7 i?2 rQ`FHQ�/- i?2 mb2` bT2+B}2b operationsX �++Q`/BM; iQ i?2
driver_type i?2 mb2` ?�b /Bz2`2Mi r�vb iQ bT2+B7v i?2 QT2`�iBQMb UHBM2b O9@
Od8 Q7 i?2 QT2`�iBQMb bT2+B}+�iBQMVX PT2`�iBQMb +�M 2ti`�+i /�i� 7`QK alhǶb
`2bTQMb2 iQ #2 mb2/ BM bm#b2[m2Mi QT2`�iBQMb UHBM2b Oj3@O8d Q7 i?2 QT2`�iBQMb
bT2+B}+�iBQMV �M/ +�M `272` iQ data_source UHBM2b Ode@O39 Q7 i?2 QT2`�iBQMb
bT2+B}+�iBQMV- �b � bQm`+2 Q7 /�i� 7Q` +�HHb iQ i?2 alh UHBM2b Oky@Ojd �M/ O83@
Od8 Q7 i?2 QT2`�iBQMb bT2+B}+�iBQMVX q2 QKBi bQK2 /2i�BHb Q7 QT2`�iBQM bT2+B}@
+�iBQMb #2+�mb2 i?2v #�bB+�HHv `272` iQ i?2 >hhS bi�M/�`/X 6Q` KQ`2 BM7Q`K�@
iBQM- vQm +�M `272` iQ https://www.w3.org/Protocols/rfc2616/rfc2616.htmlX
hQ /2+B/2 ?Qr iQ KBt i?2 QT2`�iBQMb Q7 � rQ`FHQ�/- i?2 mb2` bT2+B}2b i?2
mix UHBM2b O8@Oky Q7 i?2 KBt bT2+B}+�iBQMVX h?2 KBt �HHQrb i?2 /2}MBiBQM Q7
b2[m2M+2b Q7 QT2`�iBQMb- Q` J�`FQp +?�BMb� +QMi`QHHBM; ?Qr iQ M�pB;�i2 7`QK
QM2 QT2`�iBQM iQ �MQi?2` QM2- �b r2HH �b i?2 iBK2 i?2 bBKmH�i2/ mb2` bT2M/b
iQ i?BMF �#Qmi i?2 M2ti QT2`�iBQM iQ 2t2+mi2X h?2 7`�K2rQ`F 2t2+miBM; i?2
i2bi �ii2KTib iQ `2bT2+i �b Km+? �b TQbbB#H2 i?2 bT2+B}2/ KBt Q7 QT2`�iBQMb
�M/ i?BMF iBK2X .m2 iQ i?2 BM/2i2`KBMBbK Q7 bQ7ir�`2 bvbi2K #2?�pBQ`- �
bHB;?i /2pB�iBQM 7`QK i?2 b�K2 Kmbi #2 2tT2+i2/ �++Q`/BM; iQ i?2 FMQrM
p�`B�M+2 Q7 alhǶb #2?�pBQ`- i?2 i2bi 2t2+miBQM 2MpB`QMK2Mi- �b r2HH �b i?2
alh /2THQvK2Mi 2MpB`QMK2MibX
6mHH@bBx2 BK�;2 7Q` rQ`FHQ�/b, https://docs.google.com/drawings/d/
1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
6mHH@bBx2 BK�;2 7Q` QT2`�iBQM, https://docs.google.com/drawings/d/

https://www.w3.org/Protocols/rfc2616/rfc2616.html
https://docs.google.com/drawings/d/1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
https://docs.google.com/drawings/d/1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
https://docs.google.com/drawings/d/11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
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11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
6mHH@bBx2 BK�;2 7Q` KBt, https://docs.google.com/drawings/d/
10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA

 6Q` KQ`2 /2i�BHb �#Qmi i?2 iBKBM; �KQM; QT2`�iBQMb `272` iQ b2+iBQM d QM
i?2 7QHHQrBM; ;mB/2 http://faban.org/1.3/docs/guide/driver/elements.html
� 6Q` KQ`2 BM7Q`K�iBQM �#Qmi i?2 TQbbB#H2 KBt2b- `272` iQ b2+iBQM
e Q7 http://faban.org/1.3/docs/guide/driver/elements.htmlX 6Q`
KQ`2 /2i�BHb �#Qmi J�`FQp +?�BM bT2+B}+�iBQM- TH2�b2 `272` iQ https:
//www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter

h?2 avbi2K lM/2` h2bi aT2+B}+�iBQM

1 sut:
2 name: { String : <name of the sut> }
3 versions:
4 # EITHER specific values
5 values: { [String] : <name of versions in the wanted order> }
6 # OR range
7 range: { [String, String] : <a list of versions (inclusive)> }
8 # OPTIONAL
9 type: { String : <"wfms" | "http"> }
10 sut_configuration:
11 default_target_service:
12 name: { String : <name of target service> }
13 endpoint: { String : <base endpoint for each operation> }
14 # OPTIONAL
15 sut_ready_log_check: { String : <a regular expression to check the

availability of the sut> }!→

16 # OPTIONAL
17 deployment:
18 { String : <name of service> }: { String : <name of server alias> }
19 ...
20 # OPTIONAL
21 services_configuration:
22 { String: <name of service> }:
23 # OPTIONAL
24 resources:
25 # OPTIONAL
26 cpu: { [String] : <a list of values + unit> }
27 # OPTIONAL

https://docs.google.com/drawings/d/11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
https://docs.google.com/drawings/d/11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
https://docs.google.com/drawings/d/10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA
https://docs.google.com/drawings/d/10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA
http://faban.org/1.3/docs/guide/driver/elements.html
http://faban.org/1.3/docs/guide/driver/elements.html
https://www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter
https://www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter
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28 memory: { [String] : <a list of bytes value + unit> }
29 # OPTIONAL
30 configuration:
31 { String: <name of environment variable> }: { String: <value> }
32 ...
33 ...

GBbiBM; *XRyX 1tT2`i _2pB2r, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *XRy- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 bvbi2K mM/2` i2bi �M/ Bib
+QM};m`�iBQM UsutVX h?2 mb2`b +�M bT2+B7v i?2 name UHBM2 OkV Q7 i?2 alh �M/
i?2 i�`;2i versions UHBM2b Oj@OdV- �b r2HH �b i?2 type UHBM2 ONVX
h?2 alh ?�b iQ #2 +QM};m`2/ iQ �miQK�i2 i?2 i2bi UHBM2b ORy@ORNVX h?2 mb2`
+QM};m`2b i?2 /27�mHi i�`;2i b2`pB+2 7Q` i?2 rQ`FHQ�/ �M/ QTiBQM�HHv bi�i2b ?Qr
iQ B/2MiB7v r?2M i?2 alh Bb `2�/v iQ `2+2Bp2 i?2 HQ�/ UHBM2 OR8VX h?2 T`QTQb2/
7`�K2rQ`F +�M �HbQ i�F2 +�`2 Q7 /2THQvBM; i?2 alh 7Q` /Bz2`2Mi 2tT2`BK2Mib-
i?mb i?2 mb2` +�M bT2+B7v /�i� �#Qmi i?2 /2THQvK2Mi Q7 /Bz2`2Mi b2`pB+2b UHBM2b
ORd@ORNVX A7 MQ /2THQvK2Mi BM7Q`K�iBQM Bb T`QpB/2/- i?2 T`QTQb2/ 7`�K2rQ`F
b2H2+ib i?2 #2bi bmBi�#H2 �M/ �p�BH�#H2 K�+?BM2b r?2`2 iQ /2THQv i?2 alh-
mMH2bb � 7mHH endpoint Bb bT2+B}2/X q?2M � 7mHH 2M/TQBMi Bb bT2+B}2/- i?2 alh Bb
2tT2+i2/ iQ #2 �H`2�/v /2THQv2/ �i i?2 bT2+B}2/ 2M/TQBMi- i?mb i?2 /2THQvK2Mi
�M/ i?2 b2`pB+2 +QM};m`�iBQMb UHBM2b OkR@OjjV �`2 bFBTT2/ X
h?2 mb2` +�M �HbQ bT2+B7v b2`pB+2 +QM};m`�iBQMb UHBM2b OkR@OjjV BM i2`Kb Q7
b2`pB+2Ƕ `2bQm`+2b �M/ +QM};m`�iBQM p�`B�#H2bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk

 SH2�b2 MQi2 i?�i BM Q`/2` 7Q` +QKTH2t i2bib iQ #2 2t2+mi2/- i?2 alh
/2THQvK2Mi Bb 2tT2+i2/ iQ #2 +�``B2/ Qmi #v i?2 T`QTQb2/ 7`�K2rQ`F- bQ
i?�i +QM};m`�iBQMb `2[m2bi2/ 7Q` /Bz2`2Mi 2tT2`BK2Mib +�M #2 BMD2+i2/ �i
/2THQvK2Mi iBK2X

h?2 .�i� *QHH2+iBQM aT2+B}+�iBQM

1 # OPTIONAL
2 data_collection:
3 only_declared: { Boolean : <"true" | "false"> } # default "false"

https://docs.google.com/drawings/d/1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk
https://docs.google.com/drawings/d/1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk
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4 # OPTIONAL
5 services:
6 # IF collector does NOT require CONFIGURATION
7 { String : <name of service> }: { String | [String] : <names of BenchFlow

collectors> }!→

8 # IF some collectors requires CONFIGURATION
9 { String : <name of service> }:
10 { String : <name of BenchFlow collector> }:
11 configuration:
12 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

13 ...
14 ...
15 ...
16 # OPTIONAL
17 workloads:
18 { String : <name of the workload> }:
19 # OPTIONAL IF trial execution framework = JMeter
20 jmeter:
21 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

22 # OPTIONAL IF trial execution framework = Faban
23 faban:
24 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

25 ...

GBbiBM; *XRRX 1tT2`i _2pB2r, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *XRR- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 /�i� +QHH2+iBQM b2`pB+2b iQ #2
mb2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb2/ iQ +QKTmi2 i?2 Q#b2`p2/ T2`7Q`K�M+2
K2i`B+bX
.�i� +QHH2+iBQM b2`pB+2b �`2 �p�BH�#H2 �b T�`i Q7 i?2 T`QTQb2/ bQHmiBQM �M/
+�M +QHH2+i +HB2Mi@bB/2 T2`7Q`K�M+2 /�i� UHBM2b ORd@Ok8V- �M/ b2`p2`@bB/2 UHBM2b
O8@OR8V `2bQm`+2 miBHBx�iBQM /�i�- }H2b T`Q/m+2/ #v i?2 alh �b r2HH �b /mKTb
Q7 /�i�#�b2b U2X;X- mb27mH 7Q` +QKTmiBM; "SJLky q7Jab@bT2+B}+ K2i`B+bVX
h?2 b2`pB+2b +�M #2 +QM};m`2/ UHBM2b ON@OR9V �++Q`/BM; iQ alh +QM};m`�@
iBQMb U2X;X- iQ T`QT2`Hv +QMM2+i iQ � ."JaV �M/ i?2 HBbi Q7 b2`pB+2b +�M #2
2ti2M/2/ �++Q`/BM; iQ M2r `2[mB`2K2MibX o�Hm2b Q7 +QM};m`�iBQM p�`B�#H2b
+�M `272` iQ F2vrQ`/b `2T`2b2MiBM; p�`B�#H2b BMD2+i2/ #v i?2 7`�K2rQ`F T�`i
Q7 i?2 T`QTQb2/ �TT`Q�+? �i `mMiBK2- iQ `272` iQ- 2X;X- AS �//`2bb2b �M/ SQ`ib
Q7 b2`pB+2b 7`QK r?B+? /�i� ?�p2 iQ #2 +QHH2+i2/- Q` +QM};m`�iBQMb �H`2�/v
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bT2+B}2/ �b T�`i Q7 i?2 /2THQvK2Mi /2b+`BTiQ` T�`i Q7 i?2 i2bi #mM/H2X *HB2Mi@
bB/2 +QHH2+iBQM b2`pB+2b /2T2M/ QM i?2 �+im�H 2t2+miBQM 7`�K2rQ`F mb2/ iQ 2t2@
+mi2 i?2 2tT2`BK2Mib- �M/ i?2 mb2` +�M bT2+B7v i?2 +QHH2+iBQM BMi2`p�H #2ir22M
irQ bm#b2[m2Mi b�KTHBM;b Q7 T2`7Q`K�M+2 /�i�X q2 +m``2MiHv bmTTQ`i 6�#�M
Uhttp://faban.org/V �M/ CJ2i2` Uhttps://jmeter.apache.org/V �b 2t2+miBQM
7`�K2rQ`FbX
h?2 T`QTQb2/ 7`�K2rQ`F i�F2b +�`2 Q7 BMD2+iBM; +QHH2+iBQM b2`pB+2b 7Q` i?2 Q#@
b2`p2/ K2i`B+b- BM +�b2 i?2 mb2` /Q2b MQi bT2+B7v bQK2 Q7 i?2K �M/ MQ +mbiQK
+QM};m`�iBQM Bb `2[mB`2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE

AMi2;`�iBM; h2bib rBi? � *a.G
h?2 h2bi amBi2 aT2+B}+�iBQM

1 version: { String : <Test Suite CDSL version, e.g. '1'> }
2 name: { String : <name of the performance test suite> }
3 # OPTIONAL
4 description: { String : <description of the performance test suite> }
5 suite:
6 triggers:
7 # OPTIONAL
8 scheduled: { Boolean : <"true" | "false"> } # default "false"
9 # OPTIONAL
10 on:
11 # OPTIONAL
12 push:
13 # OPTIONAL
14 branches:
15 - { String : <expression matching the name of branch> }
16 ...
17 # OPTIONAL
18 pull_request:
19 # OPTIONAL
20 contexts: { String : <"head" | "merge" | "all"> }
21 # OPTIONAL
22 source_branches:
23 - { String : <expression matching the name of branch> }
24 ...
25 # OPTIONAL
26 target_branches:
27 - { String : <expression matching the name of branch> }
28 ...

http://faban.org/
https://jmeter.apache.org/
https://docs.google.com/drawings/d/1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE
https://docs.google.com/drawings/d/1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE
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29 # OPTIONAL
30 releases:
31 types: { [String] : <types of releases> }
32 # OPTIONAL
33 deployments: { [String] : <names of deployments> }
34 # OPTIONAL IF DEPLOYMENTS
35 environments:
36 - { String : <name of environments> }:
37 # OPTIONAL
38 skip_deploy: { Boolean : <"true" | "false"> } # default "false"
39 ...
40 tests: -
41 # EITHER a list of file paths containing tests
42 - { String : <path of file containing test> }
43 ...
44 # OR
45 include_labels: { [String] : <expression matching the name of labels to select

tests> }!→

46
47 quality_gates:
48 criterion: { String : <"all_success" | "at_least_one_success"> }
49 # OPTIONAL
50 exclude:
51 - { String : <path of file containing test> }
52 ...

GBbiBM; *XRkX 1tT2`i _2pB2r, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; *XRk- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 test suiteX h?2 mb2` +�M
bT2+B7v i2bi bmBi2b- iQ �miQK�iB+�HHv b2H2+i i2bib BKTH2K2Mi2/ mbBM; i?2 bT2+B}@
+�iBQM T`2b2Mi2/ �#Qp2- BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G HB72+v+H2 �++Q`/BM;
iQ i?2 ;2M2`�i2/ 2p2MibX
AM *a.G bQ7ir�`2 Bb mbm�HHv +QKKBii2/ iQ � p2`bBQMBM; bvbi2K #v /Bz2`2Mi
mb2`b- �M/ /2p2HQT2/ mbBM; KmHiBTH2 bQ@+�HH2/ 72�im`2 #`�M+?2bX q?2M 72�@
im`2b �`2 +QMbB/2`2/ K�im`2 2MQm;?- i?2v �`2 mbm�HHv K2`;2/ BM � /2p2HQTK2Mi
p2`bBQM }`bi �M/ i?2M BM � T`Q/m+iBQM p2`bBQM Q7 i?2 alhX h?2b2 �+iBpBiB2b ;2M@
2`�i2 2p2Mib bm+? �b push- pull requests- releases �M/ deployments UHBM2b
ORy@OjjV- �M/ i?2b2 2p2Mib �`2 mb2/ iQ /2i2`KBM2 r?2M iQ i`B;;2` /Bz2`2Mi
T2`7Q`K�M+2 i2bibX AM +�b2 Q7 /2THQvK2Mib- i?2 mb2` +�M �HbQ bT2+B7v i?2 2MpB@
`QMK2Mi Q7 BMi2`2bi Q7 bm+? /2THQvK2Mi iQ i`B;;2` i?2 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib UHBM2b Oj8@OjNV �M/ BM/B+�i2 r?2i?2` iQ bFBT i?2 /2THQvK2Mi Q7 i?2 alh�
Q` MQiX
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h?2 b2H2+iBQM Q7 i?2 i2bib `2�HBxBM; i?2 i2bi bmBi2 ?�TT2Mb 2Bi?2` mbBM; `2;mH�`
2tT`2bbBQMb K�i+?BM; labels- Q` #v 2MmK2`�iBM; �HH i?2 i2bi bT2+B}+�iBQM }H2b
iQ 2t2+mi2 UHBM2b O9y@O98VX �b T2` i?2 i2bi bT2+B}+�iBQM- �HbQ 7Q` i2bi bmBi2b-
i?2 mb2` Bb 2tT2+i2/ iQ /2}M2 [m�HBiv ;�i2b iQ /2i2`KBM2 i?2 Qp2`�HH `2bmHi Q7
i?2 i2bi bmBi2 2t2+miBQM UHBM2b O9d@O8kVX h?2 i2bi bmBi2 +�M 7�BH B7 �i H2�bi QM2
Q7 i?2 [m�HBiv ;�i2b Q7 i?2 i2bib `2�HBxBM; i?2 i2bi bmBi2 7�BHb U�T�`i 7`QK i?2
2t+Hm/2/ QM2b �b `2TQ`i2/ BM HBM2b O8y@O8kV- Q` B7 MQM2 Q7 i?2 i2bib Q7 i?2 bmBi2
Bb bm++2bb7mHX h?2 b2+QM/ QTiBQM Bb mb27mH 7Q` 2t�KTH2 r?2M i2biBM; /Bz2`2Mi
p�`B�Mib Q7 i?2 b�K2 alh �M/ Bi Bb bm{+B2Mi i?�i �i H2�bi QM2 Bb bm++2bb7mH iQ
T`Q+22/X
qBi? i?2 +QKK�M/ HBM2 BMi2`7�+2 T�`i Q7 i?2 T`QTQb2/ 7`�K2rQ`F- i?2 mb2` +�M
�HbQ bm#KBi BM7Q`K�iBQM �#Qmi i?2 2p2Mib ;2M2`�i2/ �b T�`i Q7 i?2 *a.G- Qi?2`
i?�M i?2 i2bib �M/ i?2 i2bi bmBi2bX
AM +�b2 i?2 i2bi bmBi2 Bb MQi 2t2+mi2/ #�b2/ QM bQK2 2p2Mib #mi b+?2/mH2/ iQ
#2 2t2+mi2/- 2X;X- Qp2`MB;?i- i?2 mb2` +�M bT2+B7v bQ �b r2HH UHBM2 O3VX h?2
�+im�H b+?2/mHBM; Bb 2tT2+i2/ iQ ?�TT2M BM i?2 iQQHb mb2/ 7Q` *a.GX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E

 6Q` KQ`2 BM7Q`K�iBQM �#Qmi *a.G �M/ i?2 K2MiBQM2/ 2p2Mib `272` iQ
https://nvie.com/posts/a-successful-git-branching-model/
� 1X;X- B7 Bi Bb �H`2�/v /2THQv2/ #v i?2 *a.G- BM bm+? +�b2 i?2 2M/TQBMi Q7
i?2 2t2+mi2/ i2bib �`2 2tT2+i2/ iQ #2 bT2+B}2/ �M/ 2t2+mi2/ i2bib �`2 MQi
2tT2+i2/ iQ `2[mB`BM; alh +QM};m`�iBQM Qi?2` i?�M i?2 /27�mHi QM2
LPh1, i2`KBM�iBQM +`Bi2`B� �`2 MQi `2[mB`2/ 7Q` i?2 BMi2;`�iBQM rBi? *a.G-
#2+�mb2 2�+? bBM;H2 i2bi T�`i Q7 i?2 i2bi bmBi2 Bb 2tT2+i2/ iQ /2}M2 T`QT2`
i2`KBM�iBQM +`Bi2`B�X

*X9Xk 1t�KTH2b Q7 .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}+�@
iBQM �M/ AMi2;`�iBQM rBi? *a.G

1t�KTH2 Q7 � GQ�/ h2bi

1 version: "3"
2 name: "Load Test"
3 description: "Example of Load Test"
4 labels: "load_test"
5 configuration:

https://docs.google.com/drawings/d/1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E
https://docs.google.com/drawings/d/1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E
https://nvie.com/posts/a-successful-git-branching-model/
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6 goal:
7 type: "load_test"
8 observe:
9 workloads:
10 workload_a: avg_response_time, avg_latency
11 workload_b: avg_response_time, avg_latency
12 workload_b.operation_a: avg_response_time
13 services:
14 service_a: avg_cpu, avg_memory
15 service_b: avg_cpu, avg_memory
16 dbms_a: avg_cpu, avg_memory, avg_io
17 load_function:
18 users: 1000
19 ramp_up: 5m
20 steady_state: 20m
21 ramp_down: 5m
22 termination_criteria:
23 test:
24 max_time: 40m
25 quality_gates:
26 workloads:
27 workload_a:
28 - max_mix_deviation: 5%
29 max_think_time_deviation: 2%
30 gate_metric: avg_response_time
31 condition: "<="
32 gate_threshold_target: "100ms"
33 gate_threshold_minimum: "200ms"
34 sut:
35 name: "my_app"
36 versions:
37 values: "v1.5"
38 type: "http"
39 sut_configuration:
40 default_target_service:
41 name: "service_a"
42 endpoint: "/"
43 sut_ready_log_check: "/(.*)System started(.*)/g"
44 deployment:
45 service_a: "my_server"
46 services_configuration:
47 service_b:
48 resources:
49 cpu: 200m
50 memory: 256Mi
51 configuration:
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52 THREADPOOL_SIZE: 64
53 workloads:
54 workload_a:
55 item_a:
56 driver_type: "http"
57 inter_operation_timings: "negative_exponential"
58 popularity: 80%
59 operations:
60 operation_a:
61 protocol: "https"
62 endpoint: "/"
63 method: "GET"
64 extract_regex:
65 - title:
66 pattern: "<title>(.*?)</title>"
67 default: ""
68 match_number: 1
69 operation_b:
70 protocol: "https"
71 endpoint: "/${title}"
72 method: "POST"
73 body_file: "datasource_a"
74 data_sources:
75 - path: "/path_to_datasource_a"
76 delimiter: ","
77 name: datasource_a
78 retrieval: "random"
79 mix:
80 max_deviation: 5%
81 flat: "75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0)"
82 item_b:
83 driver_type: "http"
84 inter_operation_timings: "negative_exponential"
85 popularity: 20%
86 operations:
87 operation_a:
88 protocol: "https"
89 endpoint: "/"
90 method: "GET"
91 workload_b:
92 item_a:
93 driver_type: "http"
94 target_service: "service_b"
95 operations:
96 operation_a:
97 protocol: "https"
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98 endpoint: "/"
99 method: "GET"
100 data_collection:
101 # AUTOMATICALLY attached based on the observe section IF NOT specified
102 services:
103 service_a: "stats"
104 service_b: "stats"
105 dbms_a: "stats"

GBbiBM; *XRjX 1tT2`i _2pB2r, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; *XRj- r2 `2TQ`i � +QKTH2i2 2t�KTH2 Q7 � HQ�/ i2biX h?2 HQ�/ i2bi BM
i?2 2t�KTH2 bi�i2b,

�V i?2 HQ�/ i2bi ;Q�H- #2BM; i?2 bT2+B}2/ i2bi � HQ�/ i2bi UHBM2 OdV

#V i?2 K2i`B+b iQ Q#b2`p2- QM rQ`FHQ�/b- QT2`�iBQMb- �M/ b2`pB+2b UHBM2b O3@
OReV

+V i?2 i�`;2i alh �M/ Bib +QM};m`�iBQM UHBM2b Oj9@O8kV

/V i?2 HQ�/ 7mM+iBQM UHBM2b ORd@OkRV

2V i?2 i2`KBM�iBQM +`Bi2`BQM 7Q` i?2 i2bi- #�b2/ QM K�tBKmK 2t2+miBQM iBK2
UHBM2b Okk@Ok9V

7V i?2 [m�HBiv ;�i2b- `272``BM; iQ i?2 rQ`FHQ�/b M�K2/ ǳrQ`FHQ�/n�Ǵ �M/
#�b2/ QM +HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b UHBM2b Ok8@OjjV

;V i?2 irQ rQ`FHQ�/b- QT2`�iBQMb �M/ KBt2b Bbbm2/ iQ i?2 alh �M/ i?2B`
TQTmH�`Biv UHBM2b O8j@ONNV

?V i?2 /�i� +QHH2+iBQM b2`pB+2b- i?�i BM i?Bb +�b2 +�M �HbQ #2 �miQK�iB+�HHv
�ii�+?2/ #v i?2 T`QTQb2/ 7`�K2rQ`F UHBM2b ORyy@ORy8V

h?2 2t2+miBQM Q7 bm+? � HQ�/ i2bi Bb 2tT2+i2/ iQ H�bi �i KQbi 9y KBMmi2b �M/
+QKTmi2 i?2 bT2+B}2/ Q#b2`p2/ K2i`B+bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY

1t�KTH2 Q7 � aKQF2 h2bi

https://docs.google.com/drawings/d/1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY
https://docs.google.com/drawings/d/1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY
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1 version: "3"
2 name: "Smoke Test"
3 description: "Example of Smoke Test"
4 labels: "smoke_test"
5 configuration:
6 goal:
7 type: "smoke_test"
8 observe:
9 ...
10 load_function:
11 users: 10
12 ramp_up: 30s
13 steady_state: 2m
14 ramp_down: 30s
15 termination_criteria:
16 test:
17 max_time: 20m
18 ...
19 quality_gates:
20 ...
21 sut:
22 ...
23 workloads:
24 ...
25 data_collection:
26 # AUTOMATICALLY attached based on the observe section IF NOT specified
27 services:
28 ...

GBbiBM; *XR9X 1tT2`i _2pB2r, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; *XR9- r2 `2TQ`i �M 2t�KTH2 Q7 � bKQF2 i2biX q2 QKBi K�Mv /2i�BHb BM
i?2 bT2+B}+�iBQM- �bbmKBM; i?2v �`2 i?2 b�K2 �b i?2 T`2pBQmb HQ�/ i2biX h?Bb Bb
bQK2i?BM; r2 �HHQr �b T�`i Q7 i?2 T`QTQb2/ bQHmiBQMb- iQ 7�+BHBi�i2 `2mb�#BHBiv Q7
#�bB+ i2bib �M/ QTBMBQM�i2/ i2KTH�i2b /2}M2/ #v 2tT2`i mb2`b �M/fQ` T`QpB/2/
�b T�`i Q7 Qm` �TT`Q�+?X � mb2` +QmH/ /2}M2 #�bB+ i2bib- BM+Hm/BM; �HH i?2 /2i�BHb
�#Qmi i?2 rQ`FHQ�/- i?2 alh- +QHH2+iBQMb b2`pB+2b- 2i+ �M/ i?2M Qp2``B/2 bm+?
bT2+B}+�iBQMb rBi? �M �//BiBQM�H bT2+B}+�iBQM T`QpB/BM; QMHv i?2 /2Hi� iQ #2
�TTHB2/ BM �//BiBQM UB7 MQi T`2b2Mi BM i?2 #�bB+ bT2+B}+�iBQMV Q` BM bm#biBimiBQM
UB7 T`2b2Mi BM i?2 #�bB+ bT2+B}+�iBQMV BM7Q`K�iBQM X
AM i?2 T`QpB/2/ 2t�KTH2 7Q` i?2 bKQF2 i2bi- �bbmKBM; i?2 mb2` �H`2�/v /2}M2/
i?2 T`2pBQmb HQ�/ i2bi- b?2 ?�b QMHv iQ bT2+B7v,
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�V i?2 mT/�i2/ ;Q�H ivT2 iQ ǳbKQF2ni2biǴ UHBM2 OdV

#V i?2 mT/�i2/ HQ�/ 7mM+iBQM UHBM2b ORy@R9V �M/ i2`KBM�iBQM +`Bi2`BQM UHBM2b
OR8@ORdV #2+�mb2 bKQF2 i2bib mbm�HHv M22/ H2bb iBK2 i?�M HQ�/ i2bib iQ
#2 2t2+mi2/

h?2 2t2+miBQM Q7 bm+? � bKQF2 i2bi Bb 2tT2+i2/ iQ H�bi �i KQbi ky KBMmi2bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1xgNGPG_
6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0

 q?2M bm#KBiiBM; i?2 i2bi mbBM; i?2 *GA T`QpB/2/ �b T�`i Q7 i?2 �TT`Q�+?-
i?2 mb2` +�M bT2+B7v KmHiBTH2 i2bib �b T�`i Q7 i?2 i2bi #mM/H2 �M/ i?2v �`2
K2`;2/ Qp2``B/BM; BM7Q`K�iBQM 7`QK i?2 }`bi iQ i?2 H�bi BM Q`/2` Q7 bT2+B}+�iBQMX

1t�KTH2 Q7 � *QM};m`�iBQM h2bi

1 version: "3"
2 name: "Configuration Test"
3 description: "Example of Configuration Test"
4 labels: "configuration"
5 configuration:
6 goal:
7 type: "configuration"
8 stored_knowledge: "true"
9 observe:
10 ...
11 exploration:
12 exploration_space:
13 services:
14 service_a:
15 resources:
16 cpu:
17 range: [100m, 1000m]
18 step: "*2"
19 memory:
20 range: [256Mi, 1024Mi]
21 step: "+256Mi"
22 configuration:
23 NUM_SERVICE_THREAD: [12, 24]
24 dbms_a:
25 resources:
26 cpu:
27 range: [100m, 1000m]

https://docs.google.com/drawings/d/1xgNGPG_6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0
https://docs.google.com/drawings/d/1xgNGPG_6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0
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28 step: "*2"
29 memory:
30 range: [256Mi, 1024Mi]
31 step: "+256Mi"
32 configuration:
33 QUERY_CACHE_SIZE: [48Mi, 64Mi, 88Mi, 112Mi]
34 exploration_strategy:
35 selection: "one_at_a_time"
36 load_function:
37 ...
38 termination_criteria:
39 ...
40 quality_gates:
41 ...
42 sut:
43 ...
44 workloads:
45 ...
46 data_collection:
47 ...

GBbiBM; *XR8X 1tT2`i _2pB2r, � *QM};m`�iBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t@
�KTH2

AM GBbiBM; *XR8- r2 `2TQ`i �M 2t�KTH2 Q7 � +QM};m`�iBQM i2biX �b 7Q` i?2 bKQF2
i2bi- r2 QKBi K�Mv /2i�BHb �bbmKBM; i?2v �`2 i?2 b�K2 �b i?2 HQ�/ i2bi- 2t+2Ti
7Q` i?2 i2`KBM�iBQM +`Bi2`B� i?�i �`2 �miQK�iB+�HHv /2i2`KBM2/ #v i?2 T`QTQb2/
7`�K2rQ`F +QMbB/2`BM; i?2 MmK#2` Q7 i2bib BM i?2 2tTHQ`�iBQM bT�+2 �M/ i?2
HQ�/ 7mM+iBQMX h?2 +QM};m`�iBQM i2bi BM i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � +QM};m`�iBQM i2bi UHBM2 OdV

#V `2@miBHBx�iBQM Q7 biQ`2/ FMQrH2/;2 UHBM2 O3V- BKTQ`i�Mi iQ `2/m+2 i?2
2t2+miBQM iBK2

+V i?2 2tTHQ`�iBQM bT�+2- #2BM; i?Bb � +QM};m`�iBQM i2bi i?mb `2[mB`BM; i?2
bT2+B}+�iBQM Q7 i?2 bT�+2 Q7 +QM};m`�iBQM iQ 2tTHQ`2 UHBM2b ORR@OjjVX
h?2 2tTHQ`�iBQM bT�+2 +Qp2`b KmHiBTH2 b2`pB+2b `2bQm`+2b �M/ +QM};m`�@
iBQMb

/V i?2 2tTHQ`�iBQM bi`�i2;v UHBM2b Oj9@Oj8V �b QM2 b2H2+iBM; QM2 2tT2`BK2Mi
�i � iBK2 BM i?2 2tTHQ`�iBQM bT�+2 7QHHQrBM; i?2 Q`/2` Q7 /BK2MbBQMb �M/
p�Hm2 bT2+B}2/ BM i?2 2tTHQ`�iBQM bT�+2 b2+iBQM



9j9 *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

h?2 2t2+miBQM Q7 bm+? � +QM};m`�iBQM i2bi Bb 2tT2+i2/ iQ H�bi mMiBH i?2 2MiB`2
bT�+2 Bb 2tTHQ`2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1gsutaAWDgZG_
99akSmJUigS0ySeMGwVlKI_5sg0IaQM

1t�KTH2 Q7 � _2;`2bbBQM h2bi

1 version: "3"
2 name: "Regression Test"
3 description: "Example of Regression Test"
4 labels: "regression_complete"
5 configuration:
6 goal:
7 type: "regression_complete" # OR regression_intersection
8 stored_knowledge: "true"
9 observe:
10 workloads:
11 workload_a: avg_response_time
12 workload_b: avg_response_time
13 load_function:
14 users: 1000
15 ramp_up: 5m
16 steady_state: 20m
17 ramp_down: 5m
18 termination_criteria:
19 test:
20 max_time: 3h
21 experiment:
22 max_failed_trials: 0%
23 workloads:
24 workload_a:
25 confidence_interval_metric: avg_response_time
26 confidence_interval_value: 200ms
27 confidence_interval_precision: 95%
28 quality_gates:
29 regression:
30 workload: workload_a
31 gate_metric: avg_response_time
32 regression_delta_absolute: 50ms
33 workloads:
34 workload_a:
35 - max_mix_deviation: 5%
36 max_think_time_deviation: 2%

https://docs.google.com/drawings/d/1gsutaAWDgZG_99akSmJUigS0ySeMGwVlKI_5sg0IaQM
https://docs.google.com/drawings/d/1gsutaAWDgZG_99akSmJUigS0ySeMGwVlKI_5sg0IaQM
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37 gate_metric: avg_response_time
38 condition: "<="
39 gate_threshold_target: "150ms"
40 gate_threshold_minimum: "250ms"
41 sut:
42 name: "my_app"
43 versions:
44 values: [ "v1.5", "v1.6" ]
45 type: "http"
46 sut_configuration:
47 ...
48 services_configuration:
49 service_a:
50 resources:
51 cpu: 500m
52 memory: 512Mi
53 configuration:
54 THREADPOOL_SIZE: 64
55 service_b:
56 resources:
57 cpu: 200m
58 memory: 256Mi
59 configuration:
60 THREADPOOL_SIZE: 64
61 dbms_a:
62 resources:
63 cpu: 800m
64 memory: 512Mi
65 configuration:
66 QUERY_CACHE_SIZE: 88Mi
67 workloads:
68 ...
69 data_collection:
70 ...

GBbiBM; *XReX 1tT2`i _2pB2r, � _2;`2bbBQM h2bi 7Q` � q2# b2`pB+2 u�JG 1t�KTH2

AM GBbiBM; *XRe- r2 `2TQ`i �M 2t�KTH2 Q7 � `2;`2bbBQM i2biX h?2 QKBii2/ b2+iBQMb
�`2 2tT2+i2/ iQ #2 i?2 b�K2 �b i?2 T`2pBQmb HQ�/ i2biX h?2 `2;`2bbBQM i2bi BM
i?2 2t�KTH2 bi�i2b,

�V i?2 ;Q�H �b #2BM; � `2;`2bbBQM i2bi +QMbB/2`BM; i?2 2MiB`2 rQ`FHQ�/bǶ QT@
2`�iBQMb UHBM2 O9V



9je *X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

#V `2@miBHBx�iBQM Q7 biQ`2/ FMQrH2/;2 UHBM2 O3V- BKTQ`i�Mi iQ `2/m+2 i?2
2t2+miBQM iBK2 �M/ `2i`B2p2 T`2pBQmb 2t2+miBQMb Q7 i?2 b�K2 `2;`2bbBQM
i2bi

+V i?2 K2i`B+b Q7 BMi2`2bi QM r?B+? i?2 `2;`2bbBQM Bb ;QBM; iQ #2 2p�Hm�i2/
UHBM2b ON@ORkV

/V i?2 HQ�/ 7mM+iBQM UHBM2b ORj@ORdVX h?2 2tTHQ`�iBQM bT�+2 +Qp2`b KmHiBTH2
b2`pB+2b `2bQm`+2b �M/ +QM};m`�iBQMb

2V i?2 i2`KBM�iBQM +`Bi2`B� 7Q` i?2 i2bi UHBM2b OR3@OkdVX AM i?2 +�b2 Q7
i?2 2t�KTH2- #Qi? i2bi �M/ 2tT2`BK2Mi i2`KBM�iBQM +`Bi2`B� �`2 bT2+B}2/X
6Q` r?�i +QM+2`M 2tT2`BK2Mi i2`KBM�iBQM +`Bi2`B� Bb bT2+B}2/ i?�i MQ
2tT2`BK2Mib +�M 7�BH �M/ i?�i rQ`FHQ�/ M�K2b ǳrQ`FHQ�/n�Ǵ ?�b iQ ?�p2
i?2 �p2`�;2 `2bTQMb2 iBK2 K2i`B+ rBi?BM i?2 T`QpB/2/ +QM}/2M+2 BMi2`p�HX
h?Bb `2[m2bi Bb +QMbBbi2Mi rBi? i?2 7QHHQrBM; bi�i2/ `2;`2bbBQM +`Bi2`B�

7V i?2 [m�HBiv ;�i2b UHBM2b Ok3@O9yV- +QMbBbiBM; Q7 RV i?2 `2;`2bbBQM +`Bi2@
`B� UHBM2b OkN@OjkV /2}MBM; i?2 K�tBKmK 2tT2+i2/ `2;`2bbBQM 7Q` i?2
`2bTQMb2 iBK2 Q7 i?2 ǳrQ`FHQ�/n�Ǵ BM �#bQHmi2 i2`K- �M/ kV i?2 [m�HBiv
;�i2 QM i?2 b�K2 rQ`FHQ�/ +QMi`QHHBM; i?2 `�M;2 Q7 i?2 b�K2 K2i`B+ �b
i?2 `2;`2bbBQM +`Bi2`B� iQ 2Mbm`2 Bi Bb #2HQr � /2}M2/ i?`2b?QH/

;V i?2 alh p2`bBQMb UHBM2b O9j@O99V �M/ i?2 b2`pB+2b +QM};m`�iBQM UHBM2b
O93@OeeV iQ 2Mbm`2 � bi�#H2 +QM};m`�iBQM 7Q` �HH i?2 b2`pB+2b T�`i Q7 i?2
alh 7Q` �HH i?2 `2;`2bbBQM i2bib

h?2 2t2+miBQM Q7 bm+? � `2;`2bbBQM i2bi Bb 2tT2+i2/ iQ H�bi �i KQbi j ?Qm`b �M/
T`QpB/2 `2bmHib �#Qmi � `2;`2bbBQM #2BM; T`2b2Mi #2ir22M p2`bBQM ǴpRX8Ǵ �M/
p2`bBQM ǴpRXeǴ Q7 i?2 i�`;2i alhX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1wUBK9ibk1wDzGCw0j1fqrPrI0Ga1MSbWlh1cxabCztc

1t�KTH2 Q7 AMi2;`�iBQM rBi? *a.G

1 version: "1.6"
2 name: "Smoke Tests on Features"
3 description: "Runs all the Smoke Tests on new features merging to the Development

branch"!→

4 suite:

https://docs.google.com/drawings/d/1wUBK9ibk1wDzGCw0j1fqrPrI0Ga1MSbWlh1cxabCztc
https://docs.google.com/drawings/d/1wUBK9ibk1wDzGCw0j1fqrPrI0Ga1MSbWlh1cxabCztc
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5 triggers:
6 on:
7 pull_request:
8 contexts: "merge"
9 source_branches:
10 - "feat-*"
11 target_branches:
12 - "development"
13 tests:
14 include_labels: [ "(.*)smoke_test(.*)" ]
15
16 quality_gates:
17 criterion: "all_success"
18 exclude:
19 - "./tests/performance/smoke/smoke_test_alternative_scenario.yaml"

GBbiBM; *XRdX 1tT2`i _2pB2r, � h2bi amBi2 u�JG 1t�KTH2

AM GBbiBM; *XRd- r2 `2TQ`i �M 2t�KTH2 Q7 i2bi bmBi2 bT2+B}+�iBQM iQ BMi2;`�i2
i?2 2t2+miBQM Q7 i2bib BM *a.GX h?2 T`QTQb2/ 2t�KTH2 `272`b iQ bKQF2 i2bib
i?2 mb2` r�Mib iQ 2t2+mi2 QM /2p2HQT2/ 72�im`2 #`�M+?2bX h?2 i2bi bmBi2 BM i?2
2t�KTH2 bi�i2b,

�V i?2 i`B;;2`b UHBM2b O8@ORkV /2}MBM; i?2 2t2+miBQM Q7 i?2 bmBi2 #�b2/
QM TmHH `2[m2bib 7`QK 72�im`2 #`�M+?2b iQ i?2 /2p2HQTK2Mi #`�M+?X h?2
+QMi2ti BM/B+�i2/ Bb ǳK2`;2Ǵ K2�MBM; i?2 i2bi Bb `2[m2bi2/ iQ #2 2t2+mi2/
QM i?2 p2`bBQM Q7 i?2 alh #mBHi Qmi Q7 i?2 72�im`2 #`�M+? +Q/2#�b2 K2`;2/
rBi? i?2 /2p2HQTK2Mi +Q/2#�b2

#V i?2 b2H2+iBQM +`Bi2`B� Q7 i?2 i2bib iQ #2 BM+Hm/2/ �b T�`i Q7 i?2 i2bi bmBi2
UHBM2b ORj@OR9VX a2H2+iBQM +`Bi2`B� �`2 #�b2/ QM i?2 H�#2Hb- b2H2+iBM; �HH
i?2 i2bib ?�pBM; �b T�`i Q7 i?2 H�#2Hb i?2 bi`BM; ǳbKQF2ni2biǴ BM Q`/2`
Q7 }H2 M�K2 mM/2` � ǳXfi2bifT2`7Q`K�M+2Ǵ 7QH/2` T�`i Q7 i?2 b�K2 +Q/2
`2TQbBiQ`v r?2`2 i?2 alh Bb /2p2HQT2/X A7 MQ i2bib rBi? i?2 bT2+B}2/
H�#2Hb �`2 7QmM/ i?2 i2bi bmBi2 +�M MQi #2 2t2+mi2/

+V i?2 [m�HBiv ;�i2b UHBM2b ORe@ORNV Q7 i?2 i2bi bmBi2X AM i?2 +�b2 Q7 i?2
2t�KTH2- i?2 [m�HBiv ;�i2b 2tT2+i �HH i?2 2t2+mi2/ i2bi iQ #2 bm++2bb7mH-
#mi i?2 QM2 `2TQ`i2/ BM i?2 exclude #HQ+F UHBM2b OR3@ORNV

h?2 2t2+miBQM Q7 bm+? � i2bi bmBi2 Bb 2tT2+i2/ iQ H�bi mMiBH �HH i?2 b2H2+i2/ i2bib
�`2 2t2+mi2/X



9j3 *X8 _2pB2r Q7 i?2 �TT`Q�+?

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84

*X8 _2pB2r Q7 i?2 �TT`Q�+?
q2 �`2 �bFBM; vQm iQ bi�i2 vQm` QTBMBQM �#Qmi i?2 Qp2`�HH �TT`Q�+?X
6Q` vQm` +QMp2MB2M+2- r2 T`QpB/2 � S.6 p2`bBQM Q7 i?2 ǳPp2`pB2r
Q7 i?2 �TT`Q�+? �M/ 1t�KTH2bǴ, https://drive.google.com/file/d/
1e-Vso1k9SgiAsfBnosec70rcShvvTbdm

*X8XR 1tT`2bbBp2M2bb
d�X >Qr /Q vQm 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 T`QTQb2/

.aG\
q?2M `272``BM; iQ i?2 +QMi2ti Q7 T2`7Q`K�M+2 i2biBM; /2}MBiBQM
�M/ �miQK�iBQM- T�`iB+mH�`Hv BM *a.G- `2TQ`i ?Qr vQm 2p�Hm�i2
i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 .aG T`QTQb2/ BM i?Bb bm`p2vX
o2`v SQQ` "ě"ě"ě"ě" 1t+2HH2Mi

d#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2` �#Qmi 2tT`2bbBp2@
M2bb\,

*X8Xk lb�#BHBiv �M/ 1zQ`i
>Qr /Q vQm +QKT�`2 i?2 T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Q7 i?2 T`Q@
TQb2/ �TT`Q�+? 7Q` T2`7Q`K�M+2 i2bi �miQK�iBQM +QKT�`2/ iQ i?2
T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b\
q?2M `272``BM; iQ i?2 mb�#BHBiv �M/ i?2 2zQ`i Q7 bi�M/�`/ BKT2`�iBp2 �T@
T`Q�+?2b- bm+? 7Q` 2t�KTH2 i?2 QM2 T`QTQb2/ #v CJ2i2`- `2TQ`i ?Qr vQm +QK@
T�`2 i?2 T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i iQ /2}M2 T2`7Q`K�M+2 i2bib �M/ +QMi`QH
i?2B` �miQK�iBQM T`Q+2bb2b Q7 i?2 �TT`Q�+? T`QTQb2/ BM i?Bb bm`p2v +QM+2`MBM;
i?2 T2`+2Bp2/ mb�#BHBiv �M/ 2zQ`i Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b

3�X S2`+2Bp2/ lb�#BHBiv, S`QTQb2/ �TT`Q�+? oa ai�M/�`/ AKT2`@
�iBp2
Jm+? rQ`b2 "ě"ě"ě"ě" Jm+? #2ii2`

3#X S2`+2Bp2/ 1zQ`i, S`QTQb2/ �TT`Q�+? oa ai�M/�`/ AKT2`�iBp2
Jm+? rQ`b2 "ě"ě"ě"ě" Jm+? #2ii2`

https://docs.google.com/drawings/d/1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84
https://docs.google.com/drawings/d/1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84
https://drive.google.com/file/d/1e-Vso1k9SgiAsfBnosec70rcShvvTbdm
https://drive.google.com/file/d/1e-Vso1k9SgiAsfBnosec70rcShvvTbdm
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3+X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2` �#Qmi mb�#BHBiv �M/
2zQ`i\,

*X8Xj _2mb�#BHBiv
N�X >Qr /Q vQm +QKT�`2 i?2 T2`+2Bp2/ Qp2`�HH `2mb�#BHBiv Q7 T2`@

7Q`K�M+2 i2bib BKTH2K2Mi2/ mbBM; i?2 T`QTQb2/ �TT`Q�+? +QK@
T�`2/ iQ i?2 `2mb�#BHBiv Q7 i2bib BKTH2K2Mi2/ mbBM; i?2 bi�M@
/�`/ BKT2`�iBp2 �TT`Q�+?2b\
q?2M `272``BM; iQ i?2 `2mb�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b-
bm+? 7Q` 2t�KTH2 i?2 QM2 T`QTQb2/ #v CJ2i2`- `2TQ`i ?Qr vQm +QK@
T�`2 i?2 T2`+2Bp2/ `2mb�#BHBiv Q7 T2`7Q`K�M+2 i2bib BKTH2K2Mi2/ mb@
BM; i?2 �TT`Q�+? T`QTQb2/ BM i?Bb bm`p2v +QKT�`2/ iQ i?2 T2`+2Bp2/
`2mb�#BHBiv Q7 i2bib BKTH2K2Mi2/ mbBM; bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b
Jm+? rQ`b2 "ě"ě"ě"ě" Jm+? #2ii2`

N#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2` �#Qmi `2mb�#BHBiv\,

*X8X9 amBi�#BHBiv 7Q` i?2 h�`;2i lb2`b
Ry�X >Qr bmBi�#H2 /Q vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2

i�`;2i mb2`b Q7 i?2 b�K2\
q?2M `272``BM; iQ i?2 i�`;2i mb2`b Q7 Qm` �TT`Q�+?- M�K2Hv /2p2HQT2`b-
bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb 2M;BM22`b-
`2TQ`i ?Qr bmBi�#H2 vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2KX
LQi bmBi�#H2 "ě"ě"ě"ě" o2`v bmBi�#H2

Ry#X >Qr /Q vQm +QKT�`2 i?2 bmBi�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+?
+QKT�`2/ iQ i?2 bmBi�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 QM2b 7Q` i?2
i�`;2i mb2`b Q7 i?2 T`QTQb2/ �TT`Q�+?\
q?2M `272``BM; iQ i?2 bmBi�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b-
bm+? 7Q` 2t�KTH2 i?2 QM2 T`QTQb2/ #v CJ2i2`- 7Q` i?2 i�`;2i mb2`b Q7 i?2
T`QTQb2/ �TT`Q�+?- `2TQ`i ?Qr vQm +QKT�`2 i?2 bmBi�#BHBiv Q7 i?2 �T@
T`Q�+? T`QTQb2/ BM i?Bb bm`p2v iQ i?2 bmBi�#BHBiv Q7 bi�M/�`/ BKT2`�iBp2
�TT`Q�+?2b 7Q` i?2 b�K2 mb2`bX
Jm+? rQ`b2 "ě"ě"ě"ě" Jm+? #2ii2`

Ry+X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2`b �#Qmi i?2 bmBi�#BHBiv
Q7 i?2 �TT`Q�+? 7Q` i?2 i�`;2i mb2`b\,



99y *Xe 6BM�H 1p�Hm�iBQMb

*Xe 6BM�H 1p�Hm�iBQMb
RR�X q?�i �`2 i?2 K�BM S_Pb Q7 i?2 T`QTQb2/ �TT`Q�+?\,

RR#X q?�i �`2 i?2 K�BM *PLb Q7 i?2 T`QTQb2/ �TT`Q�+?\,

RR+X L�K2 bBKBH�` �TT`Q�+?2b vQm �`2 �r�`2 Q7,

*Xd h?�MF vQm5
�b �MiB+BT�i2/ �i i?2 #2;BMMBM; Q7 i?2 bm`p2v- r2 p�Hm2 i?2 iBK2 vQm bT2Mi QM
T`QpB/BM; i?2 722/#�+F- bQ r2 r�Mi iQ ;Bp2 vQm #�+F bQK2i?BM; iQ b?Qr Qm`
�TT`2+B�iBQMX

q2 �`2 ;BpBM; �r�v i?`22 HBiiH2 ;B7ib �b � bB;M Q7 �TT`2+B�iBQM- `�|2/
�KQM; �HH i?2 T�`iB+BT�Mib +QKTH2iBM; i?2 bm`p2vX h?2 i?`22 ;B7ib �`2 �HH
i?2 b�K2- i?2 p�Hm2 Bb € ky 2�+?- �M/ �i KQbi QM2 +�M #2 �bbB;M2/ iQ 2�+?
T�`iB+BT�MiX h?2v �`2 ;QBM; iQ #2 /Bb+QmMi +QmTQMb 7Q` r2HH@FMQrM r2#bBi2b
T`QpB/BM; b2`pB+2b �M/ T`Q/m+ibX

h?2 `�|2 Bb ;QBM; iQ ?�TT2M #v i?2 KB//H2 Q7 �m;mbi kyky- �M/ QMHv B7
�i H2�bi R8 +QKTH2i2 bm`p2vb �`2 bm#KBii2/ X hQ BM+`2�b2 i?2 T`Q#�#BHBiv Q7 i?2
`�|2 iQ ?�TT2Mb- TH2�b2 b?�`2 i?2 bm`p2v rBi? T2QTH2 vQm FMQr i?�i KB;?i
+QMi`B#mi2 rBi? p�Hm�#H2 �Mbr2`b �++Q`/BM; iQ i?2 /2}M2/ i�`;2i �m/B2M+2 7Q`
i?Bb bm`p2vX a?�`BM; i?2 bm`p2v Bb p2`v ?2HT7mH 7Q` mbX

h?2 `�|2 Bb ;QBM; iQ #2 2t2+mi2/ QM https://commentpicker.com/
random-name-picker.php UrBi? �MQMvKBx2/ 2K�BHbV bQ i?�i r2 +�M T`Q@
pB/2 vQm #�+F rBi? T`QQ7 Q7 `2bmHibX

G2�p2 vQm` 2K�BH �//`2bb B7 vQm r�Mi iQ T�`iB+BT�i2 BM i?2 `�|2X q2
�`2 ;QBM; iQ r`Bi2 vQm #�+F r?2M i?2 `�|2 `2bmHib �`2 �p�BH�#H2- �M/ B7 vQm �`2
QM2 Q7 i?2 Hm+Fv rBMM2`b- r2 �`2 ;QBM; iQ �ii�+? iQ i?2 2K�BH i?2 ;B7i �b r2HHX

https://commentpicker.com/random-name-picker.php
https://commentpicker.com/random-name-picker.php


99R *Xd h?�MF vQm5

 uQm r2`2 �#H2 iQ +?2+F i?2 +m``2Mi MmK#2` Q7 bm#KBii2/ `2bTQMb2b #v
+HB+FBM; QM ǳa22 T`2pBQmb `2bTQMb2bǴ QM i?2 M2ti b+`22M �7i2` +HB+FBM; QM i?2
ǳam#KBiǴ #miiQMX A ?�/ iQ /Bb�#H2 i?Bb #2+�mb2 `2bTQMb2b KB;?i +QMi�BM
b2MbBiBp2 /�i�- bm+? �b i?2 2K�BH �//`2bbX ai�imb �i jRXydXkyky, R3 `2bTQMb2bX

RkX q?�i Bb vQm` 2K�BH �//`2bb\,



99k *Xd h?�MF vQm5



�TT2M/Bt .

amKK�iBp2 1p�Hm�iBQM am`p2v

.XR .2+H�`�iBp2 S2`7Q`K�M+2 h2biBM;

h?2 S`QTQb2/ �TT`Q�+? 7Q` .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}@
+�iBQM �M/ 1t2+miBQM
h?Bb �TT`Q�+? Bb T�`i Q7 � S?. +QMi`B#miBQMX q2 �bF vQm iQ +QMi`B#mi2 rBi?
vQm` p�Hm�#H2 722/#�+F iQ +QKTH2i2 i?2 2p�Hm�iBQM b2+iBQM Q7 i?2 b�K2X h?2
�Mbr2`b �`2 ;QBM; iQ #2 `2TQ`i2/ �MQMvKQmbHv �b T�`i Q7 i?2 i?2bBbX q2 p�Hm2
i?2 iBK2 vQm bT2M/ QM T`QpB/BM; i?2 722/#�+F- bQ r2 r�Mi iQ ;Bp2 vQm #�+F
bQK2i?BM; iQ b?Qr Qm` �TT`2+B�iBQMX q2 �`2 ;BpBM; �r�v i?`22 HBiiH2 ;B7ib �b �
bB;M Q7 �TT`2+B�iBQM- `�|2/ �KQM; �HH i?2 T�`iB+BT�Mib +QKTH2iBM; i?2 bm`p2vX
JQ`2 /2i�BHb QM i?Bb �i i?2 2M/ Q7 i?2 bm`p2v- r?2`2 vQm +�M /2+B/2 r?2i?2`
iQ QTi@BM Q` MQiX

LPh1 R, /m2 iQ HBKBi�iBQMb Q7 :QQ;H2 6Q`Kb- r2 +�M MQi mb2 � H�`;2`
7QMi bBx2X hQ BM+`2�b2 i?2 7QMi@bBx2 TH2�b2 7QHHQr i?2 �/pB+2 QM i?2 7QHHQrBM;
;mB/2, https://www.computerhope.com/issues/ch000779.htm Uam;;2bi2/, mb2
i?2 iQTKQbi hBT Q7 i?2 `272`2M+2/ ;mB/2VX AK�;2b �`2 MQi ;QBM; iQ #2 BM+`2�b2/
;m�`�Mi22BM; i?2 [m�HBiv- i?mb r2 �Hr�vb Qz2` � 7mHH@bBx2 BK�;2 HBMFX
LPh1 k, ;QBM; #�+F iQ i?2 T`2pBQmb T�;2 /m`BM; i?2 bm`p2v- mbm�HHv b�p2b i?2
�H`2�/v T`QpB/2/ �Mbr2`b r?2M +QKBM; #�+F iQ i?2 T�;2 +QMi�BMBM; i?2 �Mbr2`X
A7 vQm i?BMF vQm KB;?i M22/ iQ /Q i?Bb- r2 �/pBb2 vQm iQ i2bi i?2 #2?�pBQ` rBi?
vQm` #`Qrb2` iQ #2 bm`2 �#Qmi Bi- #27Q`2 +QKTH2iBM; KmHiBTH2 �Mbr2`b

99j
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.Xk amKK�iBp2 1p�Hm�iBQM Q7 h?2 S`QTQb2/ �T@
T`Q�+?

*QMi2ti
h?2 T`BK�`v Q#D2+iBp2 Q7 T2`7Q`K�M+2 i2biBM; Bb iQ �bb2bb i?2 T2`7Q`K�M+2 Q7
� bvbi2K- iQ 2Mbm`2 Bi Bb +QKTHB�Mi rBi? bT2+B}2/ b2`pB+2 H2p2H `2[mB`2K2MibX
hQ �++QKTHBb? bQ- KmHiBTH2 FBM/b Q7 i2bib ?�p2 iQ #2 2t2+mi2/ iQ 2Mbm`2 �HH
i?2 `2[mB`2K2Mib �`2 K2iX _2+2Mi i`2M/b BM i?2 BM/mbi`v b?Qr BM+`2�bBM;
�/QTiBQM Q7 .2p2HQTK2Mi �M/ PT2`�iBQMb U.2pPTbV T`�+iB+2bX �HQM;bB/2
i?2 �/QTiBQM Q7 .2pPTb- T2`7Q`K�M+2 i2biBM; +QMiBMm2b iQ 2pQHp2 iQ K22i
i?2 ;`QrBM; /2K�M/b Q7 i?2 KQ/2`M 2Mi2`T`Bb2 �M/ Bib M22/ 7Q` �miQK�iBQMX
JQ/2HBM; �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib �`2 iBK2@+QMbmKBM;
�M/ /B{+mHi �+iBpBiB2b- `2[mB`BM; 2tT2`i FMQrH2/;2- +QKTH2t BM7`�bi`m+im`2-
�M/ � `B;Q`Qmb T`Q+2bb iQ ;m�`�Mi22 i?2 [m�HBiv Q7 +QHH2+i2/ T2`7Q`K�M+2 /�i�
�M/ i?2 Q#i�BM2/ `2bmHibX *m``2MiHv �p�BH�#H2 T2`7Q`K�M+2 i2biBM; �TT`Q�+?2b
�`2 MQi r2HH BMi2;`�i2/ rBi? .2pPTb T`�+iB+2b �M/ iQQHb �M/ �`2 Q7i2M 7Q+mbBM;
QMHv QM bT2+B}+ M22/b Q7 T2`7Q`K�M+2 i2biBM; KQ/2HBM; �M/ �miQK�iBQMX

S`QTQb�H
q2 T`QTQb2 � .2+H�`�iBp2 �TT`Q�+? 7Q` S2`7Q`K�M+2 h2bib 1t2+miBQM-
2M�#HBM; i?2 +QMiBMmQmb �M/ �miQK�i2/ 2t2+miBQM Q7 T2`7Q`K�M+2 i2bib
�HQM;bB/2 i?2 *QMiBMmQmb aQ7ir�`2 .2p2HQTK2Mi GB72+v+H2 U*a.GV X
h?2 �TT`Q�+? Bb +QKT`Bb2/ Q7 � /2+H�`�iBp2 .QK�BM aT2+B}+ G�M;m�;2 U.aGV
2M�#HBM; i?2 /2+H�`�iBp2 bT2+B}+�iBQM Q7 T2`7Q`K�M+2 i2bib �M/ i?2B` �miQK�i2/
Q`+?2bi`�iBQM T`Q+2bb2b �HQM;bB/2 i?2 *a.G- �M/ � 7`�K2rQ`F 7Q` 2M/@iQ@2M/
�miQK�i2/ T2`7Q`K�M+2 i2biBM; `2HvBM; QM i?2 +QMi`B#mi2/ .aGX h?2 K�BM
i�`;2i bvbi2Kb �`2 _1ah7mH q2# b2`pB+2b �M/ "mbBM2bb S`Q+2bb JQ/2H �M/
LQi�iBQM kXy U"SJLkyV qQ`F~Qr J�M�;2K2Mi avbi2Kb Uq7JabV /2THQv2/
mbBM; � /2THQvK2Mi /2b+`BTiQ` `2HvBM; QM .Q+F2` +QMi�BM2`b UJQ`2 /2i�BHb QM
https://docs.docker.com/compose/compose-file/VX
h?2 K�BM i�`;2i mb2`b Q7 Qm` �TT`Q�+? �`2 /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv
�bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb 2M;BM22`bX h?2 mb2`b Q7 Qm` �TT`Q�+? +�M
bT2+B7v T2`7Q`K�M+2 i2bib mbBM; � ;Q�H@Q`B2Mi2/ �TT`Q�+?- �M/ /2+H�`�iBp2Hv
+QM};m`2 i?2 2MiB`2 T`Q+2bb 7QHHQr2/ iQ `2�+? i?2 ;Q�H �M/ 2p�Hm�i2 i?2 i2bi
`2bmHi mbBM; i?2 b�K2 .aGX qBi? i?2 b�K2 .aG- i?2v +�M #mBH/ i2bi bmBi2b
�M/ /2}M2 r?2M /Bz2`2Mi i2bib �`2 2t2+mi2/ /m`BM; i?2 *a.G- �++Q`/BM; iQ
bT2+B}+ i`B;;2`bX h?2 .aG Bb mb2/ iQ +QM};m`2 � 7`�K2rQ`F T`Q;`�KK2/ mbBM;
bm+? .aG �M/ BKTH2K2MiBM; i?2 T`Q+2bb2b M22/2/ 7Q` 2t2+miBM; T2`7Q`K�M+2

https://docs.docker.com/compose/compose-file/
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2tT2`BK2Mib T�`i Q7 i?2 /2+H�`2/ i2bi- �M/ � +QMi`QH HQQT r�i+?BM; i?2 bi�i2
Q7 i?2 2t2+miBM; i2bi �M/ b+?2/mHBM; 2tT2`BK2Mib iQ `2�+? i?2 bT2+B}+�iBQM
bi�i2/ BM i?2 /2+H�`�iBp2 bT2+B}+�iBQM bm#KBii2/ #v i?2 mb2`bX
JQ`2 /2i�BHb �`2 T`QpB/2/ BM � /2/B+�i2/ b2+iBQM Q7 i?Bb bm`p2vX

amKK�iBp2 1p�Hm�iBQM P#D2+iBp2
h?2 Q#D2+iBp2 Q7 i?Bb bmKK�iBp2 2p�Hm�iBQM Bb iQ +QHH2+i 722/#�+F �#Qmi i?2
T`QTQb2/ �TT`Q�+? BM i2`Kb Q7 2tT`2bbBp2M2bb �M/ `2mb�#BHBiv Q7 i?2 .aG-
�b r2HH �b H2�`M�#BHBiv �M/ Qp2`�HH T2`+2Bp2/ mb�#BHBiv Q7 i?2 b�K2- 2bT2+B�HHv
+QKT�`BM; Bi iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2bY- HBF2 i?2 QM2 T`QTQb2/ #v
CJ2i2`- �M/ +QMbB/2`BM; i?2 i�`;2i mb2`b Q7 i?2 �TT`Q�+?�X

amKK�iBp2 1p�Hm�iBQM h�`;2i �m/B2M+2
q2 K�BMHv i�`;2i /2p2HQT2`b- bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b-
�M/ QT2`�iBQMb 2M;BM22`b- #Qi? BM �+�/2KB� �M/ BM/mbi`vX A7 vQm �`2 MQi T�`i
Q7 i?2 i�`;2i �m/B2M+2- #mi vQm �`2 �M Ah T`�+iBiBQM2`- ;Q �?2�/ rBi? i?2
bm`p2v �Mvr�vX uQm` 722/#�+F Bb p�Hm�#H2 �b r2HHX

ai`m+im`2 Q7 i?2 am`p2v
h?2 bm`p2v bi�`ib rBi? � b2+iBQM r?2`2 r2 �bF vQm iQ }HH BM bQK2 BM7Q`K�iBQM
�#Qmi vQm` 2tT2`B2M+2 �M/ 2tT2`iBb2X q2 i?2M T`2b2Mi vQm i?2 �TT`Q�+? BM
� /2/B+�i2/ b2+iBQM r?2`2 r2 ;Q Qp2` �HH i?2 2H2K2Mib Q7 i?2 T`QTQb2/ .aG-
�M/ r2 T`QpB/2 vQm rBi? 2t�KTH2b BHHmbi`�iBM; ?Qr � mb2` Bb 2tT2+i2/ iQ
bi�i2 ;Q�H@/`Bp2M /2+H�`�iBp2 T2`7Q`K�M+2 i2bib mbBM; Qm` �TT`Q�+?X �7i2` �M
BMi`Q/m+iBQM iQ i?2 �TT`Q�+?- r2 �`2 ;QBM; iQ �bF vQm bQK2 KmHiBTH2@+?QB+2
[m2biBQMb �#Qmi i?2 b�K2 r?2`2 vQm +�M �HbQ QTiBQM�HHv T`QpB/2 �//BiBQM�H
722/#�+FX 6BM�HHv- r2 T`QTQb2 bQK2 [m2biBQMb iQ +QHH2+i vQm` ;2M2`�H QTBMBQM-
S_Pb- �M/ *PLb Q7 i?2 �TT`Q�+?- �M/ Qi?2` +QM+Hm/BM; [m2biBQMbX

1tT2+i2/ �p2`�;2 +QKTH2iBQM iBK2, mT iQ j8@8y KBMmi2b- Q7 r?B+?
mT iQ k8@jy KBMmi2b 7Q` H2�`MBM; �#Qmi i?2 T`QTQb2/ �TT`Q�+?- /2T2M/BM; QM
vQm` #�+F;`QmM/X

h?2 bm`p2v Bb �MQMvKQmb �M/ MQ +QMi�+i /2i�BHb �`2 +QHH2+i2/- mMH2bb
T`QpB/2/ #v vQm �i i?2 2M/ Q7 i?2 bm`p2vX *QMbi`m+iBp2 722/#�+F Bb �Hr�vb i?2
KQbi p�Hm�#H2X
 h?2 �TT`Q�+? ?�b #22M }`bi T`2b2Mi2/ �i i?2 AMi2`M�iBQM�H qQ`Fb?QT
QM Zm�HBiv@�r�`2 .2pPTb BM kyRd UT�T2`, https://dl.acm.org/doi/pdf/

https://dl.acm.org/doi/pdf/10.1145/3053600.3053636
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10.1145/3053600.3053636- T`2b2Mi�iBQM, https://bit.ly/2VtcqnyV �M/ i?2M
�i i?2 AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; BM kyR3 UT�@
T2`, https://dl.acm.org/doi/pdf/10.1145/3184407.3184417- T`2b2Mi�iBQM,
https://bit.ly/3g7T7YPVX Ai ?�b #22M H�`;2Hv 2ti2M/2/ Qp2` iBK2X
Y � #`B27 Qp2`pB2r Q7 BKT2`�iBp2 �TT`Q�+?2b pb /2+H�`�iBp2 �TT`Q�+?2b 7Q`
i2biBM; +�M #2 7QmM/ QM https://wiki.saucelabs.com/display/DOCS/Best+
Practice%3A+Imperative+v.+Declarative+Testing+Scenarios
� 1p�Hm�iBM; i?2 7`�K2rQ`F �HHQrBM; i?2 �miQK�i2/ 2t2+miBQM Q7 i?2 /2+H�`@
�iBp2Hv bT2+B}2/ T2`7Q`K�M+2 i2bib Bb Qmi Q7 i?2 b+QT2 7Q` i?Bb bm`p2v bBM+2
Bi Bb � `2b2�`+? T`QiQivT2 �M/ Bi Bb MQi rB/2Hv mb2/ �b Qi?2` 7`�K2rQ`Fb 7Q`
T2`7Q`K�M+2 i2biBM;X

.Xj 1tT2`B2M+2 �M/ 1tT2`iBb2
AM i?Bb b2+iBQM- r2 �`2 +QHH2+iBM; bQK2 BM7Q`K�iBQM �#Qmi vQm- iQ #2ii2` �M�Hvx2
i?2 �Mbr2`b vQm �`2 ;QBM; iQ T`QpB/2 BM i?2 7QHHQrBM; b2+iBQMbX

.XjXR 1/m+�iBQM
RX G�i2bi /2;`22 Q7 2/m+�iBQM
" JB//H2 b+?QQHX
" >B;? a+?QQHX
" "�+?2HQ` .2;`22X
" J�bi2` .2;`22X
" S?.X
" Pi?2`X

.XjXk S`Q72bbBQM�H _QH2
kX uQm` +m``2Mi T`Q72bbBQM�H `QH2
" aQ7ir�`2 .2p2HQT2`X
" aQ7ir�`2 1M;BM22`X
" aQ7ir�`2 h2bi2`X
" .2pPTb 1M;BM22`X
" Z� �M�HvbiX

https://dl.acm.org/doi/pdf/10.1145/3053600.3053636
https://dl.acm.org/doi/pdf/10.1145/3053600.3053636
https://bit.ly/2Vtcqny
https://dl.acm.org/doi/pdf/10.1145/3184407.3184417
https://bit.ly/3g7T7YP
https://wiki.saucelabs.com/display/DOCS/Best+Practice%3A+Imperative+v.+Declarative+Testing+Scenarios
https://wiki.saucelabs.com/display/DOCS/Best+Practice%3A+Imperative+v.+Declarative+Testing+Scenarios
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" S2`7Q`K�M+2 �M�HvbiX
" aBi2 _2HB�#BHBiv 1M;BM22`X
" _2b2�`+?2`X
" S`Q72bbQ`X
" aim/2MiX
" Pi?2`, X

.XjXj 1tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2
jX u2�`b Q7 2tT2`B2M+2 BM i?2 +m``2Mi T`Q72bbBQM�H `QH2,

.XjX9 1tT2`B2M+2 `2H�i2/ iQ bQ7ir�`2 T2`7Q`K�M+2 i2biBM;
9X u2�`b Q7 2tT2`B2M+2 BM i?2 �`2� Q7 bQ7ir�`2 T2`7Q`K�M+2 i2biBM;X

LQi M2+2bb�`BHv �b i?2 K�BM �+iBpBivX LPh1, Bi +�M #2 yX ,

.XjX8 q?B+? �`2 vQm` K�BM i�bFb �M/ �+iBpBiB2b\
8X .2b+`B#2 vQm` K�BM i�bFb �M/ �+iBpBiB2b BM vQm` +m``2Mi `QH2,

.XjXe >Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib\
ai�i2 ?Qr 7�KBHB�` �`2 vQm rBi? i?2 7QHHQrBM; +QM+2Tib `2H�i2/ iQ T2`7Q`K�M+2
i2bi BKTH2K2Mi�iBQM �M/ 2t2+miBQM BM i?2 +QMi2ti Q7 i?Bb bm`p2v

e�X S2`7Q`K�M+2 h2biBM; LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e#X avbi2K lM/2` h2bi LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e+X avbi2K qQ`FHQ�/ LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e/X S2`7Q`K�M+2 .�i� *QHH2+iBQM LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e2X avbi2K S2`7Q`K�M+2 J2i`B+b LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e7X S2`7Q`K�M+2 h2bib 1t2+miBQM 6`�K2rQ`F

LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e;X GQ�/ .`Bp2` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
e?X AKT2`�iBp2 �TT`Q�+?2b 7Q` S2`7Q`K�M+2 1M;BM22`BM; U2X;X-

CJ2i2`V LQi �i �HH "ě"ě"ě"ě" 1tT2`i
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eBX .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;
LQi �i �HH "ě"ě"ě"ě" 1tT2`i

eDX avbi2K .2THQvK2Mi .2b+`BTiQ` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eFX .Q+F2` *QMi�BM2` LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eHX *QMi�BM2` P`+?2bi`�iQ` 6`�K2rQ`F U2X;X- Em#2`M2i2bV

LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eKX *QMiBMmQmb AMi2;`�iBQM �M/ .2HBp2`v

LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eMX _1ah7mH q2# a2`pB+2b LQi �i �HH "ě"ě"ě"ě" 1tT2`i
eQX u�JG G�M;m�;2 LQi �i �HH "ě"ě"ě"ě" 1tT2`i

.X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b
AM i?2 7QHHQrBM;- r2 T`2b2Mi �M Qp2`pB2r Q7 i?2 T`QTQb2/ �TT`Q�+?X q2 BHHmb@
i`�i2 i?2 u�JG bT2+B}+�iBQM 7Q`K�i i?2 mb2`b Q7 Qm` �TT`Q�+? �`2 2tT2+i2/ iQ
K�bi2` 7Q` /2+H�`�iBp2Hv bT2+B7vBM; T2`7Q`K�M+2 i2bib �M/ +QM};m`BM; i?2 i2biǶb
�miQK�iBQM T`Q+2bbX q2 i?2M T`2b2Mi bQK2 2t�KTH2b Q7 /2+H�`�iBp2 T2`7Q`@
K�M+2 i2bi bT2+B}+�iBQMb `2HvBM; QM i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�iX
q?�i mb2`b �`2 2tT2+i2/ iQ bi�i2 7Q` /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM
hQ `2Hv QM i?2 T`QTQb2/ /2+H�`�iBp2 T2`7Q`K�M+2 i2bi �miQK�iBQM bQHmiBQM- mb2`b
M22/ iQ ?�p2 � #�bB+ mM/2`bi�M/BM; Q7 i?2 T2`7Q`K�M+2 i2biBM; /QK�BM �M/
�`2 2tT2+i2/ iQ /2}M2 � i2bi mbBM; i?2 T`QTQb2/ u�JG bT2+B}+�iBQM 7Q`K�i
�M/ bT2+B7v,

RV h?2 i2bi ;Q�H �M/ Bib +QM};m`�iBQM- �b r2HH �b i?2 T2`7Q`K�M+2 bT�+2 iQ
#2 2tTHQ`2/ B7 `2[mB`2/ #v i?2 ;Q�H Ugoal- exploration_spaceV

kV h?2 HQ�/ 7mM+iBQM Uload_functionV

jV h?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi UobserveV

9V h?2 +`Bi2`B� iQ /2i2`KBM2 B7 i?2 i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2
Bib +QKTH2iBQM Utermination_criteriaV

8V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /2}M2/ [m�HBiv +`Bi2`B�
Uquality_gatesV

eV h?2 rQ`FHQ�/b mb2/ 7Q` i?2 i2bi �M/ ?Qr iQ KBt Bib QT2`�iBQMb Uworkloads-
operations- mixV



99N .X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

dV h?2 bvbi2K mM/2` i2bi ivT2- �M/ Bib +QM};m`�iBQM UsutV

3V h?2 /�i� +QHH2+iBQM b2`pB+2b M22/2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb27mH iQ
+QKTmi2 i?2 K2i`B+b Q7 BMi2`2bi Udata_collectionV

�7i2` bT2+B7vBM; /Bz2`2Mi i2bib- mb2`b +�M �HbQ /2}M2 i2bi bmBi2b iQ BMi2;`�i2
bm#b2ib Q7 i2bib �b T�`i Q7 i?2 *a.GX hQ /Q bQ- mb2`b �`2 2tT2+i2/ iQ /2}M2,

RV h?2 i2bi bmBi2- b2H2+iBM; i2bib #v `272``BM; iQ u�JG }H2b /2}MBM; i?2K
Q` #v b2H2+iBM; i?2K mbBM; H�#2Hb Usuite- testsV

kV h?2 i`B;;2`b �+iBp�iBM; i?2 i2bi 2t2+miBQM- �++Q`/BM; iQ *a.G 2p2Mib
UtriggersV

jV PTiBQM�HHv- i?2 2MpB`QMK2Mib QM r?B+? i2bib ?�p2 iQ #2 2t2+mi2/
UenvironmentsV

9V h?2 2tT2+i2/ Qmi+QK2 Q7 i?2 i2bi bmBi2 �++Q`/BM; iQ /2}M2/ [m�HBiv +`B@
i2`B� Uquality_gatesV

lb2`b �`2 2tT2+i2/ iQ T`QpB/2 i?2 i2bi bT2+B}+�iBQMb- �b r2HH �b i2bi /�i�
�M/ � bvbi2K mM/2` i2bi UalhV /2THQvK2Mi /2b+`BTiQ` �b T�`i Q7 � bQ@+�HH2/
i2bi #mM/H2X h?2 alh /2THQvK2Mi /2b+`BTiQ` /2}M2b i?2 b2`pB+2b T�`i Q7
i?2 alh- i?2B` +QM};m`�iBQM- /2THQvK2Mi bT2+B}+�iBQM- �M/ ?Qr i?2v +QK@
KmMB+�i2 �KQM; i?2KX JQ`2 /2i�BHb �`2 T`QpB/2/ QM i?2 Q{+B�H `272`2M+2,
https://docs.docker.com/compose/compose-file/X
h?2 T`QTQb2/ 7`�K2rQ`F T`QpB/2b � +QKK�M/@HBM2 BMi2`7�+2 U*GAV i?�i +�M
�HbQ #2 BMi2;`�i2/ BMiQ /Bz2`2Mi *QMiBMmQmb AMi2;`�iBQM �M/ *QMiBMmQmb .2@
HBp2`v TBT2HBM2b- /2}M2/ rBi? iQQHb bm+? �b C2MFBMb Uhttps://www.jenkins.io/VX
h?`Qm;? bm+? *GA i?2 mb2` +�M �miQK�iB+�HHv bm#KBi i2bib �M/ i2bi bmBi2 bT2+@
B}+�iBQMb 7Q` 2t2+miBQM iQ i?2 T`QTQb2/ 7`�K2rQ`FX
h2bi bT2+B}+�iBQMb +�M #2 `2mb2/- 2ti2M/2/ �M/ Qp2``B//2M- iQ 7�+BHBi�i2 `2mb2
Q7 #�b2 i2bi /2}MBiBQMb 7Q` KQ`2 +QKTH2t i2bibX aQK2 2t�KTH2b �`2 T`QpB/2/ BM
i?2 2t�KTH2b b2+iBQM- T`2b2Mi2/ �7i2` i?2 u�JG bT2+B}+�iBQM 7Q`K�iX
AM i?2 7QHHQrBM;- r2 T`2b2Mi i?2 u�JG bT2+B}+�iBQM 7Q`K�i �b r2HH �b 2t�KTH2b
Q7 /2+H�`�iBp2 T2`7Q`K�M+2 i2bib bT2+B}+�iBQM �M/ BMi2;`�iBQM rBi? *a.GX

 LQi2 i?�i i?Bb bi�i2K2Mi `272`b iQ T2`7Q`K�M+2 i2bi bT2+B}+�iBQMX 6Q`
r?�i +QM+2`Mb �M�HvxBM; i?2 T2`7Q`K�M+2 `2bmHib- �M/ BKT`QpBM; i?2 bvbi2K
T2`7Q`K�M+2 #�bB+ mM/2`bi�M/BM; Q7 i?2 T2`7Q`K�M+2 /QK�BM KB;?i MQi #2
bm{+B2MiX

https://docs.docker.com/compose/compose-file/
https://www.jenkins.io/
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.X9XR u�JG aT2+B}+�iBQM 6Q`K�i

.2}MBM; � .2+H�`�iBp2 S2`7Q`K�M+2 h2bi
Pp2`�HH h2bi aT2+B}+�iBQM

1 version: { String : <Test DSL version, e.g. '1'> }
2 name: { String : <name of the performance test> }
3 # OPTIONAL
4 description: { String : <description of the performance test> }
5 # OPTIONAL
6 labels: { [String] : <a list of labels> }
7 configuration:
8 goal:
9 ...
10 load_function:
11 # OPTIONAL IF SPECIFIED IN EXPLORATION
12 users: { Number : <total number of users to be simulated> }
13 ramp_up: { String : <amount of time><unit> }
14 steady_state: { String : <amount of time><unit> }
15 ramp_down: { String : <amount of time><unit> }
16 # OPTIONAL
17 termination_criteria:
18 ...
19 # OPTIONAL
20 quality_gates:
21 ...
22 sut:
23 ...
24 workloads:
25 ...
26 # OPTIONAL
27 data_collection:
28 ...

GBbiBM; .XRX amKK�iBp2 1p�Hm�iBQM, h?2 h2bi u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .XR- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 Qp2`�HH i2bi bi`m+im`2X �b vQm
+�M b22- i?2 mb2` +�M bT2+B7v �HH i?2 BM7Q`K�iBQM /2b+`B#2/ �#Qp2X �++Q`/BM;
iQ i?2 b2H2+i2/ ;Q�H- i?2 mb2` Bb `2[m2bi2/ iQ +QM};m`2 i?2 �miQK�iBQM T`Q+2bb
7QHHQr2/ iQ `2�+? bm+? ;Q�HbX
6Q` r?�i +QM+2`Mb i?2 load_function- i?2 mb2` +�M bT2+B7v i?2 r�Mi2/ MmK#2`
Q7 bBKmH�i2/ mb2`b �M/ +?�`�+i2`BbiB+b Q7 i?2 HQ�/ 7mM+iBQM BM i2`Kb Q7 iBK2 iQ
;Q 7`QK x2`Q iQ i?2 MmK#2` Q7 bT2+B}2/ mb2`b Uramp_upV- iBK2 iQ Bbbm2 i?2 HQ�/
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iQ i?2 bvbi2K mM/2` i2bi �i i?2 bT2+B}2/ MmK#2` Q7 mb2`b Usteady_stateV- �M/
iBK2 iQ ;Q 7`QK i?2 r�Mi2/ MmK#2` Q7 mb2`b #�+F iQ x2`Q Uramp_downVX 
�KQM; i?2 Qi?2` /�i�- i?2 mb2` +�M �HbQ bT2+B7v labels UHBM2 OeVX G�#2Hb
�`2 BKTQ`i�Mi 7Q` b2H2+iBM; /Bz2`2Mi i2bi bT2+B}+�iBQMb r?2M BMi2;`�iBM; i2bi
2t2+miBQM BM *a.GX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4

 q2 +m``2MiHv QMHv bmTTQ`i i?2 K2MiBQM2/ b?�T2 Q7 i?2 HQ�/ 7mM+iBQM-
/m2 iQ HBKBi�iBQMb BM i?2 7`�K2rQ`Fb r2 mb2 iQ �miQK�i2 i?2 T2`7Q`K�M+2 i2bi
2t2+miBQMX Pi?2` 7`�K2rQ`Fb +�M #2 BMi2;`�i2/- i?mb i?2 b?�T2b Q7 bmTTQ`i2/
HQ�/ 7mM+iBQMb +QmH/ #2 2M?�M+2/X

h?2 :Q�H aT2+B}+�iBQM

1 configuration:
2 goal:
3 type: { String : < "load" | "smoke" | "sanity" | "configuration" |

"scalability" | "spike" | "exhaustive_exploration" | "stability_boundary" |
"capacity_constraints" | "regression_complete" | "regression_intersection"
| "acceptance" > }

!→

!→

!→

4 # OPTIONAL
5 stored_knowledge: { Boolean : <"true" | "false"> } # default "false"
6 observe:
7 ...
8 # OPTIONAL
9 exploration:
10 ...

GBbiBM; .XkX amKK�iBp2 1p�Hm�iBQM, h?2 :Q�H u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .Xk- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 i2bi ;Q�HX �b vQm
+�M b22- i?2 mb2` +�M bT2+B7v K�Mv /Bz2`2Mi bmTTQ`i2/ ;Q�Hb UHBM2 OjV- bm+?
�b load test- smoke test- configuration test- �M/ regression testX h?2
;Q�H Bb mbm�HHv K�TT2/ iQ r2HH@FMQrM T2`7Q`K�M+2 i2bi ivT2bX h?2 MmK#2` Q7
bmTTQ`i2/ ;Q�Hb +�M #2 2ti2M/2/ Qp2` iBK2X
�KQM; i?2 Qi?2` /�i�- i?2 mb2` +�M �HbQ bT2+B7v r?2i?2` b?2 r�Mib iQ mb2
stored_knowledge UHBM2 O9V Q` MQiX _2mbBM; biQ`2/ FMQrH2/;2 2M�#H2b i?2
TQbbB#BHBiv iQ `2mb2 T`2pBQmb `2bmHib Q7 i2bib �M/ 2tT2`BK2Mib /2}MBM; i?2 2t�+i

https://docs.google.com/drawings/d/1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4
https://docs.google.com/drawings/d/1a9CSMBnDm8ToNRbKpj-Vb7Q7oxVR71T0V4E3ZBC1ba4


98k .X9 Pp2`pB2r Q7 i?2 �TT`Q�+? �M/ 1t�KTH2b

b�K2 bT2+B}+�iBQM- 2t2+mi2/ �b T�`i Q7 T`2pBQmb i2bi 2t2+miBQM- Q` �b T�`i Q7
Qi?2` i2bib bT2+B}+�iBQMb b+?2/mH2/ BM T�`�HH2H iQ i?2 bm#KBii2/ QM2X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y

 h?2 �+im�H p�Hm2b 7Q` i?2 ivT2 Q7 i2bi +�M p�`vX lbm�HHv- �HbQ i?2
p�`B�Mi Q7 i?2 M�K2 rBi? i?2 �//BiBQM Q7 i?2 bm{t Ǵni2biǴ Bb bmTTQ`i2/X

h?2 1tTHQ`�iBQM aT�+2 aT2+B}+�iBQM

1 goal:
2 # OPTIONAL
3 exploration:
4 exploration_space:
5 services:
6 { String : <name of service> }:
7 # OPTIONAL
8 resources:
9 cpu:
10 # EITHER specific values
11 values: { [String] : <a list of values + unit> }
12 # OR range
13 range: { [String, String] : <a list of values + unit (inclusive)>

}!→

14 # IF range we can specify step
15 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><values + unit> }!→

16 memory:
17 # EITHER specific values
18 values: { [String] : <a list of bytes value + unit> }
19 # OR range
20 range: { [String, String] : <a list of bytes value + unit

(inclusive)> }!→

21 # IF range we can specify step
22 step: { String : <step between the values in the range as a

mathematical expression: +,-,*,/,^><bytes value + unit> }!→

23 # OPTIONAL
24 configuration:
25 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

26 ...
27 ...
28 load_function:

https://docs.google.com/drawings/d/1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y
https://docs.google.com/drawings/d/1aEFxdmRDOFVeRC0OZRznZj-1saAX_SoVvDKuCTFkV6Y
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29 ...
30 # OPTIONAL IF goal.type = stability_boundary
31 stability_criteria:
32 services:
33 { String : <name of service> }:
34 # OPTIONAL
35 avg_cpu: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

36 # OPTIONAL
37 avg_memory: { String : <a mathematical expression:

>,<,>=,<=,=><number><"%"> }!→

38 ...
39 workloads:
40 { String : <name of workload> }:
41 ...
42 exploration_strategy:
43 selection: { String : <"one_at_a_time" | "random_breakdown" |

"stability_boundary_first"> }!→

44 # OPTIONAL
45 validation: { String : <random_validation_set> }
46 # OPTIONAL
47 regression: { String : <mars> }

GBbiBM; .XjX amKK�iBp2 1p�Hm�iBQM, h?2 1tTHQ`�iBQM aT�+2 �M/ 1tTHQ`�iBQM ai`�i@
2;v u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .Xj- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 2tTHQ`�iBQM bT�+2 `2[mB`2/ #v
bQK2 Q7 i?2 bmTTQ`i2/ ;Q�Hb- bm+? �b i?2 configuration testX
q?2M � +QKTH2t i2bi Bb bT2+B}2/- i?2 mb2` +�M /2}M2 i?2 2tTHQ`�iBQM bT�+2 BM
i2`Kb Q7 services’ resources- �M/ configuration U� K�T Q7 F2v@p�Hm2 T�B`bV-
�M/ i?2 load functionX a2`pB+2b `272` iQ b2`pB+2b /2}M2/ BM i?2 bvbi2K mM/2`
i2bi /2THQvK2Mi /2b+`BTiQ`- T`QpB/2/ �b T�`i Q7 i?2 i2bi #mM/H2X
6Q` bQK2 ;Q�Hb- bT2+B}+ /�i� ?�p2 iQ #2 bT2+B}2/- bm+? �b 7Q` i?2
ǳstability_boundaryǴ QM2X AM bm+? +�b2b- bT2+B}+ b2+iBQMb Q7 i?2 2tTHQ`�iBQM
bT�+2 �`2 T`QpB/2/X 6Q` i?2 bi�#BHBiv #QmM/�`v i2bi- i?2 stability criteria-
b2+iBQM Bb T`QpB/2/ UHBM2b Oje@O9dV- �HHQrBM; i?2 mb2` iQ bT2+B7v bi�#BHBiv +`B@
i2`B� QM b2`pB+2b �M/ rQ`FHQ�/bX
h?2 2tTHQ`�iBQM bT�+2 +QmH/ p�`v BM bBx2- i?mb i?2 mb2` +�M `2Hv QM � bT2+B}@
+�iBQM mbBM; � range- U2X;X- HBM2 ORjV Q7 p�Hm2b iQ 2tTHQ`2 �M/ � mathematical
function- U2X;- HBM2 OR8V iQ M�pB;�i2 i?2 bT2+B}2/ `�M;2X
Pm` �TT`Q�+? +QKTmi2b i?2 2MiB`2 T2`7Q`K�M+2 bT�+2 iQ 2tTHQ`2 +�H+mH�iBM;
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i?2 +QK#BM�iBQMb rBi?Qmi `2T2iBiBQMb QM �HH i?2 TQbbB#H2 p�Hm2b bT2+B}2/ #v i?2
mb2` BM i?2 +QM};m`�iBQM bT�+2- +QMbB/2`BM; 2�+? bT2+B}2/ /BK2MbBQM �b � p2+iQ`X
6Q` 2t�KTH2- B7 i?2 mb2` /2}M2b �M 2tTHQ`�iBQM bT�+2 rBi? � ǳb2`pB+2n�Ǵ ?�pBM;
�b `2bQm`+2b p�Hm2 7Q` K2KQ`v, (Rk3JB- k8eJB) �M/ � HQ�/ 7mM+iBQM /2}MBM;
Ryy �b i?2 MmK#2` Q7 mb2`b- i?2M i?2 2tTHQ`�iBQM bT�+2 Bb +QKT`Bb2/ Q7 irQ
2tT2`BK2Mib- QM2 rBi? Ryy mb2`b �M/ Rk3JB Q7 K2KQ`v 7Q` ǳb2`pB+2n�Ǵ- �M/ �
b2+QM/ QM2 Q7 rBi? Ryy mb2`b �M/ k8eJB Q7 K2KQ`v 7Q` ǳb2`pB+2n�ǴX
:Bp2M i?�i i?2 2tTHQ`�iBQM bT�+2 +QmH/ 2tTHQ/2 BM i2`Kb Q7 2tT2`BK2Mib
iQ #2 2t2+mi2/- r2 T`QpB/2 /Bz2`2Mi bi`�i2;B2b iQ 2tTHQ`2 i?2 bT�+2 UHBM2b
O93@O8jVX q2 �HbQ �H2`i i?2 mb2` B7 i?2 bBx2 Q7 i?2 bT�+2 Bb ;`2�i2` i?�M �
i?`2b?QH/ U/27�mHi, RyV X PM2 Q7 i?2 TQbbB#H2 bi`�i2;B2b i?�i +�M #2 bT2+B}2/-
Bb � T`2/B+iBp2 bi`�i2;v UHBM2b O8R@O8jV �ii2KTiBM; iQ �TT`QtBK�i2 i?2
T2`7Q`K�M+2 Q7 i?2 alh BM i?2 T2`7Q`K�M+2- bT�+2- i?mb `2/m+BM; i?2 MmK#2`
Q7 2t2+mi2/ 2tT2`BK2MibX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc

 lb2`b Q7 i?2 7`�K2rQ`F 2t2+miBM; i?2 bT2+B}2/ i2bi +�M bT2+B7v i?2
i?`2�b?QH/ �b T�`i Q7 i?2 7`�K2rQ`F +QM};m`�iBQMbX

h?2 aT2+B}+�iBQM 7Q` i?2 S2`7Q`K�M+2 J2i`B+b iQ P#b2`p2

1 goal:
2 observe:
3 # OPTIONAL
4 workloads:
5 # OPTIONAL
6 { String : <name of workload> }: { [String] : <a list of workload metrics> }
7 # OPTIONAL
8 { String : <name of workload.operation> }: { [String] : <a list of workload

metrics> }!→

9 ...
10 # OPTIONAL
11 services:
12 { String : <name of service> }: { [String] : <a list of service metrics> }
13 ...

GBbiBM; .X9X amKK�iBp2 1p�Hm�iBQM, h?2 P#b2`p2 u�JG 6Q`K�i aT2+B}+�iBQM

https://docs.google.com/drawings/d/1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc
https://docs.google.com/drawings/d/1ah5nazm99zRtgJmb-JXNbyLkHc7VAHHwinJ9iSYrluc
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AM GBbiBM; .X9- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 K2i`B+b Q7 BMi2`2bi
7Q` i?2 T2`7Q`K�M+2 i2biX h?2 mb2` +�M `2[m2bi iQ observe � rB/2 `�M;2 Q7
T2`7Q`K�M+2 K2i`B+b �M/ bi�iBbiB+b T`QpB/2/ #v i?2 T`QTQb2/ 7`�K2rQ`F �M/
+QKTmi2/ QM +QHH2+i2/ T2`7Q`K�M+2 /�i�- #v `272``BM; iQ i?2K #v i?2B` M�K2bX
S2`7Q`K�M+2 K2i`B+b +�M #2 Q#b2`p2/ Q7 #Qi? i?2 workloads- `2T`2b2MiBM;
+HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b- �b r2HH �b 7Q` i?2 services- `2T`2b2Mi@
BM; b2`p2`@bB/2 T2`7Q`K�M+2 K2i`B+bX 1t�KTH2b Q7 rQ`FHQ�/ K2i`B+b �`2
�p2`�;2 `2bTQMb2 iBK2 �M/ �p2`�;2 H�i2M+vX 1t�KTH2b Q7 b2`pB+2 K2i@
`B+b �`2 �p2`�;2 *Sl miBHBx�iBQM �M/ K�tBKmK K2KQ`v miBHBx�iBQMX q2
�HbQ T`QpB/2 alh@bT2+B}+ K2i`B+b- 7Q` 2t�KTH2 7Q` "SJLky q7Jab r2
T`QpB/2 +mbiQK K2i`B+b �#Qmi MmK#2` �M/ iBK2 Q7 2t2+mi2/ T`Q+2bb BM@
bi�M+2b- �b r2HH �b Qi?2` QM2b U7Q` KQ`2 /2i�BHb- `272` iQ b2+iBQM 9 Q7
http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdfV
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI

h?2 h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM

1 configuration:
2 # OPTIONAL
3 termination_criteria:
4 # OPTIONAL
5 test:
6 max_time: { String : <amount of time><unit> }
7 # OPTIONAL
8 max_number_of_experiments: { Number : <maximum number of experiments> }
9 # OPTIONAL
10 max_failed_experiments: { String : <number><"%"> }
11 # OPTIONAL
12 experiment:
13 max_number_of_trials: { Number : <maximum number of trials> }
14 # OPTIONAL
15 max_failed_trials: { String : <number><"%"> }
16 # OPTIONAL
17 workloads:
18 # OPTIONAL
19 { String : <name of workload> }:
20 confidence_interval_metric: { String : <a workload metrics> }
21 confidence_interval_value: { Number : <value of the workload metric> }
22 confidence_interval_precision: { String : <number><"%"> }
23 ...
24 # OPTIONAL

http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
https://docs.google.com/drawings/d/1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI
https://docs.google.com/drawings/d/1T2nd0I9EpDSoM3gVRV0n1BYDwHrHusNv8F8HOLaUZjI
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25 services:
26 { String : <name of service> }:
27 confidence_interval_metric: { String : <a service metrics> }
28 confidence_interval_value: { Number : <value of the service metric> }
29 confidence_interval_precision: { String : <number><"%"> }
30 ...

GBbiBM; .X8X amKK�iBp2 1p�Hm�iBQM, h?2 h2`KBM�iBQM� *`Bi2`B� u�JG 6Q`K�i
aT2+B}+�iBQM

AM GBbiBM; .X8- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 +`Bi2`B� mb2/ iQ /2i2`KBM2 B7 i?2
i2bi 2t2+miBQM ?�b iQ #2 i2`KBM�i2/ #27Q`2 Bib +QKTH2iBQMX :Bp2M T2`7Q`K�M+2
i2bib K�v M22/ � +QMbB/2`�#H2 �KQmMi Q7 iBK2 iQ #2 2t2+mi2/- i?2 bmTTQ`i
Q7 i2bib 2tTHQ`BM; TQi2MiB�HHv p�bi T2`7Q`K�M+2 bT�+2- �M/ i?2 BMi`BMbB+ 7�+i
T2`7Q`K�M+2 i2bi +�M 7�BH Q` ?�p2 MQM@/2i2`KBMBbiB+ Bbbm2b /m`BM; 2t2+miBQM
U2X;X- /m2 iQ BMbi�#BHBiv Q7 i?2 alh- i?2 HQ�/ /`Bp2`b- Q` i?2 T2`7Q`K�M+2 i2bi
2t2+miBQM 7`�K2rQ`FV- Bi Bb Q7 miKQbi BKTQ`i�M+2 iQ bT2+B7v +`Bi2`B� +QMi`QHHBM;
r?2M iQ biQT i2bib i?�i �`2 2tT2+i2/ MQi iQ #2 bm++2bb7mHX
� i2`KBM�iBQM +`Bi2`BQM +�M #2 bT2+B}2/ QM i?2 test Bib2H7 UHBM2b O8@ORyV- Q`
QM experiments UHBM2b ORk@OjyVX �i i?2 i2bi H2p2H- i?2 mb2`b +�M bi�i2 i?2
K�tBKmK iBK2 i?2 i2bi Bb �HHQr2/ iQ #2 2t2+mi2/ - �b r2HH �b mTT2` #QmM/b
7Q` i?2 MmK#2` Q7 2t2+mi2/ 2tT2`BK2Mib Q` i?2 MmK#2` Q7 7�BH2/ 2tT2`BK2MibX
�i i?2 2tT2`BK2Mi H2p2H- i?2 mb2` +�M bT2+B7v i?2 K�tBKmK MmK#2` Q7 i`B�Hb
U2X;X- i?2 MmK#2` Q7 `2T2iBiBQMb � bBM;H2 2tT2`BK2Mi Bb �HHQr2/ iQ T2`7Q`K iQ
T`QpB/2 `2HB�#H2 T2`7Q`K�M+2 K2i`B+bVÙ �b r2HH �b i?2 K�tBKmK MmK#2` Q7 7�BHBM;
i`B�HbX a?2 +�M i?2M /2}M2 i2`KBM�iBQM +`Bi2`B� #�b2/ QM +QM}/2M+2 BMi2`p�Hb
Q7 rQ`FHQ�/b �M/ b2`pB+2b K2i`B+bX h?2 +QM}/2M+2 BMi2`p�H Bb i?2M mb2/ iQ
/vM�KB+�HHv +QKTmi2 i?2 MmK#2` Q7 i`B�HbYX
h2`KBM�iBQM +`Bi2`B� �`2 2p�Hm�i2/ /m`BM; � i2bi �M/ 2tT2`BK2Mi 2t2+miBQMX
h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2 +`Bi2`BQM 7Q` i?2 ;Bp2M
2MiBiv �M/ i?2M �TTHvBM; i?2 P_ QT2`�iQ` iQ i?2 +`Bi2`BQM +QM/BiBQMb `2bmHiX
�b bQQM �b QM2 +`Bi2`BQM `2bmHib p2`B}2/ 7Q` i?2 ;Bp2M 2MiBiv- i?2 2t2+miBQM Bb
i2`KBM�i2/X 6Q` 2t�KTH2- 7Q` � iBK2@#�b2/ i2bi i2`KBM�iBQM +`Bi2`BQM- �b bQQM
�b i?2 +`Bi2`BQM Bb K2i i?2 i2bi Bb i2`KBM�i2/X 6Q` i2`KBM�iBQM +`Bi2`BQM #�b2/
QM +QM}/2M+2 BMi2`p�Hb 7Q` 2tT2`BK2Mib- �b bQQM �b i?2 +`Bi2`BQM `2bmHib p�HB/-
i?2 Bi2`�iBQM Q7 i?2 2tT2`BK2Mi BM KmHiBTH2 i`B�Hb Bb i2`KBM�i2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/16uJHecrkh9ML_
vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w

https://docs.google.com/drawings/d/16uJHecrkh9ML_vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w
https://docs.google.com/drawings/d/16uJHecrkh9ML_vUrFlR1b_YwJ-1V43yE1pJNss-Ji7w
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 i?2 T`QTQb2/ 7`�K2rQ`Fb +?2+Fb 7Q` +QMbBbi2M+v Q7 i?2 i2`KBM�iBQM
+`Bi2`B�- rBi? i?2 MmK#2` �M/ iBK2 M22/2/ 7Q` 2t2+miBM; i?2 2tT2`BK2Mib T�`i
Q7 i?2 i2bi �M/ r�`Mb i?2 mb2` BM +�b2 Q7 BM+QMbBbi2M+B2b- 2X;X- QM i?2 iQi�H iBK2
� i2bi Bb �HHQr2/ iQ 2t2+mi2
� bQ7ir�`2 bvbi2Kb K2i`B+b �`2 2tT2+i2/ iQ p�`v �+`Qbb KmHiBTH2 2tT2`BK2Mi
Bi2`�iBQMb- i?mb Bi Bb BKTQ`i�Mi iQ `2T2�i i?2 2tT2`BK2Mi KmHiBTH2 iBK2b- iQ
+QKTmi2 `2HB�#H2 T2`7Q`K�M+2 K2i`B+bX JQ`2 BM7Q`K�iBQM +�M #2 7QmM/ BM
b2+iBQM 9 Q7 http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
Y JQ`2 /2i�BHb �#Qmi +QM}/2M+2 BMi2`p�Hb +�M #2 7QmM/ QM https:
//en.wikipedia.org/wiki/Confidence_interval �M/ i?2 `272`2M+2/ #QQF,
Ǵ� KQ/2`M BMi`Q/m+iBQM iQ T`Q#�#BHBiv �M/ bi�iBbiB+b, mM/2`bi�M/BM; r?v �M/
?QrǴ

h?2 Zm�HBiv :�i2b aT2+B}+�iBQM

1 configuration:
2 # OPTIONAL
3 quality_gates:
4 # OPTIONAL IF exploration_strategy.regression = mars
5 mean_absolute_error: { String : <number><"%"> }
6 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

7 regression:
8 # EITHER service name
9 service: { String : <name of service> }
10 # OR workload name
11 workload: { String : <name of workload> }
12 gate_metric: { String : <name of the workload or service metric> }
13 # OPTIONAL
14 regression_delta_absolute: { String : <amount><unit> }
15 # OPTIONAL
16 regression_delta_percent: { String : <number><"%"> }
17 # OPTIONAL
18 workloads:
19 { String : <name of workload> }:
20 # OPTIONAL
21 - max_mix_deviation: { String : <number><"%"> }
22 # OPTIONAL
23 max_think_time_deviation: { String : <number><"%"> }
24 # OPTIONAL
25 gate_metric: { String : <name of the workload metric> }

http://www.pautasso.info/biblio-pdf/benchflow-bpmds2017.pdf
https://en.wikipedia.org/wiki/Confidence_interval
https://en.wikipedia.org/wiki/Confidence_interval
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26 # OPTIONAL
27 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
28 # OPTIONAL
29 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

30 # OPTIONAL
31 gate_threshold_minimum: { String : <a threshold value> OR Number : <value

of the workload metric> }!→

32 ...
33 ...
34 # OPTIONAL
35 services:
36 { String : <name of service> }:
37 - gate_metric: { String : <name of the service metric> }
38 condition: { String : <a mathematical expression: >,<,>=,<=,=,+%,-%> }
39 gate_threshold_target: { String : <a threshold value> OR Number : <value

of the service metric> }!→

40 # OPTIONAL
41 gate_threshold_minimum: { String : <a threshold value> OR Number : <value

of the service metric> }!→

42 ...
43 ...

GBbiBM; .XeX amKK�iBp2 1p�Hm�iBQM, h?2 Zm�HBiv :�i2b u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .Xe- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 quality gatesX lb2`b bT2+B7v
[m�HBiv ;�i2b iQ /2}M2 i?2 Qmi+QK2 Q7 i?2 i2bi �++Q`/BM; iQ /Bz2`2Mi +`Bi2`B�-
i?mb +QMi`B#miBM; iQ i?2 ;Q�H@/`Bp2M bT2+B}+�iBQM Q7 i?2 T2`7Q`K�M+2 i2biX h?2
Qmi+QK2 Q7 i?2 i2bi �i i?2 2M/ Q7 Bib 2t2+miBQM Bb mbm�HHv successful Q` failingX
h?2 `2bmHi Bb /2i2`KBM2/ #v 2p�Hm�iBM; 2p2`v bBM;H2 ;�i2 �M/ i?2M �TTHvBM; i?2
�L. QT2`�iQ` iQ i?2 ;�i2bǶ `2bmHibX
Zm�HBiv ;�i2b +�M #2 bT2+B}2/ QM rQ`FHQ�/b UHBM2b OR3@OjjV �M/ b2`pB+2 K2i@
`B+b UHBM2b Oj8@O9jVX :�i2b �`2 bT2+B}2/ mbBM; /2/B+�i2/ K2i`B+b- bm+? �b
max_mix_deviation UHBM2 OkRV- /2}MBM; i?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK
i?2 bT2+B}2/ rQ`FHQ�/ iQ BMi2`�+i rBi? i?2 alh - Q` max_think_time_deviation
UHBM2 OkjV- /2}MBM; i?2 K�tBKmK �++2Ti2/ /2pB�iBQM BM i?2 iBK2 BMi2`H2�pBM;
KmHiBTH2 QT2`�iBQMb BMi2`�+iBM; rBi? i?2 alh rBi? `2bT2+i iQ i?2 bT2+B}2/
b2iiBM;b X *QM/BiBQMb +�M �HbQ #2 bT2+B}2/ QM bT2+B}+ K2i`B+b UHBM2b Ok9@
OjR �M/ Oj3@O9RVX 6Q` K2i`B+b- mb2`b +�M �Hr�vb `2TQ`i #Qi? � i?`2b?@
QH/ BM/B+�iBM; i?2 r�Mi2/ p�Hm2 7Q` i?2 K2i`B+- �b r2HH �b � KBMBKmK �+@
+2Ti2/ p�Hm2X h?2 ;�i2b �`2 2p�Hm�i2/ �++Q`/BM; iQ i?2 KBMBKmK �++2Ti2/
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p�Hm2X _2TQ`iBM; i?2 2tT2+i2/ i?`2b?QH/ �b r2HH Bb BKTQ`i�Mi 7Q` #2ii2` 2p�Hm@
�iBM; i?2 i2bi `2bmHi UKQ`2 /2i�BHb QM https://www.stickyminds.com/article/
better-way-reporting-performance-test-resultsVX q?2M `2HvBM; QM �M 2t@
THQ`�iBQM bi`�i2;v #mBH/BM; � T`2/B+iBQM KQ/2H- i?2 mb2` +�M �HbQ bT2+B7v �
[m�HBiv ;�i2 iQ /2i2`KBM2 r?2M i?2 i2bi +�M #2 +QMbB/2`2/ bm++2bb7mH �++Q`/BM;
iQ i?2 T`2+BbBQM `2�+?2/ #v i?2 KQ/2H UHBM2 O8VX
6Q` bT2+B}+ i2bi ivT2b- bm+? �b i?2 regression- Bb `2[m2bi2/ iQ bT2+B7v
+mbiQKBx2/ [m�HBiv ;�i2bX AM i?Bb +�b2- � bT2+B}+ b2+iBQM Bb T`QpB/2/ �b T�`i
Q7 i?2 H�M;m�;2 UHBM2b Od@OReVX q2 +m``2MiHv bmTTQ`i � bBM;H2 `2;`2bbBQM
+QM/BiBQM #�b2/ QM �M Q#b2`p2/ K2i`B+- �TTHB2/ 2Bi?2` QM � rQ`FHQ�/ Q` �
b2`pB+2X h?2 +QM/BiBQM +?2+Fb 7Q` �M �#bQHmi2 Q` � T2`+2Mi�;2 p�`B�iBQM �KQM;
i?2 p2`bBQMb bT2+B}2/ �b T�`i Q7 i?2 `2;`2bbBQM i2biX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI

 _272` iQ i?2 M2ti b2+iBQM 7Q` KQ`2 /2i�BHbX

h?2 qQ`FHQ�/b- PT2`�iBQMb- �M/ i?2B` JBt aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 driver_type: { String : <"start_bpmn" | "http"> }
7 # OPTIONAL IF goal.type = regression_complete OR goal.type =

regression_intersection!→

8 sut_version: { String : <sut version> }
9 # OPTIONAL
10 target_service: { String : <name of service> } # default to

default_target_service!→

11 # OPTIONAL
12 inter_operation_timings: { String : <"negative_exponential" | "uniform" |

"fixed_time"> }!→

13 # OPTIONAL IF more than one workload item
14 popularity: { String : <number><"%"> }
15 operations:
16 ...
17 # OPTIONAL IF driver_type = http (Web Services)
18 data_sources:
19 ...

https://www.stickyminds.com/article/better-way-reporting-performance-test-results
https://www.stickyminds.com/article/better-way-reporting-performance-test-results
https://docs.google.com/drawings/d/13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI
https://docs.google.com/drawings/d/13OIry1aP8t4FMqj8lbhFgamBkJMTU84VM4IeEik0_hI
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20 # OPTIONAL
21 mix:
22 ...
23 ...
24 ...

GBbiBM; .XdX amKK�iBp2 1p�Hm�iBQM, h?2 qQ`FHQ�/ u�JG 6Q`K�i aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # IF driver_type = start_bpmn (WfMS)
7 operations:
8 - { String : <name of the .bpmn file with the process> }
9 ...
10 # IF driver_type = http (Web Services)
11 operations:
12 { String : <Name of operation> }
13 protocol: { String : <"http" | "https"> }
14 endpoint: { String : <path to call optionally referencing to data in

body, parameter or extracted from response to other operations> }!→

15 # REFERENCE:
https://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html#sec5.1.1!→

16 method: { String : <"OPTIONS" | "GET" | "HEAD" | "POST" | "PUT" |
"DELETE" | "TRACE" | "CONNECT"> }!→

17 # OPTIONAL
18 # REFERENCE: https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
19 headers:
20 Accept: { String : <Media Type> }
21 ...
22 # OPTIONAL
23 query_parameter:
24 - { String : <name of the query parameter> }:
25 items:
26 - { String : <content value> }
27 ...
28 # OPTIONAL
29 retrieval: { String : <"sequential" | "random"> }
30 ...
31 # OPTIONAL
32 url_parameter:
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33 - { String : <name of the url parameter> }:
34 items:
35 - { String : <content value> }
36 ...
37 # OPTIONAL
38 retrieval: { String : <"sequential" | "random"> }
39 ...
40 # OPTIONAL
41 extract_regex:
42 - { String : <name assigned to the extracted value> }:
43 # REFERENCE: https://developer.mozilla ⌋

.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/String/match!→

44 pattern: { String : <a regex pattern to extract values> }
45 # OPTIONAL
46 default: { String : <the default value assigned when no values are

extracted> }!→

47 # OPTIONAL
48 match_number: { Number : <the matched element index to select> }
49 ...
50 # OPTIONAL
51 extract_json:
52 - { String : <name assigned to the extracted value> }:
53 # REFERENCE: https://goessner.net/articles/JsonPath/
54 pattern: { String : <a JSON selector pattern to extract values> }
55 # OPTIONAL
56 default: { String : <the default value assigned when no values are

extracted> }!→

57 # OPTIONAL
58 match_number: { Number : <the matched element index to select> }
59 ...
60 # OPTIONAL
61 body:
62 content:
63 - { String : <content value> }
64 ...
65 # OPTIONAL
66 retrieval: { String : <"sequential" | "random"> }
67 # OPTIONAL
68 body_file: { String : <name of a data_sources> }
69 # OPTIONAL
70 body_form:
71 - { String : <name of the form field> }:
72 items:
73 - { String : <content value> }
74 ...
75 # OPTIONAL
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76 retrieval: { String : <"sequential" | "random"> }
77 ...
78 # OPTIONAL IF driver_type = http (Web Services)
79 data_sources:
80 - path: { String : <path to a file containing data> }
81 delimiter: { String : <delimiter used in the file containing data> }
82 # OPTIONAL
83 name: { String : <name assigned to the data source> }
84 # OPTIONAL
85 retrieval: { String : <"sequential" | "random"> }
86 ...
87 # OPTIONAL
88 mix:
89 ...
90 ...
91 ...

GBbiBM; .X3X amKK�iBp2 1p�Hm�iBQM, h?2 PT2`�iBQMb u�JG 6Q`K�i aT2+B}+�iBQM

1 workloads:
2 { String : <name of the workload> }
3 # OPTIONAL IF more than one workload
4 popularity: { String : <number><"%"> }
5 { String : <name of the workload item> }
6 # OPTIONAL
7 mix:
8 # IF FixedSequenceMix
9 fixed_sequence: { [String] : <name of operations in the wanted order> }
10 # IF FlatMix. List of percentages (SUM = 100%) and optionally think time

(tt), index refers to index of operation!→

11 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

12 # IF FlatSequenceMix. List of percentages (SUM = 100%) and optionally think
time (tt), index refers to index of sequence specified below!→

13 flat: { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

14 sequences:
15 - { [String] : <name of operations in the wanted order> }
16 ...
17 # IF MatrixMix (needs to be a square matrix). List of percentages (SUM =

100%) and optionally think time (tt), index refers to index of
operation

!→

!→

18 matrix:
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19 - { [String] : <number><"%"> <tt({ Number : <mean> } { Number :
<deviation> })> }!→

20 ...
21 ...
22 ...

GBbiBM; .XNX amKK�iBp2 1p�Hm�iBQM, h?2 JBt u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .Xd- GBbiBM; .X3- �M/ GBbiBM; .XN- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2
workloads- i?2 operations- �M/ i?2B` mix `2bT2+iBp2HvX q2 bmTTQ`i rQ`FHQ�/
bT2+B}+�iBQMb 7Q` #Qi? _1ah7mH q2# b2`pB+2b Ub2H2+iBM; http �b driver_type
QM HBM2 O9 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV �M/ "SJLky q7Jab Ub2H2+iBM;
start_bpmn �b driver_type QM HBM2 O9 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMVX
h?2 mb2` +�M bT2+B7v KmHiBTH2 workloads- `2T`2b2MiBM; /Bz2`2Mi BMi2`�+iBQM b+2@
M�`BQb rBi? i?2 alhX h?2 rQ`FHQ�/ +�M #2 `2�HBx2/ #v /Bz2`2Mi rQ`FHQ�/ Bi2Kb
U2X;X- `2T`2b2MiBM; /Bz2`2Mi b+2M�`BQb Q7 BMi2`�+iBQM rBi? i?2 alhV- i�`;2i � bT2@
+B}+ alh p2`bBQM UHBM2 Oe Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV- �M/ +�M bT2+B7v i?2
i�`;2i b2`pB+2 UHBM2 O3 Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMVX Ai Bb �HbQ TQbbB#H2 iQ
bT2+B7v ?Qr iQ b2H2+i i?2 iBKBM;b �KQM; i?2 rQ`FHQ�/ Bi2Kb QT2`�iBQMb UHBM2
ORy Q7 i?2 rQ`FHQ�/b bT2+B}+�iBQMV �M/ i?2 popularity UHBM2 ORk Q7 i?2 rQ`F@
HQ�/b bT2+B}+�iBQMV Q7 2�+? rQ`FHQ�/ Bi2K- mb27mH iQ /2+B/2 i?2 r2B;?i r?2M
KmHiBTH2 rQ`FHQ�/ Bi2Kb �`2 bT2+B}2/X
�b T�`i Q7 i?2 rQ`FHQ�/- i?2 mb2` bT2+B}2b operationsX �++Q`/BM; iQ i?2
driver_type i?2 mb2` ?�b /Bz2`2Mi r�vb iQ bT2+B7v i?2 QT2`�iBQMb UHBM2b O9@
Od8 Q7 i?2 QT2`�iBQMb bT2+B}+�iBQMVX PT2`�iBQMb +�M 2ti`�+i /�i� 7`QK alhǶb
`2bTQMb2 iQ #2 mb2/ BM bm#b2[m2Mi QT2`�iBQMb UHBM2b Oj3@O8d Q7 i?2 QT2`�iBQMb
bT2+B}+�iBQMV �M/ +�M `272` iQ data_source UHBM2b Ode@O39 Q7 i?2 QT2`�iBQMb
bT2+B}+�iBQMV- �b � bQm`+2 Q7 /�i� 7Q` +�HHb iQ i?2 alh UHBM2b Oky@Ojd �M/ O83@
Od8 Q7 i?2 QT2`�iBQMb bT2+B}+�iBQMVX q2 QKBi bQK2 /2i�BHb Q7 QT2`�iBQM bT2+B}@
+�iBQMb #2+�mb2 i?2v #�bB+�HHv `272` iQ i?2 >hhS bi�M/�`/X 6Q` KQ`2 BM7Q`K�@
iBQM- vQm +�M `272` iQ https://www.w3.org/Protocols/rfc2616/rfc2616.htmlX
hQ /2+B/2 ?Qr iQ KBt i?2 QT2`�iBQMb Q7 � rQ`FHQ�/- i?2 mb2` bT2+B}2b i?2
mix UHBM2b O8@Oky Q7 i?2 KBt bT2+B}+�iBQMVX h?2 KBt �HHQrb i?2 /2}MBiBQM Q7
b2[m2M+2b Q7 QT2`�iBQMb- Q` J�`FQp +?�BMb� +QMi`QHHBM; ?Qr iQ M�pB;�i2 7`QK
QM2 QT2`�iBQM iQ �MQi?2` QM2- �b r2HH �b i?2 iBK2 i?2 bBKmH�i2/ mb2` bT2M/b
iQ i?BMF �#Qmi i?2 M2ti QT2`�iBQM iQ 2t2+mi2X h?2 7`�K2rQ`F 2t2+miBM; i?2
i2bi �ii2KTib iQ `2bT2+i �b Km+? �b TQbbB#H2 i?2 bT2+B}2/ KBt Q7 QT2`�iBQMb
�M/ i?BMF iBK2X .m2 iQ i?2 BM/2i2`KBMBbK Q7 bQ7ir�`2 bvbi2K #2?�pBQ`- �

https://www.w3.org/Protocols/rfc2616/rfc2616.html
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bHB;?i /2pB�iBQM 7`QK i?2 b�K2 Kmbi #2 2tT2+i2/ �++Q`/BM; iQ i?2 FMQrM
p�`B�M+2 Q7 alhǶb #2?�pBQ`- i?2 i2bi 2t2+miBQM 2MpB`QMK2Mi- �b r2HH �b i?2
alh /2THQvK2Mi 2MpB`QMK2MibX
6mHH@bBx2 BK�;2 7Q` rQ`FHQ�/b, https://docs.google.com/drawings/d/
1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
6mHH@bBx2 BK�;2 7Q` QT2`�iBQM, https://docs.google.com/drawings/d/
11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
6mHH@bBx2 BK�;2 7Q` KBt, https://docs.google.com/drawings/d/
10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA

 6Q` KQ`2 /2i�BHb �#Qmi i?2 iBKBM; �KQM; QT2`�iBQMb `272` iQ b2+iBQM d QM
i?2 7QHHQrBM; ;mB/2 http://faban.org/1.3/docs/guide/driver/elements.html
� 6Q` KQ`2 BM7Q`K�iBQM �#Qmi i?2 TQbbB#H2 KBt2b- `272` iQ b2+iBQM
e Q7 http://faban.org/1.3/docs/guide/driver/elements.htmlX 6Q`
KQ`2 /2i�BHb �#Qmi J�`FQp +?�BM bT2+B}+�iBQM- TH2�b2 `272` iQ https:
//www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter

h?2 avbi2K lM/2` h2bi aT2+B}+�iBQM

1 sut:
2 name: { String : <name of the sut> }
3 versions:
4 # EITHER specific values
5 values: { [String] : <name of versions in the wanted order> }
6 # OR range
7 range: { [String, String] : <a list of versions (inclusive)> }
8 # OPTIONAL
9 type: { String : <"wfms" | "http"> }
10 sut_configuration:
11 default_target_service:
12 name: { String : <name of target service> }
13 endpoint: { String : <base endpoint for each operation> }
14 # OPTIONAL
15 sut_ready_log_check: { String : <a regular expression to check the

availability of the sut> }!→

16 # OPTIONAL
17 deployment:
18 { String : <name of service> }: { String : <name of server alias> }
19 ...
20 # OPTIONAL

https://docs.google.com/drawings/d/1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
https://docs.google.com/drawings/d/1mQ5tfWB8APoxp_2T0gnwVvnWpBJtJxDjJr9eE_sfEwA
https://docs.google.com/drawings/d/11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
https://docs.google.com/drawings/d/11DmtReRXdtB_qtoZNT8MKRTUPxE_5u6gXmsDKLla1dg
https://docs.google.com/drawings/d/10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA
https://docs.google.com/drawings/d/10SATky5NdwlzMsjC3pcLbFAokzvkfLwNSNhMIXEkjHA
http://faban.org/1.3/docs/guide/driver/elements.html
http://faban.org/1.3/docs/guide/driver/elements.html
https://www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter
https://www.se.informatik.uni-kiel.de/en/research/projects/markov4jmeter
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21 services_configuration:
22 { String: <name of service> }:
23 # OPTIONAL
24 resources:
25 # OPTIONAL
26 cpu: { [String] : <a list of values + unit> }
27 # OPTIONAL
28 memory: { [String] : <a list of bytes value + unit> }
29 # OPTIONAL
30 configuration:
31 { String: <name of environment variable> }: { String: <value> }
32 ...
33 ...

GBbiBM; .XRyX amKK�iBp2 1p�Hm�iBQM, h?2 alh u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .XRy- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 bvbi2K mM/2` i2bi �M/ Bib
+QM};m`�iBQM UsutVX h?2 mb2`b +�M bT2+B7v i?2 name UHBM2 OkV Q7 i?2 alh �M/
i?2 i�`;2i versions UHBM2b Oj@OdV- �b r2HH �b i?2 type UHBM2 ONVX
h?2 alh ?�b iQ #2 +QM};m`2/ iQ �miQK�i2 i?2 i2bi UHBM2b ORy@ORNVX h?2 mb2`
+QM};m`2b i?2 /27�mHi i�`;2i b2`pB+2 7Q` i?2 rQ`FHQ�/ �M/ QTiBQM�HHv bi�i2b ?Qr
iQ B/2MiB7v r?2M i?2 alh Bb `2�/v iQ `2+2Bp2 i?2 HQ�/ UHBM2 OR8VX h?2 T`QTQb2/
7`�K2rQ`F +�M �HbQ i�F2 +�`2 Q7 /2THQvBM; i?2 alh 7Q` /Bz2`2Mi 2tT2`BK2Mib-
i?mb i?2 mb2` +�M bT2+B7v /�i� �#Qmi i?2 /2THQvK2Mi Q7 /Bz2`2Mi b2`pB+2b UHBM2b
ORd@ORNVX A7 MQ /2THQvK2Mi BM7Q`K�iBQM Bb T`QpB/2/- i?2 T`QTQb2/ 7`�K2rQ`F
b2H2+ib i?2 #2bi bmBi�#H2 �M/ �p�BH�#H2 K�+?BM2b r?2`2 iQ /2THQv i?2 alh-
mMH2bb � 7mHH endpoint Bb bT2+B}2/X q?2M � 7mHH 2M/TQBMi Bb bT2+B}2/- i?2 alh Bb
2tT2+i2/ iQ #2 �H`2�/v /2THQv2/ �i i?2 bT2+B}2/ 2M/TQBMi- i?mb i?2 /2THQvK2Mi
�M/ i?2 b2`pB+2 +QM};m`�iBQMb UHBM2b OkR@OjjV �`2 bFBTT2/ X
h?2 mb2` +�M �HbQ bT2+B7v b2`pB+2 +QM};m`�iBQMb UHBM2b OkR@OjjV BM i2`Kb Q7
b2`pB+2Ƕ `2bQm`+2b �M/ +QM};m`�iBQM p�`B�#H2bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk

 SH2�b2 MQi2 i?�i BM Q`/2` 7Q` +QKTH2t i2bib iQ #2 2t2+mi2/- i?2 alh
/2THQvK2Mi Bb 2tT2+i2/ iQ #2 +�``B2/ Qmi #v i?2 T`QTQb2/ 7`�K2rQ`F- bQ
i?�i +QM};m`�iBQMb `2[m2bi2/ 7Q` /Bz2`2Mi 2tT2`BK2Mib +�M #2 BMD2+i2/ �i
/2THQvK2Mi iBK2X

https://docs.google.com/drawings/d/1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk
https://docs.google.com/drawings/d/1DwL95XXfXilsSsCX68hS71q_VtCNrPxwHSSYAojCCIk
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h?2 .�i� *QHH2+iBQM aT2+B}+�iBQM

1 # OPTIONAL
2 data_collection:
3 only_declared: { Boolean : <"true" | "false"> } # default "false"
4 # OPTIONAL
5 services:
6 # IF collector does NOT require CONFIGURATION
7 { String : <name of service> }: { String | [String] : <names of BenchFlow

collectors> }!→

8 # IF some collectors requires CONFIGURATION
9 { String : <name of service> }:
10 { String : <name of BenchFlow collector> }:
11 configuration:
12 { String : <name of environment variable> }: { [String] : <a list of

possible values> }!→

13 ...
14 ...
15 ...
16 # OPTIONAL
17 workloads:
18 { String : <name of the workload> }:
19 # OPTIONAL IF trial execution framework = JMeter
20 jmeter:
21 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

22 # OPTIONAL IF trial execution framework = Faban
23 faban:
24 interval: { String : <time interval for data collection><"s" (seconds)> } #

default 1s!→

25 ...

GBbiBM; .XRRX amKK�iBp2 1p�Hm�iBQM, h?2 .�i� *QHH2+iBQM u�JG 6Q`K�i aT2+B}@
+�iBQM

AM GBbiBM; .XRR- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 /�i� +QHH2+iBQM b2`pB+2b iQ #2
mb2/ iQ +QHH2+i T2`7Q`K�M+2 /�i� mb2/ iQ +QKTmi2 i?2 Q#b2`p2/ T2`7Q`K�M+2
K2i`B+bX
.�i� +QHH2+iBQM b2`pB+2b �`2 �p�BH�#H2 �b T�`i Q7 i?2 T`QTQb2/ bQHmiBQM �M/
+�M +QHH2+i +HB2Mi@bB/2 T2`7Q`K�M+2 /�i� UHBM2b ORd@Ok8V- �M/ b2`p2`@bB/2 UHBM2b
O8@OR8V `2bQm`+2 miBHBx�iBQM /�i�- }H2b T`Q/m+2/ #v i?2 alh �b r2HH �b /mKTb
Q7 /�i�#�b2b U2X;X- mb27mH 7Q` +QKTmiBM; "SJLky q7Jab@bT2+B}+ K2i`B+bVX
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h?2 b2`pB+2b +�M #2 +QM};m`2/ UHBM2b ON@OR9V �++Q`/BM; iQ alh +QM};m`�@
iBQMb U2X;X- iQ T`QT2`Hv +QMM2+i iQ � ."JaV �M/ i?2 HBbi Q7 b2`pB+2b +�M #2
2ti2M/2/ �++Q`/BM; iQ M2r `2[mB`2K2MibX o�Hm2b Q7 +QM};m`�iBQM p�`B�#H2b
+�M `272` iQ F2vrQ`/b `2T`2b2MiBM; p�`B�#H2b BMD2+i2/ #v i?2 7`�K2rQ`F T�`i
Q7 i?2 T`QTQb2/ �TT`Q�+? �i `mMiBK2- iQ `272` iQ- 2X;X- AS �//`2bb2b �M/ SQ`ib
Q7 b2`pB+2b 7`QK r?B+? /�i� ?�p2 iQ #2 +QHH2+i2/- Q` +QM};m`�iBQMb �H`2�/v
bT2+B}2/ �b T�`i Q7 i?2 /2THQvK2Mi /2b+`BTiQ` T�`i Q7 i?2 i2bi #mM/H2X *HB2Mi@
bB/2 +QHH2+iBQM b2`pB+2b /2T2M/ QM i?2 �+im�H 2t2+miBQM 7`�K2rQ`F mb2/ iQ 2t2@
+mi2 i?2 2tT2`BK2Mib- �M/ i?2 mb2` +�M bT2+B7v i?2 +QHH2+iBQM BMi2`p�H #2ir22M
irQ bm#b2[m2Mi b�KTHBM;b Q7 T2`7Q`K�M+2 /�i�X q2 +m``2MiHv bmTTQ`i 6�#�M
Uhttp://faban.org/V �M/ CJ2i2` Uhttps://jmeter.apache.org/V �b 2t2+miBQM
7`�K2rQ`FbX
h?2 T`QTQb2/ 7`�K2rQ`F i�F2b +�`2 Q7 BMD2+iBM; +QHH2+iBQM b2`pB+2b 7Q` i?2 Q#@
b2`p2/ K2i`B+b- BM +�b2 i?2 mb2` /Q2b MQi bT2+B7v bQK2 Q7 i?2K �M/ MQ +mbiQK
+QM};m`�iBQM Bb `2[mB`2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE

AMi2;`�iBM; h2bib rBi? � *a.G
h?2 h2bi amBi2 aT2+B}+�iBQM

1 version: { String : <Test Suite CDSL version, e.g. '1'> }
2 name: { String : <name of the performance test suite> }
3 # OPTIONAL
4 description: { String : <description of the performance test suite> }
5 suite:
6 triggers:
7 # OPTIONAL
8 scheduled: { Boolean : <"true" | "false"> } # default "false"
9 # OPTIONAL
10 on:
11 # OPTIONAL
12 push:
13 # OPTIONAL
14 branches:
15 - { String : <expression matching the name of branch> }
16 ...
17 # OPTIONAL
18 pull_request:
19 # OPTIONAL
20 contexts: { String : <"head" | "merge" | "all"> }
21 # OPTIONAL

http://faban.org/
https://jmeter.apache.org/
https://docs.google.com/drawings/d/1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE
https://docs.google.com/drawings/d/1bJShriRttibBW8SmAStjxsBEFpOCHAYH4LIAniET3wE
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22 source_branches:
23 - { String : <expression matching the name of branch> }
24 ...
25 # OPTIONAL
26 target_branches:
27 - { String : <expression matching the name of branch> }
28 ...
29 # OPTIONAL
30 releases:
31 types: { [String] : <types of releases> }
32 # OPTIONAL
33 deployments: { [String] : <names of deployments> }
34 # OPTIONAL IF DEPLOYMENTS
35 environments:
36 - { String : <name of environments> }:
37 # OPTIONAL
38 skip_deploy: { Boolean : <"true" | "false"> } # default "false"
39 ...
40 tests: -
41 # EITHER a list of file paths containing tests
42 - { String : <path of file containing test> }
43 ...
44 # OR
45 include_labels: { [String] : <expression matching the name of labels to select

tests> }!→

46
47 quality_gates:
48 criterion: { String : <"all_success" | "at_least_one_success"> }
49 # OPTIONAL
50 exclude:
51 - { String : <path of file containing test> }
52 ...

GBbiBM; .XRkX amKK�iBp2 1p�Hm�iBQM, h?2 h2bib amBi2 u�JG 6Q`K�i aT2+B}+�iBQM

AM GBbiBM; .XRk- r2 `2TQ`i i?2 bT2+B}+�iBQM Q7 i?2 test suiteX h?2 mb2` +�M
bT2+B7v i2bi bmBi2b- iQ �miQK�iB+�HHv b2H2+i i2bib BKTH2K2Mi2/ mbBM; i?2 bT2+B}@
+�iBQM T`2b2Mi2/ �#Qp2- BM /Bz2`2Mi KQK2Mib Q7 i?2 *a.G HB72+v+H2 �++Q`/BM;
iQ i?2 ;2M2`�i2/ 2p2MibX
AM *a.G bQ7ir�`2 Bb mbm�HHv +QKKBii2/ iQ � p2`bBQMBM; bvbi2K #v /Bz2`2Mi
mb2`b- �M/ /2p2HQT2/ mbBM; KmHiBTH2 bQ@+�HH2/ 72�im`2 #`�M+?2bX q?2M 72�@
im`2b �`2 +QMbB/2`2/ K�im`2 2MQm;?- i?2v �`2 mbm�HHv K2`;2/ BM � /2p2HQTK2Mi
p2`bBQM }`bi �M/ i?2M BM � T`Q/m+iBQM p2`bBQM Q7 i?2 alhX h?2b2 �+iBpBiB2b ;2M@
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2`�i2 2p2Mib bm+? �b push- pull requests- releases �M/ deployments UHBM2b
ORy@OjjV- �M/ i?2b2 2p2Mib �`2 mb2/ iQ /2i2`KBM2 r?2M iQ i`B;;2` /Bz2`2Mi
T2`7Q`K�M+2 i2bibX AM +�b2 Q7 /2THQvK2Mib- i?2 mb2` +�M �HbQ bT2+B7v i?2 2MpB@
`QMK2Mi Q7 BMi2`2bi Q7 bm+? /2THQvK2Mi iQ i`B;;2` i?2 2t2+miBQM Q7 T2`7Q`K�M+2
i2bib UHBM2b Oj8@OjNV �M/ BM/B+�i2 r?2i?2` iQ bFBT i?2 /2THQvK2Mi Q7 i?2 alh�
Q` MQiX
h?2 b2H2+iBQM Q7 i?2 i2bib `2�HBxBM; i?2 i2bi bmBi2 ?�TT2Mb 2Bi?2` mbBM; `2;mH�`
2tT`2bbBQMb K�i+?BM; labels- Q` #v 2MmK2`�iBM; �HH i?2 i2bi bT2+B}+�iBQM }H2b
iQ 2t2+mi2 UHBM2b O9y@O98VX �b T2` i?2 i2bi bT2+B}+�iBQM- �HbQ 7Q` i2bi bmBi2b-
i?2 mb2` Bb 2tT2+i2/ iQ /2}M2 [m�HBiv ;�i2b iQ /2i2`KBM2 i?2 Qp2`�HH `2bmHi Q7
i?2 i2bi bmBi2 2t2+miBQM UHBM2b O9d@O8kVX h?2 i2bi bmBi2 +�M 7�BH B7 �i H2�bi QM2
Q7 i?2 [m�HBiv ;�i2b Q7 i?2 i2bib `2�HBxBM; i?2 i2bi bmBi2 7�BHb U�T�`i 7`QK i?2
2t+Hm/2/ QM2b �b `2TQ`i2/ BM HBM2b O8y@O8kV- Q` B7 MQM2 Q7 i?2 i2bib Q7 i?2 bmBi2
Bb bm++2bb7mHX h?2 b2+QM/ QTiBQM Bb mb27mH 7Q` 2t�KTH2 r?2M i2biBM; /Bz2`2Mi
p�`B�Mib Q7 i?2 b�K2 alh �M/ Bi Bb bm{+B2Mi i?�i �i H2�bi QM2 Bb bm++2bb7mH iQ
T`Q+22/X
qBi? i?2 +QKK�M/ HBM2 BMi2`7�+2 T�`i Q7 i?2 T`QTQb2/ 7`�K2rQ`F- i?2 mb2` +�M
�HbQ bm#KBi BM7Q`K�iBQM �#Qmi i?2 2p2Mib ;2M2`�i2/ �b T�`i Q7 i?2 *a.G- Qi?2`
i?�M i?2 i2bib �M/ i?2 i2bi bmBi2bX
AM +�b2 i?2 i2bi bmBi2 Bb MQi 2t2+mi2/ #�b2/ QM bQK2 2p2Mib #mi b+?2/mH2/ iQ
#2 2t2+mi2/- 2X;X- Qp2`MB;?i- i?2 mb2` +�M bT2+B7v bQ �b r2HH UHBM2 O3VX h?2
�+im�H b+?2/mHBM; Bb 2tT2+i2/ iQ ?�TT2M BM i?2 iQQHb mb2/ 7Q` *a.GX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E

 6Q` KQ`2 BM7Q`K�iBQM �#Qmi *a.G �M/ i?2 K2MiBQM2/ 2p2Mib `272` iQ
https://nvie.com/posts/a-successful-git-branching-model/
� 1X;X- B7 Bi Bb �H`2�/v /2THQv2/ #v i?2 *a.G- BM bm+? +�b2 i?2 2M/TQBMi Q7
i?2 2t2+mi2/ i2bib �`2 2tT2+i2/ iQ #2 bT2+B}2/ �M/ 2t2+mi2/ i2bib �`2 MQi
2tT2+i2/ iQ `2[mB`BM; alh +QM};m`�iBQM Qi?2` i?�M i?2 /27�mHi QM2
LPh1, i2`KBM�iBQM +`Bi2`B� �`2 MQi `2[mB`2/ 7Q` i?2 BMi2;`�iBQM rBi? *a.G-
#2+�mb2 2�+? bBM;H2 i2bi T�`i Q7 i?2 i2bi bmBi2 Bb 2tT2+i2/ iQ /2}M2 T`QT2`
i2`KBM�iBQM +`Bi2`B�X

.X9Xk 1t�KTH2b Q7 .2+H�`�iBp2 S2`7Q`K�M+2 h2bib aT2+B}+�@
iBQM �M/ AMi2;`�iBQM rBi? *a.G

1t�KTH2 Q7 � GQ�/ h2bi

https://docs.google.com/drawings/d/1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E
https://docs.google.com/drawings/d/1bW0cxksIjU6o-EEx7iZo0I-_t5mpj3bt2rGrvlfQO8E
https://nvie.com/posts/a-successful-git-branching-model/
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1 version: "3"
2 name: "Load Test"
3 description: "Example of Load Test"
4 labels: "load_test"
5 configuration:
6 goal:
7 type: "load_test"
8 observe:
9 workloads:
10 workload_a: avg_response_time, avg_latency
11 workload_b: avg_response_time, avg_latency
12 workload_b.operation_a: avg_response_time
13 services:
14 service_a: avg_cpu, avg_memory
15 service_b: avg_cpu, avg_memory
16 dbms_a: avg_cpu, avg_memory, avg_io
17 load_function:
18 users: 1000
19 ramp_up: 5m
20 steady_state: 20m
21 ramp_down: 5m
22 termination_criteria:
23 test:
24 max_time: 40m
25 quality_gates:
26 workloads:
27 workload_a:
28 - max_mix_deviation: 5%
29 max_think_time_deviation: 2%
30 gate_metric: avg_response_time
31 condition: "<="
32 gate_threshold_target: "100ms"
33 gate_threshold_minimum: "200ms"
34 sut:
35 name: "my_app"
36 versions:
37 values: "v1.5"
38 type: "http"
39 sut_configuration:
40 default_target_service:
41 name: "service_a"
42 endpoint: "/"
43 sut_ready_log_check: "/(.*)System started(.*)/g"
44 deployment:
45 service_a: "my_server"
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46 services_configuration:
47 service_b:
48 resources:
49 cpu: 200m
50 memory: 256Mi
51 configuration:
52 THREADPOOL_SIZE: 64
53 workloads:
54 workload_a:
55 item_a:
56 driver_type: "http"
57 inter_operation_timings: "negative_exponential"
58 popularity: 80%
59 operations:
60 operation_a:
61 protocol: "https"
62 endpoint: "/"
63 method: "GET"
64 extract_regex:
65 - title:
66 pattern: "<title>(.*?)</title>"
67 default: ""
68 match_number: 1
69 operation_b:
70 protocol: "https"
71 endpoint: "/${title}"
72 method: "POST"
73 body_file: "datasource_a"
74 data_sources:
75 - path: "/path_to_datasource_a"
76 delimiter: ","
77 name: datasource_a
78 retrieval: "random"
79 mix:
80 max_deviation: 5%
81 flat: "75.0% tt(1000.0 500.0), 25.0% tt(2000.0 400.0)"
82 item_b:
83 driver_type: "http"
84 inter_operation_timings: "negative_exponential"
85 popularity: 20%
86 operations:
87 operation_a:
88 protocol: "https"
89 endpoint: "/"
90 method: "GET"
91 workload_b:
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92 item_a:
93 driver_type: "http"
94 target_service: "service_b"
95 operations:
96 operation_a:
97 protocol: "https"
98 endpoint: "/"
99 method: "GET"
100 data_collection:
101 # AUTOMATICALLY attached based on the observe section IF NOT specified
102 services:
103 service_a: "stats"
104 service_b: "stats"
105 dbms_a: "stats"

GBbiBM; .XRjX amKK�iBp2 1p�Hm�iBQM, � GQ�/ h2bi 7Q` � q2# b2`pB+2 u�JG 1t@
�KTH2

AM GBbiBM; .XRj- r2 `2TQ`i � +QKTH2i2 2t�KTH2 Q7 � HQ�/ i2biX h?2 HQ�/ i2bi BM
i?2 2t�KTH2 bi�i2b,

�V i?2 HQ�/ i2bi ;Q�H- #2BM; i?2 bT2+B}2/ i2bi � HQ�/ i2bi UHBM2 OdV

#V i?2 K2i`B+b iQ Q#b2`p2- QM rQ`FHQ�/b- QT2`�iBQMb- �M/ b2`pB+2b UHBM2b O3@
OReV

+V i?2 i�`;2i alh �M/ Bib +QM};m`�iBQM UHBM2b Oj9@O8kV

/V i?2 HQ�/ 7mM+iBQM UHBM2b ORd@OkRV

2V i?2 i2`KBM�iBQM +`Bi2`BQM 7Q` i?2 i2bi- #�b2/ QM K�tBKmK 2t2+miBQM iBK2
UHBM2b Okk@Ok9V

7V i?2 [m�HBiv ;�i2b- `272``BM; iQ i?2 rQ`FHQ�/b M�K2/ ǳrQ`FHQ�/n�Ǵ �M/
#�b2/ QM +HB2Mi@bB/2 T2`7Q`K�M+2 K2i`B+b UHBM2b Ok8@OjjV

;V i?2 irQ rQ`FHQ�/b- QT2`�iBQMb �M/ KBt2b Bbbm2/ iQ i?2 alh �M/ i?2B`
TQTmH�`Biv UHBM2b O8j@ONNV

?V i?2 /�i� +QHH2+iBQM b2`pB+2b- i?�i BM i?Bb +�b2 +�M �HbQ #2 �miQK�iB+�HHv
�ii�+?2/ #v i?2 T`QTQb2/ 7`�K2rQ`F UHBM2b ORyy@ORy8V
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h?2 2t2+miBQM Q7 bm+? � HQ�/ i2bi Bb 2tT2+i2/ iQ H�bi �i KQbi 9y KBMmi2b �M/
+QKTmi2 i?2 bT2+B}2/ Q#b2`p2/ K2i`B+bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY

1t�KTH2 Q7 � aKQF2 h2bi

1 version: "3"
2 name: "Smoke Test"
3 description: "Example of Smoke Test"
4 labels: "smoke_test"
5 configuration:
6 goal:
7 type: "smoke_test"
8 observe:
9 ...
10 load_function:
11 users: 10
12 ramp_up: 30s
13 steady_state: 2m
14 ramp_down: 30s
15 termination_criteria:
16 test:
17 max_time: 20m
18 ...
19 quality_gates:
20 ...
21 sut:
22 ...
23 workloads:
24 ...
25 data_collection:
26 # AUTOMATICALLY attached based on the observe section IF NOT specified
27 services:
28 ...

GBbiBM; .XR9X amKK�iBp2 1p�Hm�iBQM, � aKQF2 h2bi 7Q` � q2# b2`pB+2 u�JG
1t�KTH2

AM GBbiBM; .XR9- r2 `2TQ`i �M 2t�KTH2 Q7 � bKQF2 i2biX q2 QKBi K�Mv /2i�BHb BM
i?2 bT2+B}+�iBQM- �bbmKBM; i?2v �`2 i?2 b�K2 �b i?2 T`2pBQmb HQ�/ i2biX h?Bb Bb
bQK2i?BM; r2 �HHQr �b T�`i Q7 i?2 T`QTQb2/ bQHmiBQMb- iQ 7�+BHBi�i2 `2mb�#BHBiv Q7
#�bB+ i2bib �M/ QTBMBQM�i2/ i2KTH�i2b /2}M2/ #v 2tT2`i mb2`b �M/fQ` T`QpB/2/

https://docs.google.com/drawings/d/1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY
https://docs.google.com/drawings/d/1vF8FaSNO4BR25yXSVrssVKo80lgTxbGPPvHn0KSVVsY
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�b T�`i Q7 Qm` �TT`Q�+?X � mb2` +QmH/ /2}M2 #�bB+ i2bib- BM+Hm/BM; �HH i?2 /2i�BHb
�#Qmi i?2 rQ`FHQ�/- i?2 alh- +QHH2+iBQMb b2`pB+2b- 2i+ �M/ i?2M Qp2``B/2 bm+?
bT2+B}+�iBQMb rBi? �M �//BiBQM�H bT2+B}+�iBQM T`QpB/BM; QMHv i?2 /2Hi� iQ #2
�TTHB2/ BM �//BiBQM UB7 MQi T`2b2Mi BM i?2 #�bB+ bT2+B}+�iBQMV Q` BM bm#biBimiBQM
UB7 T`2b2Mi BM i?2 #�bB+ bT2+B}+�iBQMV BM7Q`K�iBQM X
AM i?2 T`QpB/2/ 2t�KTH2 7Q` i?2 bKQF2 i2bi- �bbmKBM; i?2 mb2` �H`2�/v /2}M2/
i?2 T`2pBQmb HQ�/ i2bi- b?2 ?�b QMHv iQ bT2+B7v,

�V i?2 mT/�i2/ ;Q�H ivT2 iQ ǳbKQF2ni2biǴ UHBM2 OdV

#V i?2 mT/�i2/ HQ�/ 7mM+iBQM UHBM2b ORy@R9V �M/ i2`KBM�iBQM +`Bi2`BQM UHBM2b
OR8@ORdV #2+�mb2 bKQF2 i2bib mbm�HHv M22/ H2bb iBK2 i?�M HQ�/ i2bib iQ
#2 2t2+mi2/

h?2 2t2+miBQM Q7 bm+? � bKQF2 i2bi Bb 2tT2+i2/ iQ H�bi �i KQbi ky KBMmi2bX
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1xgNGPG_
6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0

 q?2M bm#KBiiBM; i?2 i2bi mbBM; i?2 *GA T`QpB/2/ �b T�`i Q7 i?2 �TT`Q�+?-
i?2 mb2` +�M bT2+B7v KmHiBTH2 i2bib �b T�`i Q7 i?2 i2bi #mM/H2 �M/ i?2v �`2
K2`;2/ Qp2``B/BM; BM7Q`K�iBQM 7`QK i?2 }`bi iQ i?2 H�bi BM Q`/2` Q7 bT2+B}+�iBQMX

1t�KTH2 Q7 AMi2;`�iBQM rBi? *a.G

1 version: "1.6"
2 name: "Smoke Tests on Features"
3 description: "Runs all the Smoke Tests on new features merging to the Development

branch"!→

4 suite:
5 triggers:
6 on:
7 pull_request:
8 contexts: "merge"
9 source_branches:
10 - "feat-*"
11 target_branches:
12 - "development"
13 tests:
14 include_labels: [ "(.*)smoke_test(.*)" ]
15
16 quality_gates:

https://docs.google.com/drawings/d/1xgNGPG_6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0
https://docs.google.com/drawings/d/1xgNGPG_6fgKKgDim1F2yxnC2M9FlyB7YUAkrxhKSSM0
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17 criterion: "all_success"
18 exclude:
19 - "./tests/performance/smoke/smoke_test_alternative_scenario.yaml"

GBbiBM; .XR8X amKK�iBp2 1p�Hm�iBQM, � h2bi amBi2 u�JG 1t�KTH2

AM GBbiBM; .XR8- r2 `2TQ`i �M 2t�KTH2 Q7 i2bi bmBi2 bT2+B}+�iBQM iQ BMi2;`�i2
i?2 2t2+miBQM Q7 i2bib BM *a.GX h?2 T`QTQb2/ 2t�KTH2 `272`b iQ bKQF2 i2bib
i?2 mb2` r�Mib iQ 2t2+mi2 QM /2p2HQT2/ 72�im`2 #`�M+?2bX h?2 i2bi bmBi2 BM i?2
2t�KTH2 bi�i2b,

�V i?2 i`B;;2`b UHBM2b O8@ORkV /2}MBM; i?2 2t2+miBQM Q7 i?2 bmBi2 #�b2/
QM TmHH `2[m2bib 7`QK 72�im`2 #`�M+?2b iQ i?2 /2p2HQTK2Mi #`�M+?X h?2
+QMi2ti BM/B+�i2/ Bb ǳK2`;2Ǵ K2�MBM; i?2 i2bi Bb `2[m2bi2/ iQ #2 2t2+mi2/
QM i?2 p2`bBQM Q7 i?2 alh #mBHi Qmi Q7 i?2 72�im`2 #`�M+? +Q/2#�b2 K2`;2/
rBi? i?2 /2p2HQTK2Mi +Q/2#�b2

#V i?2 b2H2+iBQM +`Bi2`B� Q7 i?2 i2bib iQ #2 BM+Hm/2/ �b T�`i Q7 i?2 i2bi bmBi2
UHBM2b ORj@OR9VX a2H2+iBQM +`Bi2`B� �`2 #�b2/ QM i?2 H�#2Hb- b2H2+iBM; �HH
i?2 i2bib ?�pBM; �b T�`i Q7 i?2 H�#2Hb i?2 bi`BM; ǳbKQF2ni2biǴ BM Q`/2`
Q7 }H2 M�K2 mM/2` � ǳXfi2bifT2`7Q`K�M+2Ǵ 7QH/2` T�`i Q7 i?2 b�K2 +Q/2
`2TQbBiQ`v r?2`2 i?2 alh Bb /2p2HQT2/X A7 MQ i2bib rBi? i?2 bT2+B}2/
H�#2Hb �`2 7QmM/ i?2 i2bi bmBi2 +�M MQi #2 2t2+mi2/

+V i?2 [m�HBiv ;�i2b UHBM2b ORe@ORNV Q7 i?2 i2bi bmBi2X AM i?2 +�b2 Q7 i?2
2t�KTH2- i?2 [m�HBiv ;�i2b 2tT2+i �HH i?2 2t2+mi2/ i2bi iQ #2 bm++2bb7mH-
#mi i?2 QM2 `2TQ`i2/ BM i?2 exclude #HQ+F UHBM2b OR3@ORNV

h?2 2t2+miBQM Q7 bm+? � i2bi bmBi2 Bb 2tT2+i2/ iQ H�bi mMiBH �HH i?2 b2H2+i2/ i2bib
�`2 2t2+mi2/X
6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84

.X8 _2pB2r Q7 i?2 �TT`Q�+?
q2 �`2 �bFBM; vQm iQ +QKTH2i2 bQK2 i�bFb- iQ +QHH2+i 722/#�+F �#Qmi i?2
H2�`M�#BHBiv �M/ `2mb�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+?

LPh1, vQm +�M ;Q #�+F iQ i?2 T`2pBQmb b2+iBQM 7Q` `272`2M+2 B7 vQm

https://docs.google.com/drawings/d/1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84
https://docs.google.com/drawings/d/1eOlDELcfr5aEEX35KSO8JzYLOXWjoBKOs2Ug5Sl4B84
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M22/ iQ +QMbmHi Bi /m`BM; i?2 7QHHQrBM; i�bFbX :QBM; #�+F iQ i?2 T`2pB@
Qmb T�;2 /m`BM; i?2 bm`p2v mbm�HHv b�p2b i?2 �H`2�/v T`QpB/2/ �Mbr2`b
r?2M +QKBM; #�+F iQ i?2 T�;2 +QMi�BMBM; i?2 �Mbr2`X A7 vQm i?BMF vQm
KB;?i M22/ iQ /Q i?Bb- r2 �/pBb2 vQm iQ i2bi i?2 #2?�pBQ` rBi? vQm`
#`Qrb2` iQ #2 bm`2 �#Qmi Bi- #27Q`2 +QKTH2iBM; KmHiBTH2 �Mbr2`bX 6Q`
vQm` +QMp2MB2M+2- r2 T`QpB/2 � S.6 p2`bBQM Q7 i?2 ǳPp2`pB2r Q7 i?2 �T@
T`Q�+? �M/ 1t�KTH2bǴ bQ i?�i vQm /Q MQi M22/ iQ ;Q #�+F iQ i?�i T�;2,
https://drive.google.com/file/d/1bvOW8QXQIfOwHbmDUEE2CGuOOfhi3Vfk

.X8XR G2�`M�#BHBiv

AM i?2 7QHHQrBM; r2 �`2 ;QBM; iQ T`2b2Mi vQm rBi? � /2+H�`�iBp2 T2`7Q`K�M+2 i2bi
bT2+B}+�iBQM- Q` T�`i Q7 Bi- mbBM; i?2 .aG T`QTQb2/ BM i?2 �TT`Q�+? T`2b2Mi2/
�b T�`i Q7 i?Bb bm`p2vX �7i2` b?QrBM; vQm i?2 .aG- r2 �bF vQm iQ TB+F QM2 Q7 i?2
i?`22 QTiBQMb- `2T`2b2MiBM; i?2 QM2 vQm +QMbB/2` � +Q``2+i bi�i2K2Mi �++Q`/BM;
iQ r?�i vQm H2�`M2/ �#Qmi i?2 .aG BM i?2 T`2pBQmb b2+iBQMX

:Q�H aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1mSwLGBiwUj9foZtPczoudAVJ_4DUZdh8yYIlv5j5tKw

d�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

https://drive.google.com/file/d/1bvOW8QXQIfOwHbmDUEE2CGuOOfhi3Vfk
https://docs.google.com/drawings/d/1mSwLGBiwUj9foZtPczoudAVJ_4DUZdh8yYIlv5j5tKw
https://docs.google.com/drawings/d/1mSwLGBiwUj9foZtPczoudAVJ_4DUZdh8yYIlv5j5tKw
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" h?2 mb2` Bb bT2+B7vBM; � HQ�/ i2bi- bBKmH�iBM; 8yyy mb2`bX

" h?2 mb2` Bb bT2+B7vBM; � bTBF2 i2bi- BM+`2�bBM;Hv HQ�/BM; i?2 alh
rBi? KQ`2 �M/ KQ`2 mb2`b 7Q` R KBMmi2 mMiBH 8yyy bBKmH�i2/ mb2`b
�`2 `2�+?2/X

" h?2 mb2` Bb bT2+B7vBM; � bTBF2 i2bi- BM+`2�bBM;Hv HQ�/BM; i?2 alh
rBi? KQ`2 �M/ KQ`2 mb2`b 7Q` R KBMmi2 �M/ Ry b2+QM/b mMiBH 8yyy
bBKmH�i2/ mb2`b �`2 `2�+?2/X

d#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,
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1tTHQ`�iBQM aT�+2 aT2+B}+�iBQM

LPh1, ǳQ#b2`p2Ǵ- ǳHQ�/n7mM+iBQMǴ- ǳi2`KBM�iBQMn+`Bi2`B�Ǵ �M/ ǳ[m�H@
Bivn;�i2bǴ �`2 PJAhh1.- #mi vQm +�M �bbmK2 i?2v �`2 +Q``2+iHv
bT2+B}2/X 6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1f0ECkQ7tqk5NBiq5DNTy9bqfS-DiB0onul1u9WWcbwY

3�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" h?2 bT2+B}2/ +QM};m`�iBQM i2bi +QM};m`2b i?2 alh iQ 2tTHQ`2 *Sl-
K2KQ`v- �M/ p�Hm2b 7Q` � +QM};m`�iBQM b2iiBM; Q7 ǳb2`pB+2n�Ǵ �M/
ǳ/#Kbn�Ǵ 2t2+miBM; QM2 2tT2`BK2Mi �i � iBK2X Ai /Q2b bQ #v `2mbBM;
`2bmHib 7`QK T`2pBQmb 2t2+miBQMb Q7 i2bib �M/ 2tT2`BK2Mib rBi? i?2
b�K2 bT2+B}+�iBQMX
" h?2 bT2+B}2/ +QM};m`�iBQM i2bi +QM};m`2b i?2 alh iQ 2tTHQ`2 *Sl-

K2KQ`v- �M/ p�Hm2b 7Q` � +QM};m`�iBQM b2iiBM; Q7 ǳb2`pB+2n�Ǵ �M/
ǳ/#Kbn�Ǵ 2t2+miBM; 2tT2`BK2Mib #v `�M/QKHv b2H2+iBM; i?2KX Ai
/Q2b bQ #v `2mbBM; `2bmHib 7`QK T`2pBQmb 2t2+miBQMb Q7 i2bib �M/ 2t@
T2`BK2Mib rBi? i?2 b�K2 bT2+B}+�iBQMX
" h?2 bT2+B}2/ +QM};m`�iBQM i2bi Bb BM+QKTH2i2- B;MQ`BM; i?2 PJAh@

h1. bT2+B}+�iBQMb �M/ i?2 ǳbmiǴ- ǳrQ`FHQ�/bǴ �M/ ǳ/�i�n+QHH2+@
iBQMǴ i?�i +�M #2 �bbmK2/ iQ #2 +Q``2+iHv /2}M2/X

https://docs.google.com/drawings/d/1f0ECkQ7tqk5NBiq5DNTy9bqfS-DiB0onul1u9WWcbwY
https://docs.google.com/drawings/d/1f0ECkQ7tqk5NBiq5DNTy9bqfS-DiB0onul1u9WWcbwY
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3#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

P#b2`p2 aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1FnbD8LC_
OWqemeMPjrABGfYHcQxYk7v74VAf8rFheH0

N�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ ǳQ#b2`p2Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb
BMi2`2bi2/ BM #Qi? +HB2Mi@bB/2 �M/ b2`p2`@bB/2 T2`7Q`K�M+2 /�i� 7Q`
/Bz2`2Mi rQ`FHQ�/b �M/ b2`pB+2b T�`i Q7 i?2 alh `2bT2+iBp2HvX

" AM i?2 `2TQ`i2/ ǳQ#b2`p2Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb BM@
i2`2bi2/ QMHv BM +HB2Mi@bB/2 T2`7Q`K�M+2 /�i� 7Q` /Bz2`2Mi rQ`FHQ�/bX

" AM i?2 `2TQ`i2/ ǳQ#b2`p2Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb
BMi2`2bi2/ QMHv BM b2`p2`@bB/2 T2`7Q`K�M+2 /�i� 7Q` /Bz2`2Mi b2`pB+2b
T�`i Q7 i?2 alhX

N#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1rh6SWQ7zPStyV7rQKi7jWY6lxZfCzu16t8gG9QcNtl0

Ry�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

https://docs.google.com/drawings/d/1FnbD8LC_OWqemeMPjrABGfYHcQxYk7v74VAf8rFheH0
https://docs.google.com/drawings/d/1FnbD8LC_OWqemeMPjrABGfYHcQxYk7v74VAf8rFheH0
https://docs.google.com/drawings/d/1rh6SWQ7zPStyV7rQKi7jWY6lxZfCzu16t8gG9QcNtl0
https://docs.google.com/drawings/d/1rh6SWQ7zPStyV7rQKi7jWY6lxZfCzu16t8gG9QcNtl0


93y .X8 _2pB2r Q7 i?2 �TT`Q�+?

" AM i?2 `2TQ`i2/ ǳi2`KBM�iBQMn+`Bi2`B�Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM
i?2 mb2` r�Mib iQ i2`KBM�i2 i?2 i2bi �7i2` 2t�+iHv Rky ?Qm`b �M/
r?2M KQ`2 i?�M RyW Q7 2tT2`BK2Mib �`2 7�BH2/- Q` �++Q`/BM; iQ Qi?2`
+QM/BiBQMb `2H�i2/ iQ bQK2 K2i`B+b QM � rQ`FHQ�/ �M/ � b2`pB+2X
" AM i?2 `2TQ`i2/ ǳi2`KBM�iBQMn+`Bi2`B�Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM

i?2 mb2` r�Mib iQ i2`KBM�i2 i?2 i2bi �7i2` �i KQbi Rky ?Qm`b �M/
r?2M KQ`2 i?�M RyW Q7 2tT2`BK2Mib �`2 7�BH2/X
" AM i?2 `2TQ`i2/ ǳi2`KBM�iBQMn+`Bi2`B�Ǵ b2+iBQM Q7 � i2bi bT2+B}+�iBQM

i?2 mb2` r�Mib iQ i2`KBM�i2 i?2 i2bi �7i2` �i KQbi Rky ?Qm`b Q` r?2M
KQ`2 i?�M RyW Q7 2tT2`BK2Mib �`2 7�BH2/- Q` �++Q`/BM; iQ Qi?2` +QM@
/BiBQMb `2H�i2/ iQ bQK2 K2i`B+b QM � rQ`FHQ�/ �M/ � b2`pB+2X

Ry#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

Zm�HBiv :�i2b aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1qBa0cN-sdVPEkZ3qwQRj2RczqKhVZv-8ITEeVM99hoE

RR�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

https://docs.google.com/drawings/d/1qBa0cN-sdVPEkZ3qwQRj2RczqKhVZv-8ITEeVM99hoE
https://docs.google.com/drawings/d/1qBa0cN-sdVPEkZ3qwQRj2RczqKhVZv-8ITEeVM99hoE
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" AM i?2 `2TQ`i2/ ǳ[m�HBivn;�i2bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`
+QMbB/2`b i?2 i2bi bm++2bb7mH r?2M i?2 ǳrQ`FHQ�/n�Ǵ ?�b �M �p2`�;2
`2bTQMb2 iBK2 Q7 H2bb i?�M Q` 2[m�H iQ kyy KBHHBb2+QM/b Q` i?2 �p2`�;2
miBHBx�iBQM Q7 i?2 *Sl 7Q` i?2 ǳb2`pB+2n�Ǵ Bb H2bb i?�M Q` 2[m�H iQ
eyWX
" AM i?2 `2TQ`i2/ ǳ[m�HBivn;�i2bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2

mb2` +QMbB/2`b i?2 i2bi bm++2bb7mH r?2M i?2 ǳrQ`FHQ�/n�Ǵ ?�b �M
�p2`�;2 `2bTQMb2 iBK2 Q7 H2bb i?�M Q` 2[m�H iQ kyy KBHHBb2+QM/b �M/
i?2 �p2`�;2 miBHBx�iBQM Q7 i?2 *Sl 7Q` i?2 ǳb2`pB+2n�Ǵ Bb H2bb i?�M Q`
2[m�H iQ eyWX
" AM i?2 `2TQ`i2/ ǳ[m�HBivn;�i2bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2

mb2` +QMbB/2`b i?2 i2bi bm++2bb7mH r?2M i?2 ǳrQ`FHQ�/n�Ǵ ?�b �M
�p2`�;2 `2bTQMb2 iBK2 Q7 H2bb i?�M Q` 2[m�H iQ Ryy KBHHBb2+QM/b �M/
i?2 �p2`�;2 miBHBx�iBQM Q7 i?2 *Sl 7Q` i?2 ǳb2`pB+2n�Ǵ Bb H2bb i?�M Q`
2[m�H iQ 8yWX

RR#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

qQ`FHQ�/b aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
14NN-A648zeAU7Hu0FvG10XKHULTHbPaF-9ce0Lu4J9k

Rk�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ ǳrQ`FHQ�/bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`
bT2+B}2b irQ /Bz2`2Mi >hhS rQ`FHQ�/b iQ bBKmH�i2 i?2 BMi2`�+iBQM
rBi? i?2 alh �M/ 7Q` i?2 ǳrQ`FHQ�/n�Ǵ b?2 KQ/2Hb irQ rQ`FHQ�/
Bi2Kb ?�pBM; � /Bz2`2Mi T`Q#�#BHBiv Q7 2t2+miBQMX

https://docs.google.com/drawings/d/14NN-A648zeAU7Hu0FvG10XKHULTHbPaF-9ce0Lu4J9k
https://docs.google.com/drawings/d/14NN-A648zeAU7Hu0FvG10XKHULTHbPaF-9ce0Lu4J9k
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" AM i?2 `2TQ`i2/ ǳrQ`FHQ�/bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`
bT2+B}2b irQ /Bz2`2Mi >hhS rQ`FHQ�/b iQ bBKmH�i2 i?2 BMi2`�+iBQM
rBi? i?2 alh �M/ 7Q` i?2 ǳrQ`FHQ�/n�Ǵ b?2 KQ/2Hb irQ rQ`FHQ�/
Bi2Kb ?�pBM; i?2 b�K2 T`Q#�#BHBiv Q7 2t2+miBQMX

" AM i?2 `2TQ`i2/ ǳrQ`FHQ�/bǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`
bT2+B}2b irQ /Bz2`2Mi >hhS rQ`FHQ�/b iQ bBKmH�i2 i?2 BMi2`�+iBQM
rBi? i?2 alh �M/ 7Q` i?2 ǳrQ`FHQ�/n�Ǵ b?2 KQ/2Hb irQ rQ`FHQ�/
Bi2Kb ?�pBM; � /Bz2`2Mi T`Q#�#BHBiv Q7 2t2+miBQM �M/ 7Q` i?2 ǳrQ`F@
HQ�/n#Ǵ b?2 KQ/2Hb � bBM;H2 rQ`FHQ�/ Bi2K 2tT2+iBM; iQ #2 2t2+mi2/
8yW Q7 i?2 iBK2bX

Rk#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

PT2`�iBQMb aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/13JfsOnp_
iF3IidS0fELzdjSOz5yBdgyI_t2mHqRfklA

Rj�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

https://docs.google.com/drawings/d/13JfsOnp_iF3IidS0fELzdjSOz5yBdgyI_t2mHqRfklA
https://docs.google.com/drawings/d/13JfsOnp_iF3IidS0fELzdjSOz5yBdgyI_t2mHqRfklA
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" AM i?2 `2TQ`i2/ ǳQT2`�iBQMbǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`
/2}M2b irQ QT2`�iBQMb 7Q` i?2 ǳrQ`FHQ�/n�ǴX 6Q` ǳrQ`FHQ�/n#Ǵ b?2
bT2+B}2b � bBM;H2 QT2`�iBQM- i�`;2iBM; ǳb2`pB+2n#ǴX h?2 QT2`�iBQMb
�`2 QMHv mbBM; /�i� `2i`B2p2/ 7`QK i?2 `2bTQMb2 Q7 T`2pBQmb QT2`�@
iBQMbX
" AM i?2 `2TQ`i2/ ǳQT2`�iBQMbǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`

/2}M2b i?`22 QT2`�iBQMb 7Q` i?2 ǳrQ`FHQ�/n�Ǵ- irQ T�`ib Q7 i?2
ǳBi2Kn�Ǵ �M/ QM2 T�`i Q7 i?2 ǳBi2Kn#ǴX 6Q` ǳrQ`FHQ�/n#Ǵ b?2 bT2+@
B}2b � bBM;H2 QT2`�iBQM- i�`;2iBM; ǳb2`pB+2n#ǴX aQK2 QT2`�iBQMb �`2
mbBM; /�i� `2i`B2p2/ 7`QK i?2 `2bTQMb2 Q7 T`2pBQmb QT2`�iBQMb �b r2HH
�b /�i� `2i`B2p2/ 7`QK � }H2X
" AM i?2 `2TQ`i2/ ǳQT2`�iBQMbǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2`

/2}M2b i?`22 QT2`�iBQMb 7Q` i?2 ǳrQ`FHQ�/n�Ǵ- irQ T�`ib Q7 i?2
ǳBi2Kn�Ǵ �M/ QM2 T�`i Q7 i?2 ǳBi2Kn#ǴX 6Q` ǳrQ`FHQ�/n#Ǵ b?2
bT2+B}2b � bBM;H2 QT2`�iBQM- i�`;2iBM; ǳb2`pB+2n#ǴX h?2 QT2`�iBQMb
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�`2 QMHv mbBM; /�i� `2i`B2p2/ 7`QK i?2 `2bTQMb2 Q7 T`2pBQmb QT2`�@
iBQMbX

Rj#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

JBt aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/157m9a4a2FU7u86fG_
c5tPxeBFMK7975ck2MJgmffOSk

R9�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ ǳKBtǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` 2tT2+ib
i?2 ǳQT2`�iBQMn�Ǵ Bb +?Qb2M iQ #2 2t2+mi2/ �b i?2 M2ti QT2`�iBQM k8W
Q7 i?2 iBK2b- r?BH2 ǳQT2`�iBQMn#Ǵ d8W Q7 i?2 iBK2bX a?2 �HbQ `2TQ`ib
i?2 2tT2+i2/ i?BMF iBK2 Q7 i?2 bBKmH�i2/ mb2`b #27Q`2 /2+B/BM; r?B+?
M2ti QT2`�iBQM iQ 2t2+mi2X h?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK
i?2 bT2+B}2/ KBt Bb 8WX

" AM i?2 `2TQ`i2/ ǳKBtǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` 2tT2+ib
i?2 ǳQT2`�iBQMn�Ǵ Bb +?Qb2M iQ #2 2t2+mi2/ �b i?2 M2ti QT2`�iBQM d8W
Q7 i?2 iBK2b- r?BH2 ǳQT2`�iBQMn#Ǵ k8W Q7 i?2 iBK2bX h?2 K�tBKmK
�++2Ti2/ /2pB�iBQM 7`QK i?2 bT2+B}2/ KBt Bb 8WX

" AM i?2 `2TQ`i2/ ǳKBtǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` 2tT2+ib
i?2 ǳQT2`�iBQMn�Ǵ Bb +?Qb2M iQ #2 2t2+mi2/ �b i?2 M2ti QT2`�iBQM d8W
Q7 i?2 iBK2b- r?BH2 ǳQT2`�iBQMn#Ǵ k8W Q7 i?2 iBK2bX a?2 �HbQ `2TQ`ib
i?2 2tT2+i2/ i?BMF iBK2 Q7 i?2 bBKmH�i2/ mb2`b #27Q`2 /2+B/BM; r?B+?
M2ti QT2`�iBQM iQ 2t2+mi2X h?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK
i?2 bT2+B}2/ KBt Bb 8WX

https://docs.google.com/drawings/d/157m9a4a2FU7u86fG_c5tPxeBFMK7975ck2MJgmffOSk
https://docs.google.com/drawings/d/157m9a4a2FU7u86fG_c5tPxeBFMK7975ck2MJgmffOSk
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R9#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

alh aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1wSM1FKcR_
6SYLFd0fuAmWlHXl6YJ84fQT4z2FPslpRs

R8�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ ǳbmiǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM;
� alh ?�pBM; �i H2�bi irQ b2`pB+2b �M/ /2}M2b �b /27�mHi i�`;2i
7Q` i?2 QT2`�iBQMb i?2 ǳb2`pB+2n�Ǵ /2THQv2/ QM ǳKvnb2`p2`Ǵ �M/
bT2+B}2b i?2 +QM};m`�iBQM QTiBQMb 7Q` i?2 ǳb2`pB+2n#Ǵ QMHv BM i2`Kb
Q7 `2bQm`+2bX
" AM i?2 `2TQ`i2/ ǳbmiǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM;

� alh ?�pBM; 2t�+iHv irQ b2`pB+2b �M/ /2}M2b �b /27�mHi i�`;2i 7Q`
i?2 QT2`�iBQMb i?2 ǳb2`pB+2n�Ǵ /2THQv2/ QM ǳKvnb2`p2`Ǵ �M/ bT2+@
B}2b i?2 +QM};m`�iBQM QTiBQMb 7Q` i?2 ǳb2`pB+2n#Ǵ #Qi? BM i2`Kb Q7
`2bQm`+2b �M/ +QM};m`�iBQM p�`B�#H2bX
" AM i?2 `2TQ`i2/ ǳbmiǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM;

� alh ?�pBM; �i H2�bi irQ b2`pB+2b �M/ /2}M2b �b /27�mHi i�`;2i
7Q` i?2 QT2`�iBQMb i?2 ǳb2`pB+2n�Ǵ /2THQv2/ QM ǳKvnb2`p2`Ǵ �M/
bT2+B}2b i?2 +QM};m`�iBQM QTiBQMb 7Q` i?2 ǳb2`pB+2n#Ǵ #Qi? BM i2`Kb
Q7 `2bQm`+2b �M/ +QM};m`�iBQM p�`B�#H2bX

R8#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

https://docs.google.com/drawings/d/1wSM1FKcR_6SYLFd0fuAmWlHXl6YJ84fQT4z2FPslpRs
https://docs.google.com/drawings/d/1wSM1FKcR_6SYLFd0fuAmWlHXl6YJ84fQT4z2FPslpRs
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.�i� *QHH2+iBQM aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1VABQ0kphFQY9CG-xs7ACVVO3_tcCprUrWNuOgaP_5f8

Re�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ ǳ/�i�n+QHH2+iBQMǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2
mb2` Bb BMi2`2bi2/ BM +QHH2+iBM; i?2 ǳbi�ibǴ U`2bQm`+2 miBHBx�iBQMV QMHv
7Q` ǳb2`pB+2n�Ǵ- �M/ i?2M b?2 `2[m2bib iQ biQ`2 i?2 /�i� Q7 ǳh�@
"G1nRǴ �M/ ǳh�"G1nkǴ 7Q` i?2 ǳ/#Kbn�Ǵ i?�i Bb 2tT2+i2/ iQ #2
� JvaZG ."JaX
" AM i?2 `2TQ`i2/ ǳ/�i�n+QHH2+iBQMǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2

mb2` Bb BMi2`2bi2/ BM +QHH2+iBM; i?2 ǳbi�ibǴ U`2bQm`+2 miBHBx�iBQMV 7Q`
ǳb2`pB+2n�Ǵ �M/ ǳb2`pB+2n#Ǵ- �M/ i?2M b?2 `2[m2bib iQ biQ`2 i?2 /�i�
Q7 ǳh�"G1nRǴ �M/ ǳh�"G1nkǴ 7Q` i?2 ǳ/#Kbn�Ǵ i?�i Bb 2tT2+i2/
iQ #2 � JvaZG ."JaX
" AM i?2 `2TQ`i2/ ǳ/�i�n+QHH2+iBQMǴ b2+iBQM Q7 � i2bi bT2+B}+�iBQM i?2

mb2` Bb BMi2`2bi2/ BM +QHH2+iBM; i?2 ǳbi�ibǴ U`2bQm`+2 miBHBx�iBQMV 7Q`
ǳb2`pB+2n�Ǵ �M/ ǳb2`pB+2n#Ǵ- �M/ i?2M b?2 `2[m2bib iQ biQ`2 i?2 /�i�
Q7 ǳh�"G1nRǴ 7Q` i?2 ǳ/#Kbn�Ǵ i?�i Bb 2tT2+i2/ iQ #2 � JvaZG
."JaX

Re#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

*QKTH2i2 h2bi aT2+B}+�iBQM @ _2;`2bbBQM h2bi

h?2 7QHHQrBM; bT2+B}+�iBQM /2}M2b � `2;`2bbBQM i2bi- +?2+FBM; 7Q` `2;`2bbBQM QM
�HH i?2 QT2`�iBQMb Q7 �HH i?2 p2`bBQMb Q7 i?2 alh T�`i Q7 i?2 i2biX � `2;`2b@
bBQM i2bi `2@`mMb � /2}M2/ rQ`FHQ�/ mM/2` i?2 b�K2 +QM};m`�iBQMb iQ 2Mbm`2
i?�i T`2pBQmbHv /2p2HQT2/ �M/ i2bi2/ 72�im`2b biBHH T2`7Q`K i?2 b�K2 �7i2` �
+?�M;2 iQ i?2 alhX 6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1W3sPbaWOljbIIgbi3qJPC9vBW_SvVMZr5Ibb7feycxU

https://docs.google.com/drawings/d/1VABQ0kphFQY9CG-xs7ACVVO3_tcCprUrWNuOgaP_5f8
https://docs.google.com/drawings/d/1VABQ0kphFQY9CG-xs7ACVVO3_tcCprUrWNuOgaP_5f8
https://docs.google.com/drawings/d/1W3sPbaWOljbIIgbi3qJPC9vBW_SvVMZr5Ibb7feycxU
https://docs.google.com/drawings/d/1W3sPbaWOljbIIgbi3qJPC9vBW_SvVMZr5Ibb7feycxU


93d .X8 _2pB2r Q7 i?2 �TT`Q�+?

Rd�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ `2;`2bbBQM i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM; ǳpRX8Ǵ
�M/ ǳpRXeǴ Q7 � alh M�K2/ ǳKvn�TTǴ 7Q` `2;`2bbBQMb QM i?2 ǳrQ`F@
HQ�/n�Ǵ `2bTQMb2 iBK2X h?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK i?2
�p2`�;2 `2bTQMb2 iBK2 7Q` i?2 2MiB`2 ǳrQ`FHQ�/n�Ǵ #2ir22M i?2 irQ
p2`bBQMb Bb 8y KBHHBb2+QM/bX 6Q` i?2 i2bi iQ #2 bm++2bb7mH i?2 ǳrQ`F@
HQ�/n�Ǵ �p2`�;2 `2bTQMb2 iBK2 ?�b iQ #2 H2bb i?�M Q` 2[m�H iQ k8y
KBHHBb2+QM/b 7Q` #Qi? i?2 p2`bBQMb Q7 i?2 alhX "2ii2` B7 Bi Bb H2bb i?�M
Q` 2[m�H iQ R8y KBHHBb2+QM/bX
" AM i?2 `2TQ`i2/ `2;`2bbBQM i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM; ǳpRX8Ǵ

�M/ ǳpRXeǴ Q7 � alh M�K2/ ǳKvn�TTǴ 7Q` `2;`2bbBQMb QM i?2 ǳrQ`F@
HQ�/n�Ǵ `2bTQMb2 iBK2X h?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK i?2
�p2`�;2 `2bTQMb2 iBK2 7Q` i?2 2MiB`2 ǳrQ`FHQ�/n�Ǵ #2ir22M i?2 irQ
p2`bBQMb Bb R8y KBHHBb2+QM/bX 6Q` i?2 i2bi iQ #2 bm++2bb7mH i?2 ǳrQ`F@
HQ�/n�Ǵ �p2`�;2 `2bTQMb2 iBK2 ?�b iQ #2 H2bb i?�M Q` 2[m�H iQ R8y
KBHHBb2+QM/b 7Q` #Qi? i?2 p2`bBQMb Q7 i?2 alhX "2ii2` B7 Bi Bb H2bb i?�M



933 .X8 _2pB2r Q7 i?2 �TT`Q�+?

Q` 2[m�H iQ k8y KBHHBb2+QM/bX
" AM i?2 `2TQ`i2/ `2;`2bbBQM i2bi bT2+B}+�iBQM i?2 mb2` Bb i2biBM; ǳpRX8Ǵ

�M/ ǳpRXeǴ Q7 � alh M�K2/ ǳKvn�TTǴ 7Q` `2;`2bbBQMb QM i?2 ǳrQ`F@
HQ�/n�Ǵ `2bTQMb2 iBK2X h?2 K�tBKmK �++2Ti2/ /2pB�iBQM 7`QK i?2
�p2`�;2 `2bTQMb2 iBK2 7Q` i?2 2MiB`2 ǳrQ`FHQ�/n�Ǵ #2ir22M i?2 irQ
p2`bBQMb Bb 8y KBHHBb2+QM/bX h?2 i2bi Bb 2p2M KQ`2 bm++2bb7mH B7 i?2
�p2`�;2 `2bTQMb2 iBK2 Q7 i?2 ǳrQ`FHQ�/n�Ǵ Bb H2bb i?�M Q` 2[m�H iQ
k8y KBHHBb2+QM/b 7Q` #Qi? i?2 p2`bBQMb Q7 i?2 alhX

Rd#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

h2bi amBi2 aT2+B}+�iBQM

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/1xI3xtF_
Or47SUypkFM2GXoJ1hwKbQnT_U2XfsTCOZuU

R3�X q?�i /Q2b i?2 7QHHQrBM; .aG `2T`2b2Mib\

" AM i?2 `2TQ`i2/ i2bi bmBi2 bT2+B}+�iBQM i?2 mb2` r�Mib iQ 2t2+mi2
bKQF2 i2bib r?2M i?2 .2p2HQTK2Mi #`�M+? Bb K2`;2/ QM i?2 S`Q/m+@
iBQM #`�M+? UK�bi2`VX h?2 bmBi2 Bb bm++2bb7mH B7 �HH i?2 2t2+mi2/ i2bib
�`2 bm++2bb7mH- #mi i?2 QM2 biQ`2/ BM i?2 ǳHQ�/ni2bin�Hi2`M�iBp2n@
b+2M�`BQXv�KHǴ }H2X
" AM i?2 `2TQ`i2/ i2bi bmBi2 bT2+B}+�iBQM i?2 mb2` r�Mib iQ 2t2+mi2 HQ�/

i2bib r?2M i?2 .2p2HQTK2Mi #`�M+? Bb K2`;2/ QM i?2 S`Q/m+iBQM
#`�M+? UK�bi2`VX h?2 bmBi2 Bb bm++2bb7mH B7 �HH i?2 2t2+mi2/ i2bib
�`2 bm++2bb7mH- #mi i?2 QM2 biQ`2/ BM i?2 ǳHQ�/ni2bin�Hi2`M�iBp2n@
b+2M�`BQXv�KHǴ }H2X
" AM i?2 `2TQ`i2/ i2bi bmBi2 bT2+B}+�iBQM i?2 mb2` r�Mib iQ 2t2+mi2 HQ�/

i2bib r?2M i?2 .2p2HQTK2Mi #`�M+? Bb K2`;2/ QM i?2 S`Q/m+iBQM
#`�M+? UK�bi2`VX h?2 bmBi2 Bb bm++2bb7mH r?2M �i H2�bi QM2 Q7 i?2

https://docs.google.com/drawings/d/1xI3xtF_Or47SUypkFM2GXoJ1hwKbQnT_U2XfsTCOZuU
https://docs.google.com/drawings/d/1xI3xtF_Or47SUypkFM2GXoJ1hwKbQnT_U2XfsTCOZuU


93N .Xe _2mb�#BHBiv

2t2+mi2/ i2bib Bb bm++2bb7mH- 2t+Hm/BM; i?2 QM2 biQ`2/ BM i?2 ǳHQ�/n@
i2bin�Hi2`M�iBp2nb+2M�`BQXv�KHǴ }H2X

R3#X AM/B+�i2 vQm` +QMbB/2`�iBQMb �#Qmi i?2 T`2pBQmb .aG 2H2K2Mi-
B7 �Mv,

.Xe _2mb�#BHBiv
AM i?2 7QHHQrBM; r2 �`2 ;QBM; iQ T`2b2Mi vQm rBi? KmHiBTH2 /2+H�`�iBp2 T2`@
7Q`K�M+2 i2bi bT2+B}+�iBQMb- Q` T�`i Q7 i?2K- mbBM; i?2 .aG T`QTQb2/ BM i?2
�TT`Q�+? T`2b2Mi2/ �b T�`i Q7 i?Bb bm`p2vX �7i2` b?QrBM; vQm i?2 .aG- r2 �bF
vQm iQ TB+F QM2 Q7 i?2 i?`22 QTiBQMb- `2T`2b2MiBM; i?2 QM2 vQm +QMbB/2` i?2
+Q``2+i �Mbr2` iQ i?2 [m2biBQM r2 T`QTQb2X h?2 Q#D2+iBp2 Bb iQ 2p�Hm�i2 i?2
TQbbB#BHBiv iQ `2mb2 �H`2�/v /2}M2/ bT2+B}+�iBQMb- 7Q` M2r ;Q�Hb � mb2` KB;?i
?�p2X

:Q�H aT2+B}+�iBQM _2mb2

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
11LDGWd7kR6L2PWcvu2qyyx8NtIa_5KNYzAbPbfkpAiA

RNX �M �++2Ti�M+2 i2bi Bb � i2bi +QM/m+i2/ iQ /2i2`KBM2 B7 i?2 `2@
[mB`2K2Mib Q7 � bT2+B}+�iBQM Q` +QMi`�+i �`2 K2iX q?B+? Q7 i?2
7QHHQrBM; bT2+B}+�iBQMb rQmH/ vQm `2mb2 7Q` /2}MBM; �M �++2T@
i�M+2 i2bi BbbmBM; � HQ�/ Q7 Ryyy bBKmH�i2/ mb2`b 7Q` ky KBMmi2b-
�//BM; QMHv [m�HBiv ;�i2b 2tT`2bbBM; i?2 �++2Ti�M+2 +`Bi2`B�-
�bbmKBM; i2`KBM�iBQM +`Bi2`B� �`2 �H`2�/v +Q``2+iHv bT2+B}2/\
" PTiBQM R

https://docs.google.com/drawings/d/11LDGWd7kR6L2PWcvu2qyyx8NtIa_5KNYzAbPbfkpAiA
https://docs.google.com/drawings/d/11LDGWd7kR6L2PWcvu2qyyx8NtIa_5KNYzAbPbfkpAiA


9Ny .Xe _2mb�#BHBiv

" PTiBQM k

" PTiBQM j

h2`KBM�iBQM *`Bi2`B� aT2+B}+�iBQM _2mb2

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
13lcrUZn3qgz6CIZb2W0pFydIjX7BHSr8R4N1U6GAalc

kyX q?B+? Q7 i?2 7QHHQrBM; bT2+B}+�iBQMb rQmH/ vQm `2mb2 7Q` /2}M@
BM; i2`KBM�iBQM +`Bi2`B� �HHQrBM; i?2 i2bi iQ 2t2+mi2 7Q` � K�tB@
KmK Q7 k9 ?Qm`b- �M/ Bi2`�iBM; i?2 2tT2`BK2Mi 2t2+miBQM mMiBH
i?2 �p2`�;2 `2bTQMb2 iBK2 Q7 i?2 rQ`FHQ�/ Bb rBi?BM � bT2+B}2/
+QM}/2M+2 BMi2`p�H rBi? i?2 ;Bp2M T`2+BbBQM\
" PTiBQM R

https://docs.google.com/drawings/d/13lcrUZn3qgz6CIZb2W0pFydIjX7BHSr8R4N1U6GAalc
https://docs.google.com/drawings/d/13lcrUZn3qgz6CIZb2W0pFydIjX7BHSr8R4N1U6GAalc


9NR .Xe _2mb�#BHBiv

" PTiBQM k

" PTiBQM j

Zm�HBiv :�i2 aT2+B}+�iBQM _2mb2

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1DL6knjXlU4mub7W9B5sDkIj-TDZYd-cWbYJSPE04tQE

kRX q?B+? Q7 i?2 7QHHQrBM; bT2+B}+�iBQMb rQmH/ vQm `2mb2 7Q` /2}M@
BM; [m�HBiv ;�i2b /2+H�`BM; i?2 i2bi �b bm++2bb7mH B7 i?2 �p2`�;2
`2bTQMb2 iBK2 Q7 i?2 rQ`FHQ�/ Bb #2HQr Q` 2[m�H iQ kyy KBHHBb2+@
QM/b- �M/ i?2 iBK2 bT2Mi #v bBKmH�i2/ mb2`b BM i?BMFBM; #27Q`2
2t2+miBM; i?2 M2ti QT2`�iBQM Bb rBi?BM � kW /2pB�iBQM 7`QK i?2
bT2+B}2/ QM2\
" PTiBQM R

https://docs.google.com/drawings/d/1DL6knjXlU4mub7W9B5sDkIj-TDZYd-cWbYJSPE04tQE
https://docs.google.com/drawings/d/1DL6knjXlU4mub7W9B5sDkIj-TDZYd-cWbYJSPE04tQE


9Nk .Xe _2mb�#BHBiv

" PTiBQM k

" PTiBQM j

h2bi amBi2 aT2+B}+�iBQM _2mb2

6mHH@bBx2 BK�;2, https://docs.google.com/drawings/d/
1DVCoA6gr77G5tq6QlFvUT2qqwY5T5E07Hri-aoX3BII

kkX q?B+? Q7 i?2 7QHHQrBM; bT2+B}+�iBQMb rQmH/ vQm `2mb2 7Q` /2}M@
BM; � i2bi bmBi2 Q7 HQ�/ i2bib 2t2+mi2/ QM � TmHH `2[m2bi K2`;BM;
� 72�im`2 iQ i?2 /2p2HQTK2Mi #`�M+?- �M/ +?2+FBM; �HH i?2 2t@
2+mi2/ i2bib �`2 bm++2bb7mH iQ /2+H�`2 i?2 2MiB`2 i2bi bmBi2 �b
bm++2bb7mH\
" PTiBQM R

" PTiBQM k

https://docs.google.com/drawings/d/1DVCoA6gr77G5tq6QlFvUT2qqwY5T5E07Hri-aoX3BII
https://docs.google.com/drawings/d/1DVCoA6gr77G5tq6QlFvUT2qqwY5T5E07Hri-aoX3BII


9Nj .Xd 6BM�H 1p�Hm�iBQMb

" PTiBQM j

.Xd 6BM�H 1p�Hm�iBQMb

.XdXR 1tT`2bbBp2M2bb
kj�X >Qr /Q vQm 2p�Hm�i2 i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 T`QTQb2/

.aG\
q?2M `272``BM; iQ i?2 +QMi2ti Q7 T2`7Q`K�M+2 i2biBM; /2}MBiBQM
�M/ �miQK�iBQM- T�`iB+mH�`Hv BM *a.G- `2TQ`i ?Qr vQm 2p�Hm�i2
i?2 Qp2`�HH 2tT`2bbBp2M2bb Q7 i?2 .aG T`QTQb2/ BM i?Bb bm`p2vX
o2`v SQQ` "ě"ě"ě"ě" 1t+2HH2Mi

kj#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2` �#Qmi 2tT`2bbBp2@
M2bb\,

.XdXk lb�#BHBiv
k9�X >Qr mb27mH /Q vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2 i�`@

;2i mb2`b Q7 i?2 b�K2\



9N9 .Xd 6BM�H 1p�Hm�iBQMb

q?2M `272``BM; iQ i?2 i�`;2i mb2`b Q7 Qm` �TT`Q�+?- M�K2Hv /2p2HQT@
2`b- bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb 2M;B@
M22`b- `2TQ`i ?Qr mb27mH vQm +QMbB/2` i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2KX
LQi mb�#H2 "ě"ě"ě"ě" o2`v mb�#H2

k9#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2` �#Qmi 2tT`2bbBp2@
M2bb\,

k8�X >Qr mb27mH /Q vQm +QMbB/2` i?2 ;Q�H@#�b2/ bT2+B}+�iBQM 7Q` i?2
i�`;2i mb2`b Q7 i?2 b�K2\
q?2M `272``BM; iQ i?2 i�`;2i mb2`b Q7 Qm` �TT`Q�+?- M�K2Hv /2p2HQT2`b-
bQ7ir�`2 i2bi2`b- [m�HBiv �bbm`�M+2 2M;BM22`b- �M/ QT2`�iBQMb 2M;BM22`b-
`2TQ`i ?Qr mb27mH vQm +QMbB/2` i?2 ;Q�H@#�b2/ bT2+B}+�iBQM 7Q` i?2KX
LQi mb�#H2 "ě"ě"ě"ě" o2`v mb�#H2

k8#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2`b �#Qmi i?2 mb�#BHBiv
Q7 i?2 ;Q�H@#�b2/ bT2+B}+�iBQM 7Q` i?2 i�`;2i mb2`b\,

.XdXj Pi?2`b
ke�X >Qr Km+? KQ`2fH2bb /Q vQm i?BMF i?2 T`QTQb2/ �TT`Q�+?

rQmH/ ?2HT i?2 i�`;2i mb2`b Q7 i?2 b�K2 BM BKTH2K2MiBM; �M/
2t2+miBM; T2`7Q`K�M+2 i2bib- +QKT�`2/ iQ i?2 bi�M/�`/ BKT2`@
�iBp2 �TT`Q�+?2b\
_2TQ`i ?Qr Km+? KQ`2 Q` H2bb i?2 T`QTQb2/ �TT`Q�+? rQmH/ ?2HT i?2
i�`;2i mb2`b BM BKTH2K2MiBM; �M/ 2t2+miBM; T2`7Q`K�M+2 i2bib +QKT�`2/
iQ bi�M/�`/ BKT2`�iBp2 �TT`Q�+?2b- bm+? 7Q` 2t�KTH2 i?2 QM2 T`QTQb2/
#v CJ2i2`X Jm+? H2bb "ě"ě"ě"ě" Jm+? KQ`2

ke#X >Qr /Q vQm KQiBp�i2 i?2 T`2pBQmb �Mbr2`b �#Qmi i?2 bmBi�#BHBiv
Q7 i?2 T`QTQb2/ �TT`Q�+? 7Q` i?2 i�`;2i mb2`b\,

.XdX9 :2M2`B+
kdX qQmH/ vQm #2 BMi2`2bi2/ BM mbBM; i?2 7`�K2rQ`F BKTH2K2MiBM;

i?2 T`QTQb2/ �TT`Q�+?\
" u2bX
" LQX



9N8 .X3 h?�MF vQm5

" J�v#2X
k3X q?�i �`2 i?2 K�BM S_Pb Q7 i?2 T`QTQb2/ �TT`Q�+?\,

ai�i2 r?�i �`2 i?2 K�BM S_Pb Q7 i?2 T`Q@
TQb2/ �TT`Q�+? �++Q`/BM; iQ vQm` QTBMBQM

kNX q?�i �`2 i?2 K�BM *PLb Q7 i?2 T`QTQb2/ �TT`Q�+?\,
ai�i2 r?�i �`2 i?2 K�BM *PLb Q7 i?2 T`Q@
TQb2/ �TT`Q�+? �++Q`/BM; iQ vQm` QTBMBQM

jyX L�K2 bBKBH�` �TT`Q�+?2b vQm �`2 �r�`2 Q7,
L�K2 bBKBH�` �TT`Q�+?2b vQm �`2 �r�`2 Q7X S`QpB/BM; � `27@
2`2M+2 iQ i?2 HBi2`�im`2 �M/fQ` � q2#bBi2 rQmH/ #2 ?2HT7mH

.X3 h?�MF vQm5
�b �MiB+BT�i2/ �i i?2 #2;BMMBM; Q7 i?2 bm`p2v- r2 p�Hm2 i?2 iBK2 vQm bT2Mi QM
T`QpB/BM; i?2 722/#�+F- bQ r2 r�Mi iQ ;Bp2 vQm #�+F bQK2i?BM; iQ b?Qr Qm`
�TT`2+B�iBQMX

q2 �`2 ;BpBM; �r�v i?`22 HBiiH2 ;B7ib �b � bB;M Q7 �TT`2+B�iBQM- `�|2/
�KQM; �HH i?2 T�`iB+BT�Mib +QKTH2iBM; i?2 bm`p2vX h?2 i?`22 ;B7ib �`2 �HH
i?2 b�K2- i?2 p�Hm2 Bb € ky 2�+?- �M/ �i KQbi QM2 +�M #2 �bbB;M2/ iQ 2�+?
T�`iB+BT�MiX h?2v �`2 ;QBM; iQ #2 /Bb+QmMi +QmTQMb 7Q` r2HH@FMQrM r2#bBi2b
T`QpB/BM; b2`pB+2b �M/ T`Q/m+ibX

h?2 `�|2 Bb ;QBM; iQ ?�TT2M #v i?2 KB//H2 Q7 �m;mbi kyky- �M/ QMHv B7
�i H2�bi 9y +QKTH2i2 bm`p2vb �`2 bm#KBii2/ X hQ BM+`2�b2 i?2 T`Q#�#BHBiv Q7 i?2
`�|2 iQ ?�TT2Mb- TH2�b2 b?�`2 i?2 bm`p2v rBi? T2QTH2 vQm FMQr i?�i KB;?i
+QMi`B#mi2 rBi? p�Hm�#H2 �Mbr2`b �++Q`/BM; iQ i?2 /2}M2/ i�`;2i �m/B2M+2 7Q`
i?Bb bm`p2vX a?�`BM; i?2 bm`p2v Bb p2`v ?2HT7mH 7Q` mbX

h?2 `�|2 Bb ;QBM; iQ #2 2t2+mi2/ QM https://commentpicker.com/
random-name-picker.php UrBi? �MQMvKBx2/ 2K�BHbV bQ i?�i r2 +�M T`Q@
pB/2 vQm #�+F rBi? T`QQ7 Q7 `2bmHibX

G2�p2 vQm` 2K�BH �//`2bb B7 vQm r�Mi iQ T�`iB+BT�i2 BM i?2 `�|2X q2

https://commentpicker.com/random-name-picker.php
https://commentpicker.com/random-name-picker.php


9Ne .X3 h?�MF vQm5

�`2 ;QBM; iQ r`Bi2 vQm #�+F r?2M i?2 `�|2 `2bmHib �`2 �p�BH�#H2- �M/ B7 vQm �`2
QM2 Q7 i?2 Hm+Fv rBMM2`b- r2 �`2 ;QBM; iQ �ii�+? iQ i?2 2K�BH i?2 ;B7i �b r2HHX

 uQm r2`2 �#H2 iQ +?2+F i?2 +m``2Mi MmK#2` Q7 bm#KBii2/ `2bTQMb2b #v
+HB+FBM; QM ǳa22 T`2pBQmb `2bTQMb2bǴ QM i?2 M2ti b+`22M �7i2` +HB+FBM; QM i?2
ǳam#KBiǴ #miiQMX A ?�/ iQ /Bb�#H2 i?Bb #2+�mb2 `2bTQMb2b KB;?i +QMi�BM
b2MbBiBp2 /�i�- bm+? �b i?2 2K�BH �//`2bbX ai�imb �i jRXydXkyky, ej `2bTQMb2bX

jRX q?�i Bb vQm` 2K�BH �//`2bb\,
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_272`2M+2b
(�#2/B �M/ "`2+?i- kyRd) �#2/B- �X �M/ "`2+?i- hX UkyRdVX *QM/m+iBM; _2@

T2�i�#H2 1tT2`BK2Mib BM >B;?Hv o�`B�#H2 *HQm/ *QKTmiBM; 1MpB`QM@
K2MibX AM S`Q+22/BM;b Q7 i?2 3i? �*JfaS1* QM AMi2`M�iBQM�H *QM72`2M+2
QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b k3dĜkNkX

(�?K2/ 2i �HX- kyRe) �?K2/- hX JX- "2x2K2`- *X@SX- *?2M- hX@>X- >�bb�M-
�X 1X- �M/ a?�M;- qX UkyReVX aim/vBM; i?2 2z2+iBp2M2bb Q7 �TTHB+�iBQM
T2`7Q`K�M+2 K�M�;2K2Mi U�SJV iQQHb 7Q` /2i2+iBM; T2`7Q`K�M+2 `2;`2b@
bBQMb 7Q` r2# �TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2 Rji? �*J AMi2`M�iBQM�H
qQ`Fb?QT QM JBMBM; aQ7ir�`2 _2TQbBiQ`B2b UJa_V- T�;2b RĜRkX

(�F�K�B- kyky) �F�K�B UkykyVX �F�K�B @ q2# �M/ JQ#BH2 S2`7Q`K�M+2X
https://www.akamai.com/us/en/products/performance/X G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(�H2iB 2i �HX- kyR3) �H2iB- �X- h`m#B�MB- *X- p�M >QQ`M- �X- �M/ C�Kb?B/B- SX
UkyR3VX �M 2{+B2Mi K2i?Q/ 7Q` mM+2`i�BMiv T`QT�;�iBQM BM `Q#mbi bQ7ir�`2
T2`7Q`K�M+2 2biBK�iBQMX CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2- Rj3URV,kkkĜ
kj8X

(�H:?�K/B 2i �HX- kyky) �H:?�K/B- >X JX- "2x2K2`- *X@SX- a?�M;- qX- >�b@
b�M- �X 1X- �M/ 6HQ`�- SX UkykyVX hQr�`/b `2/m+BM; i?2 iBK2 M22/2/ 7Q`
HQ�/ i2biBM;X CQm`M�H Q7 aQ7ir�`2, 1pQHmiBQM �M/ S`Q+2bb- Lf.ULf.VX

(�H?�D- kyR9) �H?�D- JX UkyR9VX �miQK�iB+ .2`Bp�iBQM Q7 S2`7Q`K�M+2 JQ/@
2Hb BM i?2 *QMi2ti Q7 JQ/2H@.`Bp2M aP�X S?. i?2bBb- Pii�r� *�`H2iQM
AMbiBimi2 Q7 1H2+i`B+�H �M/ *QKTmi2` 1M;BM22`BM;X

(�HK2B/� 2i �HX- kyy9) �HK2B/�- oX �X 6X- .Qr/v- GX qX- �M/ J2M�b+û- .X �X
Ukyy9VX S2`7Q`K�M+2 #v /2bB;M, +QKTmi2` +�T�+Biv TH�MMBM; #v 2t�KTH2X
S`2MiB+2 >�HHX

(�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky�) �T�+?2 aQ7ir�`2 6QmM/�iBQM Ukyky�VX
�T�+?2 *�bb�M/`�X https://cassandra.apache.org/X G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky#) �T�+?2 aQ7ir�`2 6QmM/�iBQM Ukyky#VX
�T�+?2 E�7F�X https://kafka.apache.org/X G�bi pBbBi2/ QM 62#`m�`v
d- kykRX

https://www.akamai.com/us/en/products/performance/
https://cassandra.apache.org/
https://kafka.apache.org/
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(�T�+?2 aQ7ir�`2 6QmM/�iBQM- kyky+) �T�+?2 aQ7ir�`2 6QmM/�iBQM Ukyky+VX
�T�+?2 aT�`F @ lMB}2/ �M�HviB+b 1M;BM2 7Q` "B; .�i�X https://spark.
apache.org/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(�TB+�- kyRe) �TB+� UkyReVX q2#bBi2 h2biBM;- PTiBKBx�iBQM �M/ JQMBiQ`BM;X
https://www.apicasystem.comX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(�Ti2 2i �HX- kyRd) �Ti2- oX- oBbr�M�i?- hX oX aX- :�r�HB- .X- EQKKB`2//v- �X-
�M/ :mTi�- �X UkyRdVX �miQS2`7, �miQK�i2/ HQ�/ i2biBM; �M/ `2bQm`+2
mb�;2 T`Q}HBM; Q7 KmHiB@iB2` BMi2`M2i �TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2
3i? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b RR8ĜRkeX

(�`+2HHB 2i �HX- kyR8) �`+2HHB- .X- *Q`i2HH2bb�- oX- �M/ h`m#B�MB- *X UkyR8VX
S2`7Q`K�M+2@"�b2/ aQ7ir�`2 JQ/2H _27�+iQ`BM; BM 6mxxv *QMi2tibX AM
S`Q+22/BM;b Q7 i?2 R3i? AMi2`M�iBQM�H *QM72`2M+2 QM 6mM/�K2Mi�H �T@
T`Q�+?2b iQ aQ7ir�`2 1M;BM22`BM; U6�a1V- T�;2b R9NĜRe9X

(�`/�;M� 2i �HX- kyRy) �`/�;M�- .X- h�M2HHB- JX- GQp2`�- JX- �M/ w?�M;- GX
UkyRyVX "H�+F@#Qt T2`7Q`K�M+2 KQ/2Hb 7Q` pB`im�HBx2/ r2# b2`pB+2 �TTHB@
+�iBQMbX AM S`Q+22/BM;b Q7 i?2 kRi? avKTQbBmK QM aQ7ir�`2 S2`7Q`K�M+2
UaPaSV- T�;2b R8jĜRe9X

(�`B7 2i �HX- kyR3) �`B7- JX JX- a?�M;- qX- �M/ a?B?�#- 1X UkyR3VX 1KTB`B+�H
bim/v QM i?2 /Bb+`2T�M+v #2ir22M T2`7Q`K�M+2 i2biBM; `2bmHib 7`QK pB`im�H
�M/ T?vbB+�H 2MpB`QMK2MibX 1KTB`B+�H aQ7ir�`2 1M;BM22`BM;- kjUjV,R9NyĜ
R8R3X

(�`iBHH2`v- kyR9) �`iBHH2`v UkyR9VX �`iBHH2`vX https://artillery.io/X G�bi pBb@
Bi2/ QM 62#`m�`v d- kykRX

(�p`Bix2` 2i �HX- kyR3) �p`Bix2`- �X- 62`K2- oX- C�M2b- �X- _mbbQ- "X- a+?mHx- >X-
�M/ p�M >QQ`M- �X UkyR3VX � Zm�MiBi�iBp2 �TT`Q�+? 7Q` i?2 �bb2bbK2Mi
Q7 JB+`Qb2`pB+2 �`+?Bi2+im`2 .2THQvK2Mi �Hi2`M�iBp2b #v �miQK�i2/ S2`@
7Q`K�M+2 h2biBM;X AM S`Q+22/BM;b Q7 i?2 Ryi? 1m`QT2�M *QM72`2M+2 QM
aQ7ir�`2 �`+?Bi2+im`2 U1*a�V- T�;2b R8NĜRd9X

(�p`Bix2` 2i �HX- kyky) �p`Bix2`- �X- 62`K2- oX- C�M2b- �X- _mbbQ- "X- p�M >QQ`M-
�X- a+?mHx- >X- J2M�b+?û- .X- �M/ _m}MQ- oX ZX UkykyVX a+�H�#BHBiv
�bb2bbK2Mi Q7 JB+`Qb2`pB+2 �`+?Bi2+im`2 .2THQvK2Mi *QM};m`�iBQMb, �
.QK�BM@#�b2/ �TT`Q�+? G2p2`�;BM; PT2`�iBQM�H S`Q}H2b �M/ GQ�/ h2bibX
CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2- Re8URV,RRy8e9ĜReX

https://spark.apache.org/
https://spark.apache.org/
https://www.apicasystem.com
https://artillery.io/
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(�p`Bix2` 2i �HX- kyRN) �p`Bix2`- �X- J2M�b+?û- .X aX- _m}MQ- oX ZX- _mbbQ- "X-
C�M2b- �X- 62`K2- oX- p�M >QQ`M- �X- �M/ a+?mHx- >X UkyRNVX SSh�J @
S`Q/m+iBQM �M/ S2`7Q`K�M+2 h2biBM; "�b2/ �TTHB+�iBQM JQMBiQ`BM;X AM
S`Q+22/BM;b Q7 i?2 Ryi? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`@
K�M+2 1M;BM22`BM; *QKT�MBQM UA*S1 *QKT�MBQMV- T�;2b jNĜ9yX

("�+?B2;� 2i �HX- kyR3) "�+?B2;�- LX :X- aQmx�- SX aX GX- "`mb+?B- aX JX- �M/
/2 aQmx�- aX /X _X aX UkyR3VX *QMi�BM2`@"�b2/ S2`7Q`K�M+2 1p�Hm�iBQM,
� am`p2v �M/ *?�HH2M;2bX AM S`Q+22/BM;b Q7 i?2 kyR3 A111 AMi2`M�iBQM�H
*QM72`2M+2 QM *HQm/ 1M;BM22`BM; UA*k1V- T�;2b jN3Ĝ9yjX

("�Hb�KQ 2i �HX- kyy9) "�Hb�KQ- aX- aBK2QMB- JX- AMp2`�`/B- SX- �M/ .B J�`+Q-
�X Ukyy9VX JQ/2H@#�b2/ T2`7Q`K�M+2 T`2/B+iBQM BM bQ7ir�`2 /2p2HQTK2Mi,
� bm`p2vX A111 h`�Mb�+iBQMb QM aQ7ir�`2 1M;BM22`BM;- jyU8V,kN8ĜjRyX

("�`BF 2i �HX- kyRe) "�`BF- _X EX- G2MF�- _X EX- _�Q- EX _X- �M/ :?Qb2- .X
UkyReVX S2`7Q`K�M+2 �M�HvbBb Q7 pB`im�H K�+?BM2b �M/ +QMi�BM2`b BM +HQm/
+QKTmiBM;X AM S`Q+22/BM;b Q7 i?2 kM/ AMi2`M�iBQM�H *QM72`2M+2 QM *QK@
TmiBM;- *QKKmMB+�iBQM �M/ �miQK�iBQM UA***�V- T�;2b Rky9ĜRkRyX

("�`M� 2i �HX- kyRR) "�`M�- *X- GBiQBm- JX- �M/ :?�M#�`B- >X UkyRRVX �miQ@
MQKB+ HQ�/@i2biBM; 7`�K2rQ`FX AM S`Q+22/BM;b Q7 i?2 3i? �*J AMi2`M�@
iBQM�H *QM72`2M+2 QM �miQMQKB+ *QKTmiBM; UA*�*V- T�;2b NRĜRyyX

("2M@�`B �M/ ai2BM#2`;- kyyd) "2M@�`B- 1X LX �M/ ai2BM#2`;- .X JX UkyydVX
JQ/2HBM; .�i� 7`QK *QKTmi2` 1tT2`BK2Mib, �M 1KTB`B+�H *QKT�`BbQM
Q7 E`B;BM; rBi? J�_a �M/ S`QD2+iBQM Sm`bmBi _2;`2bbBQMX Zm�HBiv 1M;B@
M22`BM;- RNU9V,jkdĜjj3X

("2M+?1t2+- kyR8) "2M+?1t2+ UkyR8VX "2M+?1t2+, � 6`�K2rQ`F 7Q` _2HB@
�#H2 "2M+?K�`FBM; �M/ _2bQm`+2 J2�bm`2K2MiX https://github.com/
sosy-lab/benchexecX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

("2`M�`/BMQ 2i �HX- kyRe) "2`M�`/BMQ- JX- _Q/`B;m2b- 1X JX- �M/ wQ`xQ- �X 6X
UkyReVX S2`7Q`K�M+2 i2biBM; KQ/2HBM;X AM S`Q+22/BM;b Q7 i?2 jRbi �*J
avKTQbBmK QM �TTHB2/ *QKTmiBM; Ua�*V- T�;2b ReeyĜRee8X

("2`M�`/BMQ 2i �HX- kyR9) "2`M�`/BMQ- JX- wQ`xQ- �X 6X- �M/ _Q/`B;m2b- 1X JX
UkyR9VX *�MQTmb, � .QK�BM@aT2+B}+ G�M;m�;2 7Q` JQ/2HBM; S2`7Q`K�M+2
h2biBM;X AM S`Q+22/BM;b Q7 i?2 Ni? A�_A� AMi2`M�iBQM�H *QM72`2M+2 QM
aQ7ir�`2 1M;BM22`BM; �/p�M+2b UA*a1�V- T�;2b R8dĜRedX

https://github.com/sosy-lab/benchexec
https://github.com/sosy-lab/benchexec
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("2v2` 2i �HX- kyRe) "2v2`- "X- CQM2b- *X- S2iQz- CX- �M/ Jm`T?v- LX _X UkyReVX
aBi2 _2HB�#BHBiv 1M;BM22`BM;, >Qr :QQ;H2 _mMb S`Q/m+iBQM avbi2KbX
PǶ_2BHHv J2/B�- AM+X- Rbi 2/BiBQMX

("2x2K2` 2i �HX- kyRN) "2x2K2`- *X@SX- 1BbK�MM- aX- 62`K2- oX- :`Q?K�MM- CX-
>2BM`B+?- _X- C�Kb?B/B- SX- a?�M;- qX- p�M >QQ`M- �X- oBHH�pB+2M+BQ- JX-
q�Hi2`- CX- �M/ qBHHM2+F2`- 6X UkyRNVX >Qr Bb S2`7Q`K�M+2 �//`2bb2/ BM
.2pPTb\ AM S`Q+22/BM;b Q7 i?2 Ryi? �*JfaS1* AMi2`M�iBQM�H *QM72`@
2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b 98Ĝ8yX

("B�M+mHHB 2i �HX- kyRy�) "B�M+mHHB- .X- "BM/2`- qX- �M/ .`�;Q- JX GX UkyRy�VX
�miQK�i2/ T2`7Q`K�M+2 �bb2bbK2Mi 7Q` b2`pB+2@Q`B2Mi2/ KB//H2r�`2, �
+�b2 bim/v QM "S1G 2M;BM2bX AM S`Q+22/BM;b Q7 i?2 RNi? �*J AMi2`M�@
iBQM�H *QM72`2M+2 QM qQ`H/ qB/2 q2# UqqqV- T�;2b R9RĜR8yX

("B�M+mHHB 2i �HX- kyRy#) "B�M+mHHB- .X- "BM/2`- qX- �M/ .`�;Q- JX GX UkyRy#VX
aP�"2M+? @ T2`7Q`K�M+2 2p�Hm�iBQM Q7 b2`pB+2@Q`B2Mi2/ KB//H2r�`2 K�/2
2�bvX AM S`Q+22/BM;b Q7 i?2 jkM/ A111 AMi2`M�iBQM�H *QM72`2M+2 QM aQ7i@
r�`2 1M;BM22`BM; UA*a1V- T�;2b jyRĜjykX

("Bbr�b 2i �HX- kyRR) "Bbr�b- aX- J�HH- _X- a�iT�i?v- JX- �M/ amFmK�`�M- aX
UkyRRVX _2;`2bbBQM h2bi a2H2+iBQM h2+?MB[m2b @ � am`p2vX AM7Q`K�iB+�-
j8UjV,k3NĜjkkX

("H�+F#m`M 2i �HX- kyye) "H�+F#m`M- aX JX- :�`M2`- _X- >QzK�MM- *X- E?�M-
�X JX- J+EBMH2v- EX aX- "2Mixm`- _X- .Br�M- �X- 62BM#2`;- .X- 6`�KTiQM-
.X- :mv2`- aX wX- >B`x2H- JX- >QbFBM;- �X GX- CmKT- JX- G22- >X "X- JQbb-
CX 1X "X- S?�Mb�HF�`- �X- ai27�MQpB+- .X- o�M.`mM2M- hX- pQM .BM+FH�;2-
.X- �M/ qB2/2`K�MM- "X UkyyeVX h?2 .�*�TQ #2M+?K�`Fb @ D�p� #2M+?@
K�`FBM; /2p2HQTK2Mi �M/ �M�HvbBbX AM S`Q+22/BM;b Q7 i?2 kRbi �MMm�H
�*J aA:SG�L +QM72`2M+2 QM P#D2+i@Q`B2Mi2/ T`Q;`�KKBM; bvbi2Kb- H�M@
;m�;2b- �M/ �TTHB+�iBQMb UPPSaG�V- T�;2b ReNĜRNyX

("H�+F}`2- kyR9) "H�+F}`2 UkyR9VX "H�+F}`2X https://blackfire.ioX G�bi pBb@
Bi2/ QM 62#`m�`v d- kykRX

("H�x2K2i2`- kyR9) "H�x2K2i2` UkyR9VX h�m`mb, �miQK�iBQM@7`B2M/Hv 7`�K2@
rQ`F 7Q` *QMiBMmQmb h2biBM;X https://gettaurus.org/X G�bi pBbBi2/ QM
62#`m�`v d- kykRX

("H�x2K2i2`- kyRe) "H�x2K2i2` UkyReVX "H�x2J2i2`X https://www.blazemeter.
comX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

https://blackfire.io
https://gettaurus.org/
https://www.blazemeter.com
https://www.blazemeter.com
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("HQ?K 2i �HX- kyRe) "HQ?K- JX- oQ;2H- aX- S�?H#2`;- JX- �M/q�Hi2`- CX UkyReVX
EB2F2`9.ZG, .2+H�`�iBp2 S2`7Q`K�M+2 J2�bm`2K2MiX AM S`Q+22/BM;b Q7
i?2 kdi? avKTQbBmK QM aQ7ir�`2 S2`7Q`K�M+2 UaPaSV- T�;2b RĜjX

("QM/B- kyR9) "QM/B- �X "X UkyR9VX 6QmM/�iBQMb Q7 aQ7ir�`2 �M/ avbi2K S2`@
7Q`K�M+2 1M;BM22`BM;, S`Q+2bb- S2`7Q`K�M+2 JQ/2HBM;- _2[mB`2K2Mib-
h2biBM;- a+�H�#BHBiv- �M/ S`�+iB+2X �//BbQM@q2bH2v S`Q72bbBQM�HX

("Qb+?- kyR9) "Qb+?- CX UkyR9VX *QMiBMmQmb aQ7ir�`2 1M;BM22`BM;X aT`BM;2`X

("Qm/2+- kyRR) "Qm/2+- CX@uX GX UkyRRVX S2`7Q`K�M+2 1p�Hm�iBQM Q7 *QKTmi2`
�M/ *QKKmMB+�iBQM avbi2KbX 16SG S`2bbX

("`�/ E2KT- kyyR) "`�/ E2KT UkyyRVX S1h a+�MM2` S2`7Q`K�M+2, Zm�H@
Biv �bbm`�M+2 �M/ �++2Ti�M+2 h2biBM;X https://www.aapm.org/meetings/
05AM/pdf/18-2633-72827-103.pdfX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

("`2#M2`- kyRe) "`2#M2`- SX UkyReVX �miQK�iB+ S2`7Q`K�M+2 JQ/2HHBM; 7`QK
�TTHB+�iBQM S2`7Q`K�M+2 J�M�;2K2Mi U�SJV .�i� @ �M 1tT2`B2M+2 _2@
TQ`iX AM S`Q+22/BM;b Q7 i?2 ei? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM
S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b 88ĜeRX

("`2#M2` 2i �HX- kyy8) "`2#M2`- SX- *2++?2i- 1X- J�`;m2`Bi2- CX- hɩK�- SX-
*Bm?�M/m- PX- .m7Qm`- "X- 12+F?Qmi- GX- 6`ûMQi- aX- E`Bb?M�- �X aX-
Jm`T?v- CX- �M/ o2`#`m;;2- *X Ukyy8VX JB//H2r�`2 #2M+?K�`FBM;, �T@
T`Q�+?2b- `2bmHib- 2tT2`B2M+2bX *QM+m``2M+v �M/ *QKTmi�iBQM, S`�+iB+2
�M/ 1tT2`B2M+2- RdUR8V,RdNNĜR3y8X

("`QrM �M/ >2HH2`bi2BM- kyy9) "`QrM- �X "X �M/ >2HH2`bi2BM- CX GX Ukyy9VX �M
�TT`Q�+? iQ #2M+?K�`FBM; +QM};m`�iBQM +QKTH2tBivX AM S`Q+22/BM;b Q7
i?2 RRi? �*J aA:PSa 1m`QT2�M qQ`Fb?QT U1qV- T�;2b RĜ8X

("`m2H 2i �HX- kyRN) "`m2H- CX@JX- J�xx�`�- JX- �M/ J2v2`- "X- 2/BiQ`b UkyRNVX
.2pPTb _QmM/@h`BT 1M;BM22`BM;, h`�+2�#BHBiv 7`QK .2p iQ PTb �M/ "�+F
�;�BMX

("`mMM2`i �M/ E`+K�`- kyRd) "`mMM2`i- �X �M/ E`+K�`- >X UkyRdVX *QMiBMm@
Qmb T2`7Q`K�M+2 2p�Hm�iBQM �M/ +�T�+Biv TH�MMBM; mbBM; `2bQm`+2 T`Q}H2b
7Q` 2Mi2`T`Bb2 �TTHB+�iBQMbX CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2- RkjURV,kjNĜ
kekX

https://www.aapm.org/meetings/05AM/pdf/18-2633-72827-103.pdf
https://www.aapm.org/meetings/05AM/pdf/18-2633-72827-103.pdf
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("`mMM2`i 2i �HX- kyR8) "`mMM2`i- �X- p�M >QQ`M- �X- qBHHM2+F2`- 6X- .�M+Bm-
�X- >�bb2H#`BM;- qX- >2;2`- *X- >2`#bi- LX _X- C�Kb?B/B- SX- CmM;- _X- pQM
EBbiQrbFB- CX- EQxBQH2F- �X- E`QĽ- CX- aTBMM2`- aX- oƺ;2H2- *X- q�Hi2`- CX-
�M/ q2`i- �X UkyR8VX S2`7Q`K�M+2@Q`B2Mi2/ .2pPTb, � _2b2�`+? �;2M/�X
h2+?MB+�H `2TQ`i- aS1* _2b2�`+? :`QmT @ .2pPTb S2`7Q`K�M+2 qQ`FBM;
:`QmTX

("mH2D- kyRe) "mH2D- GX UkyReVX S2`7Q`K�M+2 h2biBM; BM aQ7ir�`2 .2p2HQTK2Mi
@ :2iiBM; i?2 .2p2HQT2`b QM "Q�`/X AM S`Q+22/BM;b Q7 i?2 Ni? �*JfaS1*
AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; *QKT�MBQM UA*S1
*QKT�MBQMV- T�;2b NĜNX

("mH2D 2i �HX- kyR9) "mH2D- GX- "m`2b- hX- >Q`Fɷ- oX- EQi`Í- CX- J�`2F- GX- �M/
h`QD�M2F- hX UkyR9VX aSG, lMBi h2biBM; S2`7Q`K�M+2X h2+?MB+�H `2TQ`i-
*?�`H2b lMBp2`bBivX

("mH2D 2i �HX- kyy8) "mH2D- GX- E�HB#2`�- hX- �M/ hɩK�- SX Ukyy8VX _2T2�i2/
`2bmHib �M�HvbBb 7Q` KB//H2r�`2 `2;`2bbBQM #2M+?K�`FBM;X S2`7Q`K�M+2
1p�Hm�iBQM- eyUR@9V,j98Ĝj83X

("m`iQM 2i �HX- RNNy) "m`iQM- aX CX- am/r22Fb- _X _X- J2``BHH- SX 6X- �M/ qQQ/-
"X URNNyVX >Qr iQ T`2T�`2 #2ii2` KmHiBTH2@+?QB+2 i2bi Bi2Kb, :mB/2HBM2b 7Q`
mMBp2`bBiv 7�+mHivX S?. i?2bBb- "`B;?�K uQmM; lMBp2`bBivX .2T�`iK2Mi Q7
AMbi`m+iBQM�H a+B2M+2X

(*�M7Q`� �M/ .B S2Mi�- kyyN) *�M7Q`�- :X �M/ .B S2Mi�- JX UkyyNVX a2`pB+2@
P`B2Mi2/ �`+?Bi2+im`2b h2biBM;, � am`p2vX AM .2 Gm+B�- �X �M/ 62``m++B-
6X- 2/BiQ`b- aQ7ir�`2 1M;BM22`BM;, AMi2`M�iBQM�H amKK2` a+?QQHb QM aQ7i@
r�`2 1M;BM22`BM;- T�;2b d3ĜRy8X aT`BM;2`X

(*�b�H2- kyRe) *�b�H2- :X UkyReVX S2`7Q`K�M+2 �r�`2 .2pPTbX http://www.
hit.bme.hu/~buttyan/atnc/20160122_Casale_Devops.pdfX G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(*2`7Q;HBQ- kyRe) *2`7Q;HBQ- :X UkyReVX h?2 "2M+?6HQr 7`�K2rQ`F 7Q` ~2tB#H2
T2`7Q`K�M+2 /�i� +QHH2+iBQM �M/ �M�HvbBbX J�bi2`Ƕb i?2bBb- lMBp2`bBi¨ /2HH�
apBxx2`� Bi�HB�M�X

(*?2M 2i �HX- kyRd) *?2M- hX- av2`- JX .X- a?�M;- qX- CB�M;- wX JX- >�bb�M-
�X 1X- L�bb2`- JX- �M/ 6HQ`�- SX UkyRdVX �M�HviB+b@.`Bp2M GQ�/ h2biBM;,
�M AM/mbi`B�H 1tT2`B2M+2 _2TQ`i QM GQ�/ h2biBM; Q7 G�`;2@a+�H2 avb@
i2KbX AM S`Q+22/BM;b Q7 i?2 jNi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2

http://www.hit.bme.hu/~buttyan/atnc/20160122_Casale_Devops.pdf
http://www.hit.bme.hu/~buttyan/atnc/20160122_Casale_Devops.pdf
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1M;BM22`BM;, aQ7ir�`2 1M;BM22`BM; BM S`�+iB+2 h`�+F UA*a1 a1ASV- T�;2b
k9jĜk8kX

(*??2i`B 2i �HX- kyRe) *??2i`B- JX "X- *?B+?BM- aX- oQ- ZX "X- �M/ EQr�H+xvF-
_X UkyReVX aK�`i *HQm/"2M+? @ � 7`�K2rQ`F 7Q` 2p�Hm�iBM; +HQm/ BM7`�b@
i`m+im`2 T2`7Q`K�M+2X AM7Q`K�iBQM avbi2Kb 6`QMiB2`b- R3UjXV,9RjĜ9k3X

(*BiQ 2i �HX- kyRe) *BiQ- CX- 62`K2- oX- �M/ :�HH- >X *X UkyReVX lbBM; .Q+F2`
*QMi�BM2`b iQ AKT`Qp2 _2T`Q/m+B#BHBiv BM aQ7ir�`2 �M/ q2# 1M;BM22`BM;
_2b2�`+?X AM S`Q+22/BM;b Q7 i?2 Rei? AMi2`M�iBQM�H *QM72`2M+2 QM q2#
1M;BM22`BM; UA*q1V- T�;2b eyNĜeRkX

(*H2KbQM- hQ#v- kyR9) *H2KbQM- hQ#v UkyR9VX h2biBM; ai`�i2;B2b BM � JB+`Qb2`@
pB+2 �`+?Bi2+im`2X h2+?MB+�H `2TQ`i- h?Qm;?iqQ`FbX

(*Q/2a?BT- kyRe) *Q/2a?BT UkyReVX *QMiBMmQmb AMi2;`�iBQM 1bb2MiB�HbX https:
//codeship.com/continuous-integration-essentialsX G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(*Q`i2HH2bb� 2i �HX- kyRR) *Q`i2HH2bb�- oX- .B J�`+Q- �X- �M/ AMp2`�`/B- SX
UkyRRVX JQ/2H@"�b2/ aQ7ir�`2 S2`7Q`K�M+2 �M�HvbBbX aT`BM;2`X

(*Qbi� 2i �HX- kyky) *Qbi�- oX- :B`�`/QM- :X- "2`M�`/BMQ- JX- J�+?�/Q- _X-
G2;`�K�Mi2- :X- L2iQ- �X- "�bbQ- 6X SX- �M/ /2 J�+2/Q _Q/`B;m2b- 1X
UkykyVX h�tQMQKv Q7 S2`7Q`K�M+2 h2biBM; hQQHb, � avbi2K�iB+ GBi2`�im`2
_2pB2rX AM S`Q+22/BM;b Q7 i?2 j8i? �MMm�H �*J avKTQbBmK QM �TTHB2/
*QKTmiBM; Ua�*V- T�;2b RNNdĜkyy9X

(*`QHQii2- kyyN) *`QHQii2- �X UkyyNVX Abbm2b BM "2M+?K�`F J2i`B+ a2H2+iBQMX AM
S`Q+22/BM;b Q7 i?2 Rbi h2+?MQHQ;v *QM72`2M+2 QM S2`7Q`K�M+2 1p�Hm�iBQM
�M/ "2M+?K�`FBM; UhS*h*V- T�;2b R9eĜR8kX

(*mM?� 2i �HX- kyRj) *mM?�- JX- J2M/QMÏ�- LX *X- �M/ a�KT�BQ- �X UkyRjVX �
.2+H�`�iBp2 1MpB`QMK2Mi 7Q` �miQK�iB+ S2`7Q`K�M+2 1p�Hm�iBQM BM A��a
*HQm/bX AM S`Q+22/BM;b Q7 i?2 ei? A111 AMi2`M�iBQM�H *QM72`2M+2 QM *HQm/
*QKTmiBM; U*GPl.V- T�;2b k38ĜkNkX

(*mbiQK2`*2Mi`Bt GG*- kyky) *mbiQK2`*2Mi`Bt GG* UkykyVX GQ�/aiQ`K @
*HQm/ GQ�/ h2biBM; hQQHX https://loadstorm.com/X G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

https://codeship.com/continuous-integration-essentials
https://codeship.com/continuous-integration-essentials
https://loadstorm.com/
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(.Ƕ�K#`Q;BQ 2i �HX- kyyR) .Ƕ�K#`Q;BQ- �X- A�x2QHH�- :X- �M/ *Q`i2HH2bb�- oX
UkyyRVX �miQK�iB+ /2`Bp�iBQM Q7 bQ7ir�`2 T2`7Q`K�M+2 KQ/2Hb 7`QK *�a1
/Q+mK2MibX S2`7Q`K�M+2 1p�Hm�iBQM- 98Uk@jV,3RĜRy8X

(.Ƕ�pB+Q- kyRe) .Ƕ�pB+Q- aX UkyReVX h?2 "2M+?6HQr 7`�K2rQ`F 7Q` �miQK�i2/
T2`7Q`K�M+2 2tT2`BK2Mib 2t2+miBQM QM ?2i2`Q;2M2Qmb KB//H2r�`2 bvbi2KbX
J�bi2`Ƕb i?2bBb- lMBp2`bBi¨ /2HH� apBxx2`� Bi�HB�M�X

(.B �H2bBQ 2i �HX- kyRj) .B �H2bBQ- aX- L2D�iB- aX- :QiHB2#- �X- �M/ "`B�M/- GX
UkyRjVX ai`2bb i2biBM; Q7 i�bF /2�/HBM2b @ � +QMbi`�BMi T`Q;`�KKBM; �T@
T`Q�+?X AM S`Q+22/BM;b Q7 i?2 k9i? A111 AMi2`M�iBQM�H avKTQbBmK QM
aQ7ir�`2 _2HB�#BHBiv 1M;BM22`BM; UAaa_1V- T�;2b R83ĜRedX

(.BM;- kyRN) .BM;- wX UkyRNVX hQr�`/b i?2 lb2 Q7 i?2 _2�/BHv �p�BH�#H2 h2bib
7`QK i?2 _2H2�b2 SBT2HBM2 �b S2`7Q`K�M+2 h2bibX �`2 q2 h?2`2 u2i\ J�b@
i2`Ƕb i?2bBb- *QM+Q`/B� lMBp2`bBivX

(.Hm;B 2i �HX- kyR8) .Hm;B- JX- "`mMM2`i- �X- �M/ E`+K�`- >X UkyR8VX JQ/2H@
#�b2/ T2`7Q`K�M+2 2p�Hm�iBQMb BM +QMiBMmQmb /2HBp2`v TBT2HBM2bX AM S`Q@
+22/BM;b Q7 i?2 Rbi �*J AMi2`M�iBQM�H qQ`Fb?QT QM Zm�HBiv@�r�`2 .2pQTb
UZl.PaV- T�;2b k8ĜkeX

(.Q+F2` AM+X- kyRj) .Q+F2` AM+X UkyRjVX .Q+F2`X https://www.docker.comX G�bi
pBbBi2/ QM 62#`m�`v d- kykRX

(.Q+F2` AM+X- kyR8) .Q+F2` AM+X UkyR8VX .Q+F2` *QKTQb2X https://docs.
docker.com/compose/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(.`B2bb2M- kyRy) .`B2bb2M- oX UkyRyVX � bm++2bb7mH :Bi #`�M+?BM; KQ/2HX https:
//nvie.com/posts/a-successful-git-branching-model/X G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(.mp�HH 2i �HX- kyyd) .mp�HH- SX- J�iv�b- aX JX- �M/ :HQp2`- �X UkyydVX *QM@
iBMmQmb AMi2;`�iBQM, AKT`QpBM; aQ7ir�`2 Zm�HBiv �M/ _2/m+BM; _BbFX
�//BbQM@q2bH2v aB;M�im`2 a2`B2bX �//BbQM@q2bH2vX

(.vM�KB+b- kyR9) .vM�KB+b- :X UkyR9VX C�;;2`X https://griddynamics.
github.io/jagger/doc/index.htmlX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(.vM�i`�+2- kyRe) .vM�i`�+2 UkyReVX .vM�i`�+2Ƕb GQ�/X https://www.
dynatrace.com/capabilities/load-testing/X G�bi pBbBi2/ QM 62#`m�`v
d- kykRX

https://www.docker.com
https://docs.docker.com/compose/
https://docs.docker.com/compose/
https://nvie.com/posts/a-successful-git-branching-model/
https://nvie.com/posts/a-successful-git-branching-model/
https://griddynamics.github.io/jagger/doc/index.html
https://griddynamics.github.io/jagger/doc/index.html
https://www.dynatrace.com/capabilities/load-testing/
https://www.dynatrace.com/capabilities/load-testing/
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(.vM�i`�+2- kyRN) .vM�i`�+2 UkyRNVX E2TiMX https://keptn.sh/X G�bi pBbBi2/
QM 62#`m�`v d- kykRX

(1/2M- kyRR) 1/2M- JX UkyRRVX � am`p2v Q7 S2`7Q`K�M+2 JQ/2HBM; �M/ �M�H@
vbBbX AM S`Q+22/BM;b Q7 i?2 Rbi �*J AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`@
K�M+2 1M;BM22`BM; UqPaSfaAS1qV- T�;2b R8jĜRejX

(1BbK�MM 2i �HX- kyky) 1BbK�MM- aX- "2x2K2`- *X@SX- a?�M;- qX- PF�MQpBÉ- .X-
�M/ p�M >QQ`M- �X UkykyVX JB+`Qb2`pB+2b, � S2`7Q`K�M+2 h2bi2`Ƕb .`2�K
Q` LB;?iK�`2\ AM S`Q+22/BM;b Q7 i?2 RRi? �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b Rj3ĜR9NX

(1H�bh2bi- kyRe) 1H�bh2bi UkyReVX 1H�bh2bi, �M 2H�biB+ TH�i7Q`K iQ 2�b2 2M/ iQ
2M/ i2biBM;X https://elastest.eu/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(1H#�mK 2i �HX- kyR9) 1H#�mK- aX :X- _Qi?2`K2H- :X- �M/ S2MBt- CX UkyR9VX
h2+?MB[m2b 7Q` BKT`QpBM; `2;`2bbBQM i2biBM; BM +QMiBMmQmb BMi2;`�iBQM /2@
p2HQTK2Mi 2MpB`QMK2MibX AM S`Q+22/BM;b Q7 i?2 kkM/ �*J aA:aP6h
AMi2`M�iBQM�H avKTQbBmK QM 6QmM/�iBQMb Q7 aQ7ir�`2 1M;BM22`BM; U6a1V-
T�;2b kj8Ĝk98X

(1`B+? 2i �HX- kyRd) 1`B+?- 6X- �K`Bi- *X- �M/ .�M2p�- JX UkyRdVX � [m�HBi�iBp2
bim/v Q7 .2pPTb mb�;2 BM T`�+iB+2X CQm`M�H Q7 aQ7ir�`2, 1pQHmiBQM �M/
S`Q+2bb- kNUeV,RĜkyX

(1p�Mb- kyyR) 1p�Mb- *X *X UkyyRVX u�JGX http://www.yaml.orgX G�bi pBbBi2/
QM 62#`m�`v d- kykRX

(6�#�M- kyyy) 6�#�M UkyyyVX 6�#�MX http://faban.orgX G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

(6�`+B+- kyRe) 6�`+B+- oX UkyReVX h?2 .2pPTb kXy hQQHFBiX S�+Fi Sm#HBb?BM;X

(62`K2 2i �HX- kyR8) 62`K2- oX- Ap�M+?BFD- �X- �M/ S�mi�bbQ- *X UkyR8VX �
6`�K2rQ`F 7Q` "2M+?K�`FBM; "SJL kXy qQ`F~Qr J�M�;2K2Mi avb@
i2KbX AM S`Q+22/BM;b Q7 i?2 Rji? "mbBM2bb S`Q+2bb J�M�;2K2Mi *QM@
72`2M+2 U"SJV- T�;2b k8RĜk8NX

(62`K2 2i �HX- kyRe�) 62`K2- oX- Ap�M+?BFD- �X- �M/ S�mi�bbQ- *X UkyRe�VX 1b@
iBK�iBM; i?2 *Qbi 7Q` 1t2+miBM; "mbBM2bb S`Q+2bb2b BM i?2 *HQm/X AM S`Q@
+22/BM;b Q7 i?2 R9i? "mbBM2bb S`Q+2bb J�M�;2K2Mi *QM72`2M+2 U"SJV-
T�;2b dkĜ33X

https://keptn.sh/
https://elastest.eu/
http://www.yaml.org
http://faban.org
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(62`K2 2i �HX- kyRe#) 62`K2- oX- Ap�M+?BFD- �X- S�mi�bbQ- *X- aFQm`�/�FB-
JX- �M/ G2vK�MM- 6X UkyRe#VX � *QMi�BM2`@+2Mi`B+ J2i?Q/QHQ;v 7Q`
"2M+?K�`FBM; qQ`F~Qr J�M�;2K2Mi avbi2KbX AM S`Q+22/BM;b Q7 i?2
ei? AMi2`M�iBQM�H *QM72`2M+2 QM *HQm/ *QKTmiBM; �M/ a2`pB+2b a+B2M+2
U*GPa1_V- T�;2b d9Ĝ39X

(62`K2 2i �HX- kyRN) 62`K2- oX- Ap�M+?BFD- �X- S�mi�bbQ- *X- aFQm`�/�FB- JX-
�M/ G2vK�MM- 6X UkyRNVX Ah@*2Mi`B+ S`Q+2bb �miQK�iBQM, aim/v �#Qmi
i?2 S2`7Q`K�M+2 Q7 "SJL kXy 1M;BM2bX AM GɃ#F2- .X �M/ S�mi�bbQ- *X-
2/BiQ`b- 1KTB`B+�H aim/B2b QM i?2 .2p2HQTK2Mi Q7 1t2+mi�#H2 "mbBM2bb
S`Q+2bb2b- T�;2b RedĜRNdX aT`BM;2`X

(62`K2 2i �HX- kyRd�) 62`K2- oX- G2M?�`/- CX- >�``2`- aX- :2B;2`- JX- �M/ S�m@
i�bbQ- *X UkyRd�VX qQ`F~Qr K�M�;2K2Mi bvbi2Kb #2M+?K�`FBM; @ mM7mH@
}HH2/ 2tT2+i�iBQMb �M/ H2bbQMb H2�`M2/X AM S`Q+22/BM;b Q7 i?2 j3i? A111 AM@
i2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 1M;BM22`BM; *QKT�MBQM UA*a1 *QK@
T�MBQMV- T�;2b jdNĜj3RX

(62`K2 �M/ S�mi�bbQ- kyRe) 62`K2- oX �M/ S�mi�bbQ- *X UkyReVX AMi2;`�iBM;
6�#�M rBi? .Q+F2` 7Q` S2`7Q`K�M+2 "2M+?K�`FBM;X AM S`Q+22/BM;b Q7 i?2
ei? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b RkNĜRjyX

(62`K2 �M/ S�mi�bbQ- kyRd) 62`K2- oX �M/ S�mi�bbQ- *X UkyRdVX hQr�`/b
>QHBbiB+ *QMiBMmQmb aQ7ir�`2 S2`7Q`K�M+2 �bb2bbK2MiX AM S`Q+22/BM;b
Q7 i?2 Ni? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;B@
M22`BM; *QKT�MBQM UA*S1 *QKT�MBQMV- T�;2b R8NĜRe9X

(62`K2 �M/ S�mi�bbQ- kyR3) 62`K2- oX �M/ S�mi�bbQ- *X UkyR3VX � .2+H�`�@
iBp2 �TT`Q�+? 7Q` S2`7Q`K�M+2 h2bib 1t2+miBQM BM *QMiBMmQmb aQ7ir�`2
.2p2HQTK2Mi 1MpB`QMK2MibX AM S`Q+22/BM;b Q7 i?2 Ni? �*JfaS1* AMi2`@
M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b keRĜkdkX

(62`K2 2i �HX- kyRd#) 62`K2- oX- aFQm`�/�FB- JX- Ap�M+?BFD- �X- S�mi�bbQ- *X-
�M/ G2vK�MM- 6X UkyRd#VX S2`7Q`K�M+2 *QKT�`BbQM "2ir22M "SJL kXy
qQ`F~Qr J�M�;2K2Mi avbi2Kb o2`bBQMbX AM S`Q+22/BM;b Q7 i?2 R3i? 1M@
i2`T`Bb2- "mbBM2bb@S`Q+2bb �M/ AM7Q`K�iBQM avbi2Kb JQ/2HBM; U"SJ.aV-
T�;2b RĜR8X

(6BM/�?H- kyRd) 6BM/�?H- CX UkyRdVX �miQK�iBM; ;Q�H@/`Bp2M T2`7Q`K�M+2 i2bib
BM "2M+?6HQrX J�bi2`Ƕb i?2bBb- lMBp2`bBi¨ /2HH� apBxx2`� Bi�HB�M�X
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(6Bix;2`�H/ �M/ aiQH- kyRd) 6Bix;2`�H/- "X �M/ aiQH- EX@CX UkyRdVX *QMiBMmQmb
bQ7ir�`2 2M;BM22`BM;, � `Q�/K�T �M/ �;2M/�X CQm`M�H Q7 avbi2Kb �M/
aQ7ir�`2- RkjURV,RdeĜR3NX

(6Q`b;`2M 2i �HX- kyR3) 6Q`b;`2M- LX- >mK#H2- CX- �M/ EBK- :X UkyR3VX �++2H2`@
�i2, h?2 a+B2M+2 Q7 G2�M aQ7ir�`2 �M/ .2pPTb "mBH/BM; �M/ a+�HBM; >B;?
S2`7Q`KBM; h2+?MQHQ;v P`;�MBx�iBQMbX Ah _2pQHmiBQM S`2bb- Rbi 2/BiBQMX

(6QrH2`- kyRy) 6QrH2`- JX UkyRyVX .QK�BM@aT2+B}+ G�M;m�;2bX S2�`bQM 1/m@
+�iBQMX

(6`�MF- kyRj) 6`�MF- lX UkyRjVX .QK�BM@aT2+B}+ JQ/2HBM; G�M;m�;2b @ _2@
[mB`2K2Mib �M�HvbBb �M/ .2bB;M :mB/2HBM2bX AM .QK�BM 1M;BM22`BM;-
T�;2b RjjĜR8dX aT`BM;2`X

(6`2/`B+?- hQ//- kyRk) 6`2/`B+?- hQ// UkyRkVX _1ah �SA hmiQ`B�H @
_2bQm`+2 L�KBM;X http://www.restapitutorial.com/lessons/
restfulresourcenaming.htmlX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(:�K#B 2i �HX- kyRe) :�K#B- �X- S2xxĕ- JX- �M/ hQz2iiB- :X UkyReVX E`B;BM;@
"�b2/ a2H7@�/�TiBp2 *HQm/ *QMi`QHH2`bX A111 h`�Mb�+iBQMb QM a2`pB+2b
*QKTmiBM;- NUjV,je3Ĝj3RX

(:�iHBM;- kyRR) :�iHBM; UkyRRVX :�iHBM;X http://gatling.ioX G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(:�xxQH� 2i �HX- kyky) :�xxQH�- GX- :QH/bi2BM- JX- J�`B�MB- GX- a2;�HH- AX- �M/
lbbB- GX UkykyVX �miQK�iB+ 1t@oBpQ _2;`2bbBQM h2biBM; Q7 JB+`Qb2`pB+2bX
AM S`Q+22/BM;b Q7 i?2 Rbi AMi2`M�iBQM�H *QM72`2M+2 QM �miQK�iBQM Q7 aQ7i@
r�`2 h2bi U�ahV- T�;2b RRĜkyX

(:2B;2` 2i �HX- kyR9) :2B;2`- *X- S`xvi�`bFB- .X- �M/ h?mHHM2`- aX UkyR9VX S2`7Q`@
K�M+2 i2biBM; BM +QMiBMmQmb BMi2;`�iBQM 2MpB`QMK2MibX h2+?MB+�H `2TQ`i-
lMBp2`bBiv Q7 aimii;�`iX

(:2`Qbi�i?QTQmHQb 2i �HX- kyRe) :2`Qbi�i?QTQmHQb- AX- "m`2b- hX- a+?KB/- aX-
>Q`Fɷ- oX- S`2?Q72`- *X- �M/ hɩK�- SX UkyReVX hQr�`/b avbi2K�iB+ GBp2
1tT2`BK2Mi�iBQM BM aQ7ir�`2@AMi2MbBp2 avbi2Kb Q7 avbi2KbX AM S`Q+22/BM;b
Q7 i?2 Ryi? 1m`QT2�M *QM72`2M+2 QM aQ7ir�`2 �`+?Bi2+im`2 U1*a�V- T�;2b
RĜdX

http://www.restapitutorial.com/lessons/restfulresourcenaming.html
http://www.restapitutorial.com/lessons/restfulresourcenaming.html
http://gatling.io
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(:BHHK�MM 2i �HX- kyyy) :BHHK�MM- JX- JBM/2`K�MM- _X- �M/ q2BFmK- :X
UkyyyVX "2M+?K�`FBM; �M/ *QM};m`�iBQM Q7 qQ`F~Qr J�M�;2K2Mi avb@
i2KbX AM a+?2m2`K�MM- SX �M/ 1ixBQM- PX- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 di?
AMi2`M�iBQM�H *QM72`2M+2 QM *QQT2`�iBp2 AM7Q`K�iBQM avbi2Kb U*QQTAaV-
T�;2b R3eĜRNdX

(:BiG�#- kyky) :BiG�# UkykyVX :BiG�# @ GQ�/ S2`7Q`K�M+2 h2biBM;X https:
//about.gitlab.com/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(:QHQpBM 2i �HX- kyRd) :QHQpBM- .X- aQHMBF- "X- JQBi`�- aX- EQ+?�MbFB- :X-
E�``Q- CX- �M/ a+mHH2v- .X UkyRdVX :QQ;H2 oBxB2` @ � a2`pB+2 7Q` "H�+F@
"Qt PTiBKBx�iBQMX AM S`Q+22/BM;b Q7 i?2 kj`/ �*J aA:E.. AMi2`M�@
iBQM�H *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM; UE..V-
T�;2b R93dĜR9N8X

(:QQ;H2- kyRN) :QQ;H2 UkyRNVX kyRN �++2H2`�i2 ai�i2 Q7 .2pPTb _2TQ`iX h2+?@
MB+�H `2TQ`i- .Q`�X

(:QQ;H2 *HQm/ SH�i7Q`K- kyky) :QQ;H2 *HQm/ SH�i7Q`K UkykyVX S2`7EBi "2M+?@
K�`F2`X https://github.com/GoogleCloudPlatform/PerfKitBenchmarkerX
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(:QT�`�Dm 2i �HX- kyRk) :QT�`�Dm- aX SX- �v2b?�- 6X- �M/ a�M;?�KBi`�- SX
UkyRkVX J2�bm`BM; i?2 AM~m2M+2 Q7 S`Q+2bb �miQK�iBQM QM i?2 S`Q/m+@
iBpBiv Q7 aQ7ir�`2 .2p2HQTK2Mi h2�KbX J�bi2`Ƕb i?2bBb- lMBp2`bBi2Bi p�M
�Kbi2`/�KX

(:Qii2b?2BK- kyR8) :Qii2b?2BK- qX UkyR8VX *?�HH2M;2b- "2M2}ib �M/ "2bi
S`�+iB+2b Q7 S2`7Q`K�M+2 6Q+mb2/ .2pPTbX AM S`Q+22/BM;b Q7 i?2 9i?
�*J AMi2`M�iBQM�H qQ`Fb?QT QM G�`;2@a+�H2 h2biBM; UGhV- T�;2b jĜjX

(:`�K#Qr 2i �HX- kyRN) :`�K#Qr- JX- G2?K�MM- 6X- �M/ "2`K#�+?- .X
UkyRNVX *QMiBMmQmb "2M+?K�`FBM;, lbBM; avbi2K "2M+?K�`FBM; BM "mBH/
SBT2HBM2bX AM S`Q+22/BM;b Q7 i?2 kyRN A111 AMi2`M�iBQM�H *QM72`2M+2 QM
*HQm/ 1M;BM22`BM; UA*k1V- T�;2b k9RĜk9eX

(:`�MQ 2i �HX- kyRN) :`�MQ- :X- G��#2`- *X- S�MB+?2HH�- �X- �M/ S�MB+?2HH�-
aX UkyRNVX h2biBM; rBi? 62r2` _2bQm`+2b, �M �/�TiBp2 �TT`Q�+? iQ
S2`7Q`K�M+2@�r�`2 h2bi *�b2 :2M2`�iBQMX A111 h`�Mb�+iBQMb QM aQ7i@
r�`2 1M;BM22`BM;- Lf.ULf.V,RĜReX

https://about.gitlab.com/
https://about.gitlab.com/
https://github.com/GoogleCloudPlatform/PerfKitBenchmarker
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(:`�v- RNNk) :`�v- CX URNNkVX h?2 "2M+?K�`F >�M/#QQF 7Q` .�i�#�b2 �M/
h`�Mb�+iBQM avbi2KbX JQ`;�M E�m7K�MM- kM/ 2/BiBQMX

(:m`mNN- kyR9) :m`mNN UkyR9VX a�MBiv h2biBM; ob aKQF2 h2biBM;, AMi`Q@
/m+iBQM � .Bz2`2M+2bX https://www.guru99.com/smoke-sanity-testing.
htmlX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(:m`mNN- kyR9) :m`mNN UkyR9VX aQ7ir�`2 h2biBM; hmiQ`B�H, 6`22 *Qm`b2X https:
//www.guru99.com/software-testing.htmlX G�bi pBbBi2/ QM 62#`m�`v d-
kykRX

(>�+F2`MQQM- kyky) >�+F2`MQQM UkykyVX h?2 ai�i2 Q7 *QMi�BM2`b BM kykyX h2+?@
MB+�H `2TQ`i- >�+F2`MQQMX

(>�;?B;?�iF?�? 2i �HX- kyRd) >�;?B;?�iF?�?- �X- Gr�F�i�`2- GX 1X- �M/ _Q@
/`ő;m2x- SX UkyRdVX *QMiBMmQmb /2THQvK2Mi Q7 bQ7ir�`2 BMi2MbBp2 T`Q/@
m+ib �M/ b2`pB+2b, � bvbi2K�iB+ K�TTBM; bim/vX CQm`M�H Q7 avbi2Kb �M/
aQ7ir�`2- RkjURV,kejĜkNRX

(>�``2` 2i �HX- kyRd) >�``2`- aX- G2M?�`/- CX- EQTT- PX- 62`K2- oX- �M/ S�m@
i�bbQ- *X UkyRdVX � S�ii2`M G�M;m�;2 7Q` qQ`F~Qr 1M;BM2 *QM7Q`K�M+2
�M/ S2`7Q`K�M+2 "2M+?K�`FBM;X AM S`Q+22/BM;b Q7 i?2 1m`QT2�M *QM72`@
2M+2 QM S�ii2`M G�M;m�;2b Q7 S`Q;`�Kb U1m`QSGQSV- T�;2b RĜ9eX

(>�b?2KB�M 2i �HX- kyRd) >�b?2KB�M- _X- *�`HbbQM- LX- E`Bb?M�Km`i?v- .X- �M/
�`HBii- JX UkyRdVX A_Aa, Ai2`�iBp2 �M/ AMi2HHB;2Mi 1tT2`BK2Mi a2H2+iBQMX
AM S`Q+22/BM;b Q7 i?2 3i? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`@
7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b R9jĜR89X

(>�m+F 2i �HX- kyRj) >�m+F- JX- EmT2`#2`;- JX- >m#2`- LX- �M/ _2mbbM2`-
_X >X UkyRjVX :BMT2t, .2`BpBM; S2`7Q`K�M+2@`2H2p�Mi AM7`�bi`m+im`2 S`QT@
2`iB2b h?`Qm;? :Q�H@Q`B2Mi2/ 1tT2`BK2MibX AM S`Q+22/BM;b Q7 i?2 di? �*J
aA:aP6h avKTQbBmK Zm�HBiv Q7 aQ7ir�`2 �`+?Bi2+im`2b �M/ �`+?Bi2+iBM;
*`BiB+�H avbi2Kb UZQa�YAa�_*aV- T�;2b Rj98ĜRje8X

(>2H�HB JQ;?�/�K 2i �HX- kyRN) >2H�HB JQ;?�/�K- JX- a��/�iK�M/- JX- "Q`;-
JX- "Q?HBM- JX- �M/ GBbT2`- "X UkyRNVX J�+?BM2 G2�`MBM; iQ :mB/2 S2`7Q`@
K�M+2 h2biBM;, �M �miQMQKQmb h2bi 6`�K2rQ`FX AM S`Q+22/BM;b Q7 i?2
kyRN A111 AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 h2biBM;- o2`B}+�iBQM
�M/ o�HB/�iBQM qQ`Fb?QTb UA*ahqV- T�;2b Re9ĜRedX

https://www.guru99.com/smoke-sanity-testing.html
https://www.guru99.com/smoke-sanity-testing.html
https://www.guru99.com/software-testing.html
https://www.guru99.com/software-testing.html
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(>2`#QH/- kyR8) >2`#QH/- aX UkyR8VX >Qr 7�bi rBHH vQm` �TTHB+�iBQM ;Q\ ai�iB+
�M/ /vM�KB+ i2+?MB[m2b 7Q` �TTHB+�iBQM T2`7Q`K�M+2 KQ/2HBM;X https:
//htor.inf.ethz.ch/publications/index.php?pub=218X G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(>2`#bi 2i �HX- kyRj) >2`#bi- LX _X- EQmM2p- aX- �M/ _2mbbM2`- _X >X UkyRjVX
1H�biB+Biv BM *HQm/ *QKTmiBM;, q?�i Ai Ab- �M/ q?�i Ai Ab LQiX AM S`Q@
+22/BM;b Q7 i?2 Ryi? AMi2`M�iBQM�H *QM72`2M+2 QM �miQMQKB+ *QKTmiBM;
UA*�*V- T�;2b kjĜkdX

(>2`#bi 2i �HX- kyR8) >2`#bi- LX _X- EQmM2p- aX- q2#2`- �X- �M/ :`Q2M/�- >X
UkyR8VX "lL:11, �M 1H�biB+Biv "2M+?K�`F 7Q` a2H7@�/�TiBp2 A��a *HQm/
1MpB`QMK2MibX AM S`Q+22/BM;b Q7 i?2 Ryi? AMi2`M�iBQM�H avKTQbBmK QM
aQ7ir�`2 1M;BM22`BM; 7Q` �/�TiBp2 �M/ a2H7@J�M�;BM; avbi2Kb Ua1�JaV-
T�;2b 9eĜ8eX

(>BHiQM 2i �HX- kyRe) >BHiQM- JX- hmMM2HH- hX- >m�M;- EX- J�`BMQp- .X- �M/ .B;-
.X UkyReVX lb�;2- +Qbib- �M/ #2M2}ib Q7 +QMiBMmQmb BMi2;`�iBQM BM QT2M@
bQm`+2 T`QD2+ibX AM �a1ǶRe, �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM
�miQK�i2/ aQ7ir�`2 1M;BM22`BM;- T�;2b 9keĜ9jdX

(>Q2~2` �M/ "2HHB- kyR8) >Q2~2`- hX �M/ "2HHB- _X UkyR8VX a+B2MiB}+ "2M+?@
K�`FBM; Q7 S�`�HH2H *QKTmiBM; avbi2Kb, hr2Hp2 q�vb iQ h2HH i?2 J�bb2b
q?2M _2TQ`iBM; S2`7Q`K�M+2 _2bmHibX AM S`Q+22/BM;b Q7 i?2 kdi? AMi2`M�@
iBQM�H *QM72`2M+2 7Q` >B;? S2`7Q`K�M+2 *QKTmiBM;- L2irQ`FBM;- aiQ`�;2
�M/ �M�HvbBb Ua*V- T�;2b RĜRkX

(>QHHBM;brQ`i?- RNN8) >QHHBM;brQ`i?- .X URNN8VX h?2 qQ`F~Qr _272`2M+2
JQ/2HX h2+?MB+�H `2TQ`i- qQ`F~Qr J�M�;2K2Mi *Q�HBiBQM aT2+B}+�iBQMX

(>Q`Fɷ 2i �HX- kyRj) >Q`Fɷ- oX- >��b- 6X- EQi`Í- CX- G�+BM�- JX- �M/ hɩK�-
SX UkyRjVX S2`7Q`K�M+2 _2;`2bbBQM lMBi h2biBM;, � *�b2 aim/vX AM
S`Q+22/BM;b Q7 i?2 Ryi? 1m`QT2�M qQ`Fb?QT QM S2`7Q`K�M+2 1M;BM22`@
BM; U1S1qV- T�;2b R9NĜRejX

(>Q`Fɷ 2i �HX- kyRe) >Q`Fɷ- oX- EQi`Í- CX- GB#BÍ- SX- �M/ hɩK�- SX UkyReVX �M�H@
vbBb Q7 Pp2`?2�/ BM .vM�KB+ C�p� S2`7Q`K�M+2 JQMBiQ`BM;X AM S`Q+22/@
BM;b Q7 i?2 ei? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2
1M;BM22`BM; UA*S1V- T�;2b kd8Ĝk3eX

https://htor.inf.ethz.ch/publications/index.php?pub=218
https://htor.inf.ethz.ch/publications/index.php?pub=218
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(>Q`Fɷ 2i �HX- kyR8) >Q`Fɷ- oX- GB#BÍ- SX- J�`2F- GX- ai2BM?�mb2`- �X- �M/
hɩK�- SX UkyR8VX liBHBxBM; S2`7Q`K�M+2 lMBi h2bib hQ AM+`2�b2 S2`7Q`@
K�M+2 �r�`2M2bbX AM S`Q+22/BM;b Q7 i?2 8i? �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b k3NĜjyyX

(>S- kyRe) >S UkyReVX >S GQ�/_mMM2`X http://www8.hp.com/it/it/
software-solutions/loadrunner-load-testing/X G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

(>m+F 2i �HX- kyy3) >m+F- EX �X- >2`M�M/2x- PX- "mB- oX- *?�M/`�b2F�`�M- aX-
*?�TK�M- "X- J�HQMv- �X .X- J+AMM2b- GX *X- �M/ LQ``Bb- "X Ukyy3VX
*�Tim`BM; T2`7Q`K�M+2 FMQrH2/;2 7Q` �miQK�i2/ �M�HvbBbX AM S`Q+22/BM;b
Q7 i?2 kyy3 �*JfA111 *QM72`2M+2 QM amT2`+QKTmiBM; UaSV- T�;2b RĜRyX

(>m2#M2` 2i �HX- kyyy) >m2#M2`- 6X- J2B2`@>2HHbi2`M- EX aX- �M/ _22b2`- SX
UkyyyVX S2`7Q`K�M+2 h2biBM; 7Q` AS a2`pB+2b �M/ avbi2KbX AM S`Q+22/@
BM;b Q7 i?2 Rbi :2`K�M qQ`Fb?QT QM S2`7Q`K�M+2 1M;BM22`BM; rBi?BM
aQ7ir�`2 .2p2HQTK2Mi UqPaSV- T�;2b k3jĜkNNX

(>mK#H2 �M/ 6�`H2v- kyRy) >mK#H2- CX �M/ 6�`H2v- .X UkyRyVX *QMiBMmQmb .2@
HBp2`v, _2HB�#H2 aQ7ir�`2 _2H2�b2b i?`Qm;? "mBH/- h2bi- �M/ .2THQvK2Mi
�miQK�iBQMX �//BbQM@q2bH2vX

(>mTTH2`- kyyN) >mTTH2`- EX UkyyNVX h?2 �`i Q7 "mBH/BM; � :QQ/ "2M+?K�`FX
AM S2`7Q`K�M+2 1p�Hm�iBQM �M/ "2M+?K�`FBM;- T�;2b R3ĜjyX aT`BM;2`X

(A"J- kyky) A"J UkykyVX A"J _�iBQM�H S2`7Q`K�M+2 h2bi2`X https://www.ibm.
com/products/ibm-rational-performance-testerX G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

(A"J .2p2HQT2`- kyRN) A"J .2p2HQT2` UkyRNVX u�JG #�bB+b BM Em#2`@
M2i2bX https://developer.ibm.com/technologies/containers/tutorials/
yaml-basics-and-usage-in-kubernetes/X G�bi pBbBi2/ QM 62#`m�`v d-
kykRX

(AaP *2Mi`�H a2+`2i�`v- kyyN) AaP *2Mi`�H a2+`2i�`v UkyyNVX Zm�MiBiB2b �M/
mMBib @ S�`i R, :2M2`�HX h2+?MB+�H `2TQ`i- AMi2`M�iBQM�H P`;�MBx�iBQM 7Q`
ai�M/�`/Bx�iBQMX

(AiFQM2M 2i �HX- kyRd) AiFQM2M- CX- G�bb2MBmb- *X- �M/ G�mFF�M2M- 1X UkyRdVX
S`Q#H2Kb- +�mb2b �M/ bQHmiBQMb r?2M �/QTiBM; +QMiBMmQmb /2HBp2`v @ � bvb@
i2K�iB+ HBi2`�im`2 `2pB2rX AM7Q`K�iBQM �M/ aQ7ir�`2 h2+?MQHQ;v- 3kUkV,88Ĝ
dNX

http://www8.hp.com/it/it/software-solutions/loadrunner-load-testing/
http://www8.hp.com/it/it/software-solutions/loadrunner-load-testing/
https://www.ibm.com/products/ibm-rational-performance-tester
https://www.ibm.com/products/ibm-rational-performance-tester
https://developer.ibm.com/technologies/containers/tutorials/yaml-basics-and-usage-in-kubernetes/
https://developer.ibm.com/technologies/containers/tutorials/yaml-basics-and-usage-in-kubernetes/
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(Ap�M+?BFD 2i �HX- kyR8) Ap�M+?BFD- �X- 62`K2- oX- �M/ S�mi�bbQ- *X UkyR8VX "S@
J2i2` @ q2# a2`pB+2 �M/ �TTHB+�iBQM 7Q` ai�iB+ �M�HvbBb Q7 "SJL kXy
*QHH2+iBQMbX AM S`Q+22/BM;b Q7 i?2 Rji? "mbBM2bb S`Q+2bb J�M�;2K2Mi
*QM72`2M+2 U"SJV- T�;2b jyĜj9X

(Ap�M+?BFD 2i �HX- kyRd) Ap�M+?BFD- �X- 62`K2- oX- �M/ S�mi�bbQ- *X UkyRdVX PM
i?2 S2`7Q`K�M+2 Pp2`?2�/ Q7 "SJL JQ/2HBM; S`�+iB+2bX AM S`Q+22/BM;b
Q7 i?2 R8i? "mbBM2bb S`Q+2bb J�M�;2K2Mi *QM72`2M+2 U"SJV- T�;2b RĜR8X

(C�##�`B 2i �HX- kyRe) C�##�`B- _X- #BM �HB- LX- S2i2`b2M- EX- �M/ h�Mp22`- "X
UkyReVX q?�i Bb .2pPTb\, � avbi2K�iB+ J�TTBM; aim/v QM .2}MBiBQMb
�M/ S`�+iB+2bX AM S`Q+22/BM;b Q7 i?2 Rei? �*J a+B2MiB}+ qQ`Fb?QT S`Q@
+22/BM;b Q7 sS UsS qQ`Fb?QTbV- T�;2b RkĜRRX

(C�2rQM 2i �HX- kyR3) C�2rQM- GX- *?�M;Fvm- EX- EmM- GX- GB[mM- *X- :QpBM@
/�`�Dm- _X- �M/ C�M;rQQ- EX UkyR3VX qaJ2i2`X �*J aA:SG�L LQiB+2b-
8jUkV,89NĜ8ejX

(C�v�bBM;?2 2i �HX- kyR9) C�v�bBM;?2- .X- J�HFQrbFB- aX- GB- CX- q�M;- ZX-
q�M;- wX- �M/ Sm- *X UkyR9VX o�`B�iBQMb BM S2`7Q`K�M+2 �M/ a+�H�#BH@
Biv, �M 1tT2`BK2Mi�H aim/v BM A��a *HQm/b lbBM; JmHiB@hB2` qQ`FHQ�/bX
A111 h`�Mb�+iBQMb QM a2`pB+2b *QKTmiBM;- dUkV,kNjĜjyeX

(CB�M; �M/ >�bb�M- kyR8) CB�M;- wX JX �M/ >�bb�M- �X 1X UkyR8VX � am`p2v
QM GQ�/ h2biBM; Q7 G�`;2@a+�H2 aQ7ir�`2 avbi2KbX A111 h`�Mb�+iBQMb QM
aQ7ir�`2 1M;BM22`BM;- 9RURRV,RyNRĜRRR3X

(CBK2M2x 2i �HX- kyRe) CBK2M2x- AX- J�Hix�?M- *X- GQ7bi2�/- CX- JQQ/v- �X-
JQ?`Q`- EX- �`T�+B@.mbb2�m- _X- �M/ �`T�+B@.mbb2�m- �X UkyReVX *?�`�+@
i2`BxBM; �M/ _2/m+BM; *`Qbb@SH�i7Q`K S2`7Q`K�M+2 o�`B�#BHBiv lbBM; Pa@
G2p2H oB`im�HBx�iBQMX AM S`Q+22/BM;b Q7 i?2 jyi? A111 AMi2`M�iBQM�H S�`@
�HH2H �M/ .Bbi`B#mi2/ S`Q+2bbBM; avKTQbBmK qQ`Fb?QT UAS.SaqV- T�;2b
RyddĜRy3yX

(CJ2i2`- RNN3) CJ2i2` URNN3VX CJ2i2`X http://jmeter.apache.orgX G�bi pBb@
Bi2/ QM 62#`m�`v d- kykRX

(CQ?MbQM 2i �HX- kyyd) CQ?MbQM- JX CX- >Q- *X@qX- J�tBKBHB2M- 1X JX- �M/
qBHHB�Kb- GX UkyydVX AM+Q`TQ`�iBM; S2`7Q`K�M+2 h2biBM; BM h2bi@.`Bp2M
.2p2HQTK2MiX A111 aQ7ir�`2- k9UjV,edĜdjX

http://jmeter.apache.org
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(E�HB#2`� �M/ hɩK�- kyye) E�HB#2`�- hX �M/ hɩK�- SX UkyyeVX S`2+Bb2 _2;`2b@
bBQM "2M+?K�`FBM; rBi? _�M/QK 1z2+ib, AKT`QpBM; JQMQ "2M+?K�`F
_2bmHibX AM S`Q+22/BM;b Q7 i?2 j`/ 1m`QT2�M qQ`Fb?QT QM S2`7Q`K�M+2
1M;BM22`BM; U1S1qV- T�;2b ejĜddX

(E�`b�B 2i �HX- kyR9) E�`b�B- :X- E`�?M- >X- SBMF2`M2HH- *X- _mKT2- "X-
a+?BM/H2`- JX- �M/ oƺHF2H- aX UkyR9VX .2bB;M :mB/2HBM2b 7Q` .QK�BM aT2@
+B}+ G�M;m�;2bX AM S`Q+22/BM;b Q7 i?2 kNi? qQ`Fb?QT QM .QK�BM@aT2+B}+
JQ/2HBM; UPPSaG�V- T�;2b RĜRyX

(E2KT7 2i �HX- kyy3) E2KT7- hX- E�`m`B- EX- �M/ :�Q- GX Ukyy3VX aQ7ir�`2
AMbi`mK2Mi�iBQMX CQ?M qBH2v � aQMbX

(EHBM�Fm �M/ 62`K2- kyR3) EHBM�Fm- 6X �M/ 62`K2- oX UkyR3VX hQr�`/b :2M@
2`�iBM; 1H�biB+ JB+`Qb2`pB+2b, � .2+H�`�iBp2 aT2+B}+�iBQM 7Q` *QMbBbi2Mi
1H�biB+Biv *QM};m`�iBQMbX AM S`Q+22/BM;b Q7 i?2 99i? 1m`QKB+`Q *QM72`@
2M+2 QM aQ7ir�`2 1M;BM22`BM; �M/ �/p�M+2/ �TTHB+�iBQMb Ua1��V- T�;2b
8RyĜ8RjX

(EQH# 2i �HX- kyye) EQH#- _X- :�M2b�M- .X- Jmi?B;- .X- E�;BMQ- JX- �M/ h2`�M@
Bb?B- >X UkyyeVX :Q�H@P`B2Mi2/ S2`7Q`K�M+2 �M�HvbBb Q7 _2mb�#H2 aQ7ir�`2
*QKTQM2MibX AM S`Q+22/BM;b Q7 i?2 Ni? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7i@
r�`2 _2mb2 UA*a_V- T�;2b je3Ĝj3RX

(EQmM2p 2i �HX- kyky) EQmM2p- aX- G�M;2- EX@.X- �M/ pQM EBbiQrbFB- CX UkykyVX
avbi2Kb "2M+?K�`FBM;, 6Q` a+B2MiBbib �M/ 1M;BM22`bX aT`BM;2`X

(EQr�HH- kyRe) EQr�HH- CX UkyReVX h?2 _QH2 Q7 �SJ BM *QMiBMmQmb AMi2;`�iBQM
�M/ *QMiBMmQmb _2H2�b2X https://blog.appdynamics.com/engineering/
the-role-of-apm-in-continuous-integration-and-continuous-release/X
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(E`QĽ 2i �HX- kyRe) E`QĽ- CX- qBHHM2+F2`- 6X- wrB+FH- hX- �M/ E`+K�`- >X UkyReVX
S1h, +QMiBMmQmb T2`7Q`K�M+2 2p�Hm�iBQM iQQHX AM S`Q+22/BM;b Q7 i?2 kM/
�*J AMi2`M�iBQM�H qQ`Fb?QT QM Zm�HBiv@�r�`2 .2pQTb UZl.PaV- T�;2b
9kĜ9jX

(Em#2`M2i2b- kyR9) Em#2`M2i2b UkyR9VX Em#2`M2i2bX https://kubernetes.ioX
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(EmT2`#2`;- kyRy) EmT2`#2`;- JX UkyRyVX Zm�MiB7vBM; �M/ T`2/B+iBM; i?2 BM@
~m2M+2 Q7 2t2+miBQM TH�i7Q`K QM bQ7ir�`2 +QKTQM2Mi T2`7Q`K�M+2X S?.
i?2bBb- E�`Hb`m?2 AMbiBimi2 Q7 h2+?MQHQ;vX

https://blog.appdynamics.com/engineering/the-role-of-apm-in-continuous-integration-and-continuous-release/
https://blog.appdynamics.com/engineering/the-role-of-apm-in-continuous-integration-and-continuous-release/
https://kubernetes.io


8R9 _161_1L*1a

(G�?K�` 2i �HX- kyR8) G�?K�`- AX #X- "2H?�D- LX- �M/ JQ?�K2/- JX UkyR8VX *QH@
H�#Q`�iBp2 �miQMQKB+ *QMi�BM2` 7Q` i?2 J�M�;2K2Mi Q7 *QKTQM2Mi@#�b2/
�TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2 k9i? A111 AMi2`M�iBQM�H *QM72`2M+2
QM 2M�#HBM; h2+?MQHQ;B2b Uq1hA*1V- T�;2b 9RĜ9jX

(G KK2H- kyR3) G KK2H- _X UkyR3VX h?2 LQiBQM Q7 � aQ7ir�`2 G�M;m�;2X AM
aQ7ir�`2 G�M;m�;2b- T�;2b RĜ9NX aT`BM;2`X

(G2BiM2` �M/ "2x2K2`- kyRd) G2BiM2`- SX �M/ "2x2K2`- *X@SX UkyRdVX �M 1t@
THQ`�iQ`v aim/v Q7 i?2 ai�i2 Q7 S`�+iB+2 Q7 S2`7Q`K�M+2 h2biBM; BM C�p�@
"�b2/ PT2M aQm`+2 S`QD2+ibX AM S`Q+22/BM;b Q7 i?2 3i? �*JfaS1* QM AM@
i2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b jdjĜ
j39X

(G2BiM2` �M/ *BiQ- kyRe) G2BiM2`- SX �M/ *BiQ- CX UkyReVX S�ii2`Mb BM i?2 *?�Qb
@ � aim/v Q7 S2`7Q`K�M+2 o�`B�iBQM �M/ S`2/B+i�#BHBiv BM Sm#HB+ A��a
*HQm/bX �*J h`�Mb�+iBQMb QM AMi2`M2i h2+?MQHQ;v- ReUjV,RĜkjX

(G2M?�`/ 2i �HX- kyRd) G2M?�`/- CX- 62`K2- oX- >�``2`- aX- :2B;2`- JX- �M/ S�m@
i�bbQ- *X UkyRdVX G2bbQMb G2�`M2/ 7`QK 1p�Hm�iBM; qQ`F~Qr J�M�;2K2Mi
avbi2KbX A*aP* qQ`Fb?QTb- RydNdUjV,kR8ĜkkdX

(G2pv �M/ ai2BM#2`;- kyRR) G2pv- aX �M/ ai2BM#2`;- .X JX UkyRRVX *QKTmi2`
2tT2`BK2Mib, � `2pB2rX �/p�M+2b BM ai�iBbiB+�H �M�HvbBb- N9U9V,jRRĜjk9X

(G2rBb �M/ 6QrH2`- kyR9) G2rBb- CX �M/ 6QrH2`- JX UkyR9VX JB+`Qb2`pB+2bX
https://martinfowler.com/articles/microservices.htmlX G�bi pBbBi2/
QM 62#`m�`v d- kykRX

(G2vK�MM �M/ _QHH2`- kyyy) G2vK�MM- 6X �M/ _QHH2`- .X UkyyyVX S`Q/m+iBQM
qQ`F~Qr, *QM+2Tib �M/ h2+?MB[m2bX S`2MiB+2 >�HH Sh_X

(GB 2i �HX- kyyN) GB- sX- >m�B- CX- GBm- sX- w2M;- CX- �M/ >m�M;- wX UkyyNVX
aP�`J2i`B+b @ � hQQHFBi 7Q` h2biBM; �M/ 1p�Hm�iBM; aP� JB//H2r�`2X AM
S`Q+22/BM;b Q7 i?2 Rbi A111 qQ`H/ *QM72`2M+2 QM a2`pB+2b Ua1_oA*1aV-
T�;2b RĜRyX

(GB 2i �HX- kyRe) GB- uX- :mTi�- uX- JBHH2`- 1X GX- �M/ GQM;- .X .X 1X UkyReVX SB@
HQi, � 6`�K2rQ`F i?�i lM/2`bi�M/b >Qr iQ .Q S2`7Q`K�M+2 "2M+?K�`Fb
i?2 _B;?i q�vX AM S`Q+22/BM;b Q7 i?2 k9i? A111 AMi2`M�iBQM�H avKTQbBmK
QM JQ/2HBM;- �M�HvbBb �M/ aBKmH�iBQM Q7 *QKTmi2` �M/ h2H2+QKKmMB+�@
iBQM avbi2Kb UJ�a*PhaV- T�;2b ReNĜRd3X

https://martinfowler.com/articles/microservices.html
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(GBF2`i- RNjk) GBF2`i- _X URNjkVX � i2+?MB[m2 7Q` i?2 K2�bm`2K2Mi Q7 �iiBim/2bX
�`+?Bp2b Q7 Sbv+?QHQ;v- R9yU88VX

(GBiiH2- RNeR) GBiiH2- CX .X *X URNeRVX � S`QQ7 7Q` i?2 Zm2mBM; 6Q`KmH�, G 4
λqX PT2`�iBQMb _2b2�`+?- NUjV,j3jĜj3dX

(GBm- kyRR) GBm- >X >X UkyRRVX aQ7ir�`2 S2`7Q`K�M+2 �M/ a+�H�#BHBivX � Zm�M@
iBi�iBp2 �TT`Q�+?X CQ?M qBH2v � aQMbX

(GBx?B 2i �HX- kyky) GBx?B- GX- CBM7m- *X- >2M;- GX- uB- wX- q2BvB- aX- CB�MK2B- :X-
*�i�HBM- aX- �M/`2B- hX- �M/ a�`�?- aX UkykyVX lbBM; "H�+F@"Qt S2`7Q`@
K�M+2 JQ/2Hb iQ .2i2+i S2`7Q`K�M+2 _2;`2bbBQMb mM/2` o�`vBM; qQ`F@
HQ�/b, �M 1KTB`B+�H aim/vX 1KTB`B+�H aQ7ir�`2 1M;BM22`BM;- k8U8V,RĜjeX

(GHQv/ 2i �HX- kyR9) GHQv/- CX _X- .mp2M�m/- .X- :`Qbb2- _X- h2M2M#�mK- CX "X-
�M/ :?�?`�K�MB- wX UkyR9VX �miQK�iB+ *QMbi`m+iBQM �M/ L�im`�H@
G�M;m�;2 .2b+`BTiBQM Q7 LQMT�`�K2i`B+ _2;`2bbBQM JQ/2HbX AM S`Q+22/@
BM;b Q7 i?2 k3i? ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 U���AV- T�;2b
Rk9kĜRk8yX

(GQ�/ AKT�+i �"- kyRN) GQ�/ AKT�+i �" UkyRNVX EeX https://k6.io/X G�bi
pBbBi2/ QM 62#`m�`v d- kykRX

(GQ+mbi- kyky) GQ+mbi UkykyVX GQ+mbi @ �M QT2M bQm`+2 HQ�/ i2biBM; iQQHX https:
//locust.io/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(GQ;xXBQ- kyRe) GQ;xXBQ UkyReVX .2pPTb SmHb2X h2+?MB+�H `2TQ`i- GQ;xXBQX

(Gr�F�i�`2 2i �HX- kyR8) Gr�F�i�`2- GX 1X- Emp�D�- SX- �M/ PBpQ- JX UkyR8VX
.BK2MbBQMb Q7 .2pPTbX AM S`Q+22/BM;b Q7 i?2 R8i? �*J a+B2MiB}+ qQ`F@
b?QT S`Q+22/BM;b Q7 sS UsS qQ`Fb?QTbV- T�;2b kRkĜkRdX

(J�MB 2i �HX- kyRj) J�MB- LX- S2i`Bm- .X *X- �M/ qQQ/bB/2- JX UkyRjVX S`QT�@
;�iBQM Q7 BM+`2K2Mi�H +?�M;2b iQ T2`7Q`K�M+2 KQ/2H /m2 iQ aP� /2bB;M
T�ii2`M �TTHB+�iBQMX AM S`Q+22/BM;b Q7 i?2 9i? �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b 3NĜRyyX

(J�`BM 2i �HX- kyR9) J�`BM- :X- .QM;�``�- CX- �M/ h2`Tbi`�- .X UkyR9VX JA�JA,
� 7`�K2rQ`F 7Q` �TTHB+�iBQM T2`7Q`K�M+2 /B�;MQbBbX AM S`Q+22/BM;b Q7 i?2
R8i? A111 AMi2`M�iBQM�H avKTQbBmK QM S2`7Q`K�M+2 �M�HvbBb Q7 avbi2Kb
�M/ aQ7ir�`2 UAaS�aaV- T�;2b R83ĜRe3X

https://k6.io/
https://locust.io/
https://locust.io/
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(J�`BM �M/ J2HHQ`@*`mKK2v- kyy9) J�`BM- :X �M/ J2HHQ`@*`mKK2v- CX
Ukyy9VX *`Qbb@�`+?Bi2+im`2 T2`7Q`K�M+2 T`2/B+iBQMb 7Q` b+B2MiB}+ �TTHB@
+�iBQMb mbBM; T�`�K2i2`Bx2/ KQ/2HbX �*J aA:J1h_A*a S2`7Q`K�M+2
1p�Hm�iBQM _2pB2r- jkURV,kĜRjX

(J�`FQp- RNye) J�`FQp- �X �X URNyeVX 1ti2MbBQM Q7 i?2 H�r Q7 H�`;2 MmK#2`b iQ
/2T2M/2Mi [m�MiBiB2b UBM _mbbB�MVX "mHH2iBM Q7 i?2 aQ+B2iv Q7 i?2 S?vbB+b
J�i?2K�iB+b- R8UkV,Rj8ĜR8eX

(J2KQM 2i �HX- kyRd) J2KQM- �X- :�Q- wX- L;mv2M- "X- .?�M/�- aX- LB+F2HH- 1X-
aB2K#Q`bFB- _X- �M/ JB++Q- CX UkyRdVX h�KBM; :QQ;H2@b+�H2 *QMiBMmQmb
h2biBM;X AM S`Q+22/BM;b Q7 i?2 jNi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2
1M;BM22`BM;, aQ7ir�`2 1M;BM22`BM; BM S`�+iB+2 h`�+F UA*a1 a1ASV- T�;2b
kjjĜk9kX

(J2bx�`Qb- kyyd) J2bx�`Qb- :X UkyydVX tlMBi h2bi S�ii2`MbX _27�+iQ`BM; h2bi
*Q/2X S2�`bQM 1/m+�iBQMX

(JB+�HH27 �M/ *QHQK#Q- kyR8) JB+�HH27- JX �M/ *QHQK#Q- *X UkyR8VX G2bbQMb
H2�`Mi 7`QK mbBM; .aGb 7Q` �miQK�i2/ bQ7ir�`2 i2biBM;X AM S`Q+22/BM;b Q7
i?2 3i? A111 AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 h2biBM;- o2`B}+�iBQM
�M/ o�HB/�iBQM qQ`Fb?QTb UA*ahqV- T�;2b RĜeX

(JB+?�2H 2i �HX- kyRd) JB+?�2H- LX- _�K�MM�p�`- LX- a?2M- uX- S�iBH- aX- �M/
amM;- CX@GX UkyRdVX *HQm/S2`7 @ � S2`7Q`K�M+2 h2bi 6`�K2rQ`F 7Q` .Bb@
i`B#mi2/ �M/ .vM�KB+ JmHiB@h2M�Mi 1MpB`QMK2MibX AM S`Q+22/BM;b Q7 i?2
3i? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b R3NĜkyyX

(JB+`Q6Q+mb- kyky) JB+`Q6Q+mb UkykyVX aBHF S2`7Q`K2` @ _2�HBbiB+- SQr2`7mH
GQ�/ �M/ ai`2bb h2biBM;X https://www.microfocus.com/en-us/products/
silk-performer/overviewX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(JBMAP- kyky) JBMAP UkykyVX JBMAP % >B;? S2`7Q`K�M+2- Em#2`M2i2b L�iBp2
P#D2+i aiQ`�;2X https://min.io/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(JQHvM2�mt- kyR9) JQHvM2�mt- AX UkyR9VX h?2 �`i Q7 �TTHB+�iBQM S2`7Q`K�M+2
h2biBM;X 6`QK ai`�i2;v iQ hQQHbX PǶ_2BHHv J2/B�X

(JQMi;QK2`v �M/ _mM;2`- kyRj) JQMi;QK2`v- .X *X �M/ _mM;2`- :X *X
UkyRjVX �TTHB2/ ai�iBbiB+b �M/ S`Q#�#BHBiv 7Q` 1M;BM22`bX CQ?M qBH2v
� aQMb- e 2/BiBQMX

https://www.microfocus.com/en-us/products/silk-performer/overview
https://www.microfocus.com/en-us/products/silk-performer/overview
https://min.io/
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(JQbi�7� 2i �HX- kyRd) JQbi�7�- aX- q�M;- sX- �M/ sB2- hX UkyRdVX S2`7_�MF2`,
S`BQ`BiBx�iBQM Q7 S2`7Q`K�M+2 _2;`2bbBQM h2bib 7Q` *QHH2+iBQM@AMi2MbBp2
aQ7ir�`2X AM S`Q+22/BM;b Q7 i?2 kei? �*J aA:aP6h AMi2`M�iBQM�H avK@
TQbBmK QM aQ7ir�`2 h2biBM; �M/ �M�HvbBb UAaah�V- T�;2b kjĜj9X

(JɃ?H#�m2` 2i �HX- kyky) JɃ?H#�m2`- aX- �T2H- aX- �M/ aB2;KmM/- LX UkykyVX
A/2MiB7vBM; aQ7ir�`2 S2`7Q`K�M+2 *?�M;2b �+`Qbb o�`B�Mib �M/ o2`bBQMbX
AM S`Q+22/BM;b Q7 i?2 j8i? A111f�*J �miQK�i2/ aQ7ir�`2 1M;BM22`BM;
U�a1V- T�;2b RĜRkX

(Jm`iv- kyRe) Jm`iv- aX UkyReVX S2`7Q`K�M+2 h2biBM; BM � Lmib?2HHX https://
www.thoughtworks.com/insights/blog/performance-testing-nutshellX
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(L�K#B�` 2i �HX- kyRe) L�K#B�`- JX- E�ii2Tm`- �X- "?�bF�`�M- :X- aBM;?�H-
_X- �M/ .mii�;mTi�- aX UkyReVX JQ/2H .`Bp2M aQ7ir�`2 S2`7Q`K�M+2 1M@
;BM22`BM;, *m``2Mi *?�HH2M;2b �M/ q�v �?2�/X �*J aA:J1h_A*a
S2`7Q`K�M+2 1p�Hm�iBQM _2pB2r- 9jU9V,8jĜekX

(L2QGQ�/- kyRe) L2QGQ�/ UkyReVX L2QGQ�/ % �miQK�i2/ S2`7Q`K�M+2 h2biBM;
hQQHX https://www.neotys.com/neoload/overviewX G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

(L2Qivb- kyR3) L2Qivb UkyR3VX � S`�+iB+�H :mB/2 iQ S2`7Q`K�M+2
h2biBM;X https://www.neotys.com/wp-content/uploads/2018/01/WP__A_
Practical_Guide_to_Performance_Testing-EN.pdfX G�bi pBbBi2/ QM 62#`m@
�`v d- kykRX

(LB+QH�b LB+H�mbb2- kyRd) LB+QH�b LB+H�mbb2 UkyRdVX hbmM; @ � /Bbi`B#mi2/ GQ�/
h2biBM;X http://tsung.erlang-projects.org/X G�bi pBbBi2/ QM 62#`m�`v
d- kykRX

(LQ`i?- kyye) LQ`i?- .X UkyyeVX AMi`Q/m+BM; "..X http://dannorth.net/
introducing-bdd/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(PF�MQpBÉ 2i �HX- kyky) PF�MQpBÉ- .X- "2+F- aX- J2`x- GX- wQ`M- *X- J2`BMQ- GX-
p�M >QQ`M- �X- �M/ "2+F- 6X UkykyVX *�M � *?�i#Qi amTTQ`i aQ7ir�`2
1M;BM22`b rBi? GQ�/ h2biBM;\ �TT`Q�+? �M/ 1tT2`B2M+2bX AM S`Q+22/@
BM;b Q7 i?2 RRi? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2
1M;BM22`BM; UA*S1V- T�;2b RkyĜRkNX

https://www.thoughtworks.com/insights/blog/performance-testing-nutshell
https://www.thoughtworks.com/insights/blog/performance-testing-nutshell
https://www.neotys.com/neoload/overview
https://www.neotys.com/wp-content/uploads/2018/01/WP__A_Practical_Guide_to_Performance_Testing-EN.pdf
https://www.neotys.com/wp-content/uploads/2018/01/WP__A_Practical_Guide_to_Performance_Testing-EN.pdf
http://tsung.erlang-projects.org/
http://dannorth.net/introducing-bdd/
http://dannorth.net/introducing-bdd/
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(PF�MQpBÉ 2i �HX- kyRN) PF�MQpBÉ- .X- p�M >QQ`M- �X- wQ`M- *X- "2+F- 6X-
62`K2- oX- �M/ q�Hi2`- CX UkyRNVX *QM+2`M@.`Bp2M _2TQ`iBM; Q7 aQ7ir�`2
S2`7Q`K�M+2 �M�HvbBb _2bmHibX AM S`Q+22/BM;b Q7 i?2 *QKT�MBQM Q7 i?2
kyRN �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b RĜ9X

(QTbw2`Q- GG*- kyRe) QTbw2`Q- GG* UkyReVX QTbw2`QX https://www.acksin.comX
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(S�+?B/B �M/ aT`mBi- kyR8) S�+?B/B- aX �M/ aT`mBi- JX _X UkyR8VX h?2 S2`7Q`@
K�M+2 JBMBM; J2i?Q/ @ 1ti`�+iBM; S2`7Q`K�M+2 EMQrH2/;2 7`QK aQ7i@
r�`2 PT2`�iBQM .�i�X AMi2`M�iBQM�H CQm`M�H Q7 "mbBM2bb AMi2HHB;2M+2 _2@
b2�`+?- eURV,RRĜkNX

(S�H2M;�- kyR3) S�H2M;�- JX UkyR3VX .2+H�`�iBp2 mb2` 2tT2`B2M+2 `2;`2bbBQM
�M�HvbBb BM +QMiBMmQmb T2`7Q`K�M+2 2M;BM22`BM;X J�bi2`Ƕb i?2bBb- lMBp2`@
bBiv Q7 aimii;�`iX

(S�mi�bbQ 2i �HX- kyR8) S�mi�bbQ- *X- G2vK�MM- 6X- 62`K2- oX- aFQm`�/�FB- JX-
�M/ _QHH2`- .X >X UkyR8VX hQr�`/b qQ`F~Qr "2M+?K�`FBM; @ PT2M _2@
b2�`+? *?�HH2M;2bX AM S`Q+22/BM;b Q7 i?2 Rei? *QM72`2M+2 QM .�i�#�b2
avbi2Kb 7Q` "mbBM2bb- h2+?MQHQ;v- �M/ q2# Q7 i?2 :2`K�M AM7Q`K�iB+b
aQ+B2iv U"hqV- T�;2b RĜkyX

(S�vl- kyky) S�vl UkykyVX S`2/�iQ` @ `mi?H2bb �TB T2`7Q`K�M+2 i2biBM;X https:
//www.predator.dev/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(S2`7*�F2- kyRe) S2`7*�F2 UkyReVX S2`7*�F2X https://www.perfcake.orgX G�bi
pBbBi2/ QM 62#`m�`v d- kykRX

(S2iFQpB+? 2i �HX- kyR8) S2iFQpB+?- CX *X- PHBp2B`�- �X- w?�M;- uX- _2B/2K2Bbi2`-
hX- �M/ 6Bb+?K2Bbi2`- aX UkyR8VX .�i�JBHH, � /Bbi`B#mi2/ ?2i2`Q;2M2Qmb
BM7`�bi`m+im`2 7Q` `Q#mbi 2tT2`BK2Mi�iBQMX aQ7ir�`2, S`�+iB+2 �M/ 1tT2@
`B2M+2- 9eURyV,R9RRĜR99yX

(S?BHBT �biQM- kyR9) S?BHBT �biQM UkyR9VX h?2 :`BM/2`- � C�p� GQ�/ h2biBM;
6`�K2rQ`FX http://grinder.sourceforge.net/X G�bi pBbBi2/ QM 62#`m�`v
d- kykRX

(SBi�F`�i �M/ >2BMBb?- kyRe) SBi�F`�i- hX �M/ >2BMBb?- CX UkyReVX � _272`2M+2
SH�i7Q`K 7Q` aQ7ir�`2 S2`7Q`K�M+2 1M;BM22`BM; BM .2pPTbX AM S`Q+22/BM;b
Q7 i?2 �qa amKKBi- T�;2b RĜkyX

https://www.acksin.com
https://www.predator.dev/
https://www.predator.dev/
https://www.perfcake.org
http://grinder.sourceforge.net/
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(SQ/2HFQ- kyy3) SQ/2HFQ- �X Ukyy3VX �;BH2 S2`7Q`K�M+2 h2biBM;X AM S`Q+22/@
BM;b Q7 i?2 j9i? AMi2`M�iBQM�H *QKTmi2` J2�bm`2K2Mi :`QmT *QM72`2M+2
U*J:V- T�;2b kedĜkd3X

(SQ/2HFQ- kyRe) SQ/2HFQ- �X UkyReVX _2BMp2MiBM; T2`7Q`K�M+2 i2biBM;X AM S`Q@
+22/BM;b Q7 i?2 BKS�*i- T�;2b LĜ.X *J:X

(S`�+iBh2bi- kyky) S`�+iBh2bi UkykyVX ai�i2 Q7 h2biBM; _2TQ`iX https://www.
practitest.com/resource/state-of-testing-report-2020/X G�bi pBbBi2/
QM 62#`m�`v d- kykRX

(SmTT2i- kyRN) SmTT2i UkyRNVX kyRN ai�i2 Q7 .2pPTb _2TQ`iX h2+?MB+�H `2TQ`i-
SmTT2iX

(_�.PL- kyky) _�.PL UkykyVX _�.PL *QMiBMmQmb h2biBM; hQQH U*hhVX
https://github.com/radon-h2020/radon-cttX G�bi pBbBi2/ QM 62#`m�`v d-
kykRX

(_�/pB2r- kyky) _�/pB2r UkykyVX q2#GP�. @ aK�`i S2`7Q`K�M+2 h2biBM;X
https://www.radview.com/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(_2B+?2Hi �M/ a+?2HH2`- kyR8) _2B+?2Hi- .X :X �M/ a+?2HH2`- 6X UkyR8VX AKT`Qp@
BM; S2`7Q`K�M+2 �M�HvbBb Q7 aQ7ir�`2 avbi2K o2`bBQMb lbBM; *?�M;2@
"�b2/ h2bi a2H2+iBQMX AM S`Q+22/BM;b Q7 i?2 kei? avKTQbBmK QM aQ7ir�`2
S2`7Q`K�M+2 UaPaSV- T�;2b RĜjX

(_2Bi#�m2` 2i �HX- kyR8) _2Bi#�m2`- �X- 1Mx2M?Q72`- EX- :`�#M2`- �X- �M/ EQTT-
JX UkyR8VX �;BH2 S`BM+BTH2b 7Q` S2`7Q`K�M+2 1p�Hm�iBQM @ C�p� 1Mi2`T`Bb2
S2`7Q`K�M+2X https://www.dynatrace.com/resources/ebooks/javabook/
adopting-agile-principles/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(_1hAh :K#>- kyky) _1hAh :K#> UkykyVX _1hBh @ "2ii2` T2`7Q`K�M+2 7Q`
vQm` bQ7ir�`2X https://www.retit.de/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(_B;Q`- kyR9) _B;Q` UkyR9VX q2# S2`7Q`K�M+2 JQMBiQ`BM; @ _B;Q`X http://
rigor.comX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(_ƺ+F 2i �HX- kyR9) _ƺ+F- *X- >�``2`- aX- �M/ qB`ix- :X UkyR9VX S2`7Q`K�M+2
"2M+?K�`FBM; Q7 "S1G 1M;BM2b, � *QKT�`BbQM 6`�K2rQ`F- ai�imb ZmQ
1p�Hm�iBQM �M/ *?�HH2M;2bX AM S`Q+22/BM;b Q7 i?2 kei? AMi2`M�iBQM *QM72`@
2M+2 QM aQ7ir�`2 1M;BM22`BM; �M/ EMQrH2/;2 1M;BM22`BM; Ua1E1V- T�;2b
RĜ9X

https://www.practitest.com/resource/state-of-testing-report-2020/
https://www.practitest.com/resource/state-of-testing-report-2020/
https://github.com/radon-h2020/radon-ctt
https://www.radview.com/
https://www.dynatrace.com/resources/ebooks/javabook/adopting-agile-principles/
https://www.dynatrace.com/resources/ebooks/javabook/adopting-agile-principles/
https://www.retit.de/
http://rigor.com
http://rigor.com
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(_Q/`B;m2b 2i �HX- kyR3) _Q/`B;m2b- AX SX- wQ`xQ- �X 6X- "2`M�`/BMQ- JX- �M/
/2 "Q`#� *�KTQb- JX UkyR3VX lb�@.aG, lb�#BHBiv 1p�Hm�iBQM 6`�K2rQ`F
7Q` .QK�BM@aT2+B}+ G�M;m�;2bX AM S`Q+22/BM;b Q7 i?2 jRbi �*J avKTQ@
bBmK QM �TTHB2/ *QKTmiBM; Ua�*V- T�;2b kyRjĜkykRX

(_QbBMQbFv 2i �HX- kyR3) _QbBMQbFv- :X- G�##�- *X- 62`K2- oX- uQm+27- aX-
*?�`Qv- 6X- �M/ S�mi�bbQ- *X UkyR3VX 1p�Hm�iBM; JmHiB@i2M�Mi GBp2 JB@
;`�iBQMb 1z2+ib QM S2`7Q`K�M+2X PhJ *QM72`2M+2b- RRkkNU3V,eRĜddX

(_m/QHT? �M/ aiBii- kyR8) _m/QHT?- .X �M/ aiBii- :X UkyR8VX �M BMi2`TQH�iBQM@
#�b2/ �TT`Q�+? iQ KmHiB@T�`�K2i2` T2`7Q`K�M+2 KQ/2HBM; 7Q` ?2i2`Q;2@
M2Qmb bvbi2KbX AM S`Q+22/BM;b Q7 i?2 kei? A111 AMi2`M�iBQM�H *QM72`2M+2
QM �TTHB+�iBQM@bT2+B}+ avbi2Kb- �`+?Bi2+im`2b �M/ S`Q+2bbQ`b U�a�SV-
T�;2b Rd9ĜR3yX

(_m}MQ 2i �HX- kyky) _m}MQ- oX ZX- LQ;m2B`�- JX- �p`Bix2`- �X- J2M�b+?û- .X-
_mbbQ- "X- C�M2b- �X- 62`K2- oX- p�M >QQ`M- �X- a+?mHx- >X- �M/ GBK�-
*X UkykyVX AKT`QpBM; S`2/B+i�#BHBiv Q7 lb2`@�z2+iBM; J2i`B+b iQ amTTQ`i
�MQK�Hv .2i2+iBQM BM *HQm/ a2`pB+2bX A111 �++2bb- 3ULf.V,RN3R8kĜ
RN3RedX

(a+?2`K�MM 2i �HX- kyR3) a+?2`K�MM- :X- *BiQ- CX- �M/ G2BiM2`- SX UkyR3VX *QM@
iBMmQmb 1tT2`BK2Mi�iBQM @ *?�HH2M;2b- AKTH2K2Mi�iBQM h2+?MB[m2b- �M/
*m``2Mi _2b2�`+?X A111 aQ7ir�`2- j8UkV,keĜjRX

(a+?2`K�MM �M/ G2BiM2`- kyR3) a+?2`K�MM- :X �M/ G2BiM2`- SX UkyR3VX a2�`+?@
"�b2/ a+?2/mHBM; Q7 1tT2`BK2Mib BM *QMiBMmQmb .2THQvK2MiX AM S`Q+22/@
BM;b Q7 i?2 j9i? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 J�BMi2M�M+2 �M/
1pQHmiBQ UA*aJ1V- T�;2b 938Ĝ9N8X

(a+?2`K�MM 2i �HX- kyRe) a+?2`K�MM- :X- a+?ƺMB- .X- G2BiM2`- SX- �M/ :�HH-
>X *X UkyReVX "B7`Qbi @ amTTQ`iBM; *QMiBMmQmb .2THQvK2Mi rBi? �m@
iQK�i2/ 1M�+iK2Mi Q7 JmHiB@S?�b2 GBp2 h2biBM; ai`�i2;B2bX AM S`Q+22/@
BM;b Q7 i?2 Rdi? AMi2`M�iBQM�H JB//H2r�`2 *QM72`2M+2 UJB//H2r�`2V- T�;2b
Rk,RĜRk,R9X

(a+?2mM2` 2i �HX- kyR9) a+?2mM2`- CX- G2BiM2`- SX- *BiQ- CX- �M/ :�HH- >X *X
UkyR9VX *HQm/ qQ`F "2M+? @ AM7`�bi`m+im`2@�b@*Q/2 "�b2/ *HQm/ "2M+?@
K�`FBM;X AM S`Q+22/BM;b Q7 i?2 ei? A111 AMi2`M�iBQM�H *QM72`2M+2 QM
*HQm/ *QKTmiBM; h2+?MQHQ;v �M/ a+B2M+2 U*HQm/*QKV- T�;2b k9eĜk8jX
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(a+?mHx 2i �HX- kyRN) a+?mHx- >X- PF�MQpBÉ- .X- p�M >QQ`M- �X- 62`K2- oX-
�M/ S�mi�bbQ- *X UkyRNVX "2?�pBQ`@.`Bp2M GQ�/ h2biBM; lbBM; *QM@
i2tim�H EMQrH2/;2 @ �TT`Q�+? �M/ 1tT2`B2M+2bX AM S`Q+22/BM;b Q7 i?2
Ryi? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b ke8ĜkdkX

(a+?mHx �M/ p�M >QQ`M- kyky) a+?mHx- >X �M/ p�M >QQ`M- �X UkykyVX _2T`2@
b2Mi�iBp2 GQ�/ h2biBM; BM *QMiBMmQmb aQ7ir�`2 1M;BM22`BM;, �miQK�iBQM
�M/ J�BMi2M�M+2 amTTQ`iX AM 62H/2`2`- JX- >�bb2H#`BM;- qX- _�#Bb2`-
_X- �M/ CmM;- _X- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 aQ7ir�`2 1M;BM22`BM;- T�;2b
R9NĜR8yX

(a+?mHx 2i �HX- kyky) a+?mHx- >X- p�M >QQ`M- �X- �M/ q2`i- �X UkykyVX _2/m+@
BM; i?2 K�BMi2M�M+2 2zQ`i 7Q` T�`�K2i2`Bx�iBQM Q7 `2T`2b2Mi�iBp2 HQ�/
i2bib mbBM; �MMQi�iBQMbX aQ7ir�`2 h2biBM;- o2`B}+�iBQM �M/ _2HB�#BHBiv-
jyURV,2RdRkX

(a+?r�`ix �M/ w�Bib2p- kyRy) a+?r�`ix- "X �M/ w�Bib2p- SX UkyRyVX :Q�H@
.`Bp2M S2`7Q`K�M+2 PTiBKBx�iBQMX https://www.percona.com/files/
white-papers/goal-driven-performance-optimization.pdfX G�bi pBbBi2/
QM 62#`m�`v d- kykRX

(a?�ix- kyRd) a?�ix- AX UkyRdVX 6�bi- 6`22- �M/ h�`;2i2/, _2//Bi �b � aQm`+2
7Q` _2+`mBiBM; S�`iB+BT�Mib PMHBM2X aQ+B�H a+B2M+2 *QKTmi2` _2pB2r-
j8U9V,8jdĜ89NX

(a?Q`2/Bi+? PTb- kyRd) a?Q`2/Bi+? PTb UkyRdVX �`iBHH2`vXBQX https://
artillery.ioX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(aBH#2`b+?�ix 2i �HX- kyRj) aBH#2`b+?�ix- �X- :�HpBM- SX "X- �M/ :�;M2- :X
UkyRjVX PT2`�iBM; avbi2K *QM+2TibX qBH2v Sm#HBb?BM;- Ni? 2/BiBQMX

(aBHp� �M/ >BM2b- kyRe) aBHp�- JX �M/ >BM2b- JX _X UkyReVX B#K+#f+#iQQHX
https://github.com/ibmcb/cbtoolX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(aBK �M/ 1�bi2`#`QQF- kyyj) aBK- aX 1X �M/ 1�bi2`#`QQF- aX UkyyjVX lbBM;
#2M+?K�`FBM; iQ �/p�M+2 `2b2�`+?, � +?�HH2M;2 iQ bQ7ir�`2 2M;BM22`BM;X
AM S`Q+22/BM;b Q7 i?2 k8i? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 1M;B@
M22`BM; UA*a1V- T�;2b d9Ĝ3jX

(aBKQM- kyR9) aBKQM- oX UkyR9VX J2�bm`2K2Mi �M/ �M�HvbBb Q7 _mMiBK2@
J2i`B+b BM � *QMiBMmQmb AMi2;`�iBQM 1MpB`QMK2MiX "�+?2HQ`Ƕb i?2bBb-
6`B2/`B+?@�H2t�M/2`@lMBp2`bBi i 1`H�M;2M@LɃ`M#2`;X

https://www.percona.com/files/white-papers/goal-driven-performance-optimization.pdf
https://www.percona.com/files/white-papers/goal-driven-performance-optimization.pdf
https://artillery.io
https://artillery.io
https://github.com/ibmcb/cbtool
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(aF2HiQM �M/ S�Bb- kyRN) aF2HiQM- JX �M/ S�Bb- JX UkyRNVX h2�K hQTQHQ;B2bX
P`;�MBxBM; "mbBM2bb �M/ h2+?MQHQ;v h2�Kb 7Q` 6�bi 6HQrX Ah _2pQHmiBQMX

(aFQm`�/�FB 2i �HX- kyR8�) aFQm`�/�FB- JX- 62`K2- oX- G2vK�MM- 6X- S�mi�bbQ-
*X- �M/ _QHH2`- .X >X UkyR8�VX Ǵ"S1G�MQMǴ, S`Qi2+i #mbBM2bb T`Q+2bb2b
QM i?2 +HQm/X AM S`Q+22/BM;b Q7 i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM *HQm/
*QKTmiBM; �M/ a2`pB+2b a+B2M+2 U*GPa1_V- T�;2b k9RĜk8yX

(aFQm`�/�FB 2i �HX- kyRe) aFQm`�/�FB- JX- 62`K2- oX- S�mi�bbQ- *X- G2vK�MM-
6X- �M/ p�M >QQ`M- �X UkyReVX JB+`Q@"2M+?K�`FBM; "SJL kXy qQ`F~Qr
J�M�;2K2Mi avbi2Kb rBi? qQ`F~Qr S�ii2`MbX AM S`Q+22/BM;b Q7 i?2 R9i?
"mbBM2bb S`Q+2bb J�M�;2K2Mi *QM72`2M+2 U"SJV- T�;2b edĜ3kX

(aFQm`�/�FB 2i �HX- kyR9) aFQm`�/�FB- JX- _QHH2`- .X- G2vK�MM- 6X- 62`K2- oX-
�M/ S�mi�bbQ- *X UkyR9VX h2+?MB+�H PT2M *?�HH2M;2b QM "2M+?K�`FBM;
qQ`F~Qr J�M�;2K2Mi avbi2KbX AM S`Q+22/BM;b Q7 i?2 k8i? avKTQbBmK
QM aQ7ir�`2 S2`7Q`K�M+2 UaPaSV- T�;2b Ry8ĜRRkX

(aFQm`�/�FB 2i �HX- kyR8#) aFQm`�/�FB- JX- _QHH2`- .X >X- G2vK�MM- 6X- 62`K2-
oX- �M/ S�mi�bbQ- *X UkyR8#VX PM i?2 _Q�/ iQ "2M+?K�`FBM; "SJL kXy
qQ`F~Qr 1M;BM2bX AM S`Q+22/BM;b Q7 i?2 8i? �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b jyRĜjy9X

(aK�`i"2�`- kyRe) aK�`i"2�` UkyReVX GQ�/ *QKTH2i2X https://smartbear.
com/product/loadcomplete/overview/X G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(aK�`i"2�`- kyky) aK�`i"2�` UkykyVX h?2 ai�i2 Q7 �SA kyky _2TQ`iX https:
//smartbear.com/resources/ebooks/the-state-of-api-2020-report//X
G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(aKBi? �M/ qBHHB�Kb- kyyR) aKBi?- *X lX �M/ qBHHB�Kb- GX :X UkyyRVX S2`@
7Q`K�M+2 aQHmiBQMbX � S`�+iB+�H :mB/2 iQ *`2�iBM; _2bTQMbBp2- a+�H�#H2
aQ7ir�`2X �//BbQM@q2bH2v S`Q72bbBQM�HX

(aQ#2H 2i �HX- kyy3) aQ#2H- qX- am#`�K�Mv�K- aX- am+?�`Bi�FmH- �X- �M/
L;mv2M- CX Ukyy3VX *HQm/biQM2, JmHiB@TH�i7Q`K- KmHiB@H�M;m�;2 #2M+?@
K�`F �M/ K2�bm`2K2Mi iQQHb 7Q` r2# kXyX AM S`Q+22/BM;b Q7 i?2 Rdi?
�*J AMi2`M�iBQM�H *QM72`2M+2 QM *HQm/ *QKTmiBM; �M/ �TTHB+�iBQMb-
T�;2b RĜRyX

(aQT2+Q- kyR9) aQT2+Q UkyR9VX bQT2+Qf.vM�KB+aTQii2`X https://github.com/
sopeco/DynamicSpotterX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

https://smartbear.com/product/loadcomplete/overview/
https://smartbear.com/product/loadcomplete/overview/
https://smartbear.com/resources/ebooks/the-state-of-api-2020-report//
https://smartbear.com/resources/ebooks/the-state-of-api-2020-report//
https://github.com/sopeco/DynamicSpotter
https://github.com/sopeco/DynamicSpotter
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(aT�zQ`/ �M/ o2ii2`- kyRk) aT�zQ`/- EX �M/ o2ii2`- CX aX UkyRkVX �bT2M @ �
/QK�BM bT2+B}+ H�M;m�;2 7Q` T2`7Q`K�M+2 KQ/2HBM;X AM S`Q+22/BM;b Q7 i?2
k9i? �*J AMi2`M�iBQM�H *QM72`2M+2 QM >B;? S2`7Q`K�M+2 *QKTmiBM;-
L2irQ`FBM;- aiQ`�;2 �M/ �M�HvbBb Ua*V- T�;2b RĜRyX

(aS1*- kyRe) aS1* UkyReVX aS1* _: .2pPTb S2`7Q`K�M+2 qQ`FBM; :`QmTX
https://research.spec.org/working-groups/rg-devops-performance.
htmlX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(aT2+B}+�iBQM- RNNN) aT2+B}+�iBQM- qX JX *X URNNNVX qQ`F~Qr J�M�;2K2Mi
*Q�HBiBQM- h2`KBMQHQ;v �M/ :HQbb�`v U.Q+mK2Mi LQX q6J*@h*@RyRRVX
qQ`F~Qr J�M�;2K2Mi *Q�HBiBQM aT2+B}+�iBQMX

(aTBM2HHBb- kyyR) aTBM2HHBb- .X UkyyRVX LQi�#H2 /2bB;M T�ii2`Mb 7Q` /QK�BM@
bT2+B}+ H�M;m�;2bX CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2- 8eURV,NRĜNNX

(aTBM2HHBb- kyRe) aTBM2HHBb- .X UkyReVX "2BM; � .2pPTb .2p2HQT2`X A111 aQ7i@
r�`2- jjUjV,9Ĝ8X

(aTBMM2` 2i �HX- kyR8) aTBMM2`- aX- *�b�H2- :X- "`QbB;- 6X- �M/ EQmM2p- aX
UkyR8VX 1p�Hm�iBM; �TT`Q�+?2b iQ `2bQm`+2 /2K�M/ 2biBK�iBQMX S2`7Q`@
K�M+2 1p�Hm�iBQM- NkU*V,8RĜdRX

(ai�+F_Qt- kyky) ai�+F_Qt UkykyVX Em#2`M2i2b �M/ *QMi�BM2` a2+m`Biv �M/
�/QTiBQM h`2M/bX h2+?MB+�H `2TQ`i- ai�+F_QtX

(ai`2Bix 2i �HX- kyR3) ai`2Bix- �X- "�`M2`i- JX- EB2M2;;2`- >X- �M/ E`+K�`-
>X UkyR3VX S2`7Q`K�M+2 AKT`Qp2K2Mi "�``B2`b 7Q` a�S 1Mi2`T`Bb2 �T@
THB+�iBQMb @ �M �M�HvbBb Q7 1tT2`i AMi2`pB2rbX AM S`Q+22/BM;b Q7 i?2
9i? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b kkjĜkk3X h2+?MB+�H lMBp2`bBiv Q7 JmMB+?- JmMB+?- :2`@
K�MvX

(hQHH2/Q- kyR9) hQHH2/Q- _X UkyR9VX :�iHBM;, h�F2 uQm` S2`7Q`K�M+2
h2bib iQ i?2 M2ti G2p2HX https://www.thoughtworks.com/insights/
blog/gatling-take-your-performance-tests-next-levelX G�bi pBbBi2/ QM
62#`m�`v d- kykRX

(h`B+2MiBb- kyky) h`B+2MiBb UkykyVX ai�i2 Q7 PT2M aQm`+2 h2biBM;X https://www.
tricentis.com/state-of-open-source-2020/X G�bi pBbBi2/ QM 62#`m�`v d-
kykRX

https://research.spec.org/working-groups/rg-devops-performance.html
https://research.spec.org/working-groups/rg-devops-performance.html
https://www.thoughtworks.com/insights/blog/gatling-take-your-performance-tests-next-level
https://www.thoughtworks.com/insights/blog/gatling-take-your-performance-tests-next-level
https://www.tricentis.com/state-of-open-source-2020/
https://www.tricentis.com/state-of-open-source-2020/
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(h`m#B�MB 2i �HX- kyR3) h`m#B�MB- *X- C�Kb?B/B- SX- *BiQ- CX- a?�M;- qX- CB�M;-
wX JX- �M/ "Q`;- JX UkyR3VX S2`7Q`K�M+2 Abbm2b\ >2v .2pPTb- JBM/ i?2
lM+2`i�BMivX A111 aQ7ir�`2- jeUkV,RRyĜRRdX

(hb�FBHibB/Bb 2i �HX- kyRe) hb�FBHibB/Bb- aX- JB`�MbFvv- �X- �M/ J�xx�rB- 1X
UkyReVX PM �miQK�iB+ .2i2+iBQM Q7 S2`7Q`K�M+2 "m;bX AM S`Q+22/BM;b
Q7 i?2 k3i? A111 AMi2`M�iBQM�H avKTQbBmK QM aQ7ir�`2 _2HB�#BHBiv 1M;B@
M22`BM; qQ`Fb?QTb UAaa_1qV- T�;2b RjkĜRjNX

(p�M .2m`b2M 2i �HX- kyyy) p�M .2m`b2M- �X- EHBMi- SX- �M/ oBbb2`- CX UkyyyVX
.QK�BM@bT2+B}+ H�M;m�;2bX �*J aA:SG�L LQiB+2b- j8UeV,keĜjeX

(o�M :2H/2` 2i �HX- kyR9) o�M :2H/2`- GX- .�b- SX- C�Mbb2M- >X- �M/ _Q2Hb- aX
UkyR9VX *QKT�`�iBp2 bim/v Q7 K2i�KQ/2HHBM; i2+?MB[m2b BM #mBH/BM; 2M@
2`;v bBKmH�iBQM, :mB/2HBM2b 7Q` T`�+iBiBQM2`bX aBKmH�iBQM JQ/2HHBM; S`�+@
iB+2 �M/ h?2Q`v- 9NURV,k98Ĝk8dX

(p�M >QQ`M 2i �HX- kyRk) p�M >QQ`M- �X- q�HH2`- CX- �M/ >�bb2H#`BM;- qX UkyRkVX
EB2F2` @ � 7`�K2rQ`F 7Q` �TTHB+�iBQM T2`7Q`K�M+2 KQMBiQ`BM; �M/ /vM�KB+
bQ7ir�`2 �M�HvbBbX AM S`Q+22/BM;b Q7 i?2 j`/ �*JfaS1* AMi2`M�iBQM�H
*QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM; UA*S1V- T�;2b k9dĜk93X

(o22`�`�;?�p�M 2i �HX- kyRe) o22`�`�;?�p�M- EX- J2x�- CX- *?Qm- .X- EBK- qX-
J�`;mHBb- aX- JB+?2HbQM- aX- LBb?i�H�- _X- P#2Mb?�BM- .X- S2`2HK�M- .X-
�M/ aQM;- uX CX UkyReVX E`�F2M @ G2p2`�;BM; GBp2 h`�{+ h2bib iQ A/2MiB7v
�M/ _2bQHp2 _2bQm`+2 liBHBx�iBQM "QiiH2M2+Fb BM G�`;2 a+�H2 q2# a2`pB+2bX
AM S`Q+22/BM;b Q7 i?2 Rki? la1LAs avKTQbBmK QM PT2`�iBM; avbi2Kb
.2bB;M �M/ AKTH2K2Mi�iBQM UPa.AV- T�;2b ej8Ĝe8RX

(oQ2Hi2` 2i �HX- kyRj) oQ2Hi2`- JX- "2Mx- aX- .B2i`B+?- *X- �M/ 1M;2HK�MM- "X
UkyRjVX .aG 2M;BM22`BM;, .2bB;MBM;- BKTH2K2MiBM; �M/ mbBM; /QK�BM@
bT2+B}+ H�M;m�;2bX *`2�i2aT�+2 AM/2T2M/2Mi Sm#HBb?BM; SH�i7Q`KX

(oƺ;2H2 2i �HX- kyR9) oƺ;2H2- *X- "`mMM2`i- �X- .�M+Bm- �X- h2`iBHi- .X- �M/
E`+K�`- >X UkyR9VX lbBM; S2`7Q`K�M+2 JQ/2Hb iQ amTTQ`i GQ�/ h2biBM;
BM � G�`;2 aP� 1MpB`QMK2MiX AM S`Q+22/BM;b Q7 i?2 j`/ AMi2`M�iBQM�H
qQ`Fb?QT QM G�`;2 a+�H2 h2biBM; UGhV- T�;2b 8ĜeX

(q�HH2` 2i �HX- kyR8) q�HH2`- CX- 1?KF2- LX *X- �M/ >�bb2H#`BM;- qX UkyR8VX
AM+Hm/BM; S2`7Q`K�M+2 "2M+?K�`Fb BMiQ *QMiBMmQmb AMi2;`�iBQM iQ 1M�#H2
.2pPTbX �*J aA:aP6h aQ7ir�`2 1M;BM22`BM; LQi2b- 9yUkV,RĜ9X
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(q�Hi2`- kyR3) q�Hi2`- CX UkyR3VX �miQK�iBQM BM aQ7ir�`2 S2`7Q`K�M+2 1M;B@
M22`BM; "�b2/ QM � .2+H�`�iBp2 aT2+B}+�iBQM Q7 *QM+2`MbX S?. i?2bBb-
lMBp2`bBiv Q7 qɃ`x#m`;X

(q�Hi2` 2i �HX- kyRe) q�Hi2`- CX- p�M >QQ`M- �X- EQxBQH2F- >X- PF�MQpBÉ- .X-
�M/ EQmM2p- aX UkyReVX �bFBM; Ǵq?�iǴ\- �miQK�iBM; i?2 Ǵ>QrǴ\ @
h?2 oBbBQM Q7 .2+H�`�iBp2 S2`7Q`K�M+2 1M;BM22`BM;X AM S`Q+22/BM;b Q7 i?2
ei? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b NRĜN9X

(q�M;- kyye) q�M;- uX UkyyeVX �miQK�iBM; 2tT2`BK2Mi�iBQM rBi? /Bbi`B#mi2/
bvbi2Kb mbBM; ;2M2`�iBp2 i2+?MB[m2bX S?. i?2bBb- lMBp2`bBiv Q7 *QHQ`�/Q
�i "QmH/2`X

(q2�p2rQ`Fb- kyR3) q2�p2rQ`Fb UkyR3VX 6H�;;2`X https://flagger.app/X G�bi
pBbBi2/ QM 62#`m�`v d- kykRX

(q2#2` 2i �HX- kyR8) q2#2`- AX- "�bb- GX- �M/ w?m- GX UkyR8VX .2pPTb � aQ7i@
r�`2 �`+?Bi2+ib S2`bT2+iBp2X �//BbQM@q2bH2v S`Q72bbBQM�HX

(q2bi2`K�MM- kyR9) q2bi2`K�MM- .X UkyR9VX .2`BpBM; :Q�H@Q`B2Mi2/ S2`7Q`@
K�M+2 JQ/2Hb #v avbi2K�iB+ 1tT2`BK2Mi�iBQMX S?. i?2bBb- E�`Hb`m?2
AMbiBimi2 Q7 h2+?MQHQ;vX

(q2iiBM;2` 2i �HX- kyRe) q2iiBM;2`- CX- "`2Bi2M#Ƀ+?2`- lX- 6�HF2Mi?�H- JX- �M/
G2vK�MM- 6X UkyReVX *QHH�#Q`�iBp2 ;�i?2`BM; �M/ +QMiBMmQmb /2HBp2`v Q7
.2pPTb bQHmiBQMb i?`Qm;? `2TQbBiQ`B2bX *QKTmi2` a+B2M+2 @ _2b2�`+? �M/
.2p2HQTK2Mi- jRU9V,RĜRyX

(qBHHM2+F2` 2i �HX- kyR8) qBHHM2+F2`- 6X- "`mMM2`i- �X- :Qii2b?2BK- qX- �M/
E`+K�`- >X UkyR8VX lbBM; .vM�i`�+2 JQMBiQ`BM; .�i� 7Q` :2M2`�iBM;
S2`7Q`K�M+2 JQ/2Hb Q7 C�p� 11 �TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2
8i? �*JfaS1* AMi2`M�iBQM�H *QM72`2M+2 QM S2`7Q`K�M+2 1M;BM22`BM;
UA*S1V- T�;2b RyjĜRy9X

(qBHHM2+F2` 2i �HX- kyRe) qBHHM2+F2`- 6X- E`QĽ- CX- �M/ p�M >QQ`M- �X UkyReVX
S2`7Q`K�M+2 �M/ i?2 SBT2HBM2X http://blog.ieeesoftware.org/2016/11/
performance-and-pipeline.htmlX G�bi pBbBi2/ QM 62#`m�`v d- kykRX

(qQQ/bB/2 2i �HX- kyRj) qQQ/bB/2- JX- S2i`Bm- .X *X- J2`b2;m2`- CX- S2i`Bm-
.X "X- �M/ �H?�D- JX UkyRjVX h`�Mb7Q`K�iBQM +?�HH2M;2b, 7`QK bQ7ir�`2
KQ/2Hb iQ T2`7Q`K�M+2 KQ/2HbX aQ7ir�`2 � avbi2Kb JQ/2HBM;- RjU9V,R8kNĜ
R88kX

https://flagger.app/
http://blog.ieeesoftware.org/2016/11/performance-and-pipeline.html
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