On the
Performance Overhead of

BPMN Modeling Practices

Ana Ilvanchikj Vincenzo Ferme Cesare Pautasso

University of Lugano (USI)

Switzerland



BPMN Expressiveness

Activities

ATask is a unit of work, the job to be

Task performed. When marked with symbol
it |r\d|cales aSub-Process, an aclMty that can
efined.
ATransaction is a set of activities that logically
Transaction belong together; it might follow a specified

transaction protocol.

An Event Sub-Process is placed into a Pracess or
Sub-Process. It is activated when its start event
gets triggered and can interrupt the higher level
rocess context or run in parallel (non-
interrupting) depending on the start event.

Event
Sub-Process

A Call Activity is a wrapper for a globally defined
Task or Process reused in the current Process. A
call to a Process is marked with a

Call Activity

Activity Markers
Markers indicate execution
behavior of activities:

Task Types
Types specify the nature of
the action to be performed:

Sub-Process Marker

IS Send Task

(D toop marker [ Receive Task
T Parattet # Marker B user Task
= Sequential Mi Marker (5 Manual Task

Ad Hoc Marker 3 Business Rule Task

<K| Compensation Marker 8B service Task
& script Task
Default Flow

Sequence Flow Conditional Flow

defines the execution
order of activities.

is the default branch
to be chosen if all
other conditions.
evaluate to false.

has a condition
assigned that defines
whether or not the
flow is used

Gateways

Exclusive Gateway ~ When splitting, it routes the sequence flow to exactly
one of the outgaing branches. When merging, it awaits
one incoming branch to complete before triggering the

outgoing flow.

Event-based Gateway s always followed by catching events or receive tasks.
Sequence flow is routed to the subsequent event/task

which happens first.

Parallel Gateway ‘When used to split the sequence flow, all outgoing
branches are activated simultaneously. When merging
parallel branches it waits for all incoming branches to
complete before triggering the outgoing flow.

Inclusive Gateway

When splitting, one or more
branches are activated. All
active incoming branches must
complete before merging.

Exclusive Event-based Gateway
(instantiate)

Each occurrence of a subsequent
event starts a new process
instance.

©

Complex Gateway

Complex merging and
branching behavior that is not
captured by other gateways.

Parallel Event-based Gateway
(instantiate)

The occurrence of all subsequent
events starts a new process
instance.

®

Conversations

7

Choreo!

graphies

A Conversation defines a set of
logically related message exchanges.
hen marked with a
indicates a Sub-Conversation, a
compound conversation element.

ACall Conversation is a wrapper for a
globally defined Conversation or Sub-
Conversation. A call to a Sub-conversation
is marked with symbol

A Conversation Link connects
Conversations and Participants.

Conversation Diagram

Conversation

Pool

Multi Instance Poal
(Black Boxi =

(Black Boxj

B

Participant &
Choreography
Task

Participant B

Participant A

Participant A

call
Sub-Choreagraphy Choreography

Participant &

A Choreography Task
represents an Interaction
(Message Exchange)
between two Participants.

Participant B
Participant C

AcallC isa
wrapper for a globally
defined Choreography Task
or Sub-Choreography. A call
to a Sub- Chﬂreﬂgraphy is

ASub-Choreography contains
a refined choreagraphy with
several Interactions.
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[y Muttiple
Participants Marker

denotes a set of
Participants of the

Message

a decorator depicting
the content of the

Choreography Tasks.

Flow L

marked with mbol. changes o final states.
Choreography Diagram Message: Receiving and
sending messages.
Participant A ]
Timer: Cyclic timer events,
iniating ®

pontsin e, time spans or
timeouts.

“Escalation
an higher level of
_responsibility.
Conditional: Reacting to
changed business conditions
or integrating business rules.

sage
{decorator] ¢
Participant A
Choreography
Task

Participant B

Response [ “Link: Off-page connectors.
Message M~ Two corresponding link events
idecorator] equal a sequence flow.

0O =

Eror: Catching or thrwing
named er

Reacting to cancelled

Pool (Black Box)

" Cancel
Lransamons or triggering
cancellation

Compensanon: Handling or
triggering compensation.

Event-based
Gateway

ignal: Signalling across differ-
ent processes. A signal thrown
can be caught multiple times.

Manual Task

[ T e B e S B S

Pools (Participants) and Lanes
represent responsibilities for
activities in a process. A pool
or a lane can be an
arganization, a role,

system. Lanes subaivide | pools
or other lanes hierarchically.

to pools, activities, or

organizational boundaries.
sage flow can be attached

message events. The Message
Flow can be decorated with
an envelope depicting the
content of the message.

The order of message

exchanges can be
specified by combining
message flow and
sequence flow.
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Data Store

A Data Object represents mhrmalvcn flowing
through the process, such as business
documents, e-mails, or letters.

A Collection Data Object represents a
collection of information, .g., a list of order
items.

A Data Input is an external input for the
entire process.A kind of input parameter.

A Data Output is data result of the entire
process. A kind of output parameter.

A Data Association is used to associate data
elements to Activities, Processes and Global
Tas!

A Data Store is a place where the pracess can
read or write data, .g., a database o a filing
cabinet. It persists beyond the lifetime of the
process instance.



BPMN Expressiveness

Dﬁ;_ BPMN Standard

oooooooooo

00
k




BPMN Expressiveness

(s Mo

)
Condition1 [ y
- o)
BPMN Standard
Condition 2 j [ A jl——:[ B
CKOZ::] B Model’s Semantics

Di%
M

© ©
@@@@i



BPMN Expressiveness

(s Mo

)
Condition1’— '
— E
N BPMN Standard
[:KOZ::] Model’s Semantics
. Pe i
@ C}i%
e
o
2Ty . (=

Q_.\Mode/ s Understandability
(e =%
5

r%






A

=

[&]
¢

Structural Differences

A P




Semantical Equivalence

A

=

[&]
¢

Structural Differences

A P

ave

=



Semantical Equivalence g

2
3

A

ACB
ABC

B

=

¢

Structural Differences

A P




Semantical Equivalence g

1 2

3
Performance Equivalence

A

ACB
ABC

B

=

¢

Structural Differences

A P

=

ave

10



Semantical Equivalence g

1 2

3
Performance Equivalence

A

ACB
ABC

B

A P

=

¢

Structural Differences

=

ave



Research Questions
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Methodology

Modelling
guidelines /
practices /
conventions

1. Design the
Initial
BP Model

Initial
BP model
(mi)

Transformation| Sg:ﬂﬁcglgﬂy
rules BP models
(R) (TMi)
Y n
2. Determine
X 3. Generate
Applicable Transformed
Transformation BP Models
Rules
1l
: A
Applicable
combinations | __ .. ........ .
of rules
(RA)

Load function /
WEMS

4. Execute the
BPs in EM and
Measure
Performance

5. Test
Statistical
Significance of
Differences

Performance
metrics

6. Rank the
Performance of
Transformed
Models

Statistical
significance of
the
performance

differences
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Results discussion

Table 1. Camunda:

95% confidence intervals of the BP instance duration (ms)

Parallel Exclusive Inclusive
Trial 1 Trial 2 Trial 3 | Trial 1 Trial 2 Trial 8 | Trial 1 Trial 2 Trial 3

m; 2.5940.05|2.554+0.05|2.514+0.05|1.534+0.02|1.544+0.02|1.554+0.02|2.554+0.03|2.76+0.08|2.73+0.06

t1 2.364+0.06(2.44+0.05(2.424-0.04|1.494-0.02|1.46+0.02|1.424-0.02|2.634+0.06 |2.43+0.03|2.444-0.03

t2 2.39+0.05(2.45+0.05(2.3940.04|1.4640.02|1.49+0.02{1.4640.02|2.671+0.08|2.53+0.04|2.64+0.07

t3 2.5740.05|2.514+0.05|2.584+0.05|1.574+0.02|1.534+0.02|1.534+0.02|2.024+0.03|2.031+0.03|2.094+0.04

t4 2.4940.06(2.45+0.04|2.424-0.04|1.464-0.02|1.49+0.02{1.4740.02|2.574+0.04|2.66+0.05|2.684-0.08

t12  |2.21+0.04(2.24+0.04|2.254-0.04|1.424+0.02(1.41+£0.02{1.4040.02|2.434+-0.04|2.51+0.05|2.4540.07

t13 [2.49+0.06(2.44+0.03|2.45+0.04(1.47+0.02|1.48+0.02|1.4240.02{1.9040.03|1.9840.03|2.0340.05

t14 |2.31£0.05(2.284+0.04|2.28+0.03|1.4440.02{1.41+0.02|1.36+0.02(2.434+0.03|2.50+0.05|2.68+0.08

t23 |2.3740.04|2.484+0.05(2.4140.05(1.4840.02|1.47+0.02|1.464-0.02|1.8940.03|1.974+0.03|2.0540.04

t24 [2.29+0.04(2.35+0.05(2.30+£0.04(1.43+0.02{1.39£0.02|1.4040.02|2.3840.03|2.5740.04|2.4440.03

t34 |2.4840.06(2.4940.04|2.58+0.06(1.4740.02{1.43+0.02|1.46+0.02(1.9940.03|2.05+0.03|2.0340.03

t123 |2.23240.04(2.2940.05(2.284+0.05(1.414+0.02|1.4140.02{1.3940.02|1.9040.03|1.87+0.03|1.8340.02

t124 (2.16+0.03(2.21+£0.04|2.23+0.04(1.382+0.02{1.33£0.02|1.3240.02|2.2540.03|2.3440.03|2.4840.06

t134 |2.3540.04(2.384+0.05|2.34+0.05(1.4540.02{1.40+0.02|1.41£0.02{1.9240.03|{1.90+0.03|1.9140.03

1234 |2.33£0.03(2.3940.04|2.34+0.04(1.404+0.02|1.43+0.02{1.424+0.02|1.9240.03|1.90+0.03|1.9840.04

t1234(2.20+0.03(2.21£0.04|2.28+0.04(1.36£0.02{1.35+0.02|1.3740.02|1.7840.02|1.8140.02{1.8740.03

Table 2. Activiti: 95% confidence intervals of the BP instance duration (ms)
Parallel Exclusive Inclusive
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3

m; 26.04+0.21|25.334+0.21{25.22+0.21|2.1240.07{2.014+0.06(2.14+0.07|29.8740.30{27.93+0.24 (29.57+0.27
tl 21.62+0.18(21.4740.16{20.90£0.17|2.0940.07{1.934+0.05(1.91+0.06|24.0440.21|27.14+0.26 (24.75+0.22
t2 21.34+0.17|20.384+0.14{20.55+0.15|2.0240.06{1.984+0.06(1.95+0.05|25.4340.24(27.29+0.26 |26.75+0.26
t3 19.5740.18(20.02+0.19|20.00+0.19{2.10+0.06|2.06+0.06 |2.024+0.06{11.82+0.16(11.66+0.16|11.744+0.17
t4 25.324+0.21(24.5540.20{24.66+£0.20|2.0640.06{1.9240.05(1.99+0.06|28.9240.26 | 28.24+0.26 [29.64+0.27
t12 18.83+0.14|18.38+0.14|18.7940.15|1.84+0.05|{1.91+0.06|1.89+0.06 |23.68+0.22|23.004+-0.21|24.53+0.23
t13 |18.26+0.15(17.3940.14|17.42+0.15|1.924+0.06{1.934+0.06(2.02+0.06|11.384+0.18(11.19+0.18(11.11+0.15
tl4 |21.25+0.16{21.3940.17|20.88+0.18|1.914+0.06{1.854+0.05|1.77+0.05|24.784+0.23(23.07£0.19(23.61+0.20
t23 |16.52+0.14|16.3740.14|15.62+0.12|2.114+0.06{1.934+0.05|2.12+0.07|10.564+0.14(10.90£0.16(11.06+0.16
t24 |21.67+0.17|21.8040.17|21.72+0.18|1.914+0.05(1.86+0.06(1.86+0.05|23.664+-0.21(25.08+0.24 |23.45+0.21
t34 |19.06+0.17|18.0640.1519.13£0.17|2.114+0.07{1.894+0.05(1.93+0.05|11.144+0.15({11.02+0.15(11.06+0.15
t123 |17.35+0.16{17.3940.21|16.47+0.13|1.924+0.06{2.01+0.07|2.05+0.07|10.1940.14{10.27+0.14(10.01+0.15
t124 |19.09+0.14|17.8640.12|18.64+0.14|1.3940.02{1.454+0.03|1.59+0.04|22.464+0.21(22.42+0.21(23.31+0.24
t134 |18.03+0.16{18.6140.17|18.53£0.16|1.924+0.06(2.03+0.09(1.92+0.05|10.514+0.14(11.46+0.20(10.83+0.15
t234 |18.04+0.16(17.3640.16{17.08+0.15|1.8940.05(1.98+0.07|2.01+0.07|10.534+0.15({10.51£0.15(10.71+0.16
t1234(15.83+0.12|15.754+0.13|15.86+£0.13|1.724+0.04{1.67+0.04|1.62+0.04|10.034+0.13| 9.93£0.14| 9.99+0.13




5 camundd

ssssssssssssssss pany

Parallel

Load function /
WFMS

all

m;
2.59 ms + 0.05 ms

t124
2.16 ms £ 0.03 ms

Exclusive

t3
1.57 ms £ 0.02 ms

t124
1.32 ms £ 0.02 ms

Inclusive

m,
2.76 ms = 0.08 ms

t1234
1.78 ms £ 0.02 ms

4, Execute the
BPs in EM and

Performance

Measure

il

Performance
metrics

Instance duration
(ms)

O Activit

Parallel

m;
26.04 ms £ 0.01 ms

t23
15.62 ms £ 0.12 ms

Exclusive

m;
2.14 ms £ 0.07 ms

t124
1.39 ms £ 0.02 ms

Inclusive

m;
29.87 ms £ 0.30 ms

t1234
9.93 ms +0.14 ms




Performance
metrics

\ 4

One sample

a normal
distribution}

5. Test
Statistical

| Significance of

Differences

Statistical
significance of
the
performance
differences

Population

\ 4

Two samples

a normal
distribution}

Yes No
One Wilcoxon Yes
sample rank sum
t-test test
Y

Yes

Paired
t-test

Paired
samples?

Yes

Equal

No

Paired
samples?

Yes

A

y

sam

Three or more

ples

ano

Yes

Paired
samples?

distribution}

rmal

Paired

Yes

Mann-Whitney
test

one-way ANOVA

Repeated
measures

One-way
ANOVA

Friedman
test

variance? Wilcoxon’s
matched
Yes pairs test
Unaired Welch’s
t-test corrected
unpaired test

*http://www.biochemia-medica.com/content/comparing-groups-statistical-differences-how-choose-right-statistical-test

samples?

No

Kruskal-Wallis
test




Performance
metrics

5. Test
| Statistical
Significance of
Differences

t24 t34 t123

Statistical

the

significance of

performance
differences

t124 t134 t234 t1234

mi t1 t2 t3 t4 t12 tl13 t14 t23
Population
One sample Two samples

a normal
distribution}

a normal
distribution}

Yes No
One Wilcoxon
sample rank sum
t-test test

Yes

Yes

t-test

Paired

*http://www.biochemia-medica.com/content/comparing-groups-statistical-differences-how-choose-right-statistical-test

Paired
samples?

Yes

Equal

No

Paired
samples?

Yes

A

y

sam

Three or more

ples

ano

Yes

variance? Wilcoxon’s
matched

Yes pairs test

Mann-Whitney
test

Repeated
measures
one-way ANOVA

Welch'’s
corrected
unpaired test

Unaired
t-test

Paired
samples?

distribution}

rmal

Yes

One-way
ANOVA

Friedman
test

Paired
samples?

No

Kruskal-Wallis
test




Performance
metrics

5. Test
| Statistical
Significance of
Differences

t24 t34 t123

Statistical

the

significance of

performance
differences

t124 t134 t234 t1234

mi t1 t2 t3 t4 t12 tl13 t14 t23
Population
One sample Two samples

a normal
distribution}

a normal
distribution}

Yes No
One Wilcoxon
sample rank sum
t-test test

Yes

Yes

t-test

Paired

*http://www.biochemia-medica.com/content/comparing-groups-statistical-differences-how-choose-right-statistical-test

Paired
samples?

Yes

Equal

No

Paired
samples?

Yes

A

y

sam

Three or more

ples

Yes

variance? Wilcoxon’s
matched

Yes pairs test

Mann-Whitney
test

Repeated
measures
one-way ANOVA

Welch'’s
corrected
unpaired test

Unaired
t-test

Paired
samples?

anormal
distribution

Yes

One-way
ANOVA

Friedman
test

Paired
samples?

No

Kruskal-Wallis
test




oo Statistical

Performance g St?tistical : S|gn|f|tcr?:ce of
metrics Significance o
%ifferences performance

differences

mi t1 t2 t3 t4 t12 t13 t14 t23 t24 t34 t123 t124 t134 t234 t1234

Three or more
samples

Drawn from
a normal

Yes No

Paired

Paired

samples? samples?
Yes Yes
Repeated One-way Friedman Kruskal-Wallis
measures ANOVA test test
one-way ANOVA

*http://www.biochemia-medica.com/content/comparing-groups-statistical-differences-how-choose-right-statistical-test



5. Test
Performance | Statistical
metrics Significance of
Differences

Statistical
significance of
the

performance
differences
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RQ1: Does the application of different modeling practices have significant impact on the
duration of a BP instance execution?
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5. Test
Statistical

Table 3. Kruskal-Wallis Test Summary Results

Parallel

Exclusive

Inclusive

Trial 1 Trial 2 Trial 3

Trial 1 Trial 2 Trial 3

Trial 1 Trial 2 Trial 3

Total # instances
Test Statistic
Asymptotic Sig.

739’845 721°265 775’940
6°036 5686 3’989
0 0 0

765’393 817°415 850’040
2’852 3’290 3’695
0 0 0

487°213 494’020 544°059
27512 29’646 29’530
0 0 0

Total # instances
Test Statistic
Asymptotic Sig.

Activiti| Camunda

697’492 698’976 699’478
135513 141’611 139’567

0 0 0

708’138 710’987 710’467
1’268 1’268 1’882

0 0 0

687’930 687°011 687’746
351’816 354’735 354’047
0 0 0

RQ1: Does the application of different modeling practices have significant impact on the
duration of a BP instance execution?
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5. Test
Statistical

Table 3. Kruskal-Wallis Test Summary Results

Parallel

Exclusive

Inclusive

Trial 1 Trial 2 Trial 3|Trial 1 Trial 2 Trial 3|Trial 1 Trial 2 Trial 3
Total # instances| 739’845 721’265 775’940(765’393 817’415 850°040|487°213 494’020 544’059
Test Statistic 6’036 5686 3'989| 2’852 3’290 _ 3'695| 27512 29’646 29’530
Asvmptotlc Sig. 0. 0 0|, 0 0. 0 0, -0

Q

Total # instances

697.’492 698’976 695.)’478

708’138 716’987 710’467

637°930 687°011 687°746

|Activiti Camunda

Test Statlstlc 135’513_ 141’_611 1{39’56? 1’_268 _ 1’26? 1:882 351’81_6 354;735 {354’04_17_
Asxmgtotlc Slg 0 i _0 0 ) i 0 O_ i 0 O_ ) 0 O

RQ1: Does the application of different modeling practices have significant impact on the
duration of a BP instance execution?

YES!
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5. Test
Statistical

Table 3. Kruskal-Wallis Test Summary Results

Parallel

Exclusive

Inclusive

Trial 1 Trial 2 Trial 3|Trial 1 Trial 2 Trial 3|Trial 1 Trial 2 Trial 3
Total # instances| 739’845 721’265 775’940(765’393 817’415 850°040|487°213 494’020 544’059
Test Statistic 6’036 5’686 3989|2852 3’290 _ 3’695] 27’512 29’646 29’530,
Asvmptotlc Sig. 0. 0 0|, 0 0. 0 0, -0

Q

Total # instances

697.’492 698’976 695.)’478

708’138 71b’987 710’467

637°930 687°011 687°746

|Activiti Camunda

Test Statlstlc 135’513 141’611 139’567| 1’268 1’268  1°882]351’816 354’735 {354’04_17_
Asxmgtotlc Slg 0 0 0f 0 0 0 0 -0 0

RQ1: Does the application of different modeling practices have significant impact on the
duration of a BP instance execution?

improvement possibilities to BPMS vendors

YES!
\ 4

73




Statistical
significance of

the

performance
differences

6. Rank the
Performance

-> of

Transformed
Models

Table 4. Models ranked over their performance in three trials using Dunns’ test

Camunda Activiti

Parallel | Exclusive | Inclusive | Parallel | Exclusive | Inclusive
Model Rank|Model Rank|Model Rank|Model Rank|Model Rank|Model Rank
t124 1 tl24 1 t1234 1 |t1234 1 tl124 1 t1234 1
t1234 2 t1234 1 t123 2 |t23 2 t1234 2 t123 1
t12 3 tl2 2 tl134 3 |t123 3 t24 2 1234 2
t123 3 t123 2 1234 3 |t234 4 tl12 3 t23 2
t14 4 t24 2 t13 4 [t13 5 tl4 3 tl13 3
t24 5 1234 2 123 4 [t134 6 t123 4 t134 3
t234 6 tl4 3 t34 5 [t34 7 tl134 4 t34 3
t134 6 t134 3 t3 6 [t3 8 1234 4 t3 4
t2 7 tl 4 t124 7 |t12 9 tl1 5 t124 5
t1 7 tl13 4 t12 8 [t124 9 2 5 tl12 6
t23 8 12 5 t1 9 [t14 10 t4 5 tl4 7
t4 8 23 5 t24 9 |t1 11 ¢13 5 t24 8
t13 9 t34 5 tl4 9 [t2 12 t23 5 t1 9
t34 10 t4 6 t2 10 |t24 12 t34 5 2 10
m; 11 t3 7 t4 11 (¢4 13 m; 6 m; 11
t3 12 m; 7T m, 12 |m; 14 t3 6 t4 11

RQ2: Is there a total order between semantically equivalent but structurally different

m

odels, when ranked according to their performance?
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Table 4. Models ranked over their performance in three trials using Dunns’ test

Camunda Activiti

Parallel | Exclusive | Inclusive | Parallel | Exclusive | Inclusive
Model Rank|Model Rank|Model Rank|Model Rank|Model Rank|Model Rank
t124 1 tl24 1 t1234 1 |t1234 1 tl124 1 t1234 1
t1234 2 t1234 1 t123 2 |t23 2 t1234 2 t123 1
t12 3 tl2 2 tl134 3 |t123 3 t24 2 1234 2
t123 3 t123 2 1234 3 [t234 4 tl12 3 t23 2
t14 4 t24 2 t13 4 [t13 5 tl4 3 tl13 3
t24 5 1234 2 123 4 [t134 6 t123 4 t134 3
t234 6 tl4 3 t34 5 [t34 7 tl134 4 t34 3
t134 6 t134 3 t3 6 [t3 8 1234 4 t3 4
t2 7 tl 4 t124 7 |t12 9 tl1 5 t124 5
t1 7 tl13 4 t12 8 [t124 9 2 5 tl12 6
t23 8 12 5 t1 9 [t14 10 t4 5 tl4 7
t4 8 23 5 t24 9 |t1 11 ¢13 5 t24 8
t13 9 t34 5 tl4 9 [t2 12 t23 5 t1 9
t34 10 t4 6 t2 10 |t24 12 t34 5 2 10
m; t3 A t4 t4 A3 m L mi
t3 LQ' m; '_: m; LQ' m; '1_’4' t3 '_: t4 Ll'

RQ2: Is there a total order between semantically equivalent but structurally different

m

NO!

odels, when ranked according to their performance?
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Table 4. Models ranked over their performance in three trials using Dunns’ test

Camunda Activiti

Parallel | Exclusive | Inclusive | Parallel | Exclusive | Inclusive
Model Rank|Model Rank|Model Rank|Model Rank|Model Rank|Model Rank
t124 1 tl24 1 t1234 1 |t1234 1 tl124 1 t1234 1
t1234 2 t1234 1 t123 2 |t23 2 t1234 2 t123 1
t12 3 tl2 2 tl134 3 |t123 3 t24 2 1234 2
t123 3 t123 2 1234 3 [t234 4 tl12 3 t23 2
t14 4 t24 2 t13 4 [t13 5 tl4 3 tl13 3
t24 5 1234 2 123 4 [t134 6 t123 4 t134 3
t234 6 tl4 3 t34 5 [t34 7 tl134 4 t34 3
t134 6 t134 3 t3 6 [t3 8 1234 4 t3 4
t2 7 tl 4 t124 7 |t12 9 tl1 5 t124 5
t1 7 tl13 4 t12 8 [t124 9 2 5 tl12 6
t23 8 12 5 t1 9 [t14 10 t4 5 tl4 7
t4 8 23 5 t24 9 |t1 11 ¢13 5 t24 8
t13 9 t34 5 tl4 9 [t2 12 t23 5 t1 9
t34 10 t4 6 t2 10 |t24 12 t34 5 2 10
m; t3 A t4 t4 A3 m L mi
t3 LQ' m; '_: m; LQ' m; '1_’4' t3 '_'6' t4 Ll'

RQ2: Is there a total order between semantically equivalent but structurally different

m

NO!

odels, when ranked according to their performance?

» opportunity to identify optimization rules
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Statistical
significance of

the

performance
differences

6. Rank the
Performance

-> of

Transformed
Models

Table 4. Models ranked over their performance in three trials using Dunns’ test

Camunda Activiti
Parallel | Exclusive | Inclusive | Parallel | Exclusive | Inclusive
Model Rank|{Model Rank|{Model Rank|{Model Rank|Model Rank|{Model Rank
"¢124 1 +t124 1 t1234 1 |t1234 1 tl124 1 t1234 1
lei2bs 2 Jeaops 1 23 2 jt23 2 a24 2 4123 1
Jt12: 3 .tl12- 2 tl34 3 [t123 3 t24 2 1234 2
t1213 3 Lt12l3 2 1234 3 |t234 4 t12 3 t23 2
t14 4 “t24 2 t13 4 |t13 5 tl4 3 tl13 3
t24 5 1234 2 123 4 |t134 6 t123 4 t134 3
t234 6 tl4 3 t34 5 [t34 7 tl134 4 t34 3
t134 6 t134 3 t3 6 [t3 8 1234 4 t3 4
t2 7 tl 4 t124 7 |t12 9 t1 5 tl124 5
t1 7 t13 4 t12 8 [t124 9 t2 5 t12 6
t23 8 12 5 t1 9 [t14 10 t4 5 tl4 7
t4 8 23 5 t24 9 |t1 11 ¢13 5 t24 8
t13 9 t34 5 tl4 9 [t2 12 t23 5 t1 9
t34 10 t4 6 t2 10 [t24 12 t34 5 t2 10
m; 11 t3 7 t4 11 (¢4 13 m; 6 m; 11
t3 12 m; 7T my 12 [m; 14 3 6 t4 11

RQ2: Is there a total order between semantically equivalent but structurally different

m

NO!

odels, when ranked according to their performance?

» opportunity to identify optimization rules
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Statistical
significance of

the

performance
differences

6. Rank the
Performance

-> of

Transformed
Models

Table 4. Models ranked over their performance in three trials using Dunns’ test

Camunda Activiti

Parallel | Exclusive | Inclusive | Parallel | Exclusive | Inclusive
Model Rank|Model Rank|Model Rank|Model Rank|Model Rank|Model Rank
t124 1 t124 1 (t1234) 1 [t1234 1 t124 1 (t1234) 1
t1234 2 t1234 1 t123 - 2 [t23 2 t1234 2 t123 1
t12 3 tl2 2 |t134 3 |t123 3 t24 2 |t234 2
t123 3 tl123 2 =t234 . 3 [t234 4 tl12 3 -t23 2
t14 4 t24 2 |t13 4 [t13 5 tl4 3 |t13 3
t24 5 1234 2 .t23 4 [t134 6 t123 4 .t134 3
t234 6 tl4 3 |t34 5 [t34 7 tl134 4 |t34 3
t134 6 t134 3 i3 6 [t3 8 1234 4 13 4
t2 7 tl 4 124" 7 |t12 9 t1 5 tI24° 5
t1 7 tl13 4 t12 8 [t124 9 2 5 tl12 6
t23 8 12 5 t1 9 [t14 10 t4 5 tl4 7
t4 8 23 5 t24 9 |t1 11 ¢13 5 t24 8
t13 9 t34 5 tl4 9 [t2 12 t23 5 t1 9
t34 10 t4 6 t2 10 |t24 12 t34 5 2 10
m; 11 t3 7 t4 11 (¢4 13 m; 6 m; 11
t3 12 m; 7T m; 12 |m; 14 t3 6 t4 11

RQ2: Is there a total order between semantically equivalent but structurally different

m

NO!

odels, when ranked according to their performance?

» opportunity to identify optimization rules
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Performance Variability

Acceptability index

m(B) — m(A) A initial model (m,)
w(B) + w(A) B transformed model (t)

AI(A,B) =

A = |al,ar] 959 confidence interval
B = [bl, br] of the duration

m(A) average duration of
m(B) model’s instances

w(4) half-width of the
w(B) confidence interval

*Sengupta, A., Pal, T.K.: On comparing interval numbers. European Journal of Operational Research 127(1), 28—43 (2000)
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Performance Variability

Acceptability index

m(B) — m(A) A initial model (m,)
w(B) + w(4) B transformed model (t)

AI(A,B) =

A = |al,ar] 959 confidence interval
B = [bl, br] of the duration

. overlappin
m(A) average duration of Honsionnecimone ueEER o
is faster intervals

m(B) model’s instances |
Al -1 1

w(4) half-width of the
w(B) confidence interval

*Sengupta, A., Pal, T.K.: On comparing interval numbers. European Journal of Operational Research 127(1), 28—43 (2000)



Performance Variability

Acceptability index

AI(A.B) = m(B) — m(A) A initial model (m))
"7 w(B) +w(A) B transformed model (t)
A = lal, ar] 959 confidence interval
B = [bl, br] of the duration
. transformed model overlapping initial model

m(4) averag}e fjuratlon o is faster intervals is faster
m(B) model’s instances i :

Al -1 1

w(4) half-width of the
w(B) confidence interval

*Sengupta, A., Pal, T.K.: On comparing interval numbers. European Journal of Operational Research 127(1), 28—43 (2000)



Performance Variability
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Acceptability Index
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Performance Variability

true

true

Acceptability Index

Activiti Ranks 1. to 14.
Camunda Ranks 1. to 12.

tl t2

Parallel Control Flow
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t12 t13 t14 t23 t24 t34
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Performance Variability
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Camunda Ranks 1. to 12.
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Parallel Control Flow
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t34  t123 t124 t134 t234¢t1234
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Performance Variability

Activiti Ranks 1. to 14. Parallel Control Flow Overlapping

Camunda Ranks 1. to 12. confidence intervals

tl t2 t3 t4 t12 t13 t14 t23 t24 t34  t123 t124 t134 t234'Tt1234
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Performance Variability

Activiti Ranks 1. to 14. Parallel Control Flow Overlapping

Camunda Ranks 1. to 12. confidence intervals

tl t2 t3 t4 t12 t13 t14 t23 t24 t34  t123 t124 t134 t234'Tt1234
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Performance Variability

Activiti Ranks 1. to 6. EXClUSIVE COﬂthl FIOW Overlapping
Camunda Ranks 1. to 7. confidence intervals
A
t1 12 13 t4 t12 t13 t14 123 124 134 1123 t124 t134 t234 | t1234

Acceptability Index
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Performance Variability

Activiti Ranks 1. to 6. EXClUSIVE COﬂthl FIOW Overlapping
Camunda Ranks 1. to 7. confidence intervals
A
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Acceptability Index
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Performance Variability

Activiti Ranks 1. to 6. EXClUSIVE COﬂthl FIOW Overlapping
Camunda Ranks 1. to 7. confidence intervals
A
t1 12 13 t4 t12 t13 t14 123 124 134 1123 t124 t134 t234 | t1234

Acceptability Index

1 | IR R |
O YU A bhA W N R O RN
| — | i

1.
M Trial 1 - Activiti " Trial 2 - Activiti * Trial 3 - Activiti M Trial 1 - Camunda ™ Trial 2 - Camunda ' Trial 3 - Camunda
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Performance Variability

Acceptability Index

LSS B GOGIUIUIGIRINININIRISS S |y

Activiti Ranks 1. to 11.
Camunda Ranks 1. to 12.

Inclusive Control Flow

Overlapping
confidence intervals

t124 t134 t234T‘t1234

t1 12 t3 t4 t12 t13 t14 123 t24 t34 t123

% g =10 —11.11. 4§ 8. 9. . .

L p——T : % - | 2
4 19, 6 6. 4. - "4, — 3 3. ——
§ 7. 8. 5 i
4
%
:
1 4. :
§ 3. 2. 3. 3 2.

1. 1.

B Trial 1 - Activiti ™ Trial 2 - Activiti ~ Trial 3 - Activiti M Trial 1 - Camunda ™ Trial 2 - Camunda ' Trial 3 - Camunda
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Performance Variability

. Overlappin
Activiti Ranks 1. to 11. Inclusive Control Flow o rvals
Camunda Ranks 1. to 12.
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Performance Variability

Acceptability Index

Activiti Ranks 1. to 11.
Camunda Ranks 1. to 12.

Inclusive Control Flow

Overlapping

confidence intervals

t1 12 t3 t4 t12 t13 t14 123 t24 t34 t123  t124 t134 t234 | t1234
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Performance Variability

Acceptability Index

LSS B GOGIUIUIGIRINININIRISS S |y

Activiti Ranks 1. to 11.
Camunda Ranks 1. to 12.

Inclusive Control Flow

Overlapping
confidence intervals

t124 t134 t234T‘t1234
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Performance Variability

Acceptability Index
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Activiti Ranks 1. to 11.
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Performance Variability

t123

Activiti Ranks 1. to 11. Inclusive Control Flow Overlapping

confidence intervals
Camunda Ranks 1. to 12.
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Avoid Inclusive Gateways

Modeling practices and performance

Use inclusive gateways

Camunda 2.76 ms +0.08 ms Camunda 2.02ms +0.03 ms
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Modeling practices and performance

Use inclusive gateways

Camunda 2.76 ms + 0.08 ms Camunda 2.02 ms 0.03 ms
Activiti 29.87ms + 0.30 ms Activiti 11.66 ms £ 0.16 ms




Avoid Inclusive Gateways

Modeling practices and performance

Use inclusive gateways

Camunda 2.76 ms + 0.08 ms Camunda 2.02 ms 0.03 ms
Activiti 29.87ms + 0.30 ms Activiti 11.66 ms £ 0.16 ms

=% g

Empty ST 1.5

Activiti 26.04 ms +0.21 ms Activiti 19.57 ms £ 0.18 ms



Avoid Inclusive Gateways

Modeling practices and performance

Use inclusive gateways

Camunda 2.76 ms + 0.08 ms Camunda 2.02 ms 0.03 ms
Activiti 29.87ms + 0.30 ms Activiti 11.66 ms £ 0.16 ms

Empty ST 1.2 Empty STR3.PG.2
PG12  PG13
lGR3PG3
= g
Empty STR3.PG.3
Empty ST1.3

/
IGR3.PG.6 O>_’O
Empty ST 1.1 + PG 1.1 = S R3PGENd
ol g Empty STR3.PG.4
—N{EPG14 PG1.5 r I §
g Empty STR3.PG.5
Camunda 2.51 ms+0.05ms Camunda 2.58 ms+ 0.05 ms

Activiti 26.04 ms +0.21 ms Activiti 19.57 ms £ 0.18 ms



Use as Few Elements as Possibile

Modeling practices and performance

Camunda Activiti
Parallel ’ Exclusive Inclusive Parallel Exclusive Inclusive
Model Rank Size Model Rank Size Model Rank Size| Model Rank Size Model Rank Size Model Rank Size
t124 1 18 t124 1 20 t1234 1 18 [t1234 1 18 t124 1 20 t1234 1 18
t1234 2 18 t1234 1 20 t123 2 20 |t23 2 24 t24 2 24 t123 1 20
t12 3 20 t123 2 22 t134 3 22 |t123 3 20 t1234 2 20 t234 2 22
t123 3 20 t12 2 22 t234 3 22 [t234 4 22 tl12 3 22 t23 2 24
t14 4 22 t24 2 24 t13 4 24 |t13 5 24 tl4 3 24 t13 3 24
t24 5 22 t234 2 24 t23 4 24 |t134 6 22 t123 4 22 t134 3 22
t234 6 22 tl4 3 24 t34 5 26 [t34 7 26 t134 4 24 t34 3 26
t134 6 22 t134 3 24 t3 6 28 |t3 8 28 t234 4 24 t3 4 28
t2 7 24 tl 4 26 t124 7 38 [t12 9 20 tl 5 26 t124 5 38
tl 7 24 t13 4 26 t12 8 40 [t124 9 18 t2 5 26 t12 6 40
t23 8 24 t2 5 26 t1 9 44 |t14 10 22 t4 5 28 tl4 7 42
t4 8 26 t23 5 26 t24 9 42 |t1 11 24 t13 5 26 t24 8 42
t13 9 24 t34 5 28 t14 9 42 |t2 12 24 t23 5 26 tl 9 44
t34 10 26 t4 6 28 t2 10 44 |(t24 12 22 t34 5 28 t2 10 44
im 11 28 t3 7 30 t4 11 46 |t4 13 26 im 6 30 im 11 48
t3 12 28 im 7 30 im 12 48 |im 14 28 t3 6 30 t4 11 46




Use as Few Elements as Possible

Modeling practices and performance

Camunda Activiti
Parallel Exclusive Inclusive Parallel Exclusive Inclusive
Model Rank Size Model Rank Size Model Rank Size| Model Rank Size Model Rank Size Model Rank Size
t124 1 18 t124 1 20 t1234 1 18 [t1234 1 18 t124 1 20 t1234 1 18
t1234 2 18 t1234 1 20 t123 2 |20 [t23 2 24 t24 2 24 t123 1 20
t12 3 | 20 t123 2 22 t134 3 |22 |t123 3 20 t1234 2 20 t234 2 22
t123 3 | 20 t12 2 22 t234 3 |22 [t234 4 22 tl12 3 22 t23 2 24
t14 4 | 22 t24 2 24 t13 4 |24 |t13 5 24 tl4 3 24 t13 3 24
t24 5 22 t234 2 24 t23 4 |24 |t134 6 22 t123 4 22 t134 3 22
t234 6 | 22 tl14 3 24 t34 5 |26 [t34 7 26 t134 4 24 t34 3 26
t134 6 | 22 t134 3 24 t3 6 | 28 |t3 8 28 t234 4 24 t3 4 28
t2 71 24 tl 4 26 t124 7 | 38 [t12 9 20 tl 5 26 t124 5 38
tl 7 | 24 t13 4 26 t12 8 |40 [t124 9 18 t2 5 26 t12 6 40
t23 8 | 24 t2 5 26 t1 9 |44 [t14 10 22 t4 5 28 tl4 7 42
t4 8 | 26 t23 5 26 t24 9 |42 |t1 11 24 t13 5 26 t24 8 42
t13 9 | 24 t34 5 28 t14 9 |42 |t2 12 24 t23 5 26 tl 9 44
t34 10 | 26 t4 6 28 t2 10 | 44 (t24 12 22 t34 5 28 t2 10 44
im 11 | 28 t3 7 130 t4 11 | 46 |t4 13 26 im 6 30 im 11 48
t3 12V 28 im 7 Y30 im 12 Y48 |im 14 28 t3 6 30 t4 11 46
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Use as Few Elements as Possible

Modeling practices and performance

Camunda Activiti
Parallel Exclusive Inclusive Parallel Exclusive Inclusive
Model Rank Size Model Rank Size Model Rank Size| Model Rank Size Model Rank Size Model Rank Size
t124 1 18 t124 1 20 t1234 1 18 [t1234 1 18 t124 1 20 t1234 1 18
t1234 2 18 t1234 1 20 t123 2 |20 [t23 2 24 t24 2 24 t123 1 20
t12 3 | 20 t123 2 22 t134 3 |22 |t123 3 20 t1234 2 20 t234 2 22
t123 3 | 20 t12 2 22 t234 3 |22 [t234 4 22 tl12 3 22 t23 2 24
t14 4 | 22 t24 2 24 t13 4 |24 |t13 5 24 tl4 3 24 t13 3 24
t24 5 22 t234 2 24 t23 4 |24 |t134 6 22 t123 4 22 t134 3 22
t234 6 | 22 tl14 3 24 t34 5 |26 [t34 7 26 t134 4 24 t34 3 26
t134 6 | 22 t134 3 24 t3 6 | 28 |t3 8 28 t234 4 24 t3 4 28
t2 71 24 tl 4 26 t124 7 | 38 [t12 9 . tl 5 26 t124 5 38
tl 7 | 24 t13 4 26 t12 8 |40 [t124 9 Lig]tQ 5 26 t12 6 40
t23 8 | 24 t2 5 26 t1 9 |44 [t14 10 22 t4 5 28 tl4 7 42
t4 8 | 26 t23 5 26 t24 9 |42 |t1 11 24 t13 5 26 t24 8 42
t13 9 | 24 t34 5 28 t14 9 |42 |t2 12 24 t23 5 26 tl 9 44
t34 10 | 26 t4 6 28 t2 10 | 44 (t24 12 22 t34 5 28 t2 10 44
im 11 | 28 t3 7 130 t4 11 | 46 |t4 13 26 im 6 30 im 11 48
t3 12V 28 im 7 Y30 im 12 Y48 |im 14 28 t3 6 30 t4 11 46
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Use as Few Elements as Possible

Modeling practices and performance

Camunda Activiti
Parallel Exclusive Inclusive Parallel Exclusive Inclusive
Model Rank Size Model Rank Size Model Rank Size| Model Rank Size Model Rank Size Model Rank Size
t124 1 18 t124 1 20 t1234 1 18 [t1234 1 18 t124 1 20 t1234 1 18
t1234 2 18 t1234 1 20 t123 2 |20 [t23 2 24 t24 2 tz?ﬂn% 1 20
t12 3 | 20 t123 2 22 t134 3 |22 |t123 3 20 t1234 2 20 t234 2 22
t123 3 | 20 t12 2 22 t234 3 |22 [t234 4 22 tl12 3 22 t23 2 24
t14 4 | 22 t24 2 24 t13 4 |24 |t13 5 24 tl4 3 24 t13 3 24
t24 5 22 t234 2 24 t23 4 |24 |t134 6 22 t123 4 22 t134 3 22
t234 6 | 22 tl14 3 24 t34 5 |26 [t34 7 26 t134 4 24 t34 3 26
t134 6 | 22 t134 3 24 t3 6 | 28 |t3 8 28 t234 4 24 t3 4 28
t2 71 24 tl 4 26 t124 7 | 38 [t12 9 . tl 5 26 t124 5 38
tl 7 | 24 t13 4 26 t12 8 |40 [t124 9 Lig]tQ 5 26 t12 6 40
t23 8 | 24 t2 5 26 t1 9 |44 [t14 10 22 t4 5 28 tl4 7 42
t4 8 | 26 t23 5 26 t24 9 |42 |t1 11 24 t13 5 26 t24 8 42
t13 9 | 24 t34 5 28 t14 9 |42 |t2 12 24 t23 5 26 tl 9 44
t34 10 | 26 t4 6 28 t2 10 | 44 (t24 12 22 t34 5 28 t2 10 44
im 11 | 28 t3 7 130 t4 11 | 46 |t4 13 26 im 6 30 im 11 48
t3 12V 28 im 7 Y30 im 12 Y48 |im 14 28 t3 6 30 t4 11 46
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Minimize the routing paths per element
Model as structured as possible

Modeling practices and performance



Minimize the routing paths per element
Model as structured as possible

Modeling practices and performance
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Conclusions

@:ﬁ Modeling is a discretional decision of the modeler!!!

Our ultimate goal:
Take the model and transform it to a better performing but semantically
equivalent model

Our challenge:

Define optimization rules to obtain the better performing model
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Conclusions

in milliseconds
Parallel Exclusive Inclusive
Initial model Best model|Initial model Best model|Initial model Best model
2.59+0.05 2.16+0.03 | 1.55+0.02 1.324+0.02 | 2.764+0.08 1.78+0.02
O Activit
in milliseconds
Parallel Exclusive Inclusive

Initial model Best model
26.04+0.21 15.75+0.13

Initial model Best model
2.144+0.07 1.3940.02

Initial model Best model
29.87+0.30 9.9340.14
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Conclusions

52 camunda
in milliseconds
Parallel Exclusive Inclusive
Initial model Best model|Initial model Best model |Initial model Best model
2.591+0.05 2.16+0.03 | 1.55+0.02 1.324+0.02 | 2.76+0.08 1.7840.02
~17% ~15% ~36%
O Activit
in milliseconds
Parallel Exclusive Inclusive

Initial model Best model
26.04+0.21 15.754+0.13

Initial model Best model

2.1440.07 1.3940.02

Initial model Best model
29.87+0.30 9.9340.14

~40%

~35%

~67%

New automatic optimization opportunity?
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Model ranking

Dunn’s test - the HO is that the probability of observing a randomly selected value from the
first sample that is larger than a randomly selected value from the second sample equals
one half, i.e., no sample dominates the other => we assign the same rank.

Rejecting the HO, implies that the first sample is dominated by the second sample => we
assign different ranks.

Base-case rank - the sum of the assigned ranks in each performed trial (what we show in
the table).

Sensitivity analysis - we test the sensitivity of the order of the performance of the executed
models as per the base-case rank on the the ranks from the individual trials. We use a
deterministic one-at-a-time, also known as one-side, sensitivity analysis.




Benchflow Environment Setup

- the WfMS, the DB and Faban, are all deployed in Docker images on dedicated servers
using the Docker Engine 1.9.1 and Ubuntu 14.04.3 LTS (GNU/Linux 3.13.0-40-generic
x86 64) as OS.

- they interact through two networks of 10Gbit/s each, one dedicated to the
communication between the WfMS and the DB and the other one dedicated to other
interactions (e.g., issuing the load).

- The WfMS runs on a server with 64 Cores (2 threads) and a clock speed of 1’400MHz
mounting 128GB of RAM and a magnetic disk with 15’000 rpm.

- The DB runs on a server with 64 Cores (2 threads) and a clock speed of 2’300MHz
mounting 128GB of RAM and a SSD SATA disk.

- Faban’s Load Drivers are placed on three servers: one with 64 Cores (2 threads) and a
clock speed of 2’300MHz mounting 128GB of RAM, the second with 48 Cores (2
threads) and a clock speed of 2’000MHz mounting 128GB of RAM, and the third with
12 Cores (1 thread) at 800MHz mounting 64GB of RAM.



