
,(((�6&������ ,29����� ,(((�62&$�����

/LTXLG�6RIWZDUH�
LQ�D�3URJUDPPDEOH�:RUOG

&HVDUH�3DXWDVVR�
6RIWZDUH�,QVWLWXWH��)DFXOW\�RI�,QIRUPDWLFV��86,��/XJDQR�

6ZLW]HUODQG

KWWS���ZZZ�SDXWDVVR�LQIR�WDONV������VRFD
#SDXWDVVR#VFKRODU�VRFLDO

SRZHUHG�E\�

http://www.pautasso.info/talks/2018/soca
https://scholar.social/@pautasso
http://asq.inf.usi.ch/


3URJUDPPDEOH�:HE

SRZHUHG�E\�

http://asq.inf.usi.ch/


3URJUDPPDEOH�:HE
3URJUDPPDEOH�0RQH\

SRZHUHG�E\�

http://asq.inf.usi.ch/


3URJUDPPDEOH�:HE
3URJUDPPDEOH�0RQH\
3URJUDPPDEOH�:RUOG

SRZHUHG�E\�

http://asq.inf.usi.ch/


(YHU\�7KLQJ�LV
&RQQHFWHG

SRZHUHG�E\�

http://asq.inf.usi.ch/


SRZHUHG�E\�

http://asq.inf.usi.ch/


(YHU\�7KLQJ�DV
D�6HUYLFH

SRZHUHG�E\�

http://asq.inf.usi.ch/


6HUYLFHV

SRZHUHG�E\�

http://asq.inf.usi.ch/


6HUYLFHV
,QWHURSHUDELOLW\

SRZHUHG�E\�

http://asq.inf.usi.ch/


6HUYLFHV
,QWHURSHUDELOLW\

$YDLODELOLW\

SRZHUHG�E\�

http://asq.inf.usi.ch/


6HUYLFHV
,QWHURSHUDELOLW\

$YDLODELOLW\
&RPSRVLWLRQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


0LFURVHUYLFHV

SRZHUHG�E\�

http://asq.inf.usi.ch/


0LFURVHUYLFHV
&RQWLQXRXV�&KDQJH

SRZHUHG�E\�

http://asq.inf.usi.ch/


0LFURVHUYLFHV
&RQWLQXRXV�&KDQJH

6PDOO�6L]H�RU�/RZ�&RXSOLQJ"

SRZHUHG�E\�

http://asq.inf.usi.ch/


0LFURVHUYLFHV
&RQWLQXRXV�&KDQJH

6PDOO�6L]H�RU�/RZ�&RXSOLQJ"

5HFRPSRVLWLRQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�(YROXWLRQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


SRZHUHG�E\�

http://asq.inf.usi.ch/


7KHUH
V�DQ�DSS�DGDSWHU�IRU�WKDW

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�&RQQHFWRUV

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�&RQQHFWRUV
5HPRWH�3URFHGXUH�&DOO

$V\QFKURQRXV�0HVVDJLQJ

)LOH�7UDQVIHU

6KDUHG�'DWDEDVH

6WUHDP

:RUOG�:LGH�:HE

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�6WUDWHJ\

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�6WUDWHJ\
2SHQ�RU�&ORVHG"

SRZHUHG�E\�

http://asq.inf.usi.ch/


$3,�6WUDWHJ\
2SHQ�RU�&ORVHG"

SRZHUHG�E\�

http://asq.inf.usi.ch/


6RPH�VHUYLFHV�DUH�PRUH
HTXDO�WKDQ�RWKHUV

SRZHUHG�E\�

http://asq.inf.usi.ch/


6RPH�VHUYLFHV�DUH�PRUH
HTXDO�WKDQ�RWKHUV

�7KH�\HDU�ZH�ORVW�QHW�QHXWUDOLW\�

SRZHUHG�E\�

http://asq.inf.usi.ch/


Web Evolution

Decentralized

Centralized

Re-decentralized

http://www.pautasso.info/rss.xml

https://www.twitter.com/pautasso

https://scholar.social/@pautasso 
dat://... 
ipfs://...

powered by 

http://asq.inf.usi.ch/


&ORXG

SRZHUHG�E\�

http://asq.inf.usi.ch/


&ORXG

)RJ
SRZHUHG�E\�

http://asq.inf.usi.ch/


&ORXG
(GJH
)RJ

SRZHUHG�E\�

http://asq.inf.usi.ch/


'DWD�([KDXVW

SRZHUHG�E\�

http://asq.inf.usi.ch/


Data Exhaust
Cars aren't just engines, brakes and windows — they're

computers on wheels that are learning to drive themselves, talk
to each other, and generate enormous amounts of lucrative data

that ends up into their manufacturers Cloud.

powered by 

http://asq.inf.usi.ch/


6RPH�GHYLFHV�DUH�PRUH
HTXDO�WKDQ�RWKHUV

SRZHUHG�E\�

http://asq.inf.usi.ch/


6RPH�GHYLFHV�DUH�PRUH
HTXDO�WKDQ�RWKHUV

�7KH�\HDU�ZH�ORVW�FRQWURO�
RYHU��RXU�RZQ��GHYLFHV�

SRZHUHG�E\�

http://asq.inf.usi.ch/


2QH�&RPSXWHU
0DQ\�8VHUV

SRZHUHG�E\�

http://asq.inf.usi.ch/


2QH�&RPSXWHU
2QH�8VHU

SRZHUHG�E\�

http://asq.inf.usi.ch/


Many

Computers

One User







$SSOH
&RQWLQXLW\

SRZHUHG�E\�

http://asq.inf.usi.ch/


6DPVXQJ�)ORZ

SRZHUHG�E\�

http://asq.inf.usi.ch/


:KDW�DERXW�WKH�:HE"

SRZHUHG�E\�

http://asq.inf.usi.ch/


5HVSRQVLYH

SRZHUHG�E\�

http://asq.inf.usi.ch/


/LTXLG

SRZHUHG�E\�

http://asq.inf.usi.ch/


/LTXLG�0HWDSKRU

SRZHUHG�E\�

http://asq.inf.usi.ch/


)ORZ
/LTXLG�0HWDSKRU

SRZHUHG�E\�

http://asq.inf.usi.ch/


)ORZ
/LTXLG�0HWDSKRU

$GDSW
SRZHUHG�E\�

http://asq.inf.usi.ch/


/LTXLG�6RIWZDUH
���$GDSW�WKH�GLVWULEXWHG�XVHU�LQWHUIDFH
WR�IXOO\�WDNH�DGYDQWDJH�RI�WKH�VHW�RI
GHYLFHV

SRZHUHG�E\�

http://asq.inf.usi.ch/


/LTXLG�6RIWZDUH
���$GDSW�WKH�GLVWULEXWHG�XVHU�LQWHUIDFH
WR�IXOO\�WDNH�DGYDQWDJH�RI�WKH�VHW�RI
GHYLFHV

���6HDPOHVVO\�PLJUDWH�DQG�FORQH
UXQQLQJ�DSSOLFDWLRQV�DFURVV�GHYLFHV

SRZHUHG�E\�

http://asq.inf.usi.ch/


/LTXLG�6RIWZDUH
���$GDSW�WKH�GLVWULEXWHG�XVHU�LQWHUIDFH
WR�IXOO\�WDNH�DGYDQWDJH�RI�WKH�VHW�RI
GHYLFHV

���6HDPOHVVO\�PLJUDWH�DQG�FORQH
UXQQLQJ�DSSOLFDWLRQV�DFURVV�GHYLFHV

���'RHV�QRW�OHDN�LQWR�XQWUXVWHG�GHYLFHV

SRZHUHG�E\�

http://asq.inf.usi.ch/




6HFRQG�6FUHHQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


&ROODERUDWLRQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


3UH�FULPH

SRZHUHG�E\�

http://asq.inf.usi.ch/


(GXFDWLRQ

SRZHUHG�E\�

http://asq.inf.usi.ch/


)ORZ
+RZ�WR�VHDPOHVVO\�ѺRZ�UXQQLQJ�DSSOLFDWLRQV�DFURVV�GHYLFHV"

���0LJUDWH� �&RS\���'HOHWH
���&RS\
���&ORQH� �&RS\���6\QFKURQL]H

SRZHUHG�E\�

http://asq.inf.usi.ch/


$GDSW
+RZ�WR�WDNH�DGYDQWDJH�RI�GLIIHUHQW�GHYLFHV"

���0DQXDO
���$XWRPDWLF��5HVSRQVLYH��RQH�GHYLFH�
���$XWRPDWLF��&RPSOHPHQWDU\��PDQ\�GHYLFHV�

SRZHUHG�E\�

http://asq.inf.usi.ch/


+RZ�/LTXLG�LV�WKH�:HE"

SRZHUHG�E\�



:HE�$UFKLWHFWXUH�+LVWRU\
&O
LH
QW

6WDWH

/RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

6H
UY
HU

:HE����
$SSOLFDWLRQV

5LFK�:HE
$SSOLFDWLRQV

5HDO�WLPH
:HE�$SSOLFDWLRQV

+\EULG
:HE�$SSOLFDWLRQV

/RJLF /RJLF

9LHZ 9LHZ

'LVFRYHU\

3HHU�WR�3HHU
:HE�$SSOLFDWLRQV

&O
LH
QW

6H
UY
HU

+773 -DYD6FULSW :HE6RFNHWV :HE57& :HE&RPSRQHQWV
���� ������������ ����

6WDWH6WDWH 6WDWH 6WDWH

6WDWH 6WDWH

SRZHUHG�E\�



/LTXLG�:HE�$SSOLFDWLRQV
&O
LH
QW

6WDWH

/RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

/RJLF

/RJLF /RJLF

9LHZ 9LHZ

6H
UY
HU

:HE����
$SSOLFDWLRQV

5LFK�:HE
$SSOLFDWLRQV

5HDO�WLPH
:HE�$SSOLFDWLRQV

+\EULG
:HE�$SSOLFDWLRQV

/RJLF /RJLF

9LHZ 9LHZ

'LVFRYHU\

3HHU�WR�3HHU
:HE�$SSOLFDWLRQV

&O
LH
QW

6H
UY
HU

+773 -DYD6FULSW :HE6RFNHWV :HE57& :HE&RPSRQHQWV
���� ������������ ����

6WDWH6WDWH 6WDWH 6WDWH

6WDWH 6WDWH

SRZHUHG�E\�



Liquid Web Applications
Cl
ie
nt

State

Logic

View View

Logic

Logic Logic

View View

Logic

Logic Logic

View View

Logic

Logic Logic

View View

Se
rv
er

Web 1.0
Applications

Rich Web
Applications

Real time
Web Applications

Hybrid
Web Applications

Logic Logic

View View

Discovery

Peer-to-Peer
Web Applications

Cl
ie
nt

Se
rv
er

HTTP JavaScript WebSockets WebRTC WebComponents

1995 201120082002 2011

StateState State State

State State

Migrate/Copy Clone (Synchronization)

powered by 

http://asq.inf.usi.ch/


6WDWH�6\QFKURQL]DWLRQ
:KHQ�WR�VKDUH�XSGDWHV"

���%DWFK��&RS\�
���7ULFNOH��6\QFKURQL]H�

SRZHUHG�E\�



6WDWH�,GHQWLѹFDWLRQ
:KDW�QHHGV�WR�EH�PLJUDWHG�V\QFKURQL]HG"

���([SOLFLW
���,PSOLFLW

SRZHUHG�E\�



*UDQXODULW\
:KDW�QHHGV�WR�EH�PLJUDWHG�V\QFKURQL]HG"

���26�90��,PSOLFLW�
���$SSOLFDWLRQ��,PSOLFLW�
���&RPSRQHQW��([SOLFLW�

SRZHUHG�E\�



'HSOR\PHQW
:KHQ�WR�LQVWDOO�WKH�DSS"

���3UH�LQVWDOOHG
���2Q�'HPDQG

SRZHUHG�E\�



'LVFRYHU\
+RZ�WR�HVWDEOLVK�WUXVW�EHWZHHQ�SDLUHG�GHYLFHV"

���6PDUWFDUG
���:L)L
���%OXHWRRWK
���6KDUHG�85/
���45�&RGH

SRZHUHG�E\�



/LTXLG�6RIWZDUH�'HVLJQ�6SDFH

)ORZ

&ORQH 0LJUDWH&RS\

SRZHUHG�E\�



+RZ�WR�EXLOG�OLTXLG�:HE
DSSV"

SRZHUHG�E\�



�
�

/LTXLG�:HE�&RPSRQHQWV
/LTXLG�6WRUDJH��3HHU�WR�3HHU�6WDWH�6\QFKURQL]DWLRQ�
/LTXLG�8VHU�([SHULHQFH�$3,
/LTXLG�:HE�:RUNHUV��3HHU�WR�3HHU�2IѺRDGLQJ�

'HPR KWWS���OLTXLG�LQI�XVL�FK

SRZHUHG�E\�



��6WDWHV�RI�6RIWZDUH
&ORXG /LTXLG 6ROLG

SRZHUHG�E\�



$�%ULHI�+LVWRU\�2I�/LTXLG�6RIWZDUH
���� /LTXLG�,QIRUPDWLRQ�(QYLURQPHQW��)URGH�+HJODQG�
���� /LTXLG�6RIWZDUH��8��$UL]RQD�DQG�3ULQFHWRQ�8��

���� )OXLG�&RPSXWLQJ��,%0�=XULFK�5HVHDUFK�/DE�
���� 7KLQN�/LTXLG��%($�62$�0LGGOHZDUH�0DUNHWLQJ�
���� /LTXLG�3XEOLFDWLRQV��8��7UHQWR�HW�DO��
���� /LTXLG�:HE�6HUYLFHV��86,�/XJDQR�
���� /LTXLG�:HE�6WUHDPV��86,�/XJDQR�
���� /LTXLG�6RIWZDUH�0DQLIHVWR��78��7DPSHUH�
���� /LTXLG�:HE�$SSV��86,�/XJDQR�	�78�7DPSHUH�

SRZHUHG�E\�



&RQFOXVLRQV
6RIWZDUH�$UFKLWHFWXUHV�SHULRGLFDOO\�VZLQJ�EHWZHHQ�

2SHQ�ɽ�&ORVHG
&HQWUDOL]HG�ɽ�'HFHQWUDOL]HG
6WDWLF�ɽ�'\QDPLF
6LPSOH�ɽ�&RPSOH[

/LTXLG�6RIWZDUH�ѺRZV�DQG�DGDSWV�DFURVV�\RXU�WUXVWHG�GHYLFHV
/LTXLG�MV�IRU�3RO\PHU��PLJUDWH�DQG�FORQH�VWDWHIXO�:HE
FRPSRQHQWV�DQG�SHHU�WR�SHHU�RIѺRDGLQJ�RI�:HE�ZRUNHUV
DFURVV�PXOWLSOH�GHYLFHV

SRZHUHG�E\�



$FNQRZOHGJHPHQWV
'DQLHOHb%RQHWWD��7RPPLb0LNNRQHQ��$QWHURb7DLYDOVDDUL�
.DULb6\VW¦��$QGUHDb*DOOLGDELQR��9DVLOHLRVb7ULJOLDQRV�
0DVLDUb%DED]DGHK��<ROb/XJLQEXKO��$OH[DQGHUb)LVFKHU

SRZHUHG�E\�



5HIHUHQFHV
$QGUHD�*DOOLGDELQR��&HVDUH�3DXWDVVR�� ����WK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�:HE�(QJLQHHULQJ��,&:(��������6SDLQ��6SULQJHU��0D\������
$QGUHD�*DOOLGDELQR��&HVDUH�3DXWDVVR�� ��7KH�:HE�&RQIHUHQFH��:::�������/\RQ��)UDQFH��$&0��SS�
���������$SULO������
$QGUHD�*DOOLGDELQR��&HVDUH�3DXWDVVR��9LOOH�,OYRQHQ��7RPPL�0LNNRQHQ��.DUL�6\VWD��-DUL�3HNND�9RXWLODLQHQ��DQG�$QWHUR�7DLYDOVDDUL�

��-RXUQDO�RI�:HE�(QJLQHHULQJ��YRO������LVVXH������SS���������������
$QGUHD�*DOOLGDELQR��DQG�&HVDUH�3DXWDVVR�� ����WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�:HE
(QJLQHHULQJ��,&:(�������5RPH��,WDO\��6SULQJHU��-XQH�������
$QGUHD�*DOOLGDELQR��&HVDUH�3DXWDVVR��9LOOH�,OYRQHQ��7RPPL�0LNNRQHQ��.DUL�6\VWD��-DUL�3HNND�9RXWLODLQHQ��DQG�$QWHUR�7DLYDOVDDUL�

����WK�:RUNLQJ�,(((�,),3�&RQIHUHQFH�RQ�6RIWZDUH
$UFKLWHFWXUH��:,&6$��������9HQLFH��,WDO\��$SULO�������
$QGUHD�*DOOLGDELQR��DQG�&HVDUH�3DXWDVVR�� �
��WK�,QWHUQDWLRQDO�$&0�6LJVRIW�6\PSRVLXP�RQ�&RPSRQHQW�%DVHG�6RIWZDUH�(QJLQHHULQJ��&%6(��������9HQLFH��,WDO\��SS���������$SULO�
�����
$QGUHD�*DOOLGDELQR��DQG�&HVDUH�3DXWDVVR��

��3URF��RI�WKH���WK�,QWHUQDWLRQDO�:RUOG�:LGH�:HE�FRQIHUHQFH��0RQWUHDO��&DQDGD��$&0��SS�����������$SULO�������
7RPPL�0LNNRQHQ��.DUL�6\VWD��DQG�&HVDUH�3DXWDVVR�� ����WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�:HE
(QJLQHHULQJ��,&:(��������5RWWHUGDP��1/��6SULQJHU��SS�����������-XQH�������
'DQLHOH�%RQHWWD��DQG�&HVDUH�3DXWDVVR�� ����WK�LQWHUQDWLRQDO�FRQIHUHQFH�FRPSDQLRQ
RQ�:RUOG�ZLGH�ZHE��:::���������3K'�6\PSRVLXP��+\GHUDEDG��,QGLD��$&0��SS�����������$SULO�������
'DQLHOH�%RQHWWD��DQG�&HVDUH�3DXWDVVR�� ���WK�:RUNLQJ�,(((�,),3�&RQIHUHQFH�RQ
6RIWZDUH�$UFKLWHFWXUH��:,&6$��������%RXOGHU��&2��86$��SS�����������-XQH�������

'HFHQWUDOL]HG�&RPSXWDWLRQ�2IѺRDGLQJ�RQ�WKH�(GJH�ZLWK�/LTXLG�:HE:RUNHUV

7KH�/LTXLG�8VHU�([SHULHQFH�$3,

$UFKLWHFWLQJ�/LTXLG�6RIWZDUH
0DWXULW\�0RGHO�IRU�/LTXLG�:HE�$UFKLWHFWXUHV

2Q�WKH�$UFKLWHFWXUH�RI�/LTXLG�6RIWZDUH��7HFKQRORJ\�$OWHUQDWLYHV�DQG�'HVLJQ�6SDFH

'HSOR\LQJ�6WDWHIXO�:HE�&RPSRQHQWV�RQ�0XOWLSOH�'HYLFHV�ZLWK�/LTXLG�MV�IRU�3RO\PHU

7KH�/LTXLG�MV�)UDPHZRUN�IRU�0LJUDWLQJ�DQG�&ORQLQJ�6WDWHIXO�:HE�&RPSRQHQWV�DFURVV
0XOWLSOH�'HYLFHV

7RZDUGV�/LTXLG�:HE�$SSOLFDWLRQV

7RZDUGV�OLTXLG�VHUYLFH�RULHQWHG�DUFKLWHFWXUHV

$Q�$UFKLWHFWXUDO�6W\OH�IRU�/LTXLG�:HE�6HUYLFHV

SRZHUHG�E\�


