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'HILQLWLRQ�RI�6WDWLF�DQG�'\QDPLF�3OXJ�DQG�3OD\

3D3�FRPSRQHQW
LV�VRPH�UHDO�ZRUOG�UHDFWLYH�KDUGZDUH�RU�VRIWZDUH�ZLWK�WKH�FDSDELOLW\�RI
UXQQLQJ�3OXJ�DQG�3OD\�IXQFWLRQDOLW\�VRIWZDUH�

é 6WDWLF�³3OXJ�DQG�3OD\´
6WDWLF�3OXJ�DQG�3OD\�FRPSRQHQWV�

é&RQILJXUHV�WKHPVHOYHV�DW�LQVWDOODWLRQ��WR�SOXJ�

é3URYLGH�VHUYLFHV��WR�SOD\��DFFRUGLQJ�WR�LWV�SUHGHILQHG�IXQFWLRQDOLW\

é '\QDPLFDO�³3OXJ�DQG�3OD\´
'\QDPLF�3OXJ�DQG�3OD\�FRPSRQHQWV�

é+DYH�D�VHW�RI�EDVLF�FDSDELOLWLHV

é7KHLU�IXQFWLRQDOLW\�LV�GHFLGHG�GXULQJ�WKH�SOXJ�LQ�SURFHGXUH

é7KHLU�IXQFWLRQDOLW\�FDQ�G\QDPLFDOO\�EH�FKDQJHG�GXULQJ�WKH�OLIHWLPH�RI�WKH�FRPSRQHQW
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:RUN�PRGHO�RI�3D3�SURMHFW
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Architecture

Theoretical part of
Dr. ing. research

Demonstrator

Experiments
Demo extensions

Publications

Applied research
Commercial “spin-offs”

Interaction and feedback
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Dr. ing. study

PaP core activity
Challenges
•Flexibility
•Autonomy
•Mobility 
•Dependab.
•Security
•QoS
•…
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3D3�FRUH�DFWLYLW\

3D3�$SSOLFDWLRQ
PRGHO�GHILQLWLRQ

3D3
)XQFWLRQDO

DQG
,PSOHPHQ
WDWLRQ

&RQFHSWV
GHILQLWLRQ

3D3�([HFXWLRQ
PRGHO�GHILQLWLRQ

3D3�,PSOHPHQWDWLRQ
PRGHO�GHILQLWLRQ

3D3
$SSOLFDWLRQ
H[DPSOHV
�'HPRQVWUDWRU�
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3D3�)XQFWLRQDO�&RQFHSWV�GHILQLWLRQ

7KHDWUH��$�PHWDSKRU�IRU�FRQFHSWV�DQG�IXQFWLRQDOLW\�GHILQLWLRQ�
5HSUHVHQWV�D�3D3�'RPDLQ�

'LUHFWRU��7KH�PDQDJHU�RI�SOD\V��DQG�VXSHUYLVRU�IRU
DFWRUV��'LUHFWRU�LV�DQ�DFWRU�

5HSHUWRLUH��7KH�VHW�RI�3OD\V�WKDW�PD\�EH�SHUIRUPHG�DW
WKH�WKHDWUH��3OD\LQJ%DVH�GHILQHV�DOO�DFWRUV�

$FWRUV��7KH�SHUIRUPHUV�RI�SOD\V��3OD\V�D�5ROH�

3OD\��'HILQHV�D�VHW�RI�ORJLFDOO\�UHODWHG�IXQFWLRQDOLW\�

&DSDELOLW\��$�XQLTXH�VHW�RI�SURSHUWLHV�RI�DQ�DFWRU�

0DQXVFULSW��7KH�DVVLJQHG�EHKDYLRXU�IRU�DQ�DFWRU�
5ROH6HVVLRQ&RPELQGHU�FR�RUGLQDWHV�5ROH6HVVLRQV�

5ROH6HVVLRQ��$�GLDORJXH�EHWZHHQ�WZR�$FWRUV�
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3OXJ�)XQFWLRQDOLW\

3OD\3OXJ,Q��0DNH�QHZ�IXQFWLRQDOLW\
DYDLODEOH�DV�D�QHZ�SOD\�YHUVLRQ�

3OD\&KDQJHV3OXJ,Q��&KDQJH
IXQFWLRQDOLW\�RI�DQ�H[LVWLQJ�SOD\�YHUVLRQ�

3OD\3OXJ2XW��5HPRYH�D�SOD\�YHUVLRQ

$FWRU3OXJ,Q��(VWDEOLVK�D�UROH�VHVVLRQ
EHWZHHQ�WZR�DFWRU��$Q�DFWRU�PD\�EH
FUHDWHG�LPSOLFLWO\�

$FWRU&KDQJH%HKDYLRXU��5HSODFH�DFWRU
EHKDYLRXU�E\�QHZ�PDQXVFULSW�SOXJ�LQ�

$FWRU3OXJ2XW��7HUPLQDWH�D�UROH�VHVVLRQ�
$Q�DFWRU�PD\�LPSOLFLWO\�EH�GLVFDUGHG�

&RQWH[W��3OD\�PXVW�KDYH�EHHQ�GHILQHG
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3OD\�)XQFWLRQDOLW\

&KDQJH$FWRU&DSDELOLWLHV��&KDQJH
VSHFLILF�SURSHUWLHV�IRU�RZQ�DFWRU

5ROH6HVVLRQ$FWLRQ��$�PHVVDJH
IURP�RQH�DFWRU�WR�DQRWKHU�RU�WR�VHOI

6XEVFULEH(YHQWV��5HTXHVW�WR�EH
QRWLILHG�IRU�VSHFLILHG�HYHQWV�

&RQWH[W�
��3OD\�SOXJJHG�LQ
��$FWRUV�SOXJJHG�LQ
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3URSHUWLHV�UHODWHG�WR�3OD\�SOXJ�IXQFWLRQDOLW\

é 3OD\�YHUVLRQV�of the same play
within same PaP domain is allowed

é &RPSDWLEOH�QRW�FRPSDWLEOH
YHUVLRQV�of same play is explicit
defined through major/minor ver.no.

é 3OD\V�H[SOLFLW�UHODWHG�through use of
ActorPlugIn in Manuscripts

é &RPSDWLELOLW\�EHWZHHQ�UHODWHG
SOD\V�is explicit defined

$GYDQWDJHV��5REXVWQHVV�DQG�IOH[LELOLW\�WKURXJK

é )XQFWLRQDOLW\�FRQVLVWHQF\�DVVXUDQFH

é '\QDPLF�XSGDWH�RI�IXQFWLRQDOLW\

P1:V1.1

P1:V1.2

P1:V2.1

P2:V1.1 P1:V2.x

M21

M11

3D3�'RPDLQ

1

12
2

3 3

4

4
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é $FWRU�SOXJ�VSHFLILHV�SURSHUWLHV�IRU
DQ�DFWRU��QRW�DQ�DFWRU

é 3URSHUWLHV�PXVW�LQFOXGH�UROH��DQG
RSWLRQDOO\�RQH�RU�PRUH�RI�
é/RFDWLRQ��HYHQWXDOO\�D�VSHFLILF�DFWRU

é5HTXLUHG�5HTXHVWHG�&DSDELOLWLHV

é5HTXLUHG�5HTXHVWHG�4R6

é9LVLELOLW\

é6HOHFW6WUDWHJ\

3URSHUWLHV�UHODWHG�WR�$FWRU�SOXJ�IXQFWLRQDOLW\

Dir1Act1

ActorPlugIn(3URSHUWLHV)

Act44
Act33

Act2

$GYDQWDJHV��)OH[LELOLW\�DQG�DGDSWDELOLW\�WKURXJK

é 5HTXHVW�IRU�IXQFWLRQDOLW\�LQVWHDG�RI�VSHFLILF�DFWRU

é '\QDPLF�GHWHUPLQDWLRQ�RI�RSHUDWLRQDO�DUFKLWHFWXUH

3D3�'RPDLQ
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7KH�/D\HUHG�0RGHO

PaP Director
(actors)

PaP Node Communication Infrastructure (PNCI)

PaP applications
(actors)

Non PaP applications

PaP Extended
Management (PXM)

PaP Actor Support (PAS)

Node Infrastructure
Layer

Non PaP applications
interfaced to PaP appl.

PaP specific
applications

PaP Extensions

PaP Basic
Support
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PaP Extended
Support (PXS)

PaP Node Execution Support (PNES)
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:HE�6HUYHU 3D3�6\VWHPV

3D3�6HUYHU�<��3D3�1RGH�<

3D3�$SSOLFDWLRQ�<

3D3�$SSOLFDWLRQ�;

3D3�,PSOHPHQWDWLRQ�FRQFHSWV

-DYD
VRXUFH-DYD

VRXUFH

-DYD
VRXUFH-DYD

VRXUFH

'LUHFWRU\
'LUHFWRU\

RoleSessionsManuscriptsPlays
-DYD
VRXUFH-DYD

VRXUFH
'LUHFWRU\

3D3�/D\HUHG�0RGHO
�3D3�%RRW

9HUVLRQ�[�\

3D3�6XSSRUW�V\VWHP

-DYD
FODVV-DYD

FODVV

-DYD
FODVV-DYD

FODVV

3D3�6HUYHU�;��3D3�1RGH�;

-DYD�90�50,-DYD�90�50,

2SV\V�QHWZRUN

,PSOHPHQWDWLRQ�FRQFHSWV�

3D3�1RGH��&RUUHVSRQGV�WR�D�&RPSXWHU
3D3�/D\HUHG�0RGHO��%DVLV�IRU�VRIWZDUH�VROXWLRQ
3D3�6XSSRUW�6\VWHP��,PSO��RI�/D\HUHG�PRGHO
3D3�%RRW��1HFHVVDU\�WR�VWDUW�D�3D3�6HUYHU
3D3�$SSOLFDWLRQ��,PSO��RI�IXQFWLRQDOLW\�LQ�3D3�FW[�
3D3�6\VWHP��$XWRQRPRXV��RSHUDWLRQDO�3D3�DSSV�
3D3�6HUYHU��$�3D3�1RGH�UXQQLQJ�3D3�DSSV�
:HE�6HUYHU��6WRUDJH�IRU�3D3�$SSOLFDWLRQV

-DYD�90�50,-DYD�DSSOLFDWLRQ

:HE�6HUYHU
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3D3�6\VWHP�H[DPSOH

Node 1 (PaP Server) Node 4 (PaP Server)

pas1 pas1

Node 3 (Web-server)Node 2 (PaP Server)

pas1pas2

a1 a2

PAS

a3

PAS

PNES

Opsys/network (PNCI)

d1

PAS

PNES

Opsys/network (PNCI)

pas2

a4

PAS

d2

PAS

PNES

Opsys/network (PNCI)

web-server

Opsys/network

Communication network

Legend:
a1 - a4: actor1 - actor4
d1, d2: director1, director2
B: PaP Boot

PaP Support
System

Plays

B B B

Legend:
Static available

Dynamic available
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3D3�$SSOLFDWLRQV�H[DPSOHV

é ´7HOH�6FKRRO´���$�1HWZRUN�EDVHG�OHDUQLQJ�DSSOLFDWLRQ
'HILQHV�RQH�SOD\��IRXU�UROHV��IRXU�UROH�VHVVLRQV��DQG�DOVR�LQWHUIDFHV�WR�RQH�1RQ�3D3�DSSOLFDWLRQ

é ´:DWFKHU´���$�3D3�6XSSRUW�DFWLYLW\�PRQLWRU
'HILQHV�RQH�SOD\��RQH�UROH�DQG�LQWHUIDFHV�WR�RQH�1RQ�3D3�DSSOLFDWLRQ�

é ´7HVW3D3´���$�WRRO�IRU�DXWRPDWLF�WHVWLQJ�RI�3D3�6XSSRUW
'HILQHV�WKUHH�SOD\V��RQH�UROH�IRU�HDFK�SOD\��VL[�GLIIHUHQW�UROH�VHVVLRQV��DQG�LQWHUIDFHV�WR�WZR�1RQ
3D3�DSSOLFDWLRQV��0DNH�XVH�RI�GLIIHUHQW�SOD\�YHUVLRQV�
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³7HOH�6FKRRO´�UHTXLUHPHQWV

é $�1HWZRUN�EDVHG�OHDUQLQJ�DSSOLFDWLRQ

é 0DLQ�IXQFWLRQDO�WHUPV�DUH�
é7HDFKHU��6WXGHQW��6FKRRO��&RXUVH��/HFWXUH

é 0DLQ�LPSOHPHQWDWLRQ�WHUPV�DUH�
é'LVWULEXWHG�VROXWLRQ��0RELOLW\��0XOWLPHGLD��&KDW��0DLO��1HZV�

é 0DLQ�IXQFWLRQV�DUH�
é5HDO�WLPH�LQWHUDFWLYH�OHFWXUH�VHVVLRQ��SDUWO\�LPSOHPHQWHG�

é2II�OLQH�OHDUQLQJ�VHVVLRQ��QRW�LPSOHPHQWHG�

é2II�OLQH�WHDFKHU�VXSSRUW�WR�VWXGHQWV��QRW�LPSOHPHQWHG�
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³7HOH�6FKRRO´�PRGHOOLQJ

School Server
 (SS)

Graphical User
Interface
 (GUI)

School Client 
(SC)

School User
 Interface

 (SUI)
School User

 Interface
 (SUI)

School Client 
(SC)

School Server
 (SS)

School Session Server
 (SSS)

Lecture Session 
Server
 (LSS)

3OD\��6FKRRO
5ROHV��68,��6&��66��/66

Graphical User 
Interface
 (GUI)

/HJHQG:

             Role specification

             Role Session

             Non PaP application
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³7HOH�6FKRRO´�,PSOHPHQWDWLRQ

http://www.informatics.sintef.no/projects/PaP/

School
v1_1

<roles>

s

<role support>

<school data>
Role support files are:
- ApplicationActorType1.class
- RoleManagement.class
- RolesObjectInterface.class
- SchoolUtil.class
- SchoolConfiguration.class
- SchoolData.class
- SchoolGraphicsInterface$(1-4) .class
- SchoolRoleSession1.class

School ‘data base’:
- courses.txt
- CoursesAnnUsers.txt
- lectures.txt
- users.txt

A file catalog that defines the
‘School’ play.

A file catalog that defines version
“v1_1” of the play

Roles files are:
- SchoolUserInterface.class
- SchoolClient.class
- SchoolServer.class
- SchoolRTLServer.class

A file catalog that defines
‘configuration’ data for the school
instance named ‘s’
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$GYDQWDJHV�RI�XVLQJ�3D3����RI���

'HYHORSPHQW�RI�3D3�$SSOLFDWLRQV

é )OH[LELOLW\�LQ�DSSOLFDWLRQ�PRGHOOLQJ
³&RPSRVLWLRQ´�RI�3OD\V�DQG�0DQXVFULSWV�IURP�5ROH6HVVLRQV�DQG�5ROH6HVVLRQ&RPELQHU

é 7UDQVSDUHQF\�LQ�GLVWULEXWHG�VROXWLRQV
8VH�RI�-DYD�50,

é 3RUWDEOH
8VH�RI�-DYD

é 0RELOH�DJHQWV�EHFRPH�SRVVLEOH
8QLIRUP�RSHUDWLRQDO�FRQWH[W�IRU�$FWRUV��-DYD

é (DV\�PRQLWRULQJ�DQG�FRQWUROOLQJ
$OPRVW�DOO�3D3�IXQFWLRQ�UHTXHVWV�VHUYHG�E\�'LUHFWRU

'HSOR\PHQW�DQG�,QVWDOODWLRQ

é (DV\�LQVWDOODWLRQ�DQG�PDLQWHQDQFH�RI�LQVWDOODWLRQV
:HE�VHUYHU��3OD\�SOXJ�IXQFWLRQDOLW\
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$GYDQWDJHV�RI�XVLQJ�3D3����RI���

2SHUDWLRQ

é '\QDPLF�FKDQJH�RI�EHKDYLRXU�DW�UXQWLPH
8VH�RI�3OD\�SOXJ��DQG�$FWRU&KDQJH%HKDYLRXU��IXQFWLRQV

é &ROODERUDWLYH�DSSOLFDWLRQV��LQ�DGGLWLRQ�WR�FOLHQW�VHUYHU�VROXWLRQV
5ROH6HVVLRQV�DQG�5ROH6HVVLRQ$FWLRQ�IXQFWLRQ

é 8QLIRUP�H[HFXWLRQ�HQYLURQPHQW�IRU�DSSOLFDWLRQV
3D3�$FWRU�6XSSRUW�DV�FRPPRQ�FRQWH[W

é )XQFWLRQDO�FRQVLVWHQF\�DVVXUDQFH�DW�UXQWLPH
5HSHUWRLUH%DVH��3OD\�YHUVLRQLQJ��3OD\LQJ%DVH

é 6HFXULW\
6WDQGDUGLVHG�RSHUDWLRQDO�HQYLURQPHQWV�IRU�DSSOLFDWLRQV��$OO�3D3�FRPPXQLFDWLRQ�URXWLQJ�LV�NQRZQ�
8WLOLVDWLRQ�RI�2SHUDWLQJ�V\VWHP�DQG�-DYD�VHFXULW\�PHFKDQLVPV
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$GYDQWDJHV�RI�XVLQJ�3D3����RI���

0DLQWHQDQFH�DQG�(YROXWLRQ

é 6RIWZDUH�PRGLILFDWLRQ�DQG�H[WHQVLRQ
3OD\�YHUVLRQV��0DQXVFULSWV�DQG�5ROH6HVVLRQ�GHILQLWLRQV

é &RPSDFW�VROXWLRQ
UHTXLUHV�RQO\�3D3�6XSSRUW�6\VWHP�����FODVVHV�����NE��DQG�-5(70��LQ�DGGLWLRQ�WR�WKH�3D3
DSSOLFDWLRQ

é ([HFXWDEOH�VRIWZDUH�DQG�GRFXPHQWDWLRQ�DYDLODEOH�DW�:HE�

KWWS���ZZZ�LWHP�QWQX�QR�aSOXJDQGSOD\
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&RQFOXGLQJ�UHPDUNV

é &RQFHSWV�DQG�VRIWZDUH�WKDW�KDV�SRWHQWLDO�WR�LPSURYH�VRIWZDUH
GHYHORSPHQW��GHSOR\PHQW��LQVWDOODWLRQ��RSHUDWLRQ��PDLQWHQDQFH�DQG
HYROXWLRQ�

é 3D3�VROXWLRQV�LV�EDVHG�RQ�DYDLODEOH�DQG�SRUWDEOH�WHFKQRORJ\��-DYD��

é /LJKW�ZHLJKW�VROXWLRQ�IRU�GLVWULEXWHG��DV\QFKURQRXV��PHVVDJH�EDVHG
³VRIW´�UHDO�WLPH�DSSOLFDWLRQV�

é 2QJRLQJ�LPSURYHPHQWV�UHODWHG�WR�DSSOLFDWLRQ�PRGHOOLQJ��IDXOW
WROHUDQFH��PRELOLW\�DQG�VHFXULW\��'U�LQJ��DQG�GLSORPD�ZRUN�


