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Afluents: on(c,a), on(b,table), on(a,table)

AActions: move(c,table)  with

Apreconditions:
executable move(B, L) if block(B).

nonexecutable move (B, B).
nonexecutable move (B, L) if blocked  (B).
nonexecutable move (B, L) if blocked (L).

Aeffects:
caused on (B, L) after move (B, L).

caused -on(B, L) aftermove (B, L1),on(B,L), L1<>L
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Afluents: on(c,a, 0). on(b,table, 0). on(a,table, 0).

AActions: move(c,table,  T).
Apreconditions:

. - move(B,B,T).
. - move(B,L,T), blocked(B,T).

. - move(B,L,T), blocked(L,T)
Aeffects:
on(B, L, T+1 ):- move(B, L, T ).
-on(B, L,T+1 ) :- move(B, L1,T ), on(B,L,T), L1<>L
Aimplicit background knowledge:
blocked (B,T) :- on(,B,T), block (B).
on(B,L,T+1 ) :- on(B,L,T), not T on(B,L,T).
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Afluents: on(c,a, 0). on(b,table, 0). on(a,table, 0).
AActions: move(c,table,  T).
Apreconditions:
move(B, L,T) v - move(B, L,T) : - block(B), location(L), time(T).
. - move (B,B,T).
- movegB, L, T), blocked B,T(). blocked(B,T) : - on(_,B,T).
.- move(B, L,T) , blocked(L,T)
Aeffects:
on(B, L, T+1 ):- move(B, L, T ). Goal:
-on(B, L,T+1 ) :- move(B, L1,T ), on(B,L,T), L1<>L : goal(T): - on(ab),
Aimplicit background knowledge: on(b,c),
blocked (B,T) :- on(B1,B,T), block (B). on(c,table).
on(B,L,T+1 ) :-on(BLT), not ion(B.L,T). - not goal(maxTime).

time(0..maxTime). .
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ANondeterministic actions:

A9 ¢ IfddY HDE Y2 0S
on(B,L, T+1 )von(B,table ,T+1 ):- cmove(B, L, T ), on(B,L,T), block(L)

on(B, L, T+1): - cmove(B,L,T), on( B,table, T ).
AAction costs /cost optimal planning:

cost(T,1) : - cmove(B,L,T).

cost(T,2) : - move(B,L,T).

. ~ cost(T,Cost). [Cost:]
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<http://  www.polleres.net#me > <http://  xmiIns.com /foaf /0.1/ workplaceHomepage > <http:// www.wu.ac.at > .
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A X queryable via a query language called SPARQL

Dasata Il

1,101,215,71&riples/edges 13.602,048,831riples/edges
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https://api.triplydb.com/s/BLOlDrGoK
https://w.wiki/4mN9
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A X queryable via a query language called SPARQL
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http://wikipedia.org/wiki/Zaha Hadid http://dbpedia.org/resource/Zaha Hadid

e iy imemancacllly | - S PREFIX dbr: <http://dbpedia.org/resource/>
“) Zaha Hadid e ot rag @ PREFIX rdfs: <http:/www.w3.0rg/2000/01/rdthema#>
N ' pted i 201D tacsei om) cubclossof [2016.0331 || PREFIX dbo: <http://dbpedia.org/ontology/>
mm Miami, Florida, U.S. s - PREFIX rdf: <http://www.w3.0rg/1999/02/22f-syntaxns#>
= Nationality Iraqg, United Kingdom e
Alma mater American University of Beirut type deathDate SELECT ?N WHERE {
B Architectural Association School ¥ ?X rdf:type dbo:Architect ;
DARNNSChS rdfs:label ?N .
Usoupstion Archiwct {{?X dbo:birthPlace dbr:Baghdad}
Parenk(s) m::e::;i; i?i'd “\_birthDate UNION

{?X dbo:birthPlace dbr:Vienna}}

birthPlace

Practice Zaha Hadid Architects

Buildings  Vitra Fire Station, MAXXI, Bridge 4 _
' 1950-10-31 | | FILTER (lang(?N) = "en")

e e s, s e W0 Pavilion, Contemporary Arts :
' Center, Heydar Aliyev Center, Bagdad
Riverside Museum . }

Website www.zaha-hadid.com & ” - country
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SPARQL Query Language for RDF
ASemantics of SPARQL in parts undefined | WC Recommendation 15 January 2008

At NA2dza SEGSyaAizya o0SAy3I RAA&OdzA:

13
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AWhy | liked SPARQL?

wsf“

SPARQL Query Language for RDF
W3C Recommendation 15 January 2008

SELECT ?X
WHERE {
?X rdfitype  dbpedia:Architect
?X dbpedia:birthPlace dbpedia:Baghdad
}
for the same reason | love ASPiyvious similarities t®atalog..
answer(X) : -
triple( X, birthPlace , baghdad),
triple( X, type , architect) .

14
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some not entirely triviag.g. OPTIONAL.:

Give me people who know somebody and OPTIONALLY their email address:

triple( : tim, knows,: jim ). triple(:tim , email, timbl@w3.org ).
triple( : jim, knows,: tim ).

Example Query:

answer(X,M) : - evalP(X,Y,M ).

evalP(X,Y,M ): - triple( X, knows, Y ), triple( X, email, M) .

evalP(X,Y, null ): - triple( X, knows, Y ), not evalP1(X) . tim | timbl@w3.0rg
evalP1(X): - triple( X, email, M) . jim | |

tim | jim <] u [tim [im |\ ! =| tim | jim | timbl@w3.org
[jim  |m | | tm | imbl@wsorg | | jim | tm | UM | timbi@w3.org | | jim | tim | |

Pagel5
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[Polleres 2007]shows that all of SPARQL 1.0 can be translated to (safe¢cursiveDatalayt.

ARTICLE ¥ ino f
From SPARQL to rules (and back)

Author: Axel Polleres Authors Info & Claims

WWW '07: Proceedings of the 16th international conference on World Wide Web « May 2007 « Pages 787-796 « https://doi.org
/10.1145/1242572.1242679

[Angles&Gutierre2008]vice versa show that (safapnrecursiveDatalay ™ likewise be encoded
Into SPARQL. | srricie ¥ in & f

The Expressive Power of SPARQL

Authors: Renzo Angles, Claudio Gutierrez Authors Info & Claims

ISWC '08: Proceedings of the 7th International Conference on The Semantic Web « October 2008 « Pages
114-129 « https://doi.org/10.1007/978-3-540-88564-1_8 16
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1) We could show that additional features of SPARQL 1.1 were also easily encoddbégalogX

Articles

On the relation between SPARQL1.1 and Answer Set
Programming

Axel Polleres % & Johannes Peter Wallner
Pages 159-212 | Published online: 24 Jun 2013
66 Download citation https://doi.org/10.1080/11663081.2013.798992

HO X yR o6FfNBFRe 0SF2NBO LINBLRZASR | &aSYlyuAaoa G2z
aSYlyiaoa 2F wbC az2dNDSa LRGSyuGAlrfteé Ydzidd & NBTF
ARTICLE Yineo f =

SPARQL++ for mapping between RDF vocabularies

Authors: Axel Polleres, Francois Scharffe, Roman Schindlauer Authors Info & Claims

OTM'07: Proceedings of the 2007 OTM Confederated international conference on On the move to meaningful internet systems:

CooplS, DOA, ODBASE, GADA, and IS - Volume Part | « November 2007 « Pages 878-896 17
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ARTICLE

SPARQL++ for mapping between RDF vocabularies

Authors: Axel Polleres, Francois Scharffe,

Roman Schindlauer Authors Info & Claims

OTM'07: Proceedings of the 2007 OTM Confederated international conference on On the move to meaningful internet systems:

CooplS, DOA, ODBASE, GADA, and IS - Volume Part | « November 2007 « Pages 878-896

Web source P1:

ctim  :knows: jim
: tim  :email <mailto:
Jim knows : tim

CONSTRUCT {?s :email ?m }
FROM P2
WHERE {?s :email ?m }

timbl@w3.org> .

é\

2 T

Yino f= Uy F2NIidzy §Sf & RARY

it to the standard <),
0dzi KSNBQa GKS AR

Web source P2:
:jim - <mailto:jim@rpi.edu >
CONSTRUCT {im :knows ?m }
\ FROM P1
 WHERE {:jim :knows ?m}

_—

18
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Yinoe f = UWF2Nldzy 6 Sfé& RARY
SPARQL++ for mapping between RDF vocabularies it to the standard 3),
0dzli KSNBQa UKS AR:

Authors: Axel Polleres, Frangois Scharffe, Roman Schindlauer Authors Info & Claims

OTM'07: Proceedings of the 2007 OTM Confederated international conference on On the move to meaningful internet systems:
CooplS, DOA, ODBASE, GADA, and IS - Volume Part | « November 2007 « Pages 878-896

Web source P1: Web source P2:
ctim knows: jim . Jim - <mailto:jim@rpi.edu >,
- tim  :email <mailto: timbl@w3.org> .
2jim knows @ tim . CONSTRUCT {im :knows ?m}
4\
| \ FROM P1
CONSTRUCT {?s :email ?m } -WHERE {:jim é NOTEXISTS é¢ }
FROM P2
WHERE { DBTIGNALé_} /

Could involve recursion and cycl¢
over negation, elegantly solvableg

with ASP semantics!
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ASHACL: a language to formulate constraints over RDF graphs
Shapes Constraint Language (SHACL)

AE-Q . Each defined
Shape: target no_de EERS Data Graph:
. StudentShape a sh:NodeShape i fu!flll the :
constraints, in this :Ben: enrolledin 'C1.
sh:targetNode ‘Ben ; case: ‘C1 type Course.

sh : property [
There needs to be
at least one Course
sh : qualifiedMinCount : that the student is

sh : qualifiedValueShape enrolled in.

sh:path  : enrolledin

20

sh:class  :Course]].
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Aldea: Without going into details of the encoding: we encode repairs
Inspired by

Database Repairing and Consistent Query Answering
Synthesis Lectures on Data Management
August 2011, 121 pages, (https://doi.org/10.2200/S00379ED1V01Y201108DTM020)

Leopoldo Bertossi
Carleton University, Ottawa, Canada

21
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Aldea: Without going into details of the encoc Ing: we encode repairs

ARTICLE ¥ in & f 1 % h -
Repairing SHACL Constraint Violations Using Answer Set a & | €Y

Programming | |l
V=

Authors: Shqgiponja Ahmetaj, Robert David, Axel Polleres, Mantas Simkus Authors Info & Claims

The Semantic Web - ISWC 2022: 21st International Semantic Web Conference, Virtual Event, October 23-27, 2022,
Proceedings « Oct 2022 « Pages 375-391 e https://doi.org/10.1007/978-3-031-19433-7_22

Guess a pair (A,D) of additions and deletions that rephirarget nodes

Data Graph:

:Ben: enrolledin :C1. z cardinality minimality

:C1 :type Course. s strategy for introducing new nodes (for minimalitgnstaints
VS. b relaxed encoding to repair a maximal number of target nodes

: Ben: enrolledin .C1l. : .

_ _ _ 3 Inthe case not all target nodes can be repaired

:Ben : enrolledin ‘newl .

‘newl :type Course. b Implementation using Java ar@ingo
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{2YSoKI O 62N] Ay LINRPINBaIas aAyOS Al Aa yz2i wmwedippeOf
encoding this as a repair problem helptarify the semantics of the standard

encode more complex repair policies
- e.g. fix a part of the vocabulary/signature
similar issues as in SPARQL ++ arise when you allow recursion (cf.
raise a discussion about intuitive repairs, may need extension of the SHACL standard!

KR Proceedings » 2021 » Full Papers » Pages 12-21

Reasoning about Explanations for Non-
validation in SHACL

Active work in this space, we can built upon:

RESEARCH-ARTICLE , in d
A Shgiponja Ahmetaj (Vienna University of Economics and Business, Austria)

Stable Model Semantics for Recursive SHACL A Robert David (Semantic Web Company, Austria)

A Magdalena Ortiz (Technical University of Vienna, Austria)

A Axel Polleres (Vienna University of Economics and Business, Austria, Complexity Science Hub
Vienna, Austria)

Authors: Medina Andresel, Julien Corman, Magdalena Ortiz, Juan L. Reutter, Ognjen Savkovic, A Bojken Shehu (Polytechnic University of Tirana, Albania)

A Mantas Simkus (Technical University of Vienna, Austria)

Mantas Simkus Authors Info & Claims

WWW '20: Proceedings of The Web Conference 2020 « April 2020 « Pages 1570-1580 « https://doi.org/10.1145
/3366423.3380229 23
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Resource allocation in BPM

ARecently concluded PhD thesis:
Giray Hwur

SHAPE

Safety-critical Human- and dAta-centric Process management in Engineering projects

( Co-supervisor/CePl

25



Organizing Work

Business Process Modelling Notation

O—{ Activity 1 }—» X X ‘

/1

Activity 3

A A standardized and popular graphical notation

for specifying business processes Activity 4
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Business Process Modelling Notation

& &
O—»[ Activity 1 ]—» X X ‘

Activity 4
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Business Process Modelling Notation

Activity 5

Activity 4
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Business Process Modelling Notation

S

Exclusive Gateway
(Diverging)

Activity 3

Activity 4

i) C

Exclusive Gateway
(Converging)
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Business Process Modelling Notation

Decision

Y
Activity 1 X Activity 5 ()
A

Activity 3

Decision

Activity 4



Organizing Work

Business Process Modelling Notation
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Business Process Modelling Notation

()| Activity 1 : Activity 5 ()
A
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Parallel Gateway Parallel Gateway
(Diverging) (Converging)
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Business Process Modelling Notation

()| Activity 1 : Activity 5 ()
A
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Parallel Gateway Parallel Gateway
(Diverging) (Converging)
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BPMN Example
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Process Model: A BPMN Model for Software Development

Verify
frontend
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Process Model: A BPMN Model for Software Development
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Organizing Work
BPMN Example

Verify
backend

Develop
backend
Q—{ S_tudy ;—» Emos Bmos
requirement
E"'D.mo. *{ Develop H
frontend

---[6mos. ---Emos.

+

Verify
frontend

Process Model: A BPMN Model for Software Development



Organizing Resources
Role -based Access Control Model

Develop Verify
backend backend
+

[5 mos. B mos.

Study ;
requirement

E"'D.mo Develop Verify
' frontend frontend
B mos. Bmos.
Manager (¢ Amy
+
Software Ul
Engineer Developer
A 4 A A
Jessile Junior OIivler Mia Lilsa
Dev.
4 4
Liam‘ Glen

Organizational Model: An RBAC Model of the Software Development Company

Page 4



Organizing Resources
Role -based Access Control Model
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+
Software Ul
Engineer Developer
A 4 A A
Jessie Junior Oliver IMia Lisa
Dev.
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Liam Glen

A Resources



Organizing Resources
Role -based Access Control Model
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Dev.
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Liam‘ Glen
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A Roles
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Running Business Processes
Business Process Management System
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backend backend
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Business Process Management
System (BPMS)




Running Business Processes
Business Process Management System

[ Develo%f Verify
oy Siesiensy (ghekend Business Process Manageme
O—> + [Bmos.  {3mos. 0 System (BPMS)
—ts - —— :
E S s By
i--£6mos. E--{_5mos.

Ul
Developer

2 : T x . Typical approaches for BPM systems:
—— [Sunier | Mo oz ’ A pull-based or random allocation,
Dev. A allocationby-order
i1 but schedulingaspect not considered so far,
Liam Glen

rather: allocation by process managers.




Running Business Processes
Business Process Management System
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Running Business Processes
Business Process Management System
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Running Business Processes
Business Process Management System
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Running Business Processes
Business Process Management System

( Develo%r Verify
acty ] (_backend ] “{ backend Business Process Manageme
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Running Business Processes
Business Process Management System

[ Develo ( Verify
L backend | backend

UUY . T T
O—> + “Bmos.  -{3mos. 0
:--{lmo. Develo Verify
_ frontend | | frontend
‘-{Bmos.  “-[Bmos.
Manager [« ] Amy
)
Software Ul
Engineer Developer
1 e .
Jessie% Junior OIiveré Mia (J) Lisa 5
Dev.

A

A
Liamé Glen‘

Business Process Manageme

System (BPMS)

l

event_id| trace_id| event_type]  activity |resourcefime_stamp
el 1 start Study_requirementsAmy 01/2020

e2 1 end Study requirementsAmy 02/2020

e3 1 start Develop_backend Glen 02/2020




Running Business Processes
Business Process Management System

[ Develo ( Verify
L backend | backend

----------- Amy

UUY . T
O-fratamg oy B
T O s ( g
'--{lmo. Develo Verify
_ frontend | frontend
‘[Bmos.
Manager
+
Software ul
Engineer Developer
A4 x 3
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BPMS with RABP Support
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Goals:

Business Process
Management System

A
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® o
ses | |Request | = |Response
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\
RABP in ASP RABP in CP

ASP solver#J

CP solvers J

1. Representing a wide variety of resources in RABP

8@
gempe . mEBMAY

Py e="

—

2. Selecting suitable KRR formalisms for implementing RABP
A Declarative formalisms
A Answer Set Programming (ASP)
A Constraint Programming (CP)

3. Devising a realistic benchmark for testing RABP methods
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defaultDuratio® 6 5 S@St 2 L) I O1 SYRéZp 0y @ IsaDuratiod & Wdzy' A 2 Nb SOSt 2LISNE X 5SPSTE 2 LJ
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defaultDuratio & 5 SLJ 2e{ eauSYEZHULOD
Specific
A Resourcespecific activity durations A Resourcdo-role assignments ®
A Rolespecific activity durations A Activity-to-role assignments ——
A Defaultactivity durations A Roleto-role assignments ©®®
General

allowedRAD(R,A,D)rsaDuration(R,A,D), rlAC(R,L), alAC(A,L).
allowedRAD(R,A,D)IsaDuration(L,A,Dphot rsaDuration(R,A, ), rIAC(R&ACGA,L).
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% generate allocations
1<={allocation(R,A,S,C): time(S), timedl)wedRADR,A,D), C=S+D}<=activity(A).

%check for scheduling of the preceding activities
.- dPre¢Al1,A2), allocation(_,Al, ,C1), allocation(_,A2,S2, ), C1>S2.

% check for scheduling of the concurrent activities

:-conc(A1,A2), allocatioRAl1,S1, ), allocatioR(A2,52,C2), S2<=S1, C2>S1, A1<A2.

:-conc(A1,A2), allocation(R,A1, ,C1), allocation(R,A2,S2,C2), 82=EC1, A1<A2.

.- conc(Al,A2), allocation(R,A1,S1,C1), allocation(R,A2,52,C2), S2>S1, C2<C1, A1<A2.

% minimizemakespan
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RABP in Practice: Camunda BPMS Integration
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https://www.youtube.com/watch?v=31PxXoQR9n4

=e! , >o0of !'AN ' hHhe Arr ANBr =NAOQt BAxt Recx
/Pé“ss%c
89/7(‘2:%5
al/ocal‘/';har/(/hg
Augp, n b 4,78
G US/’)QS erSel.
%9
Ea\’per s, J%Vu,; | Spro pfogr
7 St C qQ
GSWQQOQ & SWI} CnSt/',?eC eSSe mn? .
2-77759 "]:OA’.?/,-CG’tO W S / Og SJ/
7S: 4, p l Ax, St@ ¥
(L m Ms in .
"ong, & 4 fo,. ®
Ly, %\ "oy,
Yme 205 C/a/',hs g Ca
A BRANCH ey,
A RABP instance generator 7202,  hee
A ASP system configurator 0,
A Benchmark configurator ¥10.10,
A Benchmark executor
A Results viewer



An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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An ASP Systems Benchmark for RABP
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