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e 1987 Bratman  BDI
e 1990 Shoham AOP
e 1991 Rao and Georgeff formalized the BDI model

e 1992 Jennings Hierarchical Architecture
(GRATE)

e 1993 ARPA KQML

e 1996 FIPA (Foundation for Intelligent Physical
Agents), = —NIEERMAL, @ T H W L.

e 2002 AAMAS (autonomous agents and
multi-agent systems)
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AAMAS :@L

2002 AAMAS (autonomous agents
and multi-agent systems)

e 2002 Bologna, Italy

e 2003 Melbourne Australia

e 2004 New York, USA

e 2005 Utrecht, The Netherlands
e 2006 Hakodate, Japan

4/17/2008 Zhongzhi Shi: Semantic Web Services 7



TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

AAMAS .Z%a

e 2007 AAMAS Honolulu, Hawali, USA
Autonomic Computing

e 2008 AAMAS Estoril, Portugal
Multi-Robots
Virtual Agents
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e Web Service
e Semantic Web
e Workflow:

WADE is the main evolution of JADE and
adds to it the ability to define system
logics according to the workflow metaphor.
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Web 1.0
(1993-2003)

“Read”

“Page”

“static”
Web browser

“Client Server”
Web Coders

“geeks”

4/17/2008

“Write” &
Contribute

“Post / record”
“dynamic”

Browsers, RSS
Readers, anything

“Web Services”
Everyone

“mass
amatuerization”
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Web Services @

dunags
WWW teeeeeees  Web Services
URI, HTML, HTTP UDDI, WSDL, SOAP
Bringing the computer back as
a device for computation
Static Dynamic
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e RSS W& KX
& — 2 + PEd
o Wikis 4% — WA NXHNET
o HEMEE, SMS
o EILIPKRALIEF & — Skype
e Podcasting %<
e Vlogs MLAiH=
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e Web k%%
e XML APIs

e AJAX (asynchronous JavaScript and XML)
e Microformats

o It KZE vs SRU/ISRW

4/17/2008 Zhongzhi Shi: Semantic Web Services 15
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e YouTube

e Facebook
e MySpace

e Flickr

4/17/2008 Zhongzhi Shi: Semantic Web Services 16



Web 3.0

e Web 2.0 + A T. & ft
e it ¥ Web
e Web 2.0 + 10kt 5
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Web Services Protocols Syt

INSTITUTE OF COMPUTING
TECHNOLOGY

Routing, Reliability and Transaction
Workflow
Service Discovery, Integration

Service Description

Juzwaheuey
331Ad88 Jo Mjenp

Transport HTTP, FTP, SMTP

Internet IPv4, IPve
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WS Reference Architecture

4: returns service matches

A 4

Service
Request

Service
Requestor

R
()

Service
Registry

2: searches
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z,
wdst i 64

INSTITUTE OF COMPUTING
TECHNOLOGY

Service
Advertise ment

L

Matching
Engine

1 advertises

3 matches
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Web Services AHEALE

TECHNOLOGY

Points to Description
--------------------* WSDL
&
g Finds *‘.’g‘ PP’E'@ 5 Describes
a €rvice WS standards: Laﬁhglsemantics! R Sehnce
5 ‘o \ 4
Service Web
Consumer Service

Communicates with
XML Messages

Web Service Architecture
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Web Services HREATE

TECHNOLOGY

e programmatic interfaces for applications (i.e., business
logic), available over the WWW Iinfrastructure and
developed with XML technologies.

Composition

Web Services
Lifecycle

Advertisement
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Static Dynamic Syntax Semantic
Encoding HTML + RDBMS + XML + RDF/OWL
Creation Manually Generated by Generated by Generated by
server-side applications applications
applications based on schema | based on models
Users Humans Humans Humans and Humans and
applications applications
Paradigm Browse CreateQuery/ | Integrate Interoperate
Update
Applications Browsers Browsers Process Intelligent agents,
Integration, EAl, | Semantic engines
BPMS,
Workflows
>
1995 2000 2005

24



Semantic Web Architecture AHEALE

OOOOOOOOOO

| User Interface & applications

T IR

. SHOIN(D)
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Semantic Web @

48
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INSTITUTE OF COMPUTING
TECHNOLOGY

Serious Problems in

information finding,
. information extracting,
Dynamic Web SerVICeS information representing,
UDDI, WSDL, SOAP information interpreting and
é and information maintaining.
. \ Bringing the web to its full potential
Bringidg the computer back as
a deviee for computation
static | WWW ..so» Semantic Web
URI, HTML, HTTP RDF, RDF(S), OWL
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Dynamic | YWeb Services | Semantic Web
UDDI, WSDL, SOAP Services
A
: A
Static | WWW .+++» Semantic Web
URI, HTML, HTTP RDF, RDF(S), OWL

4/17/2008 Zhongzhi Shi: Semantic Web Services 27
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Semantic Web Services AREATH

Semantic Web Services

Semantic Web Technology
+

Web Service Technology
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Semantic Web Services HREATE
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e Define exhaustive description frameworks for
describing Web Services and related aspects (Web
Service Description Ontologies)

e Support ontologies as underlying data model to
allow machine supported data interpretation
(Semantic Web aspect)

e Define semantically driven technologies for
automation of the Web Service usage process
(Web Service aspect)

4/17/2008 Zhongzhi Shi: Semantic Web Services 29



Semantic Web Services AHEALE
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e What should S+WS ontologies provide?
(Mainly) Automation of the Usage Process:

e Publication
e Discovery
e Selection

e Composition
e EXxecution
e Monitoring

4/17/2008 Zhongzhi Shi: Semantic Web Services 30
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ICr
Degree of Match (DoM) mf@w
e A value that expresses how
similar two entities are, with
respect to some similarity SEMANTIC
metric(s) SERVICES
e Important feature of most SWS
matchmaking approaches

e Allows for ranking of
discovered services

e Example DoM set: exact,
plugin, subsumes, subsumed-
4/17/2y’ fall Zhongzhi Shi: Semantic Web Services 32
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Varletx of Matchmaking A

e Direct
e Return only single services that match

e Indirect SE el C

o Compute service compositions (or SERVICES
“chains” in the simplest case)

e Logic-based

e Description Logics and First Order Logic ) rzj.’.:*
reasoning

e Similarity-based (IR techniques)
e Linguistic similarity, term frequency, ...
e Graph matching

4/17/2008 Zhongzhi Shi: Semantic Web Services 33



Discovery of Web Services AHEALE
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e Keyword based

o UDDI — Universal Description, Discovery, and
Integration

o WSMX (WSMF)

e Semantic discovery

o Matchmaking — compares advertised and
requested service capabilities

e Subsumption of classes, properties as well as
equivalence can be considered

e The process can be domain ontology dependent

4/17/2008 Zhongzhi Shi: Semantic Web Services
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e MINDSWAP, Univ. of Maryland
e Composer — demo only;

e Matchmaker and planner licensed to FujitsuLabs (no
sources)

e Carnegie Mellon, Atlas project
e Matchmaker, OWL-S -> UDDI
e No sources
e IBM Emerging Technologies Toolkit (Alpha)
e Demo avalilable; no sources
e TU Berlin Matchmaker
e Open source; demo, based on transformation to

4/17/2008 P Zhongzhi Shi: Semantic Web Services 35
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Match Making

HEA

PPPPPP
Y

Request Profile Service Profile

Requestor Information Provider Information
Actor Function Description
Identity Inputs and Outputs

Service Expectation Preconditions and Effects
Provider Information Specify Characteristics
Inputs and Outputs Service Category
Service Category Service Quality
Service Quality

4/17/2008 Zhongzhi Shi: Semantic Web Services 36



Matchmaking Workflow +HEATA

TECHNOLOGY

PUBLICATION == e e e m e — D[UDDI REGISTRY} —————————————— INQUIRY
A A

< WSDL > PUBLICATION

GENERATE WS ? SEMANTIC WS
DESCRIPTION DESCRIPTION FILES
? PROVIDER] 2 REQUESTER?

SELECT SELECT
< CODE > ONTOLOGIES ONTOLOGIES < REQUEST >

? DOMAIN
ONTOLOGIES

INQUIRY < KEYWORDS >

? SEMANTIC WS GENERATE WS
DESCRIPTION FILES DESCRIPTION

> MATCHMAKER <
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Service Request

DDL

RG&SW

Service
Knowledge Base
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KMSphere Layers @

i‘f ; ) Knowledge
S Application

Knowledge Distribution

o)

Knowledge organization

I[

Ontology Acquisition

Email Document File Image
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Application Level
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I
L A

i

[nterpreter User |

Information Knowledge (3 Ll Mapping Tnterface
=) Table
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KMSphere Workflow

User Interface / OntoSphere \
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e Planning based approaches:

e construct a plan from elementary services
to obtain a required functionality.

e reasoning based only on component specifications

*!’Z

e plan built every time from scratch

e solution

e Knowledge based approaches:
e re-use preconfigured templates
e reasoning with specialized knowledge in a narrow gomain
e sophisticated domain knowledge is needed
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D=(5ACIITIT)

(1) 5 is the set of states.
(2) A is the set of actions{services).

(3) C' is the set of context elements.

(4) I is the set of initial states and I C S;

(5) I' is the transitional function, S x A — 2%, which associates to each current
state s € S and to each action a € A the set I'(s,a) € S of next states;

(6] T is the context function, S x C'— A, which associates to a state s € S and
a context ¢ € C', an action a € A to be executed, 1(s,¢) € A.
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o 1=(S5,,5,,D)

e S, :Initial states

e S :goal state

e D: Domain description
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Algorithm 1 Global Planning Algorithm

1: Given a planning Problem (5., 5, [7)

2: Search the Flan Library in domain [

3¢ if find the plan which initial states 1s 51 and goal states 1s Sn then
4:  return this plan

o else

G:  if find a plan which goal states 1s 5n and initial state is 5; then
T execute another planning task (57, .5;, )

85 else

G: if find a plan which initial state 15 57 and goal state 15 5; then
11): check the context consistency of 5; and S,
11: execute another planning task (S;, S,. D)
12: return break

13: end if
14: end if

15: end if
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DAG G = G(V, E)

(1)The DAG has at least two nodes Start and Finish.

(2)ai= (ai1,aio....,aq) is the action set for state S in ST and Ef f(a;) 2 5;
(3)The DAG has one node for each action (a1.a2.....a,).

(4) The DAG contains an edge from action a; to action a; iff S; 18 a direct

suceessor of 5.
(5) The edge from a; to a; is weighed by the context elements ¢ € C and

T{Si. I'f:l — .
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1: Given a statechart ST [S1,52,..., 5.,

2: RestofST «— ST,

3: Generate two nodes Start and Finish

4: Pre(Start) € INEff(Start) = S) and Ef f( finish) = @

S: Link Start to Fimsh, stored in DAGCurrent Path, DAGDEPath
6: while RestofST # () do

7. if the first state in 5T isn't OR-States then

8: C'S + getFirstState( RestofST)

0: C'A — GetBestCandidate(C'S)
10: Restof ST = 8T —CS
11: link @A to DAGCurrent Path
12: else
13: copy DAGDEFPath — DAGCurrentFPath
14: CT — findRelatedContextl ypes(c)
15: OT +— orderContexrtTypes(CT)
16: for all « € OT do
17: T + getRelevantSelection(r)
18: end foradd OR1 part to DAGCwrrentPathl add OR2 part to

DaGCurrent Path?Z

19: add ORZ2 part to DAGCurrent Path2

20: end if
4/17/2008 21: end while 64
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