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INSTITUTE OF COMPUTING
TECHNOLOGY

Web Services

UDDI, WSDL, SOAP
A

Bringidg the computer back as
a deviee for computation
[ ]

WWW
URI, HTML, HTTP

Dynamic

Static
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Routing, Reliability and Transaction
Workflow
Service Discovery, Integration

Service Description

Juzwaheuey
331Ad88 Jo Mjenp

Messaging

Transport HTTP, FTP, SMTP

Internet IPv4, IPve
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Service Service Service
v Request Registry Advertise ment
, : :
Service | :
Requestor 2: searches L T/ [: advertises
3: matches
Matching
Engine
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Points to Description
S
7 Lo,
- 7
H .'"*-:{”‘% -
e
@ Finds **... r”"&‘@ ¥ Describes
- Service *.‘. B Service
] A, .
o WS standards: Lack of §@mnantics! W
Service Web
Consumer Service

Communicates with
XML Messages

Web Service Architecture
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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

8/13/2007 Zhongzhi Shi: Semantic Web Services 8
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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
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iE Y. Web [

]
&

o

Digital

Signature

5  Ontology vocabulary

i

Unicode

@ uicie @
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e OWL is built on top of RDF

e OWL is for processing information on the
web

e OWL was designed to be interpreted by
computers

e OWL was not designed for being read by
people

e OWL Is written In XML
e OWL Is aweb standard

8/13/2007 Zhongzhi Shi: Semantic Web Services 11
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e Ability to be distributed across many systems
e Scalability to Web needs

e Compatibility with Web standards for
accessibility and internationalization

e Openness and extensibility

8/13/2007 Zhongzhi Shi: Semantic Web Services 12
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is a reasoner for OWL extended with the DL-safe subset of SWRL: it also
provides an OWL API.

FaCT -- a DL reasoner. see ,
Racer -- a DL reasoner. see

Cerebra from - owl syntax checker, nearly complete OWL DL
-- useful but incomplete OWL Full
Euler -- useful but incomplete OWL Full,see : 51/ 234 tests
-- OWL full reasoner based on otter.
( )will support OWL reasoning.
Vampire - uses a first-order theorem prover to do OWL DL
IS a reasoner built in Java that was designed specifically for OWL reasoning.
).
contains owl.pl - an OWL reasoning package.
is an f-logic based Owl tool from UMBC.
IS an e-commerce and mobile computing tool based on a rule-based OWL
reasoner.

Zhongzhi Shi: Semantic Web Services 13
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http://lists.w3.org/Archives/Public/www-webont-wg/2003Sep/0128.html
http://www.networkinference.com/
http://www.w3.org/2000/10/swap/doc/cwm.html
http://lists.w3.org/Archives/Public/www-webont-wg/2003Jul/0112.html
http://www.w3.org/2003/08/surnia/
http://lists.w3.org/Archives/Public/public-webont-comments/2003Aug/0015.html
http://www.hpl.hp.com/semweb/index.html
http://lists.w3.org/Archives/Public/www-webont-wg/2003May/0068.html
http://lists.w3.org/Archives/Public/www-webont-wg/2003Jul/0156.html
http://www.mindswap.org/2003/pellet/index.shtml
http://lists.w3.org/Archives/Public/www-webont-wg/2003Sep/0165.html
http://www.swi-prolog.org/packages/semweb.html
http://www.cs.umbc.edu/~hchen4/fowl
http://mycampus.sadehlab.cs.cmu.edu/tests/
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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
é A
Static | WWW .+++» Semantic Web
URI, HTML, HTTP RDF, RDF(S), OWL

8/13/2007 Zhongzhi Shi: Semantic Web Services 15
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Semantic Web Services

Semantic Web Technology
+

Web Service Technology

Zhongzhi Shi: Semantic Web Services 16
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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)

8/13/2007 Zhongzhi Shi: Semantic Web Services 17
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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 Execution
e Monitoring

8/13/2007 Zhongzhi Shi: Semantic Web Services 18
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e A description logic system consists of four
parts: constructors, Thox, Abox and
reasoning mechanism of Thox and Abox.

w| Thox
Description Reasonine
Language .y Ab o %

Enowledge Base

A I
Adpplication FProsgsrams Eules

8/13/200/ Znongzni Shi: semantic web Services 20
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Operator | syntax semantics examplerwemece |
Atomic A AC Al
concept
Atomic .
R RI CAlx Al has-child
role
On concept C,D and role R =
conjunction CnD c'n D! Human m Male
disjunction CuD C'uD! Doctor U Lawyer
Negative -C A'\C - Male
Exist 4 R.C | {x dy.<xy>€ R'Ay € C'} | I has-child.Male
Sl vV RC |{xVY. <xy>€ Ry € C'} | ¥ has-child.Doctor
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1) Subsumption
2) Consistency
3) Satisfiability
4) Instance checking

8/13/2007 Zhongzhi Shi: Semantic Web Services 22



TBox(Scheme)

Man = Human m Male
Happy-father = Human n J Has-child. Femaler ...

Abox(Data)

John: Happy-father
<John, Mary> : Has-child

8/13/2007 23
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An action description is the form of

where

(1) A s the action name.

(2) x4, ..., X, are individual variables, which denote the
objects the action operate on.

(3) P, Is the set of preconditions, which must be
satisfied before the action Is executed.

(4) E, Is the set of results, which denote the effects of
the action.

8/13/2007 Zhongzhi Shi: Semantic Web Services 24
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| Editor | | Parser &Translator |

| |

| Validation & Species Checking & Repairing |

| TBox | |£—‘-,u:tiu:unEn:|X| | ABox |

:

DDL reasoner

DL reasoner

F.eazoning about
formula:

rEasoner

Engine

ABox query

Engine T »

. [Feasoning ahout

actiomn:

tablean
tules

T

regress &

F.easoning about
Concept:

ABozx

update

F.eazoning about
ontology:

F Satisfiahility
Erraluation
Entailrment, Equnralence
r Begression
Precondition,
Validity
Subswnption, Equialence
Executahility,
Weal Projection, Strong Projection

~Satisfiahility
Subswnption, Equialence
-Disjointness
Consistency
Entailivient, Equrralence

Updating

INSTITUTE OF COMPUTING
TECHNOLOGY
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File View Boolmarks BResource Holder Adwanced About ]
| }Qddress: | B]
H =
i Add add add | ontology Info | Species Validation[ DOL ROF/HML | Reasoning | EditingHL |
| Add GCI Remove Rename zddl:actionaxiom xmins: dd)="http: /A, intsci.ac.cnddl reasonerAdd1#" xmins: réf="http: /A, w3, org, 1999 /1
. =ddl:actionParameters:
[ Addaction || Addcon.. || AddFor.. | =ddl:actionParameter ddl:ID="v"/>
Action | Concept | Formula | Individual | Property| =/ ddl:actionParameters:
— <gdd?:actionPrecondi tions:
graduate <dd):actionPrecondi tion:>
sneclegreelefend < dd] :conceptissertion=
""" failllegreelefend <dd?:conceptRefered rdf:resource="#student"/ >
------ degreelefend zddt:individualRefered dol:resource="v";/>
------ muccMasterDefend =/ dd]:conceptissertion:
------ failMasterDefend =/ ddl:actionPrecondi tion:=
------ masterDefend =/ ddl:actionPrecondi tions>
suceFPhdlefand <gfd?:actionEffects:=
failPhdllefend =ddl:actionErfect:
...... Phlefend =dd) :negFormula:>

=ddl:conceptissertion:
=ddl:conceptRefered rd¥f:resource="#student"/=
zddl:individualRefered ddl:resource="v"/ >
=/dd:conceptissertion:
=/ dd] :negFormula=
=/dd7:actionEffect=
=/ddl:actionEffects =
=/ dd?:actiondxiom:=

< I " 2]

Apply Changes Unda Changes

8/13/2007
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INSTITUTE OF COMPUTING
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"2 DDL Versionl.0 Intsci ICT

File View GFoolmarks EResource Holder Adwanced About

kddress: | [ ll
T — (
fdd Add add | Ontology Info | Species Validation | DOL RDFiEML | Reasoning | EditingstL |
Add GCI Remove Rename

[ Addaction |[ Addcon.. || addFor.. |
Action | Concept | Formula | Individual | Property |

!Acti on VI

f
IPrecomhtlon M
- gucelegreelefend
""" failllegreelefend { i |
...... degreellefend IPthe}Send(X)lgraduate(x) M iPhaDEfend(xj M
"""" succMasterDefend -
----- failMasterDefend oK
''''' masterlefend
------ succFhdDefand The result is: ORAND(PhdCandidate(x), NEG(holdDegree(x, doctorDegree))). (]
------ failFhdlefend | | '
""" Phdllefend

IReasoning type: Precondition calculation for Action.
[The action for reasoning is: _F'h_dDefend(x);gréduat-e(x).-.
The result is: AND{OR(AND(PhdCandidate(x), NEG{(haldDegree(x, dactorDegree]]}), NEG(OR{ANDNEG(stus

[(_l I )

| E]

[2]

B]

———————— for test: the new conceptassertion is:
NEGEAMND{OR(student, MORMIMALLYY, NEGMORIMALYID (=)

————— far test: the init_node is as follows:
Farmula set:

MEG(student)(x)

OR(

FoleTable:

&l

1l |

Undo Changes

awa — TreeHazh .. & DDIL Versionl. O I... el 2] '. Q2 L = 27
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Design Goals for OWL

Shareable

Changing over time

Interoperability between ontologies
Inconsisteny detection (requires a logic)
Balancing expressivity and complexity
Ease of use

Compatible with existing standards
Internationalisation

8/13/2007 Zhongzhi Shi: Semantic Web Services 29
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e To make domain assumptions explicit
o Easier to change domain assumptions
o Easier to understand and update legacy data

e To separate domain knowledge from operational
knowledge

e Re-use domain and operational knowledge separately
e A community reference for applications

e To share a consistent understanding of what
Information means

8/13/2007 Zhongzhi Shi: Semantic Web Services 30
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escribe very general concepts like space, lime, event,

which are independent of a particular problem or domain.

It seems reasonable to have unified top-level ontologies
for large communities of users.

Describe the top-level ontology
vocabulary _
related to a Describe the
generic domain vocabulary
by specializing related to a
the concepts domain ontology task ontology generic task
introduced in the or activity by
top-level specializing
ontology. the top-level

ontologies.
application ontology

These are the most specific ontologies. Concepts in
application ontologies often correspond to roles played

by domain entities while performing a certain activity.

8/13/2007 a1
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provides
Resource

presents

Service

) 4

supports

What it does desgribedby

Service profile

Service model
functionalities functional
attributes

8/13/2007 Zhongzhi Shi: Semantic Web Services 32

Service grounding

How to access it

How it works
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Process Model DL-based Types

P S A

!' Atomic Process Inputs / Qutputs

| | |

L Operation Message |
| ............... \ ........ / ..................

l Binding to SOAP, HTTP, etc.

\___IF WSDL L — — —

8/13/2007 ! 33
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Semantic Web Service .
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e Semantic Web Service Develop
environment for:

e Automated discovery
e Automated composition
e Automated invocation
e Automated annotation
e Automated mediation

8/13/2007 Zhongzhi Shi: Semantic Web Services 34
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Degree of Match (DoM) AREALS

OOOOOOOOOO

e A value that expresses how

similar two entities are, with " PREMIER REFERENCE SOURCE
respect to some similarity SEhwEdBTIC
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-
8/13/2y’ fall Zhongzhi Shi: Semantic Web Services 36
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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

8/13/2007 Zhongzhi Shi: Semantic Web Services 37
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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

8/13/2007 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

8/13/2007 P Zhongzhi Shi: Semantic Web Services 39
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ULEcMatch Making

HEA

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

8/13/2007 Zhongzhi Shi: Semantic Web Services 40
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Service Request

n

DDL

RG&SW

Service
Knowledge Base
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Y-
w86
INSTITUTE OF COMPUTING
TECHNOLOGY

i‘f ; ) Knowledge
S Application

Knowledge Distribution

o)

Knowledge organization

I[

Ontology Acquisition

Email Document File Image
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Application Level

Grounding Level

I
L A

i

[nterpreter User |

Tahle
.
LIperation:
Droimain Expert " :i ;;:.Fu:u:dlﬂ?
T Sermanlics

Leamn Omntology from Text
file, Datubuase, or some DL Beasomer
offeer source data forman

| Knowledge Management Levél |

Fomowledge
ngjn-m:r :

Chitodoary
Repository

8/13/2007 Zhongzhi Shi: Semantic Web Services 44



KMSphere TAE¥i

User Interface

|

i

Delivery Engine

Query Engine

-

Agent Grid v \

Knowledge Spaces

.
-~
.~

Semantic Spaces

S
.
-

Resource Spaces
o A

Ry

-~
-~
.

O2DMR

OntoSphere \

b el e e
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&3 <new>= KMSphere 3.1

N =i e
File Edlit Project Helg
n o= * B @ <

[ Ae [ o jorg 5 | s [ Ar [ Te | e | [ > [ €2
@E p—- (T} Thing : —

| Cla=zz Mame
[ wvine |
Create Ohject

Lakel
= i )
Mamespace

=default=
I15-8 Relations

Comments
=E

Fropetties

Food

@
@ Dessert
@
)

Mfine
Mo

Create ontology
by hand

||HE2E » - A Em e =]
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&*food KMSphere 3.1 (http://

Swwrw w3 oorg 2001 S sw S WebOnt  guide-srecfood)

Fil= Ediit Project Help
= ot ie) tology &
[ Fe ] B oo X[ 6 [ A1 Ta| Ao [ <] 4 | €2 =] e
Tkl Bl - BEREEGT aCQU|S|t|0n
Create Ohjest | T #ieer || FiwE || e | from
=11 < database
L] B4 BE 3 & CINEM A ~
IZ-ARelations EFE: ! nts
ﬁ_L CINEMARSME e
CINEM2 ADDRESS
Properties CINEMATEL
E| e CINEMAPOST B
-
F ;e g mEl
T —— #8 FF % 42 ENTERTAINMENT S
TR EMTERTAINMEM
| we EMTERTAIMMENTRLAWME Tz T8
- ENTERTAINMENT ADDRESS
@ @ EMTERTAINMENTTEL
| EMNTERTAINMENTPOST
= Fhag 4] B
o e MIEEEXEE -
‘HOTEL
Set operators S [ | [HoTELADDRESS | | |
G HOTELMAME | | |
=tring
Slfe]| |
T — || HoTELROST | HRAEC ] | B i |
o | =] || e BRI R L A S E S
H 25
FEAER G E R A A S A E P S g
|[fBEch = - R Em e [« EZ2) >
8/13/2007
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k) food KMSphere 3.1

(http:/ e w3 .org/ 2001 /sw  WebOnk fguide-src /food ) ;IE' ﬂ
File: Ediit Praoject Help

N = ot ® [+
[ Re | b o o | 3 || A || To| fe | o5 & | @2
=l ‘

Clazs Mame
[Thiruc ]
Label

Create Ohject

=| =3
0| L

15-8 Relations

iz-a | _eq

= FEFIrEME BshE#IEm —10] =l
File

Ontology
acquisition
from text
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W
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o
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S
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X
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SIEIEIE
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]
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n
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Marme Topic
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KMSphere Demo

&3 Profile KMSphere 3.1

Edit
ontology

(file: DY AGriphyKMSphereh examples ontology ' Profile.owl)

_iol x|

&

File: Ediit Praoject Help

O = E&E -f

[ e || D o 2 | e [ A1 || Ta | Ae || ] & [ €2
E W[ E1 oyl Thing 4 @
. @Process:CorﬂrolCons‘truc‘t 4

N

Clazs Mame
[Resutt ]
reate Ghject B[} Service: ServiceProfile Lakel
p—(C) Process: Binding | |
----- @ Service: ServiceGrounding Mamespace
] (T} Process: ValueOf anyURI| anyURl
X X Process
1S-8 Relations || @ Expresszion:LogicLanguage 1:Expression:expressionBody
..____@ Expression:Expression 1:texdbescription - Comments
..... (T} Process:Result 1:serviceMame \ Exprassion:KIF-Exprassion
..... i serviceClass,. SeviceFroduct Expression: SWRL-Expre; |1
@ ServiceParameter P P
P Pe l-----@ it ihaeaens daml orgiservices o |- \ // i
- ice: i semviceName
L. @ Service: ServiceModel contactlnformat:o;ulesswn expressionBody Exprassion:DRS-Expre
® ----- @ Process: ProcessComponent - I
. senviceCategony
Resticions [ i @ Process: Participart -y ——
) e 1:Expression: expresslonLanguag
..... ceCategony
@ — @ Proc:n_ass.CondenalEffec:‘t ceniiceParametar p— TE ®= Euopression: Express.on
----- @ ServiceCategory Expression:exp lesslonLanguage "hasFrecondition
=% ]
@ ES @ Process: Lnordered /EXpreSSi&n:LDQiCLanQUEQe J
----- (1T Process: ConditionalOutput Semice:SeniceProfile »7 L4
@ ko R o . N Expression:C o
----- @ it ifasnens izi eduf~panidamitimeti hasResult ..cess:hasEffect 1
----- (S0 hittp: dfaearne e 3 Orgf2003M 1 fsr s [ ' /
@ @ . . hasFarameter
----- @ Service: Service Frocessiinfe
B PEEES P T Rtz e e 3 0P F2005 1 iswerl

Process ifCondition
has_process -

computedinput uemice:SemiceMOdeP /

7]
%X\ ‘-“"-._‘__ ey R e
[ 7]

T * FrocesshasResultvar
rocess:CompositePracess FrocessAtomicProcess / f 2 R
[» SUPETT aticipam

4]

\
@ @ http s . o rg 200341 17anur# W aniable \ /
T Frocess:Res FrocessitThen-Else :condition
O =
rs
Es

Frocess:hasParameter

Procesz hasResultwar
Process withOutput k
Process: hasEffect

ProcessinCondition

Process:hasParticipant . rocess Process " Fro

Frocess: LrulthDutput e Process hasCIlent
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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

%!’

e plan built every time from scratch

e Knowledge based approaches:
e re-use preconfigured templates
e reasoning with specialized knowledge in a narrow gomain
e sophisticated domain knowledge is needed

e solution
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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 szet of initial states and I C S

(5) I is the transitional funetion, S x A — 2%, which associates to each current
state s € S and to each action a € A the set I'(s,a) € 5 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, T(s,c) € 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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Algorithm 2 Local Optimization Algorithm
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INSTITUTE OF COMPUTING
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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
8/13/2007 21: end while 68
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e DDL as a logic foundation of semantic Web
e Ontology lets Web services with semantics

e Knowledge base support Web services
discovery

e Context-based planning for service
composition

e Semantic Web Services Platform SWSBroker
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