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Semantic Web Services as Double
Web Extension
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Background on Semantic Web Services

� Extend the Web with Semantics and Computation
� Dubbed here Web++, joinable with Web 2.0
� Promoter: Semantic Web Services Initiative (SWSI) 

– First meeting in Innsbruck, Austria, Dec 17-18, 2002
– Chaired by Dieter Fensel & Katia Sycara, with

Language Committee by Michael Kifer & David Martin  and 
Architectural Committee by Mark Burstein & Christoph Bussler

– Mission includes “to create infrastructure that combines
Semantic Web and Web Services technologies to enable 
maximal automation and dynamism in all aspects of Web service 
provision and use, including (but not limited to) discovery, 
selection, composition, negotiation, invocation, 
monitoring and recovery”
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The Web is World Wide but Doubly Imperfect

Web
IRI, HTML, HTTP

The Web has provided Syntactic Content on a global scale

Content

Syntax Semantics

Computation
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Enrich the Web to a Semantic Web

Web
IRI, HTML, HTTP

Web plus Semantic Content search via metadata ontologies

Semantic Web
RDF[S], OWL, RuleML

Content

Syntax Semantics

Computation
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Augment the Web by Web Services

Web
IRI, HTML, HTTP

Reuse the Web as a distributed Syntactic Computation system

Semantic Web
RDF[S], OWL, RuleML

Web Services
UDDI, WSDL, SOAP

Content

Syntax Semantics

Computation
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Combine the Semantic Web and Web Services

Web
IRI, HTML, HTTP

Evolve the Web into a Semantic Computation infrastructure

Semantic Web
RDF[S], OWL, RuleML

Web Services
UDDI, WSDL, SOAP

Content

Semantic Web
Services

Syntax Semantics

Computation
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Progress on Semantic Web Services

� SWSI did a W3C Member Submission of its Semantic Web 
Services Framework (SWSF)

– Semantic Web Services Language (SWSL) used to specify 
Web Service concepts and individual services. SWSL-FOL
based on first-order logic (FOL), and used for formal 
characterization (ontology) of Web service concepts. SWSL-
Rules based on RuleML-serialized LP (logic programming), and 
uses service ontology in reasoning and execution environments

– The Semantic Web Services Ontology (SWSO) axiomatizes
conceptual model for describing Web services using SWSL-FOL, 
with model-theoretic semantics that specifies the precise 
meaning of the concepts: FLOWS -- First-Order Logic Ontology 
for Web Services. The FLOWS axioms have been translated into 
the SWSL-Rules language: ROWS -- Rules Ontology for Web 
Services -- relies on LP semantics

� W3C started a WG on Semantic Annotations for WSDL
� Here, we will cover foundational techniques and approaches: 

RDF, Description Logic, OWL, RuleML, OWL-S, WSMO
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Resource Description Framework
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Why The Shift Towards More 
Semantics?

� Information Overload

– Information on the Web currently aiming at Human 

Consumption

– Information Consumption is too time consuming

� Search Engines fail more and more

– combined coverage is less than 42% of the HTML-Web

� Data Interchange growing (e.g. B2B)

– needs a common semantics
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RDF Data Model

� Resources
– A resource is a thing you talk about (can reference)
– Resources have URIs
– RDF definitions are themselves Resources (linkage)

� Properties 
– slots, define relationships to other resources or atomic 

values

� Statements
– “Resource has Property with Value”
– (Values can be resources or atomic XML data)

� Similar to Frame Systems and F-logic 
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A Simple Example

� Statement
– “Ora Lassila is the creator of the resource 

http://www.w3.org/Home/Lassila”

� Structure
– Resource (subject) http://www.w3.org/Home/Lassila

– Property (predicate)    http://www.schema.org/#Creator

– Value (object)        "Ora Lassila”

� Directed graph

http://www.w3.org/Home/Lassila
s:Creator Ora Lassila
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Another Example

� To add properties to Creator, point through an 
intermediate Resource.

http://www.w3.org/Home/Lassila

s:Creator

Person://fi/654645635

Name

Ora Lassila lassila@w3.org

Email
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Graph Resulting from RDF/XML Syntax 

<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassi la">

<s:Creator>Ora Lassila</s:Creator>
<s:createdWith rdf:resource=“http://www.w3c.org/amay a”/>

</rdf:Description>
</rdf:RDF>

http://www.w3c.org/amaya

http://www.w3.org/Home/Lassila

Ora Lassila

s:createdWiths:Creator
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RDF Schema (RDFS)

� RDF just defines the data model

� Need for definition of vocabularies for the data 

model - an Ontology Language!

� RDF schemas are Web resources (and have 

URIs) and can be described using RDF
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Most Important Modeling Primitives

� Core Classes
– Root Class rdfs:Resource

– MetaClass rdfs:Class

– Literals rdfs:Literal

� rdfs:subclassOf property

� Inherited from RDF: properties (slots)

� rdfs:domain & rdfs:range

� rdfs:subPropertyOf property

� rdfs:label , rdfs:comment , etc.

� Inherited from RDF: InstanceOf (rdf:type )



13-Aug-06ICEC 2006 Tutorial on SOA16

RDF-Schema: Example (incomplete)

rdfs:Resource

xyz:MotorVehicle

s

xyz:Truck

s

xyz:PassengerVehicle

s = rdfs:subClassOf

xyz:Van
s

s

xyz:MiniVan s

s
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Protégé-2000 as RDF[S]-Editor

<rdfs:Class rdf:about="mv:MotorVehicle">
<rdfs:subClassOf rdf:resource="rdfs:Resource"/>

</rdfs:Class>

<rdfs:Class rdf:about="mv:PassengerVehicle">
<rdfs:subClassOf rdf:resource="mv:MotorVehicle"/>

</rdfs:Class>

<rdf:Property rdf:about="mv:rearSeatLegRoom"
a:maxCardinality="1"  a:range="integer">
<rdfs:domain rdf:resource="mv:MotorVehicle"/>
<rdfs:range rdf:resource="rdfs:Literal"/>

</rdf:Property>
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Description Logic:
Class-Forming Operations
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e-Business Example in Description Logic: 
Classification      - Before -

Organisation

s

Business operation ForProfit

Cybershop
operation

ForProfitElectronic transaction

s

s = rdfs:subClassOf
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Organisation

s

Business operation ForProfit

CybershopElectronic transaction

s = rdfs:subClassOf

s

e-Business Example in Description Logic: 
Classification      - After -
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Class Intersection:
Example

Man

TallThing

s

s

s = rdfs:subClassOf

TallMan :=  TallThing � Man

Intensionalconjunction of classes: TallThing� Man(x)  Û TallThing(x) Ù Man(x)
Intensionaldisjunction of classes similar but computationally more complex
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Class Intersection and Definition: 
Example

Man

TallThing

s

s

TallMan
:=

s = rdfs:subClassOf
:= = daml:Class

TallMan :=  TallThing � Man



13-Aug-06ICEC 2006 Tutorial on SOA23

Class Complement:
Example

Person

c

Car          ¬Person

c = daml:complementOf
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Class Complement and Subsetting:
Example

Person

c

c = daml:complementOf

Car          ¬Person

Car
s

s = rdfs:subClassOf
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Qualified Role:
Example

Over17

tage

t = rdf:type

RipeThing :=  $age.Over17

Existential role: $age.Over17(x)  Û $ y age(x,y) Ù Over17(y)
Universal role similar
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Qualified Role and Definition :
Example

Over17

t

RipeThing :=  $age.Over17

RipeThing age

t = rdf:type

:=

:= = daml:Class
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Web Ontology Language
���������	
���
������� ���
	��� �������	������������������	



13-Aug-06ICEC 2006 Tutorial on SOA28

OWL Basics

� Three species of OWL
– OWL full is union of OWL syntax and RDF
– OWL DL restricted to FOL fragment (� DAML+OIL)

– OWL Lite is “easier to implement” subset of OWL DL 
� Semantic layering

– OWL DL � OWL full within DL fragment

– DL semantics officially definitive
� OWL DL based on ���� Description Logic

– In fact it is equivalent to ����� �� � � DL

� OWL DL Benefits from many years of DL research
– Well defined semantics
– Formal properties well understood (complexity, decidability)
– Known reasoning algorithms
– Implemented systems (highly optimised)
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OWL Class Constructors

� XML Schema datatypes as well as classes in � P.C and 	 P.C
– E.g., 	 hasAge.nonNegativeInteger

� Arbitrarily complex nesting of constructors
– E.g., Person 
 � hasChild.Doctor ��	 hasChild.Doctor
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RDFS Syntax

<owl:Class>
<owl:intersectionOf rdf:parseType="collection">

<owl:Class rdf:about="#Person"/>
<owl:Restriction>

<owl:onProperty rdf:resource="#hasChild"/>
<owl:toClass>

<owl:unionOf rdf:parseType="collection">
<owl:Class rdf:about="#Doctor"/>
<owl:Restriction>

<owl:onProperty rdf:resource="#hasChild"/>
<owl:hasClass rdf:resource="#Doctor"/>

</owl:Restriction>
</owl:unionOf>

</owl:toClass>
</owl:Restriction>

</owl:intersectionOf>
</owl:Class>

E.g., Person 
 � hasChild.(Doctor ��	 hasChild.Doctor):



13-Aug-06ICEC 2006 Tutorial on SOA31

OWL Axioms

� Axioms (mostly) reducible to inclusion (
 )
� � � � iff both � 
 � and � 
 �
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OWL DL Semantics

� Mapping OWL to equivalent DL (����� �� � � ):

– Facilitates provision of reasoning services (using DL 
systems)

– Provides well defined semantics
� DL semantics defined by interpretations: ����� D���� 	������ �	�

where
– D���� is the domain (a non-empty set) 
– ����� is an interpretation function that maps:

� Concept (class) name � � subset � ���� of D����

� Role (property) name � � binary relation � ���� over D����

� Individual name � � ����� element of D����
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DL Semantics

� Interpretation function ����� extends to concept 

expressions in an obvious(ish) way, i.e.:
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DL Knowledge Bases (Ontologies)

� An OWL ontology maps to a DL Knowledge Base � = ��� ,��
– ���(Tbox) is a set of axioms of the form:

� � 
 �� (concept inclusion)
� � � �� (concept equivalence)

� � 
 �� (role inclusion)

� � � �� (role equivalence)
� � � 
 �� (role transitivity)

– ���(Abox) is a set of axioms of the form 
� 	 � �� (concept instantiation)
� � 	 ,
 � � �� (role instantiation)

� Two sorts of Tbox axioms often distinguished
– “Definitions”

� � 
 � or � � � where � is a concept name

– General Concept Inclusion axioms (GCIs)
� � 
 � where � in an arbitrary concept
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Knowledge Base Semantics

� An interpretation � satisfies (models) an axiom � (� |= � ):

– � |= � 
 �� iff � ���� � � ����

– � |= � � �� iff � ���� = � ����

– � |= � 
 �� iff � ���� � � ����

– � |= � � �� iff � ���� = � ����

– � |= � � 
 �� iff (� ���� )� � � ����

– � |= 	 � �� iff 	 ���� � � ����

– � |= � 	 ,
 � � �� iff (	 ���� ,
 ���� ) � � ����

� � satisfies a Tbox � (� |= ��) iff � satisfies every axiom � in �
� � satisfies an Abox � (� |= � ) iff � satisfies every axiom � in �
� � satisfies an KB � (� |= � ) iff � satisfies both � and �
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Inference Tasks

� Knowledge is correct (captures intuitions)
– C subsumes D w.r.t. � iff for every model � of � , � ���� � � ����

� Knowledge is minimally redundant (no unintended synonyms)
– C is equivalent to D w.r.t. � iff for every model � of � , � ���� = � ����

� Knowledge is meaningful (classes can have instances)
– C is satisfiable w.r.t. � iff there exists some model � of � s.t. � ���� ¹ �

� Querying knowledge
– 	 is an instance of � w.r.t. � iff for every model � of � , 	 ���� � � ����

� � 	 ,
 � is an instance of � w.r.t. � iff for, every model � of � ,
(	 ���� ,
 ���� ) � � ����

� Knowledge base consistency
– A KB � is consistent iff there exists some model � of �
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The Rule Markup Language
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Introduction

� Rules are central to the Semantic Web

� Rule interchange in an open format
is important for e-Business

� RuleML is the de facto open language
standard for rule interchange/markup

� Collaborating with W3C (RIF), OMG
(PRR, SBVR), OASIS, DARPA-DAML,
EU-REWERSE, and other standards/
gov'nt bodies
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RuleML Enables ...

Rule

modelling
markup

translation
interchange

execution
publication
archiving

in

UML
RDF

XML
ASCII
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RuleML Identifies ...

� Expressive sublanguages
– for Web rules

– started with
� Derivation rules: extend SQL views

� Reaction rules: extend SQL triggers

– to empower their subcommunities
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RuleML Specifies ...

� Derivation rules via XML Schema:
– All sublanguages:(OO) RuleML 0.9

– First Order Logic: FOL RuleML 0.9

– With Ontology language:  SWRL 0.7
� A Semantic Web Rule Language 

Combining OWL (W3C) and RuleML

– With Web Services language:  SWSL 0.9

� Translators in & out (e.g. Jess) via XSLT
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Bring Datalog to the Semantic Web

� Start with n-ary relations (not binary properties)
� Keep Var iable typing optional (reuse RDFS’

subClassOf taxonomies as sort lattices)
� Allow signature declarations of arities and types
� Employ function-free facts as well as Horn rules 

(rather than 1st: RDF descriptions; 2nd: RDF rules)
� Use function-free Herbrand model semantics

(querying stays decidable)
� Provide three syntactic levels:

– User-oriented: Prolog-like, but with “?”-variables
– Abstract: MOF/UML diagrams
– XML serialization: Datalog RuleML
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Business Rule: Positional

''The discount for a customer buying a product is 5 percent
if the customer is premium and the product is regular .''

<Implies >
<head>

<Atom>
<Rel> discount </Rel>
<Var>customer</Var>
<Var>product</Var>
<Ind>5.0</Ind>

</ Atom>
</head>
<body>

<And>
<Atom>

<Rel> premium </Rel>
<Var>customer</Var>

</ Atom>
<Atom>

<Rel> regular </Rel>
<Var>product</Var>

</ Atom>
</And>

</body>
</ Implies >

Implies

Atom Atom

Atom
head body

And

discount

premium customer regular product

customer product 5.0

Var Var IndRel

Rel RelVar Var
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Extend Datalog for the Semantic Web

� Allow slots as name-> filler pairs in Atoms
(cf. F-logic’s methods and RDF’s properties)

� Extend optional types and signatures for 
slots

� Add optional object identifiers (oid s) to 
atoms

� Separate Data literals from Ind ividual 
constants
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Business Rule: Slotted (for OO)

''The discount for a customer buying a product is 5 percent
if the customer is premium and the product is regular .''

Implies

Atom Atom

Atom
head body

And

discount

premium customer regular product

customer product 5.0

Var Var DataRel

Rel RelVar Var

rebate
itembuyer

<Implies >
<head>

<Atom>
<Rel> discount </Rel>
<slot><Ind> buyer </Ind><Var>customer</Var></slot>

<slot><Ind> item </Ind><Var>product</Var></slot>
<slot><Ind> rebate </Ind><Data>5.0</Data></slot>

</ Atom>
</head>
<body>

<And>
<Atom>

<Rel> premium </Rel>
<Var>customer</Var>

</ Atom>
<Atom>

<Rel> regular </Rel>
<Var>product</Var>

</ Atom>
</And>

</body>
</ Implies >
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Ontology Web Language for Services
���������	
��  !"��#�$	���� %�	%��& ���'�%���(�	���
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What is OWLWhat is OWL --S?S?

• Ontology Web Language for Services
• Under development since early 2001 (initially called DAML-S)

• An OWL ontology for (formally) describing properties and  
capabilities of Web services

• Plus a large body of work about using the ontology:
tools, components, algorithms, extensions

• An approach that draws on many sources
• Description logic, AI planning, Workflow, Formal process modeling, Agents, Web 
services, …

• Ties in with Web services (WSDL, UDDI)

http://www.daml.org/services/owl-s
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High-Level Objectives

� Automation of service use by software agents
• Ideal: full-fledged use of services never before 

encountered

� Enable reasoning/planning about services
• e.g., On-the-fly composition

• Build on both Semantic Web and Web services 
Comprehensive framework supporting the entire 
lifecycle of service management tasks

� Discovery, selection, composition, invocation, monitoring, ..

� Integrated use with information resources
� Ease of use (for users and developers)
� Powerful tools
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Layered Approach to Language Layered Approach to Language 
DevelopmentDevelopment

SWRL  (Rules)

XML  (Extensible Markup Language)                 

RDF  (Resource Description Framework)

RDFS  (RDF Schema)

OWL ([DLP], Light, DL, Full)

OWL-S  (Services)  

OWL-S: an ontology expressed in OWL and
related languages
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Upper Ontology of Services

Ontology images compliments of Terry Payne, 
University of Southampton
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High-level characterization/summary of a service
Used for

• Populating service registries
� A service can have many profiles

• Automated service discovery
• Service selection (matchmaking)

One can derive:
• Service advertisements
• Service requests

Service Profile:
“What does it do?”
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Service Profile
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� Class hierarchical yellow pages
– Implicit capability characterization

– Arrangement of attributes on class hierarchy

– Can use multiple inheritance

– Relies primarily on “non-functional” properties

� Process summaries for planning purposes
– More explicit

– Inputs, outputs, preconditions, effects

– Less reliance on formal hierarchical organization

– Summarizes process model specs

– Relies primarily on functional description

Service Profile: Styles of Use
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Upper Ontology of Services
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Process Model
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Process Model: “How does it work?”
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www.acmetravel.com
book travel service                                             

www.acmeair.com

book flight service

• customer name
• flight numbers
• dates
• credit card no.
•
• ...

• confirmation no.
• ...

• failure notification
• errror information
• …

?

www.acmehotel.com

book hotel service

• confirmation no.
• dates
• room type
• credit card no.
• ...

• confirmation no.
• ...

• failure notification
• …

?

www.acmecar.com

book car service

• customer name
• location
• car type
• dates
• credit card no.
• ...

• confirmation no.
• ...

• failure notification
• …

?

•
•
•
•

Process of Processes

•
•
•
•
•
•
•
•
•
•

•
•
•
•

?

•
•
•
•
•
•
•
•
•
•
•

Input &
Preconditions

Output &
Effects

•
•
•
•

•
•
•
•
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Upper Ontology of Services

Ontology images compliments of Terry Payne, 
University of Southampton
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Service Grounding: “How to access it”

� Implementation specific
� Message formatting, transport mechanisms, 

protocols, serializations of types
� Service Model + Grounding give everything 

needed for using the service
� Builds upon WSDL
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OWL-S / WSDL Grounding

Resources/Concepts

WSDL

OWL-S

Process Model

Atomic Process

Operation Message

Inputs / Outputs

Binding to SOAP, HTTP, etc.
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OWL-S / WSDL Grounding (cont’d)
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Some Applications of OWL-S

IBM
– Provide OWL-S API as part of SNOBASE Semantic Web tool
– http://www.alphaworks.ibm.com/tech/snobase
– Use OWL-S for enhanced semantic UDDI 

SAP
– Use OWL-S for automatic composition of services to manage border control

Toshiba
– Use OWL-S in publicly available UDDI at NTT (Main Japanese UDDI)

Fujitsu
– OWL-S used in Task Computing Project; planned for production in 2005
– http://www.taskcomputing.org/

NIST, DCS, TARDEC
– Use OWL-S to describe capabilities of Autonomous Vehicles

MyGrid
– Use OWL-S to describe Bioinformatics Web services on the Grid
– http://www.mygrid.org.uk/

AgentCities
– OWL-S used for discovery of new agents
– http://www.agentcities.org/
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Some Areas of Work Building on OWL-S

� Architecture / components
– Virtual machine
– Libraries
– Brokering
– Mediation
– Ontology management (meta-)services

� Algorithms / tools
– Development

� Editors, WSDL2OWLS, BPEL2OWLS, BPEL augmentations
– Discovery & Selection
– Composition
– UML-based design/generation

• Ontology extensions
• Security
• Policy
• Quality of Service
• Domain-specific extensions
• Semantic Grid applications
• Alternate groundings

• SWSF
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Summary & Status

� Describes “what it does”, “how it works”, “how to access it”
– Profile, Process, Grounding subontologies

� Ties in fairly naturally with WSDL, UDDI
� Additional semantics supports 

– Automation of various Web service tasks 
– Varied applications 

� W3C member submission
– http://www.w3.org/Submission/2004/07/

� Version 1.1 release finalized, Version 1.2 under development
� Publications, tools, examples 

– See http;//www.daml.org/services/owl-s/
– ISWC, WWW, ICSOC conferences (and workshops)

� Additional material (including FLOWS, WSMO, WSDL-S) here:
– W3C Workshop on Frameworks for Semantics in Web Services
– http://www.w3.org/2005/01/ws-swsf-cfp.html
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Web Service Modeling Ontology
���������	
��)�)!����*� ���
	��� ���+(� ,�'�-)
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� A conceptual model for Semantic Web Services: 
– Ontology of core elements for Semantic Web Services 
– a formal description language (WSML) 
– execution environment (WSMX) 

� … derived from and based on the Web Service Modeling 
Framework WSMF

� an SDK-Cluster Working Group 
(joint European research and development initiative)

WSMO Basics
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A Conceptual Model 
for SWS

A Formal Language for WSMO

A Rule-based Language for SWS

Execution Environment 
for WSMO

WSMO Working Groups
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WSMO Design Principles

Web Compliance Ontology-Based

Strict Decoupling
Of Modeling Elements 

Centrality of 
Mediation

Ontological Role 
Separation

Description versus Implementation 

Execution 
Semantics

WSMO
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Objectives that a client wants to
achieve by using Web Services

Provide the formally 
specified terminology
of the information used 
by all other 
components

Semantic description of Web 
Services: 
- Capability (functional)
- Interfaces (usage) 

Connectors between components with 
mediation facilities for handling 
heterogeneities 

WSMO D2, version 1.2, 13 April 2005 (W3C submission)

WSMO Top Level Notions



13-Aug-06ICEC 2006 Tutorial on SOA70

Every WSMO elements is described by properties that 
contain relevant, non-functional aspects 

� Dublin Core Metadata Set: 
– complete item description
– used for resource management

� Versioning Information 
– evolution support 

� Quality of Service Information 
– availability, stability

� Other  
– Owner, financial 

Non-Functional Properties
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Dublin Core Metadata 
Contributor 
Coverage 
Creator 
Description 
Format 
Identifier 
Language 
Publisher 
Relation 
Rights 
Source 
Subject 
Title 
Type 

Quality of Service 
Accuracy 
NetworkRelatedQoS
Performance
Reliability  
Robustness
Scalability 
Security 
Transactional 
Trust 

Other 
Financial 
Owner  
TypeOfMatch
Version 

Non-Functional Properties List
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WSMO Ontologies

Provide the formally 
specified terminology

of the information used 
by all other 

components

Semantic description of Web 
Services: 
- Capability (functional)
- Interfaces (usage) 

Connectors between components with 
mediation facilities for handling 

heterogeneities 

Objectives that a client wants 
to achieve by using Web Services
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Ontology Usage & Principles

� Ontologies are used as the ‘data model’ throughout W SMO
– all WSMO element descriptions rely on ontologies 
– all data interchanged in Web Service usage are ontologies 
– Semantic information processing & ontology reasoning  

� WSMO Ontology Language WSML
– conceptual syntax for describing WSMO elements 
– logical language for axiomatic expressions (WSML Layering) 

� WSMO Ontology Design
– Modularization: import / re-using ontologies, modular approach

for ontology design 
– De-Coupling: heterogeneity handled by OO Mediators
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Ontology Specification

� Non functional properties (see before)
� Imported Ontologies importing existing ontologies 

where no heterogeneities arise
� Used mediators OO Mediators (ontology import with 

terminology mismatch handling)

Ontology Elements:
Concepts set of concepts that belong to the ontology, incl.
Attributes set of attributes that belong to a concept
Relations define interrelations between several concepts
Functions special type of relation (unary range = return value) 
Instances set of instances that belong to the represented ontology

Axioms axiomatic expressions in ontology (logical statement)
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WSMO Web Services

Provide the formally 
specified terminology

of the information used 
by all other 

components

Semantic description of Web 
Services: 
- Capability (functional)
- Interfaces (usage) 

Connectors between components with 
mediation facilities for handling 

heterogeneities 

Objectives that a client wants 
to achieve by using Web Services
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Web service
Implementation
(not of interest in Web 
Service Description)

Choreography --- Service Interfaces ---

Capability

functional description

WS

WS

- Advertising of Web Service
- Support for WS Discovery 

client-service 
interaction interface for 
consuming WS 
- External Visible 

Behavior
- Communication 

Structure 
- ‘Grounding’

realization of 
functionality by 
aggregating 
other Web Services 
- functional   
decomposition 

- WS composition 

Non-functional Properties

DC + QoS + Version + financial

- complete item description
- quality aspects 
- Web Service Management 

WS

Orchestration

WSMO Web service description
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Capability Specification

� Non functional properties 
� Imported Ontologies 
� Used mediators 

– OO Mediator: importing ontologies with mismatch resolution  
– WG Mediator: link to a Goal wherefore service is not usable a priori 

� Pre-conditions 
What a web service expects in order to be able to 
provide its service. They define conditions over the input. 

� Assumptions 
Conditions on the state of the world that has to hold before 
the Web Service can be executed  

� Post-conditions 
describes the result of the Web Service in relation to the input, 
and conditions on it 

� Effects 
Conditions on the state of the world that hold after execution of the 
Web Service (i.e. changes in the state of the world) 
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VTA
Service

Date

Time

Flight, Hotel

Error

Confirmation

Hotel Service

Flight Service

Date, Time

Hotel

Error

Date, Time

Flight

Error

When the service is
requested

When the service 
requests

Choreography & Orchestration

� VTA example:

� Choreography = how to interact with the service to consume its functionality
� Orchestration = how service functionality is achieved by aggregating other Web services

Confirmation

Confirmation
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� External Visible Behavior
– those aspects of the workflow of a Web Service where Interaction is required 
– described by workflow constructs: sequence, split, loop, parallel

� Communication Structure
– messages sent and received 
– their order (communicative behavior for service consumption) 
– choreography related errors (e.g. input wrong, message timeout, etc.) 

� Grounding 
– concrete communication technology for interaction 

� Formal Model 
– reasoning on Web Service interfaces (service interoperability)
– allow mediation support on Web Service interfaces 

Interface for consuming Web Service 

Choreography Aspects
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- decomposition of service 
functionality 

- all service interaction via 
choreographies   

Control Structure for aggregation of other Web Serv ices

WS

W
eb S

ervice B
usiness Logic 

1

2

3

4

WS

State in Orchestration 

Control Flow 

Data Flow 

Service Interaction

Orchestration Aspects
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Orchestration Aspects

� Service interfaces are concerned with service consumption and 
interaction 

� Choreography and Orchestration as sub-concepts of Service 
Interface 

� Common requirements for service interface description: 
1. represent the dynamics of information interchange during service

consumption and interaction 
2. support ontologies as the underlying data model 
3. appropriate communication technology for information interchange
4. sound formal model / semantics of service interface specifications in 

order to allow operations on them
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Ontologies as data model:
- every resource description based on ontologies 
- every data element interchanged is ontology instance

Formal description of service interfaces:
- ASM-based approach  
- allows reasoning & mediation 

workflow constructs as basis for describing service  interfaces:
- workflow based process models for describing behavior  
- on basis of generic workflow constructs (e.g. van der Aalst)

Choreography:
- interaction of services / service and client  
- a „choreography interface“ describes the behavior of a
Web Service for client-service interaction for consuming 
the service  

Orchestration:
- how the functionality of a Web Service is achieved by 
aggregating other  Web Services 

- extends Choreography descriptions by control & data flow 
constructs between orchestrating WS and orchestrated WSs.   

Grounding:
- making service interfaces executable   
- currently grounding to WSDL   

Conceptual models

User language
- based on UML2  activity diagrams  
- graphical Tool for Editing & Browsing Service Interface Description

Future Directions
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WSMO Goals

Provide the formally 
specified terminology
of the information used 
by all other 
components

Semantic description of Web 
Services: 
- Capability (functional)
- Interfaces (usage) 

Connectors between components with mediation 
facilities for handling heterogeneities 

Objectives that a client wants 
to achieve by using Web Services
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Goals

� Ontological De-coupling of Requester and Provider

� Goal-driven Approach , derived from AI rational agent approach
– Requester formulates objective independently 
– ‘Intelligent’ mechanisms detect suitable services for solving the Goal
– allows re-use of Services for different purposes

� Usage of Goals within Semantic Web Services
– A Requester, that is an agent (human or machine), defines a Goal to be resolved  
– Web Service Discovery detects suitable Web Services for solving the Goal 

automatically 
– Goal Resolution Management is realized in implementations 
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Goal Specification

� Non functional properties 
� Imported Ontologies
� Used mediators 

– OO Mediators: importing ontologies with heterogeneity resolution 
– GG Mediator: 

� Goal definition by reusing an already existing goal
� allows definition of Goal Ontologies

� Requested Capability 
– describes service functionality expected to resolve the objective 
– defined as capability description from the requester perspective

� Requested Interface 
– describes communication behaviour supported by the requester for consuming a 

Web Service (Choreography) 
– Restrictions / preferences on orchestrations of acceptable Web Services 
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WSMO Mediators

Provide the formally 
specified terminology

of the information used 
by all other 

components

Semantic description of Web 
Services: 
- Capability (functional)
- Interfaces (usage) 

Connectors between components with 
mediation facilities for handling 

heterogeneities 

Objectives that a client wants 
to achieve by using Web Services
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Mediation

� Heterogeneity …
– Mismatches on structural / semantic / conceptual level 
– Occur between different components that shall interoperate
– Especially in distributed & open environments like the Internet

� Concept of Mediation (Wiederhold, 94): 
– Mediators as components that resolve mismatches
– Declarative Approach: 

� Semantic description of resources 
� ‘Intelligent’ mechanisms that resolve mismatches independent of content

– Mediation cannot be fully automated (integration decision)

� Levels of Mediation within Semantic Web Services (WSMF):
(1) Data Level: mediate heterogeneous Data Sources  
(2) Protocol Level: mediate heterogeneous Communication Patterns  
(3) Process Level: mediate heterogeneous Business Processes
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WSMO Mediators Overview
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WSMO Mediator

uses a Mediation Service via 

Source 
Component 

Source 
Component 

Target
Component 1 .. n

1

Mediation 
Services

- as a Goal 
- directly
- optionally incl. Mediation 

Mediator Structure
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OO Mediator
Mediation Service  

Train Connection
Ontology (s1)

Purchase 
Ontology (s2)

Train Ticket 
Purchase Ontology

Mediation 
Services

Discovery

Merging 2 ontologies 

OO Mediator - Example

Goal:
“merge s1, s2 and 

s1.ticket subclassof s2.product”
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GG Mediator
Mediation Service  

Source Goal
“Buy a ticket”

Target Goal 
“Buy a Train Ticket”

postcondition: 
“trainticket memberof aTicket
”

GG Mediators

� Aim:
– Support specification of Goals by re-using existing Goals 
– Allow definition of Goal Ontologies (collection of pre-defined Goals)
– Terminology mismatches handled by OO Mediators 

� Example: Goal Refinement
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� WG Mediators:
– link a Web Service to a Goal and resolve occurring mismatches 
– match Web Service and Goals that do not match a priori
– handle terminology mismatches between Web Services and Goals

� broader range of Goals solvable by a Web Service

� WW Mediators:
– enable interoperability of heterogeneous Web Services
� support automated collaboration between Web Services 

– OO Mediators for terminology import with data level mediation
– Protocol Mediation for establishing valid multi-party collaborations
– Process Mediation for making Business Processes interoperable

WG & WW Mediators


