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SoaML introduction
P dPurpose and scope
SoaML in the context of MDA
Overview of main concepts

Methodology
Semantic extensions to SoaML

ICT

Semantic extensions to SoaML
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SoaML history

2006, September OMG RFP
2007, June 3 initial submissions
2008 & 2009 Merge process
2009, December SoaML 1.0 finished
2010, March SoaML 1.0 adopted by OMG

FTF chairs: Arne J. Berre, SINTEF and Jim Amsden, IBM

htt // l

ICT 4

http://www.soaml.org

4
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Final UPMS SoaML Timeline

Issued September 
29 2006

LOI Deadline
November 28 2006

Initial Submission 
Deadline June 4 2007

IBM,... Fujitsu,... SHAPE,...

S1(3)

Sx – Submission version x
Bx – Beta version x

29, 2006 November 28, 2006 Deadline June 4, 2007

Voting List Deadline
August 5, 2007

Revised Submission
November 19, 2007

Revised Submission 
Deadline May 26, 2008

OMG Technical Meeting
June 23-27, 2008 * 
Ontario Canada 

Adaptive,...

Revised Submission 
Deadline Aug 25, 2008

OMG Technical Meeting
Sept 22-26, 2008 * 

Orlando EEUU 

S2(2)S3(1)

S4

ICT

OMG Technical Meeting
Dec 08-12, 2008 * 

Santa Clara EEUU 

Revised Submission 
Deadline Nov 10, 2008

S5
SoaML FTF Feb., 2009B1

SoaML FTF Nov., 2009 SoaML FTF Rec.  Dec., 
2009, Los Angeles

SoaML final standard
March, 2010 (veto, by 

Oct. 2010)

B2

BPMN 2.0, Dec. 2009

AMP, Aug. 2009

B2
5

Metamodels and profiles

MOF M3extension

relationship

model <-> meta-model

relationship

UML process generic
Meta-model

Workflow
Meta-model

UML
For J2EE

Migration oriented
process Meta-model

UML
Real-time

M2

relationship

ICT 6

real-time
model

migration
model

Workflow
model M1
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The SoaML Profile
SoaML is defined as a small set 
of UML stereotypes.
These specialize a UML tool forThese specialize a UML tool for 
use with SoaML.
Standard UML can be used as 
well, as part of a SoaML model.
Some tools provide enhanced 
SoaML support.

ICT 7

Current SoaML Support

OMG Web site
SoaML Wiki: http://www.SoaML.org
Specification:Specification: 
http://www.omgwiki.org/SoaML/doku.php?id=specification

Known SoaML Tooling
Cameo SOA+ (NoMagic) UML with SoaML Modeling and Provisioning
ModelPro (ModelDriven.org) Open Source MDA provisioning for SoaML
Enterprise Architect (Sparx) SoaML Profile for UML tool
Objecteering (Softeam) SoaML Profile for UML Tool

ICT

May 2009

RSA (IBM) UML tool with SoaML & code generation [Not yet released]

8
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UML tools with SoaML per June 2010

MagicDraw, NoMagic

Enterprise Architect, Sparq

Modelio,  Softeam

RSA/RSM,  IBM

ICT 9

Tools

UML modelling tool
Modelio Enterprise Edition
http://www modeliosoft com/download/downloads htmlhttp://www.modeliosoft.com/download/downloads.html

UML profile for SoaML
SoaML MDA component for Modelio
SoaMLEngine MDA component for Modelio
See www.shape-project.eu

SoaML Model example

ICT 10

S p
Case Study SoaML Model project for Modelio
See www.shape-project.eu
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SoaML – Goals

Intuitive and complete support for modelling services in UML
Support for bi-directional asynchronous services between multiple parties
Support for Services Architectures where parties provide and use multipleSupport for Services Architectures where parties provide and use multiple 
services.
Support for services defined to contain other services
Easily mapped to and made part of a business process specification
Compatibility with UML, BPDM and BPMN for business processes
Direct mapping to web services
Top-down, bottom up or meet-in-the-middle modelling
Design by contract or dynamic adaptation of services
To specify and relate the service capability and its contract

ICT 11

p y p y
No changes to UML

SoaML – Scope

Extensions to UML2.1 to support the following new modeling 
capabilities:

Identifying servicesy g
Specifying services
Defining service consumers and providers
Policies for using and providing services
Defining classification schemes
Defining service and service usage requirements and linking them to 
related OMG metamodels, such as the BMM and BPMN 2.0.

SoaML focuses on the basic service modelling concepts

ICT 12

A foundation for further extensions both related to integration with other 
OMG metamodels like BPMN 2.0, SBVR,  ODM and others.

SoaML is NOT a methodology
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Definition of service in SoaML

”A service is value delivered to another through a well-defined 
interface and available to a community (which may be the general 

bli ) A i lt i k id d t b th ”public). A service results in work provided to one by another.”

Service Oriented Architecture (SOA) is a way of describing and 
understanding organizations, communities and systems to maximize 
agility, scale and interoperability. 
SOA, then, is an architectural paradigm for defining how people, 
organizations and systems provide and use services to achieve 

lt

ICT 13

results.
SoaML provides a standard way to architect and model SOA solutions 
using the Unified Modeling Language (UML). 

Business Concerns

SOA in Model Driven Architecture (MDA)

Business ModelBusiness Modeltio
n

de
nt

l

MDA
Terms

Goals

Policy

Customers

Costs

A ili

Logical System Model
Technology Services (t-SOA), 

Components
Interfaces Messages & Data

Logical System Model
Technology Services (t-SOA), 

Components
Interfaces Messages & Data

Business Model
Enterprise Services (e-SOA)

Roles, Collaborations & Interactions
Process & Information

Business Model
Enterprise Services (e-SOA)

Roles, Collaborations & Interactions
Process & Information

R
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L
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f-Sigh
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Agility

Technology Specification
JMS, JEE, Web Services

WSDL, BPEL, XML Schema

Technology Specification
JMS, JEE, Web Services

WSDL, BPEL, XML Schema

Interfaces, Messages & DataInterfaces, Messages & Data

m
ation

htIn
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rm
Sp

ec
ifi

c
M

od
el
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SoaML – Key concepts

Services architecture – specification of community
Participants – rolep
Service contracts – collaboration (provide and consume)

Service contract – specification of service
Role – Provider and consumer 
Interfaces
Choreography (protocol, behaviour)

Service interface – bi-directional service

ICT 15

Service interface bi directional service
Simple interface – one-directional service
Message Type – data exchanged between services

Marketplace Services – Example

Order

P
rov

C
on

su
m

er

Conformation

Ship Req

Shipped

Status
Consumer

vider
C

Consumer

Mechanics Are Us
Dealer

Acme Industries
Manufacturer

ICT 16

Shipped

Physical
Delivery

DeliveredProvider

Consumer

Provider

GetItThere Freight 
Shipper
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ServiceContracts and 
ServiceArchitectures Metamodel

ICT 17

ServiceContracts and 
ServiceArchitectures Profile

ICT 18
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Collaboration

ICT

Start - Explanation of standard UML 2.3

19

Collaboration

ICT 20
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CollaborationUse

ICT 21

CollaborationUse

ICT 22
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CollaborationUse

ICT

End - Explanation of standard UML 2.3

23

Services architecture Purchasing 
service

A ServicesArchitecture (or SOA):

Shipping 
service

Ship 
Status 
service

ICT 24

A ServicesArchitecture (or SOA):
is a network of participant roles providing and consuming services to fulfil a 
purpose. 
defines the requirements for the types of participants and service realizations that 
fulfil those roles.
It is defined using a UML Collaboration.
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Inside the Manufacturer

Order

Conformation

Shipped

Ship Req

Order Processing

Accounting

Service

ICT 25

Shipped

Delivered

Service contract

A ServiceContract:
Fully specifies the service (terms, conditions, interfaces, choreography, etc.)
is binding on both the providers and consumers of that service. 
is defined using a UML collaboration that is focused on the interactions involved in 
providing a service. 

ICT 26

A participant plays a role in the larger scope of a ServicesArchitecture 
and also plays a role as the provider or user of services specified by 
ServiceContracts.
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Service contract

Role 
within 

i

Role 
within 

service

Service 
Contract

service

Service 
interface 

corresponding 
to  role

Service 
interface 

corresponding 
to  role

Information 
processed by order 

processor
type type

ICT 27

The service contract specifies the details of the service – what 
information, assets and responsibilities are exchanged and under 
what rules.

Information 
received by orderer

Simple protocol choreography for 
Ordering service contract

ICT 28

Behaviour in SoaML can also be specified with Activity Diagrams or 
State Machines.



15

Participants

ParticipantParticipant

ICT 29

Participants:
represent logical or real people or organizational units that participate in services 
architectures and/or business processes. 
provide and use services, defining their external contract

Service Choreography for “Place 
Order”

The role of the consumer (a 
i i h l d )participant that places orders) 

and the consumers interface 
The role of the provider (an order 

taker) and their interface

The optional interaction to 
request a quoteThe optional interaction to return 

the quote

The required interaction to place 
an order

ICT

The required interaction to accept 
or reject the order

A more detailed look at the same service. Note that this 
models a fully asynchronous SOA – like most business 
interactions, the document message types are detailed on 
the next page.

30
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Service Data Metamodel

ICT 31

Service Data Profile

ICT 32
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Message Detail for Place Order

This is the detail for the message types that correspond to 

ICT

the interactions for the place order service.

Note that at the technology level this can produce XML 
schema for the messages.

33

Example Information Model
CRR 

Information 
Model

ICT 34
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Linking messages to business 
information

SOA Messages can 
reference and 
include parts of the 

ICT

p
logical information 
model – forming a 
connection between 
SOA and enterprise 
data

35

Linking the Business Process
A business process represents the 

desired behavior among the 
various participants in a services 

architecture. This is modeled here 
as a UML activity.

Each participant is given a 
swimlane which contains the 

actions carried out by that 
participant within the business 

processyy process.

The overall behavior emerges as an 
orchestration of the actions carried 

out by each of the participants. 
Interactions with participants must be 
consistent with the service contracts 

by which they interact.

This is the 

ICT

business 
process for the 
“RIB Claims 
Processing” 
enterprise SOA 
we saw earlier.

36



19

Service ports and service participants

A Service port:
is the offer of a service by one participant to others using well defined terms, 
conditions and interfaces
defines the connection point through which a Participant offers its capabilities and 

ICT 37

p g p p
provides a service to clients.
It is defined using a UML Port on a Participant, and stereotyped as a <<Service>>

A Service port is a mechanism by which a provider Participant makes 
available services that meet the needs of consumer requests as 
defined by ServiceInterfaces, Interfaces and ServiceContracts. 

ServiceInterfaces and 
Participants Metamodel

ICT 38
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ServiceInterfaces and 
Participants Profile

ICT 39

UML Composite Diagrams
Composite Diagrams
A composite structure diagram is a diagram that shows 
the internal structure of a classifier, including its interaction 

i t t th t f th t It h thpoints to other parts of the system. It shows the 
configuration and relationship of parts, that together, 
perform the behavior of the containing classifier.

Classes can be displayed as composite elements 
exposing interfaces and containing ports and parts.

ICT

Start - Explanation of standard UML 2.3

40
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Part

A part is an element that represents a set of one or more 
instances which are owned by a containing classifier y g
instance. So for example, if a diagram instance owned a 
set of graphical elements, then the graphical elements 
could be represented as parts; if it were useful to do so, to 
model some kind of relationship between them. Note that 
a part can be removed from its parent before the parent is 
deleted, so that the part isn't deleted at the same time.

ICT

A part is shown as an unadorned rectangle contained 
within the body of a class or component element.

41

Ports
A port is attached to an active class.
The port has:

A nameA name.
An interface specifying the signals that can be received.
An interface specifying the signals that can be sent.

Two types of ports:
Connected to internal communication channels (by default).
Connected to the state machine for the class instance (a 
behaviour port)

ICT

behaviour port).

A behaviour port

In interface

Out interface

42
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Composite Structure

A composite structure diagram shows the relationship among internal 
components of a class, in terms of communication paths.
The class may have one or more communications ports through which 
signals can be sent or received.
The ports are connected either to:

Internal components
Channels connect the ports of the class to the ports of the 
internal components.
Channels can be unidirectional (one direction only) or 

ICT

( y)
bidirectional (both directions).

The state machine behaviour of the class (a behaviour port).

43

Composite Structure

ICT 44
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Composite class (incomplete)
with parts, ports and connectors part

ATM

:CardReader
User-Reader

ATM-bank

:Screen
User-Screen

port

ICT 45

:CashDispenser:Keyboard
User-Keyboard

User-Cash

connector

Context Model in UML2.0  - I
composite structure as part of a Collaboration

BankContext

:User :ATM :Bank

User-Reader

ATM-bank

User-Screen

ICT 46

User-Keyboard

User-Cash
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Context Model in UML2.0  - II

Including multiplicities on parts
multiplicity

BankContext

:User
[1..10000]

:ATM
[1..100] :Bank

User-Reader

ATM-bank

User-Screen

ICT 47

User-Keyboard

User-Cash

End - Explanation of standard UML 2.3

Service interface

A ServiceInterface:
can t pe a ser ice portcan type a service port. 
can specify a bi-directional service 
(both the provider and consumer 
have responsibilities to send and 
receive messages and events).

A ServiceInterface is defined 
from the perspective of the 

i id i th

ICT 48

service provider using three 
primary sections:

provided and required Interfaces
ServiceInterface class
protocol Behavior.
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Participant with service and request ports

ICT 49

A Service Port is typed by a ServiceInterface
A Request port is typed by a conjugate ServiceInterface (defines the use of a 
service rather than its provision).  This will allow us to connect service 
providers and consumers in a Participant.
Can be transformed to the appropriate interface/implementation code.

Interfaces for Participants
Each role in the 
service that receives 
interactions has an 
interface this is theinterface, this is the 
interface for a logical 
technology component 
and is implemented by 
components providing 
or using this service. 
This service is bi-
directional - messages 

ICT

flow in both directions.

Interfaces will correspond with parts of WSDL in a web 
services mapping of SoaML 

50
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Logical System Components
Components 
implement the 
service 
interfaces 
providing the 
link to systems.  
Participants andParticipants and 
services may be 
used in multiple 
architectures.

ICT

“Ports” on the participating 
components provide and require the 
service interfaces for each service 

provided or used

51

Composite Application Components
Enterprise systems can be 

integrated with adapter 
components

This component is defined as a s co po e s de ed as a
composition of other 

components.

ICT

Components can be assembled from other components by 
linking their services. This corresponds to the architecture 
for Acme.

Or, new implementation can be 
defined inside of components.

52
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SoaML introduction

Methodology
Overview
Walkthrough of methodology for the Travel Agency

Semantic extensions to SoaML

ICT 53
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SHAPE Tutorial, 16 June 2010, Paris, France

Platform-
Specific
Model (PSM)

Software Components

Cloud, Web Services, JEE, MAS, P2P/Grid, SWS
CIM

PIM
PSM

Model to Text (M2T)     Transformation

Choreographies
Service

Orchestrations

So
aM

M
od

el
io
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Business Architecture 
Model (BAM)

The BAM expresses the business operations and the environment

Business
Architecture
Model
(BAM) Business Goals

Capabilities
Services
Architectures

Service Contracts and Choreographies

Information Semantics

The BAM expresses the business operations and the environment 
which the service-oriented architecture is to support

Represents the business perspective of an SOA
The BAM captures business requirements and identifies services:

Business goals
Information semantics (terminologies, ontologies)
Business processes with associated organisation roles and information 
elements

ICT

Capabilities
The BAM further describes:

The services architecture of the business community 
The service contracts between the business entities participating in the 
community

55

Case study: Travel Agency
(Discount Voyage)

A Travel Agency has some contact with Partner 
Client

Rg y
Agencies which provide reservation for Flights, 
Hotels, Cars, etc.
A Client can interact with the Travel Agency to:

Reserve a Travel:
Flight, Flight+Hotel, Flight+Hotel+Car, etc.

Cancel a Travel
Pay the Travel

Travel Agency

R
eserve
Pay

C
ancel

Paym
ent facil

Travel reservation

ICT

The Travel Agency need to be in contact with a 
Visa payment center in order to be paid by the 
Client, and pay back the Partner Agencies.

56

Partner
Agency

Visa

lities

n facilities
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Model to Model (M2M)     Transformation

Business
Architecture
Model
(BAM)

System
Architecture
Model
(SAM)

Business Goals

Capabilities

Interfaces
and Messages

Services
Architectures

Service Contracts and Choreographies

Service Interfaces

Information Semantics
Business
Architecture
Modelling

Platform-
Specific
Model (PSM)

g

Software Components

Cloud, Web Services, JEE, MAS, P2P/Grid, SWS
CIM

PIM
PSM

Model to Text (M2T)     Transformation

Service
Choreographies

Service
Orchestrations

ICT 57

Business Goals

Business Motivation Model 
(BMM) identifies and defines:

Financial Optimization

Identifier: 04
Scope: strategic
IsCorporate: true
Kind: Qualitative
Requested Satisfaction: hard
Unit Of Measurement: net margin rate
G l V l  8%

(excerpt)

the factors that motivate the 
business plan
the elements of a business plan

Modelling steps:
Identify goals
Specify goals and their 
relationships

To manage the enterprise accounts by 
optimizing the cash-flow and enterprise 
margins.

<<part>> <<part>> 

<<part>> 

Goal Value: 8%
Current value: 3,5%
Problems: Personnel Reconversion 
Source: CDC Ceisar

ICT

Perform goal analysis linking the 
goals to existing or potential new 
business processes Maximize personnel productivity Cash-flow management

Automation of accounting department activities

Internet Access

<<part>> 

58
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Business Motivation
Model (BMM)

ICT 59

Information Semantics

Captures core terminology in dictionaries and explicitly specifies the 
relations between terms.
Modelling steps:

Capture terms in dictionaries
Model explicitly terms and the relations between them
(potentially using ontologies)

ICT 60
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Business Processes (1/2)

BPMN models on CIM level must be refined for the SOA to be defined.
Focus on the business processes that enable the business goals to be met.

Identify relevant business processes:
Public and collaborative business processes that involve interactions and potential usage of 
software services between different business  organizations.

Map to community-level services architectures in SoaML
Private business processes for the business organizations.

Map to participant-level services architectures in SoaML.

Refine the business processes:
Identify business entities and model them as pools or swimlanes.

Map to participants in SoaML

ICT

Map to participants in SoaML
Focus on the tasks that describe the interaction points between the business entities.

Map to service contracts in SoaML
Identify the control and data flows between these tasks.

Map to message types in SoaML

61

Business Processes (2/2)
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o:O rder  

C lientSolvable?
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t:T ravel   

EndEvent

o:O rder  

Cancel?

p:C ardDetails  c :C l ient  destination:string  

StartEvent

[no]

[yes]

[no]

[yes]

[cancel]

SendInvoiceWithdraw From Credit CardReservePlace

CancelOrder

CheckAvailability

Indicate Price

checkSolvencyinitOrderFile

browse travels PlaceOrder

Cancel Travel

Provide Credit Card DetailsconfirmInterestSelectTravel

48  hours
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g yTravelAgency
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withdrawsolvency

cancelTravel reserveTravelavailability g yPartnerAgency

yVisaPaymentCenter
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ta
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Capabilities [optional]

A capability identifies a 
cohesive set of functions or 

id d b

Modelling techniques:
Goal-service modelling

resources provided by one or 
more participants.

For large business 
architectures it may be a good 
idea to start with capability 
modelling to help identifying 
needed services.
Capabilities are used to identify 

identifies capabilities needed 
to realize business 
requirements such as 
strategies and goals.

Domain decomposition
uses activities in business 
processes and other 
descriptions of business 
functions to identify needed 

ICT

candidate services and to 
organise them into catalogues.

y
capabilities.

Existing asset analysis
mines capabilities from existing 
applications.

63

Services Architecture: Purpose

A services architecture is a high level description of how participants 
work together for a purpose by providing and using services 
expressed as service contracts.p

The services architecture defines the requirements for the types of 
participants and service realizations that fulfill specific roles.
A role defines the basic function (or set of functions) that an entity may 
perform in a particular context.

A services architecture has components at two levels of granularity:
The community services architecture is a ”top level” view of how 
independent participants work together for some purpose.
A participant may also have a participant services architecture, which 

ifi h t f th t ti i t k t th t id th

ICT

specifies how parts of that participant work together to provide the 
services of the owning participant.

Both service contracts and participants can be reused when 
composing different services in other services architectures.

64
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Services Architecture: Modelling 
steps

Services architectures
UML collaborations stereotyped 
«ServicesArchitecture».

Specify the services architecture.

Use the service contracts and 

Identified from the BPMN processes.

Participants
UML classes stereotyped «Participant».
Identified from pools, participants and 
lanes specified in the BPMN processes.

Service contracts.
UML collaborations stereotyped 
«ServiceContract»

participants to build the services 
architecture.

Roles in the UML collaboration are 
typed by the identified participants.

UML collaboration uses are linked to 
the service contracts.

Bind the different roles to the appropriate 
collaboration uses, hence specifying 
h ti i t ill i t t

ICT

«ServiceContract».
Identified from possible interactions 
between the different participants in the 
BPMN processes.

how participants will interact.

65

Services Architecture: Example (1/2)
Client

g yTravelAgency
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be mapped to 
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be mapped to 
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Each Pool can 
be mapped to 
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SHAPE Tutorial, 16 June 2010, Paris, France
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Interactions between 
Pools are categorised as 

Service Contracts

Interactions between Pools 
are categorised as Service 

Contracts
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Services Architecture: Example (2/2)

1. Create a Services Architecture 2. Identify Participants

TravelReservation
<<ServicesArchitecture>>

tr:TravelReservation

co:CardOperations

cd:ClientDefinition

to:TravelOrder

ti:TravelInformation

visaCenter

partnerAgency

visaAccounter

travelAgency
travelAgency

travelAgency

travelAgency

traveller

traveller

client

r2:VisaPaymentCenter
r3:Client

r1:PartnerAgency

r:TravelAgency
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3. Identify Service Contracts

4. Bind the Participants to the Service Contracts

Service Contract:
Purpose

A service contract defines service specifications that define
the roles each participant plays in the service (such as provider and consumer) and
the interfaces they implement to play that role in that servicethe interfaces they implement to play that role in that service.

The service contract represents
an agreement between the involved participants for how 
the service is to be provided and consumed.

This agreement includes
the interfaces,
choreography and
any other terms and conditions.

ICT

Service contracts are part of one or more services architectures that define
how a set of participants provide and use services
for a particular business purpose or process.

68



35

Service Contract: 
Modelling steps

Identify the service contracts
Analyse the BPMN diagrams to identify service contracts.
This is a design-choice as there is no single construct in the BPMN thatThis is a design choice as there is no single construct in the BPMN that 
resembles a service contract.

Certain pattern of objects can reveal service contracts for instance
when two single tasks follow one after another across a pool or lane and
are connected with a sequence flow and associated with a data object.

Identify the roles.
Identify the providers and consumers of the service contract.
They are specified as roles typed by an interface

ICT

They are specified as roles typed by an interface.
The roles are connected by a service channel.

Specify the interfaces at business level
Specify the business operations used in the interface.
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Service Contract:
Example

<<interface>>

TravelOrder
<<ServiceContract>>

travelAgency:TravelOrdertraveller:

TravelOrder

cancelOrder(in order : Order)
payOrder(in cardDetails : CardDetails)
createOrder(in travel : Travel, in client : Client):Order

TravelInformation
<<ServiceContract>>

TravelInformation
<<interface>>

ICT 70

travelAgency:TravelInformationtraveller:
getDestinations():string[*] 
getTravels(in destination : string):Travel[*] 
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Service Contract Behaviour: Service 
Choreography [optional]

The service contract behaviour specifies the behaviour of a service 
contract, i.e., the service choreography:

A choreography is a specification of what is transmitted and when it is 
transmitted between participants to enact a service exchange.
It expresses the expected business interactions between the consumers 
and providers of services.

We recommend to model the behaviour of any complex service 
contract in order to get a better understanding of the interaction 
between the roles. 

ICT

It can be specified as any UML behaviour or e.g. BPMN
Define the message sequence between the provider and consumer 
interfaces.

71

System Architecture
Model (SAM)

The SAM describes the overall architecture of the system at the PIM

System
Architecture
Model
(SAM)

Interfaces
and Messages

Software Components

Service Interfaces

Service
Choreographies

Service
Orchestrations

The SAM describes the overall architecture of the system at the PIM 
level.

Represents the IT perspective of an SOA
It partitions the system into software components and interfaces.

A structural model describes the components, their dependencies, 
and their interfaces:

Service interfaces
Interfaces and messages
Software components

ICT

p
A dynamic model describes the component interactions and protocols:

Service choreographies
Service orchestrations

72
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System
Architecture
Modelling Model to Model (M2M)     Transformation

Business
Architecture
Model
(BAM)

System
Architecture
Model
(SAM)

Business Goals

Capabilities

Interfaces
and Messages

Services
Architectures

Service Contracts and Choreographies

Service Interfaces

Information Semantics

The System Architecture 
Modelling will refine the 
models of the Business 
Architecture Modelling.

Platform-
Specific
Model (PSM)

g

Software Components

Cloud, Web Services, JEE, MAS, P2P/Grid, SWS
CIM

PIM
PSM

Model to Text (M2T)     Transformation

Service
Choreographies

Service
Orchestrations

ICT 73

Service Interface: Purpose

A service interface defines the interfaces and responsibilities of a 
participant to provide or consume a service.

Service interfaces refine the service contracts specified in the BAM
Used to type the port of a participant (i.e. software component).
Service interfaces are reusable protocol definitions for different 
participants providing or consuming the same service.

Simple interface based approach
focuses the attention on a one-way interaction provided by a participant 
on a port represented as a «Provider» UML interface

ICT

on a port represented as a «Provider» UML interface
Service interface based approach: 

allows for bidirectional services, with ”callbacks” from the provider to the 
consumer
may include specific protocols, commands and information exchange

74



38

Service Interface:
Modelling steps

Define the service interfaces.
UML interface stereotyped «ServiceInterface».
One-to-one mapping between service contracts and service interfaces.

Define the provided interface.
UML interface stereotyped «Provider».

Define the consumer interface.
UML Interface with «Consumer».
The consumer interface is specified only when callbacks are needed.

Link the provided and consumer interfaces to the service interface.
Create an interface realization between the provider interface and the service interface.
Create a usage link between the consumer interface and the service interface.

Create and link a conjugate service interface.
Create a conj gate ser ice interface as a Ser iceInterface that ses the pro ider

ICT

Create a conjugate service interface as a «ServiceInterface» that uses the provider 
interface and realizes the consumer interface.
The name of the conjugage Interface starts with ‘~’, and represent the counter-part of a 
service interface.

75

~TravelOrderService

<<interface>>

Service Interface: Example

Conjugate Service Interface

Provider Interface

~TravelInformationService

TravelOrder
<<interface>>

TravelOrderService

createOrder(in order : Order):integer
cancelOrder(in orderId : integer)
payOrder(in orderId : integer, in cardNb : integer)

Provider Interface
(operations can be further

refined from the BAM)

Service Interface

ICT

TravelInformation
<<interface>>

TravelInformationService

getDestinations():string[*] 
getTravels(in destination : [*] string):SimpleTravel
getTravelInformation(in travelReference : Travel):boolean

76
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Messages & Service Data: Purpose

SoaML supports document-centric messaging and RPC-style service data: 

Document-centric messaging:
M t if th i f ti h d b t i dMessage types specify the information exchanged between service consumers and 
providers.
Message types represent ”pure data” that may be communicated between parties.
As ”pure data” message types may not have dependencies on the environment, location 
or information system of either party.

RPC-style service data:
Service data is data that is exchanged between service consumers and providers.
The data types of parameters for service operations are typed by a data type, primitive 
type, or message type.

ICT

The choice of document-centric or RPC-style approach affects how to model 
the operation signatures (parameters and responses).

The choice may differ from interface to interface within the same component architecture, 
depending on, e.g. technology platform choices and whether the services at stake are 
public external services or private internal services.

77

Messages & Service Data: Modelling 
steps

Message types are represented as UML classes stereotyped 
«MessageType».

Service data are represented as UML classes with the stereotype 
«entity».

The specification of message types and service data are closely 
linked to the specification of the operations and callbacks in the 
interfaces.

This information consists of data passed into, and/or returned from the 
invocation of an operation or event signal defined in an interface.
For a document-centric approach you will typically only specify one input 

t d t th t t d t

ICT

parameter and one response parameter that are typed as message types.

Both message types and service data may have properties that can 
be either modelled as UML properties or associated UML classes.

78
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Message & Service Data: Example
Message Type 

representing the 
Travel

travel

destination

0..1

travel

flight
*

travel

carRental

0 ..1

travel

travel

partnerT ravelA gency

1 PartnerTravelAgency

CarRental

Destination Travel

name : string=null

endingDate : Date=null
startingDate : Date=null
renter : string=null
nbPlaces : integer
category : string=null

continent : string=null
country : string=null

returnDate : Date=null
departureDate : Date=null
Title : string=null
nbPersons : integer
isHighPriority : boolean=false
priceVoyagesDiscount : string=null
publicPrice : string=null
travelReference : string=null

ICT 79

hotelBooking *

HotelBooking

Flight

endingDate : Date=null
startingDate : Date=null
serviceOffer : string=null

endingDate : Date null

arrivalDate : Date=null
departureDate : Date=null
arrival : string=null
departure : string=null
flightId : string=null

Service Choreographies
[optional]

Specifies the behaviour of a service 
interface.

U f ll f l i

r:traveller this:TravelOrder

createOrder(  )
Usefull for complex services.
Refinement of the service contract 
behaviour of the BAM.

Expresses the expected interactions 
between consumers and providers of 
services.
It can be specified as any UML 
behaviour.
Modelling steps:

alt
[]

[]

createOrder(  )

payOrder(  )

cancelOrder(  )

ICT

Create an activity, interaction or state 
machine.
Define the message sequence between 
the provider and consumer interfaces.

80
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Software Components: Purpose

Specify the involved software components that 
realize the defined services architecture(s)realize the defined services architecture(s).

Refined from the services architecture(s).
Participants are refined into single or multiple 
components.

Visualize the components of a system.

ICT

Describe the organization and relationships of the 
components.

81

Software Components: Modelling 
steps

Identify and specify components of the system
Refine the participants of the services architecture by possibly decomposing 
them into several componentsthem into several components.
Use SoaML participants, i.e. UML classes stereotyped «Participants», when 
derived directly from participants in the services architecture(s).
Use UML components when software components represent internal/detailed 
design-time components.

Create the ports of the components
A «Service» port will be typed by a service interface (service provider).
A «Request» port will be typed by a conjugate service interface (service

ICT

A «Request» port will be typed by a conjugate service interface (service 
consumer).

Link the ports through their provided/required interfaces
The types of the linked ports must be such that a conjugate service interface 
is matched by a service interface.

82
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Software Components: Example
TravelReservation

<<ServicesArchitecture>>

tr:TravelReservation

co:CardOperations

cd:ClientDefinition

to:TravelOrder

ti:TravelInformation

visaCenter

partnerAgency

visaAccounter

travelAgency
travelAgency

travelAgency

travelAgency

traveller

traveller

client

r2:VisaPaymentCenter
r3:Client

r1:PartnerAgency

r:TravelAgency

Participants are refined

<<Request>> port, typed by a 
Conjugate Service Interface

<<Service>> port, typed by a 
Service Interface

Travel Agency Architecture
<<Participant>>

i6:VisaPaymentCenter
i3:TravelReservationProcess

i2:ClientEntity

i1:TravelEntity

i:WebSite

:CardOperationsService

:ClientDefinitionService

:~TravelDefinitionService

:~ClientDefinitionService

ClientDefinition

co:~CardOperationsService

:ClientInformationService

:TravelInformationService
:~TravelInformationService

TravelInformation

CardOperations

TravelOrder

ICT 83

SHAPE Tutorial, 16 June 2010, Paris, France

i7:PartnerAgency

i5:OrderEntity i4:AccountingDepartment

:TravelReservationService

:OrderManagementService :BillingService

to:TravelOrderService

tr:~TravelReservationService

:~TravelOrderService
TravelOrder

TravelReservation

om:~OrderManagementService

OrderManagement

b:~BillingService

Billing

Service Orchestrations: Purpose 
[optional]

Orchestration of the services.
It is a refinement of the BPMN process from the BAM

Orchestration is specified with an activity or BPMN diagram, where 
activities or tasks refer to operations of interfaces.

Modelling steps:
Create an activity or a BPMN Diagram.

This diagram must be contained in the corresponding component architecture.
Create the activities.

ICT

Each activity represents a call to an operation of an interface.
Model the control flow between the activities.

This control flow specified the orchestration of the services which are 
composed in the component model.

84
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SoaML introduction
MethodologyMethodology

Semantic extensions to SoaML
Semantic Web Service: Intro, WSMO/WSML
VTA use case and examples
Modelling SWS in SoaML

ICT 85

SWS – Tasks to be automated

Service 

Describe 
service formally

Publish service 
description

Invoke & 
Monitor services

Service 
Publishing

Description
Service

Enactment & 
Monitoring

description

Locate 
services

Service Service

Service 
Mediation

ICT 86

Combine 
services Choose 

service, agree 
on details

Composition
Service 

Negotiation & 
Contracting

Service 
Discovery
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The WSMO Approach

Conceptual Model & 
Axiomatization for SWS

STI2 CMS WG 

SEE TC 

ICT

Formal Language for WSMO

Ontology & Rule 
Language for the 

Semantic Web

Execution Environment for 
WSMO

87

Web Service Modeling Ontology 
(WSMO)
Conceptual Model & 

Axiomatization for SWS
STI2 CMS WG 

SEE TC 

ICT

Formal Language for WSMO

Ontology & Rule 
Language for the 

Semantic Web

Execution Environment for 
WSMO

88
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WSMO Top-Level Elements
Objectives that a client wants to
achieve by using Web Services

Formally specified 
terminology used 

by all other 
components

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

ICT 89

Connectors between components 
with mediation facilities for handling 

heterogeneities 

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

Formally specified 
terminology used 

by all other 
components

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

ICT 90

Connectors between components 
with mediation facilities for handling 

heterogeneities 
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Ontology Specification 

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
Attributes - set of attributes that belong to a concept
Relations - define interrelations between several concepts
Functions - special type of relation (unary range = return value) 

ICT 91

Instances - set of instances that belong to the represented ontology
Axioms – axiomatic expressions in the ontoloy (logical statement) 

Non functional properties

Ontology Specification – Example 

Book
has ISBN Number

Publisher
has Location

Concept & Attribute Concept & Attribute

- has ISBN Number - has Location

Implementing Semantic Web Services
- ISBN: 978-3540770190

Book Instance

ICT 92

Sold Books (Book, Publisher, integer) 

Relation

add (x, 5, 5) 

Function
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WSMO Web Services

Objectives that a client wants to
achieve by using Web Services

Formally specified 
terminology used 

by all other 
components

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

ICT 93

Connectors between components 
with mediation facilities for handling 

heterogeneities 

Capability

- Advertising of Web service
- Support for WS Discovery 

Non-functional Properties

- Complete item description
- Quality aspects 
- Web Service Management 

WSMO Web Service Description

Web service
Implementation
(not of interest in Web

functional description

WS

WS

Client-service 
interaction 
interface for 
consuming WS 
- externally visible 

Realization of 
functionality by 
aggregating 
other WS 

f ti l

DC + QoS + Version + financial

ICT 94

(not of interest in Web 
Service Description)

Choreography --- Service Interfaces --- Orchestration

y
behavior

- communication 
structure 

- ‘Grounding’  

- functional   
decomposition 

- WS 
composition 

WS
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Capability Specification

Preconditions:
Describe conditions on the input of the Web service
Specify what information a Web service expects in order to be able to provide its serviceSpecify what information a Web service expects in order to be able to provide its service

Assumptions: 
Conditions on the state of the world that has to hold before the Web service can be executed
Cannot be checked before Web service execution

Postconditions: 
Describe the result of the Web Service, i.e. conditions on the output of the Web service
Specify what information a Web service has after execution of the Web service
Describe the relation between the input and the output of the Web service

Effects:
Conditions on the state of the world that hold after execution of the Web service (i e

ICT 95

Conditions on the state of the world that hold after execution of the Web service (i.e. 
changes in the state of the world) 
Describe real-word effects of the execution of the Web service
Cannot be checked after Web service execution

Capability Specification – Example 

Amazon Book Selling Service Functional description 
of the Amazon Book 

S lli S i

Web service Capability

Selling Service

- name and address of customer 
- credit card (cc) number
- book ISBN number

Precondition

- enough money on 
the bank account

Assumption

ICT 96

- book with given ISBN is sold to 
customer

Postcondition

- book is sent to the 
consumer
- cc is charged

Effect
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WSMO Goals

Objectives that a client wants to
achieve by using Web Services

Formally specified 
terminology used 

by all other 
components

Semantic description 
of Web Services: 

• Capability (functional) 
• Interfaces (usage) 

ICT 97

Connectors between components 
with mediation facilities for handling 

heterogeneities 

Goal – Motivation 

Ontological de-coupling of requester and provider
Goal driven approachGoal-driven approach

Requester formulates objective independently 
Detect suitable Web services for solving the goal:

using ‘intelligent’ mechanisms, i.e. automatic matchmaking
selecting pre-defined or cached Web services corresponding to the goal

Allows re-use of services for different purpose 

Usage of goals within Semantic Web services

ICT 98

A requester defines a goal to be resolved  
Web service discovery detects suitable Web services for solving the 
goal automatically 
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Goal & Web Service – Discovery 

Usage of goals within Semantic Web services: Web service 
discoverydiscovery
Process:

A requester defines a goal to be resolved  
Semantic Web service discovery detects suitable Web services for 
solving the goal automatically 

Automatic matchmaking between Web services and 
goals:

ICT 99

“lightweight”: taking into account postconditions and effects
“heavyweight”: taking into account preconditions and assumptions, 
postconditions and effects, and, the relation inbetween

Goal Specification

Imported Ontologies: importing existing ontologies where 
no heterogeneities arise  
Used Mediators:

OO Mediator: importing ontologies with mismatch resolution 
GG Mediator:

allows goal definition by reusing an already existing goal
allows definition of Goal Taxonomies

Non-functional Properties
Req ested Capabilit

ICT 100

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

Buy “Harry Potter” Functional description 
f th b k b i t k

Goal Capability

y y
of the book buying task

- name of the requester
- credit card (cc) of the requester
- book ISBN number

Precondition

- enough money on 
the bank account

Assumption

ICT 101

- book with given ISBN is bought 
by requester in EUR

Postcondition

- book is sent to the 
requester
- cc is charged

Effect

Discovery with simple semantic descriptions

G WS
Exact Match

WSG
Plugin Match

G WS
Subsumption Match

G WS

ICT 102

Intersection Match

G WS
No Match
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WSMO Mediators

Objectives that a client wants to
achieve by using Web Services

Formally specified 
terminology used 

by all other 
components

Semantic description 
of Web Services: 

• Capability (functional) 
• Interfaces (usage) 

ICT 103

Connectors between components 
with mediation facilities for handling 

heterogeneities 

Mediation – Motivation (1) 

Heterogeneity … 
concerning mismatches on structural / semantic / conceptual / functional 
/ level/ level 
occur between different components that shall interoperate
unavoidable in distributed & open environments like the Internet 

Concept of Mediation (Wiederhold, 94): 
mediators as components that resolve mismatches
declarative approach: 

semantic description of resources 

ICT 104

‘intelligent’ mechanisms that resolve mismatches independent of 
content 

mediation cannot be fully automated (integration decision) 
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Mediation – Motivation (2) 

Data Level:
mediate heterogeneous data sources, more specifically solving the problem of g , p y g p

ontology integration
mapping
merging 
alignment  

transformation between languages / formalisms

Functional Level:
mediate mismatches between Web service/Goal and Web Service/Goals 

functionalities

ICT 105

Process/Protocol Level:
mediate heterogeneous Business Processes / Communication Patterns 

Mediator Specification (1) 

Imported Ontologies: importing existing ontologies where 
no heterogeneities arise  
Used Mediators:

OO Mediator: importing ontologies with mismatch resolution 
GG Mediator:

allows goal definition by reusing an already existing goal
allows definition of Goal Taxonomies

WW Mediator: resolving data, process and protocol heterogeneity 
between Web services
WG M di t l i d t d t l h t it

ICT 106

WG Mediator: resolving data, process and protocol heterogeneity 
between a Goal and Web services

Non-functional Properties
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Mediator Specification (2) 

Source(s) 
defining entities that are the sources of the mediator

Target
defining the entity that is the target of the mediator

Mediation Service
the mediation service points to:

a goal that declaratively describes the mapping, or to
a Web service that actually implements the mapping, or to a
wwMediator that links to a Web service that actually implements the mapping

ICT 107

WSMO Mediator

Source 
Component 

Mediator Structure

uses a Mediation Service via

Source 
Component 

Target
Component 1 .. n

1

- a goal 
- directly

- optionally including other mediation 
Specification layer 

ICT 108

Mediation 
Services / 
Mappings

p y

Implementation layer
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WSMO Mediators Overview

ICT 109

OO Mediator
Mediation Service  

Book
Ontology (s1) 

OO Mediator – Example 

gy ( )

Purchase 
Ontology (s2) 

Book 
Purchase Ontology

Discovery

Goal:
“merge s1, s2 and 

s1.title subclassof s2.bookTitle”

ICT 110

Mediation 
Services / 
Mappings

Discovery

Merging two ontologies 
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WW Mediator

Web service – Web service mediator
Enables interoperability of heterogeneous Web servicesEnables interoperability of heterogeneous Web services

support automated collaboration between Web services 

Connects Web services, resolving any data, process and 
protocol heterogeneity between the two

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

ICT

Process Mediation for making Business Processes interoperable

111

WW Mediator – Example 

WW M di t
Source Target 

WW MediatorWeb service
“Selling novels”

Web service 
“Selling books”

internal business internal business 
f

W

ICT 112

logic of Web 
Service A

(not of interest in Service 
Interface Description) 

logic of Web 
Service B

(not of interest in Service 
Interface Description)

W
W

 M
ediator
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Mediation types (examples)

Business 
Partner1
Business 
Partner1

Business 
Partner2
Business A

B B
PM

Partner1Partner1 Partner2

Business 
Partner1
Business 
Partner1

Business 
Partner2
Business 
Partner2

A B
B A

Business 
Partner1
Business 
Partner1

Business 
Partner2
Business 
Partner2

A and B
A
B

BusinessBusiness BusinessBusiness
A

A and B
PM

PM

PM
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Business 
Partner1
Business 
Partner1

Business 
Partner2
Business 
Partner2B

A and B

Business 
Partner1
Business 
Partner1

Business 
Partner2
Business 
Partner2

A
AckA

APM

Web Service Modeling Language 
(WSML)

Conceptual Model & 
Axiomatization for SWSAxiomatization for SWS

SEE TC 

STI2 CMS WG 

ICT

Formal Language for WSMO

Ontology & Rule 
Language for the 

Semantic Web

Execution Environment for 
WSMO

114
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Key Features of WSML

One syntactic framework for a set of layered 
languageslanguages

Different Semantic Web and Semantic Web Service 
applications need languages of different 
expressiveness 
No single language paradigm will be sufficient for all 
use cases

ICT

WSML investigates the use of Description Logics and 
Logic Programming for Semantic Web Services

Key Features of WSML (cont’)

Separation of conceptual and logical modeling
The conceptual syntax of WSML has been designed in such a way p y g y
that it is independent of the underlying logical language
No or only limited knowledge of logical languages is required for 
the basic modeling of Ontologies, Web Services, Goals, and 
Mediators
The logical expression syntax allows expert users to refine 
definitions on the conceptual syntax using the full expressive 
power of the underlying logic, which depends on the particular 

ICT

p y g g p p
language variant chosen by the user
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Key Features of WSML (cont’)

Semantics based on well known formalisms
WSML captures well known logical formalisms such asWSML captures well known logical formalisms such as 
Datalog and Description Logics in a unifying syntactical 
framework

WSML maintains the established computational properties of the 
original formalisms through proper syntactic layering

The variants allow the reuse of tools already developed 
for these formalisms

Efficient querying engines developed for Datalog 

ICT

c e t que y g e g es de e oped o ata og
Efficient subsumption reasoners developed in the area of Description 
Logics
Inter-operation between the above two paradigms is achieved through 
a common subset based on Description Logic Programs

Key Features of WSML (cont’)

WWW Language 
WSML adopts the IRI standard, the successor of URI, for theWSML adopts the IRI standard, the successor of URI, for the 
identification of resources, following the Web architecture
WSML adopts the namespace mechanism of XML and datatypes
in WSML are compatible with datatypes in XML Schema and 
datatype functions and operators are based on the functions and 
operators of XQuery
WSML defines an XML syntax and an RDF syntax for exchange 
over the Web

ICT
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WSML Variants
WSML Variants - allow users to make the trade-off between the 
provided expressivity and the implied complexity on a per-
application basispp

∩

ICT

∩

Reasoning requirements for automation tasks

Discovery
Simple ontological reasoning and query answering as well as logical entailment between 
preconditions and postconditions of SWS and Goalsp p
Both description logic-based and logic programming–based reasoning is required.

Selection
Evaluation of the logical rules that are used to model the non-functional properties of services
Logic programming–based reasoning is required.

Data mediation
Ontology mapping rules, source instances and source and target schema information are 
loaded into the reasoning space where rules are evaluated in order to produce target instances.
Logic programming–based reasoning is required.

ICT

Process Mediation
Reasoning is used to check whether messages are expected at the certain phase of the 
communication.
Evaluation of transition rules is required.

120
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SoaML introduction
MethodologyMethodology

Semantic extensions to SoaML
Semantic Web Service: Intro, WSMO/WSML
VTA use case and examples
Modelling SWS in SoaML

ICT 121

WSMO Use Case "Virtual Travel Agency"
http://www.wsmo.org/2004/d3/d3.3/v0.1/

ICT 122
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WSMO Use Case "Virtual Travel Agency“ –
Actors, Roles, and Goals

Customer
Goal: automated resolution of the request by a user-friendly tourism service
R l d i t t ith VTA f i t d

http://www.wsmo.org/2004/d3/d3.3/v0.1/

Role: end-user, interacts with VTA for service usage, payment, and non-
computational assets (e.g. receiving the actual ticket when booking a trip) 

Tourism Service Providers
Goal: sell service to end customers, maximize profit as a commercial company
Role: provides tourism service as a Web Service (also provides the necessary 
semantic descriptions of the Web Services)

VTA
Goal: provide high-quality end-user tourism services, uses existing tourism services 

ICT

and aggregates these into new services
Role: interacting with customer via user interface, centrally holding all functionalities 
for handling Semantic Web Services (mechanisms for discovery, composition, 
execution, etc.)
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WSMO Use Case "Virtual Travel Agency“ –
Example Usage Scenario

Customer requests VTA for searching tourism service offers, VTA 
detects and queries suitable Web Services and forwards results to 
C t

http://www.wsmo.org/2004/d3/d3.3/v0.1/

Customer
Participating Actors: Customer, VTA, Tourism Service Providers 
Activities:

Customer selects "Search" services as provided by the VTA
VTA discovers, invokes and executes corresponding Web Services 

Technological Requirements:
VTA has to pre-define the "Search" functionality that can be requested by a 
Customer

ICT

the Tourism Service Providers' Web Services must be semantically described 
in order to support dynamic discovery (assuming that single Web Services can 
perform the search functionality) 
VTA has to provide mechanisms for automated Service Discovery 
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WSMO Use Case "Virtual Travel Agency“ –
General Architecture of a SWS-enabled VTA
http://www.wsmo.org/2004/d3/d3.3/v0.1/

ICT 125

Ontology modeling in VTA use case –
Examples 
http://www.wsmo.org/2004/d3/d3.3/v0.1/

ICT 126
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Goal modeling in VTA use case – Example 

Goal: buy a ticket online
postcondition: a purchase for a buyer with a ticket as the product
effect: the purchased ticket is delivered to the buyer

http://www.wsmo.org/2004/d3/d3.3/v0.1/

e ect e pu c ased c e s de e ed o e buye
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Goal modeling in VTA use case – Example (cont’)
http://www.wsmo.org/2004/d3/d3.3/v0.1/
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Web Service modeling in VTA use case –
Example 

Web service: booking online train tickets
precondition: the input has to be the information about the buyer, a train trip that a ticket is to be purchased for, and 
information on the passenger for whom the ticket shall be valid. To be valid input, the following restrictions are defined for 
the trip: the start and end locations are restricted to stations in Austria or Germany; the departure date for the trip has to

http://www.wsmo.org/2004/d3/d3.3/v0.1/

the trip: the start and end locations are restricted to stations in Austria or Germany; the departure date for the trip has to 
be after the current date; and the payment method of the buyer has to be a credit card.
effect: the sold ticket is delivered to the buyer shipping address, either by a drop ship carrieror via online delivery.
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Web Service modeling in VTA use case –
Example (cont’)
http://www.wsmo.org/2004/d3/d3.3/v0.1/
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SoaML introduction
MethodologyMethodology

Semantic extensions to SoaML
Semantic Web Service: Intro, WSMO/WSML
VTA use case and examples
Modelling SWS in SoaML

ICT 131

Ontology Modeling
An Ontology is 

a UML 
package with 

O t l

SubConceptOf
relations are 

represented via UML 

<<Ontology>> MediaOntology

<<Ontology>> 
Stereotype

<<Concept>> 
Media

Price: float
Giftwrap: 
boolean

A Concept is a 
UML class with 
<<Concept>> 

Stereotype

<<Concept>> 
Disc

generalization link

<<Instance>> 
Disk1

<<memberOf>>

MemberOf relations 
are represented via 
UML dependency 

link with 
<<memberOf>> 

Stereotype

ICT

132yp

An Instance is 
a UML class 

with 
<<Instance>> 

Stereotype
132
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Ontology Modeling (cont’)
Ontology imports 

can be 
represented via 

<<access>> UML 

<<Ontology>> Music
<<access>>

<<Ontology>> MediaOntology

<<Relation>> 
Authored

Date: dateTimeA Relation is a 
UML class with 
<<Relation>> 

Stereotype

dependency 

<<Concept>> 
Disc

<<Concept>> 
Artist

<<Axiom>> 
DisjointAxiom

?x memberOf Disc 
implies neg ?x 

memberOf Book

<<definedBy>>

ICT
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Relation 
parameters can be 

represented via 
UML associations
or as attribute on 

the class 

An Axiom is a UML class 
with << Axiom >> 

Stereotype, definition is 
provided via UML 
constrains of type 
<<definedBy>>
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Web Service Modeling

<<Ontology>> 
MediaOntology A WebService is a SoaML

<<ServiceInterface>> linked 

<<ServiceInterface>> 
MediaStore

<<access>>

<<Capability>> 
MediaStoreCapability

<<expose>>

p y

to a <<Capability>>
By a <<expose>> 
dependency link 

Available stereotypes for 
constrains are:

assumption, effect, 
precondition, postcondition

ICT 134

{definedBy ?x 
memberOf Media}

Pre- and Post-Conditions are 
annotated as UML 

constraints over SoaML
<<Capability>>

<<postcondition>>
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Goal Modeling

<<Ontology>> 
MediaOntology A Goal is a SoaML

<<ServiceInterface>>

<<ServiceInterface>> 
FindBook

<<access>>

<<Capability>> 
FindBookCapability

<<use>>

<<ServiceInterface>> 
linked to a 

<<Capability>>
By a <<use>> 

dependency link 
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{definedBy ?x 
memberOf Book}

<<postcondition>>

Web Services and Goals are dual concepts in WSMO, one represent 
the provided point of view, the other the requester. The SoaML 
modeling of the Web Services and Goals reflects such dualism.

SWS Packaging

A <<SWSPackage>> 
<<SWSPackage>> 

MediaExample

<<Ontology>> 
MediaOntology

<<access>> <<access>>

g
is used to group 

elements belonging to 
a SWS model

<<SWSPackage>> has 
the following attributes

ICT

136

<<ServiceInterface>> 
MediaStore

<<Capability>> 
MediaStoreCapability

<<expose>>

<<ServiceInterface>> 
FindBook

<<Capability>> 
FindBookCapability

<<use>>

the following attributes 
(tagged values):

targetNamespace,
wsml-variant
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Summary

SoaML
OMG standard for SOA
Various extensions available (e.g. SWS, Agents)
Tool support available (e.g. Modelio)

SoaML Methodology
Methodology steps for BAM and SAM

Semantic extensions to SoaML
Based on WSMO/L

ICT

Based on WSMO/L
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Thank you!

Q&A
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SoaML and its various extensions have been developed in 
the context of the SHAPE project
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