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Presentation Overview

m [ntroduction - The integration problem

m OMG MDA - Model Driven Architecture Overview
— What is MDA and why isit important
— Emerging MDA standards for Model Driven Business Integration

m Web Services Architecture Overview
— What are Web Services and why are they important
— Emerging Web Services Standards and Architecture

m MDA and Web Services — How do you use them together
— Modeling Web Services

— Advanced Modeling (Web Services Orchestration)
— Model Driven Business Integration — A peek ahead

m Wrap-up
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‘Muddleware’ Architect’s Dilemma

Web Services!

War ehouse
Builder

I nterfaces/Protocols (CICS, Tuxedo, DCOM, I10OP, RMI, EJB, COM+, UDDI, SOAP...)
M odels/Schemas (MOF, UML, CWM, SPEM, BODS, DTDs, XSDs....)
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The Middleware Salad Bar

Capability J2EE COM+ CORBA/OMA (Web Services(OMG MDA .Net
Network Layer TCP/IP TCP/IP TCP/IP TCP/IP TCP/IP TCP/IP
Web Protocol HTTP HTTP HTTP HTTP HTTP HTTP
Interface Definition |Java Microsoft IDL CORBA IDL  |WSDL IDL/WSDL... |WSDL/C#
Meta Language XML XML MOF/XML XML MOF/XML XML

RPC Mechanism RMI/IIOP DCOM lIOP SOAP; XMLP |SOAP; IIOP  [SOAP
Registry/Repository |IJNDI; LDAP |LDAP; ADSI CORBA IR UDDI MOF;UDDI UDDI
Process Flow JPC Proprietary Proprietary BPEL4WS.. UML BPEL4WS
Modeling Language JUML UML UML UML, XSD? UML, MOF UML
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Solving the I ntegration Problem
What Is needed?

Short Answer is XML and HTTP ala SOAP!
Slightly longer answer is SOAP, WSDL, UDDI
Even longer answer is SOAP, WSDL, UDDI, BPEL4WS, ...

Thereal answer is: All the buzzwords above are fine, but
— We need to think and build software like engineers
— Where isthe process, methodology and architecture, disussion of the
full lifecycle? — A focus for OMG MDA and how it bridges modeling,
methods and middleware
m The OMG Architecture Board, OMG Web Services SIG,
W3C Web Services Architecture WG have started to ook at
thisissue
m First let usrecap ‘Web Services'!
— And peek at some recent advances (ex: BPEL4AWYS)
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The Enterprise Application Life Cycle

Architecture Centric, Business driven,
Complex Life Cycle, Many Tools

Discovery and
Transfor mation x

M odeling Add
Ar chitectu: Businesy
Object, Biz... ] Logic

M anage

> Component

Build /Wrap Assembl Configure Component
mmm, COMPONENtSY gum & Test . &Deploy I J2REuEnt(|:r8'\e/|s+
Components  Components ((12EEs )

l Acquired

Components
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An Overview of OMG Model Driven
Architecture

An Architectural Style that recommends the use Industry
Standard Models, M etadata, M appings (Patterns &
Transformations) for integrating software.

MDA allows developers and users to productively design,
build, integrate and manage applications throughout the
lIfecycle while separating technology & business concerns

Sridhar’ s Usage



OMG History

m 500+ Vendors and End User members (www.omg.org)

m 1989101997 : OMA and CORBA gain prominence
— 1989 OMA Vision & Architecture
— 1991 CORBA 1.0
— 1995 CORBA 2.0 110P - CORBA Interoperability

m 1995 - 2001 : The foundation for MDA is established
— 1995 UML and MOF work begins, Java arrives on the scene
— 1997 UML and MOF adopted, Domain specs begin to be adopted
— 1998 XML arrives on the scene, Javaand XML gain momentum
— 1999 XMI (integration of MOF, UML and XML) adopted
— 2000 CWM, XMI for XML Schemawork begins
— 2001 UML for EDOC, EAI, UML 2.0 work begins

m 2001 OMG unveils Model Driven Architecture - MDA
— 2002 XM 2 adopted, UML2 and MOF 2 proposals arrive
— 2003 UML 2 and MOF2 standards to be adopted
— 2004 Business Rules and Business M odeling standards expected
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OMG Analysis & Design
Platform Task Force Premise

m Theuse of Modeling and M etadata enabled
architectures allows us to manage the complexity of
software devel opment, application integration and
data warehouse management

m Modeling and Metadata standards are necessary for
Interchange of software artifacts and interoperability
between tools, applications, middleware and data
stores across platforms

m Largdy influential in OMG evolution from OMA to

MDA Major efforts underway
UML2, MOF2, Action Semantics
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Solution for Managing Complexity :
MDA: Model Driven Architecture

m Anintegration of best practicesin
Modeling , Middleware, Metadata, Internet
and Software Architecture

m Modd Driven (UML, MOF, CWM...)

— Platform Independent Models (PIM)
— Platform Specific Models (PSM)

— Mappings: PIM <==> PSM,

— Applies across the software life cycle

m Key Benefits

— Improved Productivity for Architects,
Designers, Developers and Administrators

— Lower cost of Application Devel opment
and Management

— Enhanced Portability and Interoperability

— Business Models and Technologies evolve
at own pace on platform(s) of choice

* PIM usually appliesto a class of platforms/protocols (ex: Messaging)

Copyright 2004, IBM Corporation Slide 12



I

The Enterprise Application Life Cycle

Architecture Centric, Business driven,
Complex Life Cycle, Many Tools

Discovery and
Transfor mation x

M odeling Add
Ar chitectu: Businesy
Object, Biz... ] Logic

M anage

> Components

Build /Wrap Assembl Configure Component
. COMPONENtS oum + & Test\ o/ &Deploy ‘JEEY Runtimes
Components Components (EJB, COM+)

Components

Source Target
etaocel [RSTSEE R = =11 el vica Mode
(PIM, PSM) (PIM, PSM)
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MDA asan ‘Architectural Style
for Model Driven | ntegration

Understand the problem domain (technology or business)

Model the problem domain
— Use UML for the visual modeling, analysis & design of meta model
— UseaUML compliant tool/repository that supports XM import/export

— Opportunity : Make UML more data/information/web services model er
friendly, provide E/R visualization

Formally represent the metamodel semantics using MOF
— Simple class modeling is al you need to know
— OCL (Object Constraint Language) can capture additional semantics
— Reverse engineer existing DTD, XSD, XM, Javato MOF (jump start)
Use Standard transformation (mappings) patterns for
— Metadata Interchange (XMI —MOF to XML, DTD, XSD)
— Metadata Interfaces (M1 — MOF to Java, MOF to IDL etc.)
Use open source meta modeling frameworks for metadata management
— Eclipse EMF : www.eclipse.org
— Netbeans MDR : www.netbeans.org
Summary : Understand, Model, Map and Manage metadata to integrate
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Platform | ndependence using
OMG Model Driven Architecture (MDA)

Mappings
] PIM - PSM . p——
Computation aéorm pegl Ic
Independent - eSI?r;.an Model
Business Model mpiementation Mode
A - Java, C# (PSM) XML Doc. (PSM)
Color - Strin . Class Auto <Auto>
olor - String Cyl . integer {public String color; <Color> Red </Color>
Door : Integer Fuel : String public int Door; <Door> 4 </Door>
Engine : Integer Comp : Float public int Engine} <Engine> 1 </Engine>
</Auto>
| : XML DTD. Schema (PSM)
Computation <IElement Auto
InEpEeEn JOLAP, JDM (Color*,
Model View Door*,
UML4EJB... Engine*)>
Platform Independent Nmo b Platform Specific
UNIFI e .\ —
Models (PIM) HODELING | Models (PSM)

LANGUAGE
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OMG MDA - Specific
Models/Work in Progress

Community & Enterprise Knowledge Portals (KM*)

Middlewar e Platfor ms (J2EE, CORBA, .Net, Web Services...)

* Opportur“ty Copyright 2004, IBM Corporation Slide 16
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Early examples of MDA

B OMG has been using MDA principles for about 5 yearsin
several specifications starting with MOF & UML in 1997

B Metadata and Object Interchange/I ntegration
— UML and MOF for modeling, MOF and XMI for metadata integration
— MOF isasubset of UML (Class diagrams) used to model metadata
« MOF 2.0 and UML 2.0 reuse acommon UML 2 Infrastructure
» Essential MOF (EMOF) compliance pointt
m Application Development
— UML for modeling, XMI and IDL for tool integration and interchange
— UML profile EIJB, CORBA : UML for modeling, J2EE for Integration

m DataWarehousing
— UML and CWM for Modeling metadata, XMI, M1, JOLAP, JDM for
Warehouse integration
m Application Integration
— UML profile for Enterprise Application Integration (UML4EAI)
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OMG Model Driven Architecture
MDA for Metadata | ntegration

Vertical Industry
Specifications

[ ]

AS

Data Warehousing

“ Vom E

e B2B Application
- UL I\/Ietadatafor iegaion

e Py E

l

Model Driven
MetaData
I D L Management
MOF2IDL (PSM) —
And So On

[Jrn]]
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App Development
PIM : Platform Independent Model
PSM : Platform Specific Model
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Meta Object Facility Overview
Current: MOF 1.4, New MOF 2.0

DISCQVGF & <<Reflection>>
M anl pUI ate MOF Reflective
Metadata
7
<<OMG MetaModel>> Model Metadata
MOF Model us ng UML Class
Diagrams

|
Manipulate \ <<MOF Mappings >>
o MOF to XML (XMI)
Distributed XML to MOF (XMI)
MOF to Java (JMI)
Metadata MOF to CORBA IDL
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OMG MOF 1.4 Model Subset

+constrainedElement

Contains ModelElement
0.1 1..* )
0.* Constrains
+container 0.*
{ordered} | | L/
+containedElement Namespace Feature Constraint

+subtype
Generalizes

.

7

|

|

0.*

GeneralizableElement

BehavioralFeature

StructuralFeature

supertype

{ordered}0..

T

|

4

| |

Package Classifier Operation Reference Attribute
Z> 0.* +referent
DataType Class Association +referencedEnd
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Applying the MDA Architectural
Style for Metadata Management

TARGET

Syntax and Encoding
(Target Language..)

XML, Java, IDL...

MOF

7
Metadata Definitions
& Management

=

=
—
—

PIM

UML, CWM, UDDI..

Travel
/ . Objects

Documents, | nstances
Validate

] on

Schemas, Models
(1 per source used for validation)

XMI, MI... PSM
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Transform Modelsto DTD
XMI 1.1or XMI 1.2 (1999, 2001)

XML

Syntax and Encoding

MOF

7
Metadata Definitions
& Management

PIM

[[se]]
AR
!

1-||||

Il

/|

Travel
/ ‘ Document.

XML Streams (Models)

(Many - based on egach metamodel DTD)

Travel \g o @
DTD

XML DTD (MetaModels)

Validate
)

(1 per metamodel used for validation)

ISUPSCISIB/MOR2OXNI|  Psv
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Transform UML Models to Schemas
XMI 2.0 OMG Document : ad/01-06-12,13 (2002)

w i S =

Syntax and Encoding
XML Streams (Models)
(Many - based on each metamodel Schema)

MOF

7
Metadata Definitions
& Management

PIM

Travel \g o @
XSD

XML Schema(MetaModels)
(1 per metamodel used for validation)

Validate
)

PSM
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Transform Models to Java
JSR-40 : Java Metadata | nterface (JMI) 2002

Java
Objects
Syntax and Semantics /! w
Java Interfaces
(Many - based on each metamodel Schema)

MOF Stream: XM |l Instantiate

Metadata Definitions,
& Management

PIM

Travel \g o @
Javal/F
\

Java Metamodel Servers
(1 per metamodel used for validation)

PSM

[l
e
il
N

1]
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The 4Ms of MDA
Models, Metadata, Mappings, Middleware

UML2.0, MOF 2.0, MOF 2.0 XMI just adopted

Copyright 2004, IBM Corporation
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Problem Domain [Source Meta |Mapping Target Middleware, |Interchange Comments Status
Model (PIM) |Specification Language (PSM) |Format/API
Application Development UML UML Profile for CORBA CORBA XMI OMG Spec Adopted 1997
OO0 Analysis & Design
Software Process UML UML Profile for SPEM, Agnostic XMI Adopted 2001
Engineering SPEM Metamodel
Metadata Management MOF MOF to IDL CORBA IDL interfaces PIM for metadata Adopted 1997
MOF MOF to XML DTD (XMI) XML DTD, XMI Common Interchange |Adopted 1999
MOF to XML Docs (XMI)  [XML Documents Format
MOF MOF to XML Schema (XMI)[XML Schema, XMI, Native XSD Common Interchange |Adopted 2002
XML to MOF (Reverse) XML Documents Format
MOF MOF to Java (IMI) Java JMI, XMI Common Programming |Adopted 2002
Model for MOF
Enterprise Components/ CORBA (CCM spec) |CORBA Component Model |CORBA 3.0 IDL, XMl First metamodel of the |Adopted 2001
Middleware CORBA platform itself
Enterprise Components / UML UML Profile for EJB J2EE XMI, IMI JSR-26 Java Public Final
Middleware Community process Draft 2002
Enterprise Components/ UML UML Profile for EDOC; J2EE, Java and EJB XM, IDL (IMI) Reuse UML Profile for |Adopted 2002
Middleware CCA, EJB and Java EJB
Metamodels
Data Warehousing CWM MOF to IDL, XMlI, JMI* Various Database XMI, IMI* JMI via Java for OLAP |Adopted 2001
Business Intelligence Middleware and Java for Data
Mining
CWM Java for OLAP OLAP - Multi Dimensional JOLAP, XMl Uses JMI Public Draft
Database 2002
CWM Java for Data Mining Data Mining, Data base JDM, XMI Uses JMI Public Draft
middleware 2002
CWM CWM for Web Senices Database Middleware SOAP, UDDI and WSDL (Uses MOF to WSDL |Initial

and UDDI mapping

Submission



How are |BM and | BM partners using MDA
for Tool I ntegration

m Use Eclipse tools integration framework
— www.eclipse.org (Java I DE, tools integration framework)

m Use Eclipse EMF for modeling & metadata management
— www.eclipse.org/emf, www.eclipse.org/xsd
— Simplification of OMG MOF 1.4 with support for XMI 2.0
— Use UML modes, XMI, XSD or Annotated Java as metamodel input
— Code generation for metadata interfaces and implementation
— XML interchange (XMI, XSD serialization)

m Usedin IBM WebSphere Studio & in WebSphere Application
Server (ex: configuration metadata), Rational, Borland..

m Expect the usage to increase across software devel opment
lifecycle
— UML modeling, testing, software quality improvement...

B Research area: ‘Model Driven Business Integration’

Copyright 2004, IBM Corporation Slide 26



OMG Model Driven Architecture
EMF in WebSphere Tools

etadata Interchange

Metadata | nterfaces

PIM : Platform Independent Model .
PSM : Platform Specific Model In progress

Copyright 2004, IBM Corporation Slide 27

[Jrn]]
I
Ilﬂ

i

f
[
1]
+lll
i

L )

[ 1

[ ]

Application Server
Configuration

1]

Model Driven
Tool Integration

1]

Model Driven
App Development

l

MetaData
Management

1]

XML Schema

Management




Sample EMF Metamodels
Used in WebSphere

Integration of key software domains

XMI {|XML| |HTML | | JSP EJB || Java ||C/C++ || COBOL | |SQL ||BPM*

MOF | XSD| | BPEL*| |WSDL || UDDI || FCM || Mapping || WCCM || UML*

Directory '

& Security

Services “Transaction
Web

Servers

el

Application | 1,
Servers ]
/
/ Data

Servers

Service
Prowders
e ‘-._.-’J

stomers
Business

g\ Suppliers

Employee

—

Web
Presentation

Edge Servers

Servers

End-to-=rdl Sysigms Vlzrizgameant

Dynamic & Flexible Scalable & Robust

*InR&D
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EMF Ecore Mode

(Wwww.eclipse.org/emf)

EObject

EModelElement

[Jrn]]
Il
I["

]

I

EFactory ENamedElement
| | | - |
EPackage EMetaObject EEnumlLiteral ETypedElement
e LA
EClass EDataType EStructuralFeature EOperation
T | - |
EEnum EAttribute EReference
Copyright 2004, IBM Corporation Slide 29
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EMF::EcoreDetalls

EModelElement

ENamedEle ment
+name : String

L

EFactory

+ create(eClass : EClass) : EObject
+ createFrom String(eDataType : EDataType, literalValue : String) : EJavaObject
+ convertToString(eDataType : EDataType, instanceValue : EJavaObject) : String

+eFactorylnstance

1

EMetaObject

+ePackag e

1

ETypedElement +eType EPackage
+ ?nstanceCIassName : String +nsURI : String
0.1 + instanceClass : EJavaC!ass +nsName : String
= + defaultValue : EJavaObject
+eOperation . . . + getEMetaObject(name : String) : EMetaObject
1 EParameter + islnstance (object: EJavaObject): boolean 1 0
EOperation @ | + getMetaObjecti D() : int 1 ? +eSubpackages | 0-
0.% . +ePackage
0.* 0..* |[+eMetaObjects +eSuperPackage
+eParameters +eExceptions T
0.* | 0.*
+eOperatons +eClass ‘ ‘
- EClass EDataType
+eAllOperations 1 [+ abstract: boolean + serializable : boolean = true

+eAlContainments

+ interface : boolean

+eAllStructuralFeatures

0.5 g

EStructuralFeature

+ changeable : boolean = true
+ volatile : boolean

+ transient: boolean

+ unique : boolean = true

+ defaultValuelLiteral : String

+ defaultvValue : EJavaObject

+ lowerBound : int —

+ upperBound :int=1
+ many : boolean
+ required : boolean

+ getFeaturelD() : int
+ getContainerClass() : EJavaClass

+eClass

+eAttributes | 0..*

+ isSuperTypeOf(someClass : EClass) : boolean
1 |+ getEStructuralFeature(featurelD : int) : EStructuralFeature
+ getEStructuralFeature(featureName : String) : EStructuralFeature

¢

0..*

EAttribute

+ unsettable : boolean

+eAllAttributes

+eReferences| o..

EReference

+ composite : boolean

+ resolveProxies : boolean <<—

+eOpposite 0.1

+eSuperTypes

EEnumlLiteral

% +
a5

0..* 0..

value :int
instance : EEnumerator

+eAllSuperTypes

0..*

+eAllReferences

Copyright 2004, IBM Corporation
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+eEnum 1

EEnum

+ getEEnumLiteral(name : String) : EEnumLitera
+ getEEnumLiteral(value : int) : EEnumLiteral

Influenced MOF2::EMOF
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Moaodel Driven Tools | ntegration
An end to end view - A peek ahead?

APIs, Interchange
Formats

A A A

EJB

Business

Modeling IT Modeling Development Deployment
(BPM, UML) (UML, CWM) Wrapping J2EE App Svr
’ Orchestration Web Services :
(J2EE, Grid) Eclipse VCM
EMF/MOF
woa  {BPEL ) XML/XMI
Models &
M etadata JMI

Business Modeling : MDA Computation Independent Model (BPM)

IT Modeling : MDA Platform Independent Model (UML, CWM)
MDA Platform Specific Model (J2EE...

Model Transformations across layers
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Presentation Overview

m Introduction - The integration problem

m OMG MDA - Model Driven Architecture Overview
— What is MDA and why isit important
— Emerging MDA standards for Model Driven Business Integration

B Web Services Architecture Overview
— What are Web Services and why are they important
— Emerging Web Services Standards and Architecture

m MDA and Web Services — How do you use them together
— Modeling Web Services

— Advanced Modeling (Web Services Orchestration)
— Model Driven Business Integration — A peek ahead

m Wrap-up
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What are Web Services?

m ‘Modular and reusable’ applications that can be

— Invoked over the web (using a protocol like SOAP) for exchanging XML
documents

— Described using a service description language (like WSDL)

— Published into aregistry (like UDDI) so the service can be searched, bound
and invoked

— Orchestrated using a business process execution language (like BPEL4WYS)
m Web Services do not imply component or object based

development — but obviously they can be used together.
— Infact a20 year old CICS transaction can be wrapped as a web service

B Web Services need to be composable

— Enable better granularity of services and solutions being delivered
— Enable service orchestration/flow
— Use BPEL4WS with or without WS-Transactions, WS-Security...

m Can be simpleto very complex; free to expensive
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What is a Web Service?
‘The challenge of defining It’

<3 all - slide "'8. Challenges™ - Microsoft Internet Explorer &)=l
J File Edit “iew Faworites Tools Help ﬁ
= =
L =D A @ 4 D | B 45 . 2
Back. Forwmard Skop Refresh Hormne: Search Fawvarites Histary il Prink Edit Discuss  Messenger
J.ﬂ.ddress I@ htkp: v, w3, orgf2002) Talks/tp-ws-panelfslidez6-0.html LI ﬁGD

W3C

®

8. Challenges

—=lalr]

. What IS a Web Service?
. One possible definition that has been suggested:

"A web service is a software application or component that can be accessed

over the Internet using a vendor/platform/language-neutral data interchange
format to invoke the service and supply the response, using a rigorously
defined message exchange pattern, and producing a result that is sufficiently

well-defined to be processed by a software application."

. We hope to achieve consensus on a canonical definition (soon!)

Dawid Faliside, Jonsthan Marsh, Joff Mitchlinsky, Shillppe Lersagaret

Source : W3C Technical Plenary - 2002

/
26 of 27

-

[~

|@Done
Mstart]|| A BE DE T E @ > |24 2 2 2 2o[&
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Web Services: The basic idea
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Web Services - Orchestration




Web Services — Some Key Events
(When!)

m Theearly pioneers
— XML RPC at WebMethods
— Dave Winer (CEO Userland Software) defines SOAP
— Microsoft jJumps on the SOAP bandwagon
— IBM endorses SOAP and then the flood follows

m The UDDI (Universal Description, Discovery and Integration) efforts by
Microsoft, IBM and Ariba gave another strong push

Soon WSDL (Web Services Description Language) joined the party

m SOAP (XML/HTTP), UDDI and WSDL form the core formats and
protocols of any Web Services Architecture today

m All mgor vendors, middleware platforms and architectures have
embraced/endorsed these technologies
— Platforms : WebSphere, WebL ogic, .Net Servers

Now we enter the second phase : Orchestration/Hows, Security,
Transaction standardization
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Web Services
The Hype

m Middleware ‘nirvana that ‘solves the integration
problem

m Everyoneisusing it

m Works well

m Makes CORBA, J2EE, COM+ obsolete

m Brand new innovation

m Every developer better learn it ‘or else’ ...

m Thereisahuge market

m Standards are ssmple and usable and complete
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Web Services
The Reality

m A very important step in the right direction towards lower cost
ubiquitous middleware

— Key technologies — XML, HTTP, SOAP and WSDL are freely
available on most platforms

— Key enabler for * Service Oriented Architecture

m Most vendors and some customers are incorporating web
services into their architectural frameworks and plans
— Few production quality implementations, but growing fast

m Standards and tools are beginning to mature
— More work — especially Transactions, Security well underway

Being integrated with J2EE, .Net and CORBA frameworks
Products : WebSphere, WebL ogic, Microsoft Biztalk server...

m Market potential : Promising but will need wide spread
Interoperable implementations (WS-1 role)
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Web Services
Why are they important?

m Promise of delivering ‘information services to anyone, any
program, anywhere at anytime
— Some services free, others not

m All the mgor vendors have (at least for now!) called atruce
and embraced web services

m Better chance for improved interoperability across technology
silos

m Development tools & Middleware from Microsoft, IBM,
BEA... have rapidly embraced web services

m Open standards for ‘ Service Oriented Architectures

— More pragmatic infrastructure for business model and process
Integration standards

W3C, OASIS and WS| leading the definition of additional
standards
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Web Services: The Stack - 1

m Network
— TCPINP,HTTP, FTP, SMTP..
m XML Messaging
— Messages conform to well defined XML Schemas

— SOAP isthe preferred messaging infrastructure
o Eventually W3C XMLP will supplant SOAP

m Service Description

— These are essentially interface definitions ( we called these IDLs
before!)

— WSDL isthe interface definition language for web services
— Implementation (binding) information is also captured by WSDL
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Web Services: The Stack - 2

m Service Publication and Discovery
— Publish the service definition and implementation metadata

— Capture additional business oriented service description information
(D& B, Phone, URL...)

— This metadata is published into aUDDI Registry
» Registry is searchable
— Service discovery happens dynamically at run time
» Similar to CORBA Interface Repository and DII; Java Reflection + INDI

— Services are bound statically at design/development time
m Service sequencing and flows build on XSD and WSDL

— BPEL4WS — Unification of IBM WSFL and Microsoft XLANG
— Endorsed by BEA, SAP and many more vendors
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Web Services: The Stack - 3

m Service Flows
— Individual services can be stepsin aflow (BPEL4AWS)

— Flows can be graphically modeled
» Various notations including UML Activity Diagrams have been used
* No dominant industry standard for visual notations
* OMG Business Process Definition Metamodel RFP to address thisissue

— Service composition needed for multi party service integration

m This areadoes not have as much consensus as lower level
protocols

m Standardization track still being resolved
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Web Services: The ‘ Standards Stack’
Evolvesin W3C, OASI S and WS

Standards
Sarvice Composition & Flow (BPELAWS.) | 2Vice
Composition
Security Rellab_le Transactions Service
Messaging Assurances
XSD, WSDL, UDDI, WS-Policy Description
| ML SARWSAdIeS | wessore
Network (HTTP, HTTPS, SMTP...) Transports

Not intended to be viewed as a ‘ software stack’
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Summary Web Services Standards
W3C

— XMLP (SOAP+), WSDL,

— W3C Architecture Working Group
UDDI Consortium - UDDI 3.0 being progressed in OASIS
OASIS

— UDDI, BPELAWS, Many WS*
SUN Java Community Process

— Integrate J2EE and Web Services Technologies

— JAXP, JAX RPC, JAXB, JAXR, JAXM (J2EE 1.4 target — JSR 109)

 http://jcp.org/jsr/detail/109.jsp

OMG

— Modeling and metadata management for Web Services

— UML2 Activity Graphs, UML2 Infrastructure, MOF2

— Business Process Definition Metamodel RFP (UML2 -- BPEL4AWS)
Web Services Interoperability Organization (WS-10)
Web Services Security (WS-Security, WS-Trust)

— IBM, Microsoft, Verisign joint proposal submitted to OASIS

— www.ibm.com/devel operworkd/library/ws-secure
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Presentation Overview

m Introduction - The integration problem

m OMG MDA - Model Driven Architecture Overview
— What is MDA and why isit important
— Emerging MDA standards for Model Driven Business Integration

m Web Services Architecture Overview
— What are Web Services and why are they important
— Emerging Web Services Standards and Architecture

m MDA and Web Services— How do you use them together
— Modeling Web Services

— Advanced Modeling (Web Services Orchestration)
— Modé Driven Business Integration — A peek ahead

m Wrap-up
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Moaodel Driven Tools | ntegration
An end to end view - A peek ahead?

APIs, Interchange

Formats
) 72\ 2\
Business Developing v
Modeling IT Modeling Testing Deployment
(BPM, UML) (UML, CWM) Wrapping J2EE App Svr
Arch, Process, Arch, Objects, Orchestration Web Services .
Rules... Data, Flows., (J2EE, Grid) Eclipse VCM
EMF/MOF
DA @ XML/XM]
Models &
M etadata JMI

Business Modeling : MDA Computation Independent Model (BPM)

IT Modeling : MDA Platform Independent Model (UML, CWM)
MDA Platform Specific Model (J2EE...

Model Transformations across layers
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Modeling & Design for Web Services

UML can be used to model Web Services
— Web Service Operations (WSDL Operations) are UML Operations

— Groups of Web Service structures Requests (WSDL PortTypes) as UML
Interfaces or Classes

— XML Schemas using UML Class Diagrams

— Web Services data structures using UML Class Diagrams

— Web Servicesflow (E.g..BPEL4WS) using UML Activity Diagrams
MOF and XMI can be used to define standard transformations from
modelsto XML schemas, DTDs, Documents

— www.eclipse.org/emf, xsd, uml

But standard metamodels, transformations, UML profiles etc, would be
useful

— http://www.omg.org (MOF, XMI, UML and CWM specs)
— XMI - Mappings from MOF/UML to XML DTD, XML Schema

— Modeling XML applications with UML by David Carlson
o http://www.xmlmodeling.com

— UML to BPEL4WS mappings
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Service Oriented Architecture &
Component Based Devel opment

m Secure, Rdiable, Transacted Web Services
— http://www-

106.1bm.com/devel operworks/webserviced/library/ws-
securtrany/

m Using Service Oriented Architecture & Component
Based Development to build Web Services
Applications

— http://www-
106.1bm.com/devel operworks/rational/library/510.html
m Modeling XML Applications with UML

— http://www.xmlmodeling.com/DesktopDefault.aspx
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Design Patterns/Concerns for Web
Services Applications

m Interface based Design (eg: separate interface &
Implementation concerns)

m Discoverable Services (eg: reflection pattern)
m Coarse-grained interactions (eg: value object pattern)
m Loosaly Coupled (eg: message based connection)

B Singleinstance (eg: Stateless sessionsin arunning
Instance VS instantiating individual components)

m Asynchronous (eg: nature of the web, latency... often
drivesthis)
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SOA Design Terminology

WSDL
[
Service Service
Requestor Locator

[ MIME > Oﬁ Service
SMTP Provider
SSL ﬁ I

XSD
N

NDSIG
Service
Broker
WS-Referral I

Figure @ — XML Web service standards

SOAP
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Services modeled as UML

E o

Components

AccountManagement
{published?}

ContactManagement

{published}

Systems Management

ManagementService
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Modeling a Service I nterface
(UML Interface)

«interface:
Security

+ LogonUser { [in] UID : String , [in] token : Token )
+ GetlserMame { ) : String
+ GetlserDomain [ ) @ String

Figure 3 — Interface in UML
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Modeling Service Behavior
Semantics (Ex: UML State Machine)

>[ Created J

{# LogonUser

[ User Logged On ]

@ GetUserName

i

i

{¥# GetUserDomain

Figure 4 — Interface behavior

]
§IH]
|
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Application Layers CBD vs SOA

E Object/Class Layer
I |
o

Figure 5 — Application implementation lavers
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Logical Modeling of Services
‘Entities’ /' Classes

Account
Appointment Contact + Fax : string
+MNotes : string |« + Mobile : string |« + Phone : string
+ Subject : string |+ Appointments | + Phone : string |+ Contacts + AccountState : string
+ Locafion : string + Mame : string + Address : string
+ MName @ string

Figure 6 — Logical customer model

T a4 i” it FREN e b | R b I | | i i i i4 4 - i 1 - 1
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Component Based Design
UML Components, Classes & | nterfaces

«interfaces
TAccount

«@rifacts
Account

+ getName [ )
+ sethame | )
+ getAddress (
+ setAddress (
+ getPhone { )
+ setPhone ()
/ +getFax ( )
«implementation:s +setFax ( )
Account [ + getContacts [ )
+setContacts | )

)
)

wregidess

Figure 7 — Generic component diagram
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Service Oriented Design

«\alueObjects
Account

+ Mame ; 5fring

+ Address : String

+ Accountsiate @ String
+ Phone : String

+ Fax : String

-

ginterface:
Accounts

e\ alueObjects
Contact

+ MName ; Siring
+ Phone @ String
+ Mobile @ String

+ Createdocount [ )

+ Deletefccount [ )

+ Gettocount ()

+ Updatesccount { )

+ GehContactsForAccount { )

sinterfaces:
Contacts

«\alueObjects
Appointment

+ CreateContact [ )

+ Updat=Contact [ )

+ GehContact [ )

+ DeleteContact | )

+ GettppointmentsForContact { )

+ ApptDate : DateTime
+ Location : String

+ Subject : String

+ Motes ; 5iring

.

dinterface:
Appointments

+ Createdppointment [ )
+ Gettppointment { )

+ Updatedppointment { )
+ DeleteAppointment [ )

Copyright 2004, IBM Corporation

Figure 8 — Generic service-oriented design
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Performance & Reliability
Synch VS Asynch

: IRequestor

: IResponder

with diract response

Synchronous request j 1 : RequestForFoo ( )

-

Asynchronous request AN

2 . AsynchRequestForFoo ([ )

1]

with latar response as
separate massage

e

|

\_‘_| 3 1 ReqguestedFoo | data

Figure 11 — Synchronous vs. asvnchronous

[Jrn]]
||:||:H
.llll{ll
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Performance & Reliability
Message Queues

: Requestor

: Pravider

{ Queue

1 : \ApplyFoo\

2: ‘-,En@euel‘ﬂeasage.":

1

: Requestor

: Implementation Class

ol
3 & \DeCueusMessage!,

4 ApplyFoo ()

Figure 12 — Queuned implementation

Copyright 2004, IBM Corporation
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Designing for Web Services Latency
‘Inheritance VS Aggregation’

+ Address : Sfring

+ AccountState @ Siring
+ Phone : String

+ Fax : 5fring

«WebDocument: «\WebDocuments
Account Leased Document
+ Mame : String + IssuedBy : String

+ Issued : DateTime
+ Expires : DateTime
+ Ticket : String

«\WebDocuments:
LeasedAccount

«WebDocument»
GetAccountDataResponse

¢

&

1 -
k N
«\WebDocuments «\WebDocument:
Lease Information Account
+ IssuedBy : String + MName : String

+ Issued : DateTime
+ Expires : DateTime
+ Ticket : String

+ Address : Siring

+ AccountState @ String
+ Phone : Sfring

+ Fax : 5tring

Figure 13 — Two implementations of information leasing
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Service Oriented Design

«WebDocuments
GetAccountDataRequest R
+ AccountMame @ String
«WebDocument:
Account
*
+ Name : String «WebDocuments
+ Address : String = “4  GetAccountDataResponse aresides
+ AccountState @ String {
+ Phone : String ;
+ Fax : Strin
9 «WebDocuments «WebServices
GetA ppointmentsRequest My CalendarSvc
+ ForDate : DataTime
«WebDocument: e «WebDocuments
A ppointment %4 GetAppointmentsResponse -
dinterface»
+ ApptDate @ DateTime MyCalendar
+ Location : Sfring o
+ Subject : String y «WebDocuments + NewAppointmen
g = - < + GetAppointments { )
+ MNotes : Strin NewA ppointmentCall
L i + GetAccountData | )
+ ForContact @ String

Figure 14 — XML Web service design
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Simple UML Web Services Profile

WSDL Artifact

UM Element

Comment

service

«WebServices

The service 1s represented as a UML component that
realizes one or more interfaces and resides at a particular
location. The «reside» relationship will capture the actual
URL location information.

portType

Interface

Each portType 1s represented as a UML interface realized
by one or services. The realization relationship will capture
the binding information.

message

«WebDocument»

Each message 1s represented as a UML class. A mapping
from XML Schema to and from UML 1s requured to model
the message and part structure.

part

Attribute or
Association End

Each part of the message can be represented either as a
UML attribute on the «WebDocuments or as an
association to another « WebDocumenty.

address location

Node

The node represents the server on which the service
resides. The node may 1dentify a set of resident services
and a service may reside on more than one node.

Copyright 2004, IBM Corporation
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Use of Patterns for SOA

IHJ-""

00

s LB

L=

Figure 15 — Service implementation approach
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Business Process Definition
Metamodel RFP

m |ssued January 2003

m Goadl isto define a platform independent model that unifiesthe
modeling concepts in emerging flow/choreography standards

m Proof of concept mappings to emerging choreography
standards (BPEL4AWS, XPDL...)

m Basisfor providing alternate visualizations as well as
textual/machine readable syntax

m Link torest of application development/integration cycle

3 proposals including one from IBM, BEA, Unisys,
Adaptive...
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E-Business I ntegration using
XML

<} http:/ /www.sdmagazine.com;/documents,s =2398 /sdm0202f /0202ff1.gif - Microsoft Internet Explorer -2 x|

J File Edit Miew Favorites Tools Help i

« .8 0 B &N @A @ @B S H =EH 2
Back Forward Stop Refresh Home Search  Faworites  History Tail Print Edit Discuss  Messenger
Jnddress I@ htkp: i, sdmagazing  com/documentsfs=23981sdm0202F {0202FF 1 .qif j G0
=
Create Application Create Legacy
Classes Adapter
Define
Business <<include=
Vocabulary
<<include>>
Transform
Message
<<include>=> Content
? Il Define
§ System
Business .
Integration
) Process Specialist
Business ol
Analyst <<include>> Message
“\/ <<gxtend>>
Build Workflow Define Message
Model Protocol
Source: Software Devel opment — February 2002
Modeling XML Applications with UML, David Carlson
=

|&] pone l_’_|° Internet
S| | AU BED DEOED > ||mdon. 0oy @ xden adedad  BLSER2LOEL sua
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Web Services for Book Store —
An Example

EoE
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Modeling Web Services and XML

&+ Rational Rose - Bibliography.mdl - [Class Diagram: Bibliography / Bibliography] — |ﬁ' |5|
E] File Edit Yew Format Browse Report Query Tools Add-Ins  Window Help =l |
DEE =R ENOBDRBRAB P« aaDd®
= = =
_I AEC
=
¥ Eibliography E <‘:XSDC°E:’;F;|EXTYP9>>
-3 Use Case View Bibliography +hook ! i +abstract B
-0 Lagical View o . <<xS0element=> title © string O (from XHTML)
50 <<SDschemass Bibliography = - f<=¥SDattribute>> pubDate : date Ba
Blibliography: —
#5000 complexT ypes» Author s
Bibliography =
x50 complexT ypex> Book
<£#50 complexT ypes» Person &
<50 choice>> PhoneChoice & tauthor | 1..n
<<¥50simpleT yper> PhoneMun i
Jati - < g <, g K
Associations - XSDC;I::;';;TWE XSDC;ET]IE:{TWE P
= . ki _ PhoneChoice
e 5! ame: string = ema|_[ il s_trm_g 0..n  |officePhone : PhaneMumber
- lastMame : string website [0..1] : uriReference : .
i 7 theBook [ Book ) mabilePhane : PhoneMumber
-3 Associations
#-(C3 %50 Datatypes
~B] Main
----- _:)5 Azzociations - -
-3 Comporent View <={3DsimpleType>> <<¥SDsimpleTypes>| |
----- Deployment Yisw ; XSSEtJnSg ] PhoneMurnber
- {#8 Model Properties (frarn atatyped)
<| | s | |y | V@
For Help, press F1 [

Rstart] | ) L B E D@ [ @d e .| B o] @] 2o ew Grlfer (@S EBIABOBM s

Usage : Model the Application
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An XML Document that
conforms to the UML model

; F:,projects’ present’,conference, DAMA\XMLModeling', AppendixC' bibliography-doc.xml - Microsoft Internet Explorer

JFiIe Edit Wew Favarites Tools Help

J@.».@ A

Back Forward Skop Refresh Home

Q [ 3

Search  Favorites  History

B 9 ® E £

Tail Print Edit Distuss  Messenger

Jnddress I Fiprojectsipresenticonferencel DAMALZMLModeling) AppendixC\bibliography-doc. xml
XMINs. Xsi= NELLP:] J WWW.W3.0TQ chema-nstance
xsi:schemalocation="http:/ /xmlmodeling.com/schemas/bibliography
Bibliography.xsd http://www.w3.0rg/1999/xhtml XHTML.xsd">

- <Book pubDate="2001-03-01">
<Book.title> Modeling XML Applications with UML</Book title>
- <Book.author>
<firstName> David < ffirstName>
<lastName>Carlson</lastName>
<email>dcarlson@ontogenics.com</email>
<website> http:/ /wnww XMLModeling.com < /website>
<officePhone>303-555-1212 < /officePhone>

<officePhone>415-555-1212</officePhaone>
< fBook.author>
- <Book.abstract>
- <p xmins="http:/ /www.w3.0rg /1999 /xhtml">
This book presents the
<strong>benefits and concepts</strong>
required for successful use of the
<em>Unified Modeling Language (UML)</em>
in XML application development.
<fp>
<fBook.abstract>
< fBook>
</Bibliography>

-
|@ Done l_ l_ |@‘ My Compuber

PR Y- B || e @ s G| S0l B Xo[[B Al @n]  [BLBEBRLOBT com

Usage : Generate XML Schemas and Documents
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Web Services for Metadata
Management — An Example

-\-
_-*-

ooooooooooooooooooooooooooooooooo

=il II
ull])



Web Services for Metadata Management
WSDL Header

a F:\projects’ present’.conference’, DAMA' AdaptiveWebServices wsdl _ | a | ﬁl

J File Edit ‘iew Favorites Tools Help i

5 =" ¥
= - = - @ @ @ @ @ % T = Address I F:'|,projects'l,present‘l,conFerence'l,DP.MF\'I.Adj ﬁGD
Back Farward Skop Refresh Home Search  Favorites  History Tail Print

J Liriks @ Best of the Web @ Customize Links @Microsoﬂ: @ Produck Mews @ Today's Links @Web Gallery @ Windaws @Free Hotrnail

<?xml version="1.0" encoding="UTF-8" ?> T
- <definitions name="AdaptiveWebService" xmins="http://schemas.xmlsoap.org/wsdl/"
targetNamespace="urn:ws.adaptive.com" xmlns:soap-
env="http://schemas.xmlsoap.org/soap/envelope/" xmins:soap-
enc="http://schemas.xmlsocap.org/soap/encoding/"
xmins:soap="http:/ /schemas.xmlsoap.org/wsdl/soap/"
xmins:wsdl="http://schemas.xmlsoap.orgfwsdl/"
¥xmins: xsd="http:/ fwww.w3.0rg/ 2001 /XMLSchema"
¥xmins:serviceNS="urn:ws.adaptive.com" xmins:typeNS="urn:ws.adaptive.com.types">
- <types>
- <schema targetNamespace="urn:ws.adaptive.com.types"
xmins="http:/ /www.w3.0rg/ 2001 /XMLSchema">
- <complexType name="ArrayOf_xsd_string">
- <complexContent>
- <restriction base="soap-enc:Array">
<attribute ref="soap-enc:arrayType" wsdl:arrayType="xsd:string
[1" />
< frestriction>
<fcomplexContent>
<fcomplexType>
<element name="Array0Of_xsd_string" nillable="true"
type="typeNS:ArrayOf_xsd_string" />

<fschema>
< ftvnepa> =
| | »
|@ Done l_l_ |@. My Cormputer
iistartl | 1 3y D& > |J [52] Contral Parel I e | [3) Fprojectstpr... ||@F:\prujects\... | IE@d% 20 vawmw
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Web Services for Metadata Management
WSDL for Adaptive Web Services Port
-

; F:\projects’present’.conference’DAMA' AdaptiveWebServices.wsdl
J File Edit Miew Favorites  Tools  Help
) =" E
J B:k : For:ard : 5?: Resh kﬁe Sgh Fa?ﬁtes Hgy %IY t Jnﬁ-ddresslF:Iprojects'|,|3resent'l,conference'l,DAMA'l,F\dj ﬁGD
JLinks &]Eest of the Web &) Customize Links & ] Microsoft & Product Mews & Today's Links & ]Web Gallery @] Windows & Free Hotmail
SUOP UPSTOUUTT SUnpe o= Ste— TRG =]
- <input>
<soap:body
encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="AdaptiveWebService" use="encoded" />
<finput>
- <output>
<soap:body
encodingStyle="http:/ /schemas.xmlsoap.org/soap/encoding/"
namespace="AdaptiveWebService" use="encoded" />
<foutput>
< foperation>
</binding>
- «<service name="AdaptiveWebService'>
<documentation>A set of Adaptive Web Services for interacting with the
Adaptive Repository via Adaptive Portal Pro. Includes XMI import/export,
store creation and a general searching mechanism</documentation:
- <port binding="serviceNS:AdaptivewWebServiceSoapBinding"
name="AdaptiveWebServicePort">
<spap:address
location="http:/ /localhost:8080/adaptive/services/AdaptiveWebService" />
</port>
< [service:>
< fdefinitions>
4 | » -
l_ I_ |@ My Camputer
|J @Contm...l @C:'l, | @F:Iproj...lw Micros...l |95®<ﬂ5%’ %‘Cﬁ 1:56 P
Slide 72 Courtesy : Adaptive

|@ Done
| & @€ >
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Web Services for Metadata Management
WSDL Ports and Operations

; F:projects’ present'.conference\DAMA' AdaptiveWebServices.wsdl . - | = |5|
J File Edit Wiew Favorites Tools  Help ﬁ
e - = ¥
- - = - @ ﬁ @ @ @ @ — Address I F:ﬁ,projects'l,present'l,conFerence'l,DAMA'l,Adj (PGD
Back: Faryard Stop Refresh Horne Search  Faworites  History T4ail Print

JLinks & Best of the Web &) Customize Links & Microsoft @] Product News & Today's Links & Weh Gallery &) Windows 4] Free Hotmail
Fm=ssaygs =
- <portType name="AdaptiveWebServicePortType"> -
- <operation name="importXMI">
<documentation>Imports an XMI datastream into the store represented by
the defaultWorkArea of the supplied context. The username and
password must be a valid login account for the facility specified by the
rid parameter. A server must have already been set running for this rid
using the ServerPoolManager. The context parameter may be either its
name or its UUVID. The import can be controlled through the
importParams which should be a list of strings. None or more of the J

following strings can be included with the following effect : isWarning -
indicates whether the XML parser should report warnings on import
isvValidatingParser - indicates whether a validating parser should be used
for the import skipInvalidElements - indicates whether to skip elements
not found in the model The import returns a list of uuids corresponding
to the top level imported objects.</documentation>

<input message="serviceNS:importXMIRequest" />

<output message="serviceNS:importXMIResponse" />

<fault message="serviceNS:WSException" name="message" />

< foperation>
- <operation name="exportStoreXMI">

<documentation> Exports the contents of an entire store as an XMI
datastream. The store exported corresponds to the defaultWorkArea of
the supplied context. The context parameter may be either its name or

its UVID.</documentation> =
4 | _’lJ
|@ Dane I_l_lg Iy Cannputer
iﬂstart”J :_ﬂ 3 d= i) ﬁ > |J @Contro...l (B | @F:Iproj...lw Micros... | | o] 5@@5%’ %.C_‘) 1:50 PM
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Web Services for Metadata Management
WSDL messages for XMI I mport/Export

3 F:\projects’ present’.conference', DAMA'\ AdaptiveWebServices wsdl _ | a | 5I

J File Edit View Fawvorites Tools  Help ﬁ

By =" >
+= - =) - @ ﬁ @ @ @ % T = Address I F:';projects'l,present'l,conFerence'l,DAM.ﬁ.'l,Adj WGD
Back Forward Stop Refresh Home Search  Favorites  History Tail Print

JLinks @Best of the Web @Customize Links @Microsoﬂ: @Product Mews @Today's Links @Web Gallery @Windows @Free Hotrnail

TTrP=> =]
<message name="importXMIRequest">

<part name="userName" type="xsd:string" />

<part name="password" type="xsd:string" />

<part name="rid" type="xsd:string" /> J

<part name="context" type="xsd:string" />
<part name="validationParams" type="typeNS:ArrayOf_xsd_string" />
<part name="dataStream" type="xsd:base64Binary" />
<fmessage>
- <message name="importXMIResponse">
<part name="importXMIResult" type="typeNS:ArrayOof_xsd_string" />
</message>
- <message name="exportStoreXMIRequest">
<part name="userName" type="xsd:string" />
<part name="password" type="xsd:string" />
<part name="rid" type="xsd:string" />
<part name="context" type="xsd:string" />
<part name="exportUUIDs" type="xsd:boolean" />
</message>
- <message name="exportStoreXMIResponse":>
<part name="exportStoreXMIResult" type="xsd:baseé4Binary" />

<fmessage>
- <message name="exportObjectsXMIRequest":>
<part name="userName" type="xsd:string" /> s
1 | _>|_I
|@ Done l_l_ |@‘ My Computer
iiStartl J ] 3y v I » |J @Contro...l [Eyc | @F:Iproj...lw [E]Micros... | | 2% 20 s
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Web Services for Metadata Management
WSDL messages for XM| | mport/Export

|

a F:'projectsipresent’,conference’\DAMA" AdaptiveWebServices.wsdl
J File Edit ‘iew Favorites Tools  Help
s - = b
- - =» - @ ﬁ @ @ @ % = Address I. F-'gprojects'l,present'l,conFerence'l,DAMA'I,F\dJ Pao
Back Fariward Stop Refresh Hame Seatch  Favorites  History Mail Print
J Lirks @ Best of the Web @ Customize Links @ Microsoft @ Produck Mews @ Today's Links @ Web Gallery @ ‘Windows @ Free Hotmail
=TT ;I

</portType>
- <hinding name="AdaptiveWebServiceSoapBinding
type="serviceNS:AdaptiveWebServicePortType'>
<soap:binding style="rpc" transport="http:/ fschemas.xmlsocap.org/soap/http" />

- <operation name="importXMI">
<soap:operation soapAction="" style="rpc" />

- <input>
<soap:body
encodingStyle="http:/ fschemas.xmlsoap.org/soap/encoding/
namespace="AdaptiveWebService" use="encoded" />

<finput>
- <output>
<soap:body
encodingStyle="http:/ fschemas.xmlsoap.org/soap/encoding/" J
namespace="AdaptiveWebService" use="encoded" />

< foutput>
- «<fault name="WSException">

<soap:fault name="message" use="encoded"

namespace="urn:ws.adaptive.com
encodingStyle="http:/ fschemas.xmlsoap.org/soap/encoding/" />

< ffault>
< foperation>
- <operation name="exportStoreXMI">
<enan'nharatinn enanfActinn="" ctvla="rner" i~ _|LI
4| | »
l_ l_ |£_g]‘ My Cormputer
| Syrieror. [ & rpro.. BERC® SO zoem
Courtesy : Adaptive

|@ Dane
iiStart”J m @ @ g ) “ Contro...l @C:'II
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How do Web Servicesfit Into
existing Software Architectures

m W3C Architecture Working Group
— Architectural framework and liaison with other groups

m OMG Model Driven Architecture
— OMG CWM for Web Services, MOF to WSDL, UDDI
— IDL/WSDL and WSDL/IDL Mappings
— OMG Web Services SIG
m J2EE — Web Services Architectural extensions
— JAXP, JAXM, JAXB, JAXR, JAX-RPC

m Microsoft .Net ‘ connected’
— Weaving Web Services everywhere

B OMG - Integrating Business Models, Processes & rules with
J2EE,Web Services and MDA

— UML2, Business Process Definition Metamodel, Business Rules RFP
(coming)
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Business Models, Processes and Rules

Business Business

Mo_dels, Performance
Artifacts
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A peek at Integrating Business
Processes using UML and BPEL4AWS

Thisisearly work and is intended to spur
Discussion!

See the BPEL4WS spec for the examples, BPEL4WS syntax

May be thiswill result in astandard UML profile for BPEL

Update : BPD Profile submitted to OMG
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BPEL4WS

m The Business Process Execution Language for Web

Services (BPEL4AWS) provides an XML notation and
semantics for specifying business process behavior
based on Web Services.

m A BPEL4WS process is defined in terms of its

Interactions with partners. A partner may provide
services to the process, require services from the
process, or participate in a two-way interaction with the
process.

m A short summary of research underway at IBM is

described to illustrate how MDA and models can be
used for business process integration
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‘Business | ntegration Profile
using MDA and Web Services

«mdx» XDE Model «mdl» Rose Model
l/XDE XMI 1.x Export l/Unisys XMI 1.3 Export
convert to UML1.4 convert to UML1.4

«XMI2» UML 1.4 Model

UML1.4 to Web
Services

XSD Schema WSDL Definition BPEL Process

Mapping Rules

BPWS4J
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Profile Principles

The profile should cover broadly the same set of concepts as
BPEL

Support the concepts of XSD and WSDL that are required to
support BPEL, but don’'t cover the whole of service oriented
architecture in this profile

Standard UML terminology for concepts is used where
available, e.g. Interface rather than PortType

Where UML 2 will have more direct support for concepts then
the profile adoptsa UML 2 style (e.g. introducing a notion of
ports)

In areas of UML that are better defined in UML 2 then the
UML 2 semanticsis assumed

It should be possible to create models conforming to the

profile using multiple UML editors, specifically Rose and
XDE
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Purchase Order (PO) Process

m Customer sends purchase order to purchase service provided
by PO process

m PO process asks for initial price, shipping information, and
production schedule

m Shipping requestor determines where order items will be

obtained and creates source and destination shipping
Information

® When price and shipping information are available, invoice
provider calculates final price and sends invoice to PO process

The PO process asks a scheduling provider to determine when
each order item will be produced and instructs the scheduling
provider to send a schedule to the customer

Finally, the PO process replies to the customer with an invoice
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The PO Processin BPEL4WS

A BPEL
‘program’

state

interaction
points

behaviour

1]
-l

i

-
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BPEL partners as ports

m Thisisthe UML 2 version, we approximate thisin
UML 1.4 (more detail later)

«process»
PurchaseOrder

InvoiceProvider

shippingProvider

customer

- schedulingProvider
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Behavior Basics

Receive a synchronous Invoke an operation
operation call: synchronously or asynchronously
on a partner:

«receilve» «invoke»

receivePO initiatePriceCalculation

o— -

Reply to a previous
synchronous request:

«reply»
returninvoice
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Purchase Order Process

customer

«receive»
receivePO
N>

|

A

«reply»
returninvoice

\ invoiceProvider

«invoke»
initiatePriceCalculation
O—

«invoke»
sendShippingPrice
O—
«receive»
receivelnwice
O*

«assign»
initialiseShippingRequest

O—

shippin\iq/Provider

«invoke»
requestShipping

O—

f «receive»
receiveSchedule

O—

-

Partitions correspond
to ports (partners)
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schedulingProvider

«invoke»
requestScheduling

O—

«invoke»
sendShippingSchedule

O—




Data and Message Types

«external»
SNS
«data» «data» «data» «data»
Invoice Schedule ShippingInfo OrderFaultType
«data» «data»
Customerlinfo PurchaseOrder «data»
ShippingRequest
+ customerlnfo/\ + purchaseOrder/\
|
«messageContent»
PO
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| nterfaces

«interface»
PurchaseOrder

% sendPurchaseOrder ( [in] po : PO) : Inwice

«interface»

«interface» ComputePrice
InvoiceCallback

% initiatePriceCalculation ( [in] po : PO)

% sendlinwice ( [in] inwoice : Invoice ) % sendShippingPrice ( [in] shippinginfo : Shippinginfo )
«interface» «interface»
ShippingCallback Shipping
% sendSchedule ([in] schedule : Schedule ) % requestShipping ( [in] shippingRequest : ShippingRequest ) : Shippinginfo

«interface»
Scheduling

% requestProductionScheduling ( [in] shippinginfo : Shippinginfo )
% sendShippingSchedule ( [in] schedule : Schedule )
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Protocols

m Protocols are defined independently of the processes
that use them

m Roles provide ‘port types — groupings of provided
and required interfaces that must be supported

«role»
PurchaseService

«protocol»
Purchase

«protocol»
Scheduling

=
(_ ) PurchaseOrdgyge,

«role»
PurchaseRequester

«role»
SchedulingRequester

- ~( scheduling
\_/
((use))

«role»
SchedulingService

«protocol»
Invoice

«role»
InvoiceRequester

«role»

— ) ComputePrice
N>
«use»

InvoiceService

N :
) InvmceCaIIback«us

e»

«protocol»
Purchase::Shipping

«role»
ShippingRequester

e
———————>{__) Shipping
«use»

‘\)‘ ShippingCallback<use»|

«role»
ShippingService

I
L]
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Purchase Order Process -

Structure

Purchase

PurchaseOrderProcess

«role»
Purchase::PurchaseService

- customer
«port»

«process»
PurchaseOrder

¢ PO : PO

¢ shippinglnfo : Shippinginfo

¢ shippingRequest : ShippingRequest
¢ shippingSchedule : ShippingSchedule
¢ invoice : Inwoice

«role»
Invoice::InvoiceRequester

«port» «port» «port»
- inwoiceProvider - shippingProvider - schedulingProvider
«role» «role»

Shipping::ShippingRequester

Scheduling::SchedulingRequester
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BPEL Mapping Overview

<<process>> class BPEL process definition
Activity graph on a BPEL activity hierarchy
<<process>> class

<<port>> associations BPEL partner declarations
<<process>> class BPEL containers

B Rcal structureand | BPEL seguence and flow
 control flow activities

Decision nodes BPEL switch activities and

trandition conditions |

<<receive>>, <<reply>>, BPEL receive, reply, invoke
| <<invoke>> activities activities

<<protocol>> package with | BPEL service links types
<< > and roles
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Mapping: Process

<pr ocess «process»
abstract Process="no" LoanApprovalProcess::LoanApproval
cont ai ner AccessSeri al i zabl e="no" LSS (Clcle Sl el |
. " " + riskAssessment : RiskAssessmentDetails
enabl el nst anceConpensati on="no + approvalinfo : Approval
nane=" LoanAppr oval " + error : LoanRequestError

suppressJoi nFai |l ure="yes"
t ar get Namespace="htt p:// ww. bpel - exanpl es. i bm con!
LoanAppr oval / LoanAppr oval Process/ LoanAppr oval . bpel ">

<cont ai ner s>

<cont ai ner nessageType="LoanDefinitions: Creditlnformation”
nanme="r equest"/ >

<cont ai ner nessageType="LoanAssessor: Ri skAssessnent Det ai | s"
name="ri skAssessnent"/ >

<cont ai ner nessageType="LoanApprover: Approval "
name="approval I nfo"/ >

<cont ai ner nessageType="LoanDefiniti ons: LoanRequest Error"

nane="error"/>
</ cont al ner s>

</ process>



<part ner s>
<part ner

<part ner
<part ner

</ part ners>

I
I
L]

Mapping: Parthers

«role»
LoanApproval::Approver

+ customer
«port»

«process»
LoanApproval

+ request : Creditinformation

+ riskAssessment : RiskAssessment...
+ approvallnfo : Approval

+ error : LoanRequestError

<port» <port»
+ assessor + approver

«role» «role»
RiskAssessment::AssessmentRequester LoanApproval::ApprovalRequester

myRol e=" Approver" nanme="custoner"

servi ceLi nkType="LoanAppr oval Prot ocol s: LoanApproval "/ >
nanme="approver" partner Rol e=" Approver"

servi ceLi nkType="LoanAppr oval Prot ocol s: LoanApproval "/ >
nanme="assessor" partner Rol e="Assessor"

servi ceLi nkType="LoanAppr oval Prot ocol s: Ri skAssessnent"/ >
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Mapping: Receive/Reply

Activities

<recei ve contai ner="request" createlnstance="yes"
name="recei vel" operation="approve"
part ner="cust oner"”
port Type="LoanAppr over : LoanApproval "
suppr essJoi nFai | ur e="no" >
<source |inkNane="receivel to i nvokeApprover"
transi ti onCondi ti on="bpws: get Cont ai ner Dat a
('request','anount') &gt;= 10000"/>
<source |inkName="receivel to i nvokeAssessor"
transi ti onConditi on="bpws: get Cont ai ner Dat a

('request','anmount') & t; 10000"/>
</receive>

<reply contai ner="approval | nfo" nanme="repl y"
oper ati on="appr ove"
part ner ="cust oner”
port Type="LoanAppr over: LoanApproval "
suppr essJoi nFai | ur e="no" >

<target |inkNane="assign to reply"/>
<target |inkNanme="invokeApprover _to_reply"/>
</[reply>
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«receive» \
receivel ‘
[ |

*‘,‘ Al Entry/approve(request)

\
\
|
|
|
|

\ Y

«reply»
reply

[
w} fll Entry/approve() := approvallnfo

\
|
|
|




Mapping: Assign Activities

«assign»
assign

| Entry/approvalinfo/accept := 'yes'

<assi gn nane="assi gn">
<copy>
<from expressi on=""'yes'"/>
<t o cont ai ner="approval | nfo" part="accept"/>
</ copy>
</ assi gn>
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Using MDA to execute the
Mapping

m Start with EMF models of UML, XML Schema, WSDL, and
BPEL

m Use EMF to generate Java APIsfor al the EMF models
— Each modedl uses aserializer for its preferred external representation

m Create an EMF model of the mapping between UML and the
Web Services components

m Use EMF to generate an API for the model-to-model mapping

® Implement the methods to map between source and target
models

m Can be deployed as an Eclipse builder, no user input required
to do the mappings
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XML Schema model
From www.eclipse.org/xsd

+substitutionGroupAffiliation

+substitutionGroup
+notationDeclarations 0..n
0..n +afributeDeclarations XSDSchema
+attributeGroupDefinitions 0..n
0..n +typeDefinitions
0..n| +elementDeclarations 0..n $+identityConstraintDefinitions 0.n | tmodelGroupDefinitons
XSDElementDe claration 0. XSDIdentityConstraintD efiniton XSDModelGroupDefinition
‘ﬁ
01 +identityConstraintDefinitions 0.1
0-n . +referencedKey
+fields | 1..n 1 | +selector delGroup | 1
1|, +typeDefinition
XSDTypeDefinition XSDXPathDefinition XSDModelGroup
1
+baseTypeDefinition +partic|es$ 1..n
+attribute Wild card
XSDSimpleTypeDefinition XSDComplexTypeDefinition @~ ) XSDWildcard XSDParticle
+h ﬁT)npDe 0.1
! 0..1$+contentType 0.1 | +attributeWildcard +term$ 1
o ) XSDComplexType Content XSDTerm
1 | +typeDefinition +attributeUses | 0..n
XSDAttributeD eclaration 51 XSDAttributeUse 0.n XSDAttributeGroupDefinition
+attributeDeclaration +attributeUses
+scope - -
XSDFeature XSDScope XSDNotationDeclaration
0.1
E = === Copyright 2004, IBM Corporation Slide 97



<<Interface>>
IDefinition

Definition

[®addBinding()
[®addimport()
[®addMessage()
[®addNamespace()
[®addpPortType()
[®addsenvice()
[®createBindingFault()
[®icreateBindingInput()
[MicreateBindingOutput()
[createBindingOperation()
[ScreateBinding()
[®createFault()
[®createlmport()
[®createlnput()
[®createMessage()
[®createOperation()
[®createOutput()
[®createPart()
[®icreatePort()
[ScreatePortType()
[SicreateService()
[®getBinding()
[®getBindings)
[®getimports)
[®getimports)
[®getMessage()
[®getMessages(
[®getNamespace()
[®igetNamespaces()
[®getPortType()
[SgetPortTypes()
[SgetPrefix()
[®getservice()
[®getservices)
[®getExtensionRegistry()
[®setExtensionRegistry()
[®getDocumentBaseURI()
[®setDocumentBaseURI()
[®create Types(
removeService()
removeBinding()
removePortType()
removeMessage()
getTypes()
setTypes()

[B%targetNamespace : String
B¥qName : QName
[BZencoding : String

(]|
KK
il
el

WSDL Mode — From

®getDocument()
[®setDocument()
R KN
. Import
1.1 +elmports
1.1 [®getschema()
- {ordered} 0..n|[®setSchema()
1.1
Types
+eTypes
0.1 getSchemas()
getSchemas()
+eMessages 0..n | Message

{ord ered}

+ePortTypes 0..n PortType

{ordered}

+eBindings 0.n

Binding
{ordered}

+eServices 0..n | Service

Copyright 2004, IBM Corporation
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Draft BPEL Model

Process
= - ExtensibleElement
name : String (from wsdl)
B¥targetNamespace : String
q:ezls_:irl)gnuLaagne ijaS[:r?gsuin I®getExtensibilityElements() : IList
p N g' 9 n 9 _ -addExtensibilityEIement(extE lement : |IE xtensibilityE lement)
suppressJoinFailure : Boolean = false

ontainerAccessSerializable : Boolean = false
enableinstanceCompensation : Boolean = false
gdabstractProcess : Boolean = false

1 1 1 1 1 1 1 Extension ServiceLinkType
0..* |BEnamespace : String &3name : String
+extensions |Eatype : String
1 +serviceLinkType
PortType
Partner +role|1..2 (from wsdl)
* —
0..* W 0.. 1 Role +responsibilities qName : QName
+partners +partnerRole |Bfname : string 0.* 1. undefined : boolean
I®igetSeniceLinkType() v v proxy : boolean
0 ZresourceUR | : String
o+ | To-
+myRole
Part
(from wsdl)
name : Strin
- 1 +messages Message -elementNami : QName
Container (from wsdl) +eMessage 4 v
& ST 0. (romwsd) | BStypeName : QName
name : String qName : QName 01
0..* . 0..* 0..* |l@aundefined : boolean - F¥getType()
- -getCOnta!nerData() proxy : boolean +eParts | [@setType()
+containers |[MgetContainerProperty() +messageType resourceURI 3 smng1 on [®getElement()
3.1 {ordered} [®setElement()
1 [®setMessage()
[@getMessage()
+messageType Fpart T
0. +exSDType\,0..1
CorrelationSet + Property - e
0.2 name : String properties Fname : String | +propertyName PropertyAlias XSDTypeDefinition
+correlationSet| B 0. 1..% ) query : String (from xsd)
" 1 0.. *
0..
0..* 1 1
+type 1 FrootType
0.1 FaultHandler
+faultHandlers
+baseType
CompensationHandler
0.1 2
+compensationHandlers
Activit Link
5 U +source +sources -
1 name : String N name : String
+activity joinCondition : BooleanExpression 1 0.. BE&transitionCondition : BooleanExpression = true
S5suppressJoinFailure : Boolean = false| +target +targets
1 o I®¥getLinkStatus()
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UML to BPEL Mapping mode!

Rule
B context : UML2BPELReconciler <<datatype>>
UML2BPELReconciler

E&<<javaclass>> com.ibm.mda.bpel.umi2bpel.UML2BPELReconciler

I®¥mapSource2Target(source : EObject)
[ ®mapTarget2Source(target : EObject)
[®addSourceAssociations()
[®addTargetAssociations()

+schema XSDSchema

[Jrn]]
Hilll”
|
iiill["

1 from xsd)
1
Pack 2W SRul
UMLPackage +package 2CKage LE +definition Definition
(from Model_Management) 1 1 (from wsdl)
1 1
1 1 -
+packageRule +packageRule 0.* Classifier2W SRule
+classifierRules
+portType 1
tinterface Interface2W SRule PortType
Interface (from wsdl)
(from Core) |1 1
+complexType
XSDCom plexTypeDefinition
1 (from xsd)
UMLClass cl 1
(from Core) +umliClass UMLClass2W SRule .
+element - +elementDeclaration
[GisActive : EBooleanObject] 1 XSDEIer:s:t)I(DSE;:Iaratlon
1 0..1 0..1
{<<entity, control>>} 1 ?H:IassRuIe
- Enumeration2W SRule . . A
Enumeration |[+enumeration nu ratio u +simpleTy pel XSDSimpleTypeDefinition
(from Core) (from xsd)
1 1 1 1
+attribute Rules
\
- +attribute Attribute2W SRule i i - :
Attribute +attributeDeclarati XSDAttributeD eclaration
(from Core) 1 1 0..* 1 1 (from xsd)
multiplicity = 1 . .
{ plcity } 0..1 | +attributeDeclaration
.*
+associationRules
iati Association2W SRule
Association | Hassociation

(from Core) 1
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Motivation for Reuse : Asset Based
Development

G I IS I IS IS S S S S S S S S S S S S S S S S S S S S S

” : : ~
» Potential Decreases Potential Increases \
/ Asset production \
Asset use cost may be 20%
| Cost 1 of original development Cost costs may bf |
cost. additional 50%

I |
| . Complexity for engineering |
I Com P | eXIty resources decreases I
I Quiality rises through I

Decreases time lost starting . Y nroug
I Blank from a blank sheet with QU al Ity . reuli;n? grex_(f)ustly I
I Sheet each new project validated artifacts
I Intellectual property |

and experience of
| Leverage . key resources can be |
leveraged I

I
| I
\ I
\ /
N . 7’
= = = = = a2Took a pragmatic approach to reuse _——————

» Approach the specification from bottom up

» Didn’t want to build the “mother of all repositories”
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What 1S Reusable Asset
Specification?

m A structure for describing the characteristics of areusable software
asset by using meta-data

m The meta-data used to describe a reusable software asset is based on
an underlying XML schema referred to as an asset profile

m Question: Why would the meta-data of a software asset be
packaged asa XML document?
— Answer: To enable the communication and shipping (exchange) of the

software assets meta-data across interested parties e.g. From the supplier
of the software asset to the consumer of the software asset

m Based on the meta-data, a potential consumer of the software asset
can quickly determine if the asset will be suitable in satisfying their
business requirements

m Question: Isthe asset’s meta always represented in XML?

— Answer: Not necessarily, the asset’ s meta-data can be represented in any
database, but when the need arises to have aformal
communication/exchange of the assets meta-data, the XML document
can be produced in a RAS compliant format
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consumer to decide if hefshe
wants to use the asset

RAS XML Schema QOverview

A descnipbive contamnerfpackage
for an asset's artifacts (models,
source code, requirements, test

A profile identifies the particular type of asset being
described (e 2., Service, Component and so on). A profile
also contains nformation about a profiles history of change
Informmation here describes who created the EAS profile.

cases, examples, and so on) and
and documentation providing
cudance on how to applyiuse
the asset. The artifacts ofthe
asset are the things that are
actually reused. The asset
package, as a whole prowides the
wnformation to allow the asset

asset

type = <anonymous=

Contans descriptors which classify the
key charactenstics and hehawiours of
the asset that consumers are mterested
m such as the domams relevant to the
asset, the author(s), keywords, reuse-
scope and 2o on.

I
L]

Prowides atextual
description
summatry of the
asset.

profile

solution .-

|—

=g m] I':.""
=l description
type = xsd:string
0..1
classification
| type_# <anonymous>

Contams the location of the specific aitifact:;h;\
comprise the asset, such as requirements,

models, mterface specifications, messages,

source code, and other artifacts.

Such artifacts are why consumers go looking for
an asset as they provide a solubion to a specific

nrablemmn. _/

SN0 oL
//——/’/P;:ﬁrides nformation about how to

Describes (if any) the relationship between
thiz asset to other assets. There are four

lands of relationships: ageresation, stmilat,
dependency & parent

Copyright 2004, IBM Corporation

usage
] type = <anonymous>
0..1
related-asset
BE" SN0 T
|:| *

applyfuse the asset. These mstructions
may he for the entire asset or for a
specific artifact within the asset
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Classification

Related-
Assets

How ISRAS used (1)

rassek, xml

— @ resource, xmil

p— @ Unit Tesk PatterntD23oBFFEST 4. ..
P i Linit Test Pattern.wdx

— ELIniI: Tesk Patkern.mdx

@ RASAsset,xsd

e & | crverviews, hitmi
—@assetarticle.gﬂ:

—P i 20756_RATIogo_RGE_lores_rda.jpg
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How iIs RAS used (2) -

Reuse Management reporting to mgmt
Asset Management Asset Consumption

] Less formal RAS
Design and

Devel opment l\ﬁgpot!)

Tool multiple
repositories

Submitted

RWG
Reviewed

5
=
o
=
8
<

Reviewer
Logins

More formal

[l
el
it
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RAS Repository Service

fGetbllbssets?
i
fSearchByE eywordheyword=<the keyword> RAS
L
Tool i
fzearchByLogicalPath?path=<the logical path= REPDSl.tDI'}f
»  Service
* ___________________________________________ ‘-h\_\_\_\_\—'_'_‘_,_,—"‘
Eeposttory
Data O .
Descriptor IRASRepository

+ getd i ssats (¢} 0 IRASRep0soryResuiColiaction
+ searchByieyword | find theteyword @ String ) ¢ IRASRepositoryResuitColiection
+ searchByl ogicaPath (fin thel ogicaiPath @ String 1 ¢ IRASRepostoryResultColiection

IRASRepositoryResut

+ gethisime [} String
+ gett ogicaiFoigarPath () 0 Siring

IRASRepositoryAsset IRASRepositoryFoider

+ getdssetliRl ()} Siring
+ getlescription () © String
+ getiarwking () it

+ getVersion ¢ ) ! Sirng

O

IRASRepositoryResuitCollection

+ ftem (find fngex it ) 0 TRASRepositoryResult

+ getfownt (2 it

+ 300 { finf theResultiiem @ IRASReposioryResult ) | boolear

+ remove [ fin] theResultitem | IRASRepositoryResult | boolesn
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Who iIsusing RAS?

m Customers
—Volvo, USPTO, Visa, Charles Schwab, ...

mTool Vendors
—FlashLine
—LogicLibrary
—IBM
—OSTnet
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Modeling for Web Services - Recap

m UML, MOF and XMI can be used as-isto model & manage Web Services

Web Service Operations (WSDL Operations) are UML Operations

Groups of Web Service structures Requests (WSDL Ports) as UML Interfaces
or Classes

XML Schemas using UML Class Diagrams
Web Services data structures using UML Class Diagrams
Web Servicesflow (E.g..BPEL4AWS) using UML Activity Diagrams

m But some standard transformations, UML profiles etc, would be useful to
enable tools interoperability

http://www.omg.org (MOF, XMI, UML and CWM specs)
XMI - Mappings from MOF/UML to XML DTD, XML Schema

Modeling XML applications with UML by David Carlson
o http://www.xmlmodeling.com

UML to BPEL mappings (UML profile for BPEL?)
OMG Business Process Definition Metamodel RFP

OMG Business Rules RFP Drafts : Rule Expression Language, Rule
Management...
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Wrap Up

Most customers have and will continue to have components and
Information/data from multiple sources and formats that need
Integration
Web Services promise to be akey enabler for application integration
and business process integration

— Embraced by all industry players

— Pragmatic loosely coupled integration

— Promise of ubiquitous availability

— Modeling and Web Services on a convergence path

Model Driven Architecture enables architects, designers and
developers to use models and metadata with web services and existing
technologies with afocus on full life cycle architecture

Web Services standards (like other standards!))will come and go, but
some of the business models and processes will be more lasting
(manage and protect your metadata)

Use models to communicate, understand, analyze and design, use
metadata to integrate flexibly within an architetural context
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For More Il nformation

m OMG : WWwW.0omg.org

m Web Services : http://www-106.ibm.com/devel operworks/webservices/newto

m MDA . www.omg.org/mda

= IBM : WWW.ibm.com

m IBM Alphaworks: www.ibm.com/al phaworks (UDDI4J, BPW$4J)

m UML . www.omg.org/uml, www.rational.com

m CWM : www.cwmforum.org, www.omg.org/uml

m W3C : WwWw.w3c.org

m DSTC . www.dstc.edu.au

m Srdhar . Slyengar@us.ibm.com

m UML RTF :uml-rtf@omg.org

m MOFRTF :mof-rtf@omg.org

m XMIRTF . Xmi-rtf @omg.org

m CWM RTF :cwm-rtf@omg.org

m M . http://java.sun.com/aboutJava/communityprocess/|sr-40
W Eclipse . http://www.eclipse.org (/femf, /xsd)
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