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SOAP

WS-Federation

WS-ReliableMessaging

WSDL

WS-Policy*

RDF

WS-Addressing

WS-Coordination
CPP/CPA

DAISBPEL4WS

WSDM

OGSI

WS-SLA

UDDI

WS-Inspection

WS-Interoperability

OIL

RDFS

WSDL*

WS-Tr
an

sa
cti

on

WS-Security*

WS-Trust XML Schema

…expect more!
WSRP

WS-CAF
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The Ordering and Guiding Principles

� All standard efforts should foster…
1. an environment which is

a. heterogeneous, 
b. distributed, 
c. interoperable,
d. loosely coupled,
e. multi-vendor

2. secure, reliable, recoverable interactions
3. a single uniform usage model for 

“components”
4. business criteria to discover components 

needed

“The Bus”!“The Bus”!
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WhatWhat Are Web Services At All?Are Web Services At All?
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Web Service Technology: The Key Thing!

1. Web service technology provides a 
“virtual component model“ for using components 
(read: message processor)

2. When exploiting a Web service the supporting 
container hides „middleware idiosyncrasies“ like 
the underlying component model of the actual 
target component used, the invocation protocol 
etc. as far as possible. 

3. Web service technology does not provide a new 
component model for implementing components. 

1. Web service technology provides a 
“virtual component model“ for using components 
(read: message processor)

2. When exploiting a Web service the supporting 
container hides „middleware idiosyncrasies“ like 
the underlying component model of the actual 
target component used, the invocation protocol 
etc. as far as possible. 

3. Web service technology does not provide a new 
component model for implementing components. 
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Virtual Component

Concrete Component

Virtualizing Components

(D)COMStP ...(E)JB

implementsimplementsimplements

Web
Service
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D
a
t
a

Proprietary Applications

Standard Applications

Again: Web Services Usages

ERP CRMSCM

Tables

Content

CICS WASIMS

Client

12

© IBM Frank Leymann

WSDL:WSDL:
Bindings Are Key!Bindings Are Key!
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Access
Specification

(„How“)

Endpoints („Where“)

Interface („What“)

Ingredients Of WSDL

Message

Input & Output

OperationPort Type
Supports

Binding

Formats &
Protocols

How to invoke

How to encode

Implements

Port ServiceProvides

Hosts &
Implements
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Port Type: Example

<?xml version="1.0"?>
<definitions name="StockQuote" … />

<portType name="StockQuotePortType">
<operation name="GetLastTradePrice">

<input message="tns:GetLastTradePriceRequest"/>
<output message="tns:GetLastTradePriceResponse"/>

</operation>
</portType> 

</definitions>

<?xml version="1.0"?>
<definitions name="StockQuote" … />

<portType name="StockQuotePortType">
<operation name="GetLastTradePrice">

<input message="tns:GetLastTradePriceRequest"/>
<output message="tns:GetLastTradePriceResponse"/>

</operation>
</portType> 

</definitions>

15

© IBM Frank Leymann

Port & Binding: Example – SOAP/HTTP

<binding name="StockQuoteSoapBinding" 
type="tns:StockQuotePortType">

<soap:binding style="document" 
transport="http://schemas.xmlsoap.org/soap/http"/>

<operation name="GetLastTradePrice">
<input>
<soap:body use="encoded" namespace="http://leymann.com/stockquote"

encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/>
</input>
<output>

…
</output>

</operation>
</binding>

<service name="StockQuoteService">
<port name="StockQuotePort" 

binding="tns:StockQuoteSoapBinding">
<soap:address location="http://leymann.com/stockquote"/>

</port>
</service>

<binding name="StockQuoteSoapBinding" 
type="tns:StockQuotePortType">

<soap:binding style="document" 
transport="http://schemas.xmlsoap.org/soap/http"/>

<operation name="GetLastTradePrice">
<input>
<soap:body use="encoded" namespace="http://leymann.com/stockquote"

encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/>
</input>
<output>

…
</output>

</operation>
</binding>

<service name="StockQuoteService">
<port name="StockQuotePort" 

binding="tns:StockQuoteSoapBinding">
<soap:address location="http://leymann.com/stockquote"/>

</port>
</service>
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Port & Binding: Example – SOAP/JMS

<binding name="StockQuoteSoapJMSBinding" 
type="tns:StockQuotePortType">

<soap:binding style="rpc"  
transport="http://schemas.xmlsoap.org/soap/jms"/>
(...)

</binding>

<service name="StockQuoteService">
<port name="StockQuotePort" 

binding="tns:StockQuoteSoapJMSBinding">
<jms:address destinationType=“queue”

jndiConnectionFactoryName="myQCF"
jndiDestinationName=”myQ”
initialContextFactory= “com.ibm.NamingFactory”
jndiProviderURL= “iiop://something:900/”/>

</port>
</service>

<binding name="StockQuoteSoapJMSBinding" 
type="tns:StockQuotePortType">

<soap:binding style="rpc"  
transport="http://schemas.xmlsoap.org/soap/jms"/>
(...)

</binding>

<service name="StockQuoteService">
<port name="StockQuotePort" 

binding="tns:StockQuoteSoapJMSBinding">
<jms:address destinationType=“queue”

jndiConnectionFactoryName="myQCF"
jndiDestinationName=”myQ”
initialContextFactory= “com.ibm.NamingFactory”
jndiProviderURL= “iiop://something:900/”/>

</port>
</service>
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Port & Binding: Example – Java/EJB

<binding name=“StockQuoteEJBBinding" type="tns:StockQuotePortType">
<ejb:binding/>
<operation name=“GetLastTradePrice">
<ejb:operationmapping method="getStockPrice"

partOrdering=“tickerSymbol time"
interface="remote" />

<input name=“GetLastTradePriceRequest"/>
<output name=“GetLastTradePriceResponse"/>
<fault name="FaultMessageSymbolNotFound"/>
<fault name="FaultMessageInvalidTime"/>

</operation>
</binding>

<service name="StockQuoteEJBService">
<port name=“StockQuoteEJBPort"

binding="tns:StockQuoteEJBBinding">
<ejb:address class="com.ibm.example.EJBStockQuoteService"

jndiName="myapp/EJBStockQuoteService" />
</port>

</service>

<binding name=“StockQuoteEJBBinding" type="tns:StockQuotePortType">
<ejb:binding/>
<operation name=“GetLastTradePrice">
<ejb:operationmapping method="getStockPrice"

partOrdering=“tickerSymbol time"
interface="remote" />

<input name=“GetLastTradePriceRequest"/>
<output name=“GetLastTradePriceResponse"/>
<fault name="FaultMessageSymbolNotFound"/>
<fault name="FaultMessageInvalidTime"/>

</operation>
</binding>

<service name="StockQuoteEJBService">
<port name=“StockQuoteEJBPort"

binding="tns:StockQuoteEJBBinding">
<ejb:address class="com.ibm.example.EJBStockQuoteService"

jndiName="myapp/EJBStockQuoteService" />
</port>

</service>
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Port & Binding: Example – CICS

<binding name=“StockQuoteCICSBinding" type="tns:StockQuotePortType">
<cics:binding/>
<operation name="GetLastTradePrice">
<cics:operation functionName=“GETLTP"/>
<input name="Request"> ... </input>
<output name="Response"> ... </output>

</operation>
</binding>

<service name="StockQuoteCICSService">
<port name=“StockQuoteCICSPort" 

binding="tns:StockQuoteCICSBinding">
<cics:address connectionURL=“FL.com" serverName="cics21"/>

</port>
</service>

<binding name=“StockQuoteCICSBinding" type="tns:StockQuotePortType">
<cics:binding/>
<operation name="GetLastTradePrice">
<cics:operation functionName=“GETLTP"/>
<input name="Request"> ... </input>
<output name="Response"> ... </output>

</operation>
</binding>

<service name="StockQuoteCICSService">
<port name=“StockQuoteCICSPort" 

binding="tns:StockQuoteCICSBinding">
<cics:address connectionURL=“FL.com" serverName="cics21"/>

</port>
</service>

Defining structure of COMMAREADefining structure of COMMAREA
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InvokingInvoking Web ServicesWeb Services
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DII
(Dynamic Invocation I/F)

WSIF: Using All Kinds of Bindings In J2EE

Client

Stub

WSIF

XML/JMS

Adapter

RMI/IIOP

...
Function

Function

XML/JMSRMI/IIOP

C
o
n
t
a
i
n
e
r
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Invoking Services Within A Container

Container

B
u
s
-
K
e
r
n
e
l
 
(
W
S
I
F
)

S2

S1

Requestor

Native callNative call

e.g. SOAP/HTTPe.g. SOAP/HTTP

“WSDL”“WSDL”

“WSDL”“WSDL”
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PoliciesPolicies
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Quality Of Services & Policies

R

My service 
must be

implemented
as a 

transaction!

PortT
ype

P

I am running
as a 

transaction!

Policy

Policy
Properties
Expected

Properties
Promised
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Abstract Policy Model

Policy
Assertion

Policy
Expression

Policy /
Policy Statement
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Policy: Example

<wsp:Policy Name="Payments" TargetNamespace="http://fl.com/pol" 
xmlns:my="http://fl.com/pol" …>

<wsp:ExactlyOne>

<my:onlinePayment>
<wsp:ExactlyOne wsu:Id="opts">

<my:creditCard wsp:Usage="wsp:Required" />
<my:check wsp:Usage="wsp:Required" />
<my:transfer wsp:Usage="wsp:Required" />

</wsp:ExactlyOne >
<my:perUse Usage="wsp:Required" />

</my:onlinePayment>

<my:subsriptionPayment>
<wsp:PolicyReference URI="#opts"/>
<wsp:monthly Usage="wsp:Required" />

</my:subsriptionPayment>

</wsp:ExactlyOne>
</wsp:Policy> 

<wsp:Policy Name="Payments" TargetNamespace="http://fl.com/pol" 
xmlns:my="http://fl.com/pol" …>

<wsp:ExactlyOne>

<my:onlinePayment>
<wsp:ExactlyOne wsu:Id="opts">

<my:creditCard wsp:Usage="wsp:Required" />
<my:check wsp:Usage="wsp:Required" />
<my:transfer wsp:Usage="wsp:Required" />

</wsp:ExactlyOne >
<my:perUse Usage="wsp:Required" />

</my:onlinePayment>

<my:subsriptionPayment>
<wsp:PolicyReference URI="#opts"/>
<wsp:monthly Usage="wsp:Required" />

</my:subsriptionPayment>

</wsp:ExactlyOne>
</wsp:Policy> 
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Policy+

Matching Endpoints Based On Policies

R

Candidate ListSelected Port

Service Discovery

?

!
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Invoking Services Within A Container

Container

B
u
s

S2

S1

Requestor

“WSDL”
+

Policies

“WSDL”
+

Policies

“WSDL”
+

Policies

“WSDL”
+

Policies

Selection
considering
operational

aspects
also

Selection
considering
operational

aspects
also

Policy

Policy
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Matchmaking By Service Bus: Full Picture

ContainerContainer

B
u
s

S1

R
e
q
u
e
s
t
o
r Policy

Explicit
Policies

Implicit
Policies

WSDL

Explicit
Policies

Implicit
Policies

Policy

WSDL
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Attaching Policies

Policy

List of Resources Domain Expression

Business Service
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Policy Attachment: Example

<wsp:PolicyAttachment>

<wsp:AppliesTo>
<wsp:EndpointReference>

<wsp:Address URI="http://www.fabrikam123.com/acct"/>
</wsp:EndpointReference>

</wsp:AppliesTo>

<wsp:PolicyReference
Ref="http://www.fabrikam123.com/acct-policy.xml"/>

</wsp:PolicyAttachment> 

<wsp:PolicyAttachment>

<wsp:AppliesTo>
<wsp:EndpointReference>

<wsp:Address URI="http://www.fabrikam123.com/acct"/>
</wsp:EndpointReference>

</wsp:AppliesTo>

<wsp:PolicyReference
Ref="http://www.fabrikam123.com/acct-policy.xml"/>

</wsp:PolicyAttachment> 

Everything located at http://www.fabrikam123.com/acct
(e.g. html-, wsdl-,... files, ports,...) is
associated with the specified policy
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Endpoint References: XML Representation

<wsa:EndpointReference>
<wsa:Address>xs:anyURI</wsa:Address>
<wsa:ReferenceProperties> ... </wsa:ReferenceProperties>?
<wsa:PortType>xs:QName</wsa:PortType>?
<wsa:ServiceName PortName="xs:NCName"?>

xs:QName
</wsa:ServiceName>?
<wsp:Policy/>*

</wsa:EndpointReference>

<wsa:EndpointReference>
<wsa:Address>xs:anyURI</wsa:Address>
<wsa:ReferenceProperties> ... </wsa:ReferenceProperties>?
<wsa:PortType>xs:QName</wsa:PortType>?
<wsa:ServiceName PortName="xs:NCName"?>

xs:QName
</wsa:ServiceName>?
<wsp:Policy/>*

</wsa:EndpointReference>
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Service BusService Bus
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Dynamic Selection Of Services

I think I need some
help to do my business 

more efficiently! 
Who is providing the
following functions?

I offer the functions
you need! 

Here is how you can
bind to them!

WSDL
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Be Flexible!

I want another business partner
that offers the same functions...

But one that is cheaper, from Europe, 
and not just available via e-mail!

Policy

{WSDL, Policy}
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Virtual Service

Service Bus

Business Properties

Don‘t Care! Virtualizing Services

I want ...
But I don‘t care about a particular

provider: Chose the one who is at this
point in time „the best“ for me!

Environmental
Properties

Policy
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Service Bus: Virtualizing Services

Se
rv

ic
e 

B
us

I need a service of a 
particular type,

but I don‘t care about the 
provider of the service: 

Anyone will do!

Policy

{WSDL, Policies, Data}
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Policy

SOA And The Service Bus

Service
Requestor

Service
Provider

Service
Discovery

Service Bus

Policy

38

© IBM Frank Leymann

Web Services And StateWeb Services And State
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State And Web Services

� Web service can be stateful
� Based on ability to support conversations, i.e. long-

running interactions like business processes
� Based on being associated with a resource, 

having “identity”
� Implicit state management, e.g. BPEL

� Correlation properties embedded in application 
messages exchanged

� New set of correlation properties implicitly creates new 
“conversation” (= process instance in case of BPEL)

� Explicit state management, e.g. OGSI
� Resources have observable properties and identity
� Lifecycle functions to manage each resource

� Especially Softstate management (“leasing”)
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Conversations: Implicit State

Pa
rt

ne
r 

1

Pa
rt

ne
r 

2

Pa
rt

ne
r 

3
CorrSet-1 initialize

CorrSet-2 initialize

CorrSet-3 initialize

„Conversations“„Conversations“
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<message>

</message>

Correlation Properties: The Mechanics

Correlation
Property

<property
name=... 
type=.../>

messageType=
part=
query=    />

<propertyAlias
propertyName=       >

</propertyAlias>

Web
Service
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Initial
Data

Factories And Explicit Lifecycle

Factory

Client

Resource

Service

1. Create

3. Destroy

2. DWIM

43

© IBM Frank Leymann

Softstate Management

Factory

Client

Resource

Service

Initial
Data

+
Time-to-Live

1. Create
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Distributed Heterogeneous Environment

Distributed physical clusters and storage
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Virtual clusters and storage

The Grid: Virtualizing Resources

Grid Middleware
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Grid: Virtualizing IT Resources

OGSI
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☺ Reminder: Service Bus Virtualizes “Software”

Se
rv

ic
e 

B
us
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On Demand: A Bus For All of IT

O
n 

D
em

an
d 

In
fr

as
tru

ct
ur

e
In 3 hours I need the following 
environment for 45 minutes: 

253 machines, 1.7 TB storage, 
WebSphere, DB2, and the 
follow ERP applications…

Policy

SLA
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Composed Resources

StorageCPUConnectivity

Machine

ERP Software

ERP System
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Provisioning
Engine

(“Utility” Creation)

Provisioning Composed Resources

Provisioning
Modeler

(“Utility” Modeling) BPEL

Flow Engine

Machine 1
WAS

DB2

Machine N
WAS

DB2
…
…

1

2

3 5

4

6

Resource
Manager

Install Manager
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Manageable
Resource

Manageable Resource: Structure

Manageability
Interface

Resource
Interface

Allows to plug resource into a management system.
It makes the resource manageable

(e.g. lifecycle, monitor, metadata, state…)

Allows to plug resource into a management system.
It makes the resource manageable

(e.g. lifecycle, monitor, metadata, state…)

Resource specific functions, e.g.
mountDisk, openDatabase, allocateCPU,…

Resource specific functions, e.g.
mountDisk, openDatabase, allocateCPU,…
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Resources Are Web Services ☺

Manageable
Resource

Manageability
Interface

Resource
Interface

Properties
(status,
data,

metadata)

Port Type

Concept Specification
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Using The Bus In On Demand Environments

Bus

...

Monitor Operate... Provision

55

© IBM Frank Leymann

The LandscapeThe Landscape
Virtual ComponentsVirtual Components
Virtual EnvironmentsVirtual Environments
Application StructureApplication Structure
AggregationsAggregations
Summary & ConclusionSummary & Conclusion

Agenda
56

© IBM Frank Leymann

Order Really Matters!

Oh, no!
That‘s the wrong order!
You have to do business 

with me as follows:

1

2

Great!
Please process the
following for me:

1

2

Flow
Model
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Modeling Business Processes, Flows,...

Get
Order

Check
Customer

Accept
Order

Reject
Order

Always!
Bad Customer?

Good Customer?

Credit Card
Information

Customer
Address

What?

Who?

With?

Adapter
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What Is BPEL

� A language to specify behavior of business 
processes 
� Between Web services...
� ...and as Web services

� Same language to define ...
� Executable processes

� Can be performed at all compliant environments
� Interoperability of heterogeneous environments

� Abstract processes
� Specify constraints of message exchange

� BPEL = Microsoft XLANG + IBM WSFL
� Combined calculus camp & Petri Net camp
� Submitted to and standardized within OASIS

59

© IBM Frank Leymann

Business Processes Between Web Services

X

Y

Z

pt3

o1

o2

pt1

o1

o3

o4

pt2

o2

o4
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Business Processes As Web Services

X

Y

Z

pt

o1

o2

pt*
o7

o8

o9
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Choreography: Aggregating Web Services

X

Y

Z
pt

o1

o2

pt3

o1

o2

pt1

o1

o3

o4

pt2

o2

o4

P

Q

pt*
o8

o9
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A

B

Web
Service

Web
Service

Twist: Implementing Web Services

receive

reply

I am using this
operation...
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Twist: Business Protocols

Partner 1 Partner 2

A

B C

D

W

X

Z

Y

Partner
Link

1

2

3

4
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SOA Application Structure

A

C

B

D

E

Process Application Port Types

Deployment
Descriptors

Deployment
Descriptors
Activity:
Port Type
Operation
BizProperties
QoS
...

Poli
cy
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Deployment

A

C

B

D

E

Process

Ports

Deployment
Descriptors

Deployment
Descriptors
Activity:
Port Type
Operation
BizProperties
QoS
...

Poli
cy
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Applications And The Grid

A

C

B

D

E

Process

Deployment
Descriptors

Deployment
Descriptors
Activity:
Port Type
Operation
BizProperties
QoS
...

B
us

Application

Policy

Ports
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Programming Model

Workflow System

Application Server

Programming in the Large

Programming in the Small

Choreography

Web Services
Application
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Inherent Benefits

Application

DBMS
DBMS

WFMS

Data
Independence

Application Server
Flow

Independence
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Why Aggregation?

1. Value increase: 
Aggregation often has higher value than individual functions

2. Usability:
Aggregation often is more convenient to deal with than 
individual functions

3. Semantics increase:
Aggregation mechanism often add semantics to set of 
individual functions

Æ Different application areas require different (but composable) 
mechanisms of aggregation

1. Value increase: 
Aggregation often has higher value than individual functions

2. Usability:
Aggregation often is more convenient to deal with than 
individual functions

3. Semantics increase:
Aggregation mechanism often add semantics to set of 
individual functions

Æ Different application areas require different (but composable) 
mechanisms of aggregation
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Classifying Service Aggregations

CollectionsInheritance
Service TypesUnconstrained

Agreement
Service Broker

Choreography
MEP

Global Models
Constrained

InstancesTypes
What?

How?
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Service BrokerService Broker
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Service

Service Types

pT1 pT2 pT3 pT4 pT5

Service Type

p1 p2 p3 p4 p5

„instance“„instance“
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Service Domain

Service Broker

Requestor

Provider1 Provider2 Provider3

75

© IBM Frank Leymann

Service Domain And SLAs

Service Broker

SLASLASLASLA
SLASLASLA SLA SLASLA SLASLA

Provider1 Provider2 Provider3

Requestor

SLA
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Global Models:Global Models:
Recursive CompositionRecursive Composition
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Service Provider Type

porttype

service provider type
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Matching Transmission Primitives

pT1pT1

out

pT2pT2

in

pT3pT3

out/in

pT4pT4

in/out

Client Server

Producer Consumer
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Plug Links

shipper

supplier

totalSupply

suppSvr
procPOprocPO

recPayrecPay

shipSvr

recSRrecSR

totalSupplyPT

sendProcOrdersendProcOrder

sendPaymentsendPayment

sendSRsendSR
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Exporting Operations

totalSupply

suppSvr

procPOprocPO

recPayrecPay

shipSvr

recSRrecSR

totalSupplyPT

sendProcOrdersendProcOrder

sendPaymentsendPayment

sendSRsendSR

supplier

shipper
supplyLifecycle

spawnspawn

orderorder

manageChain supplyChain
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pT

pT2

op3

SPb

pT3op4

SPc

op1
op2

SPa

pT1

Global Models: Aggregation Without Sequencing

<plug>

<export>

Global
Model
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CoordinationCoordination::
Out of Out of TheThe GalaxyGalaxy
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Agreement In A Distributed Activity
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…And The Aggregated Web Services
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„Coordination Type“„Coordination Type“

Some New Names…

„Coordination Protocol“„Coordination Protocol“

dSoldTo dSellStuff

Trade
Execution

Seller Auctioneer

dReceiveBid

dReceiveRFB
dLoser
dWinner

BiddingByuer Auctioneer

86

© IBM Frank Leymann

Coordinator

ID=42

ID=42

Participant
(Application)

ID=42

Participant
(Resource Manager)

Protocol
PY

PY

PX

…Now Becoming Familiar

Participant
(Resource Manager)

87

© IBM Frank Leymann

WS-Coordination & Transaction

Coordinator

. . .

Registration
Service

Registration
Service

Activation
Service

Activation
Service

Protocol
Service P1
Protocol
Service P1

Protocol
Service Pn
Protocol
Service Pn

CreateCoordinationContext Register

ProtcolnProtcol1

WS-CoordinationWS-Coordination

WS-TransactionWS-Transaction

Atomic
Transaction

Atomic
Transaction

Business
Aggreement

Business
Aggreement

88

© IBM Frank Leymann

The LandscapeThe Landscape
Virtual ComponentsVirtual Components
Virtual EnvironmentsVirtual Environments
Application StructureApplication Structure
AggregationsAggregations
Summary & ConclusionSummary & Conclusion

Agenda



23

89

© IBM Frank Leymann

Architecture Of The Bus
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The Bus: Standards
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…Won’t It Take Many Years To Be Ready?!?!
� These standards are build modularized and 

composable!
� Combinations of few standards already 

solve real-world problems
� Remote access across heterogeneous 

platforms, integration of application 
functions,…

� This allows a phased roll-out and usage
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…And This Is All Web-Ready?!?!

� I didn’t say anything about the Web!
� Web services offer profound benefits even 

within a single domain (i.e. enterprise, 
division, location, department,…)
� Heterogeneity (platforms), interoperability 

(messages,…), integration (functions, business 
processes,…),…

� Many problems discussed are less complex 
or go away in such settings
� Security, dynamic discovery, payment,…
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Why Should It Work Out This Time?!?!

� I am not a fortune teller… 
� Unanimous agreement in the industry

� Vendors, analysts,…
� Broad commitment to make it work (well, I 

know… ☺/)

� WS-I (Web Services Interoperability)
� Consortium to ensure interoperability

� Specification of so-called profiles (“regulation” of how 
and what to use, “exegesis” of standards)

� Tools (test, analysis, monitor)
� Sample implementation

94

© IBM Frank Leymann

Conclusion

� Huge momentum in industry on Web services
� Standards, interoperability, implementation

� Web services are the base for the new evolving 
distributed computing platform (“The Bus”)
� Virtualizing components 
� Heterogeneous “ab ovo”

� Application model is centered around…
� SOA – Policy driven dynamics
� Choreography – Two-level programming

� Although middleware begins to roll-out, 
tremendous amount of research in this space 
must be done
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ThankThank YouYou!!


