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Vision: Software over the Web
From Computing to Collaboration

Vision: Software over the Web
From Computing to Collaboration
Computing is Commodity
Collaboration Creates Value 
Computing is CommodityComputing is Commodity
Collaboration Creates Value Collaboration Creates Value 

Internet Context=WebInternet Context=WebInternet Context=Web

What Software Engineering Can Do for the Web ?What Software Engineering Can Do for the Web ?
Information/DataInformation/Data

Semantic WebSemantic Web
ComputingComputing
Web ServicesWeb Services
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Vision: Software over the Web
Evolution of Information Systems

Vision: Software over the Web
Evolution of Information Systems

From Enterprise to Networked Enterprises
From Stocked Information to Information Flow
From Enterprise to Networked EnterprisesFrom Enterprise to Networked Enterprises
From Stocked Information to Information FlowFrom Stocked Information to Information Flow

Networked
Enterprise
(Integration)
Ex: SCM, CRM

NetworkedNetworked
EnterpriseEnterprise
(Integration)(Integration)
Ex: SCM, CRMEx: SCM, CRM

Enterprise 
(Integration) 
Ex: ERP

Enterprise 
(Integration) 
Ex: ERP

Business Unit
Ex: Sales, Warehouse
Business Unit
Ex: Sales, Warehouse

Task
Ex: Data Entry

Task
Ex: Data Entry

AA--Corp ERPCorp ERP

InformationInformation

InformationInformation
A-Corp
Sales

AA--CorpCorp
SalesSales

B-Corp
Distributor

BB--CorpCorp
DistributorDistributor

C-Corp
Supplier
CC--CorpCorp

SupplierSupplier

BB--CorpCorp
ERPERPSalesSalesSales Manufac-

turing
ManufacManufac--

turingturing

Information StockInformation Stock

Information FlowInformation Flow

CustomerCustomer

What Customers Want?What Customers Want?What Customers Want?
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Vision: Software over the Web
Information Systems on the Web 

Vision: Software over the Web
Information Systems on the Web 

Open Decentralized World of the Web: What is a Model of 
Information Systems on the Web?

Boundary-less, No Central Control (De-centralized)
Dynamic and Autonomous Evolution

Shifting to Integration: Collaboration across the 
Organizations 

From Enterprise to Collaborative Enterprises
End-to-End Process Integration on Heterogeneous Platforms 
and Architectures across Organizations

Program: OS, Language, Middleware
Data: Language, Semantics, Data Structure

Lesson Learned from Multiple Standards for the Same 
Goal: CORBA/DCOM/JavaRMI

Open Decentralized World of the Web: What is a Model of Open Decentralized World of the Web: What is a Model of 
Information Systems on the Web?Information Systems on the Web?

BoundaryBoundary--less, No Central Control (Deless, No Central Control (De--centralized)centralized)
Dynamic and Autonomous EvolutionDynamic and Autonomous Evolution

Shifting to Integration: Shifting to Integration: Collaboration across the Collaboration across the 
Organizations Organizations 

From Enterprise to Collaborative EnterprisesFrom Enterprise to Collaborative Enterprises
EndEnd--toto--End Process Integration on Heterogeneous Platforms End Process Integration on Heterogeneous Platforms 
and Architectures across Organizationsand Architectures across Organizations

Program: OS, Language, Program: OS, Language, MiddlewareMiddleware
Data: Language, Data: Language, SemanticsSemantics, Data Structure, Data Structure

Lesson Learned from Multiple Standards for the Same Lesson Learned from Multiple Standards for the Same 
Goal: CORBA/DCOM/Goal: CORBA/DCOM/JavaRMIJavaRMI
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Vision: Software over the Web
What’s Wrong with Distributed Objects

Vision: Software over the Web
What’s Wrong with Distributed Objects

Limitations with Distributed Object Environment  
[CORBA, DCOM, JavaRMI]

Client/Server Architecture
Closed Network Model: Clients Know the Server
Tightly Couples with State-full Model

Interoperability across Different Platforms
Similar but Different Protocol

Collaboration across Organizations
Interoperability across Firewalls

Limitations with Distributed Object Environment  Limitations with Distributed Object Environment  
[CORBA, DCOM, [CORBA, DCOM, JavaRMIJavaRMI]]

Client/Server ArchitectureClient/Server Architecture
Closed Network Model: Clients Know the ServerClosed Network Model: Clients Know the Server
Tightly Couples with StateTightly Couples with State--full Modelfull Model

Interoperability across Different PlatformsInteroperability across Different Platforms
Similar but Different ProtocolSimilar but Different Protocol

Collaboration across OrganizationsCollaboration across Organizations
Interoperability across FirewallsInteroperability across Firewalls

Interoperability at Higher LevelInteroperability at Higher Level ““ServiceService””
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Vision: Software over the Web
(My) Vision of Services

Vision: Software over the Web
(My) Vision of Services

Business-Service-Computing Model
Platform Independence   Productivity, Interoperability
Business-Model Independence    Requirements, 
Evolution/Agility

BusinessBusiness--ServiceService--Computing ModelComputing Model
Platform Independence   Productivity, InteroperabilityPlatform Independence   Productivity, Interoperability
BusinessBusiness--Model Independence    Requirements, Model Independence    Requirements, 
Evolution/AgilityEvolution/Agility

ArchitectureDomain

Computing Space
(Components, etc)
Computing Computing Space
(Components, etc)

SearchSearch
ProfileProfile

CataloguingCataloguing
NegotiationNegotiation

AuthorizationAuthorization

Business System

Service System

Computing System 

Business Space

Service Space

Abstraction

Vision ofVision of
Web ServicesWeb Services
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WebWeb

Vision: Software over the Web
What are Web Services ?

Vision: Software over the Web
What are Web Services ?

(XML) Web Services
Internet-based applications fulfilling a specific task or 
a set of tasks, that can be combined with other.*
Variations 

Peer Services, Service Grid, Mobile Web Services

(XML) Web Services(XML) Web Services
InternetInternet--based applications fulfilling a specific task or based applications fulfilling a specific task or 
a set of tasks, that can be combined with other.*a set of tasks, that can be combined with other.*
Variations Variations 

Peer Services, Service Grid, Mobile Web ServicesPeer Services, Service Grid, Mobile Web Services

Search
Goods
Search
Goods

URI=URI=

URI=URI=

URI=URI=
Payment by
Credit Card
Payment by
Credit Card

Buy Goods OnBuy Goods On--LineLine
Search GoodsSearch Goods

Price NegotiationPrice Negotiation
Pay by Credit CardPay by Credit Card

URI=URI=

Price Negotiation
(Auction)

Price Negotiation
(Auction)

Using
Services

Using
Services

*Reference: Web Services: Taking e-business to the Next Level, White Paper, IBM, 2000, 
http://www-3.ibm.com/services/uddi/papers/e-businessj.pdf
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Vision: Software over the Web
Business/Social Rationale

Vision: Software over the Web
Business/Social Rationale

Single Common Ground
IBM, Microsoft, Sun, Oracle, …

Single Common GroundSingle Common Ground
IBM, Microsoft, Sun, Oracle, IBM, Microsoft, Sun, Oracle, ……

All Rights Reserved, Copyright Mikio Aoyama, 200210

Vision: Software over the Web
Enabling Software Collaboration
Vision: Software over the Web

Enabling Software Collaboration
(1)Client-Centric: Presentation Integration

GUI Component: COM/OLE, JavaBeans
Composition by GUI (Visual Development Environment) 

Productivity and Intuitive Comprehension
(2)Server-Centlic: Control and Data Integration

Transaction Processing/Business Rules: COM&MTS, J2EE/JTS
Structural Composition: Architecture/Pattern 

Quality and Performance
(3)Network-Centric: Process-Integration

Workflow/Process and Data
Semantic Composition: Brokerage

Value-Creation and Evolution/Agility

(1)Client-Centric: Presentation Integration
GUI Component: COM/OLE, JavaBeans
Composition by GUI (Visual Development Environment) 

Productivity and Intuitive Comprehension
(2)Server-Centlic: Control and Data Integration

Transaction Processing/Business Rules: COM&MTS, J2EE/JTS
Structural Composition: Architecture/Pattern 

Quality and Performance
(3)Network-Centric: Process-Integration

Workflow/Process and Data
Semantic Composition: Brokerage

Value-Creation and Evolution/Agility

(1)Client(1)Client

(2)Server(2)Server

(3)Network(3)Network
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Vision: Software over the Web
Summary: Evolution to Web Services

Vision: Software over the Web
Summary: Evolution to Web Services

Web 
Services

Web 
Services

Service
Requester

ObjectObject

ASP
(Application

Service 
Provider)

ASP
(Application

Service 
Provider)

Service
Broker
Service
Broker

ServiceService
Service
Provider
Service
Provider

Component-Based SystemComponent-Based System

Integration (Middleware)Integration (Middleware)

ComponentComponent ComponentComponent

Architecture

Service=Encapsulation of ComponentsService=Encapsulation of Components

Computing
Platform

Service Provision Application
EDI, EC
(SCM,
eMP),
EAI/
B2BI
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4th Generation
(Web Services)

3rd Generation
(Internet)

2nd Generation
(Client/Server)

1st Generation:
(Stand Alone)

199119911991 199319931993

OCXOCXOCX ActiveXActiveXActiveX

1996-719961996--77

ActiveXActiveXActiveX

1998-919981998--99

ActiveXActiveXActiveX
COMCOMCOM DCOMDCOMDCOM

WindowsNT4.0WindowsNT4.0WindowsNT4.0WindowsWindowsWindows

JavaBeansJavaBeansJavaBeans EJB(Enterprise
JavaBeans)

EJB(EnterpriseEJB(Enterprise
JavaBeans)JavaBeans)

Framework
(ex. San Francisco) 

FrameworkFramework
(ex. San Francisco) (ex. San Francisco) 

CORBA1.0(91)CORBA1.0(91)CORBA1.0(91) CORBA2.0(96)
IIOP

CORBA2.0(96)CORBA2.0(96)
IIOPIIOP

CORBA3.0
CORBA 

Component
Model

CORBA3.0CORBA3.0
CORBA CORBA 

ComponentComponent
ModelModel

JiniJiniJini

UPnPUPnPUPnP
WindowsDNAWindowsDNAWindowsDNA
COM+COM+COM+
Windows2000Windows2000Windows2000

ClienetClienetClienet

ServerServerServer

NetworkNetworkNetwork

.NET 
Framework

.NET .NET 
FrameworkFramework

VBXVBXVBX

OLE1.0OLE1.0OLE1.0 OLE2.0OLE2.0OLE2.0
COMCOMCOM

XMLXML--BasedBased
SOAP,SOAP,
WSDL, WSDL, 
UDDI,UDDI,……

e-speakee--speakspeak

ServiceServiceService

Now

2000-20002000--

Vision: Software over the Web
Summary: Evolution to Web Services

Vision: Software over the Web
Summary: Evolution to Web Services

ONEONEONE
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ScenarioScenario

Vision: Software over the Web

Technology: Status of Web Services

Engineering: Web Services Engineering

Research Challenges

Vision: Software over the WebVision: Software over the Web

Technology: Status of Web ServicesTechnology: Status of Web Services

Engineering: Web Services EngineeringEngineering: Web Services Engineering

Research ChallengesResearch Challenges
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ArchitectureArchitectureArchitecture

Technology: Status of Web Services
Web Services Platform

Technology: Status of Web Services
Web Services Platform

XML-Based Service Enabling Platform
3 Major Technology Stacks
Description, Publish & Search, Binding & Execution

XMLXML--Based Service Enabling PlatformBased Service Enabling Platform
3 Major Technology Stacks3 Major Technology Stacks
DescriptionDescription, , Publish & SearchPublish & Search, , Binding & ExecutionBinding & Execution

Meta-DataMetaMeta--DataDataTransportationTransportationTransportation HTTP/SMTPHTTP/SMTPHTTP/SMTP

MessageMessageMessage
SOAP/XMLPSOAP/XMLPSOAP/XMLP

Composi-
tion
ComposiComposi--
tiontion

DefinitionDefinitionDefinition WSDLWSDLWSDL

XML SchemaXML SchemaXML Schema

Business 
Ontology 
Business Business 
Ontology Ontology 

Directory Directory 

ebXMLebXMLebXML ebXML RegistryebXMLebXML RegistryRegistry
UDDIUDDIUDDI

BPEL(WSFL/XLANG)BPELBPEL(WSFL/XLANG)(WSFL/XLANG)

XMLXMLXML

BPSSBPSSBPSS

Binding & ExecutionBinding & Execution

WSILWSILWSIL

Usage
Scenarios

UsageUsage
ScenariosScenarios

Service
Description

ServiceService
DescriptionDescription

Reference ArchitectureReference ArchitectureReference Architecture
CoordinationCoordinationCoordination

W3C WGW3C WGW3C WG

XML NamespaceXML NamespaceXML Namespace

WOLWOLWOLDescriptionDescription

Publish & SearchPublish & Search
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Technology: Status of Web Services
Architecture

Technology: Status of Web Services
Architecture

Service-Oriented Architecture (SOA)
Broker (Pattern) 

Decouple between Requester and Provider
UDDI: Publish Subscribe Pattern

ServiceService--Oriented Architecture (SOA)Oriented Architecture (SOA)
Broker (Pattern) Broker (Pattern) 

Decouple between Requester and ProviderDecouple between Requester and Provider
UDDI: PUDDI: Publish Subscribe Patternublish Subscribe Pattern

(2)Find

InterfaceInterface
DescriptionDescription
with WSDLwith WSDL

Service
Requester

ServiceService
RequesterRequester

Service
Broker
ServiceService
BrokerBroker

Service ProviderService ProviderService Provider

Web
Server

for
SOAP

WebWeb
ServerServer

forfor
SOAPSOAP

UDDI ServerUDDI ServerUDDI Server
UDDI RegistryUDDI Registry

Deployment

Registry

Implementation ofImplementation of
Services (Components)Services (Components)

(a)Find
(b)Get (3)Get

(1)Request

(c)Request (d)Invoke

(f)Response (e)Reply

(4)Request (5)Invoke
(6)Reply(7)Response(8)Response

Routing

Services
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Technology: Status of Web Services
SOAP Messaging Models

Technology: Status of Web Services
SOAP Messaging Models

2 Messaging Models
Procedure-Oriented (RPC) and Document-Oriented

2 Messaging Models2 Messaging Models
ProcedureProcedure--Oriented (RPC) and DocumentOriented (RPC) and Document--OrientedOriented

RequesterRequester

Service Provider

Application
Program

Application
Program

DatabaseDatabase

RequestRequest

ResponseResponse
Requester ARequester A

Service Provider

Business ProcessBusiness Process

DatabaseDatabase
Requester BRequester B

Order

Shipping
OrderSimple 

Remote 
Procedure

Call of
Sate-less

Asynchronous Massaging 
by a Document
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Technology: Status of Web ServicesTechnology: Status of Web Services

Engineering: Web Services EngineeringEngineering: Web Services Engineering

Research ChallengesResearch Challenges
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Engineering: Web Services Engineering
Web Services Engineering Process

Engineering: Web Services Engineering
Web Services Engineering Process

Bridging the Gap between Business to Service Bridging the Gap between Business to Service Bridging the Gap between Business to Service 

ServiceService
ImplementationImplementation
and Executionand Execution

Business ModelingBusiness Modeling
BusinessBusiness

ModelModel
CheckingChecking

Business Architecture
Analysis

Business ArchitectureBusiness Architecture
AnalysisAnalysis

Service
Directory
ServiceService

DirectoryDirectory

Business Ontology Business Ontology 
AnalysisAnalysis

Service Execution PlatformService Execution PlatformService Execution Platform

Service 
Broker

Service Service 
BrokerBroker

Real World

Service
Requester

ServiceService
RequesterRequester

Service Service 
ModelingModeling

Financing Sales

Service 
Provider
Service Service 
ProviderProvider

Service Architecture
Analysis

Service ArchitectureService Architecture
AnalysisAnalysis

Service OntologyService Ontology
AnalysisAnalysis

Authorization

Service Service 
ModelModel

CheckingCheckingProfile

BusinessBusiness
SystemsSystems
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Service
Oriented
Model

ServiceService
OrientedOriented
ModelModel

Custom
Development
Model

Custom
Development
Model

Component-Based 
Development
Model

ComponentComponent--Based Based 
DevelopmentDevelopment
ModelModel

System
Test

SystemSystem
TestTest

Engineering: Web Services Engineering
Changing the Software Process & Delivery

Engineering: Web Services Engineering
Changing the Software Process & Delivery
From Coding to Component Composition to Dynamic 
Service Lookup & Use

Lookup and Composition (Use) at Run-Time

From Coding to Component Composition to Dynamic From Coding to Component Composition to Dynamic 
Service Lookup & UseService Lookup & Use

Lookup and Composition (Use) at RunLookup and Composition (Use) at Run--TimeTime

CodingCodingCodingReq.
Analysis

Req.Req.
AnalysisAnalysis

DesignDesignDesign Unit
Test
UnitUnit
TestTest Integ.

Test
IntegInteg..
TestTest

System
Test

SystemSystem
TestTest

Component
Composition
ComponentComponent
CompositionComposition

Component

Req.
Analysis

Req.Req.
AnalysisAnalysis

DesignDesignDesign Integ.
Test

IntegInteg..
TestTest

Lookup & UseLookup & UseLookup & UseV&VV&VV&V
Service

Req.
Analysis

Req.Req.
AnalysisAnalysis

DesignDesignDesign

Productivity & QualityProductivity & Quality

AgilityAgility

Delivery

Delivery

Delivery
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Engineering: Web Services Engineering
Changing Software Development/Deployment/Delivery

Engineering: Web Services Engineering
Changing Software Development/Deployment/Delivery

ProgramProgramProgram

Business
Application
BusinessBusiness

ApplicationApplicationBusiness Unit

Enterprise

Network
(B2B/
B2C)

Custom Development
(Build)

Package
(Buy)

Business 
Package

Business Business 
PackagePackage

Enterprise
Package (ERP)

EnterpriseEnterprise
Package (ERP)Package (ERP)

Web
Services

and
xSP[ASP

(Application 
Service

Provider)]

WebWeb
ServicesServices

andand
xSP[ASPxSP[ASP

(Application (Application 
ServiceService

Provider)]Provider)]

Service
(Lease/Rental)

Task

Enterprise
Relation (SCM)

EnterpriseEnterprise
Relation (SCM)Relation (SCM)

Enterprise
Application
EnterpriseEnterprise
ApplicationApplication
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Engineering: Web Services Engineering 
Many Ms for Many As

Engineering: Web Services Engineering 
Many Ms for Many As

Viewing the World with Many “M”s Possibly 
Inconsistent for Many “A”s

“M”s: Multiple Business Models, Multiple Stakeholders, Multiple 
Contexts, …
“A”s: Anybody, Anywhere, Anytime

Challenge: Creating (Dynamic) e-Business by 
Composing Web Services on the Web of (Global) 
Inconsistency, Incompleteness, … with Assuming 
No Single Unchanging System

Viewing the World with Many Viewing the World with Many ““MM””ss Possibly Possibly 
Inconsistent for Many Inconsistent for Many ““AA””ss

““MM””ss: Multiple Business Models, Multiple Stakeholders, Multiple : Multiple Business Models, Multiple Stakeholders, Multiple 
Contexts, Contexts, ……
““AA””ss: Anybody, Anywhere, Anytime: Anybody, Anywhere, Anytime

Challenge: Creating (Dynamic) eChallenge: Creating (Dynamic) e--Business by Business by 
Composing Web Services on the Web of (Global) Composing Web Services on the Web of (Global) 
Inconsistency, Incompleteness, Inconsistency, Incompleteness, …… with with Assuming Assuming 
No Single Unchanging SystemNo Single Unchanging System

Payment
Service

Payment
Service

a Business Spacea Business Space
a Businessa Business

SpaceSpace

AAA
XXX YYY

ZZZ

Search
Service
Search
Service Auction

Service
Auction
Service

WebWeb

Dynamic System Dynamic System 
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Engineering: Web Services Engineering
Business Process Modeling Languages

Engineering: Web Services Engineering
Business Process Modeling Languages

Issues in BPM (Business Process Modeling) 
Languages

Underlying Model: Workflow(?)
Encapsulation and Modularization
Collaboration/Choreography/Orchestration
Transaction: Long-Life
Exceptions
Timing
Security, Safety, and Trust

BPM Languages vs Programming/Scripting 
Languages  

Issues in BPM (Business Process Modeling) Issues in BPM (Business Process Modeling) 
LanguagesLanguages

Underlying Model: Workflow(?)Underlying Model: Workflow(?)
Encapsulation and ModularizationEncapsulation and Modularization
Collaboration/Choreography/OrchestrationCollaboration/Choreography/Orchestration
Transaction: LongTransaction: Long--LifeLife
ExceptionsExceptions
TimingTiming
Security, Safety, and TrustSecurity, Safety, and Trust

BPM Languages BPM Languages vsvs Programming/Scripting Programming/Scripting 
Languages  Languages  
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Conversational
Model

ConversationalConversational
ModelModel

Engineering: Web Services Engineering 
Underlying Models for BPM Language

Engineering: Web Services Engineering 
Underlying Models for BPM Language

Process Model and Conversational Model
Process Model: Workflow in a Organization for 
Control the Process Enaction

Ex: BPEL(4WS)[WSFL, XLANG], BPML
Conversational Model: Interaction Protocol 
among the Organizations for Dynamic B2B 
Integration

Ex: Ninja (       ) Gateway and Ninja Process 
Broker with cpXML (Conversation Policy XML)

Process Model and Conversational ModelProcess Model and Conversational Model
Process Model: Workflow in a Organization for Process Model: Workflow in a Organization for 
Control the Process Control the Process EnactionEnaction

Ex: BPEL(4WS)[WSFL, XLANG], BPMLEx: BPEL(4WS)[WSFL, XLANG], BPML
Conversational Model: Interaction Protocol Conversational Model: Interaction Protocol 
among the Organizations for Dynamic B2B among the Organizations for Dynamic B2B 
IntegrationIntegration

Ex: Ninja (       ) Gateway and Ninja Process Ex: Ninja (       ) Gateway and Ninja Process 
Broker with Broker with cpXMLcpXML (Conversation Policy XML)(Conversation Policy XML)

Process Model Process 
ModelProcess AProcess A Process BProcess B
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Sales (Public Process)Sales (Public Process)

Engineering: Web Services Engineering
Encapsulation and Modularization

Engineering: Web Services Engineering
Encapsulation and Modularization

2 Levels of Scope: Public and Private 
Public Process: Process across Processes
Support of Public/Private Process in BPM Languages

WSFL: Support of Public/Private Process
XLANG: Support of Public Process and Exceptions

2 Levels of Scope: Public and Private 2 Levels of Scope: Public and Private 
Public Process: Process across ProcessesPublic Process: Process across Processes
Support of Public/Private Process in BPM LanguagesSupport of Public/Private Process in BPM Languages

WSFL: Support of Public/Private ProcessWSFL: Support of Public/Private Process
XLANG: Support of Public Process and ExceptionsXLANG: Support of Public Process and Exceptions

BuyerBuyerBuyer SellerSellerSeller

Selling Process (Private Process)Selling Process (Private Process)Selling Process (Private Process)

Warehouse MgmtWarehouse MgmtWarehouse Mgmt AccountingAccountingAccounting

Warehouse Mgmt (Private Process)Warehouse Mgmt (Private Process)Warehouse Mgmt (Private Process)
AssignmentAssignmentAssignment ShippingShippingShipping

Order MgmtOrder MgmtOrder Mgmt
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Engineering: Web Services Engineering 
Broker is the Key Player

Engineering: Web Services Engineering 
Broker is the Key Player

2 Roles of Broker
(Dynamic) Design: Find and Composition

Find Qualified Web Services
Composition and Evaluation

Execution
Execution, Control of Scope, Protocol Binding

2 Roles of Broker
(Dynamic) Design: Find and Composition

Find Qualified Web Services
Composition and Evaluation

Execution
Execution, Control of Scope, Protocol Binding

DesignDesign

ExecutionExecution
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ManufacturingManufacturing

Engineering: Web Services Engineering
Dynamic e-Business by Collaborating Brokers
Engineering: Web Services Engineering

Dynamic e-Business by Collaborating Brokers
Structure of e-Business on the Web:

Dynamic Composition of Web Services
Value Network: Collaborate Web Services to 
Augment Business Value
Brokerage is the Pivot to Collaborative e-Businesses

e-Business by Collaborating Brokers [Broker Network]
Dynamics by Changing Collaboration Patterns

Structure of eStructure of e--Business on the Web:Business on the Web:
Dynamic Composition of Web ServicesDynamic Composition of Web Services
Value Network: Collaborate Web Services to Value Network: Collaborate Web Services to 
Augment Business ValueAugment Business Value
Brokerage Brokerage is the Pivot to Collaborative eis the Pivot to Collaborative e--BusinessesBusinesses

ee--Business by Business by Collaborating Brokers [Broker Network]Collaborating Brokers [Broker Network]
Dynamics by Changing Collaboration PatternsDynamics by Changing Collaboration Patterns

SalesSales

FinanceFinance

ManufacturingManufacturing

DistributionDistribution

GovernmentGovernment
ConsumerConsumer
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Engineering: Web Services Engineering
Business Models on Broker Architecture
Engineering: Web Services Engineering
Business Models on Broker Architecture

Common Broker Pattern of Multiple Business ModelsCommon Broker Pattern of Multiple Business ModelsCommon Broker Pattern of Multiple Business Models

(2)Cataloguing
BrokerBrokerBuyBuy

BuyBuy

BuyBuy

SellSell BrokerBrokerBuyBuy

BuyBuy

BuyBuy

SellSell

SellSell

SellSell

Forward Auction Reverse Auction Exchange
(Double Auction)

(3)Bidding

(4)Selection
(1)Join

BrokerBrokerBuyBuy

SellSell

SellSell

SellSell(1)Join

(2)Cataloguing
(3)Bidding

(4)Selection

(1)Join (1)Join

(2)Cataloguing(3)Bidding
(4)Selection

BrokerBrokerBuyBuy

Sell aSell a

(1)Join

(2)Cataloguing

(3)Selection

Forward Aggregator
[MRO Hub/Catalogue Hub]

Sell bSell b

Sell cSell c

Reverse Aggregator
[MRO Hub/Catalogue Hub]

BrokerBrokerBuyBuy

Sell aSell a

(1)Join
(2)Cataloguing

(3)Selection

Sell bSell b

Sell cSell cBuyBuy

BuyBuy

(1)Join (1)Join
Supply Chain

[SCM]

BrokerBrokerBuyBuy

Sell aSell a(3)Proposal
(2)RFP

Sell bSell b

Sell cSell c(4)Selection

All Rights Reserved, Copyright Mikio Aoyama, 200228

Engineering: Web Services Engineering 
Requirements to Dynamic Brokerage

Engineering: Web Services Engineering 
Requirements to Dynamic Brokerage

Brokerage is Essentially Dynamic and Complex
(Dynamic) Positioning 

Sell, Buy
(Dynamic) Change of Scope

Scope of Call-for-Bid: Open, Close, etc.
Negotiation

Dynamic Pricing, Changing Conditions
(Dynamic) Change of Business Protocols

One-to-One (for MRO), One-to-Many (for Auction), Many-to-
Many (for Double Auction/Exchange) 

Support of Non-Functional Properties
Performance, Reliability, Security and Trust
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Concept: Business/Trade is a Drama
Modeling with an Extension of Use Cases

Introduction of Role and Scene to Use Cases to 
Enabling Dynamic Collaboration across 
Business Scenarios

Brokerage could be a Role
A Scene Defines a Business Context and a 
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Service could be a High-Level Use Case
Mapping to Web Services Platform

Concept: Business/Trade is a DramaConcept: Business/Trade is a Drama
Modeling with an Extension of Use CasesModeling with an Extension of Use Cases

Introduction of Role and Scene to Use Cases to Introduction of Role and Scene to Use Cases to 
Enabling Dynamic Collaboration across Enabling Dynamic Collaboration across 
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Brokerage could be a RoleBrokerage could be a Role
A Scene Defines a Business Context and a A Scene Defines a Business Context and a 
ScopeScope

Service could be a HighService could be a High--Level Use CaseLevel Use Case
Mapping to Web Services PlatformMapping to Web Services Platform

Reference: M. Aoyama, A Business-Driven Web Service Creation Methodology, Proc. WebSE 2002 
(International Workshop on Web Services Engineering) in Proc. IEEE/IPSJ SAINT 2002 (2002 
Symposium on Applications and the Internet), Feb. 2002, Nara, pp. 225-228.
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to Web Services

Wrapping 

““22ndnd GenerationGeneration”” Web ServicesWeb Services
Variation of Underlying Computing ArchitecturesVariation of Underlying Computing Architectures

Peer Services and Service Grid: Symmetric Web Peer Services and Service Grid: Symmetric Web 
Services Services 
Mobile Web ServicesMobile Web Services

Overcome Vulnerability and Cost of Decentralization Overcome Vulnerability and Cost of Decentralization 
Security, Safety and TrustSecurity, Safety and Trust
Transaction Processing and PerformanceTransaction Processing and Performance

Migration of Legacy Applications and Components Migration of Legacy Applications and Components 
to Web Servicesto Web Services

Wrapping Wrapping 

All Rights Reserved, Copyright Mikio Aoyama, 200234

Research Challenges
Development Technology: WebSE

Research Challenges
Development Technology: WebSE

New Frontier in Software Engineering
Process and Methodology

New Process for Development and Delivery
SOD (Service-On-Demand)?
Mapping Real-World (Business) to Web 

Services
Design and V&V of Dynamic Behavior

Modeling Networked Enterprises/Businesses
BPM Language and Methodology
Visual Modeling Language    UML 2 ++ ?

New Frontier in Software EngineeringNew Frontier in Software Engineering
Process and MethodologyProcess and Methodology

New Process for Development and DeliveryNew Process for Development and Delivery
SOD (ServiceSOD (Service--OnOn--Demand)?Demand)?
Mapping RealMapping Real--World (Business) to Web World (Business) to Web 

ServicesServices
Design and V&V of Dynamic BehaviorDesign and V&V of Dynamic Behavior

Modeling Networked Enterprises/BusinessesModeling Networked Enterprises/Businesses
BPM Language and MethodologyBPM Language and Methodology
Visual Modeling Language    UML 2 ++ ?Visual Modeling Language    UML 2 ++ ?



Web Services Engineering:
Big Promises, and Big Challenges Too

September 27, 2002

18All Rights Reserved, Copyright Mikio Aoyama, 2002 

All Rights Reserved, Copyright Mikio Aoyama, 200235

Research Challenges
Development Technology: WebSE

Research Challenges
Development Technology: WebSE

New Frontier in Software Engineering
Architecture

Broker Architecture
Design for Non-Functional Requirements

SLA (Service Level Agreement) and SLM
AOSD (Aspect-Oriented Software Development) 
Security, Safety and Truth

Semantics: Ontology and Semantic Web 
(Business) Ontology, Domain Engineering

New Frontier in Software EngineeringNew Frontier in Software Engineering
ArchitectureArchitecture

Broker ArchitectureBroker Architecture
Design for NonDesign for Non--Functional RequirementsFunctional Requirements

SLA (Service Level Agreement) and SLMSLA (Service Level Agreement) and SLM
AOSD (AspectAOSD (Aspect--Oriented Software Development) Oriented Software Development) 
Security, Safety and TruthSecurity, Safety and Truth

Semantics: Ontology and Semantic Web Semantics: Ontology and Semantic Web 
(Business) Ontology, Domain Engineering(Business) Ontology, Domain Engineering

All Rights Reserved, Copyright Mikio Aoyama, 200236

Research Challenges
Business Technology
Research Challenges
Business Technology

Collaborative Enterprise
New Model of “Corporation”

Re-thinking of Workplace
Selection of Core Business 
and Business Outsourcing

Outsourcing Business as 
Web Services

Social Implication?
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Selection of Core Business Selection of Core Business 
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Reference: J. Hagel III and J. S. Brown, Your Next IT Strategy, Harvard Business Review, 
Oct. 2001. 
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Web Services for Design and Manufacturing
Focus on MSE (Medium and Small Enterprise)
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Need of Web Services Engineering
New Frontier of Software Engineering
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