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Engineering: Web Services Engineering

Example: Value-Added Service Broker

Research Challenges
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Example: ValueExample: Value--Added Service BrokerAdded Service Broker
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Vision: Software over the Web
Two Faces of Web

Vision: Software over the Web
Two Faces of Web

“Program = Algorithm + Data Structure”
Semantic Web Services 

To Bridge the Semantic Gap of Web Services

““Program = Algorithm + Data StructureProgram = Algorithm + Data Structure””
Semantic Web Services Semantic Web Services 

To Bridge the Semantic Gap of Web ServicesTo Bridge the Semantic Gap of Web Services

Web
Grid/P2P/Mobile

WebWeb
Grid/P2P/MobileGrid/P2P/Mobile

Information/DataInformation/Data
Semantic WebSemantic Web

ComputingComputing
Web Services/ Web Services/ 

SOCSOC Semantic 
Web

Services

Semantic Semantic 
WebWeb

ServicesServices

SOC: Service-Oriented Computing
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WebWeb

Vision: Software over the Web
Two Directions of Computing

Vision: Software over the Web
Two Directions of Computing

33rdrd Wave of IT Evolution?Wave of IT Evolution?
From PC(0.1B Unit/Year) to Ubiquitous Network (10B+ Unit/Year)
Dense Software Connected Everywhere: Diversity & Interactions

Shifting of User ExpectationsShifting of User Expectations
Computing is Commodity, Collaboration Creates ValueComputing is Commodity, Collaboration Creates Value

Network [Enterprise, Public Services]Network [Enterprise, Public Services]Network [Enterprise, Public Services]
Ubiquitous, Embedded, MobileUbiquitous, Embedded, MobileUbiquitous, Embedded, Mobile

PC Era(’80~’90)
[0.1B Unit/Year]

UbiquitousUbiquitous
Network EraNetwork Era

(2000~)(2000~)
[10B Unit/Year][10B Unit/Year]

Mainframe Era
(’60~’70)[10K Unit/Year]

Down Sizing
Down Sizing
Down Sizing

WebWebWeb
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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 Information Stock to Information Flow
From Enterprise to Networked EnterprisesFrom Enterprise to Networked Enterprises
From Information Stock to Information FlowFrom Information Stock 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 Mgmt
Business Unit
Ex: Sales, Warehouse Mgmt

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
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AirportAirport
OperationOperationReservationReservation

MgmtMgmt

Vision: Software over the Web
Collaboration Creates Synergy Effect

Vision: Software over the Web
Collaboration Creates Synergy Effect

Airline Computer Reservation System (CRS)
Collaboration is the Essential Requirements

Airline Computer Reservation System (CRS)Airline Computer Reservation System (CRS)
Collaboration is the Essential RequirementsCollaboration is the Essential Requirements

Other Airlines
(SABRE) PassengerPassenger

Yield Mgmt
Customer Mgmt

(FFP)
Sales

Accounting

Availability
Mgmt

Schedule/
Availability

Tour

Ticketing

Flight Info
Passenger Mgmt

Baggage
Mgmt

Reservation of Other Airlines

Hotel

Services 
Provided to
Travel Agency

Source: M. Aoyama, et al., Aviation and IT, Kyoritsu, 2001.

Reservation
Check-in
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B2C, P2PB2C, P2P
Direct ConnectionDirect Connection

Service Integration Service Integration 
(One Stop Service) (One Stop Service) 

[Buy, Maintenance, Finance][Buy, Maintenance, Finance]

B2B, B2M2BB2B, B2M2B
Business Process CollaborationBusiness Process Collaboration

New Business Model/MarketNew Business Model/Market
[SCM, e[SCM, e--Marketplace]Marketplace]

Vision: Software over the Web
Collaboration Maximizes End-to-End Value Added 

Vision: Software over the Web
Collaboration Maximizes End-to-End Value Added 

DistributionDistribution ManufacturingManufacturing

End-to-End e-Business ProcessEnd-to-End e-Business ProcessD
iverse

C
ustom

ers
D

iverse
C

ustom
ers

CRMCRM SCMSCMSCMSCM

Collaboration along with End-to-End Process
Cost Cutting: Optimization over the End-to-End Process
Value-Added: Better Customer Satisfaction: Aggregation, Agility

Different Aspects of Two Ends: User and Business 

Collaboration along with EndCollaboration along with End--toto--End ProcessEnd Process
Cost Cutting: Optimization over the EndCost Cutting: Optimization over the End--toto--End ProcessEnd Process
ValueValue--Added: Better Customer Satisfaction: Aggregation, AgilityAdded: Better Customer Satisfaction: Aggregation, Agility

Different Aspects of Two Ends: User and Business Different Aspects of Two Ends: User and Business 

SalesSalesGlobal MarketGlobal Market
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Vision: Software over the Web
Challenges of Networked Enterprise Software 

Vision: Software over the Web
Challenges of Networked Enterprise Software 

Evolution onto Open and Decentralized Network 
Web is Boundary-less, Center-less
Evolution is Dynamic, and (Locally) Autonomic

From System to System-of-Systems 
End-to-End within/across Different Organizations with 
Different Platforms and Architectures

Integration Nightmare of Spaghetti Systems
Interoperability/Collaboration  

Program Interface: OS, Languages, Middleware
Semantics of Data: Ontology (Vocabulary, 
Relationship), Data Structure, Languages, Encoding 

Evolution onto Open and Decentralized Network Evolution onto Open and Decentralized Network 
Web is BoundaryWeb is Boundary--less, Centerless, Center--lessless
Evolution is Dynamic, and (Locally) AutonomicEvolution is Dynamic, and (Locally) Autonomic

From System to SystemFrom System to System--ofof--Systems Systems 
EndEnd--toto--End within/across Different Organizations with End within/across Different Organizations with 
Different Platforms and ArchitecturesDifferent Platforms and Architectures

Integration Nightmare of Spaghetti SystemsIntegration Nightmare of Spaghetti Systems
Interoperability/Collaboration  Interoperability/Collaboration  

Program Interface: OS, Languages, MiddlewareProgram Interface: OS, Languages, Middleware
Semantics of Data: Ontology (Vocabulary, Semantics of Data: Ontology (Vocabulary, 
Relationship), Data Structure, Languages, Encoding Relationship), Data Structure, Languages, Encoding 
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Vision: Software over the Web
Emerging Ubiquitous/Embedded Systems: ITS

Vision: Software over the Web
Emerging Ubiquitous/Embedded Systems: ITS

“ITS Revolution”: ITS, Telematic, VRM 
Safety, Environment, Convenience, Entertainment

“Mobile” Collaboration of Automobile with
Ground System, Manufacturer, Service Providers

““ITS RevolutionITS Revolution””: ITS, : ITS, TelematicTelematic, VRM , VRM 
Safety, Environment, Convenience, EntertainmentSafety, Environment, Convenience, Entertainment

““MobileMobile”” Collaboration of Automobile withCollaboration of Automobile with
Ground System, Manufacturer, Service ProvidersGround System, Manufacturer, Service Providers

ITS: Intelligent Transport SystemITS: Intelligent Transport System
VRM: Vehicle Relationship Management VRM: Vehicle Relationship Management 

On-Board System
50+ CPUs & 120+ 

Sensors Connected
via LAN

OnOn--Board SystemBoard System
50+ CPUs & 120+ 50+ CPUs & 120+ 

Sensors ConnectedSensors Connected
via LANvia LAN

Services for Driving
Driving Assistance,

Navigation, Diagnostics, 
Entertainment

Services for DrivingServices for Driving
Driving Assistance,Driving Assistance,

Navigation, Diagnostics, Navigation, Diagnostics, 
EntertainmentEntertainment

Services at Rest Area
Area Guide 

(Restaurants, Parking)   

Services at Rest AreaServices at Rest Area
AreaArea Guide Guide 

(Restaurants, Parking)   (Restaurants, Parking)   

Services at Garage
CRM (Maintenance), 
Information (Recall)

Services at GarageServices at Garage
CRM (Maintenance), CRM (Maintenance), 
Information (Recall)Information (Recall)

Service 
Providers

Manufacturer Center

Ground System
Remote Sensors,
Monitor System

Ground SystemGround System
Remote Sensors,Remote Sensors,
Monitor SystemMonitor System

GPS
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Vision: Software over the Web
Software over the Web Forms an Society
Vision: Software over the Web

Software over the Web Forms an Society

Key to E-Business/Software Society: 
Collaboration of Software Systems across 
Organizational Boundaries
Human Society: Collaboration of People

Key to EKey to E--Business/Software Society: Business/Software Society: 
Collaboration of Software Systems across Collaboration of Software Systems across 
Organizational BoundariesOrganizational Boundaries
Human Society: Collaboration of PeopleHuman Society: Collaboration of People
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ScenarioScenarioScenario

Vision: Software over the Web

Technology: Evolution of Web Services

Engineering: Web Services Engineering

Example: Value-Added Service Broker

Research Challenges

Vision: Software over the WebVision: Software over the Web

Technology: Evolution of Web ServicesTechnology: Evolution of Web Services

Engineering: Web Services EngineeringEngineering: Web Services Engineering

Example: ValueExample: Value--Added Service BrokerAdded Service Broker

Research ChallengesResearch Challenges
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Technology: Evolution of Web Services
(My) Vision of Web Services

Technology: Evolution of Web Services
(My) Vision of Web Services

Business-Service-Computing Model
Platform Independence: Productivity, Interoperability
Business-Model Independence: Reuse, Evolution/Agile

BusinessBusiness--ServiceService--Computing ModelComputing Model
Platform Independence: Productivity, InteroperabilityPlatform Independence: Productivity, Interoperability
BusinessBusiness--Model Independence: Reuse, Evolution/AgileModel Independence: Reuse, Evolution/Agile

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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Technology: Evolution of Web Services
From Object/Component to Web Services
Technology: Evolution of Web Services

From Object/Component 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--

Technology: Evolution of Web Services
Merging to a Single Platform of Web Services
Technology: Evolution of Web Services
Merging to a Single Platform of Web Services
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Technology: Evolution of Web Services
Business/Social Rationale

Technology: Evolution of Web Services
Business/Social Rationale

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

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

Technology: Evolution of Web Services
Web Services Platform Reaching a Maturity

Technology: Evolution of Web Services
Web Services Platform Reaching a Maturity
Web Services Platform: 3 Major Technology Stacks

Description, Publish & Search, Binding & Execution
Current Issues: Business Process Orchestration 

Web Services Platform: Web Services Platform: 3 Major Technology Stacks3 Major Technology Stacks
DescriptionDescription, , Publish & SearchPublish & Search, , Binding & ExecutionBinding & Execution

Current Issues: Business Process Orchestration Current Issues: Business Process Orchestration 

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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Messaging SOAP v1.1 SOAP w/Attachment

WS-Secure Conversation WS-Federation WS-Authorization

XKMS XRML

Technology: Evolution of Web Services
Web Services Technology Stack

Technology: Evolution of Web Services
Web Services Technology Stack

UDDI

WS-Policy

WS-Security

WS-Inspection

WS-Routing

DIME

WS-Reliability

OASIS BTP

WS-Coordination WS-Transaction WSCI

Orchestration/
Choreography
Interactions
Registry

Security

Description

Inter-mediatory

Encapsulation 

Reliability

ebXML RR

XML Encryption XML Signature SAML

WS-Trust WS-Privacy

WSDL

WS-Referral WS-License

ebXML TRPBXXP

WS-AddressingWS-ReliableMessaging

WSCL ebXML BPSS

BPEL4WS

WSDMManagement WSMF
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Technology: Evolution of Web Services
Essentials of SOA

Technology: Evolution of Web Services
Essentials of SOA

SOA: Architecture for Dynamic Collaboration
Architecture: From Client/Server to 
Publish/Subscribe
Program/Service Discovery: From Design-Time to 
Run-Time based on Semantic/Contents
From Ownership to Usage

Dynamic Discovery/Binding of Components/ 
Services

Component-Based: Run-Time Binding
Ex: DLL (Dynamic Link Library) on Windows 

Service-Oriented: Dynamic Discovery and Binding 
of Services

SOA: Architecture for Dynamic CollaborationSOA: Architecture for Dynamic Collaboration
Architecture: From Client/Server to Architecture: From Client/Server to 
Publish/SubscribePublish/Subscribe
Program/Service Discovery: From DesignProgram/Service Discovery: From Design--Time to Time to 
RunRun--Time based on Semantic/ContentsTime based on Semantic/Contents
From Ownership to UsageFrom Ownership to Usage

Dynamic Discovery/Binding of Components/ Dynamic Discovery/Binding of Components/ 
ServicesServices

ComponentComponent--Based: RunBased: Run--Time BindingTime Binding
Ex: DLL (Dynamic Link Library) on Windows Ex: DLL (Dynamic Link Library) on Windows 

ServiceService--Oriented: Dynamic Oriented: Dynamic DiscoveryDiscovery and Binding and Binding 
of Servicesof Services
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BindBindBind

Technology: Evolution of Web Services
Implication of Publish/Subscribe Architecture
Technology: Evolution of Web Services
Implication of Publish/Subscribe Architecture
Publish-Find-Bind Pattern

Decoupling: No Direct  Interactions between Requester and 
Provider
Discovery at Run-Time (when Buying) rather than Design-
Time (Plan)

Analogy to Social Architecture

PublishPublish--FindFind--Bind PatternBind Pattern
Decoupling: No Direct  Interactions between Requester and Decoupling: No Direct  Interactions between Requester and 
ProviderProvider
Discovery at RunDiscovery at Run--Time (when Buying) rather than DesignTime (when Buying) rather than Design--
Time (Plan)Time (Plan)

Analogy to Social ArchitectureAnalogy to Social Architecture

PublishPublishPublishFind/DiscoveryFind/DiscoveryFind/Discovery
Service

Requester
Service
Provider

Service Registry
(UDDI)

ProducerProducerConsumerConsumer
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Technology: Evolution of Web Services
Web Services Ecosystem

Technology: Evolution of Web Services
Web Services Ecosystem

Web Services Form an Ecosystem
Diverse Services Emerging on the Web
Amazon, Google, Microsoft Office 2003 Research Service

Application = Binding Services for Business
Unlike Physical Ecosystems, Web Services are:

Almost Free from Physical Constraints: Diversity, Scope
Dynamic Changing at Real-Time

Web Services Form an EcosystemWeb Services Form an Ecosystem
Diverse Services Emerging on the WebDiverse Services Emerging on the Web
Amazon, Google, Microsoft Office 2003 Research ServiceAmazon, Google, Microsoft Office 2003 Research Service

Application = Binding Services for BusinessApplication = Binding Services for Business
Unlike Physical Ecosystems, Web Services are:Unlike Physical Ecosystems, Web Services are:

Almost Free from Physical Constraints: Diversity, ScopeAlmost Free from Physical Constraints: Diversity, Scope
Dynamic Changing at RealDynamic Changing at Real--TimeTime

Web Services EcosystemWeb Services Ecosystem

Requester 1
Provider A

Provider B
Provider C

Provider D
Provider E

Requester 2

Requester 3

Application
X

Application 
Y

Application
Z
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Technology: Evolution of Web Services
Broker Architecture on SOA

Technology: Evolution of Web Services
Broker Architecture on SOA

Broker/Intermediary Architecture 
Decoupling between Requester and Provider
Better Binding between Requester and Provider

Analogy to Human Society

Broker/Intermediary Architecture Broker/Intermediary Architecture 
Decoupling between Requester and ProviderDecoupling between Requester and Provider
Better Binding between Requester and ProviderBetter Binding between Requester and Provider

Analogy to Human SocietyAnalogy to Human Society

(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

Publish
(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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ScenarioScenarioScenario

Vision: Software over the Web

Technology: Status of Web Services

Engineering: Web Services Engineering

Example: Value-Added Service Broker

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

Example: ValueExample: Value--Added Service BrokerAdded Service Broker

Research ChallengesResearch Challenges
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Engineering: Web Services Engineering
User-Driven and Business-Driven

Engineering: Web Services Engineering
User-Driven and Business-Driven

Two Ends
User-Driven: Diverse Requirements, Context-
Awareness by Use Case/Scenario
Business-Driven: Business Goals and Quality by 
Business Modeling (e.g. EA: Enterprise Architecture)

Two EndsTwo Ends
UserUser--Driven: Diverse Requirements, ContextDriven: Diverse Requirements, Context--
AwarenessAwareness by Use Case/Scenarioby Use Case/Scenario
BusinessBusiness--Driven: Business Goals and Quality by Driven: Business Goals and Quality by 
Business Modeling (e.g. EA: Enterprise Architecture)Business Modeling (e.g. EA: Enterprise Architecture)

UserUser--DrivenDriven
(B2C, G2C)(B2C, G2C)

Diverse Requirements,Diverse Requirements,
ContextContext--AwarenessAwareness
Use Case/ScenarioUse Case/Scenario
Customer BehaviorCustomer Behavior

BusinessBusiness--DrivenDriven
(B2B, G2B, etc.)(B2B, G2B, etc.)
Business GoalsBusiness Goals

and Qualityand Quality
Business ModelsBusiness Models

ChoreographyChoreography

One UserOne User
[Profile, Behavior, etc.][Profile, Behavior, etc.]

Personal Profile, Customer Personal Profile, Customer 
PreferencePreference

Enterprise/Organization Enterprise/Organization 
[Business Profile, etc.][Business Profile, etc.]

Corporate Profile, Business Corporate Profile, Business 
Strategy/Rule/PolicyStrategy/Rule/Policy

BrokerBrokerBroker
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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
(On Demand) Design: Find and Composition

Find Qualified Web Services
Composition and Evaluation

(On Demand) Execution
Execution, Control of Scope, Protocol Binding

2 Roles of Broker
(On Demand) Design: Find and Composition

Find Qualified Web Services
Composition and Evaluation

(On Demand) Execution
Execution, Control of Scope, Protocol Binding

DesignDesign

ExecutionExecution
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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
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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

Brokerage is Brokerage is EssentiallyEssentially Dynamic and ComplexDynamic and Complex
(Dynamic) Positioning (Dynamic) Positioning 

Sell, BuySell, Buy
(Dynamic) Change of Scope(Dynamic) Change of Scope

Scope of CallScope of Call--forfor--Bid: Open, Close, etc.Bid: Open, Close, etc.
NegotiationNegotiation

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

OneOne--toto--One (for MRO), OneOne (for MRO), One--toto--Many (for Auction), ManyMany (for Auction), Many--toto--
Many (for Double Auction/Exchange) Many (for Double Auction/Exchange) 

Support of NonSupport of Non--Functional PropertiesFunctional Properties
Performance, Reliability, Security and TrustPerformance, Reliability, Security and Trust
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ManufacturingManufacturing

Engineering: Web Services Engineering
e-Business Value Chain by Collaborating Brokers

Engineering: Web Services Engineering
e-Business Value Chain by Collaborating Brokers

e-Business Value Chain on the Web
Dynamic Composition and Routing of Web Services
Value Network: Collaborate Web Services to 
Augment Business Value

Ex. Web Services Network: “Business Dial Tone”
e-Business by Collaborating Brokers [Broker Network]

Dynamics by Changing Collaboration Patterns
Need Navigation Method for Value

ee--Business Value Chain on the WebBusiness Value Chain on the Web
Dynamic Composition and Routing of Web ServicesDynamic Composition and Routing of Web Services
Value Network: Collaborate Web Services to Value Network: Collaborate Web Services to 
Augment Business ValueAugment Business Value

Ex. Web Services Network: Ex. Web Services Network: ““Business Dial ToneBusiness Dial Tone””
ee--Business by Business by Collaborating Brokers [Broker Network]Collaborating Brokers [Broker Network]

Dynamics by Changing Collaboration PatternsDynamics by Changing Collaboration Patterns
Need Navigation Method for ValueNeed Navigation Method for Value

SalesSales

FinanceFinance

ManufacturingManufacturing

DistributionDistribution

GovernmentGovernment
ConsumerConsumer
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Engineering: Web Services Engineering 
Drama(tic) Model for Collaborating Brokers

Engineering: Web Services Engineering 
Drama(tic) Model for Collaborating Brokers

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 Scope

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 Business Enabling Dynamic Collaboration across Business 
ScenariosScenarios

Brokerage could be a RoleBrokerage could be a Role
A Scene Defines a Business Context and a ScopeA Scene Defines a Business Context and a Scope

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, pp. 225-228.
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Engineering: Web Services Engineering 
Drama(tic) Model for Collaborating Brokers

Engineering: Web Services Engineering 
Drama(tic) Model for Collaborating Brokers

Actor: An Active Entity 
Role (Personality): Played by an Actor in a Scene
Service: Task Performed by an Actor with a Role 
Scene: Context of Plays of Actors
Scenario: A Sequence of Plays in a Scenario

Actor: An Active Entity Actor: An Active Entity 
Role (Personality): Played by an Actor in a SceneRole (Personality): Played by an Actor in a Scene
Service: Task Performed by an Actor with a Role Service: Task Performed by an Actor with a Role 
Scene: Context of Plays of ActorsScene: Context of Plays of Actors
Scenario: A Sequence of Plays in a ScenarioScenario: A Sequence of Plays in a Scenario

Actor cActor c

Actor aActor a Actor dActor d

CataloguingCataloguing
JoinJoin

Business Scenario S
Auction for
Domain A 

Business Scenario S
Auction for
Domain A 

(1)Join(1)Join

(3)Bidding(3)Bidding (2)Cataloguing(2)Cataloguing

Role(Buy)
Role(Sell)

Actor bActor bRole
(Broker)

(4)Selection(4)Selection
Role(Broker)

Role(Buy) Role(Sell)
Scene
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Engineering: Web Services Engineering
Drama(tic) Model for Collaborating Brokers

Engineering: Web Services Engineering
Drama(tic) Model for Collaborating Brokers
Scenario 1&2: Service Aggregation

Composing MRO with Spot Procurement for Varying Demands
Scenario 3: Reduction

SCM: Actor b plays both Buyer and Broker 

Scenario 1&2: Service AggregationScenario 1&2: Service Aggregation
Composing MRO with Spot Procurement for Varying DemandsComposing MRO with Spot Procurement for Varying Demands

Scenario 3: ReductionScenario 3: Reduction
SCM: Actor b plays both Buyer and Broker SCM: Actor b plays both Buyer and Broker 
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Business
Scenario 1
[MRO by

Aggregation
for Domain x]

Actor
a

Actor
a
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ScenarioScenarioScenario

Vision: Software over the Web

Technology: Status of Web Services

Engineering: Web Services Engineering

Example: Value-Added Service Broker

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

Example: ValueExample: Value--Added Service BrokerAdded Service Broker

Research ChallengesResearch Challenges
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Value-Added Service Broker
Binding Services by Value

Value-Added Service Broker
Binding Services by Value

Dynamic (Context-based) Composition by Value 
Spaces in Web Services Ecosystem

Local “Semantic” Space to Provide a Specific Value
Provide Service Attributes: QoS, SL (Service Level), etc

Composing the Services Based on the Value 

Dynamic (ContextDynamic (Context--based) Composition by Value based) Composition by Value 
Spaces in Web Services EcosystemSpaces in Web Services Ecosystem

Local Local ““SemanticSemantic”” Space to Provide a Specific ValueSpace to Provide a Specific Value
Provide Service Attributes: Provide Service Attributes: QoSQoS, SL (Service Level), etc, SL (Service Level), etc

Composing the Services Based on the Value Composing the Services Based on the Value 

Web Services EcosystemWeb Services Ecosystem

Value Space X
(Reliability)

Value Space Y
(Precision)

Broker X

Broker Y

Requester1
Provider A

Provider B
Provider C

Provider D
Provider E

A B
C

C
D

E

Requester 2

Requester 3

1
2

3

1
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Value-Added Service Broker
Prototype of Value-Added Service Broker

Value-Added Service Broker
Prototype of Value-Added Service Broker
Value-Added Service Composition by Brokerage

Service Composer: Navigation of Composition 
Patterns by Value

Meta-model: Simple Ontology of Value
Content-Based Service Routing with WS-Routing

Extending SOAP Message and Rerouting by Broker

Value-Added Service Composition by Brokerage
Service Composer: Navigation of Composition 
Patterns by Value

Meta-model: Simple Ontology of Value
Content-Based Service Routing with WS-Routing

Extending SOAP Message and Rerouting by Broker

Value Space BValue Space A
Service

Requester
Service 
Provider

Value-Added Service Broker

Provider
Provider

R
equester

R
equester

RoutingRouting

Service Composer 
with Navigator

Service Composer 
with Navigator

Reference: K. Nakamura, A. Tsuge, and M. Aoyama, Value-Based Dynamic Collaboration of 
Web Services, IPSJ SIGSE, Mar. 2004, pp. 123-130.

Value Repository
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Value-Added Service Broker
Example: Dynamic Dictionary System

Value-Added Service Broker
Example: Dynamic Dictionary System

Navigated Collaboration of 3 Dictionary Systems
ICD Service by @IT: Dictionary Specific to IT

Rich in IT Domain, but Narrow
NetDicV06 Service by Sanseido (Dictionary Publisher): 
Qualified General Dictionary by Japanese Publisher 

Highly Reliable, Very Wide but Shallow
SimpleWordBook: Developed by Students in our Laboratory 
Specific to Software Engineering 

Rich in Very Narrow Domain and Possible Incorrectness

Navigated Collaboration of 3 Dictionary SystemsNavigated Collaboration of 3 Dictionary Systems
ICD Service by @IT: Dictionary Specific to ITICD Service by @IT: Dictionary Specific to IT

Rich in IT Domain, but NarrowRich in IT Domain, but Narrow
NetDicV06 Service by NetDicV06 Service by SanseidoSanseido (Dictionary Publisher): (Dictionary Publisher): 
Qualified General Dictionary by Japanese Publisher Qualified General Dictionary by Japanese Publisher 

Highly Reliable, Very Wide but ShallowHighly Reliable, Very Wide but Shallow
SimpleWordBookSimpleWordBook: Developed by Students in our Laboratory : Developed by Students in our Laboratory 
Specific to Software Engineering Specific to Software Engineering 

Rich in Very Narrow Domain and Possible IncorrectnessRich in Very Narrow Domain and Possible Incorrectness

SimpleWordBook

ICD

NetDicV06

SimpleWordBook
Requester
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Value-Added Service Broker
Example: Dynamic Dictionary System

Value-Added Service Broker
Example: Dynamic Dictionary System

Increase the Value (Reliability) of Information
Enrich the Information by Multiple Dictionary
ICD Service and SimpleWordBook: Possible to Search 
Technical Terms: e.g. “Apple Computer”
ICD Service: Provide Rich Information: Company History 
NetDicV06 Service: “Apple” and its Associated Idioms

Increase the Value (Reliability) of InformationIncrease the Value (Reliability) of Information
Enrich the Information by Multiple Dictionary
ICD Service and SimpleWordBook: Possible to Search 
Technical Terms: e.g. “Apple Computer”
ICD Service: Provide Rich Information: Company History 
NetDicV06 Service: “Apple” and its Associated Idioms

ADB 
(Apple Desktop Bus)

apple,    
applecart,
applejack, etc.

ICD Service

NetDicV06 SimpleWordBook

Apple

Example: Search of Words Including “apple”Example: Search of Words Including “apple”

“apple”
is ais a fruit Apple is ais a

company 
“Apple Computer”
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Value-Added Service Broker
Example: Calculation System
Value-Added Service Broker
Example: Calculation System

Precision-Guaranteed Calculation System
Combining Different Computing Services

Ex. Specific Math Package
Guarantee the Precision across End-to-End 
Processing

Ex. Data Type Conversion: Integer and Double

PrecisionPrecision--Guaranteed Calculation SystemGuaranteed Calculation System
Combining Different Computing ServicesCombining Different Computing Services

Ex. Specific Math PackageEx. Specific Math Package
Guarantee the Precision across EndGuarantee the Precision across End--toto--End End 
ProcessingProcessing

Ex. Data Type Conversion: Integer and DoubleEx. Data Type Conversion: Integer and Double

BrokerCalcService
Requester

DoubleCalcService
Provider

Results with
Precision

Results with
Precision
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ScenarioScenarioScenario

Vision: Software over the Web

Technology: Status of Web Services

Engineering: Web Services Engineering

Example: Value-Added Service Broker

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

Example: ValueExample: Value--Added Service BrokerAdded Service Broker

Research ChallengesResearch Challenges
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Research Challenges 
Platform Technology
Research Challenges 
Platform Technology

“2nd Generation”: From Web Services to SOC
Extension of Platform Computing Architectures

Peer Services and Service Grid: Symmetric Web 
Services
Mobile Services

Overcome Vulnerability and Cost of Decentralization 
Security, Safety and Trust
(Long-Life) Transactions and Performance

Migration of Legacy Applications and Components 
to SOC

Wrapping 
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Extension of Platform Computing ArchitecturesExtension of Platform Computing Architectures

Peer Services and Service Grid: Symmetric Web Peer Services and Service Grid: Symmetric Web 
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Mobile ServicesMobile Services
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Security, Safety and TrustSecurity, Safety and Trust
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to SOCto SOC

Wrapping Wrapping 



All Rights Reserved, Copyright Mikio Aoyama, 200439

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
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Visual Modeling Language: UML 2 ++ ?Visual Modeling Language: UML 2 ++ ?
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Research Challenges
Development Technology: WebSE

Research Challenges
Development Technology: WebSE

New Frontier in Software Engineering
SOA

Broker Architecture
Design for Non-Functional Requirements

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

Better Integration of Semantics: Ontology and 
Semantic Web 

(Business) Ontology, Domain Engineering
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SLA (Service Level Agreement) and SLMSLA (Service Level Agreement) and SLM
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Security, Safety and TruthSecurity, Safety and Truth

Better Integration of Semantics: Ontology and Better Integration of Semantics: Ontology and 
Semantic Web Semantic Web 

(Business) Ontology, Domain Engineering(Business) Ontology, Domain Engineering
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SummarySummary

Web = New Computing Model
Creating a New Layer of “Computing”=Service/SOC
Collaboration is the Key

Web Services Technology
Rapid Advancement of Platform Technology
Business Orchestration is the Issue

Need of Web Services Engineering
Engineering on SOA and Broker Architecture

Semantic Web Services
Integration of SOC/SOA and Semantic Web

Web = New Computing ModelWeb = New Computing Model
Creating a New Layer of Creating a New Layer of ““ComputingComputing””=Service/SOC=Service/SOC
Collaboration is the KeyCollaboration is the Key

Web Services TechnologyWeb Services Technology
Rapid Advancement of Platform TechnologyRapid Advancement of Platform Technology
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Need of Web Services EngineeringNeed of Web Services Engineering
Engineering on SOA and Broker ArchitectureEngineering on SOA and Broker Architecture

Semantic Web ServicesSemantic Web Services
Integration of SOC/SOA and Semantic WebIntegration of SOC/SOA and Semantic Web
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Sense of Beauty in Design
Diversity and 

Balance/Collaboration
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Balance/Collaboration
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