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Vision: Software over the Web

Two Faces of\Web

&
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¢ To Bridge the Semantic Gap of Web Services
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Vision: Software over the Web

Two Directions_of.Computing

< 3'd 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 Expectations

J Corﬁputlng is Commodity, Collaboration Creates Valug™
/ . \Network [Enterprlse Public Serwces]
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Vision: Software over the Web
Evolution of Information Systems
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Vision: Software over the Web
Collaboration Creates Synergy Effect

&
¢ Collaboration is the Essential Requirements

Other Airlines |\ Lyt 't Terie | 2
Hotel 1! Tour | _ — A~ . Passenger
(SABRE) |1 J22 v, 1 ~y J A
________________ u o . r
{R_es_elv_at_io_n_of_gtlle_r Airlines | R TCheck—in ][ Flight Info J.\
f'SEﬁeaalg/‘[F_Qe_sgrya_tigrl _____ =\ [Passenger Mgmt]
| Availability * i Ticketing,™
------ ! LAvailability " " - Airport L Bﬁ/lgga?e}
\Reservatlon Mgmtk \_Operation 9 ) )
\‘
r 1 Services Yield Mgmt
‘2 Provided to {Customer Mgmg‘ﬁ LA\CCSOal!J%Sting}
Travel Agency (FFP) Mgmt

Source: M. Aoyama, et al., Aviation and IT, Kyoritsu, 2001.
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Vision: Software over the Web
Collaboration Maximizes End-to-End Value Added

&

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

p thcé P2P ) B2B, B2M2B
' Irec Iot””ect'_on #Business Process Collaboration
Sryice integrelilgy #New Business Model/Market

(One Stop Service) _
[Buy, Maintenance, Finance] [SCM, e-Marketplace]
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Vision: Software over the Web
Challenges of Networked Enterprise Software

=

¢ Web is Boundary-less, Center-less
¢ Evolution is Dynamic, and (Locally) Autonomic

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

&

¢ Safety, Environment, Convenience, Entertainment

&
¢ Ground System, Manufacturer, Service Providers Service
EServices at Garage , B Providers
CRM (Maintenance), | g e
Information
Services at Rest Ares

Area Guide
Restaurants, Parklng

~ Services for Drivi 5
Driving Assistance,
Navigation, Diagnostics,
\ Entertainment

Ground Svstem
Remote Sensors,
Monitor System
n-Board System\
50+ CPUs & 120+
Sensors Connected

via LAN .
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Vision: Software over the Web

Software over the WWeb _Forms-an Society

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

= Human Society: Collaboration of People
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Technology: Evolution of Web Services
(My) Vision of Web_Services

¢ Platform Independence: Productivity, Interoperability
¢ Business-Model Independence: Reuse, Evolution/Agile
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Technology: Evolution of Web Services
From Object/Componentto-Web Services

' Service=Encapsulation of Components |

" "Service Provision | 7 —_ >/ Application R
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__Provider) /- ~ | (BrokerJ \E22E2f 1 EAIl )
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Technology: Evolution of Web Services

Merging to a Single Platform-of-Web Services
i 1St Generation: & éh'd"é'éﬁé}'éfu'aﬁ"'g5"é'f'd'ééﬁé}'é'fu'6}i"'§ Eé’t’u'é'r'{"é
: (Stand Alone) (Cllent/Server) (Internet) (Web Services)
st PR ] B -
Cliene i : |
1 vBx | [ocx | [Activex] [Actuvex e Service]
i [OLE1.0 |[ OLE2.0 Ji[ ActiveX i1 WindowsDNA |i NET

COM |[i| COM| DCOM |[:ii| COM+ : ¢ | Framework

E Windows = Wi HEYY P
SJerver WindowsNT4.0 Windows2000 "YML-Based )

CORBALO(1)] i[CORBA2:0(96) | ii | “Shman’ |i: \f}gﬁf'

i lIoP i | Component |
4 5\ Model = : UDD', Y,
Network - : e-speak

JavaBeans | | EJB(Enterprise [———
JavaBeans) \?ml
Framework :
(ex San Francisco) |:
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Technology: Evolution of Web Services
Business/Socjal_Rationale

&

J IBM, Microsoft, Sun, Oracle, ...
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Technology: Evolution of Web Services
Web Services Platform-Reaching a Maturity

&

¢ Description, Publish & Search, Binding & Execution

&
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Technology: Evolution of Web Services
Web Services Technology Stack

Orchestration/
Choreography
Interactions

Registry

Security

Management
Description
Inter-mediatory

Encapsulation

Reliability
Mfla?ssaging
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WSCL ebXML BPSS OASIS BTP
BPEL4AWS |/ WS-Coordination || WS-Transaction WSCI
UDDI ebXML RR
XKMS || XRML [ XML Encryption || XML Signature || SAML
WS-Secure Conversation|| WS-Federation | WS-Authorization
WS-Policy WS-Trust WS-Privacy
WS-Security
WSDM WSMF
WS-Inspection WSDL
WS-Routing WS-Referral WS-License
DIME BXXP ebXML TRP
WS-Reliability || WS-ReliableMessaging WS-Addressing
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Technology: Evolution of Web Services

Essentlals.0f-SOA

&

¢ Architecture: From Client/Server to
Publish/Subscribe

¢ Program/Service Discovery: From Design-Time to
Run-Time based on Semantic/Contents

¢ From Ownership to Usage
&

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

¢ Service-Oriented: Dynamic Discovery and Binding
of Services
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Technology: Evolution of Web Services
Implication of Publish/Subscribe Architecture

&

¢ Decoupling: No Direct Interactions between Requester and
Provider

¢ Discovery at Run-Time (when Buying) rather than Design-
Time (Plan)
&

Producer
Consumer

sﬂ_ wceigizail | §5%§@
Flnd/Dlscovery Service Registry Publish
Service (UDDI) Serwce
Requester Bind Prowder
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Technology: Evolution of Web Serviceé
Web Services Ecosystem

¢ Diverse Services Emerging ontheWeb  # =
¢ Amazon, Google, Microsoft Office 2003 h
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Technology: Evolution of Web Services
Broker Architestite-0n-SOA

&

¢ Decoupling between Requester and Provider
¢ Better Binding between Requester and Provider

& [ Implementation of }

Services (Components)

UDDI Server Publish ( Interface }

UDDI Registry ry : Description
(a)Find ‘ - J j \RGQISUY{ with WSDL
(b)Get (2)Find| | (3)Get M.“vRouting Deployment

Servicel: Service Provider
(1)Request | 2="V1E=l (4)Request (5)Invoke(*)
o : Broker | " Web :\?D’/
Service |[(8)Response (7/)Response|Server |(6)Reply | =
Requestel for o
Requester (c)Request 1soap ‘(d)lnvoke’ﬁ
(f)Response BRI ~—
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Engineering: Web Services Engineering
User-Driven and Business-Driven

¢ User-Driven: Diverse Requirements, Context-
Awareness by Use Case/Scenario

¢ Business-Driven: Business Goals and Quality by
Business Modeling (e.g. EA: Enterprise Architecture)

One User Enterprise/Organization
[Profile, Behavior, etc.] [Business Profile, etc.]
er C

Personal Profile, Custom orporate Profile, Business
Preference Strateqy/RuIe/Pollcv

&2 User-Driven Business-Driven
(B2C, G2C) (B2B, G2B, etc.)

Diverse Requirements Business Goals

| Context-Awareness and Quality
q- Use Case/Scenario Business Models
= Customer Behavior Choreography

All Rights Reserved, Copyright Mikio Aoyama, 2004



Engineering: Web Services Engineering

Broker is the Key Player

=

¢ (On Demand) Design: Find and Composition
% Find Qualified Web Services
% Composition and Evaluation
¢ (On Demand) Execution
% Execution, Control of Scope, Protocol Binding

(=2 (3
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Engineering: Web Services Engineering
Business Models on Broker Architecture

(3)Bidding (2)Cataloguing

(3)Bidding (3)Bidding (Sell) (Buy)._(4)Selection,{Sel)

(2)Cataloguing (2)Cataloguing

erokeif—(Sel) (Buy

(4)Selection (4)Selection

(1)Join (INoin (1)Join (1)Join

Forward Auction Reverse Auction Exchange

(Double Auction)
(3)Selection
(2)Cataloguing @ @

- W
— .

- - - -

(4)Selection

(3)Selection

NySeiic)

(1)Join (1)Join (1)Join GHelr
Forward Aggregator Reverse Aggregator Supply Chain
[MRO Hub/Catalogue Hub] [MRO Hub/Catalogue Hub] [SCM]
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Engineering: Web Services Engineering
Requirements to Dynamic Brokerage

¢ (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)

&

¢ Performance, Reliability, Security and Trust
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Engineering: Web Services Engineering
e-Business Value Chain by Collaborating Brokers

&

¢ Dynamic Composition and Routing of Web Services

¢ Value Network: Collaborate Web Services to
Augment Business Value
% Ex. Web Services Network: “Business Dial Tone”

& Collaborating Brokers [Broker Network]
¢ Dynamics by Changing Collaboration Patterns

¢ Need Navigation Method for Value
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Engineering: Web Services Engineering
Drama(tic) Model for Collaborating Brokers

&

v

¢ 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

&

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.
28 All Rights Reserved, Copyright Mikio Aoyama, 2004



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

< 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

Role(Buy) Role(Sell)
Scene Join ]
Role \‘U Cataloguing]
(Broker) _ Role(Broker)
[ (4)Selection ]

| . .
: Business Scenario S |Role(Sel|
(1)Join .] Auction for )

(B)Blddlrﬁl Domain A L('Z)Cataloguing

Role(Buy)

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

&

¢ Composing MRO with Spot Procurement for Varying Demands

¢ SCM: Actor b plays both Buyer and Broker

Scene t
Business Scenario 2
[Spot Procurement

by Auction for
Domain X]

Scene s

Business
Scenario 1
[MRO by _
Aggregation Business

Wit
. Scenario 3
] for Domain x]7 @ [SCM for
\ Domain y]

30 All Rights Reserved, Copyright Mikio Aoyama, 2004

Scene u




Scenario
B ———

Vision: Software over the Web
Technology: Status of Web Services
Engineering: Web Services Engineering
Example: Value-Added Service Broker

Research Challenges

All Rights Reserved, Copyright Mikio Aoyama, 2004



Value-Added Service Broker
Binding Services by Value

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

¢ Composing the Services Based on the Value

Provider A }
Provider B }

Provider C }
Provider D J
Provider E }

Value Space X
(Reliability)

SR

’

| Requester BJ\, (Precision)

Web Services Ecosystem
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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

alue-Added Service Broker | Value Space B
/Value Space A| Yalu¢ £ ef P

Service = ’Rou“”g «é? Service
Requester 2 |[Service Composer = Provider
» & ||  with Navigator || £ >
’ = % 3 | L
N "\ mRepositoﬁ - )

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



Value-Added Service Broker
Example: Dypamiclictionary System

¢ 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

=

SimpleWordBook

All Rights Reserved, Copyright Mikio Aoyama, 2004

SimpleWordBook
Requester

34



Value-Added Service Broker
Example: Dynamic.Dictlionary System

¢ 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

Example: Search of Words Including “apple”

“apple” £ AD‘& CD Service

is a fruit (Apple Dqsktobxlgus) Apple is a
TE = company

\apIAQIe “Apple Computer”

applecart,- - v /
- applejack, etc.
NetDicV06 ~ZPP'c] SimpleWordBook
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Value-Added Service Broker
Example: 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

. Result_s _wit_h 4 Result_s _wit_h _J
y . Precision Precision

CallcService Broker DoubleCalcService
Requester Provider
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Research Challenges
Platform Technology

&

¢ 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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Research Challenge ST
Development Technology:

e

¢ Process and Methodology
% New Process for Development and Delivery
&SO0D (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 ++ ?
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Research Challenge
Development Technology:

e

¢ 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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Summary

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

&

¢ Rapid Advancement of Platform Technology
¢ Business Orchestration is the Issue

¢ Engineering on SOA and Broker Architecture

&

¢ Integration of SOC/SOA and Semantic Web
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Thank You

Questions ?




