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Web services: Towards “programmable” web

 Web services: A software application identified by a URI, whose interfaces and

bindings are capable of being defined, described, and discovered as XML
artifacts

e A Web service supports direct interactions with other software agents using XML-
based messages exchanged via Internet-based protocols (W3C)

*  Web based
* Big thrust from major IT vendors
* Interoperability supported by international standards

Application
or
Web services

Application




SOA, SOC, SODA, & SOBA, ...

Everything is abstracted as a service!

Service: A procedure, method, or
object with a stable, published
interface that can be invoked by

clients
Service
Registry
MUl A gAH MUl A S5
UDDI, WSD UDDI, WSDL
Service ~ Service
Requeste; " Provider
NHlA S &

SOAP, WSDL




Applications of web services
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http://www.sabre-holdings.com/index.html
http://www.amazon.com/exec/obidos/subst/home/redirect.html/ref=nh_gateway/104-7666409-2334335
http://www.daum.net/
http://www.msnbc.msn.com/
http://www.nasdaq.com/
http://www.lge.co.kr/
http://www.samsunglife.com/index.html
http://developer.ebay.com/DevProgram/index.asp
http://terraservice.net/default.aspx
http://www.webservicelist.com/
http://www.webservicex.net/ws/default.aspx
http://searchwebservices.techtarget.com/home/0,289692,sid26,00.html
http://www.xmethods.net/ve2/index.po;jsessionid=UnKMagjm-NNuKlgMdh6dfPU-(QhxieSRM)
http://developer.yahoo.net/
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YAHOO! DEVELOPER NETWORK

Yahoo! Developer Network Home - Welcome!

¥ Home

Flickr™
Share phofos with pour

friends

Maps
Creade rick embedded

mag apolications and

overlays

Music
Cusiomize ihe Yahoo!

Music Ergime

RSS Feeds
Infegrafe Yakoo! confenf
Wil your sife or 3po

Search
Integrate Web, image,
rews search and more

Search Marketing
Automate adverfising

camaaign managentent

Shopping

Search for products and

orices

Traffic
Gef real-fime fraffic data

far your locafion

Travel
Add fight search fo your
Web sife

Upcoming.org

Comrunify-diiven, global

evenf calendar

Innovate. ’

You bring the skills. We bring the ingredients.

YWelcome to the Yahoo! Developer Network We help
software developers integrate their Web sites and applications
with Yahoo! using standard technologies such as XML and
RSS. Click on a link at left to learn more about our products
and how we can help you.

New! Announcing Killer Yahoo! Maps Beta APls

The new Yahoo! Maps Beta is incredibly cool, not the least
because of all of the APIs it exposes to developers, With the
new Y ahoo! bMaps APIs you gain powerful new ways to display
your geographical content in yaour way and in your space. Mow
you can embed Yahoo! Maps within your own web site or
application. Build mashups like store locators, plan outings
and events, or create custormn routes - whatever you can dream
of. You build it, you host it and bring 2 new level of interactivity
to your site.

Posted: Movember 3, 2005

Newd Local Search APl Returns Latitude-Longitude
and User Reviews

Version 2 of the Local Search AP now makes it easy to
connect your application with the wealth of data in Yahoo!
Local. Mow the Local Search AP retumns longitude-latitude with
every search result for sasy plotting on a map. You can query
to see what is around you and find how the establishment
measures up with ratings from Yahoo users, giving added
context to your applications!

Posted: Movember 3, 2005

New! Upcoming.org APls - Connect with Others
Around Events

‘Yahool's announced its acguisition of Upcorning.arg, & very cool
shared event calendar. On Upcoming. org's web site you can
explore the events occurring in your area, see which of your

friande ara attanding and sinn i tn attand waorealf

L
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Google Web APls (beta)

GOUS[E

Home Develop Your Own Applications Using Google

About Gangle

Featured Applications With the Google Web APls service, software developers can query billions of web pages directly from
L their own computer programs. Google uses the SOAP and WEDL standards =0 a developer can program
Maps Application Galle Goagle Web APls in his or her favarite enwiranment - such as Java, Perl, or Visual Studio .MET.
Check out coal apps huilt Download
with the Yahoo! Maps AP Craate Account To start writing programs using Google Web APls:
Getting Help
AP Terms Download the developer's kit
Widget Gallery . i
Widget Galle FAQs 1 The Google Web APls developer's kit provides documentation and example code for using the
Download more cool and Reference Google Web APls senvice. The download includes Java and .MET pragramming examples and a

Belease Motes WSEDL file for writing programs on any platform that supports web senices.

heautiful Widgets for the
‘ahool Widgets runtime
Gongle Desktop API

Write handy plug-ins for
Google Desktop Search.

Create a Google Account
To access the Google Wb APIs service, you must create a Google Account and obtain a license
key. Your Gongle Account and license key entitle you to 1,000 autormated queries per day

Hickr Application Gallery
See the web applications
and tools built using the
Flickr API3

Program Ideas

Auto-monitor the web for new
Gongle AdWords API information on a subject
Manage your accourts,
build new tools, pull

reports, and mare.

Write your program using your license key
Your program must include your license key with sach query you submit to the Google Web APls
service. Check out our Getting Help page or read the FAQS far mare infarmation.

Glean market research insights and
trends over time

‘fahoo! Music Engine
Plugin Gallery

Enhance your Yahoa!
Music Engine and Yahaool

Irwert 3 catchy online garme
Google Web APls are a free beta service and are available for non-commercial use only. Please see our Create a novel Ul for searching
terms of service. Add Google's spell-checking to an

application

Music Unlimited Q .

experience with these fun ‘ J E2005 Google - Home - About Google - We're Hiring - Site hap

pluging and sking Jon huns f 3 il 32 ey 5
amazoncom ol | Maks Honsy | Pruduct Cagories *Your Account | Cart | Wish List | Help | 1§

Search Application Frogran | Marketplace | Assodates | Advantage | o WED o Paid | Op”u'g’l;mgd

Gallery ~

See the wealth of great search [ Amazon.com =] | (A

applications built using the
‘fahoo! Search APls

amazon

\ Alexa Web Information Service
webservices™

The alexa web Information Service offers developers a platform for creating innovative applications based on

(e AT ATEELD Alexa's wvast repository of information about the Web,

Web Services
AWS Home

vuhy Use &WS7
What's Mew in AWS?

Service Highlights

s Gather information about Web sites including traffic data, contact info, related links and more,
Peforenns Aomlinatinns . A:cess an ¥ML-based search index based on alexa’s Web crawl and incorporate search results into your
sIte or service.
W « Build a Web directory into your site or service using an Alexa enhanced DMOZ-based browse service.
e Usze the Alexa WehMap to gather links-in and links-out information about all pages on the Weh and invent
wholly new search engine algorithms,
Browse Web Services

plexa web Information | REsSOUrces
Service

Amazon E-Commerce e Code Samplas
[ o WEN

IS more popular!

Erowse Al wep services

o additional requests are $0.00015 per request (0,15 for 1,000 requests) *




Some “real” web services

e Google: http://www.google.com/apis/
e Amazon:

e http://www.amazon.com/gp/browse.html/104-1656612-
42255197?%5Fencoding=UTF8&node=3435361

e http://pages.alexa.com/prod_serv/WebInfoService.html
* eBay: http://developer.ebay.com/DevProgram/preview.asp
e OpenDBLP: htip://opendblp.psu.edu/

e Swoogle:
http://swoogle.umbc.edu/modules.php?name=News&file=article&si
d=13&mode=&order=0&thold=0

e Xignite: hitp://www.xignite.com/
* TerraServer: http://terraservice.net/webservices.aspx

ChRISETEL, DNTERRICTILONE LN 7



http://www.google.com/apis/
http://www.amazon.com/gp/browse.html/104-1656612-4225519?%5Fencoding=UTF8&node=3435361
http://www.amazon.com/gp/browse.html/104-1656612-4225519?%5Fencoding=UTF8&node=3435361
http://www.amazon.com/gp/browse.html/104-1656612-4225519?%5Fencoding=UTF8&node=3435361
http://www.amazon.com/gp/browse.html/104-1656612-4225519?%5Fencoding=UTF8&node=3435361
http://www.amazon.com/gp/browse.html/104-1656612-4225519?%5Fencoding=UTF8&node=3435361
http://pages.alexa.com/prod_serv/WebInfoService.html
http://developer.ebay.com/DevProgram/preview.asp
http://opendblp.psu.edu/
http://swoogle.umbc.edu/modules.php?name=News&file=article&sid=13&mode=&order=0&thold=0
http://swoogle.umbc.edu/modules.php?name=News&file=article&sid=13&mode=&order=0&thold=0
http://www.xignite.com/
http://terraservice.net/webservices.aspx

Web services directories

e \Web Service List: http://wwww.webservicelist.com/
e Remote Methods: http://www.remotemethods.com/
e WebserviceX.NET: hitp://www.webservicex.net/\WS/default.aspx

e SearchWebServices.com:

http://searchwebservices.techtarget.com/bestWebl inks/0,289521 ,s1d26 tax
292848,00.html

e Binding Point: http://www.bindingpoint.com/
e X Methods: hitp://www.xmethods.com/
e SalCentral: http://www.salcentral.com/Search.aspx

e (Google directory:
http://directory.qoogle.com/Top/Computers/Programming/Internet/\Web S
ervices/

X METHODS Salcentral

web services brokerage

LLELTHL INTERALCT.LOND LAB 8



http://www.webservicelist.com/
http://www.remotemethods.com/
http://www.webservicex.net/WS/default.aspx
http://searchwebservices.techtarget.com/bestWebLinks/0,289521,sid26_tax292848,00.html
http://searchwebservices.techtarget.com/bestWebLinks/0,289521,sid26_tax292848,00.html
http://www.bindingpoint.com/
http://www.xmethods.com/
http://www.salcentral.com/Search.aspx
http://directory.google.com/Top/Computers/Programming/Internet/Web_Services/
http://directory.google.com/Top/Computers/Programming/Internet/Web_Services/
http://www.xmethods.net/ve2/index.po;jsessionid=UnKMagjm-NNuKlgMdh6dfPU-(QhxieSRM)

Lessons learned from past: CONFIRM

e An ambitious software development
Initiative that sought to integrate

- - . Effy Oz
airline reservations, car rentals, and When
. . . Professional
hotel reservations, along with their standards

respective decision support mechanisms M Keai i

Into a single system ™ Failure and its § Al smnason:

Corporation, Marriof
Lessons Corpor':::m. and Budgell e

* The project development firm: AMRIS k v A =

(AMR Information Services, Inc., a s . S

which was supposed to be a lead-

subsidiary of AA) . s

Intrico, was especially established

e The project lasted 3.5 years, spending - Tt

$125 million and producing an unusable - T

announced an 18-month delay. The

system (CACM, 37(10), 1994) vy . e

total of $125 million had been
invested, the project was canceled.
In a letter to employees, Max

Hopper, American Airlines
Information Services chief, wrote:
“Some people who have been part
of CONFIRM management did
not disclose the true status of the
project in a timely manner. This

o has created more difficult prob-

£ lems—of both business ethics and

i finance—than would have existed

%  if those people had come forward

£ with accurate information.




In search of killer applications of web services...
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Amazon Web Services
(ZX: ETRI PEC, 2005)
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The Fly Tier's Benchside
Reference

@ By Ted Leeson , Jim Schollmeyer
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OLLMEVER

List Price: $100,00
Our Price: $70.00
Used price: $65,99
Availability:

1zl chine within 24 hoore

El

e}ﬁ Get services on Office Marketplace

5, Research options...

REC TRK EXT OVR English U.5) LOX

11

MS Woroi
Can support
AWS Features




:ﬁﬁ PoweriotioEation!
lapPoint mapping and location intelligence
- solutions have the Iatest mapping technology built-in.

\r? \(.,, 4. bt

MapPoint

Solutions Devices

[ [\ |
SOAP/HTTP
Requests

Friend Finder

Cartographic
Data User Preferences

»My maps

»My routes

Extranet; Reports

Points of
Interest

>My neighborhoods
>My data
>My location

Location Features
»>Maps
»Driving Directions

»Find Address/Place
»Proximity Search
»Batch Geocoding

19UJa]U|

Database >Address Cleansing
»Account Info
»Preferences

Demographics & r ; ;

Other Data ;gzgtf;gr;"sglon Service Features
>Logos fPrwa.cy Managem’t
>Icons »Caching

> Publish/Subscribe

»Synchronization

l
W; »Subscriptions

Traffic Flow &
Incidents

S

-
Road
Construction
-NET Alerts & Real-Time Location
My Services

LLELTHL INTERALCT.LOND LAB 12
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http://www.microsoft.com/mappoint/locpower/default.mspx

2007 B =2 & MHIA A& (Gartner, 2004)

Dollars in

Billions $316 billion O Revgnue for Web-
services-enabled
$250-

software and
professional services will
grow from $61 billion
(2003) to $316 bhillion
(0.7 probability).

m 41 percent of enterprise
software purchased in
2007 will be Web-
services-enabled (0.8
probability).

m Services CAGR will be

Web-Services- IT Professional more than 61 percent in

Enabled Services for
Software Web-Services the next four years (0.8

Products Projects probability).

200

ol
e
i

100 -
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SOA0 CHet 8 &

e By 2007, SOA will be the mainstream  Gartner predicts that 75% of
software engineering practice, ending the companies with more than $100

40-year domination of monolithic million in annual revenue will use

architecture (0.7 probability; Gartner, 2003)\\/eb service by the middle of 2003,
* No later than year-end 2006, 90 % of and that the technology will reach

application development staffs in the mainstream users by 2004

Global 2000 will be developing secure, Web services market will be $21
marketable services for external use (0.8 billi :
- illion by 2007 and will peak at $27
probability; Gartner, 2003) billion in 2010 (IDC 2005)
» Web services vendors with greater than 80% of US enterpr,iSeS will have

$10 million annual revenue will add non- A £ \Web : ot
WS products or collapse by year-end 2006 SOME type O WED SErvICes projec

(0.7 probability; Gartner, 2003) under way by 2008 (IDC, 2003)

Web Service Description Availability
Type '01_"02 "03 04 05 06 07
Used to integrate

internal
applications

Trusted external| ¢4 to link
i with trusted
parfies external parties

Internal
applications

Use to source
Open market services on the
open market

14




Web services platform vendors

(Gartner, 2005)

Ability to
Execute

aeees 10 0 im B 1 Ie0} BER N Bsmforiull 0 0B ROR RS B Eslisk
EuFEERUEREEE B 8 AGNN WANS B 8 YSNS MG RSN B SANGNFE SESP VN A 8ES

Challengers

Leaders

BEA Systems *

=11
Microsoft

Oracle

*Tihco Software = oap

Fujitsu |

Software AG

* Sun Microsystems

Movell
Frogress software/

= Sonic Software

webhlethods
meeBeyond

As of July 2005

Hiche Players

Vizionaries

— Completeness of Vision e

15




g MU|AL HE s
(Gartner, 2004)

What Functions or Activities Are Common
to Many Web Services Projects? Which Apply to This Project?

% of
Respondents
100%-

80 -

60 -

40 -

20 -

0 ' '
Integration Security Personal- Web Integration Order Payment None
w/Internal ization Content w/External Fulfill- and of the
Apps. and Mgmt. Partners ment Billing Above
Processes Apps. and

Processes

" LLELTHL INTERALCT.LOND LAB 16 Gartn r




3 J|l= 2 &35 0|1+

Web
Services

Basic Standards Semantic Web
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Web services standards stack from W3C

S0AP Extensions
Rellability, Correfation, Transactions ...

sS0AP

LLLERTHL DNTERACTIOND LA 18




Another stack from W3C

T © Mobile | T b | T Semantic N Privacy.
Applications services WWeb security
XHTHL XHTHML Basic Voice XML SOAP OWWL P3P
SVG CDF Mabile SVG SRGS MTOM SKOS APPEL
SMIL SMIL Mobile S5ML WSDL GRDDL XML 5ig
XForms X Forms Basic CCXML W5-CDL RDFa XML Enc
s X5 C35 Mabile EMMA WYE-A POWVVDER XKM5
WICD MWl BP L

Web Accessibility / Internationalization / Device Independence | Mobile Access | Quality Assurance
I P \

A . I"-.. ,-'r b _.-"l ."-. .-"r I"--.._

, Namespaces, Schemas, XQuery XPath, X3LT, DOM, XML Base, XPointer, RDFIXML, SPARQL
XML Infosee, RDF(5) Graph

Web Architectural Principles

LRIIRL HTTP

LERENTHL, ENTERACTIONS LMD 19




CBDi

Secunty

Secunty Policy

Secure Conversation

Trusted Message

Federated Identity

Portal and Presentation WSRP

Asynchronous Services ASAP
Transaction WS-Transactions, WS-Coordination, WS-CAF
Orchestration BPELAWS, WS-Choreography

Events and Notification WS-Eventing, WS-Notification

Routing/Addressing WS- Addressing

Reliable Messaaing WS-RelableMessaging, WS-Reliabikty

Message Packaging SOAP, MTOM

Publication and Discovery UDDI, WSIL ‘Metadata
Policy WS-Policy, WS-PolicyAssertions

Base Service and Message Descripion  WSDL

iR ODLENTEL LNTERACTIONS LAB 20




OASIS’s e-Business stack

Transaction Instance

Transaction Patterns Vertical

>Industr Area
Specialized Content Specialized Processes y

Generalized Content Generalized Processes J

Content Definition Language Process Description Language
Registry / Directory

Repository XML and Web

} Services Area

A111no2asg
Juswabeuep

Presentation Description

S991AI8S Jo Aend

Service Description Language

O
(@)
)
—
o
=
3
Q
)
(@)
(¢
Q
>
o
=1
—
D
=
o
©
D
=
Q
S
E
<

XML Syntax

Network
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KH|lA & OASIS TCs

=
TT

Rl

Jl=?&3 015

2 AfHIA 2R

—

TWS: Translation Web Services TC

UDDI; UDDI Specification TC

WSBPEL; Web Services Business Process Execution Language
TC

BTP; Business Transaction Protocol TC

WSDM; Web Services Distributed Management TC

WSIA; Web Services Interactive Application TC

WSRM; Web Services Reliable Messaging TC

WSRP:; Web Services for Remote Portlet TC

WSS; Web Services Security TC

ebXML

22

Business-Centric Methodology TC

ebXML CPPATC

ebXML Implementation TC

ebXML Messaging TC

ebXML Registry TC

Universal Business Language TC

LE 22




Evolution of WS-related standards at W3C
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Evolution of WS-related standards at OASIS
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A state diagram for standards
(Gartner, 2003)

slow
process
Underpowered
Subset
+JSR-168?
NO mar_lﬁet .gTHMI'I:I'P *XML-RPC
orilla oS .
Standard \g ,EEEXX_NG
big player De facto «Jabber

moves early “Standard”

pragmatic
enhancement

stars
in
alignment

+COM

pr?blerlrll
not we :
understood aggi Captive

Standard

Overly . JCP/JSR

s -~ Complex .
Abstract
*BPEL? *SSL
«ebXML «CSS
reduce
0S| & refine «HTTP 1.1
*SOAP 1.2
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=
(Gartner, 2004)

Visibility
A

Advanced

WS TX)

Packaged
Integrating
Processes

Middleware
ESB@

o

Web Services
(BPEL, WSS,

MEIAL] &N SE Z0F

Key: Time to Plateau

(O Opportunistic SODA Opportunities
(12 to 18 months)

O sStrategic SODA Opportunities

(18 to 36 months)

Supportive Technology
(Foundational)

Transf.
and

Routing Adapters EDI
A
@/A‘A CORBA

RosettaNet &% |ntegration Broker Suites

ebXML " Programmatic

Integ. Servers
Bus. Rule Engines

Basic Web

Ontology-Based Services
< Agents Transformation (WSDL, SOAP,
ubDI) As of August 2003
Technology Peak of Trough of Slope of Plateau of
Trigger Inflated Disillusionment Enlightenment Productivity
Expectations Time
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2 AMBlA HE2 281 SOBA

(Gartner, 2004)

Future: Events

Increasing
Complexity

Future: Choreography

Complex Future: Web services management

Business
Process Utility

BPEL: Orchestrating business processes

WS-Security/transactions: for mix of uses

WS-RM: Collab. commerce needs reliable messaging

UDDI: Web services directory can source SOBA components

WSDL: Formal interface description reduces integration effort

LSOAP: Core messaging, unification of XML data, SOBA must have this

2003 2004 2005 2006 2007 2008 2009
Incorporation Prevalent in SOBA and SOA
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artner, 2004)

Within the Enterprise  Trusted Partners Wide Domain

>

i

Reliable and Secure Messaging

Number of High-Value Scenarios

1998

Simple RPC-style interaction (SOAP requests)

2002 2004 2006 2008
Adoption of Web Services Protocols




(Gartner, 2004)
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Business process fusion aims for transformational change in
business capabilities by coherent IT support for dynamic, time-
sensitive, end-to-end business processes

1998: Rigid Business Response
but Simpl :
Pu mPe Enterprise
roprietary, .
Monolithic Centric
Application Suites & Business Advantage
Modules . )
Reactive Enterprise
2003: Flexible h  Business Response
but Complex Loosely Coupled
Net-Enabled, Value Chain
\?\ﬁ 2’;};‘23 Business Advantage
Application Value Chain Visibility

Proactive I:nfprpricp

2008: Fusion &

Consolidation
SOA- and BPM-

enabled,
Business
Process Fusion

Tradina arid
~ J

Business Response

Process-Driven
Value Network

Business Advantage
Agility, Adaptability
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web services

406.424 Internet applications
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Standard & Component based architecture
New service-oriented architecture

S— Data Data
Common middleware components

Old “silo” architecture

Data Data
Middleware Middleware Middleware Middleware
Hardware Hardware Hardware Hardware Hardware
(£ X: Forrester Research) w ORACLE %
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http://www.sap.com/index.epx
http://www.oracle.com/index.html
http://www.ibm.com/us/

M

(@] =
2 3 NHHIAEE Z0ES] 0
CRM E-Commerce ERP E-Procurement Supply Chain
Management
Challenge Coordination | Security BPR BPR Culture
No. 1 among
departments
Challenge Integration Integration Inter- Implementation Coordination
No. 2 enterprise among partners,
integration suppliers,
customers
Challenge BPR BPR Continuous | High cost Coordination
No. 3 improvement among business
units
Goals (large | Drive revenue | More revenue, |Operational | Cost savings Improve
enterprise) | growth more efficiency production costs;
customers, advanced
better loyalty fulfillment
Goals Improve Better Operational | Cost savings, Enable
(midsize productivity, customer efficiency shorten collaborative
enterprise) | Single view of [ loyalty transaction time | production
customer
Goals Improve sales | More revenue, | Operational | Costsavings Improve
(small productivity More efficiency logistics/
enterprise) customers production/

Yellow = Web services target
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(Source: S5, 2004)
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High-value scenarios in Web services
(Gartner, 2003)

Proprietary | HIGH VALUE Hybrid HIGH VALUE
Algorithms
Loan Risk Fedex/UPS
Assessment Package Tracking

_ Simple Code| commopiTy|  Proprietary HIGH VALUE
Complexity | Simple Data [ VALUE Data

Credit Card Validation
Stock Quote Social Security Benefits
Weather Order Status
News Headlines On- Hand Inventory

Data Volume
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Web vs. Web Services

 Increased visibility of web via web services
e Business mind + Technical mind

Bl DIELTAL INTERACTIONS LAB 40
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Increased visibility of web via web services: e.g., product search
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And then comes the ubiquitous computing...

* The grand objective: enhance computer use by making many
computers available throughout the physical environment, but
making them effectively invisible to the user (Weiser, CACM, 1993)

e Pushing computational services out of conventional desktop

Interfaces into environments characterized by transparent forms of
Interactivity

e Recently has been accelerated by improved wireless
telecommunication capabilities, open networks, continued increases
In computing power, improved battery technology, and the
emergence of flexible software architectures
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Ubiquitous computing2 &

Embeddedness

Computer-

embedded

objects and
devices

Pervasive / | Ubiquitous

Embedded Computing

Computing

Traditional Mobile /

Business Wearable

Computing | Computing
Mobility

5A: Any time, Any
where, Any device, Any
service, Any network
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Characteristics of ubiguitous environments

* In the near future, an enormous number of RFID tags, sensors,
and other heterogeneous small devices will be embedded in the
real world

Events are provided, or often triggered, based on physical conditions -
> Real-time processing of large amount of data

Services need to know the real-world status and users situations ->
Context awareness

Services are provided when a user is not expecting them -> Intrusive or
Invisible. Attention focus

Devices will constitute a global, open, dynamic networking
infrastructure -> The devices need to be coordinated for better
Interactions
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(-
Market/Year 2005 2008 2010 ""””“;'ag"‘mh
International
(100 M$) 2,525 4.664 7,025 22.7%
Domestic
(Trillion Won) 13.7 30.0 51.4 30.3%
_ International Market (100 M$) Domestic Market (Trillion Won)
Field/Year
2005 2010 2005 (4.5%) 2010 (6%)
MNetwork 875 2,867 4.7 21
EC 608 2,016 3.3 15
Service 517 1,242 2.8 8.9
Terminal 458 650 2.5 4.7
Platform 6f 250 0.36 1.8
Total 2,525 7,025 13.7 51.4
(source : KETI)
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Mobile services
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Transactions in ubiguitous environment

Data Processing Internet Real Time
(Still Happening)

e
8 >,
Ny s \1/
6 J o101 e
/ \ T30

*Weeks *Days *Minutes

*Batch *Request/Reply *Automated
Megabytes *Terabytes *Exabytes
*Punch Cards *Human *Event Driven
*Few People *Many People *Beyond People
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RFID Middleware Challenges

(Source: Oracle, 2004)

Analyze

Analyze the data and events in real-time to provide
business intelligence and business activity
monitorjE]g for continuous process improvement.

Manage i Acc

Manage the explosion of data and " Access the
events in a scalable, reliable and % ™
secure single source of truth. %S
anywhere by
all the
appropriate
people,

Capture

Capture appropriate, filtered
information from a variety of
different readers and sensors.

Respond to events and information
automatically and allow for people to
manage by exception.
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Oracle’s sensor-based services

ACCESS
Information Access/
Visibility

Collaborative Workplace
Responsive Enterprise

e ———

Portal

-—— o ——— - = e = e e = e e e e e e e e e e e e e e e e e =

PR I e e
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RESPOND B i

! ANALYZE !

E I%} Business Processes |

i SBS-Enabled Applications :

. - Agents 1

e Ny -~ - - - - Business Process |
/ pplications Monitoring r'

- = e = e e = e e e e e e e e e e e e e e e e e =

e e e e e e e e e e T

S MANAGE |

Grid Infrastructure

Event Storage and Distribution

e - —

e e - ——

)
. . ! . .
Event Sources Application Server h Database Application Server
1
Sensors, RFID, Data Collection, ,' 1 Scalable Data Archive, Security, Integration,
\ System Events Cleansing, Dispatch L ‘\ Aggregation, Dissemination Development Tools ’
S ~ s N e
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SUIFAE A AHHlA (u-Services)

e Ubiquitous computing
MES0l &, 8N, RFIDEH] S &l HLI &S 2EZMN 278
SE) EA SBES 208

- O 1= I o

e Ubiguitous networks
SOlABHA BRE s =
Fd, 202 HEHD, R4 s= Sl 22
e Ubiquitous services
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SHIRAEA & HHIA (UWS)

FHETUERZD BE0AMAT
HASE HAH /&S /018
| MEIA Jl=

00 2

30 oA
00 02 & 40 2 > 1 00 =
e > ¢

[ ]
e ol

o =
2>
~

>

Mo
E

|

E

>

HI

et

e

Q

=

-

Q
M
ol

*(BCN)OI JHg*cg AP D]t

A
s 45/t 5, &
= 2t

]
0
[[

ol
00

W

o2 rx
el
>

A ST om

O
2
x
!
0>
o
[ile
HU
iy
00
£
=
o
K

$0 L1

Serwces

e Ubiquitous availability of services: Any time, Any 5 Sevices ﬂ

S Services

where, Any devices, Any networks, Any services S ’S—— @
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Service Discovery
Provider Services
: publish ~

<ee——)

Interoperability
Device embedding
Performance

Service provision
Service consumption
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u-Services: a big picture
(EX: ETRI PEC, 2005)

505000 /Productive
*’.}ﬁ:ﬂ#«‘ Service Networks
Deployment

Service
Composition &
Differentiate
Internet Services
(New Business
Model)

VAN ZAR S = NA
2@ @ e

_ACore Component
OOOOOOOOOOOOOOOOOO -Technology

& Other Technology
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NETCONF

WG in IETF

e Chartered to produce a
protocol suitable for network
configuration

draft-ietf-netconf-soap-03 (Sep,
2004): Using the Network
Configuration Protocol
(NETCONF) Over the Simple
Object Access Protocol (SOAP)
Implementing NETCONF

protocol as a SOAP-based
web service

G-©-H¥AH| OV
NETCONF WG

WETCONF (for network configuration) is an [ETF Working Group fhartered to produce a protocol for network configuration. These pages are intended to provide a
user-fiiendly entry point to the past, cutrent, and future activities of the group

| »

I Z2:(0) [] htio:/www.ops. et ora/netconty

News

November 11, 2004: NETCONF at IETF 61

The NETCONF WG will meet at the 61st IETF meeting in Washington, DC. Take alook at the agenda.

October 31-November 28, 2004: WG Last Call on Documents

The Working Group documents have entered a four-week Working Group Last Call ending on November 28, 2004
older items

Documents

Working Group Drafts

Note: The authoritative source for pointers to W& documents is the official TETF WNETCONE page. Flease check there when in doubt that the st here is up to date
In addition, Henrik Levkowetz kindly provides an automatically updated overview page with status information on the WG's drafts

WETCONFE Configuration Protocel
R. Enns, October 2004 (work in progress)

Using the NETCONE Configuration Protocel ewer Secure Shell (55H
M Wasserman, T. Goddard, October 2004 (work in progress)

Using the Network Configuration Protocol (NETCONF) Over the Simple Object Access Protocol (SOAF)
T. Goddard, September 2004 (work in progress)

TUsing the NETCONF Protocol over Blocks Extensible Exch
E. Lear, K. Crozer, October 2004 (work in progress)

EEP'

e Protocol

Individual Submissions

Requirements for Efficient and Automated Configuration I
M. Boucadair, et al., July 2004 {work in progress)
MetConf Data Model
5. Adwankar, Tuly 2004 {work in progress)
Framework for Netconf Data Models
3. Chisholm, Tuly 2004 (work in progress)
Metconf Architecture Model
E. Atarashi, et al., July 2004 (weork in progress)

Mailing List

General Discussion: netconfBops. iecf.org

To Subscribe: netconf-requestiiops.ietf.org
in message body. subscribe

Archive: heep://ops. iecf.org/ lists/neccont,

Links

s nercont charter page on the [ETF Web site

& netcong mailing list archive

o Operations & Management (OPS) Area home page

o Steven Waldbusser's Issues List for working group documents

o Sharon Chisholm's netconfinode] mailing list on data modeling issues (archive
Software

o« YENCA, aNetconf agent for Linuz implemented in C, available under GPL on SourceForge

60
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OMA’s Mobile Web Services WG

e To provide consistent, standard, -
federated access to service , ' —
enablers that exist within or |
connected to the wireless network ——
and devices B

e 20043 2HIE NMBIA S 8ts e g W g i
718t OWSER (OMA Web Service [ v | H | Hoemmaeon
Enablen S & & — | L

o & XH general analysis, network —
identity2| WS S& S0l 2ol A —

Critical success factor:

XEAH == Interoperability Messaging |G — Dond
TH S through open standards | (MMS) 7 .

; Object
/| downloading | 23

Content
browsing
(XHTML)

Business
Applications | |®

Voice & Services
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UPNP 2.0 (http://www.upnp.org/)

Conol Pl Presentation: HTML
Control Point

(Remote Control)

5 Presentation

Native Device :
(UPNP VCR) A ~a|  Lightweight Device
(LonWorks Thermostat)
- HTML Ul
(UPrP Al Clock) LA viet
Browser

Non-UPnP Device
(X~10 Light)
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Parlay group: Parlay X web services

o E AIOt

A& X
H E

AP KL A B A
S0 RIRHEY S2
3 otF 20
S8z SHANHIAS

A 2|otd), & ot)| ? et &l
MElA DB H &
* |ntended to stimulate the
development of next generation
network applications by IT
developers who are not
necessarily experts in

telecommunications
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The PARLAY Group

About Technical Library  News & Events

Join the Parlay Operator Interest Group

Join this free educational forum, designed specifically for
network operators. You don't have to be a Parlay Group
member to participate.

Learn mare and view recent presentations.

Join  Members Area

Free Parlay Newslett

Contact Us

Receive our newsletter covering our progress, specs, and
news. We'll also send you invitations to Open Meetings
There's no charge, so sign up today!

Wiew Archives

Welcome to the Parlay Group

The Parlay Group is an open multi-vendor consortium formed to develop open technology-independent
application programming interfaces (APIs) enabling: technology, Intemet and eBusiness companies,
independent software vendors (ISWs), software developers, network device vendars and providers, senice
bureaus, application service providers (ASPs), application suppliers, and large and small enterprises to
develop applications and technology solutions that operate across multiple networking platform
environments. New to Parlay/OSA? Check out our two-page Parlay/0SA Overview and white paper
Parlay/05A. A New Way to Create Wireless Services.

NEXT PARLAY MEETING

November 1-4, 2004
Barcelona, Spain

Meeting Details and Registration

Breaking News

it .
%’,}E} Learn more about Parlay at the following events:

MOBILE

‘infralech

NI
ur@Gom
004

GommunicAsiaZ00a

Wiewn ions from past © and

Bctober, 25 tg 2a™
Florianpolis - Brazil

%?V:ﬁ& Coming Soon - Parlay White Paper Library! - An entire series of informative Parlay/OSA
‘White Papers. Check back in November, or join our mailing list to receive notification when the
papers have heen published. Topics covered in this initial white paper series will include

Business Value of Parlay
Beginner's Guide to Parlay
Parlay and Web Senvices
Parlay and IN Evalution

Parlay Members Include

lew complete member list

Independent

0SA/Parlay Education
Center

0SAParlay
PlaygroundiF OKUS

Wisit today to find
OSARarlay

_ Gateways
- Gateway simulators
- Semice creation
toolkits

- Demo applications
-And mare!

Leam about FOKUS'
onsite tutarials

Analyst Reports

Dont take our word for it
- see what the analysts
are saying

NEW! Moriana Group
Report: Service
Delivery Platforms
and Telecom Web
Services — an
Industry-wide
Perspective

Wisit the tMariana Group
wehsite to download this
FREE report and view
other Parlay Group
reports

Horthstream
0SA/Parlay Status
Report: Executive

Summary




Microsoft’s invisible computing

e A software platform for low cost cowen e -

G ]iﬂm [&] hitp //research, micrasot, com/invisibledefault asp 8 us | o -
Microsoft
E =) Documentation  Reference HowTo  FAQ  Search
- - =
LHome Microsaft Invisible Computing =
@Dncumenla(mn
Brefersnce XML Web Services on a Chip
%“”W To This site has the source code and documentation for Micrasoft Invisible Computing, It is 3 research prototype for making small devices part
Source

of the seamless computing world, This site contains the source code and is available free of charge for research and educational use under
the Microsoft Shared Source License

- =
Microsoft Invisible Computing consists of compact far a web services and a small
based Real-Time Operating System with TCP/IP networking to make middleware run straight on the metal on several embedded pracessors.

The goal is to make it sasy ta build custom smart devices and consumer slsctranics, especially battery opsrated; and ta suppart research in
invisible computing, operating systems, networking, ubiquitous eomputing, sensor nets, distributed systems, object-oriented desian, and
wireless communication,

- Slides from Microsoft Faculty Surnmit 2004 can be found here, & MSR tech report can be found here and & SIGOPS paper hers,
XM L Web Services o

The system currently runs on several processors: Arm7, Armé, 336, h&, mips, Trimedia, eCogl, Arm boards that are supported include
eb63 and ebS5 from Atmel, CerfBoard from Intrinsye, and AEB (Arm Evaluation Board) fram ARM.

The system can be run an Windows XP® under several modes of emulation and simulation. This allows rapid development under Visual
Studio

-
I I b I d I t f This distribution has been tested on the £h63 board and simulators running under Windows
eXI e eve Opl I Iel l Or Support

Sorry, there is no suppart available at this time. The source code is distributed "as is"

= New versions will be added periodically, and the web site will be improved over time. Please check back an this site
IIIU tlp e p at OI l“S What is on the site?

The site includes all the source code we are currently able to distribute, Compilers and tools are notincluded, but usually come with
development boards or can be purchased separately. The buildable source is located here

Check out the download instructions st doc/howto/install.htrn. Alsa note the menu on the left. The documentation, reference manual, other
clp pages, and source code can be browsed.

Interoperation with small and big S
computers

ecurity and privacy

Terms of Use  Privacy Statement End User License

offojzdo| F-Eoll 7

eal-Time & Energy aware = o
= A I:I'-

oW parts cost (targeted for <= «x| 2 QL] ?”
5 computer) '
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WS Dynamic Discovery

o FMNUEIAKAKAEZIEIO ERe HEIA S A
e MSOIl M WS-Discovery A2 Ji 2 =
 WS-Discovery

* Hello, Bye, Probe, Probe Match(PM), Resolve, Resolve Match(RM) =
6H2 BIAIAl SEH AlS

_Hello/Bye

Probe
ProbeMatch

H lq/Wabe/ProbeMatch
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Device Profile for Web Services

e defines a minimal set of implementation constraints to enable secure
Web service messaging, discovery, description, and eventing on

resource-constrained endpoints

CLIENT 1

CLIENT n

MESSAGESs include discovery,
description, control, and
eventing.

66

DEVICE 1
(Hosting SERVICE)

y|.| HOSTED
J4 | SERVICEs
|
|

DEVICE m
(Hosting SERVICE)

w-[.| HOSTED
J4 | SERVICEs
|
|




Example
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Message Flow, A.K.A., Talk Agenda

Device Hosted \
T Service

(B

Probe
Probe Matech
Get Metadata

Metadata

Get Metadata
Metadata
Start Print Job

Started

Subscribed

Print Document
Printing

Job Status

y

>
|

Covere@l in Part 2




XML Processor

XML Content Processor ( Tarari )
Content Processing Platform

Parallel Very high
Processing Speed
engines memory
Content Processing Platform (CPP)
Stordge for high Functional Block Diagram

volume data

Content ZBT SSRAM 1 MB

Proceszing 266 MBJs
Engline 18-bit

11:1:;:3:5 (CPE) ZBT SSRAM 1 MB
Content
Processing CPE Io CPE Bus
Controller B4.bit
(CPC)
- ZBT SSRAM 1 MB
CPE Bus Processing mi'af':ﬂm
Nlicbe Engine
(CPE) ZET SSRAM 1 MB
SI8 MBis
B-bit b _
Dynamic Dynamic

Reconfiguration control  PCI Bus programmability
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Web Services for Ubiquitous Devices

1s called “1PC”
Developed by Samsung and Thinkware
Goal

* How can a device be connected to the internet in a simple, fast and
standard way ?

e All in the box
W -,
USB Host MAC IEEE 802.3
2 ports } [ Controller ) ROM 512KB

SRAM 8 KB :

\, # : [ UPnP ) :

1 [ SOAP ) ;

Pom ;

E ARMZTDMI DMA B [ o J :

| 3 :

- - [ HTTP ] :

i = T ;

PLL & Clock -1 ‘

Tree Manag. GPI/O 2x32 bit ! :

.. @@ _ _ '

Timer & TimCapt MNetwork ‘

3-DES :

S oo-ooococoooorcooocooOoOoo oo ocooCo oo J
( Y[ 4 -ch I\ 4
Interface A/D Cony up to 921,6 Kb/s || Controller || Controller
L AN L &
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Web Services on a Single Chip

* Internet Connectivity

After Networking
Location \mumy

: ém undam\

e

Mum information .
to the manufacturer um»um
Mobile machine \i‘:’ Y
e.g. bus w TGP se rs‘ﬂ
. . . et IT - Infrastructure / =
PY 4 9 L
1PC Apphcatlons % Cornrnunication ®
\ e.g.  GPRS, WLAN — —y
b
TCAAP = / yomP
Using iPC + GPRS module \ vy
TCHAIP - 3

TCRYIP ‘

Using iPC + GPRS module

Fixed machine
e.g vending machine
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ZigBee

e Developers of large sensor networks face investing
dozens of man-years into developing common The Wireless Market
foundational software services that are unrelated to the
application they seek to build

e Developers can tap Web service "brokers" to provide
the network discovery, extraction, commissioning,
configuration, management, security, event/rule logit
and data management functions for large, diverse
ZigBee systems

e Tendril Networks has developed service brokers that Low < Actvol Throughput > High
work with Ember's ZigBee-based wireless nodes

802.15.3/WIMEDIA

Short < Range > Llong

Service Broker Layers for ZigBee Networks

EmberZNet Adapter
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RFID middleware

EPC Network
0l =% 0{(Savant)

Microsoft 0| S O
(2005E £ Al &)

ETRI AtSAE

» Ht2E& 2ld

AT GIOIE] | % AlZ ZE(EPC) »AlYDC 0|FFE | waAl” DS 0B
X212 |+ +=8RFD2IM * +S/SSHRFD2IH |+ +S/5S8 RFID 20

Al
L

% EPCglobal &

>
FEl
b

% EPC, 2 At

%+ GIOIEF ZEY, 27,
=

S HAZ 22(AAHN=E)

» GIOIEN ZEIS), +8, 29
S EHAT 2R(AHEY)

Legacy
ANAE S&

o 2 MH|A

o 2AHIA

& T2 M| A X+ =35HBPEL)

> BABIA(U=ALE S8
2 ebXML(2| P Al A B S8

M AHlIA

< EPC J|Bt ONS ¢S
% IPV4 o=

+UDDI, Active Directory

*

L)

L)

- MDS &1S(ZE| 2E X 2)
- IPVA/IPV6 & S

00

MXEN D % EPC IS < MS SQL Server “* EPC IS =& (dl Al GIOI &
MR "B o SNEN EA 01 v ZobEl A, 01 J'Pal)

Ol Ol Et
e &+A S JAVAESH S SMSEER S < JAVA =5, Open Source




Grid computing: The server side

e Ubicomp-RG (at GGF):
focus on using Grid technologies both as a means to interconnect existing and emerging
ubiquitous computing environments and as a core underlying technology for developing
and deploying new ubiquitous computing systems

e (OGSI and WS-RF

Cyvber—

Jacket
Device | Grid
Proxy = Service
Cyberjacket S
Device— , y Grid
ECG | SpO2 Specific IE‘(O;E:: " Service
Sensor| Sensor|| pyotocol (ECG)

~—-
*e %"“S"}' , Grid
GPS Sm();% 1Service
Sensor (ll_)|
L B N /
B | | Grid

Fé%’.g’) "Service
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W3C’s Ubiquitous Web WG

seeks to broaden the capabilities of browsers to enable new kinds of web applications,
particularly those involving coordination with other devices

Some examples include connecting a camera phone to a nearby printer, using a cell phone
to give a business presentation with a wireless projector, and viewing your mailbox while
listening to your messages

These applications involve identifying resources and managing them within the context of
an application session

The resources can be remote as in a network printer and projector, or local, as in the
estimated battery life, network signal strength, and audio volume level

Ubiquitous Web will provide a framework for exposing device coordination capabilities to
Web applications
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Requirements & enabling techs for ubiquitous web

* Requirements e Enabling technologies

Dynamically adapt to user IDL for describing interfaces for
preferences, device capabilities distributed systems and as used
and environmental conditions for the W3C DOM

Extend device capabilities URIs for naming resources,
through access to resources sessions and interfaces

available via the network Semantic Web for ontologies
Respond to events over the

describing device capabilities
network from servers and other _ _
devices Web Services for passing

Enable applications involving commands and events
multiple devices Existing device coordination

Use events to coordinate voice mechanisms
and data to augment human to
human conversations

Manage resources in terms of
temporary and persistent
sessions
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JIEH 2t& Atdl

(onnecting Peaple

Nokia rias vOweu to build support for web services into all its smart
phones by the end of the year

By 2006 all Nokia smartphones will be web services enabled
While Nokia is not planning to offer web services directly, it will

support them and offer tools to help developers design software that
could be used on smart phone

® ClSCO Cisco SYsTEMS

Cisco V\Mnch products for handling XML traffic in June 2005 that
will bring advanced XML security and management capabilities to large
enterprise networks.

Cisco iIs using Tarari's programmable chip to perform low-level tasks
such as checking XML signatures and verifying XML schemas
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http://www.cisco.com/en/US/hmpgs/index.html
http://www.nokia.com/index
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The future of business services

Source: Fano and Gershman, CACM, 2002

The location of your customer becomes the location of your business

A physical point of presence wherever your products and services are used will become a
competitive necessity

Mobile devices and appliances become the eyes and ears of remote service providers
Services we associate with locations become attached to people

Services will use the customer’s location resources to provide the best possible service
Service providers must pay continuous attention to their customers

Service providers will have to be very selective and precise in their interactions with their
customers

If we value privacy, someone will sell it to us
Customers will not necessarily be human
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General 1ssues In u-Services

e Enhanced middleware

scalable processing of environmental data, disconnected operation,
efficient resource management and real-time autonomous reaction

e Understanding of the real world

RFID mitigates the object recognition, but how to understand it?
Need for ontology

e Understanding the human
human attention, intention, behavior, preference

e And finally, understanding the services!
Again, what are services?
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Challenges in ubiquitous web services

* Interoperability

e Embedding

e Performance

e Service provision

e Service consumption
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Issues In ubiquitous web services

e Dynamic discovery
Can the directory based discovery mechanism such as UDDI still work?
Do we need something like PnP or P2P mechanisms?

e Dynamic binding, composition, and coordination
How to address the problem of service interface changes?
How to dynamically compose the ubiquitous services on-the-fly?
How to efficiently (in a distributed manner) coordinate / broker UWSs?

What are the effective means to support the collaboration between
UWSs at runtime?
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Issues In ubiquitous web services (cont.)

e |Location-based services
Support of MIPs
Fusion of multi-dimensional information

* Context awareness
Need for ontology on the real-world
Interoperable semantics between UWSs

e Performance
Emergence of real-time WS
What to embed into small devices?
And how? Web services on chip? (Parser + SOAP processor + Security)
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Issues In ubiquitous web services (cont.)

Interoperation with old and new systems

How to interoperate with the existing (i.e., traditional) web services and
other middleware systems?

How can we make them work on IPv6?
Interoperation with portals and portlets

Ubiquitous web services middleware
Real-time, event-driven, stream-like messages
Dealing with heterogeneity between the middleware

Domain specialization

USN, telematics, home networking, ...
Leadership in standardization
Business models and killer services

85



Pros and cons of UWS

* Pros
The interoperability problem is the crux of ubiquitous computing
e Cons
Resource constraints: computing power, battery, bandwidth, ...
Security
e QObservations
Web services are getting faster

Hardware performance and network bandwidth are getting increasing
and cheaper

Better security mechanisms are emerging

e Remember: “Web services are meant to be consumed by
PROGRAMS”
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In conclusion

-

InternetO| e-Business2| 9! =

ZIIAXNMO| QlI2} A&t

|AE 21 &, e-Business= u-ServiceE | &t
= T ==

ﬂJ|0 QN T ['

S5l IS0 oI5 0lsle

T ox o |

WO |

| >

o

S

M

10

[u
|> 1> 10 ©

62

F|0

>I

U ME S JA 0 MY 0 02
H 0
U X R 2o re
]
A
fol

@)

|
A Y R IH=2 u- SerV|ceO1| CH&t =HIZ 00|
©OM, 12Xt Web servicesE MEIGHLD AUS

2ot & ABlA, & ABIA chip & device, UWS 2LIEH &, HIOH,
SEAH SO et 2 D= g L =20 E= —’EEDP

om = ol

>O W >N D
g I
C
=
@ |
=
un -

Ot=dl, BI AL A JEXIDF e =2 AMElA 222 =0/ ER

87



LT el
W

L . LA AN 1% )
MV by volhom esigmm e ooy ¢

)
&
S
O
nd
S
2

s Computers F

B ERN Is=leriell
" mENS B B TEEA R AE B W

YT
5

Yesterday




-+« So Will Tomorrow’s

A

“During the next five to ten years, ubiquitous computing will
come of age and the challenge of developing ubiquitous
services will-shift from.demonstrating the basic concept to
integrating it intothe existing computing infrastructure-and [
building widely'innovative mass-scale applications'that
E will continue the computing evolution” (Lyytinen and Yoo,

CACM, 2002)

2 N
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Web services resources

Microsoft
* Got dot net: hitp://gotdotnet.com/
* Developer center: htip://msdn.microsoft.com/webservices/

IBM
* AlphaWorks: http://www.alphaworks.ibm.com/

* Developerworks: http://www-
130.1bm.com/developerworks/webservices/

Sun: http://java.sun.com/webservices/
Apache: http://ws.apache.org/
Coverpages: hitp://xml.coverpages.org/

WebServices.Org:
http://www.mywebservices.org/index.php/article/archive/61

WebServices. XML.Com: hitp://webservices.xml.com/
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Benefits of SOC

e SOC enables new kinds of flexible business applications of open
systems that simply would not be possible otherwise

e SOC improves the productivity of programming and administering
applications in open systems
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Use cases

 Intraenterprise interoperation
XML as a data format of choice

SOC provides the tools to model the information and relate the models,
construct processes over the systems, assert and guarantee transactional
properties, add in flexible decision support, and relate the functioning of
the component software systems to the organizations that they represent

 Interenterprise interoperation
adhoc -> rigid EDI -> XML as a data format of choice

SOC provides the same benefits as for intraenterprise interoperation. In
addition, it provides the ability for the interacting parties to choreograph
their behaviors so that each may apply its local policies autonomously
and yet achieve effective and coherent cross-enterprise processes
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Use cases (cont.)

e Application configuration
Introduction of a new enterprise IT system requires that the right
Interface be exposed by the new system and by the existing systems
Messaging and semantics problem

SOC enables the customization of new applications by providing a web
service interface that eliminates messaging problems and by providing a
semantic basis to customize the functioning of the application

e Dynamic selection

business partner can be chosen on the fly

SOC enables dynamic selection of business partners based on QoS
criteria that each party can customize for itself
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Use cases (cont.)

e Software fault tolerance

SOC provides support for dynamic selection of partners as well as abstractions
through which the state of a business transaction can be captured and flexibly
manipulated; in this way, dynamic selection is exploited to yield application-
level fault tolerance

e Grid
Several resources are made available over a network, and are combined into
large applications on demand
SOC enables the efficient usage of Grid resources

e Utility computing

Computing resources are modeled as a utility analogous to electric power or
telecommunications

Enterprise would concentrate on their core business and outsource their
computing infrastructure to a specialist company (e.g., data centers)

SOC facilitates utility computing, especially where redundant services can be
used to achieve fault tolerance
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Use cases (cont.)

e Software development

* SOC provides a semantically rich and flexible computational model that
simplifies software development
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Requirements of SOAs

Loose coupling

High-level contractual relationships through which the interactions among the
components are specified

Implementation neutrality

Not to be specific to a set of programming languages
Flexible configurability

The system is configured late and flexibly

The configuration can change dynamically
Long lifetime

The components must exist long enough to be able to detect any relevant exceptions, to
take corrective action, and to respond to the corrective actions taken by others

Granularity

should be understood at a coarse granularity to reduce dependencies among the
participants and to reduce communications to a few messages of greater significance

Teams

Instead of a participant commanding its partners, computation in open systems is more
a matter of business partners working as a team
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RPC vs. document orientation

e RPC-centric view
treats services as offering a set of methods to be invoked remotely

more natural for the use case of making independently developed
applications interoperate

e Document-centric view
treats services as exchanging documents with one another

coheres better with the use cases of applying service in open
environments
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Major benefits of SOC

e Services provide higher-level abstractions for organizing
applications in large-scale, open environments

e The abstractions are standardized

e Standards make it possible to develop general-purpose tools to
manage the entire system lifecycle, including design, development,
debugging, monitoring, and so on

e The standards feed other standards
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Composing services

e Composition
Any form of putting services together to achieve some desired
functionality

Recursive

e Composition leads to the creation of new services from old ones
and can potentially add much value beyond merely a nicer interface
to a single preexisting service

e The fruitful, challenging applications require services to be
combined in ways that yield more powerful and novel uses

e The problem of creating workflows over the existing services

e Web sites can be thought of as not only offering content, but also
providing services
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Composition examples

e A travel agency web site could combine the services of Southwest
Airlines, Dollar Rent-A-Car, and Sheraton to construct custom travel
packages

* The airline’s flight schedule might enable a fuel supplier to
anticipate fuel purchases by the airline and to alert its refineries to
adjust their production rates

* Yahoo provides a news service and Amazon provides a book
selection service

Find the latest news headlines and search for books that match those
headlines

Take the news from one service, filter it through a service that selects
news based on a given user’s interests, and pass the selected news items
through a transcoding service to create a personalized web page that a
user could review through a handheld device
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Simple B2C Web Service Example

e Suppose you want to sell cameras over the Web, debit a credit card, and guarantee next-day
delivery

e Your application must
update sales database
debit the credit card
send an order to the shipping department
receive an OK from the shipping department for next-day delivery
update an inventory database
* Problems: Some steps complete but not all
What if the order is shipped, but the debit fails?
What if the debit succeeds, but the order was never entered or shipped?

SellCamera
Wil SErvies Internet User

Inventory
Database

Sales

i

Database Shipping
Database
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Database Approach

A traditional database approach works only for a closed environment:

* Transaction processing (TP) monitors (such as IBM’s CICS,
Transarc’s Encina, BEA System’s Tuxedo) can ensure that all or
none of the steps are completed, and that systems eventually reach a
consistent state

* But what if the user’s modem 1s disconnected right after he clicks on

OK? Did the order succeed? What if the line went dead before the
acknowledgement arrives? Will the user order again?

e The TP monitor cannot get the user into a consistent state!
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Approach for Open Environment

e Server application could send email about credit problems, or detect
duplicate transactions

* Downloaded applet could synchronize with server after broken
connection was restored, and recover transaction; applet could
communicate using http, or directly with server objects via
CORBA/IIOP or RMI

 If there are too many orders to process synchronously, they could be
put in a message queue, managed by a Message Oriented
Middleware server (which guarantees message delivery or failure
notification), and customers would be notified by email when the
transaction is complete

e The server behaves like an agent!
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Other challenges for composition

e Security will be more difficult

e Incompatibilities in vocabularies, semantics, and pragmatics among
the service providers, service brokers, and service requesters

e As services are composed dynamically, performance problems might
arise that were not anticipated

e Dynamic service composition will make it difficult to guarantee the
QoS that applications require
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Sprit of the approach

To publish effectively, we must be able to specify services with precision and
with greater structure

From the perspective of the registry, it must be able to certify the given providers
so that it can endorse the providers to the users of the registry

Requesters of services should be able to find a registry that they can trust

The requestor and the provider must develop a finer-grained sharing of
representations

must be able to participate in conversations to conduct long-lived, flexible
transactions

how a SLA can be established and monitored

The key to the next-generation web are cooperative services, systemic trust, and
understanding based on semantics, coupled with a declarative agent-based
Infrastructure
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SOC Overview

e Revolutionary camp

The web services will facilitate the development of infrastructures that support
programmatic application integration, dynamic B2B marketplaces, and the
seamless integration of IT infrastructures from different corporations

e Evolutionary camp

Web services are just an additional layer on top of existing middleware and
EAI platforms that provides a set of simple, lowest common denominator
interfaces for interactions across the Internet

e The truth
Currently web services are mostly used today for conventional EAI

In the future, Web services may lead to a new computing paradigms and to
dynamic B2B integrations

But, it remains to be seen whether this “revolutionary” power can be unleashed
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Web services technology: Current status

* Most of the proposals, except SOAP and WSDL, are still at very
early stages in the standardization process

e UDDI has changed its goals in a significant manner from version to
version
UBR -> Private repositories

Currently most of the systems that provide support for SOAP and
WSDL either ignore UDDI or provide only minimal support

e Very strong client/server flavor -> P2P interactions are likely to be
the accepted interoperability paradigm in the future

A service is offered by a service provider and invoked by a service
requester

Mainly due to the way SOAP works and is being used today
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Web services technology: Current status
e SOAP is mainly being used for synchronous interactions -> Not well
suited for B2B

Asynchronous interaction is not the way the vast majority of
middleware platforms work today

e Adaptation of web services mainly involves transforming the
procedural interfaces into message interfaces

Need for much more infrastructure to be properly supported (e.g.,
security, transactions, coordination)
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EAI as a natural fit for today’s web services

e SOAP and WSDL are so close to conventional middleware that they
seem to have been designed with mainly that purpose in mind

e \Web services are indeed a natural solution to the standardization
problems that have plagued EAI in the past
One of the biggest limitations in EAI is the manual and ad hoc

Implementation of the wrappers that allow different platforms and
applications to interact with the EAI system

e Web services enable a company to open its IT infrastructure to
external partners

There’s a clear lack of support for the more advanced aspects of web
services involved in realistic B2B settings (e.g., conversations,
enforcement of business protocols, delivery guarantees)
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The holy grail of web services

e Dynamic interaction in a completely open community

Automated clients browse UDDI registries, find adequate services and
service providers, automatically discover how to interact with the

service, and finally invoke the service, all programmatically without
manual intervention

Automated interactions among applications that support different
Interfaces and protocols previously unknown to the clients

e The layers of extensions and enhancements of web services are being

designed and it will take a quite a while before they are sufficiently
established

e Full dynamism and complete automation will require a real
revolution in technology
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Complexity of B2B interactions

Two business partners that decide to engage in a business transaction with each other
according to a well-known, thoroughly designed, and well documented set of specifications

No exchange between the partners will be possible until they agree on the semantics of
the documents involved

Imprecise specifications: A “price” field within an XML document
Different currency units: Assume a given currency?
How should the currency unit be specified
Conventions on the decimal symbol
Inclusive or exclusive of sales tax? VATS?
Taxation rules?
All practical situations have their own peculiarities

Despite the adoption of a specific standard, meetings and discussion among the
Interested parties are required before two companies can operate, to agree not only on
the exact meaning of each data item, but also on how to exchange additional
information for which there is no room in the standard specification

Doing business with previously unknown partners is something that many companies, both
clients and service providers, tend to avoid for many reasons: Trust, Quality, Legal
agreements
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Bypassing complexity in closed communities

e Many of the limitations of the current technology can be overcome
“by hand”

* Most B2B implementations with web services will be of this kind, at
least in the short and medium terms

e 2 approaches

Joint development teams that cover issues such as business protocols,
semantics of the operations and their parameters, as well as contracts
and legal issues

Existence of a dominant entity that simply prescribes what to do to
Invoke its Web services to anybody wanting to do business with it
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Toward open communities

e Introducing an intermediary

The potential gains by acting as an intermediary in web services-based
exchanges are very large!

Trust and QoS problems could be solved by introducing rating services

Can also verify and certify compliances to the specifications involved
In the exchange

* Introducing market markers (aka hubs)

Create and control an e-marketplace, where customers and service
providers meet to conduct business online

May define rules, constraints, legal bindings and offer a “protected”
environment that makes e-business more reliable

Can mediate among possible differences in the implementation and
deployment of the standard, and provide robustness to changes
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Semantic web

e Aims at fully automating all the stages of the web services lifecycle

e Standardize the representation and handling of the semantic metadata
used to describe web services and all aspects of using them (e.g.,
searching for services that are semantically equivalent to each other)

e Specifications
RDF, RDFS
DAML+OIL
OWL
DAML-S
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RDF, RDFS

 RDF: Resource Description Framework

Designed for the representation and processing of metadata about
resources on the web

Defines a model for describing relationships among resources in terms
of uniquely identified properties and values

e RDFS: RDF Schema

Extends RDF by defining a class and property system similar to an
object-oriented system

e Itis possible to describe complex properties of resources (such as
web services), and complex relations between these resources, using
a notation that resembles that used in an OOS
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DAML+OIL

e Ontology

A formal definition of a common set of terms used to describe and represent a domain
of knowledge

Makes knowledge reusable by encoding formal definitions of basic concepts and the
relationships among them

Usually expressed in a logic-based language so as to support automated reasoning upon
them

Provide a means for representing the semantics of documents and for structuring and
defining the meaning of standardized metadata terms

e DAML: DARPA Agent Markup Language

Extends XML, RDF, and RDFS to enable the creation and instantiation of ontologies
that describe web services

e OIL: Ontology Inference Layer

A proposal for a web-based representation and an inference layer for ontologies
e DAML+OIL

A semantic markup language for web resources that extends RDF and RDFS with
richer modeling primitives
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OWL

e OWL.: Ontology Web Language

e Arrevision of the DAML+OIL web ontology language currently
being designed by W3C Web Ontology Working Group as a
successor to DAML+OIL

e To facilitate greater machine readability of web content than XML,
RDF, and RDFS by providing an additional vocabulary for term
descriptions

e Allows untyped literals and provide a better data typecasting solution
that is compatible with XML Schema and RDFS

e Provides 3 increasingly expressive sublanguages
OWL-Lite, OWL-DL (Description Logic), OWL-Full
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DAML-S

A DAML+OIL language for web services

A collaborative effort by BBN technologies, CMU, Nokia, Stanford,
SRI International

To facilitate the description of the semantics of services, their
Interfaces, and their behavior

Provides a means to create descriptions of web services that can be
Interpreted programmatically

Would enable applications such as search engines to utilize the
WSDL descriptions automatically
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Enterprise application management

The task of monitoring and controlling applications in an enterprise so that they
can be made resilient to failures, configurable to changing needs of the business,
accountable for billing and auditing, capable of performing under varying
workloads, and secure to intended or unintended attacks

Efforts for defining standards for interfaces between the management system and
managed applications

Lifecycle interfaces for configuration management in CORBA
Java Management eXtensions (JMX) from Sun
Management Information Bases (MIBs) in SNMP

Common Information Model (CIM) from DMTF (Desktop Management Task
Force)

Application Response Measurement (ARM)
EAMS

HP OpenView, CA Unicenter, Tivoli
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Web services management

e Management of applications within an enterprise

e Management of relationships with other web services across
enterprises

e Web services simplify certain aspects of application management
through their standardized abstractions

* In case of web services, additional tier is usually implemented using
SOAP routers, conversation controllers, horizontal protocol handlers,
and composition engines
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Web services management architecture

Operation invocations on a web service happen through a SOAP router

SOAP management can monitor and control the performance of a web service
(e.g., response time thresholds)

Conversation controller dispatches incoming messages to the right conversation
Instance

Conversation management can analyze conversation bottlenecks, manage their
performance, and perform lifecycle operations, such as suspend and resume, on
ongoing conversations

Composition engine implements the business logic of web services operations by
Invoking them in a particular order

Composition management can correlate the response times of a web service’s
operations with the response times of its component web services

Also, it can analyze the composition model for bottlenecks, compare two
alternative service providers for executing a step in the composition, or
automatically select one of the service providers depending on historical data
analysis
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Business management

e \Web services help bridge the gap between business management and
application management

e Business management involves managing business metrics (e.g.,
revenue, # of completed orders) and business objectives (e.g.,
revenue targets, order targets)

e Application management involves managing the data collected from
Instrumenting the software and hardware that constitute the
application

e SLM (Service Level Management): provides a gauge of how clients
perceive the performance or availability of an application

SLM measurements: Operation response times, SLA violations,
comparison between 2 supplier web services...
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Cross enterprise management

Need to manage relationships with web services across enterprise
boundaries

Requires additional web services protocols to be standardized

Challenges: limited visibility and control over portions of the
application that are not owned by the same enterprise, lack of trust

When a web service composes other web services, it is not only the
functional but also the non-functional attributes such as performance,
availability, and security that get composed

Need to support multi-party conversations
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Support for multi-party conversations

* Measurements or states

WSDL is not being used to expose state information or measurements to
clients

States: e.g., anticipated response time, the state of a conversation

Clients may need to query the attributes before composition and during
execution

e Events

When two or more web services interact, a problem in one can affect the
other

Need for decisions on how to isolate problems without propagating its
effects to other components

It should be possible for one web service to generate events that are
Intended for another web service
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Support for multi-party conversations

e Policies
A convenient mechanism to change the behavior of a system

To indicate what a management system may or may not do and must
and must not do (e.g., no more than 5 unsuccessful login attempts are
permitted)

e SLA (Service Level Agreements)

A mechanism for expressing constraints between web services
Similar to the CPA in ebXML

* Trust
May use trusted 3" party
May be resolved by manual mechanisms (e.g., auditing)

127




Management through web services

Use web services as a mechanism for managing infrastructure within
Or across enterprises -> Management is becoming an application of
web services!

OGSI (Open Grid Services Infrastructure) from GGF

Resources and clusters of resources are being wrapped with web
services interfaces defined in WSDL

Open Management Interface (OMI) from OASIS, Common
Information Model (CIM) from DMTF

Based on web services standards or web services-like standards and are
Intended for managing infrastructure components such as devices,
systems, applications, and business platforms in an enterprise

Biz opp: Management outsourcing
MSP (Management Service Provider)
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Web services management standards

e Just beginning to emerge

e Enable interoperability between management systems and managed
resources wrapped as web services
e XMLCIM from DMTF

Enable interoperability between applications, repositories that store the
CIM data model, and management systems that manage applications
using the data model

An encoding of CIM data models in XML and a way of transporting
that information using HTTP

Lagged behind the developments in the web services world
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Web services management standards

e OMI from OASIS

Emerging standard that relies on SOAP and HTTP to exchange management
information

Proposes standardized SOAP messages through which management data and
controls can be exchanged between applications and management systems
e OGSI from GGF

A distributed computing infrastructure that builds on web services standards
and protocols

Services created using OGSI are known as grid services

Proposes extensions to attach attributes (called service data) to port types in
WSDL

(Note) Currently the only way in which the state of a web service can be exposed to
clients through WSDL is by defining a new set of operations. However, # of
attributes that comprise the state of a web service can be potentially very large
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In summary

* More is needed before web services technology can be used to
support dynamic business interactions among casual business
partners

e Web services are already being used, and the applicability of this
technology is likely to grow as extensions are added and as
standardization efforts in areas such as reliability, security, and
management finally converge and become generally accepted

e Once completed, this process will generate a robust framework for
taking the Internet to the next level, from a web of unstructured
Information to a web of services through which customers and
providers can conduct business in a seamless manner
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Exchanging information over the Internet

* Internet: a global system of computer networks

e ARPANET
Stanford Research Institute, UCLA, UCSB, Univ. of Utah in 1969
TCP, IP

e Before the web
Telnet, SMTP (& MIME), FTP, Archie, Gopher
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Web technologies for remote clients

e Motivation: ATM

e B2C: the business allows consumers to access their information
services directly

* Web’s contribution: provides a universal client
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The web

e HTTP, HTML, Web servers, Web browsers are an evolution of early
technologies

» HTTP

A generic, stateless protocol that governs the transfer of files across a
network

A client/server model using TCP/IP
GET, POST, PUT, DELETE, OPTIONS
Originally developed at CERN

e HTML

defines a standard set of special textual indicators (markups) that
specify how a Web page’s words and images should be displayed by
the web browser

URI, URL
e W3C

135




Today’s web

* Designed for people to get information
 HTML describes how things appear

e HTTP is stateless

e Sources are independent and heterogeneous
e Processing is asynchronous client-server

* No support for integrating information

e No support for meaning and understanding

e.g., screen-scraping program that extracts the price of a book from a
search results page on amazon.com
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Pragmatic web

e Automation: Human -> Machine

* Richer markup: HTML -> XML ->?

e Richer activities: Passive -> Active; Data -> Services -> Processes
e Greater interaction: Client-Server -> P2P -> Cooperative

e Accommodating context: Syntax -> Semantics -> Mutual Understanding -> Pragmatics and
Cognition

Future Web Services:
focus on organization and society

Pragmatics (getting work done)| Distributed Cognition
- Workflows, BPEL4WS - Decisions and Plans

Current Web Services:
focus on individual and small group

£l DIGLTAL INTERACTIONS LAB 137




Precursors

Centralized Client-Server

orkstatior

PC
Client

PC
Client

E-Mail
Server

Master-Slave

P2P Cooperative

A

pplicatio

[

Application\
Application

Application

Application

E-Mall

E-Mail System

System

INTERALTLONS LB 138




Open Environments: Characteristics

e “Open”: implies that the components involved are autonomous and
heterogeneous, and system configurations can change dynamically

e Cross enterprise boundaries

e Comprise autonomous resources that
Involve loosely structured addition and removal
Range from weak to subtle consistency requirements
Involve updates only under local control
Frequently involve nonstandard data

e Have intricate interdependencies
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Autonomy

e The components in an environment function solely under their own
control -> Independence of business partners (users)

e Political reasons
Ownership of resources

Control, especially of access privileges
Payments

e Technical reasons
Opacity of systems with respect to key features, e.g., precommit
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Heterogeneity

e The various components of a given system are different in their
design and construction -> Independence of component designers
and system architects

e Political reasons
Ownership of resources

e Technical reasons
Conceptual problems in integration
Fragility of integration
Difficulty to guarantee behavior of integrated systems
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Dynamism

e Autonomy -> Participants can behave arbitrarily and may join or
leave an open environment at whim
* Needed because the parties change
Architecture and implementation
Behavior
Interactions

* Make configurations dynamic to improve service quality and
maintain flexibility
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Locality

e Global information (data, schemas, constraints) causes
Inconsistencies
Anomalies
Difficulties in maintenance
e Global information is essential for coherence
Locations of services or agents
Applicable business rules
e Relaxation of constraints works often
Obtain other global knowledge only when needed
Correct rather than prevent violations of constraints: often feasible

When, where, and how of corrections must be specified, but it is easier
to make it local
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Definitions of web service

e "...apiece of business logic accessible via the Internet using open standards...“ (Microsoft)

e Encapsulated, loosely coupled, contracted software functions, offered via standard protocols
over the web (DestiCorp)

e Loosely coupled software components that interact with one another dynamically via
standard Internet technologies (Gartner)

e Self-contained, modular business applications that have open, Internet-oriented, standards-
based interfaces (UDDI consortium)

e A software application identified by a URI, whose interfaces and bindings are capable of
being defined, described, and discovered as XML artifacts and supports direct interactions
with other software applications using XML-based messages exchanged via Internet-based
protocols (W3C)

e Our working definition: A WS is functionality that can be engaged over the Web
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And still more: the recent definition from W3C

e Source: Web Services Glossary, Feb. 2004
( )

* “A Web service 1s a software system designed to support
Interoperable machine-to-machine interaction over a network. It
has an interface described in a machine-processable format
(specifically WSDL).

Other systems interact with the Web service in a manner
prescribed by its description using SOAP-messages, typically
conveyed using HTTP with an XML serialization in conjunction
with other Web-related standards.”
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Motivating the need for Web services: B2Bi

B2B interactions
occur by
accessing Web
pages, filling Web
forms, or via
email.




Limitations of conventional middleware for “global
workflow”

* No obvious place

where to put the

middleware
Lack of trust ‘trhmmy . .
AUtonomy Wf‘:V\S f\eSLOba' workflow is executed
Confidentiality WMS adapter e e e
7 interoperability
—P| message broker 4——
A

customer

customer'’s
adapters <

——
A

internal prgcurement

requests
A 4

[

internal
infrastructure

]

warehouse's
adapters

\

A
A\ 4

warehouse

internal

[ infrastructure

]
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An alternative approach: P2P

customer -

supplier

\

warehouse

v

another party (XYZ)

yet another party

(ABC)

<\

7

( middleware for )
supplier-customer
int i

(  middleware for )

supplier-warehouse
int .

(  middleware for )

supplier-XYZ

int t

( middleware tor )
Jl supplier-ABC

middleware for integrating
the middleware

[

|

supplier’s
adapters

(

[ supplier's [ supplier's ]
adapters adapters |

(

]

(

)

|

internal infrastructure
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SOA approach

languages and protocols
standardized, eliminating need

customer for many different middleware
. infrastructures (need only the
[ Web supplier Web services middleware)
service

Web ]
internal procurément ser'\‘ice\‘

requesits

internal
infrastructure

internal
infrastructure

interactions based on i
protocols redesigned for Web

peer to peer and B2B service
settings /

internal functionality [ . internal ]
made available as a infrastructure

service

warehouse
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Historical View of Services over the Web

Generation Scope Technology Example
First All Browser Any HTML page
Second Programmatic | Screen scraper | Systematically

generated HTML
content
Third Standardized |Web services | Formally
described service
Fourth Semantic Semantic Web | Semantically
services described service
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The Evolving Web
(B. Joy, former chief scientist of Sun, 2000)

Near Web: conventional mouse-keyboard-monitor interaction with a
personal computer, typically for purposes such as surfing the Web

Far Web: interaction with a computer from across a room as with a
TV remote control, typically for entertainment, such as listening to
music or viewing a movie

Here Web: interaction with a mobile device, with narrow
bandwidths for input and output

Weird Web: interaction through emerging interface technologies,
such as voice and wearable computing

Two additional webs without user interactions
B2B web
Pervasive web: device-to-device interactions
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Standards for Web Services

ebXML
2IDiBt Registries
ebXML
CPA
OWL-S Service BPELAWS BPML
Model
WS-AtomicTransaction and WS-
. . BTP
BusinessActivity
OWL-S Service WS-Reliable | \\.c ~,ordination
Profile Messaging WSCl ebXML
OWL-S Service | WS-Security WSCL BPSS
Grounding
. ebXML
OWL PSL VVS-PO“Cy WSDL CPP
RDF SOAP ebXML
messaging

XML, DTD, and XML Schema

HTTP, FTP, SMTP, SIP, etc.
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Discovery

Contracts and
agreements

Process and workflow
orchestrations

QoS: Transactions

QoS: Choreography

QoS: Conversations

Qo0S: Service
descriptions and bindings

Messaging
Encoding

Transport




OWL-S Service

Model BPEL4WS

WS-AtomicTransaction and WS-

BusinessActivity

OWL-S Service WS-Reliable WS-Coordination
Profile Messaging
OWL-S Service WS-Security WSCL
Grounding
WS-Policy

Process specifications in the web services stack

ebXML
FER[SGESM Discovery

ebXML Contracts and
CPA agreements

Process and workflow

Bl orchestrations

BTP QoS: Transactions

ebXML QoS: Choreography

Bros QoS: Conversations
COAUE QoS: Service
CPP descriptions and bindings

SOAP

ebXML |
MRl Messaging

XML, DTD, and XML Schema

Encoding

HTTP, FTP, SMTP, SIP, etc.

Transport
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Standards bodies

IETF

OMG

W3C

OASIS
OMA
3GPP/3GPP2
UPNP

GGF
UN/CEFACT
WS-I
BPMI.org
WEMC
EDIFACT
FIPA

<t
Lo
—i



W3C(C’s activities

e Architecture Domain
develops the underlying technologies of the Web.

* |nteraction Domain

seeks to improve user interaction with the Web, and to facilitate single Web
authoring to benefit users and content providers alike. It also works on formats
and languages that will present information to users with accuracy, beauty, and
a higher level of control.

e Technology and Society Domain

seeks to develop Web infrastructure to address social, legal, and public policy
concerns.

e Web Accessibility Initiative (WAI)

IS pursuing accessibility of the Web through five primary areas of work:

technology, guidelines, tools, education and outreach, and research and
development.
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W3C(C’s architecture domain

e DOM

e |nternationalization
e URI

e XML

* Web services

builds a set of technologies that
allow application-to-
application interactions on the
Web

was formed by expanding the
former XML Protocol Activity in
January 2002
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\ W3C Web services technulugies)

Choreography description (W5-CDL 1.0)

Service description (WSDL 2.0)

Messaging framework
(S0AP 1.2 + MTOM + Addressing)



http://www.w3.org/Architecture/

Web services activity

e Objectives
W3C= Web ServicesOil CH St infrastructure 2t architecture, core
technologiesE & 2| kL.
2000 92 XML Protocol Activity It Al &SI {10, 2002E 12 Web
Services Activity )t == Jf Al ot L.
* Groups
Web Services Architecture Working Group (now closed)
XML Protocol Working Group.
Web Services Addressing Working Group.
Web Services Description Working Group.
Web Services Choreography Working Group.
Semantic Web Services Interest Group.
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Semantic Web Services Interest Group

* to provide an open forum to discuss Web Services topics essentially
oriented towards integration of Semantic Web technology into the ongoing
Web Services work at W3C

e Current open topics

W3C Web services technologies

Implementation

Deployment

Application design

Semantic Web technologies in Web services discovery, composition, ...
Mapping WS technologies to SW (RDF)

RESTful Web services

What do you use Web services for? Do you need/use Semantics?

Web services and agent technologies
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Other notable work

e Many interesting submissions related to web services can be found
from Acknowledged Member Submissions

( )
* 2004

OWL Web Ontology Language for Services (OWL-S)
Semantic Web Rule Language (SWRL)
WS-MessageDelivery

e 2002
Web Service Choreography Interface (WSCI)
Web Services Conversation Languages (WSCL)

e 2001
Tentative Hold Protocol (THP)
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http://www.w3.org/Submission/

Visions for the web

e Today, the components are primarily web pages, but increasingly
they will be programs in general

e A dilemma: More distributed and independently managed that
resources on the web become, the greater is their potential value, but
the harder it is to extract that value

e Web as a provider for content and services
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Process Specifications

406.622 Industrial Information Technology

Jonghun Park
jonghun@snu.ac.kr
Dept. of Industrial Engineering
Seoul National University

9/20/2007



mailto:jonghun@snu.ac.kr

Processes

e A composite activity geared to serve some purpose

e Some combination of services that correspond to queries,
transactions, applications, and administrative activities

* may be distributed within (intra-enterprise) or across enterprises
(inter-enterprise)
e Technical challenges

Exceptions and revisions in process modeling

Long running -> the information they take as input may be subject to
revision and thereby causing their own results to be invalidated

Interfacing a process to underlying functionalities
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Process Abstractions

e Orchestration
°  views a process as a partial order of operations that need to be executed
*  views a process from the perspective of one orchestrating engine
e corresponds best to the workflow representations
* example: BPEL4WS, OWL-S
e Choreography
°  views a process as a set of message exchanges between participants

*  message exchanges are constrained to occur in various sequences and may be required to be grouped into various
transactions

*  example: WSCL, WSCI, WS-CDL
e Collaboration
*  views a process as a collaboration among business partners

*  The business partners not only send messages to one another, but also enter into business relationships such as
contracts and obligations

Orchestration Choreography Orchestration
Yo Collaborative | | BPELAWS
Web [ Web protocols Abstract WSCI
service Request purchase order service (choreography) | | processes
) Acknowledge
p‘}‘éﬁg‘:ﬁfﬁ Executable BPML |
l Accept purchase order , _ e ireiion) processes
Web ﬂv ch ) et Web (/WEb BPELAWS  WSCI/BPML
service service service service
(IBM, Microsoft, (Sun, Intalio,
BEA) SAP)




Evolution of orchestration and choreography standards
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Service composition

* Implementation of web services whose business logic involves the
Invocation of operations offered by other web services

Composite service: a service implemented by combining the
functionality provided by other web services

Service composition: the process of developing a composite web service
e \Web services composition middleware

provides abstractions and infrastructures facilitating the definition and
execution of a composite service
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Basics of service composition

The business logic of a client can be realized by composing multiple services, and
by executing a different conversation with each of them

A client can itself be exposed as a web service

Service composition can be iterated, allowing the definition of increasingly
complex applications by progressively aggregating components, at increasingly
higher levels of abstraction

It is the responsibility of a client to implement all the protocols needed to
communicate with the invoked services

Composition of web services is not based on the physical integration of all
components -> Based on interfaces

Composition of web services equates to specifying which services need to be
iInvoked, in what order, and how to handle exceptional situations
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Composition example

A client engages in different
conversations with several Web services.
In general, these conversations may be
regulated by different protocols, and
each invoked Web service may not be
aware that the client is invoking other
Web services

The internal business logic of clients and
Web services is quite sophisticated, as it
must support the execution of different
conversations so that each party can

roperly interact with.every other party.
Property 4 Party requestQuote

customer

supplier
(client) PP

(Web service

makePayment

requestQuote - another

approval 1 supplier
(Web ser'vice)J (Web service)

notifyPayment
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Need for service composition middleware

Conventional programming languages were not designed with web service composition in mind

In the absence of web service composition middleware, the business logic and these low-level details
are intermingled in the code

the run-time environment executes
the Web service business logic by
invoking other services (through
SOAP and H'TTP modules)

service composition model and language
(usually characterized by a graphical and
a textual representation)

= !I! I . .|. .III

|

schema N development run-time environment
designer environment (composition engine)

schema JJ composite service
definiti execution data

services offered
by other providers

/{ supplier

> warehouse

other Web services middleware (e.g., SOAP engine
and conversation controller)

a service provider \4[ accounting
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Composition vs. coordination middleware

e Composition: Internal

The specification of a composite service is done by a company and is kept
private

The specification of the composition is for the consumption of the WS
middleware

Whether a service is basic or composite 1s irrelevant from the client’s
perspective

Determines the conversations that a composite service is able to execute
e Coordination protocols: External

Are public documents

Meant to be advertised in WS registries

Support design-time discovery and run-time binding

Impose requirements on how the composition is to take place, since the order in
which operations are invoked has to be compliant with the protocol definition
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Scopes of composition and coordination

the procurement business if the supplier is implemented by means of
protocol executed among Web composition technologies, then its
services business logic is defined by a composition
\ schema and its execution ig driven by a
composition engine. X

l:requestQuote

\/_\’_/ supplier \

—————2-0rderGoods— >
customer P

y 3:confirmOrder -

4:makePayment

~

Conversation
controller

«—»| composition
engine

depending on the implementation of

the (composite) service, the supplier'//———-
may contact other Web services.

The customer is unaware of these

interactions, that may occur

according to other protocols. another Web service, HEr
possibly offered by | |
1 1

another company

\
yet another Web :
service I

1
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Dimensions of a WS composition model

Component model

Defines the nature of the elements to be composed in terms of the
assumptions that the model makes on such components

Orchestration model

Defines abstractions and languages used to define the order in which services
are to be invoked

Data and data access model

Defines how data is specified and how it is exchanged between components
Service selection model

Defines how static or dynamic binding takes place
Transactions

Defines which transactional semantics can be associated with the composition,
and how this is done

Exception handling

Defines how exceptional situations occurring during the execution of the
composite service can be handled
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Component model

e The components implement a specific set of web service standards
such as HTTP, SOAP, WSDL, and WS-Transaction

Limits heterogeneity -> Makes composition easier

e The components interact by exchanging XML messages in either a
synchronous or asynchronous fashion

The model is more general
Increased heterogeneity of the components
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Orchestration model

e Deals with how different services are composed into a coherent
whole

* Alternative representations: UML, Statecharts, Petri nets, w-calculus,
Activity hierarchies, Rule-based orchestration

/ supplier t \

____________________ >
- orderGoods
erder&oodss
——confirmOrdert - invoke
customer RN checkLocalStock
cancelOrnden ’:"‘:
S N COTIC T O T OtTr

inStock=false

(] , e \\\ J
offered by |« checkiocalStool \ frvoie—
. LoD checkShipAvailabl inStock=tru
.7 \ e

! \
\ 7 \
. . _-7 shippingAvail=false /L
[ warehouse |«checkShipAvailable PP y

R N
<. shippingAvail=t

\ 4

\send cancelOrder BT Tszend confir'mOr'der/
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Orchestration model

e Activities in the orchestration model

Send activity (e.g., send cancelOrder)
Notification of messages to other web services
Nonblocking

Invoke activity (e.g., invoke checkLocalStock)

Invocations of synchronous (request/reply) operations offered by another web
service

Blocking
Receive activity (e.g., receive orderGoods)

Receipts of messages, corresponding to component services invoking one-way or
request/reply operations offered by the composite service

Blocking
Reply activity
If the received message is invoking a request/reply operation, then the composition

schema will also include a reply activity, that will send a response to the invoking
client
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Statecharts

T start on new order request

started

/start “invoke checkLocalStock”

A

searching for products locally

local search complete(insStock)
[inStock=false]/start “invoke
checkShipAvailable”

local search complete(insStock)
[inStock=true]/start "send
confirmOrder”

searching for products
at other supplier

external search
complete(shippingAvail)
[shippingAvail =false]/std
“send caneclOrder”

rt external sear
complete(shippingAvail)

[shippingAvail =true]/start
[ order canceled ] send confirmOrder [ order completed
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Petri nets

START (upon
invocation of
orderGoods operation)

invoke checkLocalStock

LOCAL SYSTEM
invoke checkShipAvailable ACCESSED
inStock=false
Do nothing

inStock=true
EXTERNAL SUPPLIER
ACCESSED

Do nothing
shippingAvail=true

send cancelOrder
shippingAvail=false

COMPLETE
(CANCEL) READY TO SEND
CONFIRMATION
send confirmOrder
COMPLETE
(CONFIRM)
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mt-Calculus

e A-=receiveOrderGoods.invokeCheckLocalStock
B=[shippingAvail=false]sendCancelOrder+
[shippingAvail=true]sendConfirmOrder
C=invokeCheckShipAvailable.B

Procurement=A.( ([inStock=false]C) +
([inStock=true]sendConfirmQOrder)
)

177




Activity hierarchies

process order

sequence
discriminate based on
receive orderGoods invoke checkLocalStock local search
choice

inStock=fal i ck=true

search external
supplier send confirmOrder

sequence

discriminate based on
invoke checkShipAvailable external search

choice

shippingAvails ingAvail=false

send confirmOrder send cancelOrder
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Rule-based orchestration

ON receive orderGoods
IF true
THEN invoke checkLocalStock;

ON complete(checkLocalStock)
IF (inStock==true)
THEN send confirmOrder;

ON complete(checkLocalStock)
IF (inStock==false)
THEN invoke checkShipAvailable;

ON complete(checkShipAvailable)
IF (shippingAvail ==true)
THEN send confirmOrder;

ON complete(checkShipAvailable)

IF (shippingAvail ==true)
THEN send cancelOrder;
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Data types and data transfer model

e Service composition models need explicit ways to define and access data
* Data types

Control flow data (process variables)

Used to evaluate branching conditions, and in general those accessed by the
composition engine to determine how the execution should proceed

Usually restricted to a few basic types such as string, integer, or real
Application-specific data

The parameters sent or received as part of message exchanges

Application data are more complex and involve more sophisticated data types

Can be treated as a black box (e.g., exchanging only URLS) or can be explicit by
including appropriate data definitions as part of the composition schema
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Data types and data transfer model

Data transfer

Refers to how data is passed from one operation
Invocation to the next
Blackboard approach

Analogous to conventional programming language

All data involved in the execution of the composite service
Is explicitly named and listed

Each composition instance has its own blackboard
Explicit data flow approach
Makes the data flow between activities an explicit part of

-

the composition K
Used in several workflow engines like MQSeries quantify
Workflow and BioOpera \
More flexible and richer than the blackboard approach, but Ae

7/

!
.
price |

\
\

more complex

\al

- -
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Service selection

e To execute the composition logic, the engine must be informed which specific service (e.g., which URL) is to be the
target of a message

e  Static binding
Hardcode the URL as part of the composite service specification
Not robust to changes of the service URI
*  Dynamic binding by reference
Activities determine the URIs of the services to be invoked from the value of specified process variables
e Dynamic binding by lookup
Allows the definition, for each activity, of a query whose result will be used to determine the service to be
invoked, to be executed on some directory
May cause multiple URIs to be returned
e Dynamic operation selection

Does not explicitly specify the operation to be invoked. Instead, the operation is selected at run-time, along with
the serviced

The signature of the operation to be invoked may vary with the selected service
Very difficult to implement

X

Book a plane Book a boat Book a car

N
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Service selection by reference

Newly added node that accesses a ) . T
(statically specified) UDDI registry to xz:;ﬁ)'::é, URT receive orderGoods
determine which warehouse should be inStock, shippingAvail: bool

contacted for the product being customer: String

ordered. The result is stored into the —
warehouse process variable. Note that invoke

checkLocalStock

in practice several invocations of the
UDDI API may be needed to get the

desired information \

inStock=false

\ \

invoke

| — | get_bindingDetail

UDDI Registry

invoke )
checkShipAvailable inStock=true
Subsequent nodes can use the shippingAvail=false /k
reference approach and N
determine the URI based on shippingAvail=true
the value of the warehouse 4 Y
variable Qj cancelOrder send confirmOrder/
supplier
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Transactions

e Enables the definition of atomic regions within an orchestration
schema

e The atomic region typically surrounds a set of activities that should
exhibit the all-or-nothing property

e Used when the composite service wants to explicitly define the
business logic executed to perform compensation

atomic region
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Compensation

e Allows long-lived transactions to be broken down into a set of sub-transactions to be
executed in some predefined order
The sub-transactions have the ACID properties

Each subtransaction S, is associated with a compensating transaction CS,, whose
execution semantically undoes the effect of the sub-transaction

A rollback is performed by aborting all active sub-transactions, and by then
compensating for committed sub-transactions in the reverse order of execution

The development of the compensation logic is left entirely to the designer of the
composition

e The better way
Placing the burden for implementing the compensation on the web service developer,
I.e., on the component side instead of the composition side
A component includes the definition of the transaction and compensation logic (e.g.,
operation o can be compensated for by operation c)
Composition designers can simply invoke operation ¢ whenever they need to
compensate for o

185



Compensation

Long-lived transaction T (saga)

/ [ Subtransaction S, ] \ [ Compensating ]

Subtransaction CS,

A

!

f . ) Compensating )
Subtransaction S .
\ 2 | Subtransaction CS, |
ﬂu
v
. Compensating ]
Subtransaction S .
k [ n ] / [ Subtransaction CS,
Forward execution Compensation flow

aeees 10 0 im B 1 Ie0} BER N Bsmforiull 0 0B ROR RS B Eslisk
EuFEERUEREEE B 8 AGNN WANS B 8 YSNS MG RSN B SANGNFE SESP VN A 8ES
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Exception handling

Exception refers to a deviation from the expected or desired execution of the
composition

Flow-based approaches

At the end of each operation invocation, the result is tested for errors, and
appropriate actions are taken if an error has been detected

May require the definition of timeouts associated with activities
Try-catch-throw approaches
Similar to what is done in Java
Associate exception-handling logic to an activity or to a group of activities
Enables the clear separation of the normal and exceptional logic
Useful if the orchestration model is hierarchically structured
Rule-based approaches

The exception handling logic is specified by means of ECA rules, where the
event defines the exceptional event

Applicable only if the number of rules is very small
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Example of an flow-based approach

Variables:

warehouse: URL T
inStock, shippingAvail: bool

customer: String

receive orderGoods

repeat the execution, if
L 2 the exception handling
logic so requires

invoke <
checkLocalStock

inStock=false AND no /L an error is returned

errors returned or a fimeout expired

N ‘
Y inStock=true AND Some exception-
invoke no errors returned handling logic here

checkShipAvailable

shippingAvail=false /k
A\

shippingAvail=true

v \ 4

send cancelOrder send confirmOrder

o o

supplier
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Coordination protocols and composition schemes

e The definition of a coordination protocol imposes constraints on
the composition schema of web services implementing the protocol
logic

e The composition schema must include activities that receive and
send messages as prescribed by the protocol, and in the appropriate
order

e How can protocol definitions be used to drive the design of
composition schemes that send and receive the messages in a way
that is compliant with the protocol?
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Example

customer supplier warehouse

!

requestQuote
(to supplier)

v

orderGoods
(to supplier)

[~ [checkShipAvailable
(to warehouse)

warehou
se

warehouse
confirms

AN

confirmOrder] [canceIOr'der

(to customer) (to customer)
makePayment
(to supplier)

\ prderShipment
to warehouse \
. getShipmentDetails

/ (1.0 cusfomer‘)
confirmShipment

(to warehouse)

| confirmShipment
(to supplier)

.
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Developing a WS for the supplier role

e Create the role-specific view of the protocol
Includes all the message exchanges that involve a certain role

customer supplier

!

requestQuote
(to supplier)

¥

orderGoods

(to supplier) \\ checkShipAvailable
(to warehouse)

warehouse

warehouse

warehous
confirms

e

confirmOrder cancelOrder

(to customer) (to customer)
makePayment
(to supplier)

\ brderShipmen

[to warehouse

AN

~aFonfirmShipmen
(to supplier)
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Developing a WS for the supplier role

 Switch from the role-specific view of the protocol to the definition of a process
that exchanges messages as prescribed by role-specific view

A skeleton of a process that includes all the activities that send and receive
messages as prescribed by the protocol
e Steps
Request/reply operations invoked by a role R on the supplier are mapped into a
receive and a reply activity
requestQuote -> receive requestQuote and reply requestQuote
One-way operations invoked by another role on the supplier are modeled as
receive activities
orderGoods -> receive orderGoods
One-way operations invoked by the supplier are modeled as send activities
confirmOrder -> send confirmOrder
Request/reply operations initiated by the supplier are modelled as invoke
activities
checkShipAvailable -> invoke checkShipAvailable

The other constructs are mapped as is into the process skeleton
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Developing a WS for the supplier role

T

receive requestQuote

v
reply requestQuote

\ 4

receive orderGoods

\ 4

invoke
checkShipAvailable

A

l \/
send cancelOrder send confirmOrder
‘ receive makePayment

send orderShipment

v

receive confirmShipment

¥
®
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Abstract process

The process skeleton (also called abstract process or public process) is essentially a
dual representation of the role-specific protocol view

describes a protocol -> Does not include any internal and confidential business
logic

Not executable

Make it easy to understand how composition is constrained by the protocol and to
define a composition schema that implements a protocol

Executable process

Can be obtained by specifying other activities to invoke other services as well
as defining anything left undetermined in the abstract process, such as
branching conditions, data assignments, and data transfer rules

Private and can be enacted by a composition engine
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Sample of an executable process

!

receive requestQuote

y

invoke lookupQuote

y
reply requestQuote

\ 4

receive orderGoods

\ 4

invoke
checkShipAvailable

shippingAvail=false /{ shippingAvail=true
N

v

send confirmOrder
send cancelOrder ‘

‘ receive makePayment
v

invoke collectPayment

v

send orderShipment

¥

receive confirmShipment

o

supplier
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On the composition and coordination

e A web service may need to support several protocols and carry on
many concurrent conversations

e How to establish dependencies between the different protocols that
are independently defined?

e.g., to define that a manufacturer is to be contacted whenever the order

comes from premium customers and the warehouse does not have goods
In stock

A hot research topic in the very near future
Yet another approach

One can first design the internal process and then generate the
corresponding abstract process and role-specific protocol
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Conversation controllers and composition engines

Service composition architectures following an engine-based approach are faced
with a conversation routing problem

The conversation controller verifies protocol compliance and routes messages to
the composition engine

The engine has to figure out the composition instance to which a message is
directed

Two cases

If the conversation controller and the SOAP router leave header information in
the message when routing it to the engine, then the coordination context can be
used to determine the target instance

If the conversation controller strips header information from the SOAP
message and just delivers the payload, then the engine has to find some way to
correlate messages with instances

Have the composition schema explicitly include correlation information by defining

the logic by which messages can be associated with composition instances, based on
the message parameters (e.g., orderiD)
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Conversation controllers and composition engines

service provider

% N
4 instance of a )
composition schema || the engine has to match

messages with instances,
just like the conversation
controller has to match
messages with objects

|

— messages related to
object . . protocols implemented
(Web service implementation) J [composmon engme] through service
composition technologies
\/ I
/ —

messages related to ) W ( another Web
protocols implemented by conversation controller « > service
basic Web services (or J L

anyway services implemented
by means of conventional
programming languages)
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Web services management architecture

Web services mgmt. system
(can also be physically embedded
iInto corresponding middleware

SOAP messages components)
SOAP router SOAP
+ management
Conversation Conversation
Horizontal Composition Composition
. +—>
protocol handlers engine management

management data

& control actions  Application
management

Underlying
application
objects




Business processes

Business process

A collection of activities performed by human users or software applications that
together constitute the different steps to be completed to achieve a particular business
objective

e.g., travel expense reimbursement, hiring a new employee

Distinguished by being possibly long-running, involving multiple autonomous
participants, and having correctness and completion guarantees

Process model
describes the structure of a business process in the real world

defines all possible paths through the business process, including the rules that define
which paths should be taken and all actions that need to be performed

Process instance: the instances that are created from process models
Can be described in two ways
Executable BP
models the actual behavior of a participant in a business interaction
Abstract BP

uses process descriptions that specify the mutually visible message exchange
behavior of each of the parties involved in the protocol, without revealing their
internal behavior

cannot be executed
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BPEL4AWS

e Business Process Execution Language for Web Services
 serve as both an implementation language for executable processes and a description language for
nonexecutable business protocols
e defines a model and a grammar for describing how multiple web service interactions among the
process’s participants, termed partners, are coordinated to achieve a business goal, as well as the state
and the logic necessary for the coordination to occur
e Interactions with each partner occur through lower-level web service interfaces, as might be defined in
WSDL
 can define mechanisms for dealing with exceptions and processing faults, including how individual or
composite process components are to be compensated when exceptions and faults occur or when a
partner requests an abort
e Anexecutable BPEL4WS is a new web service composed of existing services
The interface of the composite service is a collection of WSDL portTypes
e can be translated into and from UML
e History
Initially proposed in July 2002 by BEA, Microsoft, and IBM
WSBPEL TC:
Version 1.1 released in May 2003:
Now being revised for Version 1.2

INTERALTLONS LB 201



http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel
http://www-106.ibm.com/developerworks/webservices/library/ws-bpel/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpel/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpel/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpel/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpel/
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\WS- Transaction
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WS- Trust

/ WS - Policy
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XML 1.0
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Sample BP specification in UML
?

check if i
offered product

Offered=false

\

check if Offered=true

worth proceeding

else A GoAhead=true
A4
get quote from g
quotation system

ContractExists=false /g
v N

get quote
from supplier

v

update quotation system

ContractExists=true

@2

\ 4

to customer in forecasting system

‘ g} send quote enter quote g




A BPEL4WS process as a composite web service

Web Service

_/
portType
—

<receive>

l |
| |
0 |
! | | portType ﬁﬂ:q
0 |
| BPELAWS | b/
: Process jf
|
|
: <receive>
|
|
|
|
|
|
|
|
|
|
|

[ <reply> l

|

|

|

|

|

|

: portType EH%H
: 0
|

<reply> __,_J




BPEL4WS Metamodel

CorrelationSet .
-name CompensationHandler
-property
Process @ | Activity
-name
Container Partner
-messageType ATy XDz
9P -serviceLinkType
-name
-name
FaultHandler
Reply

-faultContainer
-faultName
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BPEL4WS metamodel (full)

Pick While Swith Assign
9 s FaultHandler
createlnstance cope — | -
I aultContainer
N N If aultMame
CorrelationSet CompensationHandler ]
name
property:Collection - %7 %7 %7
SN Activity K] !
1 ] * CompensationHandler
— " Catch
Activity
faultContainer
PANAN faultMame
b ; : N
Process -> - :
Correlation
name *
- B initiation
- set
P Partner . s ’ o
[ myRole Flow Sequence Receive Reply Invoke
name
s erviceLIKType container container inputContainer =
createlnstance faulthame operation
. operation operation outputContainer
partner partner partner >
Container portType partType parType
mess age Ty pe
Nname
Throw Compensate
faultContainer +5COpE
faultMame
FaultHandler Reply
faultContainer
faultame >
Terminate Wait Empty
far
until
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BPEL4WS structure

e partners: a list of the web services invoked as part of the process

e containers: the data containers used by the process, providing their definitions in
terms of WSDL message types

e variables: the variables that are used and flow through the process
e faultHandlers: the exception handling routines

e compenstationHandlers: compensation to perform when a transaction rollback
occurs

e eventHandlers: routines for handling external, asynchronous events

e correlationSets: precedences and correlations among web service invocations that
cannot be expressed as part of the main process logic

e main process logic: a series of nested control flow structures that combine
primitive activities into more complex algorithms

sequence, while, switch, pick, flow
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Atomic actions in BPEL4WS

* Invoke: invoking a specific web serivce

e recelve: a server waiting to receive a message from a client, which
would invoke the server’s service

* reply: generating the response to an invocation request
e walt: waiting either for a deadline or some amount of time

 assign: assigning a value, which might have come from a received
message, to a variable

e throw: indicating that something went wrong
e terminate: terminating an entire service instance
e empty: doing nothing
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BPEL

e Assumes that both the process and the partners that interact with it are described as WSDL abstract
services (port types and operations)

Abstract and/or executable process
orchestration,

variables and data transfers,
exception handling,

correlation ;

port types t
roles Variables:
warehouse: URT ) receive orderGoods
inStock, shippingAvail: bool
customer: String
( A invoke
customer checkLocalStock
. J
( \ ‘
‘ invoke
warehouse checkShipAvailable
( local service ) <V
offered by the l
\ supplier y
invoke cancelOrder invoke confirmOrder

: i/
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Component model

 BPEL has a fine-grained component model, consisting of activities, which can be
basic or structured

Structured activities are used for defining the orchestration

Basic activities represent the actual “components”, and correspond to the
invocation of a WSDL operation performed by a service playing a role onto a
service playing a different role

e (Offers

invoke activities: the invocation of a request/reply or a one-way operation
offered by a service

receive activities: the receipt of a message from a client

reply activities: a message sent by the process in response to an operation
invoked by a client

assign activities: assigning data to variables

wait activities: defining points in the process where the execution should block
for a certain period of time
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Orchestration model

e BPEL allows the definition of structured activities, which can group a set of
other structured or basic activities to define ordering constraints among them

e Structured activities
Sequence: Contains a set of activities to be executed sequentially
Switch: Includes a set of activities, each associated with a condition
Pick: Includes a set of events, each associated with an activity

While: Includes exactly one (basic or structured) activity, which is executed
repeatedly while a specified condition is true

Flow: Groups a set of activities to be started in parallel. Considered complete
when all the included activities are completed
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Example of BPEL orchestration model

| processOrder |

sequence

receive orderGoods

switch

invoke checkLocalStock ‘ chooseLocal ‘

searchExternal
sequence

_—

inStock=fal inStock=true

invoke confirmOrder

switch

invoke checkShipAvailable ‘ chooseExternal ‘

shippingAvails

ingAvail=false

invoke confirmOrder

invoke cancelOrder
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Orchestration model

e A flow activity can include the specification of links

* Alink | can be used to connect one and only one source activity S to one and only
one target activity T

e The target activity T cannot be started until the source activity S has been
completed

e An activity may have multiple incoming and outgoing links

e Links can also be associated with a transition condition, evaluated when the
link’s source activity completes

e The set of links can only generate acyclic graphs

 Links may require the definition of join conditions (to further define when an
activity should be executed in case it has multiple incoming links) and of
attributes denoting the behavior when a transition condition is false

e The possibility of specifying the same orchestration logic in two different ways

The sequence of invocation of activities, A, B, and C can be defined as a
sequence or a flow and links between A and B and between B and C
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Data types and data transfer

BPEL maintains the state of the process and manipulates control data
by means of variables

Variables are characterized by a name and by a type, specified as a
reference to a WSDL message type, XML schema simple types, or
XML schema elements

Variables can be used as input or output parameters in operation
Invocations, and are referred to by conditions

XPath 1.0 can be used to identify a particular value in the variable
BPEL follows the blackboard approach

In the abstract process, the source of the data for variable
assignment is left unspecified -> Enable non-deterministic
specifications both in the orchestration and in the data transfer
between activities
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Service selection

Revolves around the notion of partner link types, partner links, and endpoint
references

Partner link types identify a pair of roles that exchange messages during process
execution and the WSDL port types that the services playing these roles are
required to implement

Once roles, relationships, and port types have been defined by means of partner
link types, the next step consists of specifying partner links

While partner link types identify roles, partner links identify services invoked
during the execution of a process, and are therefore bound to specific endpoints

The definition of a partner link references a partner link type, and then states the
role played by the process and the one played by the partner with respect to that
link -> A specific endpoint reference can be then associated to the partner link,
identifying a specific customer

Example: invoking the web services from several warehouses
Activity definitions can then refer to partner links
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Service selection

partner link definition: it further qualifies the interactions
occurring through a partner link type. Its definition refers fo a partner
link type and specifies the role played by the composite service as well
as the one played by the other partner

<partnerLink name="customerP" //////

partnerLinkType=“orderLT"

myRole="“supplier”

partnerRole=“customer”>
</partner>

partner link type
orderl T port type

/ supplierPT
customer /

p
supplier J

[ warehouse N

local service
offered by the
e okarra SUPPlieRns  ss
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Exceptions

 BPEL follows a try-catch-throw approach

e Each activity implicitly defines a scope or scopes can be explicitly
declared

* Any scope-defining element can include the specification of one or
more fault handlers

e [Faults can be generated during the execution of an activity within the
scope, either by the invoked operation or by the execution engine, or
within the orchestration schema

 In addition to the try-catch-throw, the event handler, which enables
continuous monitoring for a certain event and executes an activity In
response to the event can be used for handling exceptions

217



Exception handling

processOrder
sequence
receive orderGoods invoke checkLocalStock Ch‘;“_i'—;’\c“'
witc

inStock=fal ck=true

| searchExternal
sequence

invoke confirmOrder

—]

includes fault
handler for fault F

chooseExternal
switch

shippingAMAvail:false

invoke confirmOrder invoke cancelOrder

invoke checkShipAvailable

scope of the searchExternal
activity \
due to the behavior of the default handler, implicitly associated
with each activity, a fault F occurring in activity send confirmOrder would
propagate up until activity searchExternal, where the handler resides
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Transactions

* It is possible to define, for each scope, the logic required to
semantically undo the execution of activities in that scope

e The compensation logic is specified by a compensation handler,
consisting of a single (basic or structured) activity, that will take care
of performing whatever actions are needed to compensate for the
execution

e Every scope has a default compensation handler, whose behavior
consists of invoking the compensation handler for each enclosed
scope in the reverse order of execution
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Instance routing

BPEL includes instance routing support to cater to the cases in which routing is not
transparently managed by the infrastructure

Defines how to correlate messages with instances, based on the message data
A composition schema may include the definition of correlation sets, a construct
that essentially identifies a set of data items (e.g., a customer ID)

Correlation sets can be associated with messages sent or received by the
composite service within invoke, reply, or receive activities

If the messages have the same value for the correlation set, they belong to the
same instance
Correlation set is used to uniquely identify a composition instance

Multiple correlation sets can be defined
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Correlation set

the orderID can be used
for correlating the two
messages message checkAvailability
orderID
requestedDeliveryDate
deliverylLocation

A

[ warehouse ‘[ supplier J

J

message availability
-orderID
shippingAvail
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Abstract BPEL4WS process

 describes just public aspects of the protocol
e.g., roles, service links

* restricted to manipulation of values contained in message properties,
and use nondeterministic values to reflect the results of hidden
private behavior
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Example BPEL4WS Specification for a Stock Quotation Composite
Service

<process name="simple" targetNamespace="urn:stockQuoter" xmlns:tns="urn:stockQuoter"
xmlns:sqp="http://tempuri.org/services/stockquote” xmins=&BPEL;/>

<containers>

<container name="request" messageType="tns:request"/>

<container name="response" messageType="tns:response"/>

<container name="invocationRequest" messageType="sqp:GetQInput"/>

<container name="invocationResponse" messageType="sqp:GetQOutput"/>
</containers>
<partners>

<partner name="caller" serviceLinkType="tns:StockQuoteSLT"/>

<partner name="provider" serviceLinkType="tns:StockQuoteSLT"/>
</partners>

<sequence name="sequence">
<receive name="receive" partner="caller" portType="tns:StockQuotePT"
operation="wantQuote" container="request" createlnstance="yes"/>
<assign> <copy>
<from container="request" part="symbol"/>
<to container="invocationRequest" part="symbol"/>
</copy> </assign>
<invoke name="invoke" partner="provider" portType="sqp:StockQuotePT"
operation="getQuote" inputContainer="invocationRequest" outputContainer="invocationResponse"/>
<assign> <copy>
<from container="invocationResponse" part="quote"/>
<to container="response" part="quote"/>
</copy> </assign>
<reply name="reply" partner="caller" portType="tns:StockQuotePT" operation="wantQuote" container="response"/>
</sequence>
</process>
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BPEL4WS Example
(Source: IBM developerWorks)

loanApprovalPT

<recaive>

Financial
Institution's
Web service
(loan
approver)
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BPEL4WS Example: LoanDefinitions.wsdl

<definitions targetNamespace="http://tempuri.org/services/loandefiniticns"
¥xmlns:tns="http://tempuri.org/services/loandefinitions"
xmlns:xsd="http://www.w2.0rg/2001/XMLSchema"
xmlns="http://schemas.xmlscap.org/wsdl /"=

<=message name="creditInformaticonMessage"=
<part name="firstName" tvpe="xsd:string"/=
<part name="name" type="xsd:string"/=
<part name="amount" type="xsd:integer"/=

< /message >

=message name="loanRequestErrorMessage"s>
<part name="errorCode" tvpe="xsd:integer"/=
< /message:>

z/definitions=
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BPEL4WS Example: LoanApprover.wsdl

<definitions targetNamespace="http://tempurl.org/services/loanapprover"
xmlns:tns="http://tempuri.org/services/loanapprover"
xmlns:xsd="http://www.w3.0org/2001/XMLSchema”
xmlns:loandef="http://tempuri.org/services/loandefinitions"
xmlns="http://schemas.xmlsocap.org/wsdl /"=

<import namespace="http://tempuri.org/services/loandefinitions"
location="http://localhost : 8080 /bpws -
samples/loanapproval /loandefinitions .wsdl"/=

=message name="approvalMessage"=>
<part name="accept" type="xsd:string"/=
</message=

=portType name="locanApprovalPT"=
coperation name="approve"=
<input message="locandef :creditInformaticonMessage"/>
<output message="tns:approvalMessage"/=>
=fault name="lcanProccessFault™"
message="locandef : loanRequestErrorMessage" /=

</operations
</portType=
<binding ...> ... </binding=
<gervice name="LoanRpprover"s....</services

=/definitions=




BPEL4WS Example: LoanApproval.wsdl

zdefinitions
targetNamespace="http://loans.org/wsdl/loan-approval"
xmlns="http://schemas.xmlsoap.org/wsdl/"
xmlns:slnk="http://schemas.xmlscap.ocrg/ws/2002/06/service-link/"
xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:1lns="http://leoans.org/wsdl/loan-approval"
xmlns:apns="http://tempuri.ocrg/services/loanapprover"=

<import namespace="http://tempuri.org/services/loanapprover"
location="http://localhost:3080/bpws-
samples/loanapproval /lcanapprover.wsdl"/=
<import namespace="http://tempuri.org/services/loandefinitionsg"
location="http://localhost:3080/bpws-
samples/loanapproval /locandefinitions .wsdl"/ =

<slnk:servicelLinkType name="locanfpprovallinkType"=
<slnk:role name="approver">
<portTyvpe name="apns:loanfApproval PT"/ =
</slnk:role=
</slnk:serviceLinkTypes=

<gservice name="loanapprovalServiceBRPE"/ =
=/definitions=
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BPEL4AWS Example: LoanApproval.bpel

<process name="loanApprovalProcess"
targetNamespace="http://acme.com/simpleloanprocessing"
xmlns="http://schemas.xmlscap.org/ws/2002/07/business-process/"
xmlns:lns="http://loans.org/wsdl/loan-approval"
xmlns:loandef="http://tempuri .org/services/loandefinitions"
xmlns:apns="http://tempuri.org/services/loanapprover">

<partners>
<partner name="customer"
servicelLinkType="1ns: loanApproveLinkType"
myRole="approver" />
<partner name="approver"
servicelLinkType="1lns: loanApprovalLinkType"
partnerRole="approver" />

</partners>
<containerss>
<container name="request" messageType="loandef:CreditInformationMessage"/>
<container name="approvalInfo" messageType="apns:approvalMessage"/>
</containers>
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BPEL4AWS Example: LoanApproval.bpel (cont.)
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&1E BPEL 2l &l

Collaxa BPEL server

* Java based

* On top of JBoss or WebLogic
OpenStorm ChreoServer

* .NET & J2EE based

* Transferred from Momentum software

* Not yet released
IBM AlphaWorks BPWS4J

* Java based

* Requires WebSphere AS and Eclipse
Microsoft BizTalk 2004
Oracle: Acquired Collaxa
WebMethods: Soon to be included
FiveSight’s PXE
ReadiMinds

- T.i.iM LFB 230

o1 |EVER  Pure Play BPEL

CHOREOSERVER
Webh Service Orchestration.

e Orchestration

¥3/43§0TUOH)

‘ f-r’ 3 -1] -
al p h aw ]I A emerging technologies

¢ \Windows Server System
ORACLE
webMeth::ds.



http://alphaworks.ibm.com/
http://www.microsoft.com/windowsserversystem

Open source BPEL engines

e ActiveBPEL
o Twister ActiveBPEL"

e UuEngine

* Note: BPELJ (BPEL for Java)

* acombination of BPEL and the Java programming language
allowing the two languages to be used together to build business
process applications
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http://www.activebpel.org/index.html
http://www.smartcomps.org/twister/
http://uengine.sourceforge.net/main.html
http://www-106.ibm.com/developerworks/webservices/library/ws-bpelj/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpelj/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpelj/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpelj/
http://www-106.ibm.com/developerworks/webservices/library/ws-bpelj/
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Oracle BPEL
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Abstract:

This document defines a notation for specifying business process behavior based on Web Services. This notation i¢ called Business Process Execution
Languags for Web Services (abbreviated to BPELAWS in the rest of this document). Processes in BPELAWS export and import fanctionality by using Web
Service interfaces exclusively.

Business processes can be described in two ways. Executable business processes model actual behavior of a participant in a business interaction. Business
protecels, in contrast, use process descriptions that specifiy the mutually wisible message exchange behavior of each of the parties involved in the protocel,
without revealing their internal behavior. The process descriptions for business protocols are called abstract processes. BPELAWS is meant to be used to
model the behavior of both executable and abstract processes

EPELAWS provides a language for the formal specification of business processes and business interaction protocels. By doing so. it extends the Web
Services mteraction model and enables it to support business transactions. BPELAWS defines an interoperable integration model that should facilitate the
expansion of automated process integration in both the intra-corporate and the business-to-business spaces

Status:
This is a draft version of the W3-BPEL TC specification, updated from the ongrunal BPEL4AW?S V1.1 specification dated Way 5, 2003 that was submitted to
the WS BPEL TC. See: hitp/iwrww. pen. orglapp sforgiworlkaroupfwsbp load. php/2046BPEL%20V 1-1%20MMay¥6205%202003%
20Final pdf

IFyou are on the <wsbpelflists.oasis-open.orgs list for committee members, send comments there. If you are not on that list, subscribe to the

<wshpel-comuentllists.oasis-open. orgs list and send comments there. To subscribe, send an email message to <wailto:wshpe 1-comment—
request@lists.oasis-open. orgs with the word "subserike"as the body of the message.

J x

»

10-©-HR
WS BPEL issues list

This fila last updated 10:32 10 Nov 2004 (UTC)H

Jzﬁ(g) |®j hitip://wrww, 0aslis—open, org/committees/dawnload, php/9992/wst ~ | £ OIS | oy
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This is the issues list for the OASIS Web Services Business Process Execution Language Technical Committee, The issues listis
posted as a TC document to the OASIS WSBPEL TC pages on a regular basis (if it has changed). The current edition, as a TC
document, is the most recent version of the document wsbpel_issues_list.html in the "lssues" folder of the WSBPEL TC document
list - the uri for this document includes the document number generated by the upload process. The list editor's working copy, which will
always at least as recent as the formal upload and will usually include later updates, iz available at this constant URI

Table of issues with resolution proposed or voting

Table of potential issues submitted to but not vet accepted by the TC

Table of issues changed or added recently

Table of unresolved issues sorted by category (An issue may have more than one category assigned)
Table of unresolved issues NOT changed or added recently

Table of resolved issues that require changes to the spec that await inclusion in an editors’ draft
Table of al issues, ordered by issuell

"lssue22",

Detailed list of izsues. The issues in this list have anchors of the form “lssuel”,

Procedures for handling of issues are defined in the issues process document, and the procedure for issues submitted after 15 August
2004, Potential new issues should be submitted as an emall to the issue list editor (peter.furniss@chareclogy.com), with a subject line
of "MNew issue — <proposed title>. If this email follows the pattern described in the issues process document, appendices b and 6, it will
be helpful. The new issue will be announced on the main wsbpel TC list with a status of "received”. In accordance with procedure for
issues submitted after 15 August 2004 the TC will decide whether ta accept the issue for consideration {when the status wil become
"apen”) or not. If messages discussing an issue (including whether the issue should be accepted) have subject lines that begin lssue -
{igsue—id> -, or are replies to such, the archived copy of that message on the wshpel list should be picked up by the software that
revises this list and added to the Links section of the issue.

Issues with resolution proposed or voting

. . Vote
IssuelD Title Status Proposed resolution announcement
N . resolution lvana Trickovic, 15 Sep
Issue 2 |Sub—Functions proposed 5004
. ™. resolution Satish Thatte, 17 Sep
lssue 6 |Completion Condition pronosed 5004
. . rezolution ‘Yaron Y. Goland, 17
|\Ssue 9 |Static analysis proposed Sep 2004
ssUe 81 Are start activities that aren’t createlnstance resolution ‘Yaron Y. Goland, 27
== |activities legal? proposed Sep 2004
- . resolution
lssue 82 |description of abstract processes in spec proposed rkhalaf, 8 Oct 2004
|=sUe Optional SOAP Headers (subissue: generic resolution Yaron Y. Goland, 28
187.1 mechanism) proposed Sep 2004
TR rezolution Dieter Koenigl, 19 Feb s .
|\Ssue 91 |Nested Activities in Abstract Processes croposed o004 waiting on izsue 107
. . . resolution Dieter Koenigl, 19 Feb
|l=sue 97 |Optional Variable References in Abstract Processes proposed 5004 waiting on izsue 107
. . . resolution lvana Trickovic, 10 ar . .
lssue 99 (Triggering activities for abstract processes proposed o004 waiting on izsue 107
lssue 103 Standardizing $varName syntax for XPath to refer to [resolution aron Y. Goland, 17
—==———|a BPEL variable proposed Sep 2004
Opacity and the meaning of nothingness in abstract [resolution
lzzue 107 rknalaf, S sep 2004
|\ssue 107 processes proposed rkhalaf, 30 Sep 2004
\ssie 196 Event Handlers with local partnerLinks & Correlation |resolution ‘varon Y. Goland, 30 Jun
= |Sets proposed 2004
clarification of the default NS URI for expression and [resolution .
I=sue 165 query language pronosed Alex Yiu, 28 Oct 2004
. . . rezolution ‘Yaron Y. Goland, 9 Nov
= Izsue 168 [Semantics of instance creation proposed o004
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BPML

e Business Process Modeling Language
 has roots in web services (SOAP, WSDL, and UDDI)
e takes advantage of the XML technologies (XPath and XML Schema)

e designed to leverage other specifications (WS-Security, WS-
Transaction)

e supports modeling of real-world business processes through its
support for advanced semantics, such as nested processes and
complex compensated transactions

 Dbuilds on the foundation of WSCI for expressing public interfaces
and choreographies
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Electronic Business Extensible Markup Language (ebXML)

Established by UN-CEFACT (United Nations Centre for Trade
Facilitation and Electronic Business) and OASIS (Organization for
the Advancement of Structured Information Standards)

Provides specifications to define standard business processes and
trading agreements among different organizations

Also specifies the business messages that are exchanged as part of a
business process

The objective: to be a global standard for governmental and
commercial organizations of all sizes to find business partners and
Interact with them
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ebXML Vocabulary

e Unified Modeling Methodology (UMM)

Specialized UML for Business Processes
e Process specification document

describes the activities of the parties in an ebXML interaction
e Collaboration Protocol Profile (CPP)

describes an organization’s profile, 1.e., which business processes it supports,
its roles in those processes, the messages exchanged, and the transport
mechanism for the messages (e.g., HTTPS)

e Collaborative Partner Agreement (CPA)
An intersection of two CPPs
represents a technical agreement between two or more partners
May be legally binding

e The CPP and CPA serve as configuration files (e.g., messaging headers) for
eb XML business service interface software
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An example ebXML BPSS document

<ProcessSpecification
xmlns="http://www.ebxml.org/BusinessProcess"
name="PIP3A4RequestPurchaseOrder">
<!-- The request document and its XML Schema -->
<BusinessDocument name="PO Request"
namelD="Pip3A4PORequest"
specificationLocation="PurchaseOrderRequest.xsd"/>
<l-- The confirmation document and its XML Schema -->
<BusinessDocument name="PO Confirmation"
namelD="Pip3A4POConfirmation"
specificationLocation="PurchaseOrderConfirmation.xsd"/>
<!-- This process specification has one business -->
<!-- transaction consisting of a requesting and -->
<!-- a responding business activity-->
<BusinessTransaction name="Request PO"
namelD="RequestPO_BT">
<RequestingBusinessActivity
name="PO Request Action"
namelD="PORequestAction"
isAuthorizationRequired="true"
isNonRepudiationRequired="true"
timeToAcknowledgeReceipt="PT2H">
<DocumentEnvelope
businessDocument="PO Request"

businessDocumentIDRef="Pip3A4PurchaseOrderRequest"/>

</RequestingBusinessActivity>
<RespondingBusinessActivity
name="PO Confirmation Action"
namelD="POConfirmationAction"
isAuthorizationRequired="true"
isNonRepudiationRequired="true"
timeToAcknowledgeReceipt="PT2H">
<DocumentEnvelope
businessDocument="PO Confirmation"

businessDocumentIDRef="Pip3A4PurchaseOrderConfirmation"/>

</RespondingBusinessActivity>
. i riBusinessransactionz...
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<!-- The binary collaboration asserts that the buyer is -->
<l-- the initiator of the above business transaction and -->
<!-- the seller is the responder, and the process begins -->
<!-- in the Request PO state -->
<BinaryCollaboration name="Request PO"
namelD="RequestPO_BC">
<InitiatingRole name="Buyer" namelD="Buyerld"/>
<RespondingRole name="Seller" namelD="Sellerld"/>
<Start toBusinessState="Request PO"/>
<BusinessTransactionActivity name="Request PO"
namelD="RequestPO_BTA"
businessTransaction="Request PO"
businessTransactionIDRef="RequestPO_BT"
fromAuthorizedRole="Buyer"
fromAuthorizedRolelDRef="Buyerld"
toAuthorizedRole="Seller"
toAuthorizedRolelDRef="Sellerld"
timeToPerform="PT1D"/>
</BinaryCollaboration>
</ProcessSpecification>




An example of an ebXML CPP

<cp:CollaborationProtocolProfile
xmins:cp="http://www.ebxml.org/specs/cpp-cpa-v2_0.xsd"
xmins:xlink="...">
<cp:Partylnfo cp:partyName="PClinc"
cp:defaultMshChannelld="asyncChannelA1">
<cp:Partyld
cp:type="urn:ebxml-cppa:partyid-type:duns">
123456789
</cp:Partyld>
<cp:PartyRef
xlink:href="http://PClnc.com/about.html"/>
<cp:CollaborationRole cp:id="Buyerld">
<cp:ProcessSpecification cp:version="2.0"
cp:name="PIP3A4RequestPurchaseOrder* xlink:type="simple“ xlink:href= "http://www.rosettanet.org/processes/3A4.xml"/>
<cp:Role cp:name="Buyer"
xlink:href=
"http://www.rosettanet.org/processes/3A4.xml#Buyer"/>
<cp:ServiceBinding>
<cp:Service>
bpid:icann:rosettanet.org:3A4v2.0
</cp:Service>
<cp:CanSend>
<cp:ThisPartyActionBinding cp:id="PCinc_ABID1"
cp:action="PO Request Action"
cp:packageld="PCInc_RequestPackage">
<cp:Channelld>asyncChannelAl</cp:Channelld>
<cp:BusinessTransactionCharacteristics
cp:isNonRepudiationRequired="true“ cp:isSecureTransportRequired="true"
cp:isAuthorizationRequired="true* cp:timeToAcknowledgeReceipt="PT2H* cp:timeToPerform="PT1D"/>
</cp:ThisPartyActionBinding>
</cp:CanSend>
</cp:ServiceBinding>
</cp:CollaborationRole>
</cp:Partylnfo>
</cp:CollaborationProtocolProfile>
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Discover Partner Information and Negotiate
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An example SOAP message header for sending a PO

<SOAP:Envelope
xmlIns:SOAP="http://schema.xmlsoap.org/soap/envelope/">
<SOAP:Header
xmins:eb="http//www.ebxml.org/msg-header-2_0.xsd">
<eb:MessageHeader id="123" eb:version="2.0"
SOAP:mustUnderstand="1">
<eb:From><eb:Partyld>123456</eb:Partyld></eb:From>
<eb:To>
<eb:Partyld eb:type="someType">987654</eb:Partyld>
<eb:Role>
http://rosettanet.org/processes/3A4.xml#seller
</eb:Role>
</eb:To>
<eb:CPAId>uri:companyA-and-companyB-cpa</eb:CPAld>
<eb:Conversationld>987654321</eb:Conversationld>
<eb:Service eb:type="anyURI">
bpid:icann:rosettanet.org:3A4v2.0
</eb:Service>
<eb:Action>Purchase Order Request Action</eb:Action>
<eb:MessageData>
<eb:Messageld>UUID-2</eb:Messageld>
<eb:Timestamp>2000-07-25T12:19:05</eb:Timestamp>
<eb:RefToMessageld>UUID-1</eb:RefToMessageld>
</eb:MessageData>
<eb:DuplicateElimination/>
</eb:MessageHeader>
</SOAP:Header>
<SOAP:Body
xmins:eb="http//www.ebxml.org/msg-header-2_0.xsd">
<eb:Manifest eb:version="2.0">

</eb:Manifest>

</SOAP:Body>
</SOAP:Envelope>
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Implementing ebXML

e ebXML is just a set of specifications of collaborations and repositories for

discovering business partners

An enterprise may build and deploy its own ebXML-compliant application to
Implement necessary roles in different collaborations

Use COTS ebXML compliant applications and components (from ERP vendors)

e Business Service Interface (BSI): a wrapper that enables a given party to
participate properly in an ebXML exchange

Message
ebXML World Layer
(TR & P)

Business
Service
Interface

Transform | Legacy
Layer | Application

/A

CPA Business
Document Process

243




Characteristics of eb XML

e BPSS enables us to express collaboration protocols and agreements
about protocols in a nice manner -> facilitates interoperation in

cross-enterprise settings
e Limitations
Expressiveness: BPSS is limited to simple request-response protocols

Semantics: BPSS lacks a formal semantics, and it is not clear if
specifications constructed by one party would have the same
Interpretations by another party
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RosettaNet

e A consortium of information technology, semiconductor

manufacturing, and telecommunications companies working to
create and implement open e-business process standards

The standards comprise a common e-business language that can

align the interoperations among supply-chain partners on a global
basis

Each process is expressed as a PIP (Partner Interface Process) that
defines the process of exchanging messages between two partners

Distinction between PIP and BPSS

PIPs define specific processes (like a purchase-order process)
BPSS is a language for defining processes
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RosettaNet PIP for Creating a Purchase Order: The Content for
ebXML

Back-end application
[ Create Order 7 Log order confirmation]
Order instance
(object)

Semantic Web enabled RosettaNet

Create PO Request

PO instance

Analyze POA

POA instance
Receive POA

e v
[ Mediation of
Ontologies of data structures,
data structures, business logic
business logic ™ message | | T T
and message exchange
exchange protocol Semantic Web enabled RosettaNet
protocols A A

Receive PO Send POA

POA instance

Create POA

PO instance

Analyze PO

I
I
I
- |
I
I
I

Back-end application

Confirm PO (some or all line
items may be rejected)
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PSL

e Process Specification Language

* Designed for describing or exchanging information among models of discrete processes, i.e.,
processes consisting of individually distinct events, tasks, or service invocations

* has a formally defined semantics in the language of first-order logic and represented using
the Knowledge Interchange Format (KIF)

Fig 13.15 here

FSL Core Core Theony
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Business Interchange Requirements

e The parties must agree on the documents to be exchanged, and the
semantics of the documents (defined by XML, XML Schema, RDF,
and OWL)

e The parties must agree on the protocol used to transmit a document
(such as SOAP-RPC, asynchronous SOAP, or ebXML transport), the
routing for the transmission, and the packaging of the document

e The parties must know each other’s location

e An ordering of the documents to be transmitted must be specified: a
conversation
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Need for service coordination protocols

The basic web services infrastructure supports interactions where the client
Invokes a single operation on a Web service

When the interaction involves coordinated sequences of operations, additional
abstractions and tools are needed to ensure the correctness and consistency

Moving from simple, independent invocations to sequences of operations where
their order matters has important implications

Internal: The client must be able to execute relatively complex procedures to
perform the different operations in the appropriate order. Furthermore, the
client must be capable of maintaining context information

External: The interaction between the client and the server has to obey certain
constraints. If these constraints are not followed, the Web service will be
unable to process the messages and will return an error to the client
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Example

The interaction between clients and services is
often formed by a set of operation invocations
(i.e., it is a conversation).

A service provider may support some
conversations while disallowing others.

\

customer , supplier
(client) : requestQuote (Web service)

2: orderGoods

3: makePayment

The internal business logic of clients and Web
services must support the conversation, and
maintain the state across different operation
invocations belonging to the same conversation.
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Issues

e Conversation: the sequences of operations (i.e., message exchanges)
that could occur between a client and a service as part of the
Invocation of a Web service

e Coordination protocol: the specification of the set of correct and
accepted conversations

e The problems

How to make it easy for developers to specify complex procedures that
can implement the logic required to conduct a conversation

How a Web service can describe the set of coordination protocols it
supports and make the clients aware of this information -> Needs to be
advertised in registries
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Conversation specification

e A state machine

The states define each possible stage of a correct conversation (e.g.,
quote requested, goods ordered)

Each state can have one or more output transitions, each labeled with a
different operation name corresponding to one of the operations offered
by the Web service interface

A conversation is in one and only one state at any time
e Given the set of operations provided by a Web service interface, the
state machine determines the set of correct conversations by defining

which interface operation can be invoked, based on the conversation
state
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Conversation specification example

Q\ requestQuote

[ quote requested ]

l orderGoods

[ goods ordered ]

cancelOrder
% makePaymenTS

order canceled ] [ order completed

I
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Conversations among multiple WSs

e Multi-party conversations
e Both sides impose constraints on how the conversation must proceed
e Independent of the number of Web services involved

l:requestQuote

\_/ \_(

2:orderGoods

a
>

customer |__

4:confirmOrder -
I I /\ / L

5:makePayment

supplier

7:getShipmentDeftail . .
3:checkShipAvailab

6:orderShipment

e

warehouse

8:confirmShipment

\ J 9:confirmShipment
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Specification of multi-party conversations

Introduce the definition of a protocol in terms of roles and of message exchanges
among entities playing those roles, along with constraints on the order in which

such exchanges should occur

e Use state machine
Associate each transition of a state machine not just an operation name, but a
triplet <invoker, operation, provider>, meaning that the state transition
occurs when the invoker calls the specified operation offered by the provider

e Use sequence diagrams
Limitation: when the protocol becomes complex, one sequence diagram does

not suffice -> Multiple sequence diagrams for alternative conversations

e Use activity diagrams
Can model alternative executions as well as parallel executions
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A seguence diagram example

[ customer ] [ supplier ] [ warehouse ]

E requestQuote ! E
: orderGoods : E
E 'E checkShipAvailable :
: confirmOrder : ':
: makePayment : :
! » :
; : orderShipment :
é getShipmenfbeTcil :
: confir'mshipni\en'r :
é : confirmShipment 'E
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An activity diagram example

customer supplier warehouse

!

requestQuote
(to supplier)

orderGoods -
(to supplier) —~~,| checkShipAuvailable
(to warehouse)
warehouse warehous
confirms e cancels
y confirmOrder cancelOrder

(to customer) (to customer)
makePayment
(to supplier)
orderShipment|
(to warehouse
getShipmentDetails
/ (to customer)
confirmShipment

(to warehouse)

| confirmShipment
(to supplier)

o

EE DLELTHL INTERACTIONS LAD 258




Classification of Web service protocols

e Vertical protocols

- _ e Horizontal protocols
Specific to business areas

Define a common infrastructure
XCBL, RosettaNet, ebXML, ... independent of the application area

WS-Coordination, WS-Transaction,
service provider

|

Web services executing vertical
protocols. The main focus of
standards such as RosettaNeft,
XCBL, and part of ebXML is to
describe protocols at this level.

I I middleware for horizontal protocols

[ support for protocols such as ] provides properties and guarantees to

. . . g et . the execution vertical protocols.
transactionality, reliability, security,.. Standards such as WS-Coordination,

WS-Transaction, and part of ebXML
fit here.

manufacturing ]
health care

o

—/
\
y

<

[ofher‘ Web services middleware (e.g., |
SOAP routers)

SOAP messages




Infrastructure for coordination protocols

e Conversation controllers

e Generic protocol handlers
e Standardization requirement for coordination protocols
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Conversation controllers

e Tools facilitating the execution of conversations

 Provides

conversation routing: the problem of dispatching messages to the
appropriate internal object

protocol compliance verification: if an operation invoked by a client in
the context of a conversation is not allowed, then the conversation
controller can return an error message
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Conversation routing

e A web service that is engaged in several different executions of a
coordination protocol P

 If all clients invoke operations provided by the same port, then they
are sending messages to the same Web address

* When the Web service receives the message, it must determine to
which conversation the message belongs, as each conversation has
a state, and the way each message Is processed depends on the
conversation state

e Alternatives
A single object implementation
A conversation controller
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Conversation controller

e Creating one object for each conversation and letting the
Infrastructure handle the routing of messages to the appropriate
object

e The controller can handle the dispatching of messages pertaining to
each conversation instance to the appropriate EJB
e The controller can accomplish this by

generating an identifier each time a message that starts a new
conversation is received

Including a unique identifier in the header of all messages exchanged
within a conversation

requiring standardization: all interacting parties are expected to know
how the conversation identifier is embedded into the messages and to
Insert it in every message they send
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Conversation controller

service provider

( \

object for P,

| J

4 \
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P, requestor
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J

/
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implementation object
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The role of conversation controller

e The controller, based on a <conversation identifier, object reference> mapping,
determines the EJB to which the message should be delivered

service provider

[ em |( e’ || em |
/ EJB container

/

SOAP router
(with conversation controller)

conversation
ID/object mapping

HTTP server

SOAP messages on
HTTP transport
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Generic protocol handlers

e A module that can include protocol-specific logic to act and
generate messages in accordance with the rules defined by the
protocol

e The protocol handler can support protocol execution in two forms

The handler receives, interprets, and sends protocols messages
automatically, without intervention by the Web service (e.g., reliable
message delivery)

The handler and the Web service share the burden of implementing the
protocol (e.g., in 2PC, the logic for implementing the decision of
whether to commit or abort is left to the participating Web services)

266




Interaction among conversation controllers, protocol handlers, and

Web services

 The conversation controller routes business protocol messages to the appropriate
Web services implementation, which contains the business logic implementing the
protocol

e Messages related to horizontal protocols are instead routed to the protocol handlers

service provider

A

[[ object (Web service implementation) ]
I
: H B
|
2 N A

A B g
horizontal protocol conversation routing, > service
implementation compliance verification H ’\ requestor
H J

B: conversation compliant with a business protocol
H: conversation compliant with an horizontal protocol
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Port references

When the infrastructure handles the protocol implementation automatically, it
should be told the role it has to take in implementing the protocol

W1 and W2, both delegating the execution of a protocol to the protocol handlers A
and B in their infrastructure

Before A and B can exchange the protocol messages with each other, A needs to
know the port reference of B and vice-versa

[ object (W1)

)

A’'s port reference

B's port reference

A's role

horizontal protocol
handler (A)

\4

conversation
controller

B's port reference

protocol messages

object (W2) ]

B's role A's port reference
\ 4
horizontal protocol
handler (B)
/ v
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Standardization requirements

A way to generate and transport unigue conversation identifiers in
the headers of SOAP messages (e.g., ebXML)

A framework and a set of protocols (i.e., meta-protocols) whose
purpose is to agree on such aspects as which protocol should be
executed and how it is coordinated

Horizontal protocols to be standardized, so that additional properties
can be provided by the WS middleware

A standard protocol languages, so that conversation controllers can
Interpret protocol specifications and verify protocol compliance
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WSCL

e \Web services conversation language
e A submission by HP in 2002
W3C Note:

* allows the business level conversations or public processes supported by a web
service to be defined

* specifies the sequencing of XML documents (as well as specifications for the
documents themselves) being exchanged between a web service and a user of that
service

e can provide protocol binding information for abstract interfaces or can specify the
abstract interfaces supported by a concrete service

e describes the interactions with just one service
e \WSCL conversation definitions are themselves XML documents

* models only business-level interactions and not how an exchange of business-level
documents is carried out by lower-level messaging protocols

the exchange of one business document might require several actual messages
to be exchanged

e expected to be replaced by WS-CDL
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Concepts in WSCL
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Structure of a WSCL specification

e Document type definitions
specify what types of XML documents will be exchanged by parties
e Interactions
exchanges of documents between a service and a client
one of the 5 types: Empty, Send, Receive, SendReceive, ReceiveSend

<Interaction interactionType="SendReceive"

id="Payment">

<OutboundXMLDocument id="Invoice"
hrefSchema="http://sc.edu/InvoiceRS.xsd"/>

<InboundXMLDocument id="Payment"
hrefSchema="http://ncsu.edu/Payment.xsd">

</InboundXMLDocument>

e Transitiofgteraction
the order of the interactions

<Transition>
<Sourcelnteraction href="Quote"/>
<DestinationInteraction href="Purchase"/>
</Transition>
<Transition>
<Sourcelnteraction href="Quote"/>
<DestinationInteraction href="Cataloglnquiry"/>
</Transition>

* Conversation: a list of all interactions and transitions in it, a starting interaction,
_and an ending interaction
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Well-Formed Conversations

e All interactions are reachable from the initial interaction
 The final Iinteraction is reachable from all interactions

e |If a transition from interaction A to interaction B specifies a
SourcelnteractionCondition, then all transitions from A to B do so

e The final interaction and transitions to the final interaction

unambiguously clarify for each participant when a conversation is
finished
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Example Conversation Definition

<<ReceiveSend>>

<<ReceiveSend>>

: : Login
Reqistration in: LoginRQ

in: RegistrationRQ

out: RegistrationRS EEVETE el

out: invalidLoginRS

InvalidLoginRS

InvalidLoginRS

<<ReceiveSend>>
Cataloglnquiry

in: CatalogRQ
out: CatalogRS

ValidLoginRS

<<ReceiveSend>>
Quote

in: QuoteRQ

out: QuoteRS

<<ReceiveSend>>
Purchase
in: PurchaseRQ
out: PurchaseAcceptedRS
out: InvalidPaymentsRS
out: OutOfStockRS

InvalidPaymentRS <<ReceiveSend>>

Logout
in: LogoutMessage

PurchaseAcceptedRS
<<Send>>
Shipping
out: ShippingInformation

OutOfStockRS
InvalidRaymentRS
- -
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Example WSCL Specification

<Conversation name="StoreFrontServiceConversation™ xmlns="http://www.w3.0rg/2002/02/wscl10" initialInteraction="Start"
finalInteraction="End" >

<Conversationlnteractions>
<Interaction interactionType="ReceiveSend" id="Login">
<InboundXMLDocument hrefSchema=" ”
id="LoginRQ"/>
<OutboundXMLDocument hrefSchema=" ”
id="ValidLoginRS"/>
<OutboundXMLDocument id="InvalidLoginRS"
hrefSchema=" />
</Interaction>

<Interaction interactionType="Empty" id="Start" />
<Interaction interactionType="Empty" id="End" />
</Conversationlnteractions>
<ConversationTransitions>
<Transition>
<Sourcelnteraction href="Start"/>
<DestinationInteraction href="Login"/>
</Transition>

<Transition>
<Sourcelnteraction href="Login"/>
<DestinationInteraction href="Registration"/>
<SourcelnteractionCondition href="InvalidLoginRS"/>

</Transition>

<Transition>
<Sourcelnteraction href="Logout"/>
<DestinationInteraction href="End"/>

</Transition>

</ConversationTransitions>
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http://conv1.org/LoginRQ.xsd
http://conv1.org/ValidLoginRS.xsd
http://conv1.org/InvalidLoginRS.xsd

Limitations of WSCL

e Limited to two participants

 WSCL provides excellent graph primitives for describing control
flows, but does not have specific constructs for iteration or
recursion

e Conversations are modeled as scripted procedures (graphs), but the
procedures are not flexible

e Cooperation is not supported
e EXxception handling is done only at low level
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WSCI: Web Service Choreography Interface

e Aninterface description language for business processes

e provides a global message-oriented view of the choreographed interactions among a collection of web
services

» describes the flow of messages exchanged by a web service that is interacting with other services
according to a choreographed pattern

e characterizes the externally observable behavior of the web service, not its internal operation
» offers interoperability across BPML, BPEL4WS, ebXML’s BPSS, and WIMC’s XPDL

e is an enhancement to WSDL, and a WSCI specification is intended to be part of a WSDL document
describing a web service

e Aservice can participate in several different conversations at the same time, with the correlate element
used to manage them and associate messages with the proper conversation

e supports both atomic transactions and open-nested transactions, the latter of which can be compensated
when exceptions occur
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Example WSCI Add-In to WSDL

<correlation name="quotationCorrelation* property="tns:quotationID*/>
<interface name="StockQuoteWS">
<process name="ProvideStockQuote" instantiation="message">
<sequence>
<action name="ReceiveLogin* role="tns:StockQuote WS*
operation="tns:QuoteToUser/LogIn"/>
<action name="ReceiveStockQuoteRequest" role="tns:StockQuoteWS"
operation="tns:QuoteToUser/ProvideQuote">
<correlate correlation="tns:quotationCorrelation"/>
<call process="tns:LookupPrice"/>
</action>
<action name="ReceiveLogout* role="tns:StockQuoteWS*
operation="tns:QuoteToUser/LogOut"/>
</sequence>
</process>

<process name="LookupPrice" instantiation="other">
<action name="QueryNYSE" role="tns:StockQuote WS
operation="tns:QuoteToUser/QueryNYSE"/>
</process>
</interface>
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WSCI Example for Transaction Compensation

<sequence>
<context>
<transaction name="buyStock" type="atomic">
<compensation>
<action name="NotifyUnavailable" role="NYSE* operation="tns:NY SEtoBroker/NotifyUnavailable"/>
</compensation>
</transaction>
</context>
<action name="BuyShare" role ="Broker* operation="tns:BrokerToNY SE/BuyShare"/>
<while name="BuyShares">
<condition>defs:fundsRemain</condition>
<action name="BuyShare" role ="Broker* operation="tns:BrokerToNY SE/BuyShare">
<correlate correlation="defs:buyingCorrelation"/>
</action>
</while>
</sequence>
<I-- Compensating Behavior for the Above Transaction -->
<exception>
<onTimeout property="tns:expiryTime" type="duration" reference="tns:BuyShares@end">
<compensate transaction="tns:buyStock"/>
</onTimeout>
</exception>
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Web services coordination

Coordination service: A service whose job is to coordinate the
activities of the web services that are part of the business process

Multiple participants can hide their proprietary protocols that reach
agreement on the outcome of their activities

Protocol

A set of well-defined messages that are exchanged between the web
services participating in a process

Context

A uniquely identified, conceptually coherent activity that includes the
services being coordinated

Application
An executing program instance at one site
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WS-Coordination

e Initially proposed by IBM, MS, and BEA in Aug. 2002
e a framework for supporting coordination protocols
e Defines SOAP extensions that are necessary to achieve coordination

e Defines meta-protocols for creating coordination contexts (Activation) and for
binding coordinators and participants to each other (Registration)

e Defines a basic set of middleware components as well as their interfaces for
Implementing central or distributed coordination

e Standardizes

A method for passing a unique identifier between interacting Web services ->
coordination context

A method for informing a protocol handler about the port of a Web service that
participates in a conversation -> registration interface

A method for informing a protocol handler about the role it should assume in a
conversation -> activation interface

e But, it is not a language for describing coordination protocols
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WS-Coordination Service

Protocol X

CreateCoordinationContext

-

-

|

Register

|

Activation
Service

Registration
Service

Coordinator

Protocol
Service X

Protocol
Service Y

Protocol Y

-
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Components of WS-Coordination

e Basic entities: coordinator(s), participants

{ Web service H Web service ]4—{ Web service ]

A

\ 4

[ coordinator J

(a) central coordination

[ Web service H Web service ]4—{ Web service J
A A A

A\ 4

\ 4 \ 4
[ coordinator ]4—{ coordinator }—P[ coordinator J

(b) distributed coordination
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Abstractions in WS-Coordination

e Coordination protocol

A set of rules governing conversations between a coordinator and its
participants (e.g., 2PC)

e Coordination type
A set of coordination protocols, logically related to each other

Example: Atomic transaction coordination type = 2PC + outcome notification
protocol

e Coordination context
A data structure used to mark messages belonging to the same conversation
Included in the message headers

Contains a field that identifies the coordination type and a field that uniquely
identifies the instance of that coordination type
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Forms of interactions in WS-Coordination

e Activation

A participant requests a coordinator to create a new coordination
context

e Registration

A participant registers as a coordination protocol participant with a
coordinator

e Protocol-specific interactions

The coordinator and its participants exchange messages that are
specific to a coordination protocol

* Note: Interactions for activation and registration are independent of
the type of coordination
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Port types in WS-Coordination: Activation

e Activation
* ActivationCoordinatorPortType (by coordinator)
* ActivationRequestorPortType (by participant)

Web service

CreateCoordinationContext ActivationRequestorPortType

- coordination type
- current context

CreateCoordinationContextResponse

- coordination context
- identifier
- coordination type

v - registration service

ActivationCoordinatorPortType (ﬁ T

coordinator
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Port types in WS-Coordination: Registration

e Registration
* RegistrationCoordinatorPortType
* RegistrationRequestorPortType

{ Web service }

4) RegistrationRequestorPortType

register
- protocol identifier
- participant protocol service

registerResponse

- coordinator protocol service

RegistrationCoordinatorPortType

coordinator
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Port types in WS-Coordination: Protocol-Specific

For each protocol X
» XCoordinatorPortType
» XParticipantPortType

Web service

XParticipantPortType
protocol-specific messages é) P P

from participant to coordinator

protocol-specific messages
from coordinator to participant

XCoordinatorPortType CP

coordinator
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Central coordination

e All the participating Web services need to agree on who the
coordinator for a particular conversation is

e Consider Web services A and B that participate in a coordination
protocol X

e Assume a single coordinator C
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Example of central coordination

1. Ainitiates a coordination instance

Web service A coordinator C Web service B

reference to its XPPT
4. C returns a reference to its XCPT

v !.5.;..opgrgtional;..me,ssqge ...... >

i .
- IA I A o]
< - =

[ activat ] protoco [acﬁwn] [ otoce ] LL* _,T_] LL* );] by asl_<ing_ C to create a new
P(:°'f e coordinator coordinator \_participant articipant coordination cotext
Lt [ impien | 2. C returns a coordination context
v ) g? ) ¢ X1 to A. X1 contains a reference to
1L creatie CC > i i ! C's RCPT
e T : 3. Aregisters itself as a participant
S registen—— ! : of protocol X with C by passing a
4—;—1t.—pnotocol-cop¢dma¢6r | i

Qéo

5_,_7_,,%@.% , to A
-~ - -+ - - Bprotocal=specific mgssage Lo 5. A sends a message to B within
- - - 9- protpcal-spesific jmessdge the scope of the coordination. To

I indicate the scope, it includes X1 as
: oo part of the SOAP header

6. B retrieves C's RCPT reference
from X1 and uses it to register with
C as a participant of X. B also
passes its own XPPT to C as part
of registration

7. C returns a reference to its XCPT
to B

Operational messages: dotted lines
WS-Coordination messages: solid lines
Protocol-specific messages: dashed lines
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Distributed coordination

[ Web serviceA] [ coordinator Ca] [ Web service B] [ coordinator Cb]
1 1 1

! 1_create CCy)
»

T
1 1
! ! 1 1
! : : ! i 1
|—3—Fegis#eﬂ—>. | |
l<—4—p=otocol—coo=domtor‘ 1 i
S 5...o'krahonal -message........| p! I
! 1 &_create CCp!
! ! iA Z X2 i
! ! 1 s 1
! i —8-—register—p
1 :< Q_ ‘-U‘ ter ;
! ! 44-1-.—p=o:tocoLcoo=dadaTor
L 12 -pre*reool—messq'e '
! i
- 13._pno:tocolmessage____.>l
.4 14. protocol message , i
! ! 14 15. -protocal .message
; :

- Cb acted as a proxy to Ca: All the
messages between Ca and B passed
through Cb
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1. Alinitiates a coordination instance by asking Ca to
create a new coordination context

2. Careturns a coordination context X1 to A. X1
contains a reference to Ca’s RCPT

3. Aregisters itself as a participant of protocol X with Ca
by passing a reference to its XPPT

4. Careturns a reference to its XCPT to A

5. A sends a message to B within the scope of the
coordination. To indicate the scope, it includes X1 as
part of the SOAP header

6. B notices X1 in the SOAP message it receives. It
asks Cb to create a new coordination context, which
should be a sub-context of X1

7. Cb returns a coordination context X2 to B. X2
contains a reference to Cb’s RCPT

8. B registers with Cb as a participant of X. B also
passes X2 and its own XPPT to Cb as part of the
registration

9. Chb registers as a participant of X with Ca. By doing
so, Cb informs Ca about who its counterpart is with
respect to X1, and can receive and forward all
messages from Ca to B

10. Ca returns to Cb with a reference to its XCPT. Cb
uses it to forward protocol messsages from B to Ca
11. Cb returns to B with a reference to its XCPT




Example

WStravel CoordinatorT CoordinatorH WShotel

CreateCoordContext(ACIDTra

Activation

|
I
|
|
|

Service :

|

I ReserveRoom(Ct) :

|
s

[
= CreateCoordContext(Ct)—

Activation /

Service Ch(A1,Ct,RSh)

Ct(A1,ACIDTrans,RSt)

Registration
Service

-

Reg(2PC,PortH) —

Register(2PC,PortPSh)_—|
Registration

Service
RegisterResponse(AddACK,PortPSt)

1 RegResponse(RemoveACK,PortPSh)
| 5
. .
Pr I Pr I . .
otoco otoco RoomConfirmation(2PC)—

Service Service /

2PC Protocol
g -

ReservationConfirmed —

1‘4”"""”””’» T T T
. | | |
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WS-Transaction

A set of specifications built on top of the WS-Coordination
Initially proposed in Aug. 2002 by IBM, MS, and BEA

Specifies a standard protocol for long-running transactions, called
business activities

Also provides a set of specifications for short-duration
transactions, called atomic transactions

WS-AtomicTransaction and WS-BusinessActivity leverage WS-
Coordination by defining two particular coordination types: a short-
term atomic transaction and a long-duration business activity

For a long-running transaction, WS-Transaction uses a compensation
scheme where participants provide an undo operation that is used if
the transaction does not complete
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Transactions in Web services

e Transactions implemented through Web services are often long-
running

Since Web services implement business applications, completing a
transaction may involve manual intervention or executing lengthy
business processes

e.g., Validating an order by checking that goods are in stock

* It may not always possible to preserve ACID properties using 2PC
(too long lock duration)

e The lack of a fixed resource and operation model

WSDL can represent anything from database insertions to sending a
letter to a customer

e.g., Rolling back the delivery of a letter to a customer
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Transactions in web services

e To relax the rigidity of ACID properties and to leverage
compensation mechanisms

Each of the participating Web services can update its persistent storage
after each step of the transaction (i.e., atomicity and isolation constraints
are relaxed)

If, for some reason, the transaction must be abort, then the Web services
execute a compensation operation that semantically undoes the effects
of the (partial) transaction execution

Each operation may have a different compensation logic

Providers may or may not impose a time limit for cancellation or
Impose cancellation fees
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Relationship with WS-Coordination

e WS-Transaction assumes the existence of a set of Web services that
participate in a transaction and of one or more coordinators that
coordinate the transaction

* WS-Coordination protocols are used by the following parties

By the initiating Web service, to create a new coordination context

By a participating Web service, to pass the coordination context to
another Web service

By a participating Web service, to register for a transaction protocol
with a central transaction coordinator or with its own coordinator

By a proxy coordinator, to chain with a primary coordinator
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Atomic transactions

* Five protocols make up the coordination type:

Completion: To inform the coordinator that it should start a 2PC protocol to
verify the outcome of the transaction and ask the participants to either commit
or abort

2PC: The standard two-phase commit protocol with a prepare phase and a
commit or abort phase

PhaseZero: To let all participants know that a 2PC protocol is about to
commence

OutcomeNotification: A participant can query the coordinator about the
outcome of the transaction at any point during or after the execution of a 2PC
protocol

CompletionWithAck: The coordinator has to remember the outcome of a
transaction without discarding it, until the requesting Web service sends an
acknowledgement that it has received the outcome

e Defines a structure for the transaction coordination context
e The value of the coordination type entry in the transaction context:
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http://schemas.xmlsoap.org/ws/2002/08/wstx

Port types in atomic transactions

 The reason for having coordinators implement the participant port types is that in
this way coordinator chaining can be accomplished

WS-Coordination interfaces

}

ActivationCoordinatorPortType RegistrationCoordinatorPortType
CF ﬁ) WS-Transaction interfaces

CompletionParticipantPortType O— —O CompletionCoordinatorPortType

CompletionWithAckParticipantrPortType O— —O CompletionWithAckCoordinatorPortType

atomic transaction

PhaseZeroParticipantrPortType O— coordinator

—O PhaseZeroCoordinatorPortType

2PCParticipantPortType (O)— —() 2PCCoordinatorPortType
OutcomeNptificationParticipantPortType O_k /—O OutcomeNptificationCoordinatorPortType
WS-Transaction interfaces é)
needed for chaining RegistrationParticipantPortType

f

WS-Coordination interfaces
needed for chaining
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Port types

A web service that initiates a transaction:
CompletionParticipantPortType or
CompletionWithAckParticipantPortType

A web service executing database state changes that must be either
committed or rolled back at the end of a transaction:
2PCParticipantPortType

A web service that executes other forms of state changes (e.g., in-
memory changes) and wishes to be notified before commencement
of a 2PC: PhaseZeroParticipantPortType

A Web service that would like to check the outcome of a transaction:
OutcomeNotificationParticipantPortType
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Example scenario for atomic transaction

ice A
[Lwes Servee J mepmm] @M [ coorcinater

4
9 T

i 4
>
S

2 g—regiS'rer-fur-Hmse!;ero

1

|

4—regisfer-fur—2PE

i 2P€—coor \‘.hnu‘ror'—ﬂ

i { €—2P€—coordinator—;

L - - - <omptete - -»! ! !

! it RhaseZere- - - - - - - - - - >

! ! i - - —PhaseZero- - 4
! ! l— - PhaseZero€omphdte

! - ----- PhuseZeroComplete - - - - - t

! b preparé— - - ————— - - »

! ! 4~ ~ ~prepare- - = +

! ! I- = = -~ prepared- -

: oo L k

! R COmMit - - — - ——— - — — — »

! ! e - - ~commit - - -

: : - - = - committed - !

: *-------- committed - - - ------- t

% - - -completed- - -
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Example

The travel agency and the airline can perform 2PC, but the
museum can perform only a simple, zero-phase update

Museum Server Travel Agency Server Airline Server
WStravel WSairline
[ N 4 N
Pb-CP Pc-2PC
/ N /
(12) Committed T| (4) Prepare (9)|Commit
WSmuseum .
(1) Commit T (5) Prepared |(10) Committed
N 4 N
Ct-CP Ca-2PC
\_ Y \_ Y
<« (DPrepare | |~ CoordT (@) Prepare | CoordA
(6) Prepared
Pm-2PC-v Ct-2PC-v Ct-2PC-d 8y Commit - Pa-2PC-d
(7) ReadOnly r\ /1 (11) Committed
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Business activities

e A coordination type that does not require locking resources

e Two protocols make up the coordination type: BusinessAgreement and
BusinessAgreementWithComplete

e The BusinessAgreement protocol is initiated by a participating web service to
Inform the coordinator about the status of its execution (Exited, Completed, or
Faulted)

e After reaching a consensus on whether to go forward with the transaction or to
abort it, the coordinator responds with a Close, Complete, Compensate, or Forget
message to all the participants

e The BusinessAgreementWithComplete protocol is similar to the
BusinessAgreement protocol with the addition that the coordinator has to tell a
participant when all the tasks expected from the latter as part of the transaction
have been requested
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Port types

e BusinessAgreeementParticipantPortType and BusinessAgreementCoordinatorPortType

e BusinessAgreementWithCompleteParticipantPortType and
BusinessAgreementWithCompleteCoordinatorPortType

* The coordinator should also implement the participant port types so that coordinator chaining can be
accomplished
e The value of the coordination entry in the context for business activities should be set to

WS-Coordination interfaces

ActivationCoordinatorPortType RegistrationCoordinatorPortType
WS-Transaction interfaces

I N "

BusinessAgreementPartici pam'PornyF e BufslessAgreemenfCoordi natorPortType

BusinessAgreementWithCompleteCoordinatorPortT
BusinessAgreemeanithompIe'rePar'ﬁcipam‘rPOSTType upiessAgreementivithtompletetoordinatortor

4 business activity
coordinator
WS-Transaction interfaces
needed for chaining \_ )

0

RegistrationParticipantPortType

WS-Coordination interfaces
needed for chaining
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An execution scenario of Business activity protocol

1. Ainitiates a business activity
! conversation and passes the context
g to B and C. B and C register for the

[ Web service]A[ Web service]B [ Web service]C[ Coordinator J

T
create CC !
‘d Al !

~ []

BusinessAgreement protocol with R

; ; message from B. If it has received
the Completed message from B, R

' | sends a Compensate message to B.
If not, it sends a Cancel message to
B

: ! cegister for BusinessAgreergent 2. B successfully finishes its tasks, but
! i BusinessAgreement caardinator C encounters a failure. So, it sends
. ; Cegisterfon-BusinessAgreement a Faulted message to R

I | _BusinessAgneemen:Lf:oor inator

: ikl —coffplafed;—l—t;——»; 3. By the time R receives the Faulted

i . i - - - fouted. _ 5 i

: . ompensate. o - - -~ - ! message from C, it may or may not
- ¢ - - - forget- - - have received the Completed

4. R also sends a Forget message to
C, denoting that the protocol is
terminated and no further actions
are required form C
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BTP: Business Transaction Protocol

Developed by OASIS to automate and manage long-running web-
based collaborative business applications

To support interactions that cross application and administrative
boundaries, thus requiring extended transactional support beyond the
classical ACID properties

relaxes the ACID properties via two subprotocols:
atoms, where isolation is relaxed
cohesions, where both isolation and atomicity are relaxed

More suitable for loosely coupled applications
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BTP example for cohesion

Investment BTP Dell Stock Ford Stock IBM Stock Federal Century
Manager Composer Preferred Preferred Preferred TBond Real Estate
| T |
| | |
L. Begin | !
! I
| |
Begun(context) :
|

BuyStockReqﬂest(context)
I

BuyBondRequest(context)
[

BuyRealEstateRequest(context)
Ny

Price Epyol|

Enroll

I S—
) | ___N———

}// Price Priciér,,/
T

L
% = |

Enroll Enroll
f

|

:

Confirm Dell & Century Prepare :
S — I'—Prepared7\’ i
:

|

I

Cancel Ford & TBond =~
Confirm(context)

Confirm(context)
|

T | i
Cancell(context) Cancel(context) !
|
1

) ' | i
onfirmed(context) Confirmed(context)

O

I | |
Cancelled(context)sancelled(context)y | ——————

|

| |

| | |

| | |

Confirmed(context) : : :
| | |
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Web Services Choreography Working Group

e 2003 1E = A& 2= 20044 12E LA

2SS 2= HE

* Web Services2| & =22 HIAIXIE Jl=0ol= WS- e ——
CDL 1.0 EEES 4201 K O5tD 108 0 4 X Rz )

e OASIS2| WS-BPEL S Et choreography J|= v ——=—
A2t H= 80 S8 =<

e To specify a declarative, and WSDL 1.2 based P
language that describes cross enterprise +
collaborations of Web Services participants by l Cg;;’,f;ffghg;ﬁj‘;jnsl
defining their common observable behavior, where

. . . . BFELAWS Java,
synchronized information exchanges through their 1 EJBs
shared contact points occur, when the commonly @enerated integration
defined ordering rules are satisfied.
Company A Company B
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Documents by WS Choreography WG

e Working Drafts
Web Services Choreography Requirements 1.0 (Working Draft)
WS Choreography Model Overview (Working Draft)
Web Services Choreography Description Language Version 1.0
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WS-CDL

 An XML-based language that describes
peer-to-peer collaborations of Web Services
participants by defining from a global
viewpoint their common and complementary

observable behavior where ordered message Business Process Languages:
exchanges result in accomplishing a BPEL, XPDL, BPML
common business goal . . _ .
_ Reliable Security Quality
e Supports SOAP Version 1.2, WSDL 2.0, Messaging of Service

and the Web's architectural layers
e The first working draft was released 27 m

April 2004
* New working draft of WS-CDL version 1.0 “

Business Collaboration Language: Integration

Choreography Description Language
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Travel agent example

1. The client interacts with the travel agent to request information
about various services.

2. Prices and availability matching the client requests are returned to
the client. The client can then perform one of the following actions:

The client can refine their request for information, possibly selecting
more services from the provider (Repeat step 2). OR

The client may reserve services based on the response,
OR

The client may quit the interaction with the travel agent.

3. When a customer makes a reservation, the travel agent then checks
the availability of the requested services with each service provider.
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Travel agent example (cont.)

4. Either
All services are available, in which case they are reserved. OR

For those services that are not available, the client is informed.

Either

1. Given alternative options for those services.
OR
2. Client is advised to restart the search by going back to step 1.

Go back to step 3.

5. For every relevant reserved service the travel agent takes a
deposit for the reservation. A credit card can be used as a form

of deposit.
6. The client is then issued a reservation number to confirm the
transaction.
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Example

The example right shows a
Choreography that involves one
Interactions. The Interaction
happens from Role Type
“Customer” to Role Type
“Retailer” on the Channel
“retailer-channel” as a
request/response message
exchange.

<informationType name="purchasedrderType™ type="pons:PurchasedrderMsog™s -
<informationType name="purchazselrderlckType™ type="pons:FPurchasedrder lokMsg™/ >
<token name="purchaselrderID™ informationType="tns:intType™/>
<token name="retailerRef" informationType="tns:uriType"/>
<tokenLocator tokenlName="thns:purchaselrderID™
informationType="tns:purchasedrderType™ query="/P0/orderId" />
<tokenLocator tokenMName="tns:purchaseCrderID™
informationType="thns:purchazeCrderiekType™ query="/P0/orderId”/ >
<roleType name="Consumer ">
<hehavior name="consumerForRetailer™ interface="cns:ConsumerPetailerPT"S -
<behawior name="consuwerForWarehouse™ interface="cns:ConsuwerTarehouseP T/ >
</roleTypex
< roleType hname="FRetailer™:>
<behawior name="retailerForConsumer™ interface="rnz:RetailerConsumerPT™ >
</ roleType >
<relationshipType name="ConsumwerFetailerRelationship™™:>
<role type="tns:Consumer"™ hehavior="consumerForRetailer"/>
<role type="tns:BRetailer”™ kbehavior="retailerForConsumer ™/ >
</ relationshipType >
<chanhelType name="ConsumerChannel "
<role type="tns:Consumer />
<referencex
<token type="ths:consumerRef"/ >
</reference:
<identity>
<token type="tns:purchase0rdecID"/>
</identicy>
</ channe lType:
<chanhelType name="REetailerChannel ">
<passing channel="ConsumerChannel™ action="regquest™ />
<role type="tns:Retailer™ behavior="retailerForConsumer™/ >
<referencex
<token type="tns:retailerBRef™/ >
</referencexr
<identity:
<token type="tns:purchaseorderID™/ >
</ identitys>
</channe lType:>



Example (cont.)

<choreography name="ConsumerRetailerChoreocography™ root="trusf>
<relationship type="tns:ConsumerRetailerRelationship™/ >
<wariablelefinitions:
<wvariable name="purchaseOrder™ informationType="tns:purchaseCrderType®™
gilentiction="true®™ />
<variable name="purchazsedrderick" informationType="tna:purchazsedrderickType™ /=
<yariable name="retailer-channel"™ channelType="tna:RetailerChannel™/ >
<varisble hame="consumer-channel™ channelType="tna:ConsumerChannel™/ >
<interaction channelWVariable="tns:retajiler-channel "
operation="handlePurchaseOrder™ align="trues"
initiate="true">
<participate relationship="tns:ConsuwerFetailerBelationship™
fromBEole="tns:Consumer ™ toRole="tns:Retailer™/ >
<exchange informationType="tns:purchasedrderType™ action="regquest':>
<gend variabhle="cdl:getVariable ("tns:purchasedrder™) ™ />
<receive wvariable="cdl:getVarishle [("thns:purchasedrder™) ™
recordReference="populateChannel™ /=

</ exchanges
<exchange informationType="purchasedrderickType™ action="respond™:-
<gend variabhle="cdl:getVariable ("tns:purchasedrderlick™) ™ />
<receive wvariable="cdl:getVariable ("ths:purchaseOrderick™) ™ />
</ exchange:>
<record name="populateChannel™ when="after™>
<gource wariabhle="cdl:getVariabhle ("ths:purchasedrder, "PO/CustomerBRef™) ™/ >
<target wariahle="cdl:getVariahle ("thns:conswner-channel™) "/ =
</ records>
</ interaction>
</choreographys

</ package >






