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Today’s WebToday’s Web
)DFWV�DQG�ILJXUHV

��ELOOLRQ�ZHEVLWHV
����P�,QWHUQHW�XVHUV�
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�����������ELOOLRQ

3XUSRVH
:HE�GHVLJQHG�IRU�
DSSOLFDWLRQ�WR�KXPDQ�
LQWHUDFWLRQV�

6HUYHG�LWV�SXUSRVH�ZHOO�
,QIRUPDWLRQ�VKDULQJ��D�
GLVWULEXWHG�FRQWHQW�OLEUDU\
%�&�H�FRPPHUFH
1RQ�DXWRPDWHG�%�%�
LQWHUDFWLRQV
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From the Internet to the Semantic Web From the Internet to the Semantic Web 

Old World :

“The eye-ball Web”

The architecture of the Web is 
geared towards delivering 
information visually (Internet 
filled with  human readable 
information)

New World:

“The Semantic Web”

The  content of the Web 
becomes computer intelligible  
(Internet filled with machine 
understandable information)

Source: IBM
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From the Internet to Web ServicesFrom the Internet to Web Services

Old World :

“ The eye-ball Web”

The architecture of the Web is 
geared towards delivering 
information visually (Internet 
filled with human readable 
information)

New World:

“ The transactional Web”

The architecture of the Web 
geared towards exchanging 
information between 
applications (Internet filled 
with executables)

Source: IBM
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From the Internet to Semantic Web ServicesFrom the Internet to Semantic Web Services

Old World :

“ The eye-ball Web”

The architecture of the Web is 
geared towards delivering 
information visually (Internet 
filled with human readable 
information)

New World:

“ The Coordination Web”

The architecture of the Web 
geared towards applications 
that intelligibly  coordinate 
information exchanges  
(Internet filled with machine 
understandable executables)

Source: IBM
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From the Internet to Autonomous Semantic Web From the Internet to Autonomous Semantic Web 
ServicesServices

Old World :

“ The eye-ball Web”

The architecture of the Web is 
geared towards delivering 
information visually (Internet 
filled with human readable 
information)

New World:

“ The Agent Web”

The architecture of the Web 
geared towards goal directed 
applications that intelligibly  
and adaptively coordinate 
information and action  
(Internet filled with context-
aware and self organizing 
agents)

Source: IBM
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���� 7KH�9LVLRQ7KH�9LVLRQ
���� :KDW�DUH�:HE�6HUYLFHV:KDW�DUH�:HE�6HUYLFHV
�� ,QGXVWU\�6WDQGDUGV
�� 6HPDQWLF�:HE�6HUYLFHV
�� 6HPDQWLF�0HGLDWLRQ�
�� $XWRQRPRXV�6HPDQWLF�:HE�6HUYLFHV
�� &RQFOXVLRQ
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What are Web ServicesWhat are Web Services
The Next Killer AppThe Next Killer App

“ Web services are 
expected to 

revolutionize our life 
in much the same 

way as the Internet 
has during the past 

decade or so.”
(Gartner)

“ Just as the Web 
revolutionized how 

users talk to 
applications, XML 

transforms how 
applications talk to each 

other.” (Bill Gates)

“ Web Services will be 
bigger than Java or 

XML” (Rod Smith, VP 
of Emerging 

Technology, IBM)

“ By 2004, 40% of 
financial services 

transactions and 35% of 
online government 
services will be web 

service-based.”
(Gartner)
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What are Web Services?What are Web Services?
Many Definitions Exist…Many Definitions Exist…

Web Services are Internet-based, 
modular applications that 

perform a specific business task 
and conform to a particular 

technical format. (IBM)

Web Services are loosely 
coupled software components 
delivered over the Internet via 
standards-based technologies 

like XML, and SOAP. (Gartner)

“Self-describing, self-contained, 
modular unit of application logic 

that provides some business 
functionality to other 

applications through an Internet 
connection…” (UDDI.org)

A web service is application 
logic that is programmatically 
available, exposed using the 

Internet. (Microsoft)

Web Services are self-describing 
components that can discover 

and engage other web services or 
applications to complete 

complex tasks over the Internet. 
(Sun Microsystems, Inc.)

It is software designed to be 
used by other software via 

Internet protocols and formats. 
(Forrester)
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Web Services as a Software ArchitectureWeb Services as a Software Architecture

³:HE�VHUYLFHV�DUH�D�QHZ�EUHHG�RI�:HE�DSSOLFDWLRQ��
7KH\�DUH�VHOI�FRQWDLQHG��VHOI�GHVFULELQJ��PRGXODU�
DSSOLFDWLRQV�WKDW�FDQ�EH�SXEOLVKHG��ORFDWHG��DQG�LQYRNHG�
DFURVV�WKH�:HE��:HE�VHUYLFHV�SHUIRUP�IXQFWLRQV��ZKLFK�
FDQ�EH�DQ\WKLQJ�IURP�VLPSOH�UHTXHVWV�WR�FRPSOLFDWHG�
EXVLQHVV�SURFHVVHV��«
2QFH�D�:HE�VHUYLFH�LV�GHSOR\HG��RWKHU�DSSOLFDWLRQV�
�DQG�RWKHU�:HE�VHUYLFHV��FDQ�GLVFRYHU�DQG�LQYRNH�WKH�
GHSOR\HG�VHUYLFH�´

,%0�ZHE�VHUYLFH�WXWRULDO
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Web Services as a programming technologyWeb Services as a programming technology

7KH�ZHE�LV�RUJDQL]HG�DURXQG�85,V��+70/��DQG�+773��
85,V SURYLGH�GHILQHG�,'V�WR�UHIHU�WR�HOHPHQWV�RQ�WKH�ZHE
+70/�SURYLGHV�D�VWDQGDUGL]HG�ZD\�WR�GHVFULEH�GRFXPHQW�
VWUXFWXUHV
� DOORZLQJ�EURZVHUV�WR�UHQGHU�LQIRUPDWLRQ�IRU�WKH�KXPDQ�UHDGHU

+773�GHILQHV�D�SURWRFRO�WR�UHWULHYH�LQIRUPDWLRQ�IURP�WKH�ZHE�
:HE�VHUYLFHV�UHTXLUH�D�VLPLODU�LQIUDVWUXFWXUH�

;0/�SURYLGHV�D�PHWD�ODQJXDJH�IRU�GHILQLQJ�GRFXPHQWV
6WDQGDUGV�UHTXLUHG�IRU�FRPPXQLFDWLRQ��LQWHUIDFH�VLJQDWXUH�
GHVFULSWLRQ��SURWRFRO�GHVFULSWLRQ�DQG�GLVFRYHU\�
� H�J��8'',��:6'/��DQG�62$3
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The Impact of Web Services?The Impact of Web Services?
,PSURYHPHQW�RI�RSHUDWLRQV

$JLOH�EXVLQHVV�UHODWLRQVKLSV

5HGXFHG�FRVW�DQG�LQFUHDVHG�
IOH[LELOLW\

6KRUWHU�WLPH�WR�PDUNHW�IRU�
QHZ�SURGXFWV�DQG�VHUYLFHV

/HYHUDJH�H[LVWLQJ�
LQIUDVWUXFWXUH

:HE�6HUYLFHV�ZLOO�UHPHG\�PDQ\�
H[SHQVLYH�DQG�SDLQIXO�SUREOHPV�
RI�WRGD\¶V�EXVLQHVV�XVHV�RI�,7�

&RQQHFWLQJ�EXVLQHVV�V\VWHPV�
LQVLGH�D�ILUP�LV�D�QLJKWPDUH

,QWHU�HQWHUSULVH�SURFHVV�
RUFKHVWUDWLRQ�LV�LPSRVVLEOH

,QIOH[LEOH�V\VWHPV�LPSHGH�
EXVLQHVV�DGMXVWPHQWV

)UDJPHQWHG�SHUVRQDO�GDWD�
IUXVWUDWHV�XVHUV
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Key characteristicsKey characteristics
$�:HE�6HUYLFH�LV�DFFHVVLEOH�RYHU�WKH�:HE��

:HE�6HUYLFHV�FRPPXQLFDWH�XVLQJ�SODWIRUP�LQGHSHQGHQW�DQG�
ODQJXDJH�QHXWUDO�:HE�SURWRFROV

$�:HE�6HUYLFH�SURYLGHV�D�VSHFLILF�IXQFWLRQDOLW\�WKDW�FDQ�EH�
XVHG�E\�RWKHU�SURJUDPV

$�:HE�6HUYLFH�LV�UHJLVWHUHG�DQG�FDQ�EH�ORFDWHG WKURXJK�D�:HE�
6HUYLFH�5HJLVWU\�
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So what is new about Web Services?So what is new about Web Services?

8VHV FRPPRQ�SURWRFROV�DQG�
WHFKQRORJLHV��H�J���;0/��62$3��
:6'/��+773�

8VHV GLIIHUHQW�SURWRFROV�DQG�
WHFKQRORJLHV��H�J���0LFURVRIW�
'&20��&25%$�

0DLQO\�GHVLJQHG�IRU�SURFHVVHV�
DFURVV�HQWHUSULVHV

0DLQO\�GHVLJQHG�IRU�SURFHVVHV�
ZLWKLQ�WKH�HQWHUSULVH

/RRVHO\�FRXSOHG VRIWZDUH�
DSSOLFDWLRQV��ORZ�GHSHQGHQFLHV�
EHWZHHQ�DSSOLFDWLRQV�

7LJKWO\�FRXSOHG VRIWZDUH�
DSSOLFDWLRQV��KLJK�
GHSHQGHQFLHV�EHWZHHQ�
V\VWHPV�

:HE�6HUYLFHV�0RGHO&RPSRQHQW�%DVHG�0RGHO
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1993
Static Web
HTTP, HTML

1994-1997
Dynamic Web
CGI, Perl, Applets,

Sevlets, ASP, Javascript

1998-1999
Adoption of XML
XSLT, XML-Schema

2000+
Web Services Standards

SOAP, WSDL, UDDI

Evolution of WWW Technologies & ToolsEvolution of WWW Technologies & Tools



� &DUQHJLH�0HOORQ�8QLYHUVLW\�����

The Evolution of Web Services?The Evolution of Web Services?

Private Integration

Partner Integration

Public Integration

Integration between 
internal applications

Integration without a      
prior relationship

Integration between remote 
applications at separate firms         
or business units

2002 2003/4

Defi-
nition

Time
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Future Evolution of Web ServicesFuture Evolution of Web Services

6HPDQWLF�:HE�6HUYLFHV��VHUYLFHV�ZKRVH�
GHVFULSWLRQ�LV�LQ�D�PDFKLQH�XQGHUVWDQGDEOH�
ODQJXDJH�ZLWK�IRUPDO�VHPDQWLFV
$JHQW�EDVHG�RU�$XWRQRPRXV�6HPDQWLF�:HE�
6HUYLFHV��

JRDO�GLUHFWHG�
DXWRQRPRXV�FKRLFH�RI�SDUWQHUV
EDVHG�RQ�RZQ�FXUUHQW�LQWHUQDO�JRDOV��LQWHUQDO�
DWWLWXGHV��DQG�WKHLU�SURMHFWLRQ�RI�WKHLU�IXWXUH�QHHGV�
VHPDQWLFV�VXSSRUW�$6:6
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Overview of Web Services StandardsOverview of Web Services Standards
'DWD�DQG�&RQWURO�)ORZ�
GHVFULSWLRQV�RI�:HE�6HUYLFHV��
6HFXULW\�DQG�0DQDJHPHQW

$�PHFKDQLVP�IRU�UHJLVWHULQJ�DQG�
ORRNLQJ�XS�ZHE�VHUYLFHV
3URJUDPPDWLF�ZD\�RI�GHVFULELQJ�
WKH�:HE�6HUYLFH�,QWHUIDFH
:HE�6HUYLFHV�&RPPXQLFDWLRQ�
SURWRFRO
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Overview of Web Services StandardsOverview of Web Services Standards
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&RPPXQLFDWLQJ�
EHWZHHQ�VHUYLFHV�
XVLQJ�WKH�6LPSOH�
2EMHFW�$FFHVV�
3URWRFRO�� 62$3
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SOAP (Simple Object Access Protocol)SOAP (Simple Object Access Protocol)

;0/�EDVHG�ZHE�VHUYLFHV�FRPPXQLFDWLRQ�SURWRFRO
3URYLGHV�PHVVDJH�VXSSRUW�IRU�PDQ\�:HE�6HUYLFHV�VWDQGDUGV�
VXFK�DV�:6'/��8'',��DQG�0LFURVRIW¶V��1(7�DUFKLWHFWXUH
8VHV�*(7�3267�DFURVV�KWWS��WKXV�SURYLGLQJ�D�SODWIRUP�	�
ODQJXDJH�LQGHSHQGHQW�PHDQV�RI�FRPPXQLFDWLQJ

62$3�GRFXPHQWV�FRQWDLQ�
+HDGHU�
� RSWLRQDO�LQIRUPDWLRQ�DERXW�WKH�WUDQVDFWLRQ

%RG\
� FRQWDLQV�SD\ORDG��H�J��D�UHTXHVW�RU�UHVSRQVH�
� PD\�LQVWHDG�FRQWDLQ�HUURU�IDXOW�LQIRUPDWLRQ�LI�UHTXHVWV�IDLO�
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Limitations of SOAPLimitations of SOAP
8QERXQGHG�PHVVDJH�IRUPDW

5HTXLUHV�D�SULRUL�DJUHHPHQW�EHWZHHQ�:HE�6HUYLFHV�RQ�PHVVDJH�
IRUPDW�DQG�SURWRFRO
3URYLGHG�E\�KLJKHU�OHYHO�VWDQGDUGV��H�J��:6'/�

+DV�QR�FRPPXQLFDWLYH�VSHHFK�DFWV
1R�ZD\�WR�GHWHUPLQH
� 7KH�LQWHQWLRQ�RI�WKH�PHVVDJH�VHQGHU
� :KDW�WKH�PHVVDJH�LV�WU\LQJ�WR�DFKLHYH

$JHQW�FRPPXQLFDWLRQ�ODQJXDJHV�VXFK�DV�),3$�.40/�GHILQH�
VSHHFK�DFWV��VXFK�DV�

� %DVLF�TXHU\�SHUIRUPDWLYHV �DVN�RQH��DVN�DOO�����
� 0XOWL�UHVSRQVH�TXHU\�SHUIRUPDWLYHV �VWUHDP�LQ����
� 5HVSRQVH��UHSO\��VRUU\�«�
� «
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Overview of Web Services StandardsOverview of Web Services Standards

'HILQLQJ�WUDQVDFWLRQV�
ZLWK�WKH�:HE�6HUYLFHV�
'HVFULSWLRQ�
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WSDL (Web Services Description Language)WSDL (Web Services Description Language)

6WUXFWXUHG�PHFKDQLVP�WR�GHVFULEH�
$EVWUDFW�RSHUDWLRQV�WKDW�D�:HE�6HUYLFH�FDQ�SHUIRUP
)RUPDW�RI�PHVVDJHV�LW�FDQ�SURFHVV
3URWRFROV�LW�FDQ�VXSSRUW
3K\VLFDO�ELQGLQJV�WR�
� FRPPXQLFDWLRQ�ODQJXDJHV��H�J��62$3�RU�+773�PHVVDJHV
� /RFDWLRQ�RI�VHUYLFHV��L�H��85,�DQG�SRUW�QXPEHUV

;0/�EDVHG
6XSSRUWV�VLPSOH�WUDQVDFWLRQV��RSHUDWLRQV�

(�J��UHTXHVW�UHVSRQVH��VROLFLW�UHVSRQVH��HWF��
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Overview of Web Services StandardsOverview of Web Services Standards

6HDUFKLQJ�IRU�6HUYLFHV�
XVLQJ�8QLYHUVDO�
'LVFRYHU\��
'HVFULSWLRQ�	�
,QWHJUDWLRQ�� 8'',
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UDDI (Universal Discovery, Description & UDDI (Universal Discovery, Description & 
Integration)Integration)

<HOORZ�3DJHV�'LUHFWRU\�6HUYLFH�IRU�:HE�6HUYLFHV
.H\ZRUG�VHDUFKHV�EDVHG�RQ�VWDQGDUG�WD[RQRPLHV

1$,&6��1RUWK�$PHULFDQ�,QGXVWULDO�&ODVVLILFDWLRQ�6\VWHP�
6,&��6WDQGDUG�,QGXVWULDO�&ODVVLILFDWLRQ�

:KLWH�3DJHV�ORRNXS�IRU
6HUYLFH�3URYLGHUV��FRQWDFW�GHWDLOV��HWF�

6HUYLFH�W\SHV�DUH�UHJLVWHUHG�DV�D�XQLTXH�W0RGHO
$3,�WR�8'',�VHUYHUV�FRPPXQLFDWH�XVLQJ�62$3
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UDDI Search CapabilitiesUDDI Search Capabilities
)RXU�PHWKRGV�IRU�VHDUFKLQJ�DYDLODEOH�WKURXJK�$3,�

)LQGBEXVLQHVV
� /RFDWH�LQIRUPDWLRQ�DERXW�RQH�RU�PRUH�EXVLQHVVHV�

)LQGBELQGLQJ
� /RFDWH�VSHFLILF�ELQGLQJV�ZLWKLQ�D�UHJLVWHUHG�EXVLQHVV�

)LQGBVHUYLFH
� /RFDWH�VSHFLILF�VHUYLFH�ZLWKLQ�D�UHJLVWHUHG�%XLVQHVV (QWLW\�

)LQGBW0RGHO
� /RFDWH�RQH�RU�PRUH�W0RGHO ,QIRUPDWLRQ�VWUXFWXUHV�

$UJXPHQWV�WR�VHDUFKHV�DUH�NH\ZRUG�EDVHG
8VHV�NH\ZRUGV�WR�JXLGH�VHDUFK�
� ILQG�EXVLQHVV�QDPHG�,%


8VH�W0RGHOV WR�ILQG�VHUYLFHV�ZLWK�D�IHDWXUH�
� ILQG�DOO�VHUYLFHV�ZLWK�:6'/�VSHFLILFDWLRQ
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Overview of Web Services StandardsOverview of Web Services Standards

'HILQLQJ�WKH�EXVLQHVV�
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BPELBPEL

'HVFULSWLRQ�RI�KRZ�:HE�6HUYLFHV�DUH�FRPSRVHG
)ORZ�0RGHO�GHVFULEHV�WKH�VWUXFWXUH�RI�WKH�EXVLQHVV�
SURFHVV�LQ�WHUPV�RI�
� $FWLYLWLHV

± 'HVFULEH�WKH�SURFHVV�VWHSV
� 'DWD�DQG�&RQWURO�/LQNV

± 5HSUHVHQW�VHTXHQFLQJ�UXOHV�DQG�LQIRUPDWLRQ�IORZ
*OREDO�0RGHO
� 'HVFULEHV�LQWHUDFWLRQ�EHWZHHQ�SURYLGHU�DQG�UHTXHVWHU
� 0DSSLQJV�EHWZHHQ�LQWHUQDO�RSHUDWLRQV�DQG�:6'/�SRUW�W\SHV
� %3(/�3OXJ�OLQNV�PDS�EHWZHHQ�FRQWURO�IORZ�DQG�:6'/�
RSHUDWLRQV
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Limitations of Current Web Service Limitations of Current Web Service 
StandardsStandards

/DFN�FRPSXWHU�XQGHUVWDQGDEOH�VHPDQWLFV
3URYLGH�OLPLWHG�,QWHURSHUDWLRQ
$OORZ�IRU�NH\ZRUG�EDVHG�VHUYLFH�GLVFRYHU\
/DFN�DELOLW\�IRU�UXQ�WLPH�VHUYLFH�GLVFRYHU\��
QHJRWLDWLRQ��H[HFXWLRQ�PRQLWRULQJ�DQG�
FRPSRVLWLRQ
/DFN�PHFKDQLVPV�IRU�GHVFULELQJ�EXVLQHVV�
UHODWLRQV��RU�DJUHHPHQWV��H�J��FRQWUDFWV�
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�� ,QGXVWU\�6WDQGDUGV
�� 6HPDQWLF�:HE�6HUYLFHV
�� 6HPDQWLF�0HGLDWLRQ�
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The Need for SemanticsThe Need for Semantics
/DFN�RI�6HPDQWLF�,QWHURSHUDELOLW\�LV�D�PDMRU�KXUGOH�IRU

/RFDWLQJ�6HUYLFHV
� 'LIIHUHQW�WHUPV�XVHG�IRU�DGYHUWLVHPHQWV�DQG�UHTXHVWV

,QYRNLQJ�6HUYLFHV
� &RQVWUXFWLQJ�YDOLG�PHVVDJHV�EDVHG�RQ�WKH�SXEOLVKHG�
VLJQDWXUH�LQWHUIDFH�RI�D�VHUYLFH

8QGHUVWDQGLQJ
� ,QWHUSUHWLQJ�WKH�UHVXOWV�RI�LQYRNLQJ�D�VHUYLFH

&RPSRVLQJ�6HUYLFHV
� &RPELQLQJ�WKH�UHVXOWV�RI�GLIIHUHQW�VHUYLFHV�LQ�D�PHDQLQJIXO�
ZRUNIORZ

� &RQVWUXFWLQJ�SODQV�WR�DFKLHYH�PHWD�JRDOV�EDVHG�RQ�DYDLODEOH�
6HUYLFHV�$JHQWV
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Semantic Web Services   Stack DiagramSemantic Web Services   Stack Diagram

UnicodeURI

XML Namespaces

SOAP

WSDL

Messaging

Directories, e.g. UDDI

Process Specifications

Choreography eg BPEL

Trusted Semantic Services 
Eg Contracts;  Info Integration;  Business Process Automation;  Tasking

Autonomous Semantic Services
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Semantic Web ServicesSemantic Web Services

6HPDQWLF�6HUYLFH�'HVFULSWLRQ�
6HUYLFH�GLVFRYHU\
6HUYLFH�LQYRFDWLRQ
6HUYLFH�QHJRWLDWLRQ
6HUYLFH�VHOHFWLRQ
6HUYLFH�FRPSRVLWLRQ

6HPDQWLF�,QWHURSHUDWLRQ�DQG�0HGLDWLRQ�
0HFKDQLVPV
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Next Generation WebNext Generation Web
Semantic Web Services

Semantic Web techniques Web Services techniques

Existing Web
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Semantic Web ServicesSemantic Web Services
Complete don’t CompeteComplete don’t Compete

Augment the Web Services infrastructure with semantic Augment the Web Services infrastructure with semantic 
informationinformation

Produce Produce ontologiesontologies to describe Web Servicesto describe Web Services

Enabled by the Semantic WebEnabled by the Semantic Web
Capability (requirements) based discoveryCapability (requirements) based discovery

Meaningful invocationMeaningful invocation

Automatic Web Services compositionAutomatic Web Services composition
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Layered Approach to Language DevelopmentLayered Approach to Language Development

;0
/

5')

+773

'$0/�6
�6HUYLFHV�

5')6��5')�6FKHPD�
'$0/�2,/

7KH�ILUVW�PDMRU�
DSSOLFDWLRQ�RI�
'$0/�2,/
/D\HU�H[LVWV�DERYH�
'$0/�2,/�	�5')
)XWXUH�YHUVLRQV�ZLOO�
EXLOG�XSRQ�
HPHUJLQJ�OD\HUV�
�H�J��'$0/�5XOHV�
HWF�
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DAML+OILDAML+OIL
'$0/�2,/�H[WHQGV�5')�VWDWHPHQWV�WR�SURYLGH�D�ULFK�GHVFULSWLYH�
ORJLF�ODQJXDJH

3URYLGHV�UHVWULFWLRQV�DQG�DGGLWLRQDO�QRWDWLRQV�RQ�SURSHUWLHV
� &DUGLQDOLW\�UHVWULFWLRQV
� 1RWDWLRQV�LQFOXGH�LQYHUVH2I��7UDQVLWLYLW\��HWF

3URYLGHV�DGGLWLRQDO�SURSHUWLHV�IRU�FODVV�GHILQLWLRQV
� 'LVMRLQW�ZLWK��FRPSOHPHQW�2I��LQWHUVHFWLRQ2I��HWF

3URYLGHV�XQLYHUVDO�	�H[LVWHQWLDO�TXDQWLILFDWLRQ�WKURXJK�FODVV�
UHVWULFWLRQ

'$0/�2,/�ZLOO�EH�VXFFHHGHG�E\�WKH�HPHUJLQJ�:HE�
2QWRORJ\�ODQJXDJH�2:/
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DAMLDAML--SS
'$0/�6��$�'$53$�$JHQW�0DUNXS�/DQJXDJH�IRU�
6HUYLFHV

$Q�XSSHU�RQWRORJ\�IRU�GHVFULELQJ�SURSHUWLHV�	�FDSDELOLWLHV�RI�
:HE�VHUYLFHV LQ�DQ�XQDPELJXRXV��FRPSXWHU�LQWHUSUHWDEOH�
PDUNXS�ODQJXDJH�
'$0/�2,/�2QWRORJ\�IRU��:HE��VHUYLFHV

$,�LQVSLUHG�PDUNXS�ODQJXDJH��
WDLORUHG�WR�WKH�UHSUHVHQWDWLRQDO�QHHGV�RI�6HUYLFHV
H[SUHVVLYH�SRZHU�
ZHOO�GHILQHG�VHPDQWLFV
RQWRORJLHV�VXSSRUW�UHXVH��PDSSLQJ��VXFFLQFW�PDUNXS�����

http://www.daml.org/services
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DAMLDAML--S ObjectivesS Objectives
3URYLGH�

DQ�XSSHU�RQWRORJ\�IRU�GHVFULELQJ�SURSHUWLHV�	�FDSDELOLWLHV�RI�
DJHQWV�	��:HE��VHUYLFHV LQ�DQ�XQDPELJXRXV��FRPSXWHU�
LQWHUSUHWDEOH�PDUNXS�ODQJXDJH�

'HVLGHUDWD�
DQ�RQWRORJ\�RI�:HE�VHUYLFHV
HDVH�RI�H[SUHVVLYHQHVV
HQDEOHV�DXWRPDWLRQ�RI�VHUYLFH�XVH�E\�DJHQWV�
HQDEOHV�UHDVRQLQJ�DERXW�VHUYLFH�SURSHUWLHV�DQG�FDSDELOLWLHV
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Automation enabled by DAMLAutomation enabled by DAML--SS

:HE�6HUYLFH�'LVFRYHU\�	�6HOHFWLRQ
Find me an airline that can fly me to Klagenfurt

:HE�6HUYLFH�,QYRFDWLRQ
Book flight tickets with Lufthansa to arrive on June 
17th

:HE�6HUYLFH�&RPSRVLWLRQ�	�,QWHURSHUDWLRQ
Arrange travel to CAiSE 2003.

:HE�6HUYLFH�([HFXWLRQ�0RQLWRULQJ
Has the hotel room been reserved ?
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DAMLDAML--S ElementsS Elements

:6'/:6'/*URXQGLQJ��*URXQGLQJ��
:6'/:6'/

,QYRFDWLRQ,QYRFDWLRQ

:6&,�:6&,�
%3(/�:6%3(/�:6

3URFHVV�3URFHVV�
0RGHO0RGHO

&KRUHRJUDSK\&KRUHRJUDSK\
8'',�$3,8'',�$3,3URILOH3URILOH'LVFRYHU\'LVFRYHU\

:HE�6HUYLFHV�:HE�6HUYLFHV�
,QIUDVWUXFWXUH,QIUDVWUXFWXUH

'$0/'$0/��66
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DiscoveryDiscovery



� &DUQHJLH�0HOORQ�8QLYHUVLW\�����

DAMLDAML--S Service Profile S Service Profile (capability (capability 
representation)representation)
Functionality DescriptionFunctionality Description

3UHFRQGLWLRQV
6HW�RI�FRQGLWLRQV�WKDW�VKRXOG�KROG�SULRU�WR�WKH�VHUYLFH�EHLQJ�LQYRNHG

,QSXWV
6HW�RI�QHFHVVDU\�LQSXWV�WKDW�WKH�UHTXHVWHU�VKRXOG�SURYLGH�WR�LQYRNH�WKH�
VHUYLFH

2XWSXWV
5HVXOWV�WKDW�WKH�UHTXHVWHU�VKRXOG�H[SHFW�DIWHU�LQWHUDFWLRQ�ZLWK�WKH�VHUYLFH�
SURYLGHU�LV�FRPSOHWHG

(IIHFWV
6HW�RI�VWDWHPHQWV�WKDW�VKRXOG�KROG�WUXH�LI�WKH�VHUYLFH�LV�LQYRNHG�
VXFFHVVIXOO\�
2IWHQ�UHIHU�WR�UHDO�ZRUOG�HIIHFWV
� 3DFNDJH�EHLQJ�GHOLYHUHG
� &UHGLW�FDUG�EHLQJ�GHELWHG
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DAMLDAML--S Service ProfileS Service Profile
Non Functional ParametersNon Functional Parameters

6HUYLFH�&DWHJRU\
&RPSDQ\�,QIRUPDWLRQ
6HUYLFH�5DQJH
4XDOLW\�5DWLQJ
6HFXULW\�UHTXLUHPHQWV
5HVSRQVH�WLPH
&RVW�RI�LQYRNLQJ�WKH�VHUYLFH
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DAMLDAML--S Matchmaker Processing ModuleS Matchmaker Processing Module

2QWRORJ\
'%

Ontology
Reasoner

TF/IDF
Calculator

Ontology
filter

Comment
filter

Similarity
filter

Subsumption
filter

Constraint
filter

'$0/�6�0DWFKPDNLQJ�(QJLQH

Ontology Server

:RUGV
'%

3URILOH
'%
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Architecture DAMLArchitecture DAML--S/UDDIS/UDDI
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DAMLDAML--S for P2PS for P2P

8VH�'$0/�6�WR�H[SDQG�VHDUFK�PHFKDQLVP�RQ�*QXWHOOD�
3�3�QHWZRUN

6HDUFK�FDSDELOLWLHV�LQ�*QXWHOOD�UHVWULFWHG�WR�NH\ZRUG�VHDUFK�±
1R�6HPDQWLF�,QIRUPDWLRQ

,PSURYH�RQ�*QXWHOOD E\�DGGLQJ�VHPDQWLFV�LQ�'$0/�
DQG�FDSDELOLW\�UHSUHVHQWDWLRQ�LQ�'$0/�6

5HPRYHV�WKH�QHHG�RI�FHQWUDOL]HG�5HJLVWU\�
3URWRFRO�

1RQ�'$0/�QRGHV�DOORZ�UHTXHVWV�WR�KRS�IURP�QRGH�WR�QRGH
'$0/�QRGHV�UHDVRQ�DERXW�WKH�UHTXHVWV�WKDW�WKH\�UHFHLYH�DQG�
GHFLGH�ZKHWKHU�WR�DFFHSW�WKH�WDVN�
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InvocationInvocation
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Requirements of InteractionRequirements of Interaction

Shared Knowledge of interaction protocolsShared Knowledge of interaction protocols::
What information the provider needsWhat information the provider needs

When does it needs itWhen does it needs it

In what order (workflow)In what order (workflow)

In general interaction is peer to peerIn general interaction is peer to peer

Shared understanding of content of messagesShared understanding of content of messages
Ontologies to impart semantics Ontologies to impart semantics 

Logic framework for correct interpretationLogic framework for correct interpretation

Agreement on ports and low level detailsAgreement on ports and low level details
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Autonomous InvocationAutonomous Invocation

Provider publishes Provider publishes 
Process Model Process Model (black, glass or white box model)       (black, glass or white box model)       
Grounding, WSDL   Grounding, WSDL   

Requester uses them to initiate the interaction with the Requester uses them to initiate the interaction with the 
providerprovider

Provider Requester

Process
Model

Grounding

WSDL
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Process ModelProcess Model
3URFHVVHV�DUH�FRQFHLYHG�DV�

$WRPLF
6LPSOH
&RPSRVLWH

$VVRFLDWHG�ZLWK�HDFK�VHUYLFH�LV�D�VHW�RI�
,QSXWV
2XWSXWV
3UHFRQGLWLRQV
(IIHFWV

,QYRFDEOH SURFHVVHV�KDYH�DQ�DVVRFLDWHG�JURXQGLQJ�
,QFOXGHV�:6'/�GHVFULSWLRQ�WR�PRGHO�
� 2SHUDWLRQ
� 0HVVDJH�IRUPDWV
� 3RUWV�	�%LQGLQJV
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Process ModelProcess Model

&RPSRVLWH�SURFHVVHV�DUH�FRPSRVLWLRQV�RI�VLPSOH�RU�RWKHU�
FRPSRVLWH�SURFHVVHV�LQ�WHUPV�RI�FRQVWUXFWV�

6HTXHQFH
LI�WKHQ�HOVH
)RUN
(WF�

'DWD�IORZ�DQG�&RQWURO�IORZ�VKRXOG�EH�GHVFULEHG�IRU�HDFK�
FRPSRVLWH�VHUYLFH
$�EODFN�ER[�DQG�JODVV�ER[�YLHZ�PD\�EH�JLYHQ�RI�HDFK�
FRPSRVLWH�VHUYLFH
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Atomic Process ExampleAtomic Process Example
<!– Atomic Pss Definition - GetDesiredFlightDetails -->

<rdfs:Class rdf:IDroce="GetDesiredFlightDetails">
<rdfs:subClassOf rdf:resource="http://www.daml.org/Process#AtomicProcess" />

</rdfs:Class>

<!– (sample) Inputs used by atomic process GetDesiredFlightDetails -->
<rdf:Property rdf:ID="departureAirport_In">

<rdfs:subPropertyOf rdf:resource="http://www.daml.org/Process#input" />
<rdfs:domain rdf:resource="#GetDesiredFlightDetails" />
<rdfs:range rdf:resource="http://www.daml.ri.cmu.edu/ont/

DAML-S/concepts.daml#Airport" />
</rdf:Property>

<rdf:Property rdf:ID="outbounDate_In">
<rdfs:subPropertyOf rdf:resource="http://www.daml.org/Process#input" /> 

<rdfs:domain rdf:resource="#GetDesiredFlightDetails" /> 
<rdfs:range rdf:resource="http://www.daml.ri.cmu.edu/ont/

DAML-S/concepts.daml#FlightDate" /> 
</rdf:Property>

GetDesired
Flight Details

Airport

Flight Date

AtomicProcess
departureAirport_In

outboundDate_In
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Composite Process ExampleComposite Process Example
<rdfs:Class rdf:ID="BookFlight">

<rdfs:subClassOf rdf:resource="#CompositeProcess" />
<rdfs:subClassOf rdf:resource="http://www.daml.org/Process#Sequence" />
<daml:subClassOf>

<daml:Restriction>
<daml:onProperty

rdf:resource="http://www.daml.org/Process#components" />
<daml:toClass>

<daml:subClassOf>
<daml:unionOf rdf:parseType="daml:collection">

<rdfs:Class rdfs:about="#ReserveFlight" />
<rdfs:Class rdfs:about="#ConfirmReservation" />

</daml:unionOf>
</daml:subClassOf>

</daml:toClass>
</daml:Restriction>

</daml:subClassOf>
</rdfs:Class>

Composite Process

Confirm 
Reservation

BookFlight

Provide 
Contact Details

Sequence

Enter Flight 
Details

Reserve Flight

SequenceSequence
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GroundingGrounding

Specifies mapping to WSDLSpecifies mapping to WSDL
Atomic Processes map to OperationsAtomic Processes map to Operations

Inputs/Outputs described as messagesInputs/Outputs described as messages

Specify XSLT transformations for mapping to and from DAML Specify XSLT transformations for mapping to and from DAML 
and XSD typesand XSD types
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DAMLDAML--S / WSDL BindingS / WSDL Binding

DL-based Types

WSDL

DAML-S

Process Model

Atomic Process

Operation Message

Inputs / Outputs

Binding to SOAP, HTTP, etc.
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DAMLDAML--S Virtual MachineS Virtual Machine
:HEVHUYLFH ,QYRFDWLRQ��8VHV�$[LV¶V�:6,)�WR�JHQHUDWH�62$3�PHVVDJHV�FRQVLVWHQW�ZLWK�WKH�:6'/�VSHFLILFDWLRQ�RI�WKH�ZHE�VHUYLFH�JURXQGLQJ�
'$0/�6�3URFHVVRU
'$0/�3URFHVVRU SURYLGHV�WKH�EDVLF�LQIHUHQFLQJ RQ�'$0/�RQWRORJLHV�
3URFHVV�0RGHO�3URFHVVRU FRQWDLQV�UXOHV�WKDW�LPSOHPHQW�SURFHVV�PRGHO�H[HFXWLRQ�VHPDQWLFV�WR�H[HFXWH�WKH�SURFHVV�PRGHO�RI�ZHE�VHUYLFHV�
*URXQGLQJ�3URFHVVRU XVHV�ZHE�VHUYLFHV�*URXQGLQJ�VSHFLILFDWLRQ�WR�SURYLGH�LQIRUPDWLRQ�WR�H[WUDFW�ZHE�VHUYLFHV�LQYRFDWLRQ�LQIRUPDWLRQ�
'$0/�3DUVHU�DQG�,QIHUHQFH�(QJLQH��'$0/�6�'HVFULSWLRQV��3URFHVV�0RGHO�DQG�*URXQGLQJ�,QIRUPDWLRQ��DUH�SDUVHG�LQWR�-(66�SUHGLFDWHV
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DAMLDAML--S VMS VM

'$0/�6�SURFHVVRU�
WKDW�DOORZV�DQ\�
:HE�VHUYLFH�WR�
LQWHUDFW�ZLWK�:HE�
VHUYLFHV�XVLQJ�RQO\�
'$0/�6�
VSHFLILFDWLRQV
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WSDL2DAMLWSDL2DAML--SS
:6'/�ZLGHO\�XVHG�WR�GHVFULEH�:HE�VHUYLFHV

:LGH�UHSRVLWRULHV�RI�:6'/�GHVFULSWLRQV
� ZZZ�VDOFHQWUDO�FRP ZZZ�[PHWKRGV�FRP

:6'/�'$0/6�DOORZV�HDV\�WUDQVODWLRQ�RI�:6'/�
GRFXPHQWV�LQ�'$0/�6

$XWRPDWLF�JHQHUDWLRQ�RI�*URXQGLQJ
3DUWLDO�JHQHUDWLRQ�RI�3URFHVV�0RGHO�DQG�3URILOH
8S�WR�����RI�ZRUN�UHTXLUHG�WR�JHQHUDWH�D�'$0/�6�GHVFULSWLRQ�LV�
GRQH�DXWRPDWLFDOO\

&RPELQHG�ZLWK�-DYD�:6'/�WR�SURYLGH�
-DYD�'$0/�6
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Composition of ServicesComposition of Services

6HUYLFHV�PD\�WKHPVHOYHV�EH�FRPSRVHG�E\�D�QXPEHU�RI�
RWKHU�VHUYLFHV�

&DQ�EH�EURNHQ�GRZQ�LQWR�D�KLHUDUFK\�RI�VXEWDVNV
6XEWDVNV�PD\�EH�SDUW�RI�D�ODUJHU�VHUYLFH�RIIHUHG�E\�D�VHUYLFH�
SURYLGHU
� H�J��SURFHVV�RI�ORJJLQJ�LQWR�DQ�DFFRXQW

0D\�EH�RIIHUHG�E\�D�GLIIHUHQW�VHUYLFH�SURYLGHU
� H�J��ERRNLQJ�D�KRWHO�DV�SDUW�RI�D�WUDYHO�SODQ
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DAMLzon: DAMLDAMLzon: DAML--S for Amazon.comS for Amazon.com

:6'/�'$0/�6�XVHG�WR�
JHQHUDWH�'$0/�6�IRU�
$PD]RQ¶V�:HE�6HUYLFH
'$0/�6�90�XVHG�WR�
LQWHUDFW�ZLWK�$PD]RQ�
:HE�VHUYLFH

Process Model for Amazon.com

Book SearchBook Search Reserve BookReserve Book
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Example WSDL2DAMLExample WSDL2DAML--S S 
$WRPLF�3URFHVVHV�DUH�
JHQHUDWHG�
DXWRPDWLFDOO\
1HHG�WR�EH�VSHFLILHG

&RPSRVLWH�3URFHVVHV
PDSSLQJ�;6'�WR�
'$0/

Process Model for Amazon.com

Generated AutomaticallyGenerated Automatically

To Be SpecifiedTo Be Specified
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PerformancePerformance

DAMLDAML--S VM client on S VM client on 
browsing+reserving taskbrowsing+reserving task
Analyzed data by computing:Analyzed data by computing:

Time required by DAMLTime required by DAML--S VM S VM 
to execute Process Modelto execute Process Model
Time required for data Time required for data 
transformation to fit Amazon transformation to fit Amazon 
requirementsrequirements
Time required to invoke an Time required to invoke an 
operation on Amazonoperation on Amazon

98 runs total over 4 days in varying 98 runs total over 4 days in varying 
load conditionsload conditions
Results in millisecondsResults in milliseconds

13141461076WUG GHY

2797
92%

156 
5%

83 
3%

$YHUDJH
SHUFHQWDJH

,QYRFDWLRQ'DWD�7UVIP90

DAML-S VM
Data

Transformation

Amazon
Invocation
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OutlineOutline

���� 7KH�9LVLRQ7KH�9LVLRQ
���� :KDW�DUH�:HE�6HUYLFHV:KDW�DUH�:HE�6HUYLFHV
�� ,QGXVWU\�6WDQGDUGV
�� 6HPDQWLF�:HE�6HUYLFHV
�� 6HPDQWLF�0HGLDWLRQ
�� $XWRQRPRXV�6HPDQWLF�:HE�6HUYLFHV
�� &RQFOXVLRQ
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Semantic Mediation of ServicesSemantic Mediation of Services

6HUYLFH�'LVFRYHU\��3URFHVVLQJ�VHUYLFH�SURYLGHU�FDSDELOLWLHV�DQG�VHUYLFH�UHTXHVWV
� H�J��PDWFKPDNLQJ��EURNHULQJ��UHFRPPHQGLQJ��IDFLOLWDWLQJ

2QWRORJLFDO�0HGLDWLRQ
6HPDQWLF�,QWHURSHUDELOLW\�
� H�J��UHVROYLQJ�VHPDQWLF�PLVPDWFKHV�EHWZHHQ�VHUYLFH�GHVFULSWLRQV��RU�LGHQWLI\LQJ�DUWLFXODWLRQV�EHWZHHQ�RQWRORJLHV�

&RPPXQLFDWLRQ�0HGLDWLRQ
7UXVW�0DQDJHPHQW
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Mediating Communication Mediating Communication 

6HUYLFHV�PD\�XVH�GLIIHUHQW�FRPPXQLFDWLRQ�ODQJXDJHV
� H�J��62$3�YV��.40/

7UDQVDFWLRQV�PD\�DVVXPH�GLIIHUHQW�SURWRFROV�DQG�SROLFLHV
� H�J��YLUWXDO�PDUNHWSODFHV�PD\�DVVXPH�GLIIHUHQW�DXFWLRQ�SROLFLHV

6HPDQWLF�PLVPDWFK�RI�NQRZOHGJH�PD\�UHTXLUH�LQWHUPHGLDU\�
WR�WUDQVODWH�EHWZHHQ�RQWRORJLHV
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Mediating Reliability, Security & TrustMediating Reliability, Security & Trust
4XDOLW\�RI�6HUYLFH

3URYLGHUV�VKRXOG�FRPSO\�ZLWK�GDWD�UHTXLUHPHQWV��VWDQGDUGV�
DQG�SROLFLHV�UHJDUGLQJ�NQRZOHGJH�DQG�GDWD�VWRUHG

7UXVW�0DQDJHPHQW
3URYLGH�JXDUDQWHHV�WKDW�VHUYLFH�SURYLGHUV�SURYLGH�WKH�
VHUYLFH�WKH\�DGYHUWLVH
(VFURZ�6HUYLFHV
3ULYDF\�DQG�DQRQ\PL]DWLRQ
3UHYHQW�DEXVH�RI�VKDUHG��SULYDWH�LQIRUPDWLRQ
� VXFK�DV�VHOOLQJ�FRQWDFW�LQIRUPDWLRQ�RU�SUHIHUHQFHV

6HFXULW\��$XWKRUL]DWLRQ�DQG�9HULILFDWLRQ�VHUYLFHV
&HUWLILFDWLRQ�DXWKRULWLHV�DQG�HQFU\SWLRQ�NH\V
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OutlineOutline

���� 7KH�9LVLRQ7KH�9LVLRQ
���� :KDW�DUH�:HE�6HUYLFHV:KDW�DUH�:HE�6HUYLFHV
�� ,QGXVWU\�6WDQGDUGV
�� 6HPDQWLF�:HE�6HUYLFHV
�� 6HPDQWLF�0HGLDWLRQ�
�� $XWRQRPRXV�6HPDQWLF�:HE�6HUYLFHV
�� &RQFOXVLRQ
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Autonomous Semantic Web Autonomous Semantic Web 
ServicesServices2SHQ�DQG�'\QDPLF�(QYLURQPHQWV

DJHQWV���VHUYLFHV�PD\�EH�WUDQVLHQW
DJHQW�ORFDWLRQV�FKDQJH
� V\VWHP�ORDG�EDODQFLQJ

DJHQW�LGHQWLW\�FKDQJHV
� FDQQRW�SUHGLFW�LWV�QDPH
� FDQQRW�SUHGLFW�WKH�YRFDEXODU\�XVHG�WR�GHVFULEH�LW

2Q�WKH�IO\�FRQVWUXFWLRQ�RI�SODQV�WKDW�DFKLHYH�
XVHU��JRDOV�EDVHG�RQ�DYDLODEOH�VHUYLFHV

5HTXLUHV�DJHQWV�ZLWK�SODQQLQJ�DELOLWLHV
6HUYLFH�5HGXQGDQF\

PXOWLSOH��FRPSHWLQJ�VHUYLFH�SURYLGHUV�PRGHOOHG DW�
GLIIHUHQW�OHYHOV�RI�DEVWUDFWLRQ�
GLIIHUHQWLDWH�RQ�VHUYLFH�SDUDPHWHUV
� VSHHG��SULFH��VHFXULW\��UHOLDELOLW\��UHSXWDWLRQ��HWF�
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MultiMulti--Agent OrganizationAgent Organization
User 1 User 2 User u
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$JHQW�6HUYLFH�Q$JHQW�6HUYLFH�Q
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6RXUFH�P
,QIR

6RXUFH�P

Goal and Task
Specifications Results

SolutionsTasks

Info & Service
Requests

Information and Task Execution
Conflict Resolution Replies

Advertisements

$JHQW�6HUYLFH�$JHQW�6HUYLFH�

Queries

Answers

Distributed 
adaptive 
collections of 
agents 
(autonomous 
services) that 
coordinate to do 
tasks on the user’s 
behalf
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Agent / Agent InteractionsAgent / Agent Interactions
8VHU�,QWHQW�,QIHUHQFLQJ
7DVN�'HFRPSRVLWLRQ�DQG�'HOHJDWLRQ
$VVHPEO\�RI�6HUYLFHV
$SSOLFDELOLW\�WR�3K\VLFDOO\�(PERGLHG�
6HUYLFHV�5RERWV
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B2B Demo with ToshibaB2B Demo with Toshiba
Task: organize supply Task: organize supply 
chain for computer chain for computer 
manifacturingmanifacturing
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Achieve Ideals of Software EngineeringAchieve Ideals of Software Engineering

7UXO\�UHXVDEOH�DQG�FRPSRVDEOH VRIWZDUH�FRPSRQHQWV
6HOI�GHVFULELQJ�DQG�VHOI�KHDOLQJ
(QG�8VHU�3URJUDPPLQJ
6FDODEOH��UHOLDEOH��UREXVW��DQG�IDXOW�WROHUDQW�FRPSXWLQJ
3URJUDP�E\�KLJK�OHYHO�VHUYLFH�UHTXLUHPHQW�GHVFULSWLRQV
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ConclusionConclusion

Evolution of Web Services towards Semantic Web Evolution of Web Services towards Semantic Web 
Services and finally towards Autonomous AgentsServices and finally towards Autonomous Agents

DAMLDAML--S supports different aspects of the Web services S supports different aspects of the Web services 
interaction, e.g. discovery, autonomous invocation, interaction, e.g. discovery, autonomous invocation, 
compositioncomposition

The use of DAMLThe use of DAML--S does not result in a performance S does not result in a performance 
penaltypenalty

Autonomous Agents required to take full advantage of Autonomous Agents required to take full advantage of 
semanticssemantics


