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# # 4470266621 : MAJOR COMPUTER ENGINEERING

KEY WORD: WEB SERVICES / SERVICES DESCRIPTION / ONTOLOGY
CHAYAN TEPPABOOT : AN ATTRIBUTE-BASED DESCRIPTION MODEL FOR
DISTRIBUTED SERVICES. THESIS ADVISOR : ASST.PROF. TWITTIE
SENIVONGSE, Ph.D., 140 pp. ISBN 974-17-5144-3.

In distributed systems such as the Internet, service providers will publish their
services for service consumers to discover and invoke. Since service advertisements
have different formats and contents, service consumers will have difficulties when
searching and comparing services. Standard directory services are proposed to help
with these problems but such standards define only the structure for service
descriptions without defining the contents. Even if the contents are defined, they are of
limited details. Service consumers still have problems with different or limited contents

of service descriptions when comparing service advertisements.

This thesis proposes a service description model that can be used as a
guideline for service providers to advertise their services and for service consumers to
understand and compare services. The model is a result of a survey on software
components and Web Services that are advertised on the Internet, and a literature
survey of related work. The model will focus on domain-independent attributes. The
thesis will show how to apply the model to UDDI directory services for Web Services
and how to benefit.from publishing some attributes that relate to specifications about
the services. The specifications will give more detail‘about semantics and behaviour of
the services using-an ontological representation, and will help discover services that

better fit service consumers' requirements.
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B Electronic Busmess [
[ hr_;- v micre
B uddi-org:hitp
B Home Page
Elge bt /S w, micree
¥, uddi-org-hp
B Mcrosoft Developer
Ed kitp: //msdn, micrd
f. uddi-org:http
B8 Jnline Shopping
Elge hirp: /fshop. mices)

Owner:
Bruce Farr

Provider Key:
OOF BB - gk T - 4285 -ac =005 562 53

( L::f}r:-wl't Corparation

¥, uddi-org-http
B8 Techret
El e hittp:/wiwiw . e
R uddi-arg:Rtm
B Volurmne Licensing Se
B hitp: //sedectug. m
2. uddi-org:hig

1 pacoodi=) found

| Empewenng peopls thraugh great softwsare - any time, any place and on ary device &
Migrosaft's vision.

Lrecard(s) found

717 2.1 fiRetindwegINanlszn AR NNIAIFIULAR L

aa t3% dl o a o dl ' = Y v o J
gmmi@mm@awmmmﬂm ULTNAS I ALIN LAUTINNATTIRILATTDHAAINA

[ o o

o o A v aAw A a ~ ) ~ & >
ﬂﬁLﬂuﬂ'ﬂNﬂ@iuLT\?ﬂqq\i Nﬂﬂyﬂ@LﬂﬂQﬂquU?ﬂ'\?LWﬂQMﬂqUﬂ L1 SIEACLALALNAUNINNARY

o K '

noiunneg luA1eguae (Deseriptions) tnalaldiniauaniaslugilaasnmuansoissine agng

)

o =X <

daLau Q’%ﬁﬂmmurj'umuﬁmmﬁﬁfa%mﬂL%mmﬁﬂwmzﬁ'%ﬁﬁmu@&u azifluuuamgli
nseBLneRnEzeesL M lugRR leTaauanndy
21.1.2 ﬁ‘].ll,ﬁaql,ﬂﬂﬁl,m (WSDL: Web Services Description
Language) [9]
suibagraanieadunimiildeiuiuamdn snizeesuinisuazasnisinseiuiy
a4 (IDL: Interface Definition Language) Tmﬂiﬁmmﬁ”‘wﬁugmmmmmLﬁﬂeﬁl,ﬁmfaa
suillagladnaainaINNNITNLLIAnTes (BWelaaladlan (NASSL:  The  Network
Accessible Service Specification Language) ﬁmﬁ@ﬂﬁmm (WDS: Well-Defined Services)
waa3ElediBn wwaAea (SDL: The Service Description Language) WAz 1a4diaa (SCL:
The SOAP Contract Language) 193151 lulasaanit nasiuagaaassuiiiagioanioana

sudagieaniea 2.0 nvunlaaduidagyad (W3C: World Wide Web Consortium)

Taseairrevienansiuidageanoanta iy 2 ngu fall
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2.1.1.2.1 AMATLNITNIINEFIH (Abstract Description) Usznausag

aa ol = @ = o X
ANLNUANUTTELDIAIMNANNITOUDIILLERTIA AN

a ¥

<wsditypes> (31U 2.12(n))  efursdatadeyangldnivun (User-

a
v

Defined Data Type) venauszneudisiindeyaiiugau (Primitive Data

Type) WAL TRANENNBIANENTLBNLaadANY (XML Schema) tHedann

dan1unaasinsinaealan (SOAP: Simple Object Access Protocol)
vy Yy A A a ¥ a A a 1 :j/

ayny e lidayadniines 1 4iin wazdayaaaniives 1 gfiamingu u

damauniie] Agndessudndiaasmaniamefiinuasatnegumasin

<wsdl:message> (3119 2.12(1)) a5 eDsTaANNNYNAITENINAZULENNg

Y a 4' o a ?:/ vay ¥y a 2

wazLEn1g annelu 1 nasantunasiueyya iR AN 3 dananu

=

AR

® Input Message nuuadana uidn Lanenuaamus <wsdlinput>

® Output Message NMuuAtaANNEAN LAAIHILBANUSA <wsdl:output>

® Fault Message NIMUATEAIHNLAASTBEANANA LWAAINIUBALNUG
<wsdl:fault>

<wsdl:operation> 88118 89n18AN KNI LR sIA

<wsdl:portType> (gﬂﬁ' 2.12(m)) RN 8RN TR TN AT LR g

AVLAYL

2.1.1.2.2 A1asunaimNgUassa (Concrete Description) tsznavsag

o o

aa o‘d‘ =2 v a o a o d’l
BALNURNUITULINNTTHNNANTUUTNITNULTINIT ANU

<wsdl:operation> a8L18D9N1TAHRANIIRLI LR SIE

<wsdl:binding> (g7 2.12/(3)) | aFUNAINAUTANEAIZUINNANBT LN
[ o a a [ dl < b2 dl

UINFIINAUANRT LN a9sH waziduiinudeyatedlnsinaeanlilunng

AARANLLENIT

<wsdl:port> Uanganfiea 1eaiumeiia Iaglupduunisreiuimeaiig

T4 1 N uuNane 1 1B Umas4

] 1
= =

<wsdliservice> (U7 2.12(a)) iludAmUANUIIE B IWaTNTaANATIN
wanseg luanasauiiagieanias nallineizuane) uefiaeiagneou

Fandluiumasigmen e



18

<?xml version="1.0"7?>
<definitions name="StockQuote"

targetNamespace=""http://example.com/stockquote.wsdl"
xmIns:tns="http://example.com/stockquote.wsdl"
xmIns:xsdl=""http://example.com/stockquote.xsd"
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/""
xmlns="http://schemas.xmlsoap.org/wsdl/">
<types>
(ﬂ) <schema targetNamespace="http://example.com/stockquote.xsd"
xmIns="http://www.w3.0rg/2000/10/XMLSchema’*>
<element name="TradePriceRequest'>
<complexType>
<all>
<element name="tickerSymbol" type='"string'/>
</all>
</complexType>
</element>
<element name="TradePrice'>
<complexType>
<all>
<element name="price" type='"float'/>
</all>
</complexType>
</element>
</schema>
</types>
<message name="GetlLastTradePricelnput'>
(ﬂ) <part name="body" element=""xsd1l:TradePriceRequest'/>
</message>

<message name="GetlLastTradePriceOutput'>
<part name="body" element="'xsdl:TradePrice"/>
</message>
<portType name='StockQuotePortType'>
<ﬂ> <operation name='‘GetLastTradePrice">
<input message=""tns:GetLastTradePricelnput"/>
<output message='"tns:GetlLastTradePriceOutput'/>
</operation>
</portType>
<binding name="StockQuoteSoapBinding"” type='""tns:StockQuotePortType'>
(Q) <soap:binding style="document'*
transport="http://schemas.xmlsoap.org/soap/http"/>
<operation name="GetLastTradePrice'>
<soap:operation soapAction="http://example.com/GetLastTradePrice'"/>
<input>
<soap:body use="literal'/>
</input>
<output>
<soap:body use="literal'/>
</output>
</operation>
</binding>
<service name="'StockQuoteService'>
(@) <documentation>My first service</documentation>
<port name="StockQuotePort" binding="tns:StockQuoteBinding">
<soap:address location="http://example.com/stockquote'/>
</port>
</service>

</definitions>

317 2.12 Fradrenansduiliagiedniea
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2.1.2 aaulnlaa (Ontology) [10], [11], [12]

a @) a d‘ 1 a d‘ ] a =
aaulnlaaiduunafnnlsngeglunanaaiznian dausaza1a1391id

dd‘ 1 o a 6 cal Y o o o
Auminavasaaumiaanuanssiuaanty lunispeuiowmasieailgliAainauaeg
aaulnlaaldnannuany wiA1adaAuuilen lasun1saanfuiuast1unI a1 A
“daniuaneaiLLuiAn” (‘“The  specificaton of a  conceptualization”[12]) Iae!
WUIANANYE9RBUINTAAADNITN N INNAZUITEINE WA AR TALNUUTELD LA AN
aulala ) lugtuesesine negdnielulamuiasannduiudssnddaunantiy dauns
wansaanin luglaesszuudayansad (Notation)  8nAY8:19LT1 AAI4 (Class) BuALAUS
(Instance) AMNANWUT (Relationship) AMENLR (Property) uaz ng) (Rule) Tneldaimn
A mFuuansaand (Knowledge Representation Language) TNHAINNTALALLATITILNAT
unnInnresunelae ldnunassndni (Natural Language) 7Adnwindenseniudy

dezluminaussanativaaes luudyusinge nelinasldszuudydanmniazdoadenannung

q

(Semantics) 1fmanduafuaziazasiiaidilanazannnsninld sz lamilsd lnaaniznng
FumAeideansanndumefidndaFauadeundsdeyaaunnlug winsaiunsadum
Aarasldanmnuvung lilinisduvnannAunmiien (Name Matching) Aazdqe s lfaes
7iP99PN1 AU BINTUALAYAINIIN5IENTY T9MTITLULIANAATD9LT LI AR LML

(Semantic Web) [10]

'
¥ o [

&I £ % a a =X QI 1 % o aa
Walaaulnlaasinnsnasuiened@enes ﬁ]’]\‘l‘”ﬂﬂ AiluarAaIaIALN1#INN

%

ANINAINITD IUN1TE T LN ETNAMNUNIEUAZ AN AN LS TE U9 RITRIAN9] AIRNIAAAL

M esesiurlnsednasfanaty lnsdanlnaidunmaninugiuunanaeendidy
wa LU an5aeW (RDF:  Resource Description  Framework) mLaleNiaa+aaes
(DAML+0IL) 8174 (OWL: Web Ontology Language) 82198-1a& (OWL-S:" Web Ontology
Language for Services) Lusiu Insianfaennedun1muilanlasuauianunivans
3| dl b 7 o o 1 val 49{ v dld
wzilunmndnlalddinsuazarunsaiin limunsalidauainnsngeauld N
dgl ol ¥ 1 al < & & 2 5| % a a '8 o dal
fugunianenfaerliun Aeduea+esad anaduarenad-eailusiu Inantdwudaiuil
1 =3 ol d‘ [ dgl dll =X 6 & dl [
azgana19tNenfaleNauduiugUIeIN 818U 1ININENNFUATRNAIB ATIRMUINIAN
o o [ 3 Yo [ 1 Yo o o a e
anfaenuaziasliiuananlafuatinaunnnalddunisatiuayuannauiiagvisd tne

Azl lunnsuanssinatinanistiiuuudaesnuan s iaue l 4seld
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2.1.2.1 a1fAavl (RDF: Resource Description Framework) [13],
[14]
A19N1 (DARPA: Defense Advanced Research Projects Agency) %GLﬂuﬂﬁjMﬂm
o o dl ¥ o dl I dl ¥ =3 a I a all
dnWmu A simBINuaziATalaia e uluduimiauning - Juuifnnas
WAUWINAIAIAT (Metadata)  eedayauulidn e liisuyuediazaanfiamesidila
[ & ! ¥ ] dld 1 (=3 o 3| L8 1
ANNUNEUAZ A NANTUSIENIaTeyasine NHeguwdy duaziiulszTaniatrannnly
3 ¥ ¥ % ol G| d‘ VYo o dy dl e
nisnannidnlasaznisdunideya anfataniiuntunliiunisimun e s Toad
sanang Tneldluntsesunadeyaniunmuansifsaee (Property) WATeTLNEANNANTUS
sendnedoyaat1dulneaiEIug paNTF a1
nuguvesefenhanisuanideyasie ludnsuzaesgresnmanifuazen
Ansantiiiu Tnedsznaumag 3 daunugnu laur
- 95WeNg (Resources) AdNNd N1snadunelelnadinaiitasanss
a3l (RDF Expression) Kiw LA dauniledaulareaiiuma vise

¥ v

anatlwiaduladfias il deyaludoutazgnscylnaldgensle

a

(URI)
o = A o A o o rd‘ Y a
- AANUR (Properties) ADANHOLEUTAANNANNUEN LT aFLNE
NINENT
& & o a o d‘ 7
- AANLNLG (Statements) ABAIBTUILNINEINT A9 Usznauaae 3
] ] e
AVULDEAR
o & . A o dla/ a
® 11LANG (Subject ) ABNTWEININABINITATLNE

o

®  w3fan (Predicate) AaRmaNTTRNAsLNNINENS

'
va al

® 99ULANH (Object) AaAIIaIAMANTTRNESLENIWINS T
1 U dgl G [~ rdl
anailurndeyatiugiuvireiduamniuuiay

Anae19T1 t1Aadn1sasUNealszlan "Ora. Lassila is the creator: of the resource

1%

http://www.w3.org/Home/Lassila" @a1u13augnusazdinlasail

Subject (Resource) | http://www.w3.org/Home/Lassila

Predicate (Property) |Creator

Object (Literal) "Ora Lassila"
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Fadsuuununwensaenlafega 2.13

http://www.w3.org/Home/Lassila Creaion Ora Lassila

917 2.13 uunwuanin1sasunedeyalugluiuassan s

a

wazansnsndeulugUluuudnd Sueaansaien il

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlIns:s="http://description.org/schema/">
<rdf:Description about="http://www.w3.org/Home/Lassila">

<s:Creator>Ora Lassila</s:Creator>

</rdf:Description>

</rdf:RDF>

o ] =3 1 o A [-3 & & aid a dl Y a o
'Q’]ﬂ[ﬁ]')'ﬂﬁl’]\iﬂzmu’m’ﬂ’ﬁ‘mL'ﬂWﬂﬁ'ﬂL'ﬂﬂﬁ]L'ﬂNL@@Vm@ﬂll’]LﬂWﬂtLW@i‘ﬂ@ﬁU’mVl?Wﬂﬂﬂﬁ‘
dl v o= d’ a [ dl U vy [
Mu\‘l"] I@EIL?W@’]N’]?G‘]J?%&!HGH‘H@W?@L@WLW@@ﬁU’]EI‘V]?WiIWﬂ?W]N‘V]Gl‘ﬂ\‘]ﬂ’]ﬂﬂﬂ')ﬁlﬂ’]ﬁ‘ﬂﬁ“]_lﬂﬁzﬂ
fayaluansn
2.1.2.2 8198 (OWL: Web Ontology Language) [15], [16]
I8 o tg o a aa tﬂl EZ ] dl a an v 1
mmgnwwuwuimmm‘uLuaqw?ﬁLW@iMLﬂuﬂﬂwqmmmm@ﬁmﬂ@@u‘lﬂmimmq

PR Py ol R ol
ﬂﬁ"m.lﬂ@qll Lu@ﬂ@ﬁﬂuwugfluuW’]ﬂﬂ”}?mL'm/\| 'ﬂf]Q@@\n\lﬂqf]N@f]Nq?ﬂsﬂ'ﬂQﬂflﬁ'ﬁL'ﬂV\ILL@ﬁQﬂ

I '
a

WNANAWIUAI AN ILAAIDN U LULIIDIARTNA NS sEdsRengnaBune M lHnNenE

=

ANz duwazldisaraannd1asaen daetinsuesAnAnYinHIuazesunsaauinlaalu
ANHUZIRIABIE - (Class) N9 kNdIUIINIZMINeAaa. (Disjointness). NITINNAUTZNING
ARE (Equality) KATNITWINTUIBNAMANTH (Symmetry) s

v
o o

\He9aINe1IANALTILNIAINeNTAeN AIUIURLLINRB L ENINENNTUATAN LY

b
D

SRy P | e A X o=l = = -
n9@auasliuaneneiy wANaINN Ut dIINTWANeSAeWAS N19NeNNs
aNTnesUIenineInsugtluuurespananiAnan R nsdunennuantF b
padgnuazduaLAudrasaatamatiu dluasaenazaiuianineanslidluglaes

v
auausudiving ldaunsneduieninenslugtluuueanaldies
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nnsasureminginstagldatodazBuainnisa¥renanaraanineinsneaenng
BELNLAUNDU ANTUAIMUUAANANTTRANIT 2189AANANN $INTIANNANAUSTENINARTA

:‘/ % dl' al d‘ 2 v =] 1 % a Ly 21/ o i ] = a
UUNVARTADUT] NINLITBIRRINATNAUALAUTIBIARIAUU AIDEINTU ARIAG (Color) «

A o a

Buaumud 4 faAa A1 (Black) A119 (White) Aunaad (Yellow) wWar@uima (Brown) Aaa

WA (Gender) auauawd 2 fiaAe 118 (Male) uazuie (Female) Aanafiag (Habitat)

Y

AUAUAUT 2 FAe WAL (Land) wazNZLa (Sea) ARIEMAL (Continent) HBuaumnwd 3 fa

fia i@ (Asia) 4151 (Europe) way waina (Africa) Fauantluglii 2.14

® instance

519 2.14 pprausrduauaug a9

D_

o

ﬂm@'l,mﬂm 2.14 mmmmm'lfnLﬂuwug'mlumsfaﬁmﬂmmmwumfmmwau

VY
a &K

U LU ﬂmaﬁmmm@nmauu (Mammal) Haildan °wumdqﬁmLamqnmaumtﬁimﬁq

1 1 2/ '

FaalinALAeg (hasGender (cardinality== 1)) uazsiesiinesiatinates 1 A1 (hasHabitat

LY

o

(cardinality >=1)) lpaasnadndintngnasunuiduaaIadunyse (Human) uasdndng

q

nazilutines (Marsupials) Feuysdilananiaiaunenuaainaanadndiategndaus

'
mdq o %

ﬂ@L‘WﬁLLﬂv'ﬂ’ﬂﬁl ufanmnuﬁaﬁ mauummwmmmu REGERLGIALY 4 (hasHairColor (cardinality

De

o

= 1)) @9 (hasSkinColor (cardinality = 1)) wariaundia (hasOrigin (cardinality = 1))
Ananesinaats (Mongoloid) luduaananiierasaaanyse Taadina@an ARomaeusy

fouidineglunithads fsnanlugli 2.15
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» subClassOf Mammal

hasHaerolor (cardinality = 1)

.

@ hasSkmColor (cardinality = 1) I
Human

hasOngm (cardinality = 1) I

I hasHaeroIor = B!ack R [hasHaerolor - Black ] I_hasHaeroIor = Brown

' hasSkinColor = Yellow ' ‘ hasSkinColor = Black | hasSkinColor = White
_hasOrigin =Asia__ _; ' nasOrigin= Africa__ hasOrigin = Europe_

g1l 2.15 ﬂm@wwﬁua:sﬁmmm

Aaranaslnasssauasodenlug dndiduiealadagiii 2.16

<owl:Class rdf:iD=" Mongoloid ">
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Restriction>
<owl:onProperty> <owl:ObjectProperty rdf:about="#hasHairColor'/>  </owl:onProperty> \,
<owt:hasValue rdf:resource="#Black'/> :
</owl:Restriction>
<owl:Restriction>
<owl:hasValue> <Continent rdf:iD="Asia"/> </owl:hasValue>
<owl:onProperty> <owl:ObjectProperty rdf:about="#lhasQOrigin"/> </owl.onProperty>
</owl:Restriction>
<owl:Restriction>
<owl:hasValue> <Color rdf:ID="Yellow"/>  </owl:hasValue>
<owl:onProperty> ~<owl:ObjectProperty rdf:about="#hasSkinColor'/>, ; </owl:onProperty>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
<rdfs:subClassOf rdf:resource="#Human"/>

</owl:Class>

717 2.16 AaranesinasAlugtuundndiduies
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2.1.2.3 AW (Jena) [17]
al [ a6 o o v s v [~3 ) .
AauumsnidsadniuaseilsunsndszgnAn19AALIEIAINUNIE (Semantic
web) Tnsaiuayuaninuandanlunisdaulilsunsudiniy anfhen a10d 99ude s
annulngldng (Rule-Based Inference Engine) Ingauidautlsznaussil
- a5saniaila (RDF API)
o v 1 ol oAl [~3 c @
- nsthdnuazdeesnadineniuwalugluuy  enshieWidnditnies  Tum
T3 uay Wwusthila
- annawiile (OWL API)
- meaduAnunIgannIe1saeNTnais uMiagANAT (Memory) wazann
ﬁﬁu‘*ﬁmﬂ@ (Database)
- 1e1§AAea (RDQL — Query Language) L0un1#n@usunisAum
A a o'dl a ¥ o F7% o o '8 1 o
AagvizatuaLandnasuielagldansaen tagldaanduwusszudnedy
W@wna saAniazeaLanamduNawlalunN AL fatinanisAurduLans
(http:/Aww.w3.0rg/Home/  Lassila) A0NAMNENNUSALLINIALANLAZ AL

\wnslugdy 2.13 aannsndanluglansnfaealiduandlugli 2.17 tae

I
a

X UWNUAINFeSN1uNTIRNTR L AN <http://description.org/schema

#Creator> WAYHAALILANALLIY “Ora Lassila”

SELECT X

WHERE (?X, < http://description.org/schema#Creator>, “Ora Lassila”)

3117 2.17 nsldaniaAqeaivadumn luaun
2.1:2.4 Ins7ia (Protégeé) [18]
Tnsfiaifwnsasdiodmiunisimuieeuinlaauazguaaug (Knowledge-based)
Tneatinayunisaiisaauvladseniyg a1daen a1 uaziiasanninadialavinlauss
= ¥ o = o ¥ 1% 12 s a ¥
109au 1 M insfiiasesiuniseynulnaldnguaznisdumisgldnmensnaeals
dg/ o v P2 a v
wananiealdeulideandae

I o

= a dl o = Y Y ¥ o a % ¥ o a
RaiuuiAanaziningiauldairsdanivunidclaseairaazdaninua g
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a dl ] dl o ai o [ =X [ dl o 1
woAnesN Teiludiunilaraspnuidneusiiiaue ldluiuudnaes sauneldinauanasonting
nsAuLEnssNRenlaniuunlaeldnudnrurdanmunddasiaiauaranidnne

9 o a a dl = dl
AANIUUALTING ANTTN TN LAPNTIEIATLAE E”Ii’ﬂu‘]_ﬁlm 5
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2.2 MUY DY

2.2.1 Software Commerce Broker over the Internet [19]

¥
Aa o dVL?J

uAseilfaueTaseaiereefananelunisgaanavsenanilasy
doulszneugenfuafunaumesidn Taafnansasinuiifisumudeyatesdautlsznay
gawuafangunasesne) augluuuteseadien (SCL: Software Specification and
Commerce Language) %q@%mﬂ@mﬁﬂwm:ﬁmﬂ 189821 Iz NaLTANALITUALENAINNTD
LL?Nmx‘lwqﬁﬂ‘j‘ﬁ‘ﬁmﬂx‘lzﬁquﬂ?:ﬁﬂﬂusﬁﬂwﬁLLQﬂugﬂLL‘LI‘].I’]J@\‘ILéﬂuimﬁ‘ﬂuLL@ZMﬁ/ﬂﬂ%‘ﬁ’N’]u (Pre-
Post Condition) l@sagl LLLANa@aunIAn (Metadata-Model) 184104104 1sznausas
4 dauvanlaun

1. dauwntits (Commerce Part) 83unedeyanivnsnasesdoutlsenauaansiuafis

'
=

dsznausog dagaialduasdautlszneugansiuas dayanaaiunisdenny uas

=

dayafeniunisdszdudiulsenaugansuasinaanaiians

2. d9UANINWIARBNNI3N911 (Environment Part) AFUNHANINWIARDNT
dqutlsznavugenduiffasninnaliniaule

3. doudaniuuanievinanu (Specification Part) a5unedeyalieinaiinrasdiulsznay

& o—dl v a a 1 o ] & '8 dl %
FaNALIT TILUTTNaUA2EINEAZAA bN1AAFRRNLAY WL sz Na Lgans L Five Tda1
= dl o v 1 6 e 1 a

warasazipeainganulnsaiieesdautlsznevmensiafidu nisesule lugluuy
2199na74 Inelldeduiea

4. daunnsldeud (Usage Part) asunanganunisdeiudontlsznauaensiung

2.2.2. Development-of. XML-Based -Software -and Service Commerce

Language XSCL and JavaBeans Player [20]

NifAsamuiseisaneAsalude 22,1 Inefinsimiuieadiaats
wnasLnelaeaisaasAnesunadiulssnausanfuainadunsnldidwenuaz e e idu
LA MNNTUAAHALUBWNASEA N I Fendieuealun1sninualageaiivassAeiunaLas
AnTuanNaLnY Insnad ldAeLEnTiaaT1aa (XSCL: Extensible Software Specification and
Commerce Language) u@nmnﬁﬁﬂé’ﬁuﬂgqLm‘ucﬁﬂ@mmmmmm@\uﬂﬁmaiﬁﬁmm

.
aNyIININAY
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nuddnlude 2.2.1 uar 2.2.2 luanslidiulsrlonizeeadioauaviénd
watiea TuN1eBuNsAAN Uz IIdouLszNa LT WAL WaNANTLLLAIAINAIAAN
3 6 = < al o d} J a o o 1 % 1 i dgjd
weadndeatieailananysnlluseaunila ussnddssinanllliansiiuuuanaesid
a4 . 4 . e a X ooyows
nunatnelaviTanszivn laAudnwueuiie] Arsdangegluuuudiaes anviedsliliuans
nisdszniARmuaneie Wiy TassaFiapanaresdoulsznaugansuafludiurasdaniuun
nsnneuiuidnwuzednlsuazazin llldUselamildadnls 9uidatastiuuaannas1d
dndieadiaaiiunuvacnglunisadanuu[IaesresAIaiuIeUINIsuLUNIzAnY tngay
Uiuilpeliideyanudnunienanduaus iuihin nianisazuanenislddeslagiannnig

YN AR MUANEIUTFNGT] ARE

2.2.3 Discovering Web Services Using Behavioural Constraints and

Ontology [21]

©

a o A o < o

wuaAnleNUARElUNANe TN TENITAUATe S LN eI LI fialuiendns
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Add BusinessEntity

Busiress Mame: Amais Book Sions

Contact v y & 4
Fdame: | Public Bedstion Depesment Amars Bock Siomn |
Creseription: |her gersaral intarmaton abatl the sans or st ies
Fhone: [-B82TI77214 r rF 27
E-mail: |prédapanmenBEamera com

Fax; =BE020100216

Adidrass

Pbimber: (11

Slreal: | Sukluemal

City: Bangkok

Courdry: [Thedesd

Jip Ciodla- 10110

Busiress Description: -
Az Bock Stone wars Burcked n 1980 by A
[Bmchal Budcthal, Bongok natve. Today, our e &

Ciscovery LIRL: hap. e Amzacom

[deritifier Bag
ik Kgy: |\uud BEIEAZ4D-EE 38 1 D8-B40A-8CC4EBSEN A w

£ 0one S Locai riranet

U7 4.13 uunsnassdmiulsznadAuaewis

- . Name: Ameza Book Store

- Description: Ameza Book Store was founded in 1950 by
Somchai Rukthai, Bangkok native. Today, our full-
service bookstore provides a complete general

selection with all kind of book.

- DiscoveryURL: http://www.ameza.com
- Contact
® Description: for general information about the store or website

® Person Name: Public Relation Department



® Phone:
® Email:
® fax:
® Address
O Number:
O Street:
O City:
O Country:

O Zip Code:
Identifier Bag
® Keyed Reference

O tModel Key:

O Key Name:
O Key Value:
Category Bag
® Keyed Reference

O tModel Key:

O Key Name:
O Key Value:
Award
® . Name:
® Date:
® Organization:
Certificate

® Name:

® Date:

+66027177214
prdepartment@ameza.com

+66028188216

11
Sukhumvit
Bangkok
Thailand
10110

AN Tun AT IR LA S
uuid:B8OEA240-8E34-11D8-B4DA-
8CC43EBSEO1A

12-345-6789

BNDN AR DR B AN AT
uuid:024A7FBO-8E34-11D8-BFBO-
DE2C28AD6261

Sales forms or sales books

14111811

Best Book Site 2002
24/08/02

Yahoo! Internet Life magazine

International Organization for Standardization
9000:2000 (1SO9000:2000)

17/04/02
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® (Organization: International Organization for Standardization

(1SO)
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Business Entity

Barsiness MNamme: Armeza Book Shora

Business Key: DASCE 370-5F 20- LIDS-A370-FITBIS020 RE

Bussiness Description: Ameza Book. Stoceswss fourded in 1950 by Somchal Rukthal, Bangkok native. Todsy, our full-service bockstore
provides a complete gereral selectionuwith 211 kird of bool,

Discovery LIRL : RHitp: fevosr ameza.com

Idestiliar Bag
Keyed Refererce
- iMiadal Kay: wald BE0EA 240-8E 2411 De- B0 A-EOCASEREEQL A
Ky Mame: D-UHMN-5 humber
Ky Walue: 1.2-345-6789

Category Bag
Ezyedf Refarerce
= thviackal Ky ¢ oild: 0248 TFBO-8E 34- 1 1I08-FRBO-CF 2C2RADG 201
- Ky Mame: Sales forms or sakes books
= Ky Value: 14111811

Business Award
Mame: Best Book Site 2002
Diate: 2400802
Organization: Yahoo! Interrel Life magazine

Business Cerlilicale
- Mame: [nterrstionsl Oraarization for Standardizstion S0 N -

& Dore 2 S Local inkrarek |
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- UInnsAunuiiade (Ameza Browsing Book)  luiisnisilidayaaed
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A A N Ao \
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o

- 1ANM9dsTamisde (Ameza Purchasing) Hluisnisn g lddsdaniis@aann
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W hidd Service - Microsalt internet Explaror _r. ir'.ﬂl!?.!
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Add Service

Sorvioe Marme: [Aenie Puchasing |_Hum_|

Description

rooeEss FL'F Curinmer s oribne onder

Category Bag A0
tiadel Key: s 12487 FEO-8E 341 108-BFB0-DEICIRADEIR. |
By Raferancs Mame, [Salesjamis oo sales baoks |

Kay Peferonce Vakue: (1011811 |

Operational Information

Version: [12 ol S
Change History: Timgof Feledse: N
charcg sty mechankim fom 552 A Lo
W10 _!il y ¥ E A TAN Y
Functional fnformation
P &V & sy R %\ W S Lol ot 1
717 4.15 uuuRnaesdmsLLlszniALA e e g
- Name: Ameza Purchasing
- Description: process for customers online order

- Category Bag
® Keyed Reference @NTNNlNAATadEIELDANIOAT
O tModel Key:  uuid:024A7FB0-8E34-11D8-BFBO-
DE2C28AD6261
O - Key Name: Sales forms or sales-books
O Key Value: 14111811
- Operational Information
® (Change History:  change security mechanism from SSL in V.1.1 to
WS-Security in this version
® Time of Release  14/03/02
® \Version 1.2
- Functional Information

® [eature: process for customers online order
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® Development Environment: .NET and Web Services
® Compatibility: Ameza Browsing Book Service

® (Qos Performance: guarantee for book damage, all merchandises are

exchangeable if damaged

® Requirement: web browser for ordering book and credit card for
purchasing
® Security Mechanism: transfer all data with WS-Security

Commercial Information
® Purchasing
O Delivery: book delivery by DHL, no matter where in
the world you might be
O _License Condition:
O Pricing : up to book price, no fee charge
O Reseller: -
® |ncentive
O Award
®  Name: Best of the Web Services 2002
B Date: 27/02/03
®  Organization: Forbes Magazine
Comment: http://www.ameza.com/comment/purchasing.htmi
Demo: http://www.ameza.com/demo/autodemo.html
Package-Promotion:  20% off, until 31/05/04

Reference Customers http://www.ameza.com/refcustomer.html

o O 0.0 O

Reviews

®  Description: trustful service and fast delivery
®  Date: 14/09/03

B Reviewer: Forbes Magazine

O Self Test-Testing Index: http://www.ameza.com

/securitytestinglndex.html
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O Tutorial: http://www.ameza.com/tutorial/tutorial.htm|
- Technical Support
® (Contact

O Description:  for technical information of Ameza Purchasing

service
O Person Name: Technical Support Department
O Phone: +66026166212
O Email: tsdepartment@ameza.com
O Fax +66025155210
O Address
B Number: 11
B Street: Sukhumvit
RmECily: Bangkok
®  Country:  Thailand
® Zip Code: 10110
® FAQ: http://www.ameza.com/FAQ.html
® Manual: http://www.ameza.com/manual.html
® \Web Board: http://www.ameza.com/webboard.html|

- Specification
® Structural Specification:  http://www.ameza.com/StructureSpec.owl
® Behavioural Specification: hitp://www.ameza.com/BehaviouralSpec.owl

® Composition Specification:http://www.ameza.com/CompositionSpec.ow!
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Business Service
Sarvice Name @ 4meza Purchasing
Service Key: DRCDOGS0-92585-1 1DE-ABFS-C 1 305C5F 105
Sarvice Desoriplion: process Ior oustomears online onder

Category Bag

el ey @ wadd 0248 TRB0-CE34- 1 1DG-BFE0-DE2C 20806251
- Ky Mame © Sales forms o sales books
= ey Value ;14111811

Oparational Information
Version: dnange senurity mechanism from S50 In W11 o WS-Seoipiby inihis wersion
Change History: 140302
Tirme of Relesse: 1.2

Functional Information
Freature: process customer online order
Development Ervironment: MET andlisleh Scnvices
Compatibility! Ameza Briwsing Boe. Seryioe
(a5 and Performance: guarantee for baok damage
Reqguarement; web browser for crgaring book 2od onedlt cand fior purchasing
Secriby Mechanism! fransfer alldata with We-Serisy

Commearcial Information

Purchasing
Delivery; bock delivery by DHL, ngimatier where in the wiorldyou mignt be -
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- Description: binding template for purchasing service

- Access Point

® Access Point Type: endPoint
® Access Point Value: http://www.ameza.com/ser/purchasing.asmx
-~ tModel Instance Details fiuAssgIeuazienanses L dayait

o

wmanAlun1glderun3nig dnldlunasg
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] Bt foc st 000 udd fAddindngten st » B0 o *
Binding Template .

Binding Template Key: 4A436450-9350-1108-A825-DCOD4RCEDADRS
Bindirg Template Descripton; binding template for purchasing service

Acoess Polnt Typs: ENCPOINT
Arcess Polnt Value: Rbp: (fsnew amazaeom e fourchasing asmx
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Zhe

- From Key: DA9CE370-8F20-11D8-A370-FFFB286283BE
(s9A39N BTN ISR DN TN)
- ToKey: 6C57D0B0-8E4D-11D8-A4C4-C16BOCFO1FED
(sagsNAvesgsNadndananaLatian)
- Keyed Reference megﬂu:uuﬂqqmﬁuﬁuﬁm@qqiﬁ@%\imﬂq
® tModel Key: -
® Key Name: business alliance

® Key Value: business alliance
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2} User Status Jaaaaa - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help :,'
[ = A = i »
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@ Back 7 @ M R Search J Favorites 6" Media @'{
Address |@ itk flocalbiost 8030/ juddif AddBindingServiet v ! Go | Lrks *

Publisher Assertion
From Key : DAQCE370-8F20-1108-A370-FFFB286283RE
To Key: 6C57D0B0-8E4D-11D8-A4C4-C16BOCFO1FED

Keyed Reference
todel Key: -
Key MName: business alliance
Key Value: business alliance
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<operation name="AuthorSearchRequest">
<input message="typens:AuthorSearchRequest" />
<output message="typens:AuthorSearchResponse" />
</operation>
<operation name="AuthorSearchRequest">
<soap:operation soapAction="urn:Pl/DevCentral/SoapService" />
<input>
<soap:body use="encoded" namespace="urn:Pl/DevCentral/SoapService"
encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" />
</input>
<output>
<soap:body use="encoded" namespace="urn:Pl/DevCentral/SoapService"
encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" />
</output>
</operation>
<message name="AuthorSearchRequest">
<part name="AuthorSearchRequest" type="typens:AuthorRequest" />

</message>

317 5.1 nstlsznialelagisdis AuthorSearchRequest luianansduiiiagamioaadii
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AuthorSearchRequest i fauanslugiy 5.2

Operation: AuthorSearchRequest
Input (AuthorName) : Adaji Misuru
Output (BookName) : {Touch, Rough, Slow Step}

717 5.2 darnuuantamaaeuveslenlesiu AuthorSearchRequest

21N 5.2 wameteaniuuanimagesvedlelesiu AuthorSearchRequest

Tnaszydeyanlinnaauilutionasdusspa Adaji Misuru wazdnanAndnazlazuainnig

Aumtiadeniusiesneilnaniiade 3 1ax @@ Touch, Rough Az Slow Step Hld1i3nas
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# Main body of agent
# AmazonSearchService SOAP Script

# AmazonSearchPort: urn:Pl/DevCentral/SoapService:AmazonSearchBinding

body = ProtocolHandler.getBody("soap")
body.setMethod("AuthorSearchRequest")

# AuthorSearchRequest
body.addParameter("AuthorSearchRequest", ™)
soap.setBody(body)

response = soap.connect()

#Report results

2109 5.3 LULRNABIAIABLNLNITANLELNNTIAIEUULANTD L
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WSDL Dynamic Test Client [35] @3 lWtan1slunismaaauidnisutuasulad ssuanslugil

7 5.4 1{ludu



89

Th WAOL Dynamic Text Chient - Microsall Internet Explorer Flﬁlﬂ]
T T ——— i

IJD!\? - | : P rourkes g Heda ) - @ @ “r i ﬁ_ﬂ i}

|.'_.| hitec e, amllags. oo 00 W0 Clant PWSSIN Dl T et Clerid. el

WSDL Dynamic Test ]
10 EMD 2 ANYWHERE . Orbix E2A | wee : GRATICIN PLATFORM
MA| | END 'rWHERE Client x:mm Edifinn

Enavdiedos Dese [insncs Web Serdcs inberon THE Service
Blerichty Wl Soivice

WEDL SOURCE UNL: I p: s oep. smass oo sciserma s Sunac ot ivSar ! PROTES WL |

OPERATIONS BERIVID IROMWEDLTLE .

Eaverar daearchbaqua st KeywordReguess | ¥
B i malbote S ot chilticpuie ah] B o nedlods Bagqusal |

| ]
WpeSeanchilegquest] Upcilequest |

AL S I

Bt Sear chitegquesii AdmiBoguesl |

Betee Se shflegoe st Aeveafequem |

Mlanal actem er Sear chieque sl ManufscumerRequest )
Birecior Soa chitqua st ireciar e quest |

Lt Manlatam chBegpesat] ListManisiagquss |

| GET TEST FORM _J

&l A Inbemet

71I7 5.4 WSDL Dynamic Test Client

NNINARBLILTN9A%ELATRINENAAB LA A MBANIAREL Tesey Ty
ATUANHIUY SelfTest Testingindex 1w M WiEld1Enasl5dTan1anaaan19ineuaes
13n17898A0189 N AN AA e T1 1113013 wazdaiflunimaaasldiznisinaadig

% 1 a ¥ o o‘d‘ % a 4
ﬂ’]'m@umﬂm’ﬂgﬂuﬂﬂﬂﬂﬂﬁ‘ﬂﬂi’ﬂLL@ZN@@WﬁWi@QﬁﬂU?ﬂW?@QH

5.2 AMANHETANUUALEITATIASI (Structural Specification Attribute)

k4 o a

@ v o a a =< 9 = vl A = ) %

Hudanivuanesuisiadagansaaduiinegadaeiuuing maazgos i

g ldusnneldteyassnanalunasfansusnluenlalunisdumndngsld | danwunids

TassaFrsanunsnuans i lunanagiuus anantflugaeaunun WA AT AR AT NA NS
4 ! dl o | (<3 o= A a d‘ Y a

sendnanananine] Nlszneufuiluiimeia viseeaesunelaanimnldesuaesuinia

= ' el = ceY ¥ A v A [% = a v o a ¥
aetivenfaenvzaandild e ldiaanldesuiniaalunisesuedeninundelasaaing

daususisnig Taguiisdanivuamalasassaanidlu 3 doulaun



90

flilefaaulniad (Upper Ontology) iuseulnlaaniuassninsanlunis
asunelAseaF19re9tinag nsanuisaun luuiuldasuldmunziusiznigh
anizianzadne e whsuladunisnamuauuanielunisasunalasaadng

18913017 Tagnsnh i dusinislulasuaulag Al Ineddulefeen

nladaesdanmundciaseaiarnisauanalugununinnswldfagly

U9
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hasProducl hasUmt

hasDestination
hasArea

hasUnit

Destination

Delivery
deliveryB ethod
deliveryCharge
hasPrice - 4

hasValue Int
hasCurrency Str —property— P>
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/ hasDelivery

hasProduct

Book Delivery
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hasPrice Destination
—_hasUnit

@
ﬂ\hasArea
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@ deliveryBy

hasValue Int
hasCurrency Str
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Method
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isbn
titie
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publisher
publicationDate
price
edition
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SELECT ?Service
WHERE (?Service, <p:hasDelivery>, p:DHL)

USING p FOR <http://www.Ameza.com/StructureSpecification /AmezaStructureOntology#>
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(?Delivery, <p:hasDestination>, ?Destination)
(?Destination, <p:deliveryBy>, p:Shipping)
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5.3 AMANHULTRNUUALTINGANSSH (Behavioural Specification Attribute)
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A4 Operation WAANNIFANLIIUNNT
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2. wifmeaulniaa (Shared Ontology) uaeuiniaanlésunisdiuunann
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nsAumsdevesiuanenisde ddayadiuazeaniiudeyanes
Wi9de (Book)
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Ameza Bookstore Behavioural Specification

isMemberOf. hasCondition AmexRate
s - Ameza
1 BookStore o hasConditionalOutput —_ e
7 hasOperation ,;'; ~_———hasOutput__
P . - Outputt
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utput2

hasCondlt\onalOutpu(
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wanwideaniuaineeniniaanivualililneldladaeeuiniad wu lulawlefisfuresnis
d” o A Y - a = o A ¥ a o a d‘
Fantlide §WLEnisamsniainRenlylunisamisdeld Inefansnainiinaeshng
gldunasldlunnsdnseAniiede vanldiinsiasinues Amex wanaingldazldiunisan
;A Tisdeudadalafueunsiludaantunandas aadndinsinsfnaunadnsnlfnay
wansineiuly DedlunisiiuunReulaaauduiug sendnpuantimlugluiunia Seioy
W IWLIn19a 819008 LN Eng AN suaeIUENTT lFRt Az B ATW wanaInldaaini g
nuuaReulanauwaznasniaanulalaaedenniaunis hasPrecondition was hasEffect
du Jldusnnsarraniiids lifsame sedingasAntiow uaziladaniivaauds uiideas

gnaslldediu snadluNeulanasainnisldisnisuan s
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% ¥ o a % A A = a dl dll = a
Aumandaninundelagaiog Aauniauzauie L LEnIsnnsemuReulanazLsng
¥ as v dl a v v A 1 = [ ] = A A ¥
waldisniafalunnadum@sazesuoeluiodan 5.4 wuRaaiu wansnaieeanlanld
TunsAurazifludeyainaeriungAnasuaeslsngg iy nsAunILEnInFunsiAshnie

dind uanslnaldenfanoiaa lamagiln 5.17

SELECT ?Service

WHERE (?Service, <p:hasOperation>, ?Operation)
(?Operation, <p:hasinput>, ?Data)
(?Data, <p:hasCreditCardType>, p:Amex)

USING p FOR <http://iwww.Ameza.com/BehaviouralSpecification/AmezaBehaviouralOntology#>

o o

31I7 5.17 a7fARveatuNsAUMNLENAsN T UTRIIASAR O LN

ANTAUUNLTNNINSLTRT AT ARN T T 3 lud il MileRewardCollected LA

Tneldanshrotea liasgn 518

SELECT ?Service

WHERE (?Service, <p:hasOperation>, ?Operation)
(?Operation, <p:haslnput>, ?Data)
(?Data, <p:hasPromotion>, p:MileRewardCollected)

USING p FOR <http://www.Ameza.com/BehaviouralSpecification/AmezaBehaviouralOntology#>

[

7171 5.18 erfhRntealunsAumLEnIniuTnsnsRnn s Tuduilunisazanlud
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5.4 AuANEUzTanIuuALdasAlsznau (Composition Specification Attribute)

dudeimuagesuneuinisluidyurenisinnusniuzesnsgatos-
neluLInIg mezLinissiauile enadseneudoainsiaatioss uanafannnauaniu
Wi ldnadnsnesiinng uiaznsmainsindndeyauaslinadnsoanun Ganaansan
Twsmaniisanagnin hlfidudayadnduiudninsaafils visenadwsainusiazinsiaasna
o o dl o o a @ ¥ a o .‘1/ 4 o a &
rsnsniwiedunadnirestFnieald Tueuwideil denvundsesdlsznauazgn
asunalnalfuuaANAnaaaEiafialima (Service Model) luanad-1az (OWL-S) [37] 4

QNeBNULULNIEUTLNNTLENNINNUIINAUIENda Insma InsLaniy

s aNNIENIMeI N9 19 URg N9 LN adnsating laati1auTiaaanun
% a = £ v o I's dl [l )

16 Inaingmaazaiunad dayaidn nadns Reuluneaunisinaulaznansenuainnig
] =3 c o A I o tzll [~3 1 ' o & v 1
N9 INFEgananung e latlasisdi izanuoanisnienuniandlawlafisdunte e la
TaldafisfunisAunIniNaa1a 95 uawiede Usznausaainsmasas 3 5anldlunnsg
% | |d|l o A o dl :I/ 1 <6 v [ & @ % |
Aummtiidaanniaany TeutiideuazAl 1999 3 nsinas9i Wnadnsiludeayasaamisae

wilauiudufy AuLuIAfIe9aNa-1ag e nLelady 3 dssinnlaun

A =

1. azmanialnacia (Atomic Process) ulnsinangnEanldanuls

Tnanss FldannsoFanldldlnglisessanldiouinagsasy wandulwsmaneonlaisinig
= A P o = 2 = o &
Genldnsmaausia  An1siauaialudunauses  Inaluyunesresldaviiivitasnes
a [ % o v o 'S 1 £%% ] acn
Halwaiaiudeayada Bianistszanananaz inaangeans LLM@%@:MWWU%H?:M@N@
AZABNNAINIT A UTUAAIAUB INTTA WARILAY
<owl:Class rdf:ID="AtomicProcess”>

<owl:subClassOf rdfiresource="#Process”/>
</owl:Class>
Finatinanissyndaznanialnga loun
<owl:Class rdf:ID="AddShoppingCartltemsRequest">

<owl:subClassOf rdf:resource=" http://www.daml.org/services/owl-s/1.0

/Process.owl#AtomicProcess" />

</owl:Class>
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2. fualnama (Simple Process) Wilnsimai laignunsodenidau
1% Sdnwuzadeezmeniiniaareiniuasaluduneniion  azgnldusrloniluns
wapanannedntnaaler lugtvasinsmaidendadrlaldiendt weldlunnsnauside
nzeynulaeling Fuiwalnaasidutuaaiaseslnsias uanlag
<owl:Class rdf:ID="SimpleProcess">
<owl:subClassOf rdf:resource="#Process"/>

</owl:Class>
3. ARNNEANINILTA (Composite Process) FuTnaimafianunsaus
aandulnsadenlsd tnatnsmasas aziaudniusnulugluuusiiee wu Sequence,
If-Then-Else, Split #38 Choice {lufiu paunedninsaalluiuaaavesinsiaa uwanalae
<owl:Class rdf:ID="CompositeProcess”’>
<owl:subClassOf rdf:resource="#Process”/>

</owl:Class>

Amazon Composition Specification

Browsing
Process
/
“‘ : @/ Process
| -~
AuthorSearch
Request
=

hasProcess //
somposedo, - Browsing o coHchon‘%O/\
AmazonProcess ) — - —PO\ — Process choice h ArtistSearch
collection, chaice \ —
\\ Request
N
ShoppingCart ___ collection, o AddShopping
Process choice O Cartltems

~s_ Request
\ GetShopping
\ CartRequest
- ClearShopping
CartRequest

717 5.19 e mundEesdlsznauaesuinisiuanemiidenwenime [38]

<

.4

3% 5.19 uansdan1nundiesAlsznaure9tsn1smentiiae Lan19oy
g

(Amazon) [38] Fegnasunsinelfimeftaluina dsznausas

- Amazon_ProcessModel LA NI LT A TN LARTRIF UL NN TR %9

1l3¥naumae AmazonProcess
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AmazonProcess WAANABNNAANINILTATBINITNINIULBIEIULANA
fay Usenaudaenguaasinsga 3 Fn NHANNANRUSIULLL
faiaen ungrNdgldaunsnnenldwsmadalasanileile
ShopBook LaRIABNNEANINTIIAT8IN1TINemde Uszneusog
PaNNEANTNIEE 2 f7 T9NANNANRUSUULAIAY MNNANNIN
;ﬁ%ﬂﬁﬂﬂiﬁwwﬁm ShopBook axsiaaenld  BrowsingProcess
nauuaasanld ShoppingCartProcess
BrowsingProcess wdnIARNNE AN NI ITdrRIN1TANMNMITIAS
sznaumagaznanialngdd 2 v TeNANNANRUSLULAIGREN
viNeiA N LT Fanldnaima BrowsingProcess dnxnsnimanld
ArtistSearchRequest 79 AuthorSearchRequest Al
ShoppingCartProcess LAANABNNAAN NI TALRINTTTY
senaudigeznanialngdd 3 v TeNANANRUSLLLA@AeN
1 izdld .
UNIBAINNINE LENEEN 1EINsma  ShoppingCartProcess  @131130
= P , =
L3ein et AddShoppingCartltemsRequest U8
GetShoppingCartRequest 179 ClearShoppingCartRequest Al
AuthorSearchRequest  WansaznanlATWITa129N19AUINMIES
dl v 1 v v % [ dl ¥ 1 o v =
nTeEwss  Usenaumsdeyaindlueusazanzesumn §
nadnsiudeyanesmiiide
ArtistSearchRequest  WAANRZARNHATNILTIATAINITAUNUNAIANN
dl a A ¥ ¥ % ) dl a A o v = o I8
Tafatlu UsznavsiadeyadniudeAaunarA1emumn NNaang
\udeyazeanas
AddShoppingCartltemsRequest LAANDZABNNAINT L EIATRINFLNY
- & o Ay X [ [ Y & o a
INUTAUBNAUAINARINATTD Usenaunigdeyadiiuaaeiiug
a 2 i’ = o & i’
auAnlugenN13Te Nuaansiusnanisde
GetShoppingCartRequest LAANBEADNNAIWILTAUBINTUARAS
efarasduAInINansTe Usznausadayadniiuaitauans

A a o X v & @ 1
i’]ﬁl‘ﬁ'ﬂzﬁuﬂﬂui’mmisﬁ'ﬂ NN@@WﬁLﬂu’j‘qﬂﬂf]ﬁ‘sﬁ'ﬂ
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- ClearShoppingCartRequest LAANBEADNNATNITATDINTAL
dl a v dgj v 2 ¥ 3| o
mmm@mumﬂmmmieﬁ@ dsznayu AILIURYA WuAzeaL

dgj IS o o dlf
s1an133e Nuaansiusnenise

Aaeti9eInI1slszniAlngiaa ShopBook Tneldntuianqs-laauanasagyl
715.20

<owl:Class rdf:ID="ShopBook">
<owl:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.0/Process.owl

#CompositeProcess"/>

<owl:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.daml.org/services/owl-s/1.0/Process.owl

#composedOf'/>

<owl:toClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="owl:collection">
<owl:Class rdf:about="&process;#Sequence'/>
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.daml.org/services/owl-s/1.0/Process.owl

#components"/>

<owl:toClass>
<owl:Class>
<process:listOfinstancesOf rdf:parseType="owl:collection">
<owl:Class rdf:about="#BrowsingProcess"/>
<owl:Class rdf:about="#ShoppingCartProcess"/>
</process:listOfInstancesOf>
</owl:Class>
</owl:toClass>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:toClass>
</owl:Restriction>

</owl:subClassOf> </owl:Class>

3117 5.20 nsilsznaTnsina ShopBook Tneldanad-iaa
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<!l--Atomic Process : AuthorSearchRequest-->
<owl:Class rdf:ID="AuthorSearchRequest">
<owl:subClassOf rdf:resource=" http://www.daml.org/services/owl-s/1.0/Process.owl #AtomicProcess" />

</owl:Class>

<l--Inputs and Outputs for Atomic Process : AuthorSearchRequest-->

<owl:Property rdf:ID="keyWordAuthor">
<owl:subPropertyOf rdf:resource=" http://www.daml.org/services/owl-s/1.0/Process.owl#input" />
<owl:domain rdf:resource="#AuthorSearchRequest" />
<owl:range rdf:resource="&book;#Book" />

</owl:Property>

<owl:Property rdf:ID="authorSearchRequest">
<owl:subPropertyOf rdf:resource=" http://www.daml.org/services/owl-s/1.0/Process.owl#input" />
<owl:domain rdf:resource="#AuthorSearchRequest" />
<owl:range rdf:resource="&asr;#AmazonSearchRequest" />

</owl:Property>

<owl:Property rdf:ID="bookResults">
<owl:subPropertyOf rdf:resource=" http://www.daml.org/services/owl-s/1.0/Process.owl#output" />
<owl:domain rdf:resource="#AuthorSearchRequest" />
<owl:range rdf:resource="&book;#Book" />

</owl:Property>

717 5.21 nsulsznmlnsiaa AuthorSearchRequest Tngldanad-1aa

9171 5.21 uaassaatienislsznidingiaa AuthorSearchRequest  taald

[ £ Y b2 [~ £ o s -dl =3 Lﬂl 1 o
a104-lea deyaduardegaeenvesinsmaiiudeysdAunuansdand@anseiulunig
N191192 91919 N mR TeaziilulesTamiluni3Ra17419113017 2 LFnN9aEn1audaNiwle

yira i

6 ¥ A 4 Y a 26 ¥ a dl ! 14
gliusnasuneseenasiaslduinisaingliuiniseneau u Fruane
o A = o A ¥ o ¥ o ZJ/ o [
wildeaden uananazaeniiedanieluiumaieuds faanunuazsanuiuionaeiy
dnanamiiidaainFiuananisdeas) dos GaenazliAunandudadston i wadiand

qaunATATEnaNIsAuMMIRNAaNnd9a919 gnAtaunsaumiia@e la luaendrendniu
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dll [ % i’/ v = =® ] dl 1 a ¥ o a % | dl dl %
AU ANUUTIUBNTINININITLTANABUINITVBIAULLINLUINITUANTTUNUIAD DL e ls

% % o A % dl P2l a % = [ %
@ﬂmmmmummmmw’mmmmmm@uj lmmummmmmu@mﬂ 1lumu

a

| |
a &

v o Y dJ al a A a =

dannuaiiiasAlszneuiiludeyaniandoalunisiarsniaenusnisi
AT N19UTINAUDS Faaenady a1 ldlLInsAa AR N TN a1 TR NI URINT
26 ¥ A % ¥ 1 ¥ a v 4 o o 1 a dl dl
gldusnissiaanisld uaninnisduninsnisarnnn linadnsiunguaequinisiaile
Usznauiundoarnnsnineuaungainisld daviilulsylamisadldusnisuin usinng
Wansndayasananaiiaaueeenn esansesldauiansanaudniulfaesiznisann
dayanane®) f1u wazaInLin1anai e e AANAHNENINIAZARAENLEN1INAIN0
NaudanTulauuuenluElf lasanduanaud nnsn ln12e8 U1 13NN91097 10 L8N L0104
(DAML-S) [39] ¥iuluanuade  [40] T9idualiieiunauinislnal4m e 8008104 WAZIALS
AsnnsdumLEnsTaeld DAML-S/UDDI Matchmaker &9iflunnsaenaAuaunanaae aAn
lal#s095Un120 5 UN1FNITWAEN19ABUNILTN9 18 1T ALaLANLaALRA b Wanannildal
UANE [41] [42] wag [43] TanvRasmailalaue i Anlinis A NaINN 70289518185
waed lun1resungLInasiieszlasllunisAumuinisiniauianiuld  Ineldnng

Narsnndeyaduardeyaaenieuiazingiaiuuan

IHA99IND19 AL AYNA U TWNAN UNUNALALEN D A-1BE AITUANEA-194
FaiANA N0 luNN2aF LN 9A19YNaLR4LENT TALAZAIN1T0US LI NN TR
u’%mﬂmﬂﬁmimﬁ@ﬁwumL%\amﬁﬂizﬂ@uﬁqLmuﬂ‘lumuﬁ%ﬁmj d9suun R ua194-

\adlf
5.5 WUANNITARUILENISIALDALANAN BTN UUA

lundetiaznataivdunaulunisduniuinisingeadnnanenizids

¥ o = a ¥ o ' o aa
danuuaTIN LA TlNN9a519 Tl Lﬂﬂiuﬂ’]?ﬂ'\\‘ﬂu?fJNﬂU%@ﬂiﬂ

717 5.22 wansuurAnlunisainlumadmiunislasiuasAuniiinig

Tnuandenmuanenzdsdaniuun Tnaddiulsenaunan 5 dau laun
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A ﬁfo!ogy 2
. Builder 7

Ontology

- Structural Spec.

- Behavioural Spec
- Composition Spec.

lt——(1
Ontology
Manager

Extended UDDI Server

: UDDI Aftribute-Based |
(3)Publish Discovery Template [
\\ i \ T = i —_— ;‘

Service Provider 1

)

i (4)Find
o (8)Result

Service
Specification 1

T
. ki 5)uery ':‘

F———p

(6) Client

&)
Service Provider N

(6)

Service
| Specification N

1 5.22 Twmadwiunislasnnuasfumniisnistasen Ao Audnnisiedaninue

1. aaulnladmiuages (Ontology Manager) Bailugidaaancy azldaaulnla
aflawmas (Ontology Builder) 11 siia Wedad19naulnladdnuiuedunalnseaing
a [ a nlz C.l oy d’ ﬂl Y Yve YV oa
wopinssnuarasAlszneyaesuinislaavinlunsatisnaslulawumniie e liglvusnng

Wl fuwuanelunisesiiedeninunsngeg 184130139846

2. §lWu3n1g (Service Provider) 1aauinladneaulnlaamiwaniairuilu
o

uuaneluniseuneuInisresnuluglaesdeimuauaslszniauinisresnuniougan oy

AsuN1TULINg

' ' '
= a

3. waa lanlffunasaeny. (Extended, - UDDI). 1Tugmnlangninuisi

% [ v = b % hd v o 2% nll v = [

ANANNTR IR raeTURTTANUTeTe N uald Taan U RAurILTNATine e A

ATMANHMLTF9 ANUNG (Attribute-Based  Discovery) Waziilusadanisinanuaes
=

d@iasAuniuInisdedaniuua  nedninisdunilaganfadaninuadelaseadig

dafuundangmnssuvisedeninundeesdszney (Specification-Based Discovery)
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4. FEWnaTAUUILTNNTITNTaN1UA (Specification-Based Web Services

o 4

Discovery Server) N1

"nAwLINslaeenAeAuAN Bz R WALLLFNST Tean At

Tsunsuilszgnafududsnounnnaguaiinlunseynulagldng

¥ Yo

5. 1413019 (Client) Wufizanldanalanléiunisaenaivadumniiznig

[ %

v 1 3
TupeunisinuaesTumalugli 5.22 A

(1) eeulniadmiwaeiiuuneeniniadduivesunalasea¥ie wodnsesu

uwazesAtlsznauresLinislaeiall wisedsniamile) lulawm

2) dlHusngldaaniniarateaulnlaawasfifluiwimislunisasune
dar1vunEalAseadg AN InUAEINGANTIN LasdenIULALTIRIALIZNaL18LTNNITBY

R

1
=

(3) glivsnasdseniaunasresnunugfn lan ldFunisasny lnesy

o2

o a vy o | | c dl A o o ¥ o dl |dl
@m@ﬂ‘]ﬂm%mx‘lﬂ‘ﬂﬂqﬂuﬁLLﬁlﬂzﬂﬁ‘gLﬂVILﬂu%ﬂ’]ﬁ‘m@‘ﬂLﬂ@NIﬂ\TN’]HQiW@ﬂ@Qﬂ@ﬂWMH@ TIBEN

flarlniznng

%

@) HldunasAuniiEnisaingaalen léiunissene naulanisdum

aaniilu 2 daufa

- n13AuMIAINAMANEUEA19T mndnd TaasryReulalunisduniasiy
wiukUugmiunsAuaINAuaneic TugAn la (UDDI  Attribute-Based  Discovery

Template)

- ngdurd@danmue lnaszyReulalunisduasuiiuuuuduiunng
Aumiiadaniuue (Specification-Based  Discovery - Template) ' #4agflugiaasiauly

ANHANTUS T2 N FUIANG InsRLANULAZaRLLANG Aluans gl 5.23

Subject ?Service
Predicate "_hasPrudum v
Object |www.Ontology.org/BookOntology#Boak

2109 5.23 BEBLULAIUTLNNTALUITITARINLA

U
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wrinuud i sdunidateiimualugui 5.23 azgnilasulier lugd
yasenfRAdIeasI]
SELECT ?Service ,?Product
WHERE (?Service, <p:hasProduct>, ?Product)
(?Product, <rdf:type>, p:Book )
USING p FOR <#NameSpace>

TuduwsngAa lan lasuntsaeneagiinisAumitsnisnassiutewlaluuweu
) o % o aa 1 Zj/ o a dl v a a
wuudusunisdumiauguaneue ugsa lanaw aanduaziniEnie launfiansnn luid

y o o, =
ADNTNNUADNFRA NN

d =

?;/ a dl Vo ! ' o 1% 14 a
(5) IumummﬂmM@Mm‘umaﬁwmmLLmuLLuumwummumLm

£l

¥ o

danuunuazdeyagaifwasesdaninuaaesiiznisiidunanlfdainnisdumlu (4) unds

WD FAUNILITNNF LTI N 1ALA

(6) @SR FANMILENsENd A ualdyan feanildann (5)  iemelng
danuunanglitinisuiazseudaniniseusulaeldnguraumeuiuenla ey
o s ¥ a ¥ o dl = 1 a dl o dl -dl o v
wuuguiunsAundeieninue meiatsangniinslaiinssiuteulaniuunlyd Tnaay
niseannulne dnguaunaulifazisnisauasunniini (5)  lidegensieaes

TRANMUATBILTNT1] 17

(7) UinsnaseiuRenlaluwiuwuuudmiunsAunidedeiuungndangy

o

aa dl
wnflgAnlangnaane

(8) yhn langnaenauansdayaasinisaenanan iinduliidunadntun

AGiiEb
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6.2 aumuazaasnANWLAINNISIRE
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Abstract

Service discovery is one key aspect in the enabling
technologies for service-oriented system architecture.
Current distributed technologies such as CORBA and
Web Services define a communication protocol for
advertising and discovering services but less attention
has been paid to service descriptions themselves. This
paper proposes attribute-based templates for describing
service descriptions. The templates are a compilation of
the results from an empirical study on descriptions of
software components advertised on the Internet and the
attributes listed by related literature. Although the
templates should not be considered complete, they act as
a common guideline to assist service providers with the
specification of their services, and can be adopted by
implementations of description repositories. By having a
common guideline, services are described in a more
uniform way and client enterprises will also have a more
consistent view of service descriptions and a more
extensive set of information that is useful for service
selection.

1. Introduction

Software systems today are moving towards service-
oriented architecture in which a standard programming
model is defined and allows software services. or
components to reside ‘on any network, be published,
discovered, and invoked by each other. With this
architecture, the idea of virtual enterprise model for
business organisations has emerged such that an
enterprise can be virtually constructed by marshalling
necessary services through composition of available
components selected from a collection provided by
participating enterprise systems [1], [2], [3]. Instead of
owning all business functions, an enterprise can do
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Japan Advanced Institute of Science and
Technology
Tatsunokuchi, Ishikawa 923-1292 Japan
Phone: +81 761 511255 Fax: +81 761 511149
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service shopping to select appropriate services and
service providers based on personal criteria. Contract
and binding are then set up as an agreement on service
provision between the enterprise and partner service
providers. The mechanisms for service discovery and
binding reconfiguration allow software to be composed
and evolved conveniently.

Distributed service architectures, e.g. CORBA, Web
Services, and Jini, are examples of the underlying
architectural and programming models that enable
service-oriented architecture. A service discovery
mechanism is defined in each model by which service
descriptions can be registered and discovered via a
service descriptions repository. Trading Object Service
in CORBA [4], UDDI in Web Services [5], and Lookup
Service in Jini [6] all provides a function for service

providers to register service descriptions and a function
for clients or customers to query for services based on
service types or attributes.

The service description models of the repositories
above are generic and define only the structure of service
descriptions (i.e. the “how”) whereas semantics of the
descriptions (i.e. the “what”) are left for service providers
to specify. For example, Trading Object Service in
CORBA only defines that a service can be described by a
set of properties, each of which is identified by property
name and type.  However, it is the responsibility of
service providers to identify which properties should be
advertised for their services. This is unfortunate in
certain circumstances such as when service providers
miss out some properties that in fact are expected by
clients, or two services may be described differently
although they are of similar types. Without a guideline
on what should be the content of service descriptions,
service providers are on their own and advertise their
services arbitrarily. Clients will then have difficulties
when selecting advertised services as the evaluation may
be based on incomplete and different sets of information.



This paper discusses an attempt to making service
descriptions richer. In this sense, richer means, rather
than specified by arbitrary descriptions, services are
described by a common set of attributes that cover
aspects that could influence customers when making
service selection. The attributes are the result of an
empirical study of software component descriptions
advertised on the Internet and a literature survey on
related work. The focus will be on domain-independent
attributes that are applicable for describing services in
general regardless of the application domains of the
services. The attributes are grouped into templates for
service providers to select and specify values for relevant
attributes. With the templates, service providers have a
guideline on what should be detailed for their services.
The discovery mechanism by service descriptions
repositories can be facilitated in this way since
descriptions conform to common terminology. Customers
will also have a more uniform view of descriptions by
which comparison and selection of services can be made
more meaningfully.

Section 2 presents a background on service
descriptions today and customers’ behaviour. The
compilation of service attributes starts with a survey on
descriptions of software components on the Internet in
Section 3 and that on related research in Section 4.
Section 5 presents the proposed templates and an
example of their application. The paper concludes in
Section 6 with a discussion on the templates and future
work.

2. Service Descriptions

Service descriptions will be useful if they give
accurate and sufficient information according to
customers’ expectation.

2.1. Understanding Services and Customers’
Behaviour

According to [7], a service is “an act or performance
offered by one party to another. Although the process
may be tied to a physical product, the performance is
essentially intangible and does not normally result in
ownership of any of the factors of production”. In[1],a
service is simply defined as “a grouping of components
(executable programs) to get the job done”.

With these definitions, a service is an abstraction of
functionality that can be composed out of smaller ones.
The result may be a tangible product (e.g. books from a
publishing service) or merely a state change after the
service is performed (e.g. books are delivered to a
destination by a parcel delivery service). A service is
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something used but not owned and hence s procured
and often paid for on demand.

People seek services that can fulfill both functional
and psychological needs. Factors affecting customers’
purchasing behaviour are personal characteristics (e.g.
needs, benefits sought, values, past experiences, life
style) and social influences (e.g. social class, reference
groups, family situation) [8]. Making purchasing decision
involves extensive search for information from commercial
source (i.e. information from service providers
themselves) and personal source (e.g. information from
friends and family). This information is used for the
evaluation of alternative services.  Customers will
determine relative importance of each attribute of the
services based on personal characteristics, social
influences, and situational factors, and finally the service
from each service providers are evaluated by those
attributes.

Service descriptions should reflect the characteristics
of services and customer behaviour mentioned above.
Information concerning collaborative negotiation, e.g. a
description on what function is provided, how to
interface with this service, performance or quality of
service promised, license details, security details, and
cost of payment should be listed. Other information that
could influence the evaluation process, e.g. reputation of
services and service providers, reference customers, or
availability and convenience of use, is also beneficial.

2.2. Service Description Repositories

In service-oriented architecture, a catalogue service, as
an information source, can be developed on a service
descriptions - repository of the underlying distributed
architecture. Most repositories adopt the trading model in
which the specification of a required service provided by a
prospective customer is compared with the descriptions of
service offers supplied by service providers. For ease of
use, services are described by their attributes and hence
the comparison can be based on those attributes.

CORBA architecture provides a trading function via a
Trading Object 'Service or trader [4]. Its service
descriptions conform to a service type model in Figure 1.
With this type model; a service is-described by a service
type name, base service type names, its interface definition
in IDL, and a list of properties identified by property
names. All service offers of the same type are
characterised by the same interface signature and property
definitions, but with their own property values, e.g. one
offer of type Bank has properties BankName = ‘THBank’
and Location = ‘Bangkok’ whereas another of the same
type has BankName = ‘JPBank’ and Location = ‘Tokyo’.



Service<ServiceTypeName>[:<BaseServiceTypeName> [,
<BaseServiceTypeName>]*] {
interface <InterfaceTypeName>;
{[mandatory][read-only][Normal] property <IDL Type>
<PropertyName>;]*

Figure 1. Information model of CORBA trader

CORBA trader can be seen as a run-time catalogue
service as it is normally invoked within a client program to
select and bind to a required service at runtime. The
selection is based rather purely on matching of the request
and service descriptions; if several services match the
request, they are considered equal and any one will be
selected for service invocation. The trader is designed to
be a generic catalogue service for any business and non-
business services, and therefore, it only defines the
structure of the descriptions. Other detail of each service
type, e.g. what properties a service type should list, is out
of the scope of the trader and is left for the service
provider to define. Jini lookup service [6] is similar to
CORBA trader such that it is also a run-time catalogue
service that defines only the structure of service
descriptions, but it focuses on services of network and
mobile devices.

Another emerging service description repository is
UDDI for Web Services [5]. In contrast with CORBA
trader and Jini lookup service, UDDI is a catalogue service
for business organisations and some business semantics
are present in its information model (Figure 2).

<businessEntity>
name, contacts,
description, indentifiers,
categories

<businessService> :
(1..n)

‘name, description,

Figure 2. Information model of UDDI

A Business Entity refers to a service provider which is
detailed by business name, business key, description,
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contact (i.e. contact person, description, address, phone,
E-mail), a list of business categories to which this provider
belongs, and a list of business services that it provides. A
Business Service is identified by service name, service
key, description, a list of service categories to which this
service belongs, and a list of binding templates. A
Binding Template defines the way to get to an instance of
the service and is described by binding key, description,
and access point (e.g. a link to the company’s homepage
or a link to service interface and access protocol
information described in WSDL). Details such as service
types and interfaces can be defined as tModel and reused
among various business services and binding templates.
UDDI adopts standard classifigation schemes for business
and service categories, e.g. UNSPSC, NAICS, SICS, and
ISO 3166.

Under this model, UDDI roughly defines groups of
attributes to describe service providers, service types, and
service instances. Customers can search by
name/key/category of business entities and services.
Search is not yet a real attribute-based search since other
useful business and service attributes (e.g. company’s
awards, cost, and payment) are not classified. These
attributes tend to be hidden in the narrative description
within business entities and business services or just
listed in the business” homepage.

UDDI is a development-time, rather than run-time,
catalogue service. Services that are registered with UDDI
can be either computational or non-computational
services. Computational services are those that provide
access to the service by programming while non-
computational ones do not. Some companies may only
use a UDDI repository as a channel to advertise their
business and not provide programming access to their
services (e.g. customers get to their services by making
phone calls rather than writing programs). A customer
may consult UDDI just to gather information, and after a
decision is made, a program is written to specifically
invoke the selected computational service.

ebXML registry is another standard registry for storing
information to-support business to business partnerships
and transactions [9]. An information model is so generic

that it supports not only the discovery of business parties
and _components but also other information for doing
business, e.g. XML schema and documents, process
descriptions, ebXML core components. -Among others,
information similar to that in UDDI is described for
businesses and services including business and service
details, service bindings, and classification schemes.

The rest of this paper describes an attempt to compile a
list of domain-independent attributes for services that can
complement the use of service description repositories as
catalogue services.



3. Descriptions of Software Components on the
Internet

This section presents the result of a survey on software
component descriptions advertised on the Internet. The
authors choose to search for descriptions of software
components rather than search for ebusiness providers
because software components have many characteristics
similar to services (although there are different points), the
scope of search is narrower, and the content of
descriptions is more focused. By definition [10], a
software component is “the unit of composition with
contractually specified interfaces and explicit context
dependencies only. It can be deployed independently and
is subject to composition by third parties”. A
computational service is similarly defined by its interface
and relationships or dependencies with others, and it can
be used on its own or integrated as part of another service.

The survey is on a number of Web sites of software
component vendors that provide descriptions for software
components. The vendors’ sites are either [11]:

e  Producer site — This is the site of the manufacturer of
software components that also does the sale.

e Catalogue site — This is the site of the organisation
that provides information about software components
and links to manufacturers’ sites but is not involved
in the sale.

e Intermediary site — This is the site of the organisation
that is the intermediary doing the sale for the
manufacturer.

The survey on component descriptions is by selecting
descriptions of a number of components from each sample
vendor site and inspecting the content with-eyes., The
attributes will then be classified.

3.1. Sample Vendor Sites

The sites of software component vendors that are
inspected are the results of the previous work:

1. The work in [12] surveys component attributes from 4
intermediary sites which are

WWWw,componentsource.com
www.findcomponents.com
www.imagicom.com

www. flashline.com

These 4 sites are intermediaries of many producer
sites. We collect only 54 producer sites that are linked
by more than one intermediary as it is assumed that the
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sites that are linked by several intermediary sites are
major component sites. As with the 4 intermediary
sites, 58 sites in total are obtained for inspection.

2. The work in [13] searches for component vendor sites

by search engines using “software component” and
“component software” as starting key words. The
Web pages of the resulting sites are downloaded and
HTML metatags within those pages, which are used
by search engines for indexing, are extracted. These
metatags then become the new key words for further
search. The search process is repeated until no new
Web pages or new matatags are found. Web sites
that are not related to software component business
are screened out by the following heuristics:

- Web sites with the first and second level domain
names that are not related to software component
business, e.g. .edu, .gov, .org, .ac, .mil.

- Web sites that are ftp sites.

- Web sites that have a small number of Web
pages within the site. It is expected that the site
that is doing a business should have a lot of Web
pages within the site. (The analysis by [13] says
that there is a correlation between being a
business site and the number of Web pages, and
the sites that have less than 7 Web pages are
screened out.)

- Web sites that are free Web hosting.

- Web sites that are known not to be in software
component business.

After filtering, there are 5,467 Web sites left. We
select the top 50 sites with the greatest number of Web
pages for further inspection.

From [12] and [13], we obtain the total of 108 Web
sites.. Their pages were downloaded during 25 May - §
June 2002 for examination. Among these samples, still
there are sites that are not vendor sites, sites that are
closed or merged together, and sites with information that
is not in English.. Those are left out and 67 sites remain as
the final sample vendor sites for inspection of component
descriptions (Table 1). Site numbers F59 are producer
sites, number 60 is a catalogue site, and numbers 61-67 are
intermediary sites.

3.2. Inspection of Component Descriptions

The findings from the survey on all vendor sites in
Table 1 are that the vendors advertise software
components in their own styles. Some try to categorise
software components by application domains and
describe components by name-value pairs of attributes.



This makes it easy for inspection. Some vendors do not
categorise their components or only describe the
components in narrative, so further analysis on the
narrative into attributes is necessary. Nevertheless,
vendors tend to describe similar information.

Table 2 contains a list of component-related
information obtained from the inspection. These
attributes have different number of occurrences among
the vendor sites. Figure 3 shows the percentage of
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occurrences of each attribute found in all sample vendor
sites. The occurrences of attributes range from 5% to
100%. This reflects that component vendors may give
relative importance to the information they advertise for
their components; some attributes may be fundamental or
vital for purchasing decision that any vendors will declare
them, while some may be considered unimportant or lack
of information and are missing from the advertisements.

Table 1. Sample software component vendor sites

No Vendor URL No Vendor URL No Vendor URL
1 | 4Developers www.4developers.com 2 | Accusoft www.accusoft.com 3 | Advantageware www.advantageware.com
4 | AFD Software www.afd.co.uk 5 | Azalea www.azalea.com 6 | Becubed www.becubed.com
7 | Bennet-Tec www.bennet-tec.com 8 | Catalyst www.catalyst.com 9 } Catenary www catenary.com
10 | ComponentOne www.componentone.com | 11| Dart Communication | www.dart.com 12 | Data-Tech www.data-tech.com
13 { Derdack www.derdack.com 14 | Desaware www.desaware.com 15 | Distinct www. distinct.com
16 | Dolphin System www.dolphinsys.com 17 | DtSoftware www.dtsoftware.com 18 [ Dundas www.dundas.com
19 | Dif -Software www.elf-software.com 20 | Farpoint www.fpoint.com 21| Genlogic www.genlogic.com
. Global Majic .
22| GigaSoft www.gigasoft.com 23 Software www.globalmajic.com 24 | HexaTech www.hexatech.com
25| ldeal Engineering www.idealeng.com 26 | Infragistic www.infragistics.com 27 | Innermedia www.innermedia.com
28 | Intuitive-Date www.intuitivedata.com 29 | Janus System WWW.janusys.com 30 | Larcom and Young |www.lyoung.com
31 | Leuvilles Object www leuville.com 32 | Mabry www.mabry.com 33 | McRae Software www.mcraesoft.com
34 | Nsoftware www.nsoftware.com 35 | Object Planet www.objectplanet.com 36 | Quinn-Curtis www.quinn-curtis.com
37 |Roguewave Www.roguewave.com 38 {SaxSoft www.saxsoft.com 39 |Sitraka www sitraka.com
40 | SoftwareFX www.softwarefx.com 41 | Spatial www.spatial.com 42 |Sylvan www.sylvanmaps.com
43 | TeraTech www teratech.com 44 |Vantage Point www.vpsoft.com 45 {VisualSoft www.visualsoft-india.com
46 |WildCrest www.wildcrest.com 47 Sun Microsystems, industry.java.sun.com |48 eroso{.t www.microsoft.com
Inc. Corporation
49 Borland §oftware www.borland.com 50 Inlsractl\fe Software www eiffel.com 51 |1BM Corporation www-4.ibm.com
Corporation Engineering
i . | Instalishield . .
52 {Software AG www.softwareag.com 53 | Time Vision www timevision.com 54 . fwww.installshield.com
Software Corporation
55 Compuw.are Www.compuware.com 56 IMSE Inc. Wwww.magic-sw.com 57 |Noveli, Inc. developer.noveil.com
Corporation
58 |Bunka Orient India  |www.boi.co.in 59 |BEA Systems, tnc. |www.beasys.com 60 Icr;:s:r;atlonal Baig www.idg.net
ONA T i
61 :’LCA echnologies www.iona.com 62 |Component Source |componentsource.com |63 |Grey Matter Ltd www.greymatter.co.uk
Open Source
HALLOGRAM
64 Publishin www hallogram.com 65 |Development www.davecentral.com 66 {ZDNet www.softseek.com
9 Network, Inc.
67 | Imagicom www.imagicom.com




Table 2. Component-related descriptions

Attribute

Description

About Company

Company details, e.g. status, company’s award or
certification, success stories, partners

2 |Award Award for component
3 |Case Study Case study in deployment of component
4 Comment/Feedb |Comments and feedbacks from customers who
La_ck use component
5 |Company Name |Name of the company
6 Compatibility/Inte{ Details on compatibility or integration with other
gration software or components
7 Component Product name of component
Name
8 |Demo Trial version of component
9 Development Environment or tool used to develop component,
Environment e.g. framework, language
10 |[FAQ Frequently asked questions and answers
11 Feature/Function Functional details of component and input/output
and Data
12 License License details, e.g. business-related license,
Agreement educational license
13 {Manual Manual for deployment
14 |Order form Order and p‘urchasing details, e.g. payment
method, delivery method
15 |Overview Overview of functionality and benefits of use
16 | Piatform Platform or operating system on which component
uns
17 | Price Cost of component
18 Reference List of customers who use component
Customers
19 |Reseller Reseller for company
20 {Regquirement Required hardware and software for component
21 |Review Comments on cor_nponent from reviewing third
parly, e.g. magazine
22 {SamplefTutorials | Tutorial on how to deploy component
23 | Screen Shot Example of user interface
24 |Size Size of component
25 | Source Code Source code of component
26 | Support Mail Mailing address to get support on component
27 {Support E-Mail E-mail address to get support on component
28 | Support Tel./[Fax. Telephone/Fax numbers to get support on
component
29 | Support Web Site Web site to get information or support on
component
30 {Upgrade/Path Details on upgrading component
31 |Version Version of component
32 | Web Board Web board for component users to discuss
matters related to component
33 [White Paper Documents for component-related information
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Occurrence (%)

Attribute

Figure 3. Percentage of occurrences of each attribute

The top 5 attributes that are listed by most component

vendors are:

1.

Company Name (found in 67 sites (100%)). This is an
important fundamental information that may have an
impact on customers as the company name may refer
to quality and reliability of the component.
Component Name (found in 67 sites (100%)). The
identity of the component is fundamental and its
reputation can influence customers to make a
purchase.

Overview (found in 67 sites (100%)). This important
information is the quickest way br customers to
learn about the component. Overview should
interest customers by giving accurate and concise
information.

Feature/Function and Data (found in 65 sites (98%)).
This is major information on functional details of the
component.

Platform (found in 65 sites (98%)). This information
is important for deployment as customers will select a
component that can run on their platform.

The bottom 5 attributes that are listed are:

Source Code (found in 3 sites (5%)). This is listed for
components that are for educational or development
purposes_only, while most advertised components
are for sale and work as black box units.

Size (found in 8 sites (12%)). This information is
seldom found although it should be expected by
customers... Possibilities are that component size is
not a big issue with today’s computing capacity and
components tend to be small units. Size may be seen
as a trade secret that vendors do not want it to be
compared with that of other products.

Reseller (found in 9 sites (14%)). Most vendors do
the sale by themselves and do not need resellers.
Review (found in 11 sites (17%)). Not many
components are reviewed by third parties. A lack of
this information may be compensated by comments




or feedbacks from customers who already use the
component.

5. Award (found in 11 sites (17%)). This information
could influence customers’ choice but is not
available for most vendors.

It is seen from the survey that some attributes are
related directly to components (e.g. component name,
feature, price) while some are not (e.g. about company,
demo, support mail). Those not related directly to
components are value-added information to ensure
customers with the quality of components such as
reliability and convenience. Even for those attributes that
are related to components, they either serve functional
needs (e.g. compatibility, development environment,
feature, platform, requirement) or psychological needs of
customers (e.g. award, comments, demo, manual, tutorial).

4. Descriptions of Software Components from
Related Work

There are several attempts to define a set of attributes
to describe components or software packages. Each set
is listed for a particular purpose.

In [14], mainly functional attributes of components are

listed for a reusable software library including application
domain, algorithm, certification, size, development
standard, function and data, implementation technique
and language, national language, proven hardware and
OS, and support level. The work in [15] defines a
structured abstract template to describe a component, i.e.
“A (computer language) (component type) for (domain)
that provide (function) on (data) data. Runs on (operating
system). Includes (element, ..., element). Contact
(contact).”. A metadata model in [16] defines 3 groups of
attributes that will be used to evaluate component
ensembles that are best compatible when integrated for
the requested functionality. The general information
group comprises component name, version, vendor,
platform, function, framework, language, size, domain,
GUI, cost, and license. The protocol information group
includes protocol name, version; and-protocol-provider.
The security information group consists of mechanisms
and providers for confidentiality, authentication, and
non-repudiation.

For software packages, a software description is
defined for packaging software for distribution on the
Internet [17]. The description is in XML format and
mainly describe implementation details of the software,
e.g. hardware, OS, language, as well as dependencies on
other software. The work in [18] describes an XML
software description that can facilitate automatic
deployment management including release, installation,
upgrade, reconfiguration, and removal of software. The
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description contains implementation details, links to
dependent modules, and dependency rules for
installation.

Software should also be described on quality issues.
Quality of service represents a set of quantitative and
qualitative characteristics that are necessary to achieve
the required functionality of a service [19). QoS is often
thought of in low-level network-related or device-related
terms, although in fact they can be defined in different
higher levels of abstraction that can be mapped to a
lower-level QoS. For example, “a telephone quality
sound” is a QoS description for a service which can be
mapped to an audio frequency of at least 8kHz.
Categories of QoS parameters for a distributed multimedia
service has been defined in [19]. They are performance-
oriented category which refers to quality in
communications, format-oriented category  which
concerns characteristics related to data representation
and presentation, synchronisation-oriented category
which controls audio and video sequences, cost-oriented
category which defines acost model of service usage,
and user-oriented category which defines other higher-
level quality for users’ perception.

It is seen that component descriptions on the Internet
are more extensive than the ones listed in related work.
Those listed in the literature tend to be very specific for a
particular purpose of use, so they focus on attributes that
are directly related to the function of components or
software. The advertisements of components on the
Internet is for business purpose, so as many attributes as
possible that could affect customers’ purchasing decision
are listed. Nevertheless, the literature survey has pointed
out some attributes that normally can be described
collectively in the overview or feature/function attributes
of the advertisements on the Internet but not listed
explicitly. Examples are application domain, details on
elements or dependencies of services, protocol and
security aspects; and QoS aspect.

5. Service Description Templates

From the Internet survey and literature survey, general
attributes for service descriptions can be grouped into 5
templates:

1. Service function information template describes
characteristics related to service functionality and
consists of
o  Service name: This is a business-defined service
name.
Version

e Domain: This is the application domain of the
service or the service type. It should be a
category under a standard classification such as



the ones used by UDDI, or other classifications
accepted by business domains and partners.
Overview: This is a general description of the
functionality of the service.

Feature: This describes functions and data
required for each function. Although a service
should be used as a black box, service providers
may additionally declare the internal software
elements that comprise the functionality of the
advertised service.

Development environment: This describes the
environment of the service, e.g. development
architecture or language, as this relates to the
compatibility issue between customer’s and
service provider’s platform.

Access protocol: This describes the name,
version, and provider of the invocation protocol
as this relates to the compatibility issue between
customer’s and service provider’s platform. Other
information includes access location and interface
signature of the service.

Security: This describes the mechanisms and
providers for secure use of the service on aspects
such as authentication, access control, encryption
for confidentiality, and non-repudiation.

QoS: This describes a performance guarantee, the
quality of algorithms and results of service usage,
implementation standard of the service, and other
aspects. The description should consider
customers’ perspective and hide low-level internal
system QoS parameters when possible [19].
Compatibility: This describes platforms or
protocols that are compatible with the
environment of the service.

Size, hardware/software requirement, source
code, upgrade, and dependencies on other
software: These relate to deployment of software.
As normally a service is used but not owned by
customers, these attributes that imply acquisition
or ownership for deployment are not necessary
and may be considered optional. Nevertheless, if
the service involves installation of software at the
customer side for use within a period of payment,
these attributes can be relevant.

Service provider- information -template describes
details of a service provider and consists of

Provider name: This is the name of the company
or organisation.

Address: This comprises number, street, city, post
code, and country. Standard geographic
classifications that define the location of the
provider should be used as in UDDI.

Telephone and fax numbers

E-mail and Web site
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About provider: This can be information about
overview of the provider, business partners,
certifications, status of business, and success
stories.

3. Purchasing information template describes details of
purchasing of service and service delivery and
consists of

Price: This can be by a period of service rental,
pay per use, or pay per function [2].

License: Payment of the service may be by types
of the license for service use such as payment for
development, production, and educational use.
Delivery: This can be a software distribution
method if installation of software service at the
customer side is required, or it can be a method to
deliver output of the service.

Technical support information template describes

provided technical supports for service use and
consists of

5. Incentive

Support person: This is the name of the person or
department that offers technical supports.

Support address: This is the mailing address for
technical supports.

Support telephone and fax numbers

Support E-mail and Web site or Web board

FAQ information

Manual

Specification document

White paper
information

template describes other

information that can influence customers’ buying
decision and consists of

Award: This is the award that the software service
has received.

Reference customers: This is the list of customers
who have purchased and used the service.
Comment/Feedback: This is the comment on the
use of the service by previous customers.

Review: This is the comment on the service by
third parties such as experts.

Demo: A trial on the service is possible.
Sample/tutorial: Samples of the use of the
service, e.g. output or screen shot, and a tutorial
on the use are available.

Reseller: The service is available and can be
purchased through resellers.

Service package: This refers to additional value-
adding services that are provided with the
purchased service [2].

Service providers may choose the templates and fill in
the attributes that they consider important or relevant to
their services. It is seen that all templates are generally
applicable to any kinds of services but the first three
templates are fundamental.



An example of a description of an online banking
service by these templates is in Table 3.

Table 3. Description of an online banking service

Service function info

Service name Best Online Banking

Version 1.0

Domain Banking service

Overview Do online banking transactions

Feature Exchange rate between two currencies
for an amount,

Credit card payment on card type for
an amount,

Development environment CORBA, SOAP bridge

Access protocol CORBA protocol for CORBA client
with link to CORBA IDL,
SOAP protocol for Web Service client

with link to WSDL

Security CORBA security service

QoS 1 min per transaction on average

Compatibility CORBA, Web Service

Service provider info

Provider name THBank Co. Ltd.

Address 100 Phyathai Road, Bangkok 10330
Thailand

Tel. +66 2 2180789

Fax. +66 2 2180790

E-mail Request@thbank.co.th

Web site http://www.thbank.co.th

About provider The oldest and biggest bank in Thailand

with 1SO 9001:2000

Purchasing info

Price 10 bahts per transaction

Delivery Transaction report at end of month

Technical support info

Support person Mr. Chayan Tapabut

Support address 100 Phyathai Road, Bangkok 10330

Thailand

Support tel. +66 2 2180791

Support fax. +66 2 2180792

Support E-mail Support@thbank.co.th

Web board http://www thbank.co.th/webboard

FAQ http://www thbank.co.th/fag

Manual http://www .thbank.co.th/techdoc

White paper http://www .thbank.co.th/techdoc
Incentive info

Award Best on-line banking service 2001 from

Banking Association

Reference customer Oriental Hotel
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to the domain of the service. It is hoped that these
templates can result in informative service descriptions
and can be used as a guideline for service providers when
advertising services and for customers when making a
service purchasing decision.

The templates can be applied onto service descriptions
repositories. For CORBA trader, its type nodel already
supports the definition of attribute-based descriptions.
Figures 4 and 5 show screenshots of a templates-enabled
CORBA trader that allows service providers to
respectively register service types and export service
offers based on the proposed templates. Service providers
can select appropriate templates for their service type
definitions and can further select, within each template, the
attributes that are relevant. Other attributes such as
domain-dependent attributes can be additionally defined.
Export of corresponding offers is then by filling in the
selected templates and attributes. Clients who are aware
of the templates can easily understand the service
descriptions and can later import the services. Despite
their applicability, the templates contain a number of
narrative attributes (e.g. the attributes overview or
comment), and this can make the trader’s search by
attribute values difficult. To this problem, the trader can
be assisted by a service discovery service that can
perform a full text search on service descriptions [20];
otherwise the templates should be further refined.

glsler Service Type

Sesvice Type Name. [Banking

Bose Servics TypeName [Oriine

1L [ioL0nine_Barking 1.0
- Altibute Template List——

¥ Techrical Support Information
7 Incentive Infoimation

Set Allibutes Detal |

[ 4
;F Service Function Information
[I? Service Providet Information
I Puchasing Information

|

r Other Attrbut

Comment “User-friendly bank” —Foobar company | Attribute Name |Depos'n_imued
“Fast and reliable service” - A
T Mode ] Add I
ToHome.com i Float = Ium =
Sample http://www.thbank.co.th/screenshot

6. Discussion and Conclusion

The major problem of the compilation of the templates
is the survey of component descriptions on the Internet.
The inspection by eyes on non-uniform descriptions from
a substantial number of component vendors is difficult,
especially when the descriptions are narrative. The
templates are only the result of an analysis by the authors;
they are far from complete and may be refined or changed.
Domain-dependent attributes can also be added according

Regster |  Concel |

Figure 4. Register service type by using templates
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Figure 5. Export offer by using templates

The templates can also be mapped to UDDI
information, i.e. the service provider template corresponds
to a business entity, and the service function template
corresponds to a businees service and a binding template.
However, several attributes in the proposed templates are
not listed by UDDI and they may fall into the description
field within the business entity and business service
unless UDDI can be extended to support declaration of
additional attributes. An application onto ebXML registry
can be done in a similar way.

There is also a plan to work on the other side to making
service descriptions richer by trying with formal service
descriptions. Service descriptions repositories should be
able to embrace both attribute-based descriptions and
behavioural descriptions to provide semantic service
lookup, and it is a challenge to bridge the gap between a
practical use of attribute-based trading and expressiveness
of behavioural matching for services.
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Abstract

Publishing and querying for businesses and
services using UDDI is limited since UDDI
information model supports coarse-grained business
and service descriptions, and search capability is by
matching of attribute names and values. In this
paper we present an enhancement to publishing and
querying of Web Services by using more refined
attribute templates and a group of mediators that
can transform service advertisements and queries
from such templates into ontology-based service
specifications and queries. By using ontology, Web
Services discovery can take advantages of
ontological inference, and hence queries can be
based on semantics of business and service
attributes, and not just the values of those attributes.
Web Services discovery in this approach becomes
more semantics-oriented.

Keywords: Service discovery, service attributes,
ontology, Web Services

1. Introduction

Businesses nowadays gradually employ Web
Services technology to ' conduct  business ~with
partners and customers. Current standard UDDI
registry [l]allows business information to be
published by service providers, and queried by
business partners or customers. UDDI information
model is defined in terms of fundamental attributes
that describe service providers’ details (c.f.
BusinessEntity), relationships with other businesses
(c.f. PublisherAssertion), characteristics of the
services provided by the businesses (c.f.
BusinessService), and details for accessing provided

Science and Technology
Ishikawa, Japan
kokichi@jaist.ac.jp

services (c.f. BindingTemplate). Since this model
defines fundamental attributes, service providers tend
to publish only fundamental details, and hence
available business information in UDDI is rough.
Search in UDDI is also restricted to matching of
attribute names and values in the queries against
those in the advertisements. Trading for business
information cannot be done by semantics of business
and service attributes.

Under Thailand-Japan Technology Transfer
Project, we study how to make descriptions of
distributed services richer to enhance service
discovery. By richer, we mean richer in the content
aspect and in the representation aspect. For the
content aspect, we did an empirical survey to compile
a set of attributes that would provide rich business
information and could influence customers or other
businesses to choose to do business with a particular
service provider [2]. Another work [3] enhanced
both the content and representation aspects by
focusing on the behavioural content, described in
terms of service operation, and its input, output,
precondition, and effect. Such behavioural content is
represented as. an ontology-based specification,
allowing query by service behaviour to benefit from
inference capability of ontology.

This paper also presents an enhancement, in both
content and representation aspects, to publishing and
querying with UDDI.  Based on the attributes
compiled by [2], templates will be provided for
publishing and querying business information in
UDDI. Such business advertisements and queries
will be transformed into ontological representations
by appropriate mediators. This allows business and
service attributes to be associated further with
additional semantics, and search by UDDI can be
based on semantics of attributes, and not just
attribute values. In this approach, service providers,



business partners, and customers who publish or
query to UDDI will not be aware of or need the
knowledge about ontology because publishing and
querying is done via request templates with the help
of mapping mediators.

Section 2 discusses related approaches to
semantic Web Services discovery. Section 3 presents
our approach to enhance attribute-based business
information with richer content and semantics, giving
also an example and a discussion of its use. Section
4 concludes the paper with some future work.

2. Semantic Web Services Discovery

Semantic Web Services discovery concerns with
adding semantic knowledge about Web Services to
their descriptions in order to allow discovery by
service semantics, with the knowledge being
represented by XML-based ontology languages. In
[4], a mechanism is suggested to relate semantic
knowledge to UDDI and discusses advantages of
describing service semantics through ontology
languages. DAML-S [5] - the predecessor of OWL-
S [6] - is an ontology that describes semantics of
Web  Services in terms of ServiceProfile,
ServiceModel, and ServiceGrounding.
ServiceProfile represents attributes of business
entities and business services, such as business
name, contact, service operation, input, output,
quality of service etc. ServiceModel represents how
the service is composed in terms of subcomponents
and how the process flows. ServiceGrounding
represents how the service can be accessed. The
work in [7] shows how semantics-based discovery is
possible by matching semantics of operations,
inputs, and outputs of the services whose
descriptions are based on DAML-S ServiceProfile.
Instead of using a specially-defined. service profile,
the work in [8] uses WSDL descriptions of Web
Services and annotate them with semantics for
operations, inputs, outputs, preconditions, and
effects of the services to allow semantics-based
discovery.  These works focus on search by
functional  attributes  that represent service
capabilities and do not consider search based on
semantics of aftributes that represent other non-
functional characteristics of the services such as
location, cost, award, platform, and so on. This is
the approach that we also focus in our previous
work in [3], therefore in this paper the interest is
moved to providing semantics-based search on such
non-functional attributes.
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3. Service Discovery by Ontological
Attributes

3.1. Classification of Ontology

Since semantics-based discovery is based on the
use of ontology that defines knowledge in various
aspects for Web Services, three types of ontology
are classified in this paper:

e Domain-independent ontology: This defines
concepts and their relations that represent
domain-independent service aftributes from our
previous survey in [2]. Some are in Figure 1.

Provider ProviderName, ProviderAddress, Certificate,

Service Operationallinfo: ServiceName,Version, ...

Functionallinfo: Domain,
OperatingEnvironment, Feature, ...

Purchasing: Pricing, License, ...

Incentive: Award, ReferenceCustomer, ...

Support:  SupportName,  SupportContact,
FAQ, ...
Specification:  Interface, AccessProtocol,

Structure, Behaviour, ...

Figure 1. Concepts in domain-independent
ontology

e Domain-specific ontology: Defined by domain
experts, this represents concepts and relations
that are specific to the domain of a particular
service. For example, a banking domain has
concepts BankingDomain, Account,
DepositMoney, WithdrawMoney,
CreateAccount, Interest, Loan, CreditCard etc.

e Association ontology: Defined by domain
experts, ‘this defines additional concepts and
relations “that will associate different domains
together. For example, a relation OperatedBy
will link the concept CreditCardMileageReward
in banking domain to the concept ThaiAirways
in airline domain.

3.2. Enhancing UDDI Search with Semantic
Attribute-Based Search

The extension to UDDI service search is outlined
in Figure 2. In this approach, a client application,
which can either be a publishing application of a
service provider or a query application of a
customer/business partner, may submit a request via
an appropriate XML-based template.  Semantic
Publishing Template or SPT (a.l) is a template for
publishing service attributes and corresponds to the




set of attributes in [2]. Semantic Querying Template
or SQT (a.2) is for query that also corresponds to the
set of surveyed attributes and the service domain of
interest.
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Figure 2. Semantic attribute-based search

At publish time, Semantic Publishing Proxy (b.1)
extracts information in SPT and forwards it to
Publishing Mediator (c). As suggested by [9], the
information is then transformed into an RDF
document called an  Ontological Attribute
Specification (f) which is based on the domain-
independent ontology in Section 3.1. Publishing
Mediator may generate from SPT an OWL-S
specification (g) that can be used for search based on
functional attributes, behaviour, and process flow of
the service. Since such a search is not a focus of this
paper, readers may find related information in [3].

With information from SPT, Publishing Mediator
will also ask Onto-UDDI Mediator (d) to generate
relevant UDDI  information  entries  (e.g.
BusinessEntity, BusinessService) and put them in
standard UDDI server. Onto-UDDI Mediator
additionally generates Onto-UDDI Specification (k)
which is an RDF counterpart of those ~UDDI
information entries of the service.. This document is
based on UDDI ontology which: basically is the
ontological representation of UDDI information
model (see Section 4). UDDI information entries of
the service will maintain keys to tModel of the three
associated specifications. Onto-UDDI Specification
will itself link to Ontological Attribute Specification
and OWL-S Specification.

At query time, Semantic Querying Proxy (b.2)
extracts information in SQT and forwards it to
Querying Mediator (¢). This mediator will map
query constraints onto ontological concepts,
transform the query into an appropriate query
language that is applicable to the inference engine

ntological

OWL-S
v owL-8
Onte-UDDT }...,
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(h). Onto-UDDI Mediator will retrieve relevant
Onto-UDDI Specifications and will link further to
the associated Ontological Attribute Specifications
that will be used for semantic matching against the
query, with the help of the inference engine. The
results will be transformed to XML-based
information and returned to the client application.

Mediator repository (i) stores the information
about how to map XML elements in SPT and SQT to
concepts in those ontologies in Section 3.1 and
UDDI ontology, all of which are stored in Ontology
Repository (j). Mediators can implement the
transformation  according to this mapping
information by using XSLT.

Although proxies, mediators, repositories are
provided as the extension to standard UDDI server,
this extension does not store any kinds of service
semantic specifications that are generated. Service
providers will maintain their own specifications at
their sites as suggested by [4].

3.3. Example of Semantic Attribute-Based
Search

Suppose a banker publishes service information
via SPT. A part of SPT is shown in Figure 3:

<SemanticPublishingTemplate>

<ServiceOperationallnfo>
<ServiceName>BestOnlineBanking</ServiceName>
<Version>1.0</Version>

</ServiceOperationInfo>
<ServiceFunctionallnfo>
<Domain>Banking</Domain>
<OperatingEnvironment>
<OELanguage>Java</OELanguage>
<OEPIlatform>RedHat</OEPlatform>
</OperatingEnvironment>

</Ser.vi.ceFunctionallnfo>

</Sem.e;ﬁticPublishingTemplate>
Figure 3. Part of Semantic Publishing Template

Figure 4 shows a part of the domain-independent
ontology. to. which the. SPT. above. corresponds.
ServicePublishingTemplate. has ' relations  with
concepts ServiceOperationallnfo and
ServiceFunctionallnfo, each of which hasretations with
other relevant concepts, €.8. ServiceName, Version, Domain,
and OperatingEnvironment.  According to this
domain-independent ontology, Publishing Mediator
will transform the SPT above into an RDF-based
Ontological Attribute Specification in Figure 5.
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Figure 4. Part of domain-independent ontology

Subject Predicate Object
SPT:001 rdf:type SPT
SO1:001 rdf:type sol
SOI1:001 hasServiceName BestOnlineBanking
SOI:001 hasVersion 1.0
BestOnlineBanking rdf:type ServiceName
SFI1:001 rdf:type SFI
SF1:001 hasOELanguage Java
SF1:001 hasOEPIatform RedHat
Figure 5. Part of Ontological Attribute
Specification
PR ._S0i UDDIBusinessEntity
l Name l_‘,' bgs.SQMcoNam‘ - hasBusinessKey
P i 5 ::::gzglenpﬁon R
:BusinessSenvice - hasContact S—
: . nazai?mmchemplate hasGomair
- hasServiceKey - hasBusinessService
— - hasName

- hasBusinessEntity

- hasBindingTemplate
- hasCategoryBag

- hasDescription

- hasClassification

equivalentClass

UDDEUNSPSC

subClassOf
Banking_and_
Invesiment

subClassOf

UDDIBindingTemplate

Banking_institutions

UDDItModel

- hastModelKey

- hasDescription
- hasCategaryBag

UDDI:CategoryBag

UDDi{:KeyReference
- hastModel
- hasKeyName
- hasKeyValue

- hasElement

Figure 6. UDDI ontology

Onto-UDDI Mediator will create UDDI entries
for information from SPT together with the Onto-
UDDI Specification as an. RDF document based on
UDDI Ontology in Figure 6. ~This specification
maintains keys that reference tModels of other
semantic specifications and UDDI entries. Here the
UNSPSC classification of Banking and Investment
also declared equivalent to the concept Banking in a
domain-specific ontology for banking business, and
so the knowledge about a particular service in
Banking_and Investment category of UDDI can be
enhanced by extra knowledge in the Banking domain
ontology. Also note that some detail in Onto-UDDI
Specification, (e.g. name and contact of the business
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in the BusinessEntity information) will also appear in
the Ontological Attribute Specification. Onto-UDDI
Mediator can therefore choose not to generate such
detail for Onto-UDDI Specification to avoid
duplication.

On the query side, a customer may submit a query
via SQT. For example, a query could be as in Figure
7.

<SemanticQueryingTemplate>
<ServiceFunctionalinfo>
<Domain>Banking</Domain>
<OperatingEnvironment>
<QOEPIatform>UNIX</OEPIatform>
</QperatingEnvironment>
</ServiceFunctionallnfo>
</SemanticPublishingTemplate>

Figure 7. Attribute-based query

This query shows a request for a service in
Banking domain. The customer concerns about the
reliability of the service and so a constraint on the
attribute  Platform  UNIX under the attribute
OperatingEnvironment is specified. Since Platform
is not an attribute in UDDI information model, we
cannot search directly from UDDI server in the usual
way. And even though Platform were to be defined
in UDDI information model, search would look for
services with exact match, i.e. services on UNIX
platform only.

With the extension to UDDI, the query will be
translated into a query language (e.g. SNOBASE)
for the inference engine. Onto-UDDI Specifications
of all services whose domain is Banking will be
retrieved in order to find the link to associated
Ontological Attribute Specifications. In such
specifications, Platform is defined, and if the
concept Linux is declared a subclass of the concept
UNIX -as well as RedHat is declared to be of type Linux in the domain

will match the query Sre independent ontology, then BestOnlineBanking in Figu

by subsumptionOnto-UDDI Mediator uses the key to
UDDI information entries, which is contained in the
Onto-UDDI Specification, to retrieve information of
BestOnlineBanking from UDDI server, and then
transform.such-information into- XML-based result
for the customer.

4. Conclusion

This paper proposes an enhancement to service
discovery in UDDI by allowing business and service
information to be described with richer set of
attributes and incorporating the power of ontology
and inference for semantics-based description and
search. The approach enables more flexible match by



extending search onto the knowledge in ontologies
and linking to business information in UDDI registry.
The mediators provide client applications with the
transparency from the use of ontology, by mapping
between the more familiar XML-based request
templates and the complexity of RDF and ontology
descriptions.  This assumes the maintenance of
mapping information and ontologies is taken care by
UDDI admin and domain experts.

We are working on to complete the prototype of
this enhancement. The next plan is to study how
matching should be ranked. This covers the case
when customers may also specify weight or degree
of importance for individual attributes to be
considered at matching time. A constraint language
for query can be developed in order to al'ow more
complex query on attribute values as well. Finally,
we hope to integrate this attribute-based search
prototype with our framework in [3] that previously
focused on search by service behaviour. We have
also started to explore the way a Web Service is
described and discovered by its composition.
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