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ONSOZ

Bu projede tagiabilir cihazlardan kullanicilarm Internet aracihiyla ticaret
yapabilmesini saglamak amaciyla bir alt yap1 gelistirilmistir. Bu amagla, web servislerin
bilgilerine, bu servisler igin tanimlanmig semantik aracihigiyla ulasabilmek igin bir
yontem gelistirilmis; boylece servis isteyicisinden alinacak bilgiyle, hangi servislerin
kullanilacagina, insan miidahalesi minimum seviyede tutularak, ajanlar tarafindan karar
verilip diizenlenmesi gergeklestirilmistir.

Proje kullanicilarin  “Giivenilir ~otoriteler” aracihi@iyla kendilerini ortama
tanitmalart ve JADE ve LEAP platformlarinda gelistirilmis olan ve degisik islevleri
bulunan ajanlarm isbirligiyle kullanicinin  ihtiyaglarma uygun web  servislerin
bulunmast ve kendilerine ulastinlmasm saglamaktadir. Bu projede yapilan calismalar
sonucu elde edilen bilgilerin ve yazihmlarin kurumumuz biinyesinde devam eden
Avrupa projelerinde kullanilmasi amaclanmaktadir. Geligtirilmis olan yazilimin bu
projelerdeki endiistriyel ortaklarm sistemlerine entegre edilerek uygulamaya aktarilmasi

tasarlanmaktadir.

Ayni zamanda bu projede elde ettigimiz bilgilerin de biiyiik yardimiyla Avrupa
Komisyonu 6. Cergeve Programima sunmus oldugumuz ve Koordinatori oldugumuz
asagidaki iki projemiz Avrupa Komisyonu degerlendirmelerinde esik degerini gegmis
olup, Satine isimli projemiz STREP grubunda 3., Artemis isimli projemiz ise STREPler
icinde 5. olmustur. Her iki projemiz de desteklenmek i¢in gériismeye cagrilmig ve 1
Ocak 2004 tarihinde baslamis olup kurumumuz tarafindan yiriitiilmektedir.

1- ARTEMIS: A Semantic Web Service-based P2P Infrastructure for the

Interoperability of Medical Information systems
2- SATINE: Semantic-based Interoperability Infrastructure for Integrating Web

Service Platforms to Peer-to-Peer Networks

Bu proje TUBITAK EEEAG (Elektrik Elektronik ve Enformatik Aragtirma
Grubu) tarafindan desteklenmistir.
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Mobil-Pazar uygulamalari pazarlamasi yavas ilerlemekte ve bu tir servislerin yayilmasi
ckran koruyucusu, zil sesleri indirmek ya da son haberlere ulagsmak gibi basit bilgi-
eglence servisleri ile simrl kalmistir. Bunun bazi sebebleri pazarlama ile ilgili olsa da
gercek etkilesimli Mobil-Pazar kullanic deneyimlerinin yayilmasi altinda zorlu birtakim
teknik sorunlar yatmaktadir. Bunlarin baginda:

1. Uygun, tutarli ve giivenilir bir sekilde kullanici kontekstinin yer, servis tekliflert,
diger kullanicilar ve ortam degiskenleri yoniinden elde etmek.

2. Giiven ve gizlilik servisleri/bilgilerinin yonetimi kullanicilara bilgilerin
korundugunu fakat kullamcinm yarar igin gerektiginde kullanilacag: garantisini
vermek.

3. Kullanicilarin servis kesfi, erisimi, diizenlemesi, ve ayrica servis semantiginin

bircok servis etkilesimi gerektiren karmagsik hedeflerin basarilmasinin etkili yénetim
ve kontrolii.
Her bir alandaki basan izsiz, tutarli, her yerde olan servislerin tedarigi agisindan
kritiktir. Ayrica ¢oziimler kullanicimn elindeki cihazdaki yazilmdan aga yayilan
servisler kadar agin birgok agamasinda gelistirilmelidir.
Mobil cihazlar i¢in ajan teknolojileri, ajan iletisimi, bilgi gbsterilmesi i¢in diller, web
servis semantigi, web servis depolar, giivenlik ve gizlilikle ilgili web standartlarindaki
zorluklar1 asabilecek gelecegi parlak birgok teknoloji ve baslangi¢lar varken, bunlarin
nasil uygun bir sekilde birlestirilece8i, yayilacag ve gercek bir iretim ortaminda
kullamlacagr agik degildir.

Telesto prejesi yukaridaki problemlere yonelik dikey entegre edilmis, iiretime hazir bir
gdsterim ortami gelistirecek endiistri ve arastirma kuruluslarini biraraya getirmeyi
amaglamaktadir.

Ozellikle eskiden insan etkilesimi gerektiren angaryalari otomatiklestirmek igin ajan
teknolojisinin, web servislerin ajanlar i¢in anlasilabilir kilinmasi i¢in semantik web
teknolojisinin ve akilli ajanlar vasitasiyla web servis kesfini, diizenleme ve
calistinimasini otomatiklestirmek igin de web servislerin kilit bir rol oynadiklarma
inantyoruz. Proje, var olan tanimlamalarin adaptasyonu ve yenilerinin gelistirilmesi igin
temel ve uygulamali aragtirma, gosteri ortaminin kurulmasi icin gelistirme ve ve yayma,
ortaya ¢ikan sistemi denemek igin 6nemli alan denemeleri, sonuglarin gergek kullanima
transferini saglamak icin tedarikleri el almay igerecektir.

Anahtar kelimeler: FIPA, JADE, LEAP, ebXML, OKBC, Web Service




ABSTRACT

Innovating new M-commerce applications have been slow in coming to market and
deployments so far have been primarily limited to simple infotainment services such as
downloading screen savers and ring tones, or getting the latest news. While some of the
reasons for this are market related there are also a number of very challenging technical
problems that underlic the deployment of true end-to-end M-commerce user
experiences. Chief amongst these are:

4. Coherent, consistent and reliable capture of user context in terms of location,
service offerings, other users, environmental conditions.

5. The management of trust and privacy services/information ensuring users data is
protected yet can be leveraged to the user’s benefit where appropriate.

6. Effective management and control of user service discovery, access, composition
and hence service semantics to achieve complex goals requiring multiple service
interactions.

Success in each of these areas is critical to the provision of seamless, consistent,

ubiquitous service offerings. Furthermore solutions require developments at many levels

of the network from the software in the users handset to services deployed in the
network

While there are a considerable number of promising technologies and initiatives which

may help address these challenges such as agent technologies for mobile devices, agent

negotiation, Markup languages for knowledge representation, Web service semantics,

Web service registries, Web standards related with security and privacy; it is unclear

how they can be adequately combined, deployed and used in a real production

environment. The Telesto project aims to bring together industry and research
organizations to develop a vertically integrated, production-ready demonstration
environment that addresses the problems outlined above.

In particular we believe that a key role will be played by: agent technology to
automate the chores that previously required human attention, semantic web technology
to make Web services understandable to agents and web services to automate Web
service discovery, composition and execution through intelligent agents. The project
will involve: core and applied research for adaptation of existing formalisms and the
development of new ones, development and deployment to create the demonstration
environment, a significant field trial to test the resulting system, take up provisions to
enable the transfer of results into real usage.

Keywords: FIPA, JADE, LEAP, ebXML, OKBC, Web Service




PROJE ANA METNI
GIRIS

Web servislerinin gelecegine bakildiginda, ajanlarm asil ani degisikligi web
servislerinin tiimiini, kullanicimn ihtiyag duydugu zaman internette gezip, arayip
bulmak zorunda oldugu hareketsiz, yigin halindeki bilgiden, mobil kullanicinin
ihtiyaglarint onun profil ve genel durumuna bagh olarak saglayacak dinamik bir
yetenekler kiimesine gevirmesiyle yapacagt diistiniiliiniiyor. Bu degisiklik su zorluklari
igermektedir: Oncelikle web servis kesfi ve yiiriitmesi son kullanicimin kullanim
rahathg i¢in otomatiklestirilmelidir. Bu ise servislerin anlamsal olarak betimlenmesini
ve kullanicimin icersinde bulundugu genel durumu - sadece bulundugu yer agisindan
degil - yakalamay: gerektirmektedir. Bu kullamm rahathigr igin gerekli olan, akilli
ajanlarin web servislerini kullanicinin ihtiyag ve tercihlerine gore arastirmalari ve
birlestirmeleridir. Son olarak, web servislerinin mobil cihazlara erisiminin yazilimsal
ajanlarla erigilebilmelerini saglamak igin, ajanlarin smirlart da goz oniine alinmalidir.
Biz anlamsal olarak betimlenmis web servislerinin mobil cihazlar ile de erisilebilmesini
ajan teknolojisi ve servis saklayicilarl aracilifiyla saglamak amaciyla bir altyapi
tamimliyoruz. [lgili standartlarla olan ihtiyact ve alakalarim tanimlayip, arastirmaya agik
problemleri aragtirdik.

GENEL BILGILER

Son zamanlarda web semantigini anlatan gabalar bir ivme kazandi. Semantik Web
olarak adlandirilan web bir sonraki kusagi bilgisayarlarin otomatiklestirilmis
muhakemeyi yonetebilmeleri i¢in yapilandirilms bilgi yiginlarina ve ¢ikarim kurallari
kiimelerine erisim saglama amaci igersindedir. Bu yondeki onemli bir ¢aba ozellesmis
smiflandiriimalari ve kaynaklarm ozelliklerini anlatmaya yarayan bir dil olan DAML-
OIL'dir. DAML-S, DAML-OIL temelinde olusturulmustur.

FIPA 6nceden belirlenmis standartlara uyan, bahsedilen temellerin altyapisi olarak
kullanilabilecek bir ajan iiretim platformudur. FIPA ajanlar arasi islevsellik ontolojisi
OKBC (Open KnowledgeBase Connectivity) araciligi ile ontoloji sunuculart ile
haberlesen ontoloji ajanlan aracihgiyla desteklemektedir. Bu ortak bir dilde konugan
ajanlar eger ortak alan kavramlarimi simgelemek i¢in farkhi sozciik dagarciklari
kullanirlarsa  yine birbirlerini anlayamayacaklari igin gereklidir. OKBC, KIF'e
dayanmaktadir ve DAML-OIL ontolojileri tarafindan saglanan 6zellesmis siniflandirma
ve kaynak &zelliklerini destekleyecek sekilde genigletilmesi gerekmektedir.




JADE, Telecom Italia Lab tarafindan gelistirilen, FIPA ya uyan bir multi-ajan
gelistirme platformudur. JADE in ana amaci, ajan tabanh sistemlerin gelistirilmesini
kolaylastirmak ve baz1 sistem servisleri ve ajanlari yoluyla, FIPA standartlarina uyumu
saglamaktir.

LEAP Mobil araclar i¢in, acik altyapilara ve dinamik,mobil girisimlere olan ihtiyact
karsilar. LEAP, mobil girigim isgiiciiniin Gi¢ ihtiyacim destekleyen ajan tabanli servisler
gelistirir. Bu iig ihtiyag : Bilgi yonetimi ( bireysel bilgi gereksinimlerini tahmin etmek),
merkezden dagitilmus is koordinasyonu ( bireyleri giiglendirmek, isleri koordine ederek
alip-vermek) ve seyahat ydnetimidir ( bireysel seyahat ihtiyaglarint planlama ve
koordine etme). Bu ajan tabanli servislerin merkezinde, standartlagmis bir ajan
platformuna ihtiyag vardir. LEAP, PDA ler ve mobil telefonlar gibi kiigiik aletlerde
calistinlabilen, boyutu ve fonksiyonu gelistirilebilen, isletim sistemi agnostik bir ajan
platformu gelistirmektedir.

EbXML “saklayicist” “depo”yu idare etmek igin ve ticaret yapan ortaklar arasindaki
bilgi paylasimini saglamak igin bir takim servisler sunar. Ayrica siiflandirma agaglan
kurmaya ve “saklayici”daki objeleri smiflandirma objeleri araciliyla siniflandirma
tasarilariyla iliskilendirmeye izin verir.

YONTEM

Proje siiresince yiiriitiilecek yonteme gore, ilk etapta gelistirilecek olan yazilim
parcalarinm tasarimu yapilacakti. Bu tasarim gergevesinde sistemin temel 6zelliklerini
tasiyan basit bir prototip yazilhmi gergeklestirilecek, bu prototip irdelenerek tasarimdaki
eksiklikler giderilecek ve tasarim gelistirilecekti. Daha sonra bu tasarim cergevesinde
sistemin biitiin 6zelliklerini iceren bir prototip yazilimi gergeklestirilip, proje siiresi
boyunca literatiir diizenli olarak takip edilerek literatiirdeki son gelismeler ¢ercevesinde
tasarimda gerekli diizenleme ve degisiklikler yapilip bu degisiklikler gelistirilecek olan
prototiplere aktarilacakti.

Bu yonteme ek olarak izlenmis olan proje asama ve zamanlama plani agagidaki gibidir:

Bashica Asamalar Ayrmtil Bilgi Zamanl
ama
Web servis tammmlarinin Su an literatiirde bulunan web servis tanimlarimn
genisletilmesi eksiklikleri ¢ikarilacak ve bu eksiklileri gidermek igin 1-2

tanmimlar genigletilecektir.

Sunulan servis ile tammlanms | Servis kaydindaki mekanizmalar incelenerek, sunulan
semantik arasindaki iliskiyi servis ile tanmmlanmug semantik arasindaki iligki 3.4
kurmak kurulacaktir.




Standart sorgularin yazilmasi | Ontoloji tammlarmdan gerekli bilgileri cekmek igin
standartlasmug sorgular yazilacaktir. 3-4
Kullamer ajanlarmim Bu servisleri kullanacak ajanlarin, JADE ve LEAP ajan
gelistirilmesi gelistirme platformunda gelistirilecektir. 5.10
OKBC’nin genisletilmesi ve OKBC’nin DAMLA+OIL’e uygun olmasi i¢in
Ontoloji ajamnin gelistirilmesi | genigletilecek ve Ontoloji ajamu geligtirilecektir. 9.10
Giivenilir otoritenin ve akilh Kullamci profillerinin depolanacag: giivenilir otorite ve
kullanici arayiizii ajanlarimn | kullamici arayiizii ajanlar geligtirilecektir. 9.10
gelistirilmesi
Tiim sistemin entegrasyonu Gelistirilen tiim komponentlerin entegrasyonu
gerceklestirilecektir. 11-12
BULGULAR
D Web servis tammlarimin genisletilmesi: Bu is tabloda belirtildigi gibi projenin ilk iki

aymi kapsamaktadir. Bu is basariyla tamamlanmustir. Literatiirde bulunan tiim web servisler
bulunup giincellenmistir.

Detayli bir arastirma sonucunda yeni web servisleri tespit edilip timi literatiire
eklenmistir. Yapilan galismalarla web servislerin tanimlart detayl bir sekilde irdelenmis ve
eksiklikleri bulunmustur. Eksikliklerin tespitinden sonra bu eksiklikleri gidermek igin web
servislerin tanimlari gelistirilerek ve genisletilerek en uygun ve en giincel hale getirilmistir.

2) Sunulan servis ile tammlanmis semantik araswmdaki iligkiyi kurmak: Bu is tabloda
belirtildigi gibi projenin 3. ve 4 aylarm kapsayip basariyla tamamlannugtir.

Tim web servislerinin kayitlarini ve kayitlardaki mekanizmalarii inceleyerek bu
servisler i¢in tanimlanmis semantikler arasinda karsilastirmali bir sekilde bir iliski kurulmasi
icin yogun ¢ahismalar yapilmistir. Her bir web servis ayr ayri ve disiplinli bir sekilde proje ekibi
tarafindan incelenmistir. Yapilan incelemeler ve edinilen tecriibeler ekip igerisinde periyodik
olarak paylasilmis ve projenin hizlandirilmast igin ortak bir caligma igerisine girilmistir. Bu is
ile es zamanl olarak yuriitilmekte olan ve ayni siire zarfim kapsayan “Standart sorgularin
yazilmas1” isi de proje ekibinin iki gruba ayrlip gruplarin isboliimii ile ayn1 zamanda basariyla
yurttiilmistir.

incelemeler sonucunda her bir web servisin semantigi ile arasmdaki iliski tespit
edilmistir.




3) Standart sorgularm yazilmasi: Tabloda da goriildiigii gibi projenin 3. ve 4. aylarim
kapsayan bu is basariyla tamamlanmstir.

Proje ekibinin bu is ile ilgilenen alt grubunun 6zverili ve kapsamli ¢aligmalariyla bu is
stirdiirtilmiistiir. Standartlagms sorgularm olusturulmas: safhasina gegilmeden ortak bir standart
{izerine karar verilmistir. Ontoloji tanimlari itina ile incelenmis ve hangi bilgilerin gerekli
oldugu iizerine ortak bir karar almmustir. Gerekli goriilen bilgilerin ¢ikartilamsiyla birlikte bu
bilgilere erisim yollari {izerinde diisiiniilmiis ve ortaya verimli ve kullanish bir yol haritasi
konulmustur. Bu metod kullanilarak proje ekibinin bu isten sorumlu grubu tarafindan
standartlasmis sorgular tek tek yazilmms ve her birinin yeterliligi ve islevligi test asamasindan
gecirilerek performanslari irdelenmistir. Eksik yonleri goriilen standartlagmis sorgular bu
sorgulardan sorumlu grup elemanlarinca itinayla gézden gegirilmis ve degisiklikler yapilarak ya
da bu sorgu i¢in daha etkili yontemler tespit edilip kullamlarak yeniden yazilmugtir. Ttim
standartlasmus sorgular bu asamalardan gegmis olup, son halleri kusursuz olmakla beraber bu is
basartyla tamamlanmustir,

4) Kullanict ajanlarinin gelistirilmesi: Tabloda da goriildiigii gibi “Kullamcr ajanlarinin
gelistirilmesi” isi projenin 5. ayindan itibaren baslayip 10. aya kadar tamamlanmustir.

Oncelikle LEAP ve JADE platformlan gézden gegirilmis ve ajan gelistirmek i¢in
kullanilan bu platformlarm bu isi en giivenli, verimli ve istenilen 6zelliklere uygun olarak nasil
yapilacag: tizerinde durulmustur. LEAP platformu JADE tabanli olup, islem giicli ve sistem
kaynaklar1 kisith olan cihazlarda ajanlar yaratabilmek igin tanimlanmistir. Ajanlar mobil
kullanicimn profilini ve de genel durumu hakkinda bilgi sahibi olacak sekilde gelistirilmistir. Bu
sayede web servislerini kullanicimin ihtiyaglarina gére zekice diizenleyebilecekler hale
getirilmislerdir. Bu ajanlar birbirlerinden ve ortamdan bagimsiz olarak ¢alismayacaklari i¢in
belli standardlara uymalar1 gerekmektedir.

Bu sebeple dort gesit ajamin gelistirilmesi gerekmistir. Bu ajanlarm herbiri vasiflarma ve
islevselliklerine gére ayri bir isimle adlandirilmaktadir. Bunlar:
Akalli araylizii ajanlari
Kullanicr ajanlart
Wrapper ajanlart ve
Ontoloji ajanlaridir.

Akilli arayiizii ajanlar:, kullamer ile kullanict ajam arasinda kullanicimin sistem ile
uyumunu  kolaylastirmak amaciyla bilgi aligverisi saglamak tlizere LEAP platformunda
gelistirilmektedir. Akilli arayiizii ajanlart kullanicinin gereksinimlerini tespit eder. Kullamemin
gereksinimlerini tespit etmek igin ise kullamiciyla uyumlu ve sistemin kompleksligini
kullaniciya yansitmadan kullanicidan gerekli verileri almak igin bir kullanici arabirimi
olusturulmustur. Bu arabirim ile kullaniciya kullanim kolayliklari getirilmektedir. Guvenilir
otoriteler ile de temas halinde bulunabilen bu ajanlar kullanicinin profiline giivenilir otoriteler
aracilifiyla erigilmesi i¢in de kullanilir.




Kullanict ajanlar, JADE platformunda gelistirilebilmektedir. Bu ajanlar akilli arabirim
ajanlar1 aracih@iyla kullanicmin kendisiyle, standartlara uyabilmek igin ontoloji ajanlartyla,
kullaniciya talep ettigi web servisini saglamak ve bunun i¢in gerekli kontextlere erisim amaciyla
“Kontext Servis Sunucusuyla”, ve kullanicinin ihtiyaglari, kontext ve profiline goére web
servislerini kullaniciya ulastirabilmek i¢in de “ebXML Deposu” ile iletisim igerisinde olmakta
ve bunlar arasindaki butinligi saglamaktadir.

Wrapper ajanlari, JADE platformunda gelistirilebilen ajanlardir. Kullanic1 ajanlari,
Ontoloji ajanlan, ve ebXML Deposu ile temas halinde olan wrapper ajanlarmin asil islevi
ebXML deposu ile haberleserek kullaniciya web servisin ulastirilmasimu saglamaktir.

Ontoloji ajanlart da JADE platformunda gelistirilmektedir. Diger ajanlarla iletisimi
yanisira ontoloji ajanlart “Ontoloji Servis Sunucusu” ile temas halindedir. Bu ajanlar “Ontoloji
Servis Sunucusu’ndan aldigi bilgiler dogrultusunda diger ajanlarin FIPA standartlarma
uygunlugunu saglar ve denetlerler.

Bu isin “kullamici ajanlar’”nin  gelistirilmesi igin  gerekli altyapt ¢alismalar
tamamlanmis ve ajanlarin ¢alismast igin gereken tiim islemler basariyla tamamlanmgtir. Ayrica
“kullanici ajanlari”nin ¢alismalarini test etmek ve bu ajanlarin performanslarmi irdelemek, ve
sistemin genel calismasint da denetlemek amaciyla projenin tim islevligini kapsayan bir ortam
kurulmus ve diger ajanlarinda “kullanici ajanlant” ile etkilesim igerisinde oldugu gz Oniline
almarak, baslangic asamasinda diger ajanlardan da kendilerine diigen gorevi yerine
getirebilmeleri amaciyla temel fonksiyonlarini yerine getiren prototipler olusturulmustur. Ancak
diger ajanlar projede kendilerine ayrilmms zamanlarda daha detayli olarak ele alimmustir. Bu test
ortam sayesinde bir yandan kullanici ajanlarimi gelistirirken es zamanh olarak ¢alismalar da
denetlenebilmektedir. Bu is tiim ciddiyeti ve proje ekibinin 0&zverisiyle zamaninda
tamamlanmistir.

5) OKBC’nin genigletilmesi ve Ontoloji ajammmn  gelistirilmesi: OKBC DAML+OIL
standartlarina uygun hale getirilmek i¢in genisletilecek ve JADE platformunda Ontoloji
ajanlarmin gelistirilmesi tamamlanmustir.

6) Giivenilir otoritenin ve akidli kullanict arayiizii ajanlarimn gelistirilmesi: Kullanicmin
serbestligini saglayabilmek icin giivenilir otorite gelistirilecek ve kullaniciya kullanim
kolayligr saglamak icin “akilli kullanici araylizli ajanlari“nin tasarimi yapilip gelistirilmistir.

Projede ayrica Mesut Bahadir’in tez calismasindan faydalanilmigtir. Tez

kapsaminda tasinabilir cihazlardan Web servislerin ¢agirilmas: ele alimmistir. Bu tezin
projeyle ilgili kismi ve altyapist hakkinda asagida kisaca bilgi bulunmaktadir.
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SOAP her Web Servis uygulamasimin temel tagidir. Tagmnabilir cihazlara
SOAP/XML uygulamasi gelistirmenin bir takim sorunlari bulunmaktadir. Bu sorunlann
baginda, giiniimiizde yaygin olarak kullanilmakta olan XML ve SOAP kiitiiphanelerinin
oldukca biiyiik olmasi ve yiizlerce class bulundurmasidir. Buna bagh diger bir sorun da,
bu kiitiiphanelerin tasinabilir cihazlarda bulunmayan Java ortami 6zelliklerine bagimh
olmasidir. Neredeyse normalde J2EE ve J2SE siiriimlerinde bulunan tiim Java ¢ekirdek
classlarindan tamamen farkhi Bagh Smirli Cihaz Konfigiirasyonunu (Connected Limited
Device Configuration) (CLDC) 6zellikle goz oniine alalim: AWT, Swing, Beans,
Reflection, ve bircok java.util ve java.io classi basit¢e ortadan kalkmigtir. Bu yalin Java
ortami iskeletinin amaci, tasinabilir cihazlarda galigan diisiik hafiza gereksinimli sanal
makina KVM’nin smirhlik 6zelligi ile bagdastirmaktadir.

kSOAP kXML esasl olup SOAP API’sinin Java 2 nin Tagmabilir Cihazlar igin
siiriimii olan J2ME’ye uygunudur. Ufak ¢apli olmasindan dolayi, SOAP destekli Java
Appletlerinin taninmasina da uygun olabilir. KXML projesi J2ME (CLDC/MIDP/CDCj)
dahil tiim Java siirimlerine uygun kisiti bir XML isleyicisi ve yazicisi sunmaktadir.
Kiiciik boyutundan dolay1, ézellikle Appletler ve Palm sistemleri ya da MIDP destekli
cep telefonlar1 gibi taginabilir cihazlarda gahgsan Java uygulamalan icin uygundur.
kXML ilk olarak Dortmund Universitesinin yapay zeka (AI) iinitesinde COMRIS
projesinin bir ‘yan iiriinii’ olarak gelistirilmistir. API COMRIS projesinde, Bilgi
Tabakas1 Modiil veya Modiillerinde XMLIlesmis FIPA mesajlarim islenmesinde ve
sablon temelli XHTML sayfalarmin olusturulmasinda kullamilmustir. Sablon temelli
XHTML sayfasi olusturma islemi giiniimiizde Minet egitim servis saglayicilar
tarafindan da kullanilmaktadir. kXML ayrica Enhydra kXML-RPC ve kSOAP...
projelerinde kullanilmaktadir.

7) Tiim sistemin entegrasyonu. Bu asamada daha 6nce yapilmus diger islerin entegrasyonu
yapilmustir.

TARTISMA/SONUG

Proje basariyla tamamlanmistir. Gelistirilen sistem ile kullamcilar istedikleri bir
cihazdan (PDA, mobil telefon, vs.) akilli kullanici arayiizii aracih@iyla kendi kullamci
profillerini bir defa olusturduktan sonra, kendilerine uygun bir giivenilir otorite bulup
ona baglanmakta. Giivenilir otorite ile kullanic1 kendi kullanict profilini paylagir. Servis
isteyicisinden almacak bilgiyle, hangi servislerin kullanilacagina, kullanicimn
miidahalesi minimum seviyede tutularak, ajanlar tarafindan karar verilip diizenlenmesi
gerceklesmektedir.  Boylece  mobil  cihazlarla  internet  {izerinden ticaret
gerceklestirilebilir hale getirilmis ve kolaylagmustir. Bu projede yapilan galigmalar
sonucu elde edilen bilgiler ve yazihmlar kurumumuz biinyesinde devam eden Avrupa
projelerinde kullantimustir.
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Enriching ebXML Registries with OWL Ontologies for Efficient Service
’ Discovery *

Asuman Dogac  Yildiray Kabak ~ Gokce B. Laleci
Software Research and Development Center’
Middle East Technical University (METU)
06531 Ankara Tiirkiye
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Abstract

Web services, like their real life counterparts have sev-
eral properties and thus truly useful semantic information
can only be defined through standard ontology languages.
Semantic Web is an important initiative in this respect.
However, although service registries are the major mech-
anisms to discover services, the semantic support provided
by service registries is completely detached from the Seman-
tic Web effort.

In this paper;, we address Wow ebXME registries-can be
enriched through OWL ontologies to describe Web service
semantics. We describe how the various constructs of OWL
can be mapped to ebXML classification hierarchies and
show how the stored semantics can be queried through stan-
dardized queries by using the ebXML query facility.

We also provide our observations on how ebXML reg-
istries can be extended to provide more efficient semantic
support.

1. Intreduction

The efforts by industry in providing semantic support in
service registries are disconnected from the Semantic Web
initiative. UDDI registries use tModels to represent compli-
ance with a taxonomy such as Universal Standard Products
and Services Classification [13] and ebXML registries use
classification hierarchies to associate semantics with reg-
istry items. On the other hand, through separate efforts, Web
service semantics is being defined through powerful ontol-
ogy languages like DAML-S [1] and more recently through
OWL-S[11].

»  This work is supported by the European Commission, Project No: IST-
1-002104-STP SATINE and by the Scientific and Technical Research
Council of Turkey (TUBITAK), Project No: EEEAG 102E035

0-7695-2095-2/04 $20.00 © 2004 IEEE
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For semantic information to be truly useful, it should be
able to define the properties that a service might have such
as the methods of charging and payment, the channels by
which the service is requested and provided, constraints on
temporal and spatial availability, service quality, security,
trust and rights attached to a service.

Such semantic information can only be defined effec-
tively through ontology languages and Web Ontology Lan-
guage (OWL) [10] is very important initiative in this re- -
spect. The future release of DAML-S {1], which defines a

core-set-of markup language constructs for describing the

properties and capabilities of Web services, will be based
upon the Ontology Web Language (OWL) and will be called
OWL-S [11].

The need for extending the UDDI registries with seman-
tic capabilities has been recognized and addressed in the lit-
erature {2, 3, 12]. In [12], DAML-S specific attributes such
as inputs, outputs and geographicRadius are represented us-
ing tModel mechanisms of UDDL {21 and {3] also address
importing semantic to UDDI registries where a mechanism
is proposed to relate DAML-S ontologies with services ad-
vertised in the UDDI registries.

However, to the best of our knowledge how to extend
ebXML registries with ontology language constructs has
not been addressed in the literature. Since the semantic sup-
port provided by UDDI and ebXML registries differ con-
siderably, it is not possible to repeat the previous work in
UDDI for ebXML.

In this paper, we show how ebXML registries can be en-
riched through OWL-S ontologies for describing the Web
service semantics. We describe how the various constructs
of OWL can be mapped to ebXML classification hierarchies
and show how the services are discovered through standard-
ized queries by using the ebXML query facility.

In this way, we believe a mutually beneficial relation-
ship is created between ebXML registries and the OWL on-
tology language: the former gains the ability to store stan-
dard OWL ontologies and the mechanisms provided by the




ebXML registry proves very useful in associating the se-
mantics defined in an OWL ontology with services adver-
tised in the registry.

In the following, we describe the issues to be addressed
to make Web service semantics defined through ontology
languages like OWL to be accessible from service reg-
istries by also indicating the differences between UDDI and
ebXML registries:

o Where to store the service ontology so that it can be
accessible from service registries. In UDDI registries
there is no mechanism to store the ontology. There-
fore generic ontology descriptions can be stored by
the standard bodies which define them. And the server,
where the service is defined, can host the semantic de-
scription of the service instance.

ebXML registry, on the other hand, allows meta-
data to be stored in the registry. This is achieved
through a “classification” mechanism, called Classifi-
cationScheme which helps to classify the objects in the
registry.

o How to relate the generic ontology classes with the ser-
vice instances advertised in registries. In UDDI reg-
istries, a tModel describes a technical model for rep-
resenting a reusable concept such as a taxonomy. By
putting the tModel key in the category bag of the Web
service, a certainsemantic is-introduced. For exariple
when we see the tModel key corresponding to the UN-
SPSC code [13] “43.16.17.02.00” in the category bag
of a Web service we realize that this service is about
Tax preparation software.

In enriching UDDI registries with DAML-S se-
mantics, [12] represents DAML-S specific attributes
such as inputs, outputs and geographicRadius by us-
ing tModel mechanisms of UDDL

ebXML semantic support mechanism is different:
In an ebXML compliant registry, Classification objects
relate registry objects (which includes Web services)
with the nodes of a ClassificationScheme. That is, a
Classification instance classifies a RegistryObject in-
stance by referencing a node defined within a partic-
ular classification scheme [4]. It is possible to define
a scheme mapping OWL constructs into ebXML reg-
istry mechanisrus. The transformations are based on
the semantic constructs of ebXML registry such as the
class hierarchy and the predefined associations (Table
1). Since ebXML. allows this list to be expanded, it
is possible to add new associations to map OWL into
ebXML as detailed in Section 2.3. Once the transfor-
mations are defined, it is possible to automate the pro-
cess. In fact, we have developed a tool to create an
ebXML Classification Hierarchy from a given OWL
ontology automatically by using the transformations
proposed in Section 2.3.
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o How to discover the services according to their seman-
tics. The mechanism in UDDI registries are the APIs
which allow to search for service instances accord-
ing to tModel keys. The difficulties with tModels are
as follows: to use them, one has to know the existing
tModels. Furthermore, it is not possible to express any
relationship between tModels. Also when introducing
anew ontology to an UDDI registry other than already
existing ones, there is a need for a dictionary to keep
track of the terms of the ontology and their correspond-
ing tModels. '

On the other hand, it is possible to store and browse
an ontology in an ebXML registry and to define differ-
ent kinds of relationship between registry items. Fur-
thermore there is a query facility to access the registry
items according to their semantics which allows both
to query the ontology and to find services instances ac-
cording to the classes in the ontology. As an exam-
ple, the explicit members of a given class that satis-
fies a certain constraint can be located through query-
ing. How this is achieved is described in Section 3.5.

The paper is organized as follows: Section 2 describes
how service semantics defined in OWL ontologies can be
stored and accessed in ebXML registries. In Section 3 we
describe how to use the defined semantics in locating ser-
vices in the ebXML registries. Finally in Section 4, we state
our observations on how ebXML registries can be extended
to provide more efficient semantic support by also storing
the semantics of individual service instances.

2. Storing OWL Ontologies into ebXML Reg-
istries

In order to describe how OWL ontologies can be stored
in ebXML registries we first briefly summarize the seman-
tic constructs they each provide.

2.1. Web Ontology Language (OWL)

OWL describes the structure of a domain in terms of
classes and properties. Classes can be names (URIs) or ex-
pressions and the following set of constructors are provided
for building class expressions: owl:intersectionOf, owl:-
unionOf, owl:complementOf, owl:oneOf, owl:allValues-
From, owl:someValuesFrom, owl:hasValue.

In OWL, properties can have multiple domains and mul-
tiple ranges. Multiple domain (range) expressions restrict
the domain (range) of a property to the intersection of the
class expressions.

Another aspect of the language is the axioms sup-
ported. These axioms make it possible to assert subsump-
tion or equivalence with respect to classes or properties




Name Description

RelatedTo Defines that source RegistryObject is related to target RegistryObject.

HasMember Defines that the source RegistryPackage object has the target RegistryObject object as a member.
ExternallyLinks Defines that the source ExternalLink object externally links the target RegistryObject object.
Contains Defines that source RegistryObject contains the target RegistryObject.

EquivalentTo Defines that source RegistryObject is equivalent to the target RegistryObject.

Extends Defines that source RegistryObject inherits from or specializes the target RegistryObject.

Implements Defines that source RegistryObject implements the functionality defined by the target RegistryObject.
InstanceOf Defines that source RegistryObject is an Instance of target RegistryObject.

Supersedes Defines that the source RegistryObject supersedes the target RegistryObject.

Uses Defines that the source RegistryObject uses the target RegistryObject in some manner.

Replaces Defines that the source RegistryObject replaces the target RegistryObject in some manner.
SubmitterOf Defines that the source Organization is the submitter of the target RegistryObject.

ResponsibleFor Defines that the source Organization is responsible for the ongoing maintainence of the target RegistryObject.
OffersService Defines that the source Organization object offers the target Service object as a service.

Table 1. Predefined Association Types in ebXML Registries

[OWL ebXML
owl:Class ClassificationNode
rdf: Property Association
rdfs:domain sourceObject
rdfsrange targetObject
owlequivalentTo An assaciation with a predefined association type of “EquivalentTo™.
rdfs:subClassOf An association with & new association type “subClassOf” is defined.
owl:ObjectProperty AR association willl a new association type ObjectProperty” is defined.

owl:DataTypeProperty

XML Schema datatypes are used by providing an external link from the registry.

owlsameClassAs

An association with a predefined association type of “EquivalentTo™.

rdfs:subPropertyOf

An association between associations with a new association type “subProperty Ot is defined.

owl:samePropertyAs

Al ass0ciabof between associations with a predefined associstion type of “EquivalentTo™ is defined.

owl.disjointWith

An association with a new association type of “disjomtWith” is defined.

owl.sameindividualAs

An association instance with 4 predefined association type of “EquivalentTo” is defined.

owldifferentlndividualFrom

'An associabion nstance with a predefined association type of “disjointWith” is defined.

owl:mverseOf

AN association between 2ssociations with a new association type “inverseOf” 15 defined.

owl: TransitiveProperty

A slot is associated with the property to indicate that this property is transitive.

owl:Functional Property

A slot 15 associated with the property to indicate that the subject which hes this property uniquely identifies the object (value)
of the property.

owl:InverseFunctionalProperty

A slot is associated with the property to indicate that the object (value) uniquely identifies the subject which has this property.

owl:SymmetricProperty

A siot is associated with the property to indicate that it is symmetric, that is, if the pair (x,y) is an instance of this property
then (y,x) is also an instance of this property

owl:intersectionOf

A registry package is created by associating the classes (i.e. the classification nodes) to be intersected through a new associs-
tion type of “intersectionQf". :

owlunionOf

A registry package is created by associating the classes (1.¢. the ciassification nodes) whose union is to be taken, through &
new association type of “unionOf".

owl:complementOf

An association with a new association type “complementOf” is defined.

rdf:parseType="Collection”

A RegistryPackage is created.

owl:oneOf

A registry package is credted by associafing the classes (i.e. the classification nodes) in the owl:collection by a new type of
association “oneOf”.

owl:Restriction

Since ebXML RIM associations have local scope, only the type of the Restriction needs to be specified.

owl:all ValuesFrom

A slot type “allValuesFrorm” is defined for the association representing a restriction.

owl:some ValuesFrom

A siot type “some ValuesFrom™ is deflned for the association representing & restriction,

owl:hasValue A slot type “has value" 1s defined for the association representing a restriction.
owl:cardinality An association with a new association type *“cardinality” is defined.
owl:minCardinality A association with a new association type “minCardmality” is defined.

ow!:maxCardinality

An Bssociation with a new association type “maxCardinality” is defined.

Table 2. Mappihg OWL Ontologles to ebXML Classification Hierarchles

[6). The following are the scf of OWL axioms: rdfs:sub-

2.2. ebXML Registry Information Model (RIM)

ClassOf, owl:sameClassAs, rdfs:subPropertyOf, owl:same-

PropertyAs, owl:disjointWith, owl:samelndividualAs, owl:-
differentIndividualFrom, owl:inverseQf, owl:transitive-
Property, owl:functionalProperty, owl:inverseFunctional-

Property.

Figure 1 presents the part of the ebXML RIM 4] re-
lated with storing metadata information. The top level class
in RIM is the “RegistryObject”. This is an abstract base
class used by most classes in the model. It provides mini-
mal metadata for registry objects. “Slot” instances provide
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I | |
rCIassiﬁcationNode} [Classiﬁcation} [ RegistryEntry ’ rAssociation I

[ ClassiﬁcatiouScheme{ [Regislry?ackagej 'ExtrinsicObject I lSenicel

Figure 1. A Part of the ebXML RIM Class Hier-
archy

a dynamic way to add arbitrary attributes to “RegistryOb-
ject” instances. “Association” instances are used to define
many-to-many associations between objects in the informa-
tion model. An Association instance represents an associa-
tion between a source RegistryObject and a target Registry-
Object. Each Association must have an “associationType”
attribute that identifies the type of that association. There
are a number of predefined Association Types that a registry
must support to be ebXML compliant {4] as shown in Ta-
ble 1. ebXML allows this list to be expanded.

“ClassificationScheme” instances describe a structured
way to classify or categorize RegistryObject instances. A
ClassificationSchieiie defities a tree struciure made up of
“ClassificationNode™s. RegistryPackage instances, on the
other hand, group logically related RegistryObject instances
together.

Classifications could be internal or external depending
on whether the referenced classification scheme is stored
internal to the registry or it is external. An internal classi-
fication always references the node directly by its id while
an external classification references the node indirectly by
specifying a representation of its value that is unique within
the external classification scheme.

2.3. Representing OWL Ontologies through

ebXML Classification Hierarchies

From the descriptions presented in the sections 2.1 and
2.2, it is clear that there are considerable differences be-
tween an OWL ontology and an ebXML class hierarchy
in terms of semantic constructs. In this section, we explain
how these differences can be accommodated.

OWL classes can be represented through “Classifica-
tionNodes” and RDF properties that are used in OWL can
be treated as “Associations”. An “Association” instance
represents an association between a “source RegistryOb-
ject” and a “target RegistryObject”. Hence “rdfs:domain”
property can be mapped to a “source RegistryObject” and
“rdfs:range” can be mapped to a “target RegistryObject”.
Consider the following example which defizes a property
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ClassificationNode ClassificationNode
id | Service id] AirTransportationService
|Association Association
type subClassOf type subClassOf
| tarpet object target object
source object source cbject "‘]
1
ClassificationNode
id l ReserveAFlightService
Figure 2. Representing an Example

“owl:subClassOf” Property in ebXML Reg-
istry

>

“promotion” whose domain is the “TransportationService’
and whose range is “PromotionRequirements”:

<rdt:Propercy rdf:IDe*promotion”>

erdfs:domain rdf:rasources"§TransportationService™/>

<rdfa:ranga rdf:rescurce«*}Promotlonfequiranants’/>
</1df:Propartys

In order to define this property in ebXML RIM, first,
two classification nodes are created, namely “Transporta-
tonService” and “PromotionRequirements”. Then an asso-
ciation, called “promotion” of type “Property” is defined
where the “sourceObject” is “TransportationService” and
the “targetObject” is “PromotionRequirements”, as shown
in the following:
<rim:ClassificatlonNode id = ’TransportationService’
parants ‘TravelService'> «/rim:ClassificacionNode>
<rim:Claseification¥ode id = ’PromotionRequiraments’
parenca ‘TravelSarvice’'s </rim:ClassificationNoda>
«rim:Aszociation id « ‘promotion’
associationType « 'Property’ scurceObject =
‘TranspartationService’ targetObject =

‘Promotioniaquireaents’ s
</ris:Agsociations

A problem to be handled over here is that in OWL prop-
erties can have multiple domains and multiple ranges. Mul-
tiple domain (or range) expressions restrict the domain (or
range) of a property to the intersection of the class expres-
sions. The way to handle this in ebXML is to create a “Reg-
istryPackage” for multiple domain (or range) classes and
then take the intersection of these classes.

When it comes to mapping OWL class hierarchies
to ebXML class hierarchies, OWL relies on RDF
Schema for building class hierarchies through the use
of “rdfs:subClassOf” property and allows multiple inheri-
tance. An ebXML Class hierarchy has a tree structure, and
therefore is not readily available to express multiple inher-
itance, that is, there is a need for additional mechanisms
to express multiple inheritance. We define a “subClas-
sOf” property as an association for this purpose.

Consider the example:

«<owl:Class rdf:ID="RaserveArlight®>
<rdfs:yubClansqf rdf:rescurces*http://www.daml.org/secvices/
daml-§/2001/05/Profile.owl”/>

<rdfs:aubClassOf rdf:rescurce=*$AirTransportationdervice’/s
</owl:Clags>




Here, “ReserveAFlight” service inherits both from “Air-
Transportation” service and OWL-S ServiceProfile class.
Figure 2 shows how this is represented through ebXML
RIM counstructs. Figure 3, on the other hand, demonstrates
the snapshot of ebXML Registry Browser (the registry im-
plementation given in [9] is used) showing this example.

Since OWL properties are represented through ebXML
associations, “rdfs:subPropertyOf” is defined as an associ-
ation between associations with a new association type of
“subPropertyOf”.

To express “owl:samePropertyAs”, that is, the fact that
the two properties are the same, an association of prede-
fined ebXML type “EquivalentTo™ is used between associ-
ations.

“owl:FunctionalProperty” asserts that a property can
have only one value “y” for each instance of “x”. As an ex-
ample, the following definition indicates that “hasPrice”
property can have only one corresponding value for eachin-
stance of “ReserveAFlight” service class.

e e mpapereyat Lot teaoarcasntep: /. taal o1a/
wrate ot S erren ARt e L ighe o
<rdfs:range rdf:resources"hrtp://www, wl.org/2000/10/

IMLSchema/nontegativelntegar® />
</owd :Funct ionalProperty>

To describe this semantics, we associate a slot with the
association “hasPrice” to indicate that it has a unique value
as shown in the following:
exin:Associstion Ld w "HasPrica””
associationTypa » ‘abjectProparty’
sourcedbject = ‘ReserveAFlight’
targatabject = ‘nondegativalntegerDstaType’ >

<Slot name = ‘unigue’>
<ValueLists
«valuestrue</Value>

</ValusList>
«</rim:Association>

OWL allows Boolean combinations of class expressions.
For instance, “owl:complementOf” defines a class that con-
sists of exactly all objects that do not belong to the class ex-
pression. Consider the following example:
<owl:Class xdf:IDe*rirTransportstion®s

<owl;conplenantOf rdf :rescurces"$LandTransportion’/>
</owl:Cladan>

To express “owl:complementOf” property, a new associ-
ation of type “complementOf” is used between class nodes.
OWL allows to define enumerated sets through
rdf:parseType="Collection”. ebXML “RegistryPack-
age” is used to express such collections to indicate that

its elements should be treated as a unit: The class de-.

fined by “owl:oneOf” element, on the other hand, contains
exactly the enumerated elements, no more, no less.
Consider the following example:
<awl:Clags ID-'C!.:in';
egwl:oneOf TAf:parseType="Collection”>
<owl:Thing rdf:IDw"Barlin/>
<owl:Thing rdf:ID="Ilscanbul*/>

«/owl:one0t>
«/owl:Class>

To express “owl:oneOf”, we create a new association of
type “oneOf” and associate the package itself, with every el-
ement in the package through this newly defined property.
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Sarvice AirTransportationService

ReserveAFlightService

Figure 3. A Snapshot of ebXML Registry
Browser Depicting the Example Class Hierar-
chy of Figure 4

Another  important construct of OWL s
“owl:Restriction”. In RDF, a property has a global
scope, that is, no matter what class the property is applied
to, the range of the property is the same. “owl:Resriction”,
on the other hand, has a local scope; restriction is ap-
plied on the property within the scope of the class where
it is defined. (The aim is to make ontologies more ex-
tendable and hence more reusable) OWL provides the
following language elements to indicate the type of re-
striction: owl:allValuesFrom, owl:someValuesFrom, owl:-
hasValue. An owl:allValuesFrom element defines the class
of all objects for whom the values of property all be-

long to the class expression.
Consider the following example:

<owl:Class rdf:IDs"ReserveAFlight”>
<rdts:subClassof rdf:rescurces"isarvicet/>
«rdfs:subClassOf rdf:rescurces
"§pirrransportationgervize />
«rdts: subllassot>
«owlRastriction>

Association ClassificationNode
type objectProperty id | PossiblePeymeatMethods
name paymentMethod
sourceObject ClassificationNode
— B

targetObject id [ ReserveAFlight
Slot —[Slat

name | allValuesFrom

value | true

Figure 4. Representing an Example OWL Re-
striction in ebXML Registry




Figure 5. An Example Class Hierarchy for
Travel Domain

<owl:onPropercty TaL:resources=kpaymentMethod® />

<owl:allValuesFrom Tdf:rescurces

"iPcariblePaymantMethods” />

</owl:Restrictions «/rdfs:eubClassdts
</owl:(lags>

Here “owl:Restriction” defines ani anonymous class, that
is the class of all things that satisfy this restriction. The re-
striction is that the property “paymentMethod” should get
all of its values from the class “PossiblePaymentMethods”.
By defining “Reserve AFlight'* service-classas 1 subelass of
this anonymous class, its “paymentMethod” property is re-
stricted to the elements of the “PossiblePaymentMethods”.

In ebXML class hierarchies, on the other hand, an asso-
ciation (which represents a property) is defined already in
a local scope by associating two nodes of the class hierar-
chy. The type of the restriction can be expressed by special
slot values. Figure 4 shows how the example above is rep-
resented through ebXML RIM constructs.

OWL allows the use of XML Schema datatypes to de-
scribe part of the datatype domain by simply including their
URIs within an OWL ontology. In ebXML, XML Schema
datatypes are used by providing an external link from the
registry.

Table 2 provides a summary of how OWL language ele-
ments are mapped to ebXML class hierarchies. In this sec-
tion, only some of these mappings are explained due to
space limitations. A more complete treatment of the sub-
jectis given in [8].

In the implementation of the framework, we developed
a tool to create an ebXML Classification Hierarchy from a
given OWL ontology automatically by using the transfor-
mations described in this section. The OWL file is parsed
{71, the classes together with their property and restrictions
are identified, and the ”SubmitObjectsRequest” is prepared
automatically. This request is then sent to ebXML registry
which in turn creates necessary classes and associations be-
tween thern.
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3. Service Discovery by Using OWL Seman-
tics in ebXML Registries

<!{DOCTYPE uridef {

<{ENTITY rdf 'hl:tp://ww'ﬂ.crg/1995/02/22<rdlqyncax-nsu

<IENTITY tron "RELp:/ /www. srdc. metu, adu.tr/2003/
Travelontology.owl*s

erdf : RDF
xmlng:rdf =
xmlns:tron =

“erdf ¥
Thtron;

<tron:ReserveAFLlight rdf: ID="MyReserveArlightService s
<tron:departureFroms Ankara </tron:departureFromns
<tron:destinationTo» Berlin «/tron:destinationto»
<tromiprice> %00 «</tron:prices
<tran:paymentMethod> Cradit Card </tran:paymentMathods
<tron:minDiscountRate> 10 </tron:minDiscountRatss

</tron:ResarveAFlights

</ TdE 1 ROF>

Figure 6. “MyReserveAFlightService” Ser-
vice Instance Description

Before we can start using semantics to discover services,
there are a few more steps to be realized:

e A domain specific service ontology (like the one given
in [14]) should be stored in ebXML registry by using
the transformations described. .

o To complete the picture, it is also necessary to define
the semantics of individual service instances.

¢ Once the semantics of the service instance is descﬁbéd,
it is necessary to relate it with the service advertised.

o Then the ebXML service registry can be queried to find :
the services according to their semantics. A nice fea-
ture of this querying is that it conforms to certain well
defined query templates and therefore it can be param-
eterized as explained in Section 3.5.

3.1. Defining a Service Ontology

A service ontology provides the generic classes with
properties and organize the concepts in a class hierarchy.
Consider for example the travel ontology depicted in Fig-
ure 5, where the top level class “TravelService” inkerits
from OWL-S “Service” class. In this way, several proper-
ties of the “TravelService” class are conveniently defined
by inheriting from the properties of the OWL-S “Service”
class. Consider the “ReserveAFlight” service class givenin
Figure 5. A semantic description of this class might con-
tain several common properties of such a service. For ex-
ample, “paymentMethod” may be defined as a subproperty
of OWL-S “ServiceProfile serviceParameter” property.




3.2. Defining Service Instance Semantics

Service instance semantics define the property values
for an advertised service. As an example, Figure 6 shows
“MyReserve AFlightService” described in OWL which is an
instance of “Reserve AFlight” service class.

3.3. Relating Service Instance Semantics with the
Services Advertised

Once the semantics of the service instance is described, it
is necessary to relate it with the service advertised. The first
step is to implement the Web service instances and to regis-
ter their WSDL and OWL descriptions to the ebXML. reg-
istry. Note that a service in ebXML is represented with a
“Service” class in ebXML Registry. Both of these technical
and semantic specification files (i.e., OWL and WSDL. de-
scriptions of the service instance) are stored in ebXML reg-
istry together with ““Service” class that represents the ser-
vice instance. Note that these files are stored external to the
registry through extrinsic objects. The relationship between
the description files and the “Service” class is established
through the “ServiceBinding” class of ebXML. A *Service”
class may have a collection of “ServiceBinding” classes
each of which represents technical information on how to
access a specific interface offered by a “Service” instance.
Also, a “ServiceBinding” instance has several “Specifica-
tionLink”s each of which provides the linkage between a
ServiceBinding and one of its specifications. The OWL and
WSDL descriptions of the service instance represent the se-
mantic and technical specifications respectively and are ac-
cessed through the “SpecificationLink” instances.

Each service is published to an ebXMIL, Registry via
“SubmitObjectsRequest” with the corresponding WSDL
and OWL files. The “SubmitObjectsRequest” for the exam-
ple service instance given in Figure 6, is shown in Figure
7.

3.4. Relating the Generic Ontology with the Ser-
vice Instance Semantics

In an ebXML compliant registry, Classification objects
relate registry objects (which include Web services) with the
nodes of a ClassificationScheme. That is, a Classification
instance classifies a RegistryObject instance by referencing
a node defined within a particular classification scheme [4].

As an example, assume that there is a service called
“MyReserve AFlightService” (semantic description of this
service instance is given in Figure 6) stored in the ebXML
registry and a ClassificationScheme exits for the travel in-
dustry, namely, “Travellndustry”. This service is associated
with the related Classification Schema through the “Sub-
mitObjectsRequest”. Figure 7 shows an example “Submi-
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<rs: SubmitObjactsRequast
<LaafRegistryObjectlist> ,
«!-- Tha wed service definition --»
«Sarvice idu"MyRuserveAFlightSarvice >
<Hrma>
<LocalizedString lang«*en_US" value =*Reserve flight
sarvice”/>
</Name>
<SarviceBinding sccesaURI~
~nrtp: //kadikoy.srdc.metu.edu. Ly : 8080/ exanples/
ResarvePflightServica’s
<SpacificaclonLink specificationtbiact=*wsdl™>
<UsageDescriptions
<lovalizedString lang="an _US* value » ~Tha
sarvice can be invoked by using Web Ssrvice
Invocation Framework"/»
</Usagenascriprion>
</3paciticacionlink>
<«SpecificationLink specificationObjacte"OWL >
<UragaDescriptions>
<LocalizedString lange"an _US" valua =
"The OWL £ile of the wad servica”/»
</UsageDescriptions
</SpecificationLink>
«/Serviceginding>
</Servica>
<!+« The ExtringicObjects for tha WSDL and ONL filas.
Kote that the actual files are repository items and ara
actachments to the S50AP meswage carrying this request --»
<Extrinsictbject lde*wgdl® mimeTypa="text/xml">
<Nama>
«LacalizedString lange"en _U3* valus » "The WSDL
document £or the Reserve Flight Service®/>
</Name>
«</Bxtriasicobiece>
<ExtringicObject ide"ONL" mimaTypa="text/xmi*>
<Name> )
<bocalizedstring langa®en_US" value, e
*The OWL document for the Resarve Flight Service®/»
</Nama>
</Bxtrinsicobjact>
«Classification classificatiooNodes"ReserveArlight”
classlfiedOn)ectatHy wAFli vice" />
«/LeafRegistryChjectiincy
«/TH:SubmitOb] sctaRequast>

Figure 7. “SubmitObjectsRequest” for the
Example Service Instance of Figure 6

tObjectsRequest” which declares “Reserve AFlight” service
classification node to classify “MyReserveAFlightService”.
Note that a registry object can be classified according to any
number of classification schemes.

<AdhocQueryReguast
XRAOK « "urn:casis:canas:tc:ebxml-ragrap:qusry:xsd:2.0°
xulng:xal = "http://www.w3 . org/1001/XMLIchema - inatance”
#sirgchenalocation = "urn:casis:nanes:tc:ebxml-ragrap:
query:xsd:2.0 query.xsd">
<Responsalption returnType « “LaafClass”
raturnCorposedobjects a"true* />
<FilterQuery>
«ServiceQuery>
<ClassifiedSyBranch>
«ClassificationMcdeQuery>
<HaxeBranch»
«<LocalizedStringFilcers
<Clausa»
<SinplaClause leftArgument = “valua*z
«StringClause stringPredicate = “Hgual”s>
ReservepFlightSarvice</StringClauses
</SinpleClause>
</Clause>
«</LacalizedStringrilters
</MameBranch>
</ClassificationNodeQuary>
«</ClagsifiedByBranch>
</3erviceQuery>
</Filtaruery>
</MhocQuaryRaquescs>

Figure 8. An Example Query Retrieving the
Instances of a Classification Node




3.5. Querying the Service Registry

Once the semantics is defined in this way, it is possible
to provide automated access to service registry, through pre-
defined query templates as described in the following:

® The first query template is used to obtain the proper-
ties of a generic class. All the properties inherited by
the class through the “subClassOf” association are col-
lected on the way. These propetties can be depicted to
the user through a GUI to obtain her preferred values.

® The second query teraplate is used for locating service
instances of a given generic class node in the class hi-
erarchy. An example to the second query template that
retrieves the services that are classified with the “Re-
serveAFlightService” is given in Figure 8. What is re-
trieved from the registry through this query template is
a SOAP response containing the Service class which
includes a collection of ServiceBinding UUID’s. By
using these UUID’s, it is possible to access the UUID’s
of the OWL and WSDL files in the SpecificationLinks.

¢ The third query template is a content retrieval query to
obtain the original OWL and WSDL files through the
identifiers of the OWL and WSDL files in the Specifi-
cationLinks.

The query tetriplates are tealized through eb XML Reg-
istry query facilities. The ebXML Registry supports two
query capabilities : Filter Query and SQL Query [5]. SQL
Query support is optional whereas Filter Query is manda-
tory for a registry to be ebXML compliant. A client submits
a Filter Query as part of an “AdhocQueryRequest”. We have
used Filter Query capability in the implementation.

4. Conclusions and Future Work

To be able to exploit service semantics, service registries
should contain not only WSDL description of the services
but also semantic description of the services instances.

This paper describes an engineering effort on how an
ebXML compliant service registry can be augmented with
an OWL service ontology and how service instance seman-
tics can be used through standardized queries. There are two
observations resulting from this experience:

¢ Ontologies can play two major roles in the Web ser-
vices area: one is to provide a source of shared and pre-
cisely defined terms which can be used to dynamically
discover, compose and monitor services. The other is
to reason about the ontologies. When an ontology lan-
guage like OWL is mapped to a class hierarchy like the
one in ebXML, the first role can directly be achieved.
However, for the second role, the reasoners to be de-
veloped for OWL will require OWL syntax and thus
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can not directly run on the ebXML class hierarchy. Yet
the ontology may be reconstructed from the informa-
tion in the class hierarchy.

¢ The only way to store semantic of individual service
instances in ebXML registries is to store them exter-
nal to the registry (“ExtrinsicObject” in ebXML termi-
nology). And the content of external objects can not
be queried through ebXML queries. If a mechanism
is developed to store individual service semantics lo-
cal to the registry, then the queries searching for ser-
vices with required properties can be executed more
efficiently.

References

[1] DAML Services Coalition (A. Ankolekar, M. Burstein, J.
Hobbs, O. Lassila, D. Martin, S. Mcllraith, S. Narayanan, M.
Paolucci, T. Payne, K. Sycara, H. Zeng), “DAML-S: Seman-
tic Markup for Web Services”, in Proceedings of the Inter-
national Semantic Web Working Symposium (SWWS), Tuly
2001.

Dogac, A., Cingil, I, Laleci, G. B., Kabak, Y, “Improving

the Functionality of UDDI Registries through Web Service

Semantics”, 3rd VLDB Workshop on Technologies for E-

Services (TES-02), Hong Kong, China, August 23-24, 2002,

Dogac, A., Laleci, G., Kabak, Y., Cingil, L., “Exploiting Web

Service Semantics: Taxonomies vs. Ontologies”, IEEE Data

Engineering Bulletin, Vol. 25, No. 4, December 2002,

ebXML Registry Information Model v2.1, June 2002, http:-

Jlwww.ebxml.org/specs/ebRIM.pdf. » '

ebXML Registry Services Specification v2.1, June 2002,

hitp:/fwww.ebxml.org/specs/ebiRS.pdf.

Horrocks, L., “DAML+OIL: a Description Logic for the Se-

mantic Web”, IEEE Data Engineering Bulletin, Vol. 25, No,

1, March 2002.

Jena2 Semantic Web

http://www.hpl.hp.com/semweb/jena2.htm

Kabak, Y., “Exploiting Web Service Semantics through

ebXML Registries”, MS Thesis, Middle East Technical Uni-

versity, June 2003.

[5] OASIS ebXML Registry Reference Implementation Project
(ebxmlrr), http:/lebxmln.sourceforge.net/

(10} Web Ontology Language (OWL) Reference Version 1.0,-
http://www.daml.org/2002/06/webont/owl-ref—proposed

[11] OWL-S, http://www.daml.org/services/daml-s/0.9/

{12] Paolucci, M., Kawamura, T., Payne, T, Sycara, K., “Irn-
porting the Semantic Web in UDDI”, in Web Services, E-
Business and Semantic Web Workshop, 2002.

{13] Universal Standard Products and Services Classification
{UNSPSC) http://eccma.org/unspsc

[14] Wroe, C., Stevens, R., Goble, C., Roberts. A., Greenwood,
M., “A Suite of DAMLA+OIL Ontologies to Describe Bioin-
formatics Web Services and Data”, Intl. Journal of Coopera-
tive Information Systers, to appear.

{2

it

[3]

[4].
{5]

{6]

[7} Toolkit,

(8]




N S5 S a

p: ]
i
i

L

ingham
ig

ingham
and Peter Fateln

iam Cunn

ir

ited by
Paul Cunn

Ed
M




41 sseooxd 03 areMT0s pozieIoads

samnber pmA o[y ABUIQ B 0} JSEHUCD UL JUOWMOOp X0 ¥ ST Juowmoop TAX UV e

syerpy Jea[o s 31 ‘opdmexs sty woly
(1] sessour [y Smpuodsaiod sy aptaoid osye am ‘1 9in81] Uf 9Lp 19pI0 sseyond € ST 31
12T . 1090E00Z,, SULNS 91 03 Sumeswt SOAS Fe SIRCISPIQRSTYRIng,, A[[IuIS Iequmu
1opro oseypmnd e st snp B LADEVYET L, Sus ot 0} Surmesur B 2418 oM ISqUIONOJ,
Sy oI YUAL “SIRCHIOPIQOSEOM,, PUE JISGUINNO,, S YORS SIS qns syt Suruyep
Kq Jeammoop 1senbay{IapIQeseYdmd,, JO IInnS 3G oa1d oy *1 amBy] m ueAl ojdurexs
TACK S epISUQD) EIJEP O} SNUONNS pUe Buuesw oAt 01 58e1, JO eSn SIEW TTAX

TAX P J 1l STUBUno0(] 48p4() a5vYo4nd apduwxiy [ 231y

S OUTPUOISS> NI
<UB][PUL TSI/ ><BOLgHU }/> §6 <POHIUN> E6VVY+IEd
<paIspIOAINTERD)/> 91 <PRIRpIOAnUEND> VEILIZHALD
</ PEE=0U UOHROYNUSPT NVHIERI> JATWELITYERLOT+NE PPES+S+VId
<WBISUTRSL> NI
<BIB(ISPIOASEYDILI/> [ 090E00T<AIBCISPIORSTYDIN> ZOTE090E00T LE [+ALLA
<IQEANO/> GOEVIELT<2qUnNOG> SHADIFVYETIHOTTHNDE
<isenbayjIepIQasenomd> R RERIE -

TPAX Lok

Soug u T T

"SPIBPUEIS PUE SWISISAS PIseq-qaMm Jo JuouxdojeAsp O UI JUSWINNSTT

[PIUSUIEPUn} SY} SW0T9q Apomb sey 1t ‘qapn 93 0] JemUo) sFusyoxs ejgp pIEpuBis
% se o Buneg ‘eep Surussardel 10} PIEPUENS JPSIAAIN,, Sy 3tI033q s21] ALK STERA
jusoar s A0 payussaid st PATX 03 WORONDONUT JoUq € 35TY ‘[eUIOWY] ST} Ul POQIIOSap
sorfo[owmoe) S} JO °SBQ UOUNUOD 2} St () oSenSuey dmpep S[QISUSIXY 20U
WORINPOIN] T

‘ser8oiou sy 959U
10 syyeunq s]qissod o SSAlRSWIAY] 10} 23pn{ weo semupdwod Ay} Jeyy O souaipne
a1 01 3jquseBip Ajiswe soidor ssaty e 03 51 UME SYL ‘sopdurexs 2asusyaiduios
g sidns y8normy sewnsiSel PAGR W SORUBIUSS 2014108 J0jdXa 0} MOY SSAIPPER
o1 sidoouoy oseuy JO doj UO SPING puw SPIEPUEIS 32IAISS GBM ‘santales gaM TINY
Sugpupou s3doouos DISEG YL §IEIS [RLO SYL ‘sawmstal TAX QS yEnonp popojdxs
9Q WED SOUUBWISS IVIAIAS GIM XOY quesmd o3 §1 [RLICIN ST JO UNE O 1PBASQY

4y npa mipu dpASEUDWNSD JIDWT 966501T Z1E 06+ 121
Loyan] ‘aoyuy ‘[5590 ‘Sndw) (NITOALTIN MDANg THou]
(QIsapazuf} [poIYIa ] ISUY PP MarsD uzwdo]Pas(] pUD YoUDESEY SDMIOF
: DVYHO( wewnsy )

saLsIS9¥ TINXGP USnoIm
SIIAIIS GIAA JO opuemas Suniofdxy

£00Z '$554d SOf
(spsp) v 17 woySupun) °d




‘sotpog prepue)s £q pedoleasp aq ued sardofojuo ogioads urewrop pue d8enSue ABojojuo
me%ownm ﬁwnWMv MM mmwdo wao soo1Azas Jo serpadoid Aresseoou g3 [2 ‘spiom Iamio
1y ‘safense] A30101u0 YSNOM] SSOIATES g3 JO SoRuetmas otp Buiquossp Aq Ao arqrssed
1w i snyy, -Iouuew S[qriadoIajul pue 5iqessacald SUMDEW 2 UL SUOP 9q 0} SP3AT oTess
m.ﬂh .oo,ﬁ.ﬁ% 573 JO SONWRIUSS S} 2qLIOSIP 0} posu am mo«tvnohw oy} 03 FUIPIOOE SIVTALDS
u& yoress 1oe] pue seniadoxd ssam oqUIDSSp 0} 2[qe 24 O1 ,¢ u.Emrm u umous Sy
‘370U AUBKI PUE SOTAISS ¥ 03 Payoeye sJYBU pue jsnun *Armoss ‘Ayenb 914108 o
‘Kymigereas eyeds pue [eI0dUIs) UO SIUIENSUOD o
‘papracid pue pajsonbal 5T I01AIIS oY) YOTYM £q S[PULEYD 21} »
“uowied pue SUISIEYD JO SPOYRUWI AP
:se yons saredoxd

¢ ‘52IIAISS Q2 Uey IDYI0 Y UQ
Aupwr oaey Aem ‘siredisinoo Off [eRl &R 1] oo Eﬁmaxwm .W e e oae
SIAI0S SUF JEIA X[ SOOTAISS OU JO OQURUIS 31 $5o1dxs 0} WSTUEYOLU AUE o>m,n jou
Mwwv,qmmgﬁmuwuua meuo U] "991AI5S 1 Jo smojoumered o s3d4y oty pue EB.QEE& Elinias
oW ‘st JeY “e0tAISs 3y JO suonersdo o Jo amyeudls o saptaoid TQSM SIOLAISS GIM
g %m aoBIeyT [EOTUGOS} oY) AfuO sommads (TASA) sFenSue] uvondinss 291AISS QM

(S301LDS B4 JO SIUUDWIS Yl pasuU sA Op LYY ']

“AnsBoy TAXGS T SSE]0 BOIAIRS,, B (L pojussaxdal st
"ATXGR TT 30IAI9S GIA B IBUR SION "STOREoy1oads TTINX GO ST i Jelidiod-soLeng

TWX T eep I(JH PIepmEls eSueyorsimt o) serredmoo mofe ey ‘mustodmoo 2100

‘$392(q0 HOUTWOS SSLNUSPL 0SB "TAIXGS OUjen 95essowl {2 JOf jUn0O0E pue
Mwmﬁoﬁummummﬁ mm.wumﬁw.am Supen muaoﬂ o3 pasu ot Apremonred O woy vmﬂwﬁ muowﬂ_;
o O SpIMq TAKGS SOSUISiUS WINIPSW pue [[ews wdﬁwmuu spusjut cnm‘ wommoﬂmm.ww
38Te] UL [(JH JO SSe00MS OU} WOL $53RIAS] SAUENII 3G ‘SpIom 19O u] muﬂ«mmﬂ o
[eorugosl S, TAX Siojdxa je AMPSINore Ue Ul paslasald 9q TEO §9589001 §S9 34 q
m WEonEmu».E [enuesqns S,IE YoM W pomately v opraoid suogeaygioads TNXGS Fw
‘SYISUILONATS ISTIOISTL)-0)-SSOUIST PUE SSSUTSTLE-0}-SSSUIST Ul EJEP SSUISN] DIROT0IY
J0 uwﬁﬁ.ﬁ o opiaoxd o swre TAYqe [e1] ssoumsng oEobooﬁmmmﬁMM mﬂmuwwwomwuwmﬁh

SAIELTUT UE ST T I
703 B0 STONEN PIELL PEE mﬂ%pﬂwmw Bmwcwmioo am ,W_Mmﬁs snp uy semsi8ay [z1]
(1aan) yomsmey uogerdon] ‘Areacosi(] ‘wondimsa [PSISAM() ST, S pue soInsi8aYy
197 {TATXGP) DALX SSouisng OTUORO[H SIINSIFRl 90[AIRS UWAMOWY ]9 0M] aIE 219 ]

1PPO #0185 qap “§ BnSL]

dv0S ydnory
I0TAIIS SHOAU]

Tasm y
uonduosa(] 901AI8g - |

I01AIIS GOM -
J3PIAOLJ IS

201A108
ystqnd

I3WMSUe)
NI

2914138
suouduosap 2014155 G - I2A0051(]
aaan o TNX9®) | :
AusiBoy IS

‘wstueyost (D) [[ee smpasoxd sjoursl pue Jurdesssw
paseq TN e saplaoid yorgm [11] (1090101g $5900v 310000 o1duxg) WOS St $30tALeS
QM Sunjoaut sof prepuess ay3 pue [] (sBenSue] vonduoseq] ss0IAISS QaM) TASA
St $92IAI3S G JO UOLROYIoods [2ONIY3) SY) 10] PIEPEE)S [BSISAT QYL "SoLSIRaI S01A DS
Ul p3I0IS oI SIDIAIDS QoM "¢ SIS UI UMOYS SE ISUMSUOD 90IAIDS pue Ansidal 201A108
‘rapraord 2o1a1es isyuedonred Jo sedA) 991G} SAJOAUI SAOTAIDS Gap\ Buowre suonoeisyuy

TORoUY X[diwto0 € ULOHAd 03 SA0IALSS oA JPUIO JO 350 YL Te0 SOIAIOS QO ST JEY
10N 'swaisAs Suneredo pue safenSue] Surunuerdord J2I3y1p Suisn oq wes A9y USSP
9 wed 31ATSS GOM ) Sunsoy unogeld pue 90[A19S O SSYOAI olpm U310 2y semedmod
pue ‘suonezivedio ‘syusuntedop ssoroe UOWEISS)I WSS 10 SMO[[E SIJ, ‘JoAd] 20BLISH
o 18 Ajiqessdorsym spiacxd ey 1oy 51 SI0IATSS qopp JO j0adse AremonmjoAsr oy

"A[[eopemoing s12pio ssegomd jdanoe o3 90TATSS GO B 9ABY URD SUO
‘S[durexs 10 291A195 qap ® ST pasodys oq weo weuodmos/wogesiidde Auy ‘suoneondde
SIBMYOS IO SIOSN UENINY 9G PNOO JEG) SIUAM0 AQ SjqIsseoor pue Ispianid OIAINS e
4q spepre Y ySnomy 1ousny e SIQE[IRAT 2PRIN YONOUN] SSSUISN] B ST 901AIIS oM V

(201435 qIY T ST UM €]

17 yi Bojouyoar Ty fo uostwoduor y ‘7 2431,y
"sure13old 1syo @M se0mosar

3®GS 0} S[qe FuUaq JNOYLM - UOTEOSI
Wes wr ymq  Apjemonmpen sem  Jqg

*$[001
somos uedo puw 1500-mof Awewr seq TN

“gurauny
Pug dn smates oy Judeoy pue yomieu
1Y *4 03 uoyosuuos oy dn Surdssy 1500
P3Seq uonoesuen gSMy SAJOAUT wed (Y

"SISAIDS @I M
1509-M0] A[9ARE[SI PUE STONOIUHOS JoWISTUY
Funsyxa Swsn 51500 MRIRY MO] SBY TNY

"(SNVA) S410435u pappe
“OMEA SAlsuadxs AjAne[sr pue ojeand
BA s Aqeodhy o1 spuowmsop gy

FIomisu
ouqnd 3500-MOf A[2AnE[al B 21 - JPWIO)]
93U 1A J09s £[eordfy are symoumsop TNY

(T a3 o] 19731 35wa[g)
W0y s[qepear Amuo-sunpewr ‘passerduion
B w fyeordly ore sjuomWmoop Iy

piaiiateld
9] ‘S|qepeai-wewmy uoedo ue SI PNY

a3

TIX

"7 2M31g W waoys se I(IF JO e Yk ASojouyas
"TAIX J0 samgeay oiseq oy Jo swos aredwod om ‘Tgesn st ALY Aym urefdxo o) IopIo uy

SIS ST TN Ayy 71

“A[[eogearoine uroyy ssacoxd

PUE Indut s syusumaop qiary; ssem 1dsooe [m jem suresford a1 wes Loy ‘syzewmoop

WX s oy s9ey pue amponns o wo serSe sonred omy

J1 ‘st jeyy -a[qessacoid

SugoRw are suswmoop ALY ‘s3Y a1 uo os1de senred Sunestununuion st se JUO[ 5 e

‘s1as1ed pue sropps

S8 Yons sjuatmaop AT s59902d 07 sjoo; somos mado ‘uretop orqnd [BIoASS 918 QIR e
‘1 JO IN0 25USS SEU 0} J1 PESI UED UBLMY B ‘ATeSSI09T UoYm ‘QIEMOS
aw:o@uummuooa m«:amzoﬁmhm_ﬂmﬁ.uzmwwuugmm:nuguongné..




*saInsSIBax
S W peIois oq O} sardo[oiuo oiy1oads WERIOP SMO[E WSIHEYoIT AYOIRIST] UOLEOHISSED
sj ySnonp ‘puey ISHO Y UO “TNXGP 'SORUBTESS 9DIAILS UoUSE 21018 0} WISTURUOWI
euam ue epraoid j0u $9op JAAn “(A3orojmo ¥opdwion arowr e 10 Awouoxwy S[durs
€ 5q P[R0S GOTA) SI0AIS O JO SORUBWISS JUSUF 21} QI0)S O} AIGYM ST JUO JSI SY [SINSSI
Koy OM] oIE 315} ‘SSINSISAI SOIATAS UL PASTISADE SOIAISS SU} I SILURIIGS o) Sunejaz uy

Agsnput (9an43 40f Ayo.p.151y UONPIYisSUIO B)duiDD Uy 9 anfLy

¢ SIUDWAS 2I1AUBS ISN PUD FUIZP 30 Op MOK [T

“pasn St 3t mo7 AJ1oads 0) Suipunoinaoniag e spoddns
eotAIag sSE[O o sty “Suipunoinsoiisg st Auadoxd snp yo o8uer ayJ, SUOGANE ¢
310 31 Moy A7105dS 0} [POPOIALES € AgPFqLOSap ST 0TAIIG
ssE[> O ‘ST JBUL 'SSB[O PPOjNoOIds ST fyadord snp jo s8uer ayy, KGPIqUEP T
‘sIo8N §)1 W0y sarmbal 901A1S 91 1egM
5B [[oAs S 81951 51 0] SOpIAOId SOIAISS ) JETM Ayoads 03 8710443910438 ®© Spuasadd
201AI9G SSE[D O ‘ST JE], ‘SSB]D 3[Y0.georday S fedoxd smy o o8wer oy, SEsAd (|
:songadold oaryy Swimo[lof U3 SBY SSB[O 90IAISS ¢
2IS1] U1 UMOYS SE SSE[0 ,301AI9S,, 31 ST AWOUOXE) 901AILS STV U SSBID [343] doyoqy

sa10498 fo L0100 daddn 3y BuIqLOS3J ¢ 2mBL]

[SPOJNPOIAISS

SHI0M 3T MOH
:Agpaquossp

530D

11 1By M ‘Suasald

11 59908 0}
Mo} spoddng

901AI0S

$3pLA0IL

ity el W

2[JOIJITIALLS

© 20omosey

x

TR E
5

*s1 150nbar xom Jo styws oY ¥ tad sty Su

MO 0] JuBM Al s1as) “Ayo3epdmion smnosxs 01 uﬁw«ﬁ aumos uwusuﬂm&qwmo :cwﬁwmou_wclwm
Jo suonisodmos ‘210 USAD “PUE SOOTAIIS [EnpIATpU] :SUIGIUOW TONNI0Xa u..o.E% TR »
*aAn0afqo ue Jo wondrrosap 1aA3]
451y ® p2AL8 ‘syse; awos tmioprad 0] saoiAIes qap JO uonewsdorsim pue uonisoduos
“U0N09[es SHBUIOME SU} SOA[OAW J5e] STy ], :HONEISA0ITAT pUe UonISodwos oom.bum CEIY
‘ya3e aremyos ¢ 10 uriford eynduroo v Aq 2014165 g3 A\ PAYIIULPL
e JO UOGNI9XS SUEUWOINE OY) SSAJOAUL UOTEIOATT S0TAISS O A ‘TONEIOKUT SOTATIS GO /%
‘SIURRSUOD P23senbal 0} 219YpE J2 pue 501A1es renonred B apiaoid ey saorazes
G\ JO TOLE0[ ONRWIOINE S} SIAJOAUT AISAODSIP SOIAISS oM ‘AISACDSID 90IATSS Gajy o
[£] senrenOnOUN] SUIAOTO] S JO TONEWONTE ST J[qEUS O} SIIE pue IO+ DAV U0
Paseq ST 3] "SaDIAISS 3 JO sonuewnas oy Surnysp 10] ASojoyuo Iaddn we souyep S-PNVA

S~TINV ‘S9IAIIS GIM JO SIPULUISS 3Y3 BurqLIoss( 7

‘[enprarpur 2(3uis € Aq jou dnoid e Aq paidecoe
u39q seq Yorgm SUImesUI SOqLIDSIP N ‘ST BN “98po[Mom] [Ensussuod sequossp ASojojuo
ue ‘o] uj “suoneoyeds yons areys jsnw surewop uonesydde ‘Anpqeredozaym spracid o]
PAULISp 3q 03 paau A0[o1uo S JO S]AR] 1emof o1 ‘ASojoruo xaddn STV JO Ssn oyEML
0} ISpI0 Uj 'SSB[0 301AIG,, oweuad e ‘st jeyp ‘ASojojuo 1addn uwe seuyep [¢] S~V SSeyt
Suoury "sadiAles g JO SonpUERWIAS Iy SUIqLOSIP JOf SHOYS JO ISQUINU B OXE SI9YL

"TIO+TAV( pue
TMO UaMIaq SOOUIRIIIP I0UTUI A[UO T8 215 81 P10 2q pmoys i {01 ‘6] yIomaurery
wondimsa(] eomoszy oy uvodn spimq 3 IO+ TAVA Jo ssn uopeordde pue uSisep
oy woy sBupwres| Fupesodioowt £q [z] TIO+ DAY WOY PaALEp st MO ‘esodmd smp
105 padopaasp Buraq st ‘[1] (TM Q) s5enSue ASojo1u) qap AjeuEd ‘ssrSojouo wnum.nm
pue ugstqoed 107 sfenSue; dopew onuewas B puE qop onusweg dopaasp o3 PEmﬁE
A pPae)s Sey WNIIOSUOD) QM SPLM PHOA "SESIE YoIBasal sAnoe Alea oIe Xejnonred ug
SIOIAINS GO JO onuemas pue ‘[1] [e1ousd mr gop JO onuwwIss oy Swquosep ‘Apusim)

f13511 3014438 $3qQUDSAP IPUDWDS [BOINLSS Y] JO 2oDfusUl 3y SoULED TISH P 94mSLd

- IOWMSHOY) |
| eomng

. ﬁounﬂu,muﬂ
OOIAIRG GSM

-su1a3s4s snoausfoinay
mﬁsn.Em% UM WeY) SRISojl O) IOISES SSWOD3q M PUE JULISISUOD QIour are Ao
B S wr eours sardofojuo 1eddn ur serSojojuo syrosds wemop punoid o vopr poos e st

SAIPAIC SV — BILUNLO)-2 B SSAUISTILF-3 [£°7 uonIog 1254




SwSTreydsw SUIMO[ol 9 v synewes oy yoddns o) sdjsy Anstda1 TINX Qs
(52010438 Qa4 fo sonuvwas ayy Buncoddns ur Lys18a. Tpyxge O 2104 oyl STIDYAM £°7

"WORBULIOJUT ST} SWIBINOD , poyojpuauiied,, s31 sours
Pa3e00] 2q AISES UED 90TAlIRS ST © Juowked pIes j1paid,, s3ds0se JE) 901AISS UONBAIISSX
1431} B sayoTess (SIeamyos Io uewmy) jusfe we usfm ‘ojdimexs I0J "AISAOISID ISTAIIS UL
POsTL 3G UBD YOTYM 301AIAS STR) JO sonzadold oy} 9qLIOSSP 0 S[QR 2IoM 9M “SIOWLDYMUNY
"901AI9S UOTIRAIOSAI JYSI|J © SE 901ATaS
sy Aynuspt 01 S[qe ST 3 “AnsSt8ar 30taIss oy Suryoress st wesBoxd v woym ‘cousy
*29[AI58 HOPBAIQSOI JUSL]] B ST Y ye) Burueswa paside A[[ensusoucd e 11 9AI8 sm ‘ASojojuo
o w1 5pou SILTYRAISSSY,, 93 JO Jaquatl yordys we it Sun{emt AQ IOASMOH Inoge
S 201AISS 313 TRUM JNOQE TOURWLIONI AQATIOD JOU S30D  20IAISSAIA],, SUTRT 221A19S 3L, ¢
'SUOHRZIRZI0 1910 I
wonzuLonm a[qessaoold sumpoem s3ueyoxa A[Ises URO SpIEpUE)s 9591 MM Burdduwos
uogezuedio uwe ‘mwijgord Aigeradolonn oWy S9AJOS Sprepuess 0} SUMNIONNOD)
'sjo01 a[qefiea® A[orpqnd asn o1 su SMo[e
sonuemies Jurquosep oqgm oFenSuep ASojojuo prepuels v o3 Surumroyunos £q ‘spiom
1ago oy "Apoys resdde oy payoadxe are 51003 MO A PUR TIWVQ W suzondaossp
yons sseoo1d 03 s19U0SELI pUE STIV SE yons sjooy onqnd Aueur £1a4 ore 5151 A[puossg ‘g
*K[[eoTiEnAp S901ALes Yons sse001d pus pug. o1 weidold B.s1km Hed 20,
‘ST ey ] "o[qEssecold aumgoRnr puR S[qEpESl UBWNY oq ST uondiIosop 991A1es o) I |
:9 2131, Jo A30j0Ju0 a0IAYGS
jeaen 03 Swrunoos AQ TAMO Tt poquosap are senredoxd 201ATas 219UM ‘6 amB1y m woAld
UONIIYSp 301AIas 91 2[durexa 10] I9pISU0)) AJ[EIUBUIOINE $IDIALLS 950dWO0 PR IOACISIP
01 o[qissod sommooaq 3 ‘A30[0JMO 90WATS B 03 SUIPIOOIT PAGLIISSP SIR SIVIAISS UM

(SORUDWBS 3314425 WOL[ WDT sk Op IYM 7'7

. AssnbayAengyooupy,,
ue Jo yred se A1ong) 1931 © SIRUQNS Jusfo v jendwios TAX s 3q 03 AGSiFal e 10§ Alojepuei
st L1end) 1)1y seateym euondo st poddns Arondy 0§ A1snd) JOS pue Annd) may (S]
sonriqedes A1sub oa sproddns yomgm asodmd sty Io] pasn og weo Ayjoey Aronb TAXGS

5poU , 2IAISGIYSH Y 2AIISSY,, SLIoUaT 51 I9pUN PAYISSR[D AIR 121 S30[AISS o A1onb
o1 s[qrssod st 1t ‘Ansi3ol S U1 SAOIATSS UONEAISST JBTJ o [[B pUy 0 Juem am JI ‘ojdurexo
104 A19A00SIp IS S1E[IoR} $991Ales oy Jo sonadard pue Sumeowr asroard Smpraoig

SOPUDUFS FNIBS F]AWDXT Uy G 94nS1]

<dEIPI/>
<WBIVIAISNYTOT />
<poyjeppuswiied:imonss pre) upar) <popeppusimAed:uons
<soudimon/> 0ps <dudmons
<O UOHEUTISOPIUCT)/> BUSO[OF <0 ] HONEUNSIP:UOL>
<wmo1 jamyredapiuon/> BIENUTY <woljsmyredep:uons
<, IOATDG AN, =TI WBIIVealesayuon>

LJHTOOnZY, = UOYISUUIX
:%mwﬁ.ﬁmv: = JpLSujurx
AP

<, M0 KBO[OJUOPABT ] /E00Z/1 TPA TUSLI OIS masw//:dn,, Uon X TIINTi>
< SU-YNIAS-JPI-7T/70/6661 /810" mavm//dny, JpX XLIINA(>

e ARR mA SmeAS A W (ORI A ey S eATr A

A

[RURV SR

B0IBS OUSUDD) ,, 1B LY PASIY,, Jo sor2d04 g 2.mB0y

3Eum, IL2T0) JYFILTYoAIISSY

6 e wr umoys se sonredord ssouy sy 08 IOTAIDGA]
‘g amB] W umoys s poyoppusuked, pue :oHnouﬂwmmP,ﬁW:EW -, WM&
se qons seadord ouausd aiy seq 20rAIss ..uu.ﬁ?amﬁméusmum:.uﬁ b1:4v7) wﬁg .u%.ﬁo,m.
UORBAIISII JUSIY € SI 90IAIS ST JBY Sreapd sowrodaq Surreswr sy 7 o.EmE ur Fsﬂw se
wvoq AIMISIYBIIYIAIINTY,, YA  SOIATBGA,, SEI0SSE o UM .:ooﬂtwm@.f ‘Alotmeu
Ansi8ar TINXGS S} UI SOUEISUT SOIAISS B SI 919} JBY) SUmSse .oﬁﬂaxu.am Sy 'opou smp
oy pougap sentedord o11suss oyl se [jam e 9pou sy UM P3IBI0SSE Furuesur Uuamow.zo.K
9 SJLIGYUL 90[AL3S 3U1 PUE SPOI SIS JO Jaquistr oqdxs te sotATas o1 u.x«E M. ‘Ayorersry
UOREOHISSE[0 U SPOU € [Bim PASTUSADE 20IALSS B Supe(sl Aq ‘spiom Y0 T 'SIONAISS
om0y Burueaw sA3 o3 ajqissod sty Aea STy} U] "AUDIRIONY SY) UI SSPOU IR 1M vu‘uﬂﬂ
8q uBd spelqo AnsiSar st “Ansifar Ty gs we w paios st mnouﬁuﬂ ® 1ons 556. -Ansnpm
[24%R 305 9 am3L] w usAld spdurexs Ayomiarg TOUEIYISSE]D 9T} SOUEISW 10J ISPISUCT ’

Afo.0.451 UOYDILYISSDLD 3Y) U1 SIPOU FY7 YIM SIOUDISHY a01ps Buymipy / 2.m81,7

SIAIBSIYRN Ty RAI9SSY (AnsSnpupPARIT AnugAnsi8oy:ooategApy
K
SPONUOREILIsSE[Y P31qOPpayIsse]d
uonesyIsse|)ANSNpULo ] 3914195
"[5*v] seponuonpoifisso

0 Agorenowy v sowgep swmyoguoyroyfissyy AnsiSer o w spelqo o Apssep
01 sdjaq Yomp sweyasuORDIYisSD]) pojred USROS |, UONEOYISSE]D,, © ySnonp vo>w3um
StST I "Ausider oy ul pel0ss oq 0} eIEpRRw SmopE AnsiSer jeendoros AT Ge _H<.
"3OIAISS I 95T 0} M0y BUIGHISIP
Suoneoymads sy jo suo pue Jupurgsomiog ® usdmieq 93eyur s@ sepmord gomgm Jo
U9BS 5, I Tuonesgioads,, [B1eAss sey 2ous)su «SUIPUTEI90IAISS,, © “OS[Y .uomﬂma :umrﬁum
® £q poxsyjo eoepisym ogmoads e ssoooe o3 MOY TO UOWEUIIONT [eOnnyosy Sjusseldal .aoﬁ\m
30 goes sasse(d  Supmigestang,, JO UONOS[00 B aaeq Aewr ssepo :.uo.cﬁum: v .\Qﬁmpm 0
SSB0)  SuIpmIge0iATag,, 94 YBNoIp PoysSTqEISa SI ssep «8OIAISS,, 9T pue §o[y uopdisap oy
Usemiaq drysmone[a1 o1, '$199(q0 JISTImXs sE SSB[3 ,201AX9G,, A 1oipador AnsiBar TNXG2
ww PaI0}s aTe (3ouSUr 2014198 31 JO SUORdLoSap TASM “3') sayy noneoyoeds ?oﬁno& ELnS
Ansi8ay TN QR U S5%[0 301A10G,, Wi pyuasaIdar ST TG U SOIATSS & TEY) S1I0N
"uoyeZIuesIo sprepuess 1o dnoid nsnpm
e Aq paustiqeiss oq wes Ansider v Azenb » JO JNSaI B SB PaATLDal 2g UED puUR ‘pasjsidar unw
VD BIEDYISTI JUPAD[AI PUE SIUSNOOD SSIUISNG JI1ayM WSTUEYOSW ® 51 Anstdar X qs q.q.




o1y 107 osje juepodiul AI9A WHHS 9Y3 JO Hed [eNUSSSe UV "SUOHNIOS 1] PSSIPIBPUELS PUB
SANOIYS $0E] Aj[EUONLIpED YY) “Jusuiafeuval sonsi50] ‘esIe e YA S[ESp I se juepodun
Apemonred st 31 pue ‘seapt WHAS o Wi juwendwos st sjmeumoop Swikuedmonor
pue dm spooS jo uonesipiepueis o 1o (d1l) [090101g pPaymIn yodsues I, YL
"[OAS] SprplIom pue uesdoIny o) Je ‘sasudiayus Jo ssaneiuosardar
§2 [jem S ‘uonesipiepuels ‘suone[nser ‘ASojouynay woy spadxe jo suopngmuoes wox
S[1ed ST, “981> SuoAue M 10BN Of nonrpuos ur Aueduros Aue mnd ey S0 sremos
Jo uvopersus smou e Sumsiess pue Surdpms jo ssecoxd o dn peeds o3 st {[1] WHAS)
1esprepy oreonosry ueadorng 2[SuIg g ‘OSINI-DC S JO SANRHIU] JES001 B JO TOISSIU 9
"PHOM 213 1040 [[e Auedwioo 201aXes pue Surmgoynuew: 281} 10 0S[E PaAjos Apeieidiuos
10T g ‘SHIA[S 10§ [EonLn are swre[qoid asay], 'senssi [e8s] puer AILMo3s U0 SjQNOp WivIIeN
[1s Asyy pue ‘COROBISIUI YIOOWS Yous moffe 1ey; suoneordde sreayyos xadoxd yoey fus Ao
g ‘sugsiwr 1] BIA 5)redialunos Iey) Yua viep aSueyoxs o) Surim s1v Asip sosed jsow
1] "pejoadye 1Bl AMO]s Yonw sotetmuros-e Sunjorordde s1e SEINS ‘pury ISQO oW up
-aseyd ureo snfeA [eouLDd B s astundo o3 Ayigissod
ou [eieusd E pue swuped Auedwod oyy 01 [95A3] 901AISS onp Sy} Surmsus ur mﬁuﬁo&
yua ‘500 pue sung uopeyiodsuen JO [onUOd JO Yol v up synsal Apeordf woneSerep
smy), 'sioyddns pue sromosno ‘siofersdo sopsiSop pesiemeds sI0PE IoWo 03 quaks
Swos 03 15v9] ¥ ‘SoNsSISOf [PLISNS pUR [RISWT Jo juswaBeuewr om oeSeep 01 1 STINS
Jo Auolenr o 18y AApoy OS St 3IoM {EOL3 YONg “SUOISSTUI UOHENOdSTEY J0}Uow pue
uepd 0} sjEoM [EOLIS[D JO JUTIOWE JUBAS[SI B 0f[e satjduiy mnw,w@m; HiSES
198png Awedwoo [[RISA0 51 UO $1500 UonEHOdSUER SU3 JO SOUSPIOI AT umﬁ suBatx mi h
*(uo o8 pur §9xBY IoM0] “5ISO0 MOGE] IOMO]) TOROTPAI 3500
10§ SUDHIPUOY B]qRINOAR] puly Aot} aXoym suoiSs1 uSiarof 03 ureyo Afddns sy osyeso[-sp
01 wiayy peysnd uonesiyeqo[d spremoy sinssaxd ot A[UL02X PUE “SSLUNOCO 1310 03 syonpord
Ioyy podxe 03 pasn oxe Aot sTeak AUB 20UIS 'SISeq OPIMPUIOM B U0 198 0] PAINSUIO
QIO PUE SIOUL 378 Pue "AWiOU0S Ueadoiny S} JO SUOGIRG 9y} OIB SHAS SULMIORIRUEIA]

wopONpoONWy I

“papuesard oxe sonoeid peured sy woly juwies] Suossa] ‘Apeury

‘uonepodsuen  SSLBPUNOG-SS0I0 pUR [epowrnjum poddns 0F pojueuo Apteynonred

-8t 31 se ‘leproiq Yonw §1 2dods Jnyl oW yBnoyye ‘uouydope puw uonmmep (dni)
jo00j01d payus) Modsues], sy uf premiol-das B oymusucs Apesre ssoususdxs omy
352] oy 1 “Apedoad pue Ajpy J0RISIEL 03 HORIPUCD TI SIDUMO NONY [ENPIAIPIL JO SIASTYD
nd (1) *esudisjus popusyxe o) Jo3 sj00) Sunoyruows pue Suruued ‘Surjepow aseAoUL
sptaoxd (1) ‘10puel Joj s[peo 58IB] JomSUE 0) DSY [ROIPAWI-OIG S U SUNOE SIS

JusIsIp 30 150 o SunedariSe 107 sjo0 juewnsdya pue dn-ies (1) 0 pajoasp ‘swsfoxd
ST PRIusLo NS Ul “TIALX GO JO 2a8u jo seoueiadxe sany sequossp seded oy tovasqy

s 1pumis@riuourd [IOUT G6ZEFE 650 65+ 0 ‘S6IE4E 650 66+ 1AL
APoI “DUSDORY 00T T ~ £01 HDION DIA" 14S YIS,
woupmnuInfuoq ;g 6219507 650 66+ X0 '§E19507 650 65+ 1L
Ajo1] ‘DUBPOPY QOTFF — £06 m@qq:m& v ‘oynuy 01882y puv vuspoy Jo Ansazaguyy,
JUVNY LNOW vlonuewy . TIVNOW Bloed | ILLVANOH olAel]

Aypigeaadorsjuy psseq-
Ul seousLIddxy

£00¢ $§24d §OF
(spg) v 12 woySuruunyy "

P8/ 1/810 g sy diyy oBemSuer] uonduosaq 01198 qam IAsm (1]
pesodoxd
~JRI-MOAUOGIM/90/ Z00T/B10° fuep M/ Ay “G°] UOISISA eouaIaeyd (TMO) &%?S Qe_sao qap [p1]

‘SSOUISNE  JMONOJF PUR  UONEN[IOR] PRIl 0] Snus) SUCHEN  peyuf) Hu%mmu\émm

10" 1ppummm/dny ‘vorreidajuy pue A19a0081(] ‘uondiossq [eswarun 1aan (21l

AV OSMALL/BI0 e sy Jooojerd ss900Y 10390 2(dunis :avos {111
XRUAS-IpI-OE /U LB g /Ay *666 1

‘ToREpUAUNNOsTY DEA ‘vonreoyroeds xeruds pur [spojy omowes] uondussagy aamosey euds 3 [01]
“BUISYOS-JPI-Y /A L/R10 g /Y ‘6661

‘UONEPUSIILIOSY Pesodold DEM UouEayIoads vedg omourely uondirosa( somosay eweuds 4y [6]

Asuradiopeomnos “Lijunxgay/dug ‘(iquxqs) joefoly vogeiuswapdurr aoualayay AnstBey PAXGS SISVO (8]

“un e piyoeres/B10 sosun s/ dny “sBuepionyy vieqy smonosig 1]

7830 puxga mave/rduy TR (9]
Jpd gurqe/sandsy

B0 unqramaysduy ‘ooz sum ‘pza moyeoypadg seoamg  AnsiEey TAXGR ssuee [s)

FpdNTEqa/soads /Bxo fuxge" sy ‘TO0T STRL ‘T °ZA [SPOJN Hopesoyuy AusiSay TAYGS TANTNGe [¥]
1007 A1ng (S MmS) mrsodidg Sunpop GeAL ORUBWSG TELONTLININ] 91F JO sTmpaso0id Ut |, $951A188
99 107 dmyrejn ouuewsg STV, (Busz H ‘BI0AS Y ‘sukeg I ‘wonjord N ‘meuBhEIRN]

'S QURIIOW 'S TR ISR 'O SAOH [ ‘weismg W ‘IefdoNuy V) uoniee) saoaeg TAVA (€]

[O+[WIEP/0 1/100T/810 e maa/ /iy IO+ TV [2)

"100¢ KB ‘UEOLIBUIY OUHUSIOS *,q8 M SHURWS YT, () "BlISSe [ ‘Is[puey “J, ‘e seweg [1]

S3TUIASFOP

'CE0HTOL

Dvgad oN welorg ySnonp spom siy Suppoddns oy Aospm] JO [IOUNOD) YoIessdy
[EONIYD3 ] puUR OYNUSIDS o) oFpopmowoe A[nioeid o) ystm sioyme oyi ‘Afyemig

-wopeynesad rerromy

oy Summp pelRIOqRY 2q LM ‘SYIOMSUEY ggd ISYIo se yons ‘suopenuw soeds 03 anp

213y 1940 pouonusw AfyoLiq sordoy oy ] “spiepuels ssay; Suoure swstmeyosw Aipqeredoreyur

dopaaop o1 peou B[RS SI 219y} PIRPUEIS Swes oIy 0} uriojuoo ssnied Sumpen [[e sssun

eyl pejou 3q PInoys 31 I9yio yoes yim Suneduroo owios pur Ioyioue suo syueursjduros
swes ‘Fwddejeao st yomgm Jo swos sprepuels gry Auvwr AIoa SIp SISU) ISASMOE]

"sassa001d ssoursng oy Hupeuroyne ur sjeusq

Jayury sSuuq SEIomswen g7 plepuels v o} Suruiofzos jo doy uo BEp JO SONUBMWIOS OU

Suntopdyy "plOM [PUIOIND O1f) WOL WHISAS pus-yoeq §,Aueduios B $318[0ST “TIX S SB §ons

‘prepuess g7y ® O] SUIIIONEOO ‘ST JBY] "PIEpUEIS grg Sues sy yym Apduoo Koy se Suoy

ST A[[2onEWOINE JUI0 YO¥S YA SUONOUSUEI] Op PUE SJEIIUNIIIOD Ues sIouied Swipery om],

SUCHBPUSUITEO0SY] PUR SHOSRIIUO]) *§

"SOTUBLISS JISY] O} SUIPIOOOE S90IAIRS N0 PUY 01 AnsiSa1 oy Azenb o3 2jqissod 31 seypw
Snpy 'syoafqo uomeoysse patejoop Apoidxe ySnompy AyoITIoN] UOLESHISSR[D SYi uI
PULISp SOUURUISS oU3 WM ANSIERI oY) Ul POSILIOADPR S20IAISS 213 Bune[sI SMO[[R TINXG
"aroweypng Ansifal $00IAISE O3 UI SSIYLITISN] UCHESLISSED o103 0} ajqssod sty 7

‘59014128 Qo JO senredoid oy suryep 03
Lz 59013 oTym. 510[8,, YSnoxy; sarnue Kusider jo ssiuedord syy amyep o3 ajqissod STy ']




Edited by

Paul Cunningham
Miriam Cunningham
and Peter Fatelnig




ng the
1 Itis
sted to
aent in
critical
ride an
L
onality
ne user
ces for
embed
sier for
on the
export
e.

1e next
d KM,
support
ed our
stems.

SIIMOUS
e user-
1es for
opters.
lopters,

Objects,

Building the Knowledge Economy: Issues, Applications, Case Studies
P. Cunningham et al. (Eds.)
108 Press, 2003

913

Context Framework for Ambient Intelligence

Asuman DOGAC, Gokoe B. LALECI, Yildiray KABAK
Software Research and Development Center, Middle East Technical University,
Inonu Bulvari, METU(ODTU) Campus, 06531, Ankara, Turkey
Tel:+90 312 2105598 Email: asuman@srdc.metu.edu.tr

Abstract: ISTAG has developed the concept of Ambient Intelligence (Aml) to
provide a vision on how the Information Society will develop. The aim is to achieve
better integration of technology into our environment, so that people can freety and
interactively use it. An indispensable component of Aml is user context. We claim
that to realize the vision of Aml the following issues need to be addressed: the user
context information need to be interoperable and machine processable since it will be
exploited by a variety of devices. Therefore it is necessary to develop context
ontologies. Furthermore, the user context should be globally accessible; this
necessitates developing context servers. Considering that Aml devices accept input
in different mark up languages; the context server needs to recognize the device and
provide the information in the format that can be accepted by the device. More
importantly, user context information should only be provided to the authorized
entities and the user should be able to specify how much of that information should
be available to whom. Finally, Aml is not restricted to local context obtained through
sensors; integrating this information with the user profile and preferences opens up a
way for teal life applications where the user context can be exploited for Web
service discovery and composition.

In this paper, we present 2 framework to address exactly these issues. We show how
context ontologies can be developed, stored, queried. We then describe mechanisms
for the privacy and security of user context. Finally we present the way to exploit
user context for Web service discovery and composition through ebXML registries.

1. Intreduction

Ambient Intelligence (Aml) stems from the convergence of three key technologies:
Ubiquitous Computing, Ubiquitous Communication, and Intelligent User Friendly
Interfaces [6]. The increased availability of commercial, off-the-shelf sensing technologies
and the prevalence of powerful, networked computers and devices are bringing this vision
much closer. However there are issues to be addressed before this vision can be realized.

One of these issues is handling user context information.

We define user context to be any information that can be used to characterize the user
and her situation. The user context can thus include a wide variety of information coming
through sensors such as the current temporal and spatial location, and the stored
information such as user preferences, and profile. The current context-aware applications
are usually build in an ad hoc manner and lack the generality and standards to be of use in

Aml environments.
We claim that to realize the vision of AmI the following issues need to be addressed:

e Developing Context Ontologies: The context should be machine processable and

interoperable since it will be accessed by a variety of devices. A solution is to develop
ontologies for user context. In other words, to make user context information accessible
by agents (software or human), several modular ontologies need to be developed
addressing different parts of user context such as temporal aspects, spatial aspects,
profiles, etc. Parts of already existing ontologies may be used for this purpose.
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¢ Developing mechanisms to respect user's right to privacy when revealing user context

information: User context information should only be provided to the authorized entities

and the user should be able to specify how much of that information should be available

to whom. For example the user may wish that certain aspects of her context should only
be available to certain types of agents.

* Developing globally accessible Context Servers: The context information should be
available to any authorized agent at any time, any where in a secure manner: This
necessitates developing globally accessible, secure "context servers”, that is, the user
context information should be available any where, any time to a variety of devices
from desktops to mobile devices. Since these devices accept input in different mark up
languages; the context server needs to recognize the device and provide the information
in the format that can be accepted by the device. Note that if the user permits,
information on user activities should be collected to further improve user context.

» Integrating context-awareness with Web service discovery: Aml is not restricted to
local context obtained through sensors; integrating this information with the user profile
and preferences opens up the way for real life applications where the user context can
be exploited for Web service discovery and composition.

To demonstrate our case, we present a part of one of the scenarios given in [6]:

“After a long haul flight Maria lands to an airport in a Far Eastern country. The
immigration officer in this country has been replaced by a device. The immigration device,
through its sensor, detects the identities of the people entering to the immigration area and
performs visa and passport control. Maria carries a P-Com device that has her identity
information and her personal software agent has arranged for her visa. Therefore she is able
to stroll through the immigration. There is a rented car waiting for her at the exit and her
hotel has been reserved thanks to her personal software agent.”

We will use this scenario to describe the context information requirements needed by
Aml environments: When Maria arrives at the immigration hall, the immigration device,
through its sensor, can detect the identity of Maria from her P-Com. There are several
issues to be considered here: :

1. The identity information should be understandable by any authorized device any where
which implies there has to be standards in this respect.

2. Through the identity of the person the necessary information should be accessible. In

- the scenario presented, this is the passport and visa information of Mada. This
information can be obtained by the immigration device either by querying the context
server or if the P-Com also has the information, it can transmit it. However in any case

this information should be machine processable (the immigration device has to process

it without human intervention) and interoperable (this data originating from Europe,
should be processable in the Far East). In other words, ontologies need to be developed
to make user context automatically accessible by agents.

3. Due to the personal and proprietary nature of the context information, access must be
limited to authorized entities and the user should be able to state how much information
to disclose and to whom. In the above scenario, the immigration device should get only
the location, visa and passport part of the user context. Indeed if context information
can-not be disclosed on a role or personal identity basis, if it can not be securely
transmitted  over untrusted networks and if it is not possible to authenticate
communications with remote hosts, this will destroy many of the promised rewards of
the Ambient Intelligence.

4. To provide security and global accessibility, the stored part of the context information

(such as user profile and preferences) should be available through “trusted context

servers”. To provide for interoperability context servers to be developed must be based
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on open standards. Note that there could be more than one trusted context server on the
Web to provide for scalability.

5. Furthermore, since the user context information should be available to any device from

desktops to mobile devices and these devices accept input in different mark up
languages; the context server needs to recognize the device type and provide the
information in the format that can be accepted by the device.

6. Finally, it should be possible to exploit context to discover and compose Web services

for a user. For example, in the above scenario, it is Maria's software agent which
arranged the details for her trip. To realize this, the agent needs to discover services
based on her context. For example, to obtain a visa for her, the agent might get her
itinerary from her context; invoke a service at the related embassy by providing the
information necessary to get a visa. This information may include her nationality, her
previous trips to the country, etc. which can again be obtained from the context server.

/ Trusted )

Context Server
Calendar Position Domain specific
5 T TN Agent
- I ot : ebXML
Social Context 1
¢ ) a Registry
: ] Product &
Preferences & Soc,;gf:m
Permission - defined in class
Profile Ws/

N

User

Figure 1. Overall Architecture of the System

In this paper we describe a framework to ‘address these issues. Figure 1 shows the
overall architecture of the system. User context is stored in an ontology server. A view
based mechanism is used to provide for the privacy and security of user context
information. Services are stored in a domain specific ebXML registry and a JADE agent is
associated with the registry. When a user needs a Web service, the agent queries the service
registry to find the explicit members of the given ontology class.

2. Describing User Context Through an Ontology Language

There is a need to develop context ontologies to realize the vision of Aml. A user context
can involve, identity information, profile (e.g., the expertise area, company information),
preferences (e.g., entertainment preferences, travel preferences), spatial information (e.g.,
location, orientation, speed and acceleration), temporal information (e.g., time of the day,
date, and season of the year), environmental information (e.g., temperature, air quality, and
light and noise level), social situation (e.g., the people nearby), resources that are nearby
(e.g., accessible devices, sensors), availability of resources (e.g., battery, display, network,
and bandwidth), physiological measurements (e.g., blood pressure, heart rate, respiration
rate, muscle activity), activity (e.g., walking, talking, running), schedules and agenda
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setting. As mentioned previously, some of this information may be coming from the

sensors; some of it are stored in context servers. ’

Ontologies provide machine-processable semantics of information sources that can be
communicated between agents (software and human). The following properties of
ontologies make them an indispensable tool for defining semantics:

* They have a formal specification. This property makes them machine processable. For
example they can be queried through query languages to obtain the desired information.
Ontologies define shared conceptualizations, that is, an ontology captures consensual
knowledge meaning that it is not restricted to an individual but accepted by a group.

In practical terms, developing a context ontology includes determining the information
relevant to context and then: :

» Defining classes in the ontology

¢ Arranging the classes in a taxonomic (subclass, superclass) hierarchy,

¢ Defining properties (i.e. slots) and describing allowed values (facets) for these
properties,

Filling in the values for properties for instances,

Defining the relations among the classes.

In order to enable as much reuse as possible, ontologies should be developed in small
modules. If well-designed modular ontologies can be developed, new ontologies can be
constructed by assembling these modules.

There are several ontology languages. Among these Web Ontology Language (OWL)
[10] is a semantic markup language being developed by the World Wide Web Consortium
for publishing and sharing ontologies. OWL is derived from DAML+OIL [4] by

incorporating leamings from the design and application use of DAML+OIL. It builds upon
the Resource Description Framework [11,12].

~ Developing domain specific ontologies are the responsibility of standard bodies and
industrial consortiums. It should also be noted that there are libraries of reusable ontologies
on the Web and in the literature such as the Ontolingua ontology library, or the DAML
ontology library. :

3. Storing Context Ontologies and Security and Privacy Issues

Ontologies are stored in knowledge-bases. Several tools have been developed for this

purpose. However where and how to store the context ontologies depends also on the level

of security and privacy the repository can provide.
There are two aspects of security and privacy in the context platform proposed:

¢ Security and privacy of data coming from the sensor devices. In our example, this
corresponds to the signals coming from Maria's P-Com device and this should only be
accessible to the authorized devices such as the immigration authority device. There are
a number of systems developed for this purpose. For example, in Solar System [8], such
an access-control mechanism is described where sensor data is represented as events
flowing from sources through operators (which filter, transform, or aggregate events
into new events) to applications. Each event is tagged with an access control list (ACL)
thus restricting the receipents.

_Security and privacy of data obtained from the context server. Due to the personal and
proprietary nature of the context information, access to the context server must be
limited by authorized entities and the user should be able to state how much information
to disclose and to whom. For this purpose, a mechanism similar to the well-established
view mechanism for relational and object databases, is necessary. In [13], a view
mechanism, implemented as a part of KAON [7] server, is described. As the query
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language of the view mechanism, RQL [1] is used. The main concerns of the authors in
this work are as follows: :

e The view should again be based on an ontology

e The approach should be functional, that is, it should allow to create views based on

other views. ;

To achieve these goals, they differentiate between views on classes and views on
properties and view definitions are restricted to queries which retumn either views on classes
or views o1 properties.

Such a view mechanism can be used for providing the security and privacy of context
information in a context server. A user can define how much of her context information
should be available to whom by defining views on her context and granting different access
rights to different agents (human or software) on these views. Consider for example the
context hierarchy given in Figure 2. It is possible to define views on the user context and
grant access Tights to different users as shown in the following example:

CREATE CLASS VIEW ScheduleOfMaria
SUBCLASSOF Schedule
SELECT X
FROM ContextServer
WHERE X Name= “Maria”
GRANT SELECT ON ScheduleOfMaria TO PersonalAgentOfMaria

In this example, a view is created on the “schedule” class is created which contains the
schedule -information -of the user “Maria” and this information is granted to her personal

agent. .
Profile & Spatial
Preferences ) Information veer

Travel Entertainment
Preferences Preferences

Figure 2. An example Context hierarchy

Business

4. Exploiting User Context for Web Service Discovery

In order for agents to select services in a context-sensitive manner, they must be able to
discover services based on their semantic description. A key issue in semantic discovery of
services is to Telate the service advertised in the registry with its semantic description.
ebXML registry allows metadata to be stored in the registry through a “Classification”
mechanism which helps to classify the objects (i.e. services) in the registry. In the following
we describe how user context can be used to discover services.

Consider our running example. When Maria’s agent discovers that she will be travelling
to a country at the Far East, it starts to arrange her trip. The personal agent first obtains
Maria’s schedule by querying the context ontology given in Figure 2 as described in
Section 3. If Maria does not have a valid passport for her trip, it is necessary to obtain a
passport for her. Thanks to the e-government initiatives through out Europe, we can expect
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the passport services to be electronically available not in a distant future. Then the personal
agent of Maria can invoke this Web service of her government to obtain her a passport. The
information needed for this purpose can be obtained from her context information.

Figure 3. An example Travel Onrologjz

The personal agent then checks whether she needs a visa for the country she will be
travelling and again it finds the service of the related Embassy on the Web to get a visa.

... To-further-plan-for the-travel, the agent contacts the domain specific registry agent of a
service registry for the *Travel” domain. Consider, for example, the “Travel” service
ontology given in Figure 3 which is a classification schema that defines the semantics of a
travel services. The domain specific registry agent queries the service ontology stored in the
ebXML registry by predefined query templates to find the subclasses of the “Travel
Service”, This domain specific agent also has rules that are provided by a domain expert.
These rules state the possible service ontology classes that might follow a given service
ontology class. For example, a rule may state that a transportation service will follow a visa
service. Using such rules the agent may infer that the next step is arranging a
Transpostation Service. Again consulting to the ebXML classification Schema the agent
discovers that there are several alternatives for transportation like, air, land and sea. Here
the domain specific registry agent contacts with Maria’s personal agent which in tumn
queries Maria’s context to find out her “Travel Preferences”.

In this way, the agent finds a generic service description (a node in the class hierarchy)
from the ebXML classification hierarchy that is suitable for the user. For example, if
Maria’s travel preferences are air travel, her personal agent will convey this information to
the domain specific registry agent so that the agent can access the instances of this specific
generic service to find out the needed service. The details of this process are as follows:
The services and the service ontology objects in the classification hierarchy are related with
Classification objects. The agent retrieves the instances of the “Reserve A Flight” generic
services by predefined query templates. The service instances in the registry have some
slots for defining the properties of it. For example the instances of the “Reserve a Flight”
generic services have a slot-for relating them-for specific Airline companies. The personal
agent checks the profile of the user find out that Maria has a bonus card from a specific
Airline company and chooses the corresponding airline service among the existing
instances of the “Air Transfer” services registered to the ebXML registry.

Then a hotel may be reserved for Maria in the same way, by checking her preferences
from the context server, and querying the ebXML registry.
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After arranging the transportation and accomadation for Maria, the domain specific
registry agent checks the Travel Ontology registered in the ebXML registry, and realizes
that it can arrange an entertainment service for Maria. Then the personal agent querries the
schedule of the user from the context server and finds out that she has a spare time between
her meetings, and she likes to watch science fiction movies. The domain specific registry
agent retrieves the insances of services selling cinema tickets, querries their timetables and
offers Maria the possible choices. ‘

With the help of her personal agent, Maria has a full travel plan before she arrives the
Far East country. When she arrives at the airport, since her visa and passport have been
arranged by her personal agent, she passes through the immigration office without stopping.

5. Related Work

The current context-aware applications are usually build in an ad hoc manner and lack the
generality and standards to be of use in Aml environments.

Authentication services like Microsoft Passport [9] and AOL Screen Name [2], store
and manage personal user data and provide single sign-in identity in different sites and pass
personal information more easily. However the stored personal data is generally limited to
user identification and user contact information that can be used in basic e-comumerce
sessions.

[5] describes the ePerson project developed at the HP Labs. An ePerson is a personal

representative on the net that is trusted by a user to store and make available personal
information under appropriate controls. Such personal information includes user profiles,
shared content and shared meta-data (such as annotations, comments, ratings and
categorisations). However the details of this project is not available in the literature.
.. .Among several approaches for privacy management using service policies and privacy
preferences, the most mature one is the Platform for Privacy Preferences Project (P3P) [3]
developed by the World Wide Web Consortium (W3C). P3P enables Web sites to express
their privacy practices in a standard format that can be retrieved automatically and
interpreted easily by user agents like Web browsers. It should be noted that P3P is for Web
sites and does not use Web semantics. v

6. Conclusions and Recommendations

In this paper we describe a framework for handling context information in Ambient
Intelligence environments. For this purpose, we describe the need to develop context
ontologies for describing user contexts; the mechanisms necessary to provide for the
security and privacy of context information. Finally, we explain how user context
information can be exploited to find and compose semantically enriched services.

The aim of this paper is to describe that there are a considerable number of promising
technologies and initiatives such as off-the-shelf sensing technologies, ubiquitous computer
networks, ontology servers, agent technologies for mobile devices, Web service registries,
Web standards related with security and privacy and emerging standards for the Web
semantics, which can be exploited in developing Aml environments. Further research and
development activities in almost all of these areas are being addressed in FP6 IST program.
What is needed now is to work on frameworks where these technologies can be adequately
combined, deployed and used in real production environments. It should be noted that Aml
applications require cross-disciplinary and cross-sectoral capabilities and the actors involved
should include not only the industry but alse the governments and more importantly the
people since to be acceptable Aml needs to be driven by human needs, not technologically
determined ones. '

There are also innumerous business opportunities. To mention but a few, consider our
running example: The airport with the immigration device saves a lot of time for the
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passengers. Security checks are facilitated. E-government services mentioned like
“passport” and “visa” also save time and facilitate the life of people helping to create the
vision of information society with more efficient services support, and user-empowerment.

Further possible business models are identified in [6] for the Aml business landscape:
- Initial premium value niche markets in industrial, commercial or public applications. For
instance, in our running example this corresponds to developing an “immigration officer
device” with it cormresponding software. Yet another opportunity is designing and
developing a P-Com device which can be considered as the next generation of current
mobile devices.
- Start-up and spin-off opportunities from identifying potential service requirements and
putting the services together that meet these new needs. For example developing
semantically enhanced interfaces to Web based applications and services to make them
machine processable may create further opportunities. In Maria’s case this corresponds to
semantically enhanced e-government services like “visa” and “passport” which are
accessible to her personal agent without human intervention.

Finally the authors wish to gratefully acknowledge the Scientific and Technical
Research Council of Turkey for supporting this work through Project No: EEEAG
102E035. ‘
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