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Abstract

Currently, there is an increasing demand for the interoperability of existing heterogeneous e-
learning systems to support accessibility, reusability, and adaptability. A number of research
efforts have been proposed to address this demand ranging from the development of a SCORM
conformant courseware to Web services-based e-learning systems. This research proposes a
reference architecture for the interoperability of the existing e-learning systems on the basis of
semantic Web services and a common ontology. This is particularly useful for online course
services. This research also adopted an ontology-based Web services metadata as an assistance
mechanism for semantic matching of Web services capabilities, as well as semantic service
discovery. Semantic service mapping endeavors to associate the semantic correspondence
between the service parameters of a service profile that are advertised by the learning service
provider and the LOM elements defined at the common ontology level. Semantic service
discovery endeavors to locate Web services dispersed over a number of heterogeneous leaming
service providers on the basis of the service's properties and capabilities. In order to enrich
service discovery and invocation, the Web services descriptions are modelled into domain
ontological concepts and mapped to a machine-processable representation language form such
as OWL-S. The proposed metadata also provides a means for coping with the semantic service
discrepancies. Discrepancies occur when there is a disagreement on the meaning,
interpretation, or intended use of the same, or related, service information that was provided by
different leamning service providers. The ontology-based Web services metadata also enables
syntactic, semantic, and structural interoperability among independently developed e-learning
applications. As a consequence, the semantic service discrepancies provided by heterogeneous
learning service providers are eliminated.
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FoudlWasaiuamnudeamsandsiu MATHAEANI LOM 9 nanasgu IEEE P1484.12.1 (5] d9ldiins

" - [ e oy L9 = . "
sfudefinotayaniadouiludnuasvasdiiuuduosdoyr (data elements) fimansoudssenidiin o

[} A A oy -3 w i :
nanamy sousaslumni 2.1 lasiinoazBoadsda Ui

1

2}

3)

4)

5)

6)

7)

-

General 1J7:naus'f'aﬂna;;J'uaa'SJ"ELuuﬂ"'?ﬂ'ﬁ'a%mm]'aadaﬁ"l‘lﬂLﬁ'mﬁuaauﬁnin'm"s‘uuf_ WU 3e
asuldndmsGouy  daiasudndniniioud mmﬁ‘la‘s’agluaau@nﬁnm‘éuug” fnafunavaly
1ﬁmﬁ'uaam%n@7msﬁ'uu§' uazdgan Wudu

Life Cycle ﬂs:nauﬁaunaim;aoﬁﬁtuuﬁﬁlﬁa%muﬁmu:'lun'rsﬁwuwaaa-am%n@‘fm-n?uuf R
teffuazdonluniatodiovonusssieitu ussiufiado najuﬁaaoﬁn?ﬁﬁauﬁuﬁwmaamﬁne{
nstiaud (e

Meta-metadata ﬂs:nam‘hunq‘mlaaﬁﬁzuué’ﬁlﬁ’aﬁmuiagmﬁmﬁ'uﬁwa%maﬁaa&maq (Wlg
ﬁ'm‘ﬁmuﬁw%’uaauﬁnin'm‘%uuj') v gadadefunadayansiioud Tuftad wazanditade
Huan

Technical  sznsudsnguuasdfuudldaiusanudainiidmunafiauszaudnyawoasesuling
ndoud 1w denandeysaeudndmadoud (dunlnm wnos ntmi wia LaNaTBu) unasfLiy
seuidndmiFuud swnaessauindn) niouf ua:mﬂIuIaEﬁa:‘l‘fﬁuaauﬁnﬁnm‘%uuj' Hludn
Educational 'ﬂf:nau@T‘Junﬁjmjaa‘a’ﬁwuiﬁlﬁa“ﬁu*nmTa:‘J’aaaut%’nm‘mst‘%uuﬁﬁtﬁmﬁuﬁmm?ﬁnm
i JUuyumsSounsreusasasulindnisitoud @nsldnauiugdGou wislifimsldasy wiadu
wwursn) snsmanizaasesuidndnGou (uwndnda Duplaw dudled wisdudasey
Wudwy  Aanssudmniumsfinwudsrial anuondsesmanisw unumredGen  uaeseny
vegison \Judu ‘

Rights ﬁs:naud’wnsjwaa‘éﬁmmfﬁl'ﬁ'ﬂ%muqmauﬁ‘ﬁtﬁuaﬁnﬂ%’ﬂﬁﬁuﬂwﬂqm;nuanfmuhém%’v
msttaaudndmsiond (1du deafoelddwlunaduussuindniniuuindels) fudu
Relations ﬂs:nam‘huns‘iu-uaa‘é‘ému@fﬁ'l'ﬁ'a%mUﬂﬂué‘uﬁ’uﬁs:mnaam%nvfmn‘s’uuj’%ﬁaﬁ'u
aam’e’nﬁmn‘iuuf&'uq ua:s-"na‘fimquaauﬁné’mﬂ?mﬁu=] W
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N > . o e o =3 - et g =4 Ly L= R o
8) Annotation ﬂi:naumzlna‘amaaaamumﬂ‘l'ﬂ’aﬁmam'um:mm%mmﬂ‘naamanmm-muu;: WD
& w o LU " - - ) [N
ATANEY UNFFIA LM gaswmumm wasToazifsauasdinusty 1uau
2 A o=y El = + I3 s v
9) Classification dsznaudiungawpsdfmudnlfasuisminengionizraseaudndmaiion]

salssaidvasnmianinavyvasasuindmiBouiuazdiddguasasuindmaGoud iudu

5.1 s ettty Type
5.2 Learning Resource Type

12 Tle

58 Intermivity Level 1.3 Lanauage
5.4 Semantic Denany j, Genefal 14 Deaciption
5.5 Int=nded End User Role 1.5 Keyword
5.6 Context N} 5 Educational 1.6 Coverage

17 Snuclue
egation Level

2 1versken
22 Statis
231 Hale

6.1 Gosl "\ 23 Contribute ~ 232 Enity
€2 Conyright and Other Restriciions ™\, & Righls 22202
£3 Deeciption Y \I e
| 1.1
2 LOM l 3.1 mmﬂs_!_{i 12 Sdama
71 L 221k
Mo 124 Eeodler 7. Ratation /" 3 Mela-Meladat /3.2 Comrbate /7 524 Enlly
Tovagmy . PEVEROE oo R e Nl 2 e T,
222 Osaition .7 g

33 Memdata Schama

3.4 1. e
8.1 Entity

8.2 Date
8.3 Dace: n

2_Annotation

81 Purpose AsLhiz
@2 1 S 410 " ‘{":!?.n ;
waw o "\, 92 Taon Path a - P At AL N Vs
a1 omey 022 Twen 2 9. Classificalion Nt ta o s
4.3 Descrigtion 4.6 instadafion Rermarks

0.4 Kayword 4.6 Qiher Platlarm Requirements

4.7 heaticn

a schamalic represemanon of e erarchy of elements in ine LUM dala mod

- w = a o & - 2
AR 2.1 uraslassssuasdebunadeyseauindmsFou [15]

L = ] o L = - L 1] i J

fanihasivaewibonulinmsnsisesuindmsdauildegluunasgin LOM  udiitesan

-+ - o A e mA [l -] LT
lassaineanasyu LOM azpnaielasldnis XML dyfsneamand@ndinlunsiudussuidngns
o a ) -l w EI o = @ o I a w a
Fouilwdoeanuwu (a formal semantics) A limstududayafiianunuslafidesiumarsafuduld

- I [ v a e A B A e o . Mot

wilauiuld Jsindudssimmiauunalulaifidasn XML Asasfunmsfududayaludinnunishdnis

A W - ) L5
‘DGI@L‘LH I.'Ylﬂ‘{u.[ﬂ HVURVUFaRAITHWANY Hulad

2.2 malulafiSunuvdoaaunany

maluladiiuuuufoniunany  (Semantic  Web  technologies) [16)  ihunalulafififiasn
wunwheuss  Tim  Bemners-Lee ua:g}nmuLms"lﬁli‘iuﬁj‘a"nﬁ'uﬁ'a'b.l'[@maﬁns World Wide Web
Consortium (W3C)' malulafiGuuuudannanansd Lﬂumstﬁumwmm‘maamﬂtuiaﬁtﬁuluﬂaqﬁulﬁ'
aauRnasTwesandurfiaiaus (Agent Software) [17) ﬁunnmﬁamnmf:wﬁ unsaindtlannswineuas

v o . < w e w o
Taygauuiu (machine understandable) ﬂaamﬂaaanum-mmﬂwaom}uﬁ _ua:mmmﬂwaga‘lﬂﬂs:mawa
doldetnelussAnsnn {18]

d = w = Y & A, AW el v .
dasnnmalulaiduluthytuesimafuiayanshoglugluuuilifilasasfiuiueu (unstructured

. i [} e . = A Pl i >
form) ~@20HMEL  TaAWEIINGY  (text) FUNM  (image) LLE!:‘BBQ&')@\IEI (video} uazhslaseadis

'http:/fwww.w3.org/



. w ' ' .- o ,_ e
(semistructured form) daatiatdu IWdienss HTML Wudu demsifudeyaluguusumaiseiildifadyw

Y ' & s
Tududna giu 1

A o . . - a - A & v AL P .
NFRUAULAYR (searching information) ANTANALIATDINBINIFURUNTHBLNUANGRWIE (keyword-
' . = A o ' A - - o
based search engines) i1 goagle, altavista illudu lunsiufudaysdiag Tawadwivasnisiudu
= A z i hind . 1] gl o -
azfisanuannans hilimshasituanudaimisvasdld sezliasoiuniwdaimsusadls

o 9 4 e w qs [~ a o .
msnaunsasfeys (extracting information) ALE¥A lazdasdlFinanlumsdadandaysfiasatuany
e - - [ 3 [ r ¥ = LY
#2917 (relevant information) maﬂﬂm‘smstﬂ.uﬂagumz‘lummmm’lhﬂ'mmmﬂ‘uawaa‘{n WRY
vnsdaidandaysunuuypd @

e a - . . A a
anydaudeiulwdenmunanoesdioys  (semantic conflicts) iHavnInmsRududisduamizres
A A s ~ o o “ . , = o oo " . " '
wisadafusuasirldlonadwinasedudnanizivinnu fAT Ml ouuandHAuLEaNuRLIY
a I ' A ow & PR L A S T w = I ot .
wilauii (synonyms) vz lianunsagniududuanld wu mykududyi “car fazldlanasfiidih
Il A- L 1 1] - J Lo J »
“car WALENETANNITIEATIT “automobile” 2 WmanTnRududre 1967s wananit mslddnans
Lo T Jd & 1 [ 1 bt d A
lumsdudu  evarilildlenmsfliduamzuuel  wdarunansvasanmsazdwividlideins
. 2 w A w S . , " e =) ' w  gdn w
{homonyms) 1w ldprdeinfuduenasfifidrin ‘bank” Tawanofaswiant udnadnildan
a a E daa o A o Aot o o o
msfudu ldianamanldnga “bank” MAIAUFUINIT LALENENTILANTN “bank” Allnnuniiy
7 s oy (udu

w b =t o A 2 a A& o a . - Lo
AU I.YIﬂI%TﬁUL'JSJLl.llUaﬂﬂ'ﬂ&lﬂiﬂﬂ%dlﬂ@l'ﬂ%u’]lwaﬂiﬂ!.'ﬁﬂﬂ.laliﬂWTﬂﬂ‘llﬂ-ﬂtﬂﬂI%IﬁﬁHUI%ﬁﬂ?U“

ol A Ay ] J
lauiiTaguszasdasdalui

2241

- [ - o v Aa [ oy e
Umﬂgagﬂwumwmnwaganm’mhagﬂugﬂuUUﬂuIﬂ'smﬂa (structured form) laodidnafung
e J - ] L A = L .J (-3 ] .3 z o) D d‘ - b
Tayai3unit 1a1e1dn (metadata) Weatunuanumingtaysinyaguuiuun wastugrunnalg

=] - L +r z A
aauRamaiviegenduriiateudmusaidilaanuminsvastayauule

[V - » v oo = al 2
masdafudeysuuivuasiuaiandt Weglusiuuuves saulnladl (ontology) iNagrslumsuitiym
awdaudiivrasnnuwinnuesdeys (semantic confiicts) Ynldmansaiujuszdilaluarumany
VeITBYRIINNY

a A & a w d Y- I . . . oot - f '
wanesasliafuauntiolildindsanuilni  (nference engine) Tnduamuianaimdanay

L . = z b ] Ayt .
maoludoys  (mplicit knowledge) Wiaansnusasanuilniluuasnunldatiredouds  (explict
knowledge) - -

" -l w ~ o “ . Aa w
Wannmmnlfunueaulnlafdl  Aduldreuiigeiviomandurfanudaaumodilanunungees
[ = Iy " Y TR o o e [ -
Teysfineansosivaandhlasasyed ua:mmmmﬂmagauurzu‘ld’monum‘il'tmaommﬁnﬂq@
ua:m‘%ammmﬂ?ﬁ’aga‘lﬂﬂs:mauam’a'l@'i’azhaﬁﬂﬁzﬁ‘n%mw

saulniad

- « A A [ I - F
oaulnladl (ontotogy) 1iluasdilsznsunilsfisdyfignianldiumalulefivunuenauming Tay

v o w . Y - .~ da - a - - A n X
fri1 epulnlad Wudhignduinndrmlisg RiimEnsriesmmavesivdsgiiarululan lay

- o - a - 2 T & < a v e a
tﬂun']i'lﬂuﬂ'luaﬂ'ﬂuﬂ’ﬂaoﬂ{lﬁ'n ﬂuﬂ:nﬁiﬂﬁﬂﬂﬂﬂ')’m‘lﬁu'w'ﬂadﬁd SuUU IG! Uﬂ‘j‘tﬂ aaulﬂ'{ﬂﬂngnl'ﬂaﬁuqun{l



- o A ' o ™ - | v s -, £ oA I3 s s
sfimaulalulaunile gadratands Tifianuiinay Lwa'lﬁugﬂmmzﬂaumma‘msa‘ﬂaﬂmmﬂawuﬂ
v - & o - " - - A ~ ~ N “
mnsadilaa g ayduulaMunu uargruudadninnsdard MBI NN BY DI 8ya vinlw
-] e o - -l re L F nld - et L el
miimﬂwnagaTmnﬂaummafﬁm‘naﬂﬁmﬁatwﬁmmmamumnummmmamuaunuaenm'l@um:u
o, ar - 4
mslFafarenu uedu

< ™ w“ = &
aanlsznaulasy WaesaaulnladasUsznaudandeda’lili

= st A b L} A A A i -3 Jd
®  AWA (classes) WIAWWIAAWAN (conceptsiisznavdnngursstsfiraulanGonis Suauandni

] ) gl J
amauidmousululawniinaul
- £ - o L3 . v s [ 1 =4
* Jusuaud (instances) Wia aauind(objects) lduri Fengnaieduaiuazagnisluamianiig
L . - A o ‘ v d A al v e
*  anufuRuT (refationships) Duaudiuiiznivaawdr ghagmolulaau Salinsnnuduius
-~ e n v e . . . . [P '
1 wazanuARUSIuS N ddUSU (hierarchical relationships) 131 AN USTZWIIAmIAEN
ki 1] ) o A =
(chitd class WID subclass) NuAaaWawl (parent class %38 superclass) (udu Tsazlimssunaa
(inheritance) AMRVLAIINAMFWAUNNIFAAGNAIY
. . Aq v o - - . [
® AmaulA (properties) UATAIBIAMANIA (property values) ilTaBunodnymrvasdusuaudidasen
' A ¥ " R ™ [P ~ o ne B w A =
wioamauaszaay auanidudazdrdimanseianudiduslusnvussesnausulddnday Sal
L - 1 i, - L] ] ) o
anudnwuisznig ausuifan (subproperty) nufuanawawsl (superproperty) Liludu
1 . ] 'y A & e e i
¢ Jauly (constraints) uazny) (rules) AgnimualiusndFmIvauaunrieduauaudaisluusdes
a ]
AR 15w Aruaudwudusuaudnisluaaianiis g wiamsnuquanuandeavessziamses
- ¥ A Lo bt Lo 1] bl L= Ad A A A
suruaudlundaraaFninssaauRAUTTER 9N (U AsEWTNY AlauFINuS ‘Fana
=3 L bt Lol 1 E A ! L 1 8
Aunsaunun Aazdaailurududusszuivinauaudneglusmaninu LazARELHUN 1IN

Hudu
domain workIn range
subClass ubClassOf
‘Academic Administration
Staff Staff
< sptbClassOf "
Professor Associate Assistance Lecturer
Professor rofessor

4 . ol J = bl e 1 L A L A
nwn 2.2 uﬁmmamwﬂaaaauI'nIatmaﬁmum'mﬁuwuﬁ:‘imﬂmmmum'\utm:ﬂm:nwummmna

— ‘ ad = ' L :
s uramuvasnaulnladfafuruaaisds quazaruduwuisznitanatg molulaiun
Y - = ] v a o [ R
W ANgI8y szusaslunwd 2.2 dnlsznaydonaariineu (Staff) sasaatEame (Faculty) Allanuduvug
- [ - ' - 4 - = - N -
$o workin naasnuauiuin lWenivamaningd lasliaaa Staff 17lu domain wSa subject 189 workin



- ) A Vo ar ol ' -~ . o
uazilnaIR Faculty ()W range a4 workin FINUIBAIINGY auauauaﬁlnm'magmu'luﬂmmunnm:mw
PP [ -l ' , & . g T - oW - F
ANUTUNUT workin nuauaumuﬂﬂaghﬂmﬁﬂ AULYITUU UONMNREITAMUFVNUT 1S-A w52 subClassOf
W a & 3 ' f LY .
LADINUFUNUT URAndauaUsEnININaEgnUIsATIEWaL Lu ARTEWINNUENIMIANET (Academic
F e = = - . n
Staff) e LUAANTYOUBIATFHUNI N fﬁmnauaumu&umﬂmﬁgn daadudurianfuasnaianauwddiy
v & . w £ a o 4, v L a  moa ' .
AU MUIDEVANG tﬂuﬂuauwuéﬂagluﬂmﬂ Professor winaneng nanilluduauaudvsinana Academic
Staff  uar A& Staffl @0 warIINAMANTENIRUNER aummuﬁuﬁa:é’ﬂuﬂmagnﬁmmm%nﬂaﬂ
w & ‘ T w Fd o a oA £ o P
anuFuRusaInaaanaud1dd1 1 ursENanG muﬂuaummuaag'luﬂmﬂ Professor N3s&INWITOY
e LY o LY = £ J | = [ 1 Qs | o
AMuFUNUS workin NUAMEINSIFEAS mﬂuaummuﬂaghﬂma Faculty é28 1fluén

ar o a v o M o o .4
fmfuasdusznauguguoseaulnlad 1w gumnid wesdauly sxlilduraslRudmadai
222 mwitslwmaluladiSuuuoieanansny

- el - ‘ - o = s ool v oo a
WiasensaulnlsBiivaasagludradwdinmi 22 sndumseiwasulnlabivaldobunsfsdiagiu
A d - a »w bl L[ L w - )
lowunihg  thalivusdauntadliarunngldasniu  wihdaimsldasufmeiviasawdurfioiaud
1 o & A v oA o = - g 4
s lamuninglddon  Adndudasinsunuaaulnladdsnwi 22 Weglusduuuesmmils
a = o - o L R NE . = a 1
smivmaluladduenuFeanumng - @lulhyfulegduiwwmanwfigniawlasasing Wac  w
T - A v J
XML, RDF/S, waz OWL tiludu dmvanduafimansnagylddsi

[l | - ‘i
22241 XML [19] gau131n eXtensible Markup Language u.!ummmnqmaamﬂTuIamwuuvaa
ol - X w Al - I . AL | -
anansignaniu lasniunlarseinlansalzaimm (syntactic language) walilditufinisaing
A I} e L ) .Y L7 L “ bl 1. L
anunsgTasTayaatiade ﬁqu.m'm:n.lm'[ama'lv.Q‘lwﬂﬂmmmaemﬁﬂﬂﬂaﬁwml,ana”n XML 189
[ at w £l P a v ‘ ™ . - a ‘
16 Tanfimsaiaudin ftag) iNat10aTU0AURNETBITOYARARZA? 11U <cost>120</cost> aaTuL
~ e I ' & ' . a4 -l . -
Tayadian 120 (funm s lsAaulsunsndszgnduendsrasdnids gidasmsuaniisudaysmaniu
-3 L ] - A’i et " - - 14 L7 [ - LY = L5
Aardaasuiiunin <cost Rimiuwimmnutismaivoteyanan dudazasdnsinislddabunadayasim
N a 1 A 8 , P = . o P o
@ 151 p9RnTRilale <price>120</price> uarBnaannInitald <cost>120</cost> 1Haarfinysuanidion
. - ' S ' & ] . . - w, & o A
ﬂaganwfzm’wﬂaumma‘?‘uaau.ma:aaﬁnﬂ:mun’nmnmfma):‘n'ﬂv.ﬂaumLma‘fﬂﬂu‘l@'nmaaqtmnmﬂu
o = [ & w e ey d a4 w v ' rs I's I's rs P
windsriu uananit Mosdduriisnuidasmifssfududayanainudsasfing sanduratauriesty
el 1 Jﬂ Lr] -l L7 . -3 r-l 0 [ J’
fmanrwldiandn <price> uaz <cost> HRadadnafiu adrlifianu mwr XML figedndumusrRugiuniwm
. P A
wIndmismesmanaladdusuuFaanunai

2222 RDF/RDFS [20, 21] RDF tiau3nn Resource Description Framework Li'.lummﬁgnﬁ'mm
daanan XML lay Wsc_T@ui‘tqm}mmmﬁm*ﬁm’mmm‘ﬁm slaseadraw aqix’agmﬁmﬁumn XML tRatae
'lﬁ'mawlﬂ'uﬁ'Latauﬁmﬁﬂmtﬂ'ﬂ%mﬁwmumaa'ﬁ'aQa‘lﬁ’ﬁamné’aaﬁvﬂﬂmiﬂwawgwﬁ warnisuiidama
aradausiiuludnnanansvesdaysld laseashs ROF arfilasseiuiugpwiizeandostu XML uaesd
pistnualassafeidunasgmannnd XML dedatu sndslsedoanuialufl  Rovert is a
Professor who works in Science Faculty” axfunsnunwleen u’[maa‘iﬁm&'&gaﬁ;ﬂu XML ledwaanluoy

<Faculty name="Science"> <Professor name="Robert">

<Professor>Robernt</Professor= <Workin>Science Faculty</MWorkin>

<{Faculty> </Profassor>
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" = ' o » ar . =]
qm:mu'lGT‘nmnmuﬂ'agalugﬁuuu'na:.l XML azfilassefauuudaunu (tag nesting) ‘nﬁgﬂu,uv
P ¥ - “  oa & o d a v o -
Aluwiveu Iuduanud aom‘smaorﬂ'ﬁo'\mﬂm 8N AU NNTD uulﬂmnmﬂnqnoﬁweﬁnﬂuﬁjagamn XML 1
v oa & A 4 a
taradeinainnandi azBuGeshiania

Tmaﬁ’mﬁay‘ﬂuuu RDF a:ﬁn*rnﬁw"aa‘{ah;sﬂuuwaoﬂsztm (statement). isznaudlbau
Funaniiion tripte ludnwasans (object, attribute, value) 1oy object xwanpds Busuand wia A
ei'aamia"‘n'mﬂﬁa%imuluﬂmwﬁac] attribute ﬁmﬂﬁaqmwﬁﬁmm object 1fw] %aa’m’lmﬁa:a%ﬂugﬁuuumm
fn3u1 (verb) 15w workin, hasChild, locatedin, 1{ludy wazdm3L value vzgunsadiu object BuR
ANMRFNAUBAY object winvasdsslon wiseaduitaysvasnnanyd ﬁﬁﬂs:mﬂiagmﬂu string, integer,
Hiudn dniu 9ndragradslondanadaadu 61:mmsntmu'lﬁ’aguilugﬁuuumao RDF Afilasasallunmw
YddanTwdt 2.30 Amansounudismwn ROF Ainsafaesfidnlelddannd 2.3

<?xml version="1.0" enceding="UTF-1§" 7>
«<rdf:RDF
xmins:rdf="httpfwww.wd.org/ 999/02/22-rdf-syntax-ns#"

workin T — -
. xmins:univs"hitpfiwww university.org/univ-ng” =
Robert »( Science P fty.org/uni
<univ.Professor rdf:about="Robert">

<unbv:workln rdfrresource="#5cience™ />

<funiv:Professor>
<univ:Faculty rdf;about="Sclence" />

<frdf:.RDF>

1% o o a
n. usaalaseain ROF lugtuuvuasns v 2. WEGINET RDF fieauRaaadidhls

J @ L
nINd 2.3 uamammnﬂmamwagalugﬂuuu RDF

ROF Lﬂummﬁ'ﬁauhmmnum"agﬂﬁ’a;Ii"lugﬁuunﬁmmm%'ﬁaﬁl,ﬂummgm uazimieiuny
JeyaiRuauwduasoiu XML 1Bu lumsuendt Robert (lu Professor ¥suarlu Science Mfunmr
Facuty) uaRdalailddmsetunoauntnewes Professor, Faculy, uar workin  Fedadnuiludrdwit
{vocabulary) @19 rjﬁﬁ'l'é'ag:'lu RDF mﬁwﬁ@mqﬁgn'l'ﬁag'lu RDF sxonfiouaglu RDFS #3e ROF Schema
wwine Faamilumsebunedn Professor uas Faculty iilwasns §aw workin unmaud AunuanuFuRuE
onsznirama Professor uas Faculty uanmm‘{é'emmmm?mumwé’uﬁuﬁminnmm‘iaqmﬁuﬁﬁ‘
ag’tugﬂuuwaoa'ﬂé'v'j?u'lﬁ‘ﬁnﬁw ‘51 subclass Wt subproperty Liudu @annansaiie ROFS ﬁgnunu‘lu
;rﬂuuumaanﬂﬂtﬁaa‘ﬁmﬂaaﬂﬂaﬁwaoﬂumu:lwm’mmé’uq:uammg'lumwﬁ 2.2 uazAMAFURUTTzUIg
RDF uaz RDFS vzurataglunni 2.4

m3a59 RDFS €|'\1'ﬁ1uTumsmuQummgnﬁawau‘i’agaﬁtﬂuﬁuﬂuﬂuﬂmanms RDF 78 14
91n RDFS ﬁi".'miﬁ'mum;lmﬂuﬁ workin 11az#a9ii domain fAia Staff uasdl range Aa Faculty eaiw (Hafinns
sfuduauaudimonms RDF ﬁ’a):GTaaﬁmsmuqu‘éuaumuéﬁaﬂfﬂmwﬂ“ﬁ workin lﬁtﬁuﬁuﬁwuf{'ﬁag
mulw domain uas range 184 workin ¢y 1FuaN@at1e ROF GnsAmuald Robert 1 type (iJu Professor
‘ﬁwmum'\u'h Robert Lﬂu'éumwmﬁ'ﬁﬂgmulunma Professor uanﬁmmn Professor illw subclass w83
Academic Staff gz Staff dani Robert 3efaDuduauaufues Staff oo 1uda Robert %:a;uil‘u. domain
Staff ugzd MU Science MinTsualil type 1ilu Faculty wufier Science sxifludusuaudvas Facully w3a
af‘.limu'lu. range Faculty G?’mfu statement L4 RDF o {Robert, workin, Science) Rflainaenndasy RDFS
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domain workIn range

Associate
Professor

- e .
NN 2.4 LARINVFUWUTITZRIW RDF uas RDFS

' - o a
OWL [22] J9u191n Web Ontology Language (HUABNGNWAIMIANIINAIY DAML+OIL

2223

(DARPA Agent Markup Language and Ontology Inference Layer) {23) $si) ROF L'ﬁummtiauagmu'iu
W Fo i =y . L ' =l
(sublanguage) fi9uin RDF/S %:aumuﬂ'ﬂw'lun'\saﬁmumﬂwﬁmeqﬁl’ﬁ‘luaaulﬁlauﬁag"lu‘s;ﬂﬂm AT

AUANLUR 'saaj'lﬂﬁm'z'mé'uﬁ'uﬁﬁaghgﬁuvummmé'wﬁu i subClassOf Waz subPropertyOf aginalsiau
RDF/S L'l'wwmuﬁﬁﬂﬁ'tyﬁmzlé’mﬁa‘mﬂumw%'ummnuﬁ'agaﬁas_lmﬂIuTaELfiuuuu?{'am’uwmn
AIDEIITU
*  midrfnvaviuadaaanaInnasif (local scope of properties)
n13lE ROFS a:‘himmmﬁ'\ﬁmauwﬂﬂ’agaﬂtﬂu range TaINmEUIRLA wiaTunineds
witsfia A3 muA range restriction §anthatdu diimsas RDFS usr RDF Areasdasnulasiains RDFS

u A a wadu A - - a

aamwd 2.5 law eats tﬂuqmauummaw domain fI9NAIF Animal Ward range A8MAR Food URY Animal 32
A - 4 . e i - v »~ o
3 subclass 719 Cow uar Tiger #MTU Food i subclass fid Plant waz Meat 0INIaTs RDF statement 1

agihgﬂu.uwao triple (Mali, eats, Beaf) 1a8 Mali iTuduruaufuas Cow uas Beaf ifuduausufuas Meat 92
- 1 l - & - A A, L) . « . N
MunITIeU RDF statement HATYNADIUIIINAUKNUAVEI subclass @i Mali ag‘lu domain Animal

uas Beaf fiaglu range Food a0 Mali uat Beaf Ssmurisnldnmumniia eats 1ef
'] = r- o4 F ] J‘ s bt » .
sgwlsfian fawfimsidiou ROF statement fazgndasenundnms udenamanyaasiays

= _a ) 4 ) .~ P da & S ad ) a
anvaruniluaisarligndas dessnTasdashiiwile Jywifauil fdlassnnsihe ROF/S wliide

lamalilévhmsinuaneavesdayaldiy range vasnmmusdld wu himawnsofvualdamai@
ol I - - b g
eats N1} domain \JuaAsE Cow EWNT0il range (fiuaaa Plant iiuuld
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. eats
domain range
Animal Food
{oClass ClassO
@ Tiger Plant @
RDFS
......... S USRI R R
type *~, ‘type RDF
eats
Mali »( Beaf

’) ) : o
nnn 2.5 ueas RDFS was RDF Yluamﬂ’ﬂ&I'lalﬁmmqﬁuwamawaya
o
¢ NTETNARIFIINAMIADW {Boolean combination of Classes)

L) - ]J - A A L] e LT
ROF/S a:'lz]awumgumﬁmqﬂmalv.ammsr«s‘mmn‘ﬁauiummaaunﬂé’) yTlae T
ar . . # [ e il i - o a
®annIs union, intersection, Wae complement tUuay @retinwdn 3 ldmunToaFInang Person MAaNNNT
union NUYBINRIX Male Laz Female & 1Tludu

®  AEIUBAITWIRANIBN 1% range #BIQUAAN1IG (Cardinality restrictions)

ROF/s acliilalanmaldimuadwauaundnlu range maaqmmu”ﬁn{ia 9lé dratrudu G
teach Lﬂuqmauﬁﬁﬁvﬁau domain fa AcademicStaff (970 range fe Course nsains RDF/S azlimunsn
AMruahwinurauLdacaurTo duFuauudacdusuaudlu AcademicStaff azmuingau Course 16 Wilfiu
3 Courses wianam3nipwiadielimunsadimualidusuaufudasdusuaudlu AcadimicStaff Fnanuduwue
teach NUBUFUAUFLIUAAIR Course LOLA% 3 Ruauaud

" ' s A W W w - o = a v a

nnmeiataddateduivinld ROFIS \Duwnensshiifgawadmivnisidrumsiulad

o F w X = - A e ¥ v .

Juuufearaming  Momqildlinmsianmmdudaanilianuswisaannnit - ROF/S &leun
DAML/OIL #az OWL 1{ueiu

stiralsfionw Baudinmen owL andlumusrfidmafiudunwsansoldunnnit RDF/S ud
owe fgafimildlavsiuiugunnadsiiily ROFS iipsudimufmduguansocuadrdulyinld
1NN RDF/S I@\u‘luﬁa%gﬁ'u'ld’ﬁmmﬂos:@‘fum‘aqmm owL aanufu 3 szeu T OWL Full, OWL DL uas
OWL Lite ﬁﬁqmﬁnumﬁ\mneﬁaﬁ'u é’mpﬂumﬂaﬁ' 1

* - = [ a A e &y =)

mMu OWL 'a:uJ'u,mH'muuu'l‘ﬁnumﬂ'[u'[aunuuuuaammamuhﬂ%quu uasiihunud
" A YIS " o o ] ' F y - -
wisitlddantfiumsunudrmiduwuy Fannumny Taazaaguuiuginuss OWL DL uwdn
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4 e . -
#13719N 2.9 m‘m&a?ﬂﬂ‘mﬁuum OWL 1‘1-%1.‘5!5!:‘5:(’1”

OWL Full

OWL DL

OWL Lite

OWL Full auflumun OWL 7R
anuEnTdazuuuras OwWL
widatfudadimnadasiioUsny
Reasoner ﬁsaﬁu'@mauﬂaﬁmm
283 OWL Full itldiay

OwWL DL lwnwsiae
(sublanguage) 193 OWL Full ﬁil'
aNnuFmANTaniiaIni1 OWL Fuil
nsi‘nﬁam@gmé’nummaﬂs:mi
ﬁﬁag'lu OWL Full v3u mMsmaue
Cardinality 1%AU subproperty w38
msldaansaldnmdnuns

owliinverseOf,

OWL Lite %zﬁqmé’numﬁﬁ’nﬁ'ﬂ
¥t OWL DL nénda
Musaliguanmuz  owloneOf,
owl:disjointWith, owl:unionOf,
owi:complementOf (E:H
owlhasValue 18 wenwnitlums
fnua cardinality 3zmMmAuaduIn

=) L 4 1] z
aungnldus 0 uaz 1 i e

owl:FunctionalProperty, At
owl:InverseFunctionalProperty uaz
owl:SymmefricProperty Ay data

type properties W& Inlg ey

-
object properties tN114U

o &, =
2.3 AaUINISLY

o w J w o e o = ) - ot ol
twirdaiazldnanfanaluladd@nuinsiy Web services technologies) [7, 24] Sadumalulsiingn
J s & ) Il L *) E‘ L A bl -
sanuuuyialdiiunasgwdle  (open  standard) Tﬂuagamuﬂmmnﬁmmmmnum*sysm'uagamn
. o u e . e
undsdayafinanmay  (Heterogeneous sources) wavhldszuuwislusunsudszyndfdanuuandraiy
masoiauiuiuld lesmalulsddnimadvsmiumpldgdldnimg - masesiduuaslusunsalu
™ o § - s = - . A &
dnuonFuni wrea (method) wioWendumsmmivsunsule quial¥iSnsduladiunits wanflaloms
- L L ) = Lo i . bl = = " & o
hrﬂwsmsmmmwzzuIﬂsLanmummﬁmnmanu WawsaSenldruaraannlavullslanaa HTTP
-] n -9 o “' L T » 3 L | o .3 g A L
sausfotuduaaiida  leoidlduimsliduiudsimoandosavasuasumsinuraswssafgniianls
. 1] L . . L L d R L") o LY =
wiatsle @iy JI¥uimiswsasfhawseafaliuinsdasmm Java uazdiFunlduinnsismwnsa
= w A L J A " v o k) w Ay F A g
doulUsunsudaommwidu 1iu Visual Basic daifunlfiusesvesdliinmmiuld dudu nsiufiasen
maluladddmuivaziinsldnm xML wazluslasss HTTP wadlwnesgpulumsuanufaoudoys
B o G w F £ a & . ~ o ' % a
swinldsunsadszyndfuandiuumadededuesiida Javbideadens wssdldrslunsuddymn
P ' a . |
Wigaiunsysandeysanundsdoyaimanniiy |

dru3nsduariinseanuuusndaanssuludnsmeAEondn Service Orented Architecture (SOA)
Huwndadisedn Felsnaudrossfsenouwdn gaudiu Idun #liudnns (Web Service Provider)
GFanlduSms (Service Requestor) ﬁLﬂ‘ulﬂmnmﬂs:qnﬁﬁﬂﬂﬁtauﬁ (Client Application) WAZHIUNUNNT
aanziuwuINIg (Universal Description, Discovery and Integration- UDDI Registry) IG\ULﬂﬂ%ﬂﬁ‘lﬁ‘n'}?ﬁ‘ln'ﬁ
guduin s uladussau fazldvhnisamadvudl UDDI Registry uh*érmms‘[mﬁmﬁﬂqﬂﬁnwxm:ﬁ%
GonldtayauimmasaulilugtuuuvasiWd wSDL (Web Service Definition Language) msiSunlduinise:
L?'m’mQ’ﬁun'l':'f'u'%mm:vfl"lmﬂ"umu?msﬁd’aomsmn UDDI Registry fILﬁﬂ@il'agau"’in"ﬁua:ﬁ'm%mzﬁ%ms
Fonldayauinisenlwd wsDL it Lﬁaﬁﬁun‘l’ﬁ'ﬁn'\mﬁuﬁ%n'\'sﬁﬂ nlduSnasfasdouldsunsuiartans
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Fowamnirliimrludesruimsduresdliinns laghunanasgulislanss SOAP (Simple Object
é b L - 1 W st - o " A
Access Protocol) T9tE XML winasmunarlunsaivdearudadadudining sazmsiudaysnadng
kel ) 1] ol A o - e L= A
FNGENT wdazadftlsznoursimminuhdwusiudugaslunwh 2.6

——

P o o a f - . -
AMA 2.6 uasntTnuhdus it asadysznovds g lwaadaonssudavinisdu [24]
2.31 maluladnifsadvsdudwinsniu

mshaupasesidsenauans gluaontasnTiudauinisdu mmm’uaanumﬂlulaﬂwumuﬂé'mm
Teiur SOAP, WSDL waz UDDH ﬂmm'snasﬂ'lﬂmmalﬂu

2.3.1.1 SOAP

soap diulislanamnaspuitistilusunsudsandfignatianeilslasiewieunsadadatud
u’%msﬁuﬁa‘mgnw'}"]a@hzﬂﬂmnmm‘:qn@?ﬁumn@haﬁu‘lé’ &y SOAP ﬁ!:flm‘sa‘%"]auﬁnmwaoiammﬁaglu
swwbzssw XML Resolulufianslafiamonits vuiugmuaslyslanaa HTTP Bnfinils ildeansa
Manudu Firewal 'Ief SavialdmisSenlfamdninnduemansaviemldnisniunaiile  dunmla
unziinnsuiia Tﬂummnmﬂs:qnonarfla'lﬂélauﬁmm'snm“ﬁo'ﬁ'asmum'ﬂ‘%unlﬁ'u’ﬁmslué’num-nmms
Sunusaa (Remote Procedure Call : RPC) "fmﬂﬁ"m‘] U Java RM! (Remote Method Invocation) layaie
Fanruluguuues SOAP request message ﬁﬁmﬂﬁu%[aLuﬁaﬂﬁ%:Qm%'amua:dﬁagamnmﬁﬁma{
@19 qﬁa:ﬁﬂﬂé’omﬁamfu Iudnw e asuiainivastsnnufimansadt s idasnniuld ussuenaniion
wimsiuficwisoadnsaniiugluvures SOAP response message wWadanauluFslusunsumaialad
ourldituiu dadrmesdaniny SOAP a:uﬁma%ﬂumﬂaﬁ 2 Taudoaa SOAP request azurasing
Gonlfuinsdasmmmunaiesdudfintaiie 40001 TagSendmasea GetProductPrice 2aadauins
dy wazdimessdayavesmimiiiaef ProductCode fia A0001 S usantudIy uazdmiudanita SOAP

) At & -l el 1 = L e A -] s
response  THANYAIWIN WAWFIINNTFENIEiNTER GetProductPrice srdvTIARUTINALANGIfiTunld
¥ins lagazdunmewisiiiaad Price 1ludu
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A .~ N w
TN 2.2 LHEAINIDE1NUDIVDNIL SOAP Request Uaz SOAP Response

<SOAP-ENV:Envelope
xmins:SOAP-ENV="http-//schemas.xmlsoap.org/soap/envelope/"
- SOAP-ENV :encodingStyle="http:/schemas.xmlsoap.org/soap/encoding/">
SOAP <SOAP-ENV:Body>
request <m:GetProductPrice xmlns:m="Some-URI">
message <PraductCode>A0001</PraductCode>
</m:GetProductPrice>
</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
<SOAP-ENV:Envelope
xmins:SOAP-ENV="hrip//schemas.xmlsoap.org/soap/envelope/"
- SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/>
SOAP <SOAP-ENV:Body=>
response <m:GetProductPriceResponse xmins:m="Some-URI">
message <Price>34.5</Price>
</m:GetProductPriceResponse>
</SOAP-ENV:Body>
</SOAP-ENV:Envelope™>

2.3.1.2 WS5DL
= Pl o | Tl W R a A ey = w o & - a [ = .
WSDL '«a:mu‘lﬂaﬂgnmwwu‘[ﬁugmwmmmﬂm '[61aa:mmmnumaﬁmU'ﬂagamms VEW
o - - v = a o = e & - oo = . E A
dumisagrasuins wihhosawinis 52T lumnSenlduimsmnaiuSmsiy iu TauInas Wwrea
- P 3 ar oy - & e 4 = o a1y ™ . c a
winiiess sladays uszdinadwindonduu Wudu gufufayangrslunmsaiodoniu SOAP ndnmda
" . TR S = I v o=
maTaJ‘nm‘mﬂ'i:qn@Tmafh'l,ﬂﬁ;auﬁ'«)fzmmsmmaﬂ‘a’m s0AP lddsduinmsduiiaiFenlausnag Tusunsa
& w w . o v > o -
ﬂszqnﬁum:@mamﬂwag ammmﬂ‘nmﬁaglmanm‘: WSDL fivinuy ssuuansns WsDL SaSouiailon

e

nufudlalunasietanny SOAP 'lﬁ“ﬁgijuuumuﬁﬁm?n'ﬁﬁu d8ams \assaevadenans WSDL il

he

fugmuiilu XML Schema @viinududautazpinfiasanudils adnglsfenu frimwduimaiu Al
duilusasdnlalulaseasisvas WSDL uss SOAP iiaazviniseiesruinniiuudatnela tiassnite
diannMuimaivihmssivdingiy ﬁ%:ﬁ*qc-rnaaLﬂ"’éaaﬁaﬁ'l‘:‘i’aé‘mﬁ')u%m-sﬁummmﬁatanm'r
WSDL fflﬁ‘aaiwim'[mﬁag}ué’a msﬁﬂ@ia'éamsﬁ'usmhamsunmﬂs:qn&maﬁa‘lﬂﬁwuﬁ Mudusnaiy
'[@uN"mmsm's'nmawﬁ'aqammanms WSDL a:ttﬁmaglumwﬁ 2.7 nada lufumaummﬁmﬂﬁﬁmsm
nsafeinniy e lwldansns wsoL ety ua:tfjalﬂSLLnimﬂs:qnﬁmoﬁﬂﬂélauﬁﬁ'aamm%’w
danu SOAP adunldiSmsanaiuinisniy fduudasdinzsudaysuinirainianms wsoL ﬁrﬂ”
Wusnisldetaiu nf:ath’ﬁ'au“au‘%msm:hfumﬂ"mwa%'wﬁamm SOAP @uANuRInNIs10sdUImaI

[y & ¥ L ¢ “* A P a . d 4 e o N .
PRITINUU Tﬂﬁu,n‘)‘uﬂﬁq’ﬂ'@m’h‘iﬂd\lﬂmauﬁuﬂtﬂ?'lJ'Sﬂ’ﬁl.’lUn%:m&ﬂ‘m@lﬂm&)ﬁﬂmﬁlw 6$‘Uﬁ\‘1‘llm‘.llﬂ5:?\']'lﬂnu

&

Client App

P A jod - ' < 3 rs '3 v A o
NNN 2.7 m‘m@maaam‘snmzﬁmemnsmh:qntﬂmoﬂﬂﬂmaumta:m‘m'm’m'm
IﬂUﬂ??éT%ﬁBQﬁU%ﬂ'}?%’]ﬂlaﬂm? WSDL [24]
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2.3.1.3 ubDt

UDDH L'i"JumﬂTuIaﬁﬁgnﬁeumeu Ariba, Microsoft uas IBM Lﬁa‘lﬁ‘@'ﬁ%’ﬂqﬁm‘%mn%ﬂﬂums
ssnziowfslasanuinimvesanliudesrsmamsu uﬁa'lﬁ'{{uwa1°1'$’1.|"3'msmmmﬁumﬁm‘%miﬁuﬁ
a0anys1d upDl SaufSouadiauiilusyalnsdwddmivmsdunidninniy Tmum"agaﬁtﬁuag’iu yoDI
udwaniiuwamusisUssnoundniiueuldiy ayawi131 (white pages) suawiunias (yellow pages)
wax syaniulid (green pages) Tﬂuaqwﬁwnauﬁuﬂ’agakﬁmﬁ'uﬁ'\a%mnqsﬁwmé'lﬁu%ms ﬁay}j’
Tsms s waslnidwd dudu syantundessrafinslsianuasnguuinrrasdlfiutng uasayani
Wonazatunitferlduinsnasdnsmadiu Sudunosnd ﬂmﬁLﬁuagﬂuLenms WSDL maonﬁﬁu’?mn‘fwm
atnalsfieny mviaun UDDI Iuilegiudvaglildimualiifuinasgm srfiesiinsdannedrasaiias uay
\flasainlasaaine UDDI a:ﬁoﬂwﬁgwguuﬁugﬂwm XML m3d%un1u3mMsan UDDt axfsnadumsdumwlu
Snwusu9e keyword-based agi%omoﬂ'?ﬁ:'ld'm"a&“:au"%mfﬁ'l;iGmﬁun‘nm’n’aon‘twaac&'ﬁnnlﬂﬁ wagenis
mmlué‘mmmn'\sa%mwﬁ'aqm.ﬁn’mmuﬁam’mwmﬂﬁuﬁa‘%o Amansornldsandurflanuiasmiadile
uazfududonavimslddieauas

™) o [ é
2.4 AUINISILULUUADATINBNY

TwwrtaitasmeinalulafdruinmadusuuFonnuning (Semantic Web services tectnologies) i
mwiandeaninalulafdasinmsiivildnantiiwiadafiud Tasdsaguniugmoasnaluladivunude
AMURNEY n‘fza'mnm'ﬁ'aunwiawaamﬂ'[u[aﬁﬁ'w?mﬁﬁuluﬂ?qﬁu 'gmﬂ*::mﬁmaoé’w‘%mnﬁnuuuﬁa
anunanefifesoesulnlaffidsznovdoisavasnais uas AuFuDA @139 Lﬁa'l'z?l.ﬁuﬁ'\a‘ﬁu'm'fl'aga
Wmsdmudvimsdua g dielrendurianwimunsadalennunanee asdayauimsdinauauas
gududayeudmisldassiuanudany ﬂogl:'%'ﬂwau%nwmnﬁiqﬂ Tasfimsiannnsdmivasaaulnlad
FMFUUINITTUNIINME1 OWL-S (Web Ontology Language for Services) ﬁﬁ'mmagjuuﬁrugmmmmm
owL %‘mﬁaimﬂummthvi%"umsa%mmﬁ’agau‘%mwaaﬁ')u‘%n'm’m

- - _a 4 - » g ' i ' - &
nsadusiafunsdayauinisdunimesulnlafiicoluTasd gdadalui

a - [ ] = Lr e i ™ I

1. MIAUMIEIII TS U895 A1 IIE (Automatic Web service discovery) lasdruldmandurfia

ndnianaudnaaslysunsugusoduniduntsrasdanimsdvudainedalnugd Taslideadiauita
= w [V " o v o [y -
vUnI7ee u,a:uo‘mu'lmcﬁﬁumﬁmmmﬂwmﬁmagau‘sm'smuqmfmu@:u.a:mmmmm-ﬂmmm?
Ao a4 - Id ' v . Y L
AmurToltiumssusuiuuFoaamanolageraddurfiatautld iialvnisdudummrariidasieny
.- el [T a

AnudIMITaIfintsSnsannige |

2. ma3anlfuintsedredaludd (Automatic Web service Invocation) waWduifialeurinie
aanfatseslusunsuazmansndunldnudnimaiuldededaludd dlesein owL-s ssfiinasgud
Faolumsusznig APL wuuferaumuneiisisltseddurfonwimunsadileidviomiuiiuises
(method) n3alwsiaw (process) NimAiniarls finrmfimeforlnhafidadldlumaSonuraaiu
(inpuf pasameters) waziinmiieosnadntorlstne (output parameters) fiazdiaanananilEae 9375y
oo fioawimunsadonlduimsiuldadrsdnludd

a r o e -, - ] [ [
3. prairwssinesadruInistivadrdaluali {Automatic Web service composition and

fnteroperation) OWL-S fagrglfiiamiiteuiiunurassiuinsivedadaludad lasiigsuvasms
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r- z ] A ' - » s A L5 A st Lond o e 1
BT UM TURDUN TN UABUNAIBAIR VTN ULARE AN ADIT M IV TURRNRUTAU Uazn1TTUaITa9
'fl'a:giaw'mﬁLma%‘sm‘i’mﬁm‘%n’m"’iuu@ia:ﬁa

Y™ [
2.4.4 paddsznausasaaninladdmiudivininsy

- e st L= é = L - L . W
aau'[ﬂfa'ﬂ'mwmmmmsﬁungnaﬁmumumm OWL-S szafunsandmsivludnsnevesnaa
AR 1] A Ll e
UST LRULA laganursoutsasdilsznauamumineenldidumudiundng fia Service Profile, Service

4 [ o ' ' - vAe o P
Model, uwar Service Grounding ﬂaql“zljl.‘.ﬂﬁﬂ]ﬁdﬂﬂ']a FLALEAININT 2.8 umn:mua:am’m‘l@mma‘lﬂu

ServiceMadel

A ar » bl el F-3 -
MmN 2.8 uasdlanaialesraveseaulnladimmivdruinisiu [14]

- - - e - o " N & F .
2411 peddsznaviiiFaiuisuimsaesuimsSudalils ssfliznsulusutiazgniGonia
A A A o E=) 1 Ad +! s F - A -3 1] -
Service Profile FvazlWiayainzifusinans gifegludinnmaiy v Fauims Ursnnuasndayasning
[ a a ' oo o " 4 A W — A e oa '
snwnzeaaims  uaswmiliteefigadaglunins  adludu Fadudeysfmisluniuduuinsun
& £ .\ -~ A I A N e “ o . B % v =
gardwRawiiuduinmienwidesnmisll Huldtedeyavasgliuinisudasmy v affluInms
P T | -
nay néado Wuau
A oy, r Y. | .l o = J‘ -l 1
2.4.1.2 psadstnauiidasunismaSonldemdindnis asflsznauiazgnundn Service
-1 d A2} ¥ 4 o - L2 . -l -]
Modal w38 Process model GyasifunisuansandwrfiaeudineeGanitauuinisidonnsls duilusoaria
Tnsirmes 15t wdazinBaadoInTT input was output parameters 81513 Unanseny (effect) azlnfiatuing
" w ol d v . - w a
sinnTienlsinwsea Wwnsdinfiwsesfidaainuiiniuiusnunieyad composite process aztsznausay
v o ' [V e “ 4 4 B & ' '
Wwraalatendasinnusiuiu § input waz output parameters AIMITUSEINHITHINILEaaUaine e
Wudu
- -~ e o - .
2443  piddsznaudlfesinsismantifedauinns afdsznauilazgnidoniy  Service
| r = ey | [ | s - [l .J L3 o
Grounding \luwniseluipTaatiBeateiinadnds (access) @215m35 viu lilslaneadld stnsuresdaay
e LYY TR VI, - w [ . A o [ 3
faitlumssvdstudding  ludu  legasddsenavaufiasiunisniganlosnlassatoluraseiusu
v v w -~ a -~ ' N A Y a
(2.3.1.1 uaz 2.3.1.2) vihiudaysuimamsmonwiignetinsedlwenss wsbL Aduiludaslflunisiiada
AAWIN1T9349
» o aw g ' oA L . s L A e - L
dmfunuidsinengmidenae  Service Profle  lasayUfuilussrusznaundaglunsfudu
“ a ¢ & a &
‘uagammwawa%lmmnamuﬁmﬂa‘lﬂu
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2.4.2 Service Profile

Service Profile 'a:LﬁuFha%muﬁaqau'%n‘mﬁm@i’uﬁ@ﬁu‘i‘ms‘lﬁﬁ'}m?ﬂs:mﬂ'l'i'urimmimz Wadat
lunssududayavimaundGonlduingg ﬁ'\a%muﬁagw‘%mﬂ{ﬂnnam‘f'm ﬁauﬁa%mmﬁ'&gaﬁi'lﬂmao
uinsuazasdnmianiiuing ﬁmwaamia%mﬂnaq'w":aﬂs:mmaou"snwﬁ;ﬁﬁ'ﬁnwﬂsznm‘lﬁ' WATEIH
vasednowindinanims lasiee OWL-S Service Profile 'fr’al:Ltamag‘lugﬂuuuwamaﬂﬂ fusznaudae
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FMLARRIO Y Cay Co, € OC lanfl (cq, subClassOf, ¢ axirlAangdasielufiarnuldun
o swiuquantilaq py e OP uasaanalaq . € OC, (co pr ) = (Ca P o)
v & 1 o P
nTedchililangduganaundnfe
o &widusuaudiag o4 0. € O, (04 type, ca) A (00 type, c) —» (0a Pk, Oc)
o dwmiugmaudlaq pr e OP uasanalad ¢, € OC, (o pi €5) — (o Pr Ca)
v A & A a -
npydaitesi i ldngdu gaaandnfe
O &EWMTUBUEUAUTIA Y 04, 0. € O, (0, Bype, ) A (04 type, Ca) —»(0c, Pi 0a)
Hignafi 5.2 AuRURREULY subPropertyOf

e Lrs At B l' A s & X WA =
aruduiutuny subPropertyOf fluerufiiusunivguanidfoniisedlu OP 1dun queui@idu

L} . Wty IJ [ A b2 " At ;
Wa-usl {superproperty) Ltazﬂmﬁuummﬂugn (subproperty) ngn‘lﬂmmnm‘m&uwuﬁuuu subPropertyOf Uiz
RS I {
tduningealuit

A |
PN 1: nn1sads (Transitive)
dmivamanliala g pa, ps, po €OP

(pa, subPropertyOf, ps) A (py, subProperiyOf, p.) —» (Pa, subPropertyOf, pc)

P
ngm 2: msfunaalanuazisud (The domalin and range inheritance)

Smiunoeni@lag pa, pp €OP lauitin (pg, subPropertyOf, py) soinlilangdeluil
AW '

-

o gwmduanwila ., cx € OC, (co, Ps, €) —» (Ce» Pas C1)
v & “ oA
ngdatiasmidldngaugaimuundnfe

o dmiudusuandlas o, ox € O,

(OC! {ypea CC) A (Ok) type$ Ck) - (OC) pa, Ok) ‘

o dmivduauaudlas o, o € O,
(0c, type, cc) A (Ox, type, €k} A (0c, Pas Ox) —» (0¢, Db, Ok)
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aaanvzdaudunudou dudu dafinan i luiionun 4.1

e e £, o
42 TasaromaswmendrdmiudnimaSuuwingwoasaauinlad

ar e o " [V “- e oo Y A a ~ Iy "
Twidatashimualanahavssmeaadidmivansmadvuuiugpuvesessulnladl  Hraaadasiy
1 A L 1 b L L L R L - el bt =y = J =t
avilsznauiuguilandnlluiadededn Tanahaueimdrdmivaiimaivuuiugmvassaulnlad
Ey & , X . P a [
fazgnluaUUUE MY 8INTTaNUULAINEWIULY (bottom-up design approach) [34] lanfivusauiuang
IHuimsvansdssmeausnseesesunussuy LIS Imﬂmswq@hummanmi WSDL ud7 lunTzuruniiaing
o R A =y - L o - IJ L3 L} Lo |
waenddmiuandnmiveslenaudsnsunsuladeysuimfiafusegluenans wsoL  biiu
oA w o4 . f a e e & "
ssulnladiGudu faglupluuuasniy owl-s Tavshwu owl API [32] saulnlafiGuduiiazussnauday
v oA ' w o ‘ ol = ' A . .
Imaaﬁ\mmﬂmmumumunuﬂa FIUNLIUNTY service profile, service model, WaTr service grounding
- E a - a a e A w ™ P . . o v oA
wivnuwiasrimaRundniogedugpivluinlussulnladBuauill  viw  deyamwandoavasdlinims
» Lo = ) - J At ) e ! e )
tszmuaznguvasioysuims udu thashadumeduwiugmisateauinladlussduvasioyauinms
r e I a - ~ “  oa o o . " i, r - A
maauum:.u‘lumun'ﬁﬁuﬂuuamun'lmmmmmmu'lwmmmm‘l@'ﬂmna@ﬂuu@ Twruseusalufons
a ot a el a ' at a A = ot v
sfwaaninlafluszdnfldniGonds asulnlafeuly (common ontology) Tauiwseulnlafiailassairouu
g A w o [ = ' o . -l o o a
fugwwalies Lom e lidlEm lamunsniinussdenliruineadw gfiegtussulnledsduiiiiants
- [ O - o r & “ = i " Py e
sududayamafoniidaims uazdmivluzuasugarhe ﬂamss%auimaauIﬂYau'Lm:@wagausmﬂwm
A | Ay LY A L L] A4 - e - -] o -J A z L : - =) s
Ausanlnlsfluszdudly Nsadaihuuenaddmnivduimaiufiseysel Fsturumaugarnett Suiludas
w o A A o w 1 e a a - o . a " -
ghansasiiafitanlumagonlns Soldun dntaulaviayandnis fasimsidanlvadoyasinyluseulnla
- w o - a A “ - a e " o v s P
Brzdudoysuinns  du woea  wiawwlieed  sssdniinsduiiianursandasinangdliningm
o e a ~ . A e A e
wnnwae Wdiumenfiagluesulnladszaudls maﬁﬂnm'ﬁmﬂmagammﬁi’mmmﬁﬂﬁl@mum
' o - o - o - d o . - “ a o
pa3\7 lag lidasgangavienmuamiudeysuimsignifivegluasulnladszduniniudesits

w L - - - o o - g - . v -
daiu Tassshamaddmiuduinsduusiususssaaulnladszmansoutisaanldifusssmzdy
loud  szdveaulnladdmivdaysinis  (Service ontology level) warszauaanlnladdmiuglinaly
L o v o a W &
(Common ontology level) laoudazszavasiilaseaironiabunnldasdaluil

421 sedvsaninladiwmivdoyarins

-

a [ ‘dni [ . o . ' ) . . .
Wusrdusaulnladfiusznaudomabinadayasimslumadm 1dun Service Profile, Service Model
i . [ o b o LY ¢ o F a
uas Service Grounding siuaaslunind 4.1 szimihlaslunmizedydneal 297 wnanafieaanianan
- * PR E a w —a . a .
1y {class w38 concept) wwnisAIfySnwolyy Tndouiudaznunsfs auai® (properties w38 predicates)
asa . w o A [ ) « - ,
uRzAUANIR 11U present, support UL describedBy rmifiFana iU zwelanufignGund
o - -l -l ' . W - f '
diu subject vasnmmsd FnudngnGuniuilu erdeysvasnusnld drataitu (Service, present,
ServiceProfile), (Service, describedBy, ServiceModel) Uz (Service, support, ServiceGrounding) (Huat udas
- A L A . ) " - < L L
BuruAuSTINMIE Service gnaisdladasnssmauinimedy limIFunaaguEnTEnndnname

. . A d,a - e - - '
Service, o WafBusuaudvasnad  Service WHAMEUUA  present  IWBUFRIDUSUAUNIINANE
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ServiceProfile fataudasARIRTIUTIY subclass 'ﬂaoﬂmﬁﬁu‘lﬁ'f 1 (Profite, subClassOf, ServiceProfile)
dmulawn e-Leaming LUAIAAIE Academic_LeamingCenterService Ll subclass wesama Profile 7
Usznaudn  Profile E\uﬂumémng‘lﬁ‘u‘%n'ﬁmia:ﬂu‘?'5v.mm'.enu gmueaivifazusaslassais
ServiceProfile sagialui

i r s¢ = subClassQf
Su\EeProﬁ]c 4= present Property d =domain

J Y r = range

ServiceGrounding

s8¢

support
@me d d PP

describedBy
sc

cademic_t.earningCenterServicg

nmn 4.1 Tanaafeaulnladluszauuinig

Service Profile 3xiiwifiatunsd agau‘%m‘s’uad@ﬁu‘%m:sﬁ'uuﬁa:ﬁaﬁpﬂﬁv%msmﬂxmﬂi‘ Wed Iy
groanlumsfududuininiuathdaludd asfilsznoufugiuuns Service Profile a2 ldiun Arafuudays
maorﬁr’lﬁ'ﬁms (provider information) #1aFu Wi #wa9153n013 (functional description of service) KAZABTLNY
AmanGvesuINNT (description of a host of properties) fuiudatunsdoyavimasdsznaudisg ueuld
%agﬂﬁu’%ms (name), BLlud (email), uaz ﬁag;ﬂﬁu’%ms (physical address) %q’lé’gna%mumummmauﬁﬁ
contactinformation ﬁ'la%mmﬁﬁﬁmmu%msazgna%mm&hufﬁamﬁaw%aiwnma Fawrndaeiduaraan
Judu laueair Input uas Output %:Qnaamwﬂﬁlﬂu subclass YBINRIR Parameter uanmnﬁqmmﬁ'ﬁ
hasinput U8z hasOutput a:gnaanuuvlﬁtiﬁlu sub-properties 183RMaN1R hasParameter #1%3un13aanuyY
wamdmdmsuainsiulunuifodeinafudugmandiugiumuss service profile Taunisans
qmauﬂ&ﬁ'maummqmau%‘lﬁuﬁ dataType, scalingType Uax parameterType iWalfudilyminnadaudriu
ravlszinndays wihodadaya wargav ey enuddy latguaud dataType %:Lﬂuqmamﬁﬁ'l&%au
AN Parameter Lﬁwﬁ’uamaﬁﬂuﬂ's:mwﬁm&a (% String, Infeger, Decimal %agnﬁmﬂmmumq anyURI
fwIU MA@ scalingType aclFifaunans Parameter Lﬁﬂﬁﬂﬂﬂ1&'ﬁtﬂuﬁﬂ?ﬁ’?@ﬁﬂ&dﬁlﬂ‘] 4% USD, Euro,
Byte, Kilobyte tIuéiu unzdwmTunmmni® parameterType I Founsw Parameter [EATURaNEY2s LOM A%
mivszmeanglusaulnlafiody lasgasa® dataType uaz scalingType flazdanlid a;gaﬁﬂs'h Uﬂ'ﬁoﬁ'uﬁgn
&omnﬁw"smsﬁ'uﬁ'%mm}mnﬁmaﬁﬂs:mﬂﬁaga uaz b Iateys Auandnain aanIadivssiandays
uaz wirniadaya ﬁmi’;auﬁ'mwﬁiszqagluqmuﬁ& dataType, scalingType ® AL uddwiunmauLa
parameterType 92 *B’lummﬁ’ﬂngmmww"mtz‘l‘oﬁ'wuaa%amﬂﬁmafmaa;ﬂﬁ'u?msﬁ' wandaiu daftazefing
agluirdadaly uanmni‘{fﬁwa’ﬁmuQmﬁuﬁamaw‘%msaﬂﬂumsa%mugﬂu.uwaeu“%ms ViU Uszianaes
13IM3 uszngupasuIms %ngna‘ﬁmu‘[@umumaq MANLA serviceCategory ﬁa:s:m’w%msﬁug niangy
A7) taxonomy ®30MNINATTIMIA (NAICS W38 UNSPSC) ua:ﬁ%ana;utﬂua:"ls (categoryName) LIuéu #iu
209la538T 1 Service Profile azafunp agj'lumwﬁ' 42
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parameterType

d ] taxonomyh

physicalAddress |

CAcademic_LearningCenterServicsd

sp = subPropertyOf

A 1 4
AMnn 4.2 Ltﬂmmamu'uaﬂmmﬁd Service Profile
422 szaveaninladdmnivglanaly

&y ne o Py ' - w — wr = LT = .

aaulﬂiaummur;i’lmm”lﬂm:mnl%é‘l‘ﬁmlﬂmmmhtﬂmaga‘lums%nﬂwagammuugmn

2 e [V 4 w = e [ " e
szuu LIS 1o Tasaauinladlussdufiasadnmainlasssinuss Lom Adlinaluaiinuasduien lauddumd

. a oA S = L3 =t L . ¥ = A A‘ A

§199909 LOM Hazlfaburngmauiifisng guaseauiindmaisud (leaming object) saulnlatluszduiiazie
T i Ao ow ' B = | . o =
ngadRudeanigas LoM Afagiinguliduaaiad1s9 18u General, LifeCycle, Technical saugaslunini

= a G l] e A 0 [ i ¥ P A & '
4.3 laplimsadoqumni@lfiuusdazaans 19 hasTite, hasLanguage. hasDesoription Walfifiudtaas

e o . § . =) B o . A -

amauiiddnaghagluaas 1du Title, Language, Description Tnamnantinzgniignulifily subclass w89
- n - - [ ™ . <l ™~ e
fa1& LOMelement Talasassne aauInIaUlui:mu@’ldﬁua:ﬁm‘lwﬁﬂw aansrunuazidsareniFunlier

vinsduuaatnals

hasTitle
hasLanguage
hasDescription

hasKeyword

hasFormat jFi)i‘mﬂi =
"Location >

hasLocation

hasSize

] ' § = o o v «
awn4d.3 LLH@GU'NE‘nu‘ﬂﬂ\]aﬁ“IﬂIaUmaﬁyﬂﬁﬂ@\ﬂﬂa{lﬂutﬂiimqﬂ LOM

msaam,muaauin'[a?xmﬁ'zylmzé’mj‘l'&'ﬁuaninmmhniﬁ;ﬂ’&'ﬁu‘lﬂﬁquﬂawaqfagaﬁag'lu;iﬂuuu
284 LOM Mndaniuuda frazdrelunmsuiiymienudaufiuwesssinnd; ayauacwiheiadoysind s 34
a:ﬁn’mﬁuﬁaaqmﬁmﬁ'ﬁlﬁﬂﬂﬁa hasDataType W& hasScalingType T@mqmauﬁ“ﬁ hasDataType 3zQn
sanuuyaAaianlosama LOMelement 1FanuaseLily predefined data types 14w Integer, Sting,
Decimal w38 Char 1iudu luvnifl hasScalingType %:Qﬂﬂﬂmmuu'ﬂﬁl olfidoulusnana LOMelement 19191
Auaaneiduniiig¥a (9u currency, fileSize, Weight \dludu dsusaalunwdt 4.4 Qmﬁuﬁ“ﬁﬁ%aaoﬁa:gn
fhenannnaaa LOMelement Tlgaduaaiavesaaia LOMelement 678 %ﬂ:m'lﬁ"’ﬁ'aganaé‘wﬁﬁgnﬁamnﬁa
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vimstivfinanmasiataiilsnandayauwssmibiadayanuandraiu fazpnudsldlidsaandoyaua:
‘ v o d = Y = ar ool

wihofadayafindoutuaauniowlilusaulnlabsaugldn

hasDataType hasScalingType

redefine

Type T LOMelement

e

seN

Swing nteger Y Decimal( Char
Title

A e b L * Ll At ot
AN 4.4 uammnmﬂ@ WIAMUTAREI AU TEIANT a;&auamm PR B

43 mageslasasnlnladluszsduvinsiveaninladlusedudlidnaty

T 5 ) e - - I a ot - [
lwihdaizusasniafenlusaaulnladfionasnuuyluszdin@nildidhiveaulnladluszdudlenaiy
- w o . s ud A a w oar o e - s o o
dharhbiglava l ludasgansmionunmiudeyauinis wannidtrslumauitigwinnudeudsiu
e = L o d £ A 1] ar B 1] L5 =y
1.umm’m1amumaaﬂi’ay‘ammﬂﬂanmzs dasrinanuiiniyiliuiimsudarmsonlizmadeyauinisin
o a w e s o A ' [ “a e -~
spy LIS AmlaudunalimsldBowsen nIowminiweinuansans SaildiAadymiansdandsiuyes

w = e .

[P . e 4 o 2 ‘ - o = -
'Lla;gau‘in‘ri A0 % @“Usn’ls&@] ﬂ:ﬂ%ﬂlﬁuin'ﬁuu’lﬂaﬂqn% WA TL TN aNTa s 'ﬁaw'l'ﬂuma‘af

o .
119 input WA output NULANGIINU

o

A A . [ [ [ P = o
nssvrumsvasmsisaylssnaulnladesuvsoon idilusastuaou dun ningonlssasulnladluszdu
A = L ¥ F=) L= r- | 1] Cr
pavnae ursnasanlussaulnladlussavussdusiaud damsazBoadaluil

431 madoalnseaninlailnszduansaana

A -1 L= A “r i l:la L)
nssenlmseaulnladiussdugetnata snllumsaFuarudauleivasnais Parameter nfiswaglu
. A o« o e a J l . al o A
Service Profile Failluaaulnlafiszdunniy lugaas LOMelement filwegluanulnlaficuigduilusan
P [ i 4 = @ = g
Inlagluszdudlingly Fessiwhlewinuddaluis

A 6 dl SO umiesulnlad Service Profile usziw CO unussulnlaBasiiy davn nana Parameter A
fewedun SO wandenlusfunsny  LOMelement  wusaulnlafsdnylasthunegumnia
parameterType Iﬂuﬁiwmawﬂ‘é‘\ parameterType a:gnlﬁumn%auimﬂma Parameter filulawu iy
as1® LOMelement ThDuisud ﬁtﬁnu“l@'}’lugﬂuﬁwmﬂﬁﬁa (Parameter, parameterType, LOMelement) 11911
snngdad 3 vesfivwd 5.1 9:1d dmiuamelay ¢ € OC # (c, subClassOf, Parameter) diywu (c,,
parameterType, LOMelement) &2857190%1% AR Input Le:A§d Output \JusgunangraInais Parameler
foviu AmE Input waz Output %zﬁuﬁuﬁgmﬂuﬂ‘ﬁ parameterType 3NAXIE Parameter @gaai (Input,

parameterType, LOMelement) A (Cutput, parameterType, LOMelement)
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432 mudoslosesulnladinscaudnanand

- ar “ a ] a o y
madanlsasaulnlafluszaviusuandutunsdanloswmiivefdusuauddrsquasasa  Input
KREARTA Output ravudias Service Profile 1#idhniufunsIaTed LOMelement lagduurakden quosnans
a A & I L [ T |
Input uas Cutput m:ﬁunaﬂqmanum parameterType IMNAAE Paramster ‘lummﬁ"nLﬂuﬂagmﬂumrﬁaﬂm
e - ar - M A ‘. Y [y ] Lo = o o
Faysuindanuasaslanaglupiuuuesdulaaiing watslddlduinmimansadanmagaulos
= bl 0 bl J L sy : b L5 L3 L
winfiwmefdonsnn  andenlesdeyaimstunGovwdauivdunatnlunsuidywenudaudoiuaes
Tagavimraingismsfinmnnanolfilwdagauimsiaghuuasmes Lom  Suduaoulnladngld
o« P A a - o W o - ' o
waadn maTaiinemndenlvisaulnladlussaudusuandladdifioad 7 dalui

Y - - L A ~ & o
forun 7 dmuald ¢, € OC Jluduasavainand Parameter uss o, € Of \{luBuauaugual ¢, 4N
-y - A (=) o - - =
Urmadumndweitgivintnrlausenlifuszu US mnuald ¢, € OC 1lunma LOM elsment
fteidhmmiee gl Gunld dmnniiweilalu Service Profile saulnlsiiinrusaeasasiveme

a~ b4 - [y ' ey
LOM element w’mmma'a‘uuﬁa:gnwaﬂmnmma LOM eslement TGIEJN'mnN?}mmIU@? parameterType
Wy &
dana i
A"lll e ” e [3 - L & e
naitle: to,~ ¢, —» (o, parameterType, ¢,), aufiyanuol ~ azwanpsfisauadiunionu

- y A " o ' . v al [ Ed
dmetivzasmadouloanusseaulnlafluvdazszduszgnusasagluns@@nmaasundatui
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NN 5

NIOLA N1

l'r L q et LFl L= - A o, ‘] L =) J
luunfiszurasdrsduanudandsiuludienuninovasdeysutnendiuSmsinsnmanoa
a = § w o - [ ' e i
nsdszmedeysuiniszosanliluszun s tu nisliuimsnmlsunuudiinislésalusaa wasie
. " ' a & ™ [ a T - ar &
winfileaifivandranu iudu uszszusaamradrsnisahauaamdmivalrimaiuuuiiugusesoau
a2 " P LY & . - = (") = e - . L e
Inlad Awsaamilusasszdvléun szduosulnlabsmivdayauims warszduaaulnladdmivdlins
& -~ - e o ae - a w R PR o o
mlismsianlvsssulnlsdnsrasszduidhdoiu eshailwweeddmiudrinmiviauysad

5.1 anwdaudennlwiBeanumansvastayauinisdmiulaun e-Learning

'luﬁﬁai{a:ua@oﬁmshwaamwmﬁ'ﬂuﬁaﬁmaaﬁaa&au“%msmnQ’lﬁ’u‘ﬁn‘:maumdaﬁmmmtﬁﬂuﬁ'u
sruy LIS léun dl¥inisen Lms1 uaz diiuinmsan Lms2 %aLLG’;azpﬂﬁﬁmsﬁﬁmﬂﬁ’u‘%msﬁmﬁauﬁu
a'wflm'sijs:mﬂﬂ'agau‘%n"rsmaa@mwa B Foudnns %aua:ﬁa%‘iﬁﬁms ua:ﬁ‘nu.miaﬁar&maawnms WSDL
%etﬂuﬁ“wu,miwaaé’au“%msﬁuﬁgna%’na;ui'luﬁu‘lfﬁ@fmawu %aé’:}amoi{agau%ms'ﬁ'ﬂs:mﬂagﬁmanma‘
WSDL “11am@ia:ﬁa:umaayﬂummaﬁ 5.1 dadaluil

lﬂ‘ L [ L L) A ﬁl v s
@A1519N 5.1 uﬁmm1amwawﬂgammsmnr&'lmmmsnumnmonu

LMS1: Web Service descriptions in WSDL file
Operation: GetDesiredCourseDetails_Operation

Inputs Type Qutputs . Type
CourseCategory |String | CourseTitle String
CourseTitle String | CourseFileType String

CourseKeyword |String [ CourseFileSize  [Positivelnteger

CourseFileType |String | CourseDescription String

CourseExpense Decimal

Operation: RequestSubject Operation

Inputs. Type |  OQutputs |  Type
SubjectCategory Stfing SubjectTitle String
SubjectKeyword | String |SubjectFileType String
SubjectFileType |String [SubjectFileSize String

SubjectDescription String
SubjectCost Integer

L P = L = oo P 2 b -
nndayaluamed 5.1 ssurasdedaysuimynagdlininsi 1 (Ms1) Adsznaudaswseaniola

bl A -‘l‘:‘ L 3 L c} bl L .
1oL774 GelDesiredCourseDetalis_Operation Fudluwseandasnitwrndiasiddrada ldud
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CourseCategory, CourseTitle, CourseKeyword, W& CourseFileType ugziiwisiiimafihaandiddldun
CourseTitle, CourseFileType, CourseFileSize, CourseDescription, Uaz CourseExpense i‘rm%'m&'lﬁ'u?mﬁﬁ 2
wio iMs2  e:dlauarsdyu RequestSubject Operation Nusznaudrnnisfiieasuindisudrldus
SubjectCategory, Subjecteyword, Uz SubjectFileType uariiwisifiimsfilvaniiarldun SubjectTitle,
SubjectFileType, SubjectFileSize, SubjectDescription, uaz SubjectCost Tetayauinmsannamesglduiasil
ssttlgarwdaudsiurasdoyariniawdsaamdaniu dszimun leur anutaufiiusasimiitaein
1ﬁaﬁutﬁaLwiazﬁjl’lﬁu'%msﬁmﬂm"%awwlﬂm afAuandnatum gdunamdaa mdondyu 1w mmdiaes
WitrdaCourseCategory 970 LMS1 uazwasidiiaaiingi SubjectCategory 20 LMS2 Twwasfimasai
amumunomauiuudidoudredu anudaudsdszinniizas 1éun anaudaudeiua atlszundaya Mdadn
Lﬁaim‘mmnmﬂﬁma{ﬁiiw*m'mé"m'%mﬂ"mu@ia:uﬁas‘iﬂi:mm]'ﬂgaﬁu@m@inﬁuﬁa‘]ﬁti‘]wﬁ'a;gauuu
B29u 1n wirfiaafidnean CourseFileSize 30 LMS1  axliszinndoyaiiln “Positivelnteger”  uaz
SubjectFileSize 910 LMS2 :fiussinndayaidly “String” " qﬁﬁagsmn’m:nﬁma%ﬁaaaa%zlﬂuﬁ'agwmm
THndaniu anudaudaissianfiawldud AMuTaLgITuYaIni g Tadoya ﬁtﬁ@%mﬁa‘z‘fagamn
w'mﬁw.as'ﬁ'?%ww*\nﬁm?n’mfmudazumﬁﬁmmi’m"agaﬁumn@haﬁ'uﬂza qﬁtﬂu‘;‘:’agauumﬁmﬁu iu
wimniilmahiliasn CourseExpense 3711 LMS1 sxlindagiadayaiilu “EUR" ua: SubjectCost 91 LMS2 axil
wihiwdadeyain «Usp” udu draduanaudandeiuuasdoysvinisiaduazgnldiiud atnalunng
panuuuaImMEmMIUaILImaiudzurasluidadaly

4. oA o =3 A
5.2 ATEBNLULINATAIAEMSBAIUINIsILLRAngwassaaninlad

Watonas WSDL raaflduimisldgnussmalilaoduniessuy LIS wnis wsoL szgnudalasrinu
lugamsuladayauims "Ew:ﬁﬂn"m%aaﬂalo'ﬁ'agau‘%n'ﬁma glwanans WsOL 1iu fmarsen Favwiniiee’
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Abstract

The increasing demand for interoperability existing
heterogeneous  e-learning  systems lo  support
accessibility, reusability, and adaptability has always
been one of the most challenging researches. A
number of research efforts have been proposed to
address this problem, ranging from development of a
SCORM conformant courseware io Web services-
based e-learning systems. This paper proposes a
reference architecture for interoperating the existing
e-learning system with the help of Web services and a
metadata-UDDI model.  The proposed metadata-
UDDI model is designed as a core component of the
architecrure and provided the service information for
generating the lightweight communication protocols
between heterogeneous e-learning platforms. As a
consequence, the semantic service helerogensity is
eliminated. An XML-based data model is employed to
manipulate and express the metadata-UDDI contents.
The inherent flexibility of XML technology permits
system-wide Interoperability suitable for a Web-based
environment.

1. Introduction -

Curently, the educational system has been evolved
into electronic learning {or e-learning) that enriches the
traditional learning system by providing the
autonomous learning for learners and allowing learner
to learn anywhere and anytime. The e-learning system
also provides a means to deliver skills and knowledge
to the learner through the Leaming Management

lchidcha@chula.ac.th,

Peraphon.S@chula.ac.th

System (or LMS) bringing the learning system toward
the student-center learning. With the greater benefits
and growing acceptance of e-leaming, most
educational institutions develop e-learning systems
according to their own requirements. Therefore, the
heterogeneous e-leaming platforms have been emerged
that lead 1o lacking of flexibility, interoperability, and
reusability. A lot of learning resources have been
developed with redundancy and high cost investment.

Until recently there has been a significant effort to
set up a unit of learning into Learning Object (LOQ) [1,
2] based on Sharable Content Object Reference Model
(SCORM) (3, 4]. The objective of LO is to define a
standard and appropriate description {or metadata) for
LO in which LOs created from multiple sources can be
easily discovered and reused. In order to suppost
exchangeability and reusability of LO between
different LMSs and flexibility to plug LO into a
content package [5, 6], learning object should exhibit
three properties, which are, cohesive, decoupled and
context-free [7].

However, describing a course through SCORM
needs reconstruction of the course almost from the
beginning or finding a mechanism to map existing
resources to SCORM content model components [8].
Hence, the SCORM conformant courseware will take
more time and cost in developing processes. Beside, it
is rather difficult to discover the relevant LOs which
have been developed by different authors to be
plugged into the courseware.

This research proposed a reference architecture for
interoperating the existing e-learning systems. With
the emergence of a promising Web services

L]
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technology [9, 10], Web services are defined as the
open standards that provide a flexible solution for
integrating the heterogencous applications and
enabling the dynamic interoperability between
different systems. The salient characteristics of Web
Services render themselves aftractive to  be
incorporated as an assistant mechanism for e-learning
interoperability. The proposed reference architecture
is designed specifically to enable content authors,
instructors, learners and administrators operating in
different organizations to discover and invoke services
dispersed over heterogeneous systems, as well as
management learning information, such as, LOs, and
leamning courses {e.g., HTML, documents, JPEC, GIF,
etc.).  The architecture incorporates the metadata-
UDDI as a central directory for services registration
and services discovery. In order t¢ solve the semantic
conflicts of service names provided by heterogeneous
service providers, the metadata-UDDI also serves as a
repository to store service data descriptions. These
service data descriptions are subsequently used for
automatic generating SOAP [11} messages facilitating
communication between applications.

In osder 1 support system-wide interoperability
suitable for a Web-based environment, we choose
XML as the language for expressing the metadata-
UDDBI contents, as well as providing flexibility and
scalability in building and manipulating the service
data descriptions.

The remainder of the paper is structured as follows.
Section 2 describes closely related works. Section 3
furnishes an overview and details of reference
architecture components. Section 4 presents the
structural design of the XML-based metadata-UDDI
which is a core component of the architecture. These
include XML-DTD and a valid XML document
structure. Section 5 concludes the paper and suggests
further research extension.

2, Related Work

The interoperating of existing e-Learning systems is
a challenging research ‘area. Recent research
endeavers  furnish npumerous approaches and
methodelogies for exchanging learning data between
e-learning systems. .

For example, the research of {8] proposed a generic
architecture to support exporting and importing the
SCORM 1.2 Content Packages called Package
Interchange Files (PIF) between relational databases of
the preexistent e-iearning platform. The core
component of the architecture is middleware tier
responsible for finding all learning resources to be

stored as SCO’s and Assets in the Content Package, as -

-

well as mapping and transforming between relational
database schemas and SCORM XML Schemas.

The research of [12} proposed an architecture called
LearnServe by applying the Web service paradigm to
e-leamning such that the learning objects can be
exchanged and maintained between e-learning
systems. The entire functionality of an e-learning
system is decomposed into groups of activities which
can be implemented as a variety of services. In order
to support exchangeability and reusability feamning
contents, all LOs, classes, and courses that are stored
on different servers need to be registered in a central
repository together with meta-information. The Web
service can be employed to read the metadata and store
the information in the database provided by the
repository. Hence, users can transfer the dynamic call
of Web services to the call of learning contents.

The research of [13] proposed a Web services
oriented framework for e-leamning systems aimiog to
facilitate the discovery of leamning components and
applications and the loosely connection. The
framework enables different LMSs to interact with
each other and share their services via the Web service
interface. Service providers can publish their leaming
services in the UDDI [14] that can be discovered by
other service requester. The framework atso provides
a single sign on process for learners in accessing
courses from one institution to another.

Although, a nimber of researches aim to propose the
architectures or frameworks to interoperate existing e-
learning systems such that the learning contents can be
exchanged and reused, none of these approaches
emphasize on solving semantic conflicts of the service
names provided by different service providers.

3. Reference Architecture

In this section the proposed reference architecture
for interoperating the existing e-learning systems is
depicted in Figure 1. The architecture consists of
multiple tiers, namely, web client components,
learning services integration center, metadata-UDDI,
and leamning service providers, as described below:

(1) Web Client Componeats consist of leamers,
and content authors (i.e., teachers and instructional
designers) whose serve as the leaming service
requesters. The web client components communicate
with learning service integration center in a Web-based
environment, This tier provides location transparency
to users for maximal flexibility. The users can search
requests without any priori knowledge of local sources
or remote sources to be accessed through Web
services.
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Figure 1. A reference architecture for interoperating the existing e-learning systems.

is registered in the metadata-UDDI directory that are
subsequently discovered and invoked according to the
USCr requests.

(2.2) User registration service enables the new web
client components register to the Learning Service
Integration Center. The user registration service will
log the user information (e.g., username, password,
registry course, and learning status, etc.) into the user
profile. These user information are subsequently used
by content discovery service to decide the suitable
course or LO for each user during the learning session.

In order to provide the maximal flexibility and
loosely connection for users in accessing learning
resources from anywhere, the user profile information
can be exchanged with other user regisiration scrvices
of different learning service providers. This can be
achieved with the help of Web service technology.

(2.3) User profile updating service is responsible for
tracking of user activities and updating the user profile
during the learning process, such as, the registry
courses, completed courses, and Jeaming status.

(2.4) Content discovery service enables users to
search for the required learning courses and LOs.
Upon submission of a user query, the content
discovery service needs to scarch for the user
information in the user profile, as well as the
prerequisite courses such that the appropriate courses

Learners can search for learning courses by
specifying a part of course name or topic in the course
as a keyword for searching. Upon submission of a
learner query, the relevant learning courses that can be
arbitrarily distributed in  different LMSs will be
cansolidated and returned to the learner via the content
discovery service. On the other hand, the content
authors who need to create their courses from existing
L.Os can search for LOs and plug them into the course
so that the developing time could be shorten.

(2) Learning Service Integration Center is a local
SCORM compatible LMS and serves as a learning
service broker which obtains the user requests from
web client components and subsequently invokes the
corresponding services to serve the user requests. This
tier is made up of four pringiple services, namely, the
LMS registration, user registration, user profile
updating and content discovery services as deseribed
below:

(2.1y LMS registiration service enables other
learning service providers in different remote LMSs to
register their learning service information described by
Web Service Description Language (WSDL) {15],
such as, service creator, service names, service
methods, location of scrvice providers, and
input/output parameters, etc. This service information
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or LOs can be selected and provided 1o the users, In
addition, the content discovery service needs to search
for the comesponding service information from
metadata-UDDI, as well as initiate SOAP messages for
transmifting service request information to the target
leaming service providers. In the reverse direction, the
content discovery service collects and integrates the
SOAP response tesults obtained from each service
providers and subsequently forwards to the users,
where the presentation format is carried out at the
upper web client tier. Upon the presentation of list of
available leaming courses or LOs, the web clients can
register 10 a desired course }ocating on a distributed
LMS by cailing the learning registration service of the
corresponding LMS service provider. This can be
achieved with the help of service information in
metadata-UDDI designs. .

(3) Metadata-UDDI is designed and incorporated as
a core component of the middle tier in order o cope
with the service name conflicts provided by different
service providers. The metadata-UDDI contents are
systematically implemented by means of flexible XML
data model. As a consequence, the service information
from metadata will be wrapped into a SOAP message
such that the communication protocol between local
LMS and distributed service providers can be carried
out. In so doing, cross systems interoperability can be
achieved with the help of XML flexible metadata-
UDDI model. The details of metadata-UDDI contents
will be described in the next section.

{4) Learning Service Providers consist of existing
distributed LM Ss located at different educationat sites.
This tier- aims to provide various kinds of services,
such as, the user registration, user profile updating,
course registration, learming courses, learning objects,
and content discovery services. As such, the services
of user registration, user profile updating, and content
discovery provide the same responsibility as described
in the aforementioned leaming service integration
center. The rest of services are described below.

®  Learning registration service. Once the web
clients select a course or LO to be consumed, the
learning registration Service will log the user
information and learning course or LO information
into the registry information database. This
information will alse be used to updating the user

profile repository, as well as be transmitted to the .

learning course service (or leaming object service)
where the learaing information retrieval is carried out
and provided to the web client components.

® Learning course service 1§ responsible for
providing course information (e.g., course id, course
name, and prerequisites courses, eic) to the content

discovery service where the selection of suitable
courses for leamner is carried out. Once the leamer
decides to register for a course, the teamning course
service provides the selected leamming course
information (e.g., url or location of the learning course,
course description, etc.) for learner,

® [earning object service is responsible for
providing the leaming object information to the
content discovery service. Once the content author
selects and registers the desired LOs, the learning
object service provides the relevant LOs to content
author. As a consequent, these LOs will be plugged
into the new course to render greater reusability and
adaptability to the LO purpose. Searching for relevant
L.Os can be accomplished through the IEEE’s learning
object metadata (LOM) [16].

4. XML-based Metadata-UDDI

This section focuses on designing XML-based
metadata-UDDI in order to cope with the service name
conflicts provided by different service providers. Due
to the fact that each service provider designs and
creates their service information independently,
catering to the needs of their own requirements, it is
inevitable that the problem of semantic name conflicts
has been arisen. The metadata-UDDI is designed to be
a repository for storing the service data descriptions.
These service data descriptions are subsequently used
to generating SOAP requests/responses as the
communication messages between the heterogeneous
LMSs where interrogating process is initiated. As a
consequence, the metadata-UDDI design also provides
greater benefits to solving service name conflicts in
distributed environment,

The fact that a XML-based metadata-UDDI
consisting of XML-DTD incorporated with XML
documents makes it imperative for an XML document
needs to be validated by rules defined through XML-
DTD (document type definition) representing XML
data schematic description. The structural design of a
XML-DTD is set up as depicted in Figure 2 and the
example of a valid XML document conforming to
XML-DTD is depicted in Figure 3.

The XML-DTD structure in Figure 2 illustrates
elements and attributes for storing the service data
description. The element Metadata-UDDI starts as the
root element of a document and consists of two sub-
elements, that is, Metadata and UDDI elements. Each
of these elements can be described as follows:
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?xmi version="1.0" encoding="UTF-8"7> <?xml version="1.0" encoding="UTF-8"?>
<!ELEMENT Metadata-UDDI1 (Metadata, UDDI)y> <IDOCTYPE Metadata-UDDI] SYSTEM "Metadata-UDDLdd">
<{IELEMENT Metadata (searchBy+)> [<Metadaa-UDDI>
<!ELEMENT searchBy {service+)> <Metadata>
[<!ATTLIST searchBy name {subject_name | keyword) #REQUIRED> <searchBy name="subject_name">
<'ELEMENT service {(wsdlLocation, method, input, outputs, providery> <gervice>
I<!ELEMENT wsdlLocation (#PCDATA)> <wsdlLocation>htp://10.177.113.14:8099/ms)/
<AELEMENT method (#PCDATA)> searchsubjectname.php ?wsdl <fwsdlLocation>
IELEMENT input (#PCDATA)> <method>geiCourseName</method>
<!ELEMENT outputs (output)> <input>courseMName</input>
<!ELEMENT owput ($PCDATAR <putpuls>
<! ELEMENT provider (fPCDATA)> <gutput>searchCourseNameResult</output>
'ATTLIST provider providerKey IDREF #IMPLIED> </outputs>
) <provider providerKey= “P0000E" />
[<!'ELEMENT UDDI (serviceProviders)y> </zervice>
KIELEMENT serviceProviders (serviceProvider+)> <service>
<!ELEMENT serviceProvider (name, url, address, description, contacts)> <wsdlLocation>http://10.177.113.15/lms3/
FIATTLIST serviceProvider  provideslD iD AREQUIRED> SearchSubject.asmx TWEDL</wsdiLocation>
I<IELEMENT name (#PCDATA)> <method>searchSubjectName</method>
FIELEMENT ust (RPCDATAY> | |
WELEMENT address (#PCDATA)R <fservice>
KIELEMENT desgcription (#PCDATA)> <fsearchBy>
KIELEMENT contacts (personName, email)> <gearchBy name="keyword">
FIELEMENT personName (#PCDATA) <service>
[IELEMENT email {#PCDATA)> <wsdlLocation>hitp:#/10.177.113.14:8090/lms 1/
. searchkeyword.phptwsdl</wsdiLocation>

<method>getKeyword<method>
<inputrkeyword</input>

Figure 2. XML-DTD metadata-UDDI structure.

</service>

<fsearchBy>
<fetadata>
(1) The Metadata element <UDDL>
<gerviceProviders>
In order to provide several ways for searching the <serviceProvider providerID="P000001">
learning courses or LOs, such as, search by subject <name>Khon Kaen University</name>
ming 3 LO i b yks b ii <uri>hup:fhwww. kku.ac.th-</url>
name (e.g'., co;{m? name or name) or by keywor <address>123 Mittrephap Road, Khon Kaen 40002
{(e.g., topics within the course name). The element <faddress>
Metadata is designed io contain one or more sub- <description>e-learning services</description™>

elements searchBy whose value is atomic value (e.g.,
i </serviceProvider>
subject_name, or keyword, etc.).

<UDDI> "

The design purpose of this element is to solve the | /Metadam-UDDI>

semantic name conflicts which occur when there is a
disagreement on the meaning, interpretation, or - -
intended use of the same or reiated data [17]. Insucha Figure 3. XML document conforming to the XML-

way that the semantically equivalent service data DTD.
descriptions, such as, service names, service methods,
input and output parameters, and wsdl locatign are (2) The UDDI element

defined by different names. Therefore, each searchBy
element is designed to hold one or more sub-elements
service, which in turn consists of several sub-clements,
that is, wsdlLocation, method, input, outputs, and
provider. These sub-elements are synonymous service
data descriptions provided by different service
providers. As such, the element provider contains
attribute providerKey defined as idref to reference the
correspending service provider name defined as id of
providerID.

The design purpose of an UDDI element is to hold a
sub-¢lement serviceProviders which in tum consists of
one or more sub-element serviceProviders. As such,
each element servicePrivider holds sub-elements name,
url, address, description, and contact of service
provider to provide service provider information.
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S. Conclusion and Future Work

Model,” available at
hitp://Awww JointADLCoLab,org.

The main objective of the proposed reference {71 R. Jones, “Designing Adapiable Leaming Resources
architecture is to render maxirmal interoperability of the with Leafmmg QObject Patterns,” Journal of Digital
. . Information, vol. 6 (1), 2004.
existing e-learning across heterogeneous systems. The ) . . .
architecture also enhances pgreater benefits of e- [8] P Arap1t N. Moumoutm_s,_ a“d, S. Ch”St{,’dgmakls’
. s L Supperting  Interoperability in an Existing e-
learning, namely, the accessibility, reusability, Leaming Platform using SCORM In  the
adaptabitity, affordability and flexibility. With the proceedings of the 3rd 1EEE  International
salient characteristics of Web services technelogy, we Conference on Advanced Learning Technologies

combine this technology in the reference architecture (ICALT 2003}, Greece, July 2003,

to facilitate e-learning interoperability.  Additional [9] W3C, “Web Services Architecture,” Available from:

benefits precipitated from this work will encompass attp:/fwww. w3 org/TR/ws-arch/,  W3C  Working

the actual impiementation of metadata-UDDI by means Group Note [11-Feb-2004].

of XML technology which, in tumn, offers system [10] W. Hoschek, “The Web Service Discavery

scalability by virtue of XML constructs.  The Architecture,” Procceding of the IEEE/ACM

metadata-UDDJ is a significant componeat of the Supercomputing Conference (SC 2002), Marryland,
architecture that will be used to generate the standard pp-1-15.

SOAP messages to bridge the communication gap [117  W3C, “SOAP version 1.2 Part 0: Primer,” Availabie

between heterogeneous e-learning platforms. Leaming from:  http://www.w3.0org/TR/soap]2-pantd/, W3C

information  querying  and  retrieving  from Recommendation (24-Jun-2003). .

heterogeneous LMSs can be realistically accomplished (12} G. Vossen and P. Westerkamp, “Maintenance and
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. . o Based e-Leamning System,” Electronic Journal of e-

consequence, the semantic service heterogeneity is Learning, vol. 2 (2), pp. 292-304, 2004,
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will also enrich the proposed metadata-UDDI with (CCECE 20003). Montreal, Canada, vol. 1, pp. 943-
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Abstract

Due 1o the increasing demands in interoperating the
heterogeneous e-learning systems to support the learning
data exchangeability, and reusability, a number of
researches have been proposed to address this problem
ranging from development of a SCORM conformant
courseware {0 Web services-based e-learning systems.
This  research  proposes the architecture  for
interoperating the heterogeneous e-learning systems
using metadata and Web services model. The metadata
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has been designed to be a core component of the
architecture to provide service discovery, as well as
elimination of the semantic service heterogeneity. An
XML-based data model is employed to manipulate and
express the metadata contents. The inherent flexibility of
XML technology permits system-wide interoperability
suitable for a Web-based environment.

Keywords: Web Services, Metadata,
Interoperability
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