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[lepiexoueva 1%V Leoous

e 2uaTnuarta Atropacgewv Baaglopeva oe Kavoveg
o ANWn ATTOQACEWY OTO 2NUATIOAOVYIKO 10TO




2uarnuara Armopacewyv Baoioueva o€
Kavoveg




Avarmrapaoraon e Kavoveg

[TOAU TTPOKTIKOG TPOTTOC AVATTAPACTAONG VIO TNV £Caywyn
JUUTTEPATUATWYV

ATToTEAOUV TN AN TTOAAWYV CUCTNUATWY YVWONG
(knowledge systems)

[‘evika [AeovekTAPATA:

— Kovta atnv avepwirivn yvwan
— ETTapkeia guveTTaywywv
2 UYKeKpIPEVa MAgoveKTRpATA:

— Modularity: Kabe kavovacg opilel eva JIKpO, (axedov) avecapTnTo TUNHA
NG YVWang

— Incrementability: MTTopouv va TTpoaTeEBOUV VEOI KAVOVEC (OXEDOV)
QAVECAPTNTA ATTO TOUC UTTAPXOVTEC

— Modifiability: O1 uTTapPYOVTEC KOVOVEC UTTOPOUV VA OANGZOUV (OXEDOV)
QVECAPTNTA OTTO TOUG UTTOAOITTOUC




Eion Kavovwy

« [lpoUTtTOoBETEIC (premises) N aplioTePO PHEPOG Tou Kavova (left hand
side - LHS)

— 2uvOnkec (conditions): akoAouBia atrd KATNYoprUaTa TTOU OUVOEOVTAI JE
Aoyikoucg TeAeatec AND, OR

« EmrakoAouBa (consequent) ) 6ecio pEpoc Tou kavova (right hand side
- RHS)
— 2ZUupTTEpaapa (conclusion): karnyopnua
— Evépyelec (actions): pia geipa atro EVTIOAEC TTOU TTPETTEI VO EKTEAETTOUV

Mop@ec Kavovwy Ekepadel EmecAynon

IF ouvBrike¢ THEN ouumriéoaoua AnNAWTIKNA Av ol ouvBrikeg aAnBguouv

2uverraywyikog (Deductive) yvwaon TOTE aAnBeUEl Kal TO

Kavovag OUUTTEQATLIO

IF ouvBrike¢ THEN evépyeieg A1adikaaTiky | Av oI guvBrike¢ aAknBeuouv

Kavovag lNapaywyr¢ (Production) | yvwan TOTE EKTENETE TIC EVEOYEIES

ON ouuBav IF ouvBrike¢ THEN AladikaaTiky | Otav gupBei 1o yeyovog

EVEQVEIEC yvwaon (ouuBav)

Evepyog (active) kavovag Av ol ouvBrike¢ aAnBeuouv
TOTE EKTEAETE TIC EVEOYEIEG




2uornuara Kavovwy

e 2UOTNMATA £€aYWYNGS aupTtTEpaaguaTtwy (deduction
systems)

— 11.X. Prolog, Datalog

— ['vwan 1ou dnAwvel pia aAnBeia yia Tov KOO0, aAAG OEV
AVAQPEPEI PNTA TTOTE KAl TTWGS EQAPHOLETA

e 2UOTAMOTA TTAPAYWYNG (production systems)

— m.X. CLIPS, Flex, Drools

— ['vwan yIa TO TTOIEG TUYKEKPIPEVEG EVEPYEIEG TTPETTEI VO
EKTEAEOTOUV DEOOMEVNC MIOC KATAOTAONG

— O1 eKTEAOUEVEC EVEPYEIEC ETTIPEPOUV UN-AVOATTPEWIUO
aTToTEAEOUATA

« Evepya 2uatnuara (re-active systems, active
database systems)

— 11.X. Oracle Triggers, RuleCore




Evepyoi Kavoveg

O1 Kavoveg TTapaywyns dnAwvouv d1adIKaaTIKn yvwan

— O1 Kavoveg ekteAouvTal "oTav n ouvenkn givalr aAnéng"”
— Aev gival oW OPITPEVO TTOTE AKPIPWGS EKTEAOUVTAI Ol EVEPYEIEC
— Av Kal ekppadouv dIadIKAOTIKI YVWan, N ouvlnkn Toug TTEPIEXEI ONAWTIKT)
yvwan.
O1 evepyoi Kavoveg (active rules) ekppalouv kaBapa dIAdIKATTIKN
yvwan

— Kavoveg odnyoupevol atTo guppavTa n yeyovora (event-driven rules)
Exppadlouv pe oa@nvela To TTOTE AKPIBWC EVEQYOTTOIOUVTAI:

— Otav gupBel Eva OUuyKEKPIPEVO auuav

— TOTE KAl JOVO TOTE €EETACETAI N TUVONKN TOUG KAl AV IKAVOTTOIEITAI, TOTE
EKTEAOUVTAI Ol EVEPYEIEG TOUG.

[Mapadeiyuara oUPBAVTWV:

— Mia OUYKEKPIPEVN XPOVIKN OTIYUA TOU POAOYIOU TOU GUOTHUATOG

— Eva Tatnua Tou apiaTePOU TTANKTPOU TOU TTOVTIKOU 1 £VOG TTANKTPOU TOU
TTANKTPOAOYIOU

— H emAoyn KAtrolou pevou atro To XpnoTn

= HAWpOOWdGSIG TTpoaTtreAaanc 1 aAAayng Katrolwy "euaigdntwv" dedopEvwy,
KATT.



[Tapadeyua Avarmmapaoraong e Kavoveg

2UUTTITWHA MBavr) BAGBN Emdiépbwon

O EKTUTTWTAC TUTTWVEI CWaTA | EXEI TEAEIWAEI TO AANGETE TNV KEPAAN YE TO
aAAG Ta xpwpata o€ EYXPWHO PEAQVI EYXPWHO PEAQVI
TUTTWVOVTOI CWATA

« 2 UVETTOYWYIKOC Kavovag
— |IF o ekTutTTNC TUTTWVEI cWaTa AND

TO XpwUaATa OE TUTTWVOVTAI OCWAaTA
— THEN €xel TEAEIWaEl TO EYXPWHPO PEAQVI
Kavovac lNapaywyng
— |IF o ektuttwTNC TUTTWVEI CWaTA AND
. TO XpWPATA OE TUTTWVOVTAI CWOTA
— THEN aAAG€TE TNV KEQAAN PE TO EYXPWHPO PEAQVI
Evepyoc Kavovag
— ON ekTUTTWON

— |IF Ta xpwpuata d€ TUTTWVOVTAI CWATA
— THEN aAAG€TE TNV KEQAAN PE TO EYXPWHPO PEAQVI




2uornuara Eéaywync 2uutrepaouarwy

« Baon kavovwy (rule base): Tepiexel eva auvoAo
QTTO KOVOVEC

« EAeyxoc (control): kaBopilel TOV TPOTTO EKTEAEONC
TWV KAVOVWV VIO TNV £€aywyn CUUTTEPATUATWYV
— [lolol Kavoveg €ival uTToYn@Iol yia va TTIAUCOUV TO
TTPORBANUA;
— Me 11010V TPOTTO Ba YIVEl N ETTIAOYN;
— [1olo¢ a1To TOUC KAVOVEG TEAIKO Oa €TTIAEVEI;
— T1 Ba yivel e TOUC UTTOAOITTOUC KOVOVEG;
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Eéaywyn 2uurrepaoarwy

« XPNOIUOTTOIEITAI N TUVETTAYWYIKI TUAAOYITTIKN).
— YAotrolgital a1ro TNV akoAouBia eKTEAEONG Kavovwy (chaining)

ANYyOPIBpOG TToU guvdUuAde!l Ta dEdOPEVA, TOUG KAVOVEG Kal TO EVOIANETQ
gupTTEPATUATA

« OpBn akoAouBia ekteAeanc (forward chaining)

E¢etalovral TTpwTta av ol TTPOUTTOBETEIG OTO APITTEPO PEPOG TOU KAVOVA gival
aAnBEIC £TAI WATE TO GUUTTEPATUA TTOU AVAQPEPETAI OTO DECIO PEPOC VA €ival aAnBEC.

Ecetalovral povo o1 aAnBeic TPOTTOI ATTOdEICNS

MTTOPEI VO GUUTTEPAVEI TTEPICTOTEPA CUPTTEPATUATA ATTO TA ETTIBUPNTA
EvdeikvuTal oTav utrapyxouv Aiya dedopEVa TTOU 00NyoUV g€ TTOANG GUUTTEPATHATA
Epapuoyéc: Zuatiuara Aiayvwaong, 2uaTtnuata MNapaywyng

« AvaaTtpo@n akoAhoubBia ekteAeanc (backward chaining)

=EKIVA aTT0 TO OEGI0 HEPOG TOU KAvVOVa Kal TTpoaTradei va Bpel av ol TTpoUTToBETEIg
gival aAnOeig

E¢etaCovTal 0Aol o1 EVAAANQKTIKOI TPOTTOI ATTOQEIENG TOU CUPTTEPATHATOS (AKOMA Kal
Ol uN-aAnBeic) Ewg oTou atrodelxOei N aAnBeia Tou guuTrEpaapaTog (1r.X. Prolog).

EvdeikvuTal OTav UTTAPXOUV Aiya GUUTTEPACTUOTA KOl TTOAAG dedopeva
To guaTtnua ¢nTa Ta dedopEva pe AoyiKn aEIpa Kal JOvo oaa xpeialovTal
Epappoyéc: Zuatiuara EAEyxou Acitoupyiag (Monitoring)



Avarrapaoraon e Kavoveg

apadelyua

1: 1f has(Animal,hair) or 1ves(Animal,milk) 5: 1if 1sa(Animal,carnivore)
then i1sa(Animal,mammal). and has(Animal,tawny colour) and
2: 1t has(Animal,feathers) or has(Animal ,black stripes)
(flies(Animal) and lays(Animal,eggs)) then isa(Animal ,tiger).
then i1saCAnimal,bird). 6: 1f i1saCAnimair,bird) and
3: 1f isa(Animal ,mammal) and not flies(Animal) and
(eats(Animal ,meat) or swims(Animal)
(has(Animal ,pointed_teeth) and then i1sa(Animal,penguin).
has(Animal ,claws) and 7: 1Ff i1saCAnimal,bird) and
has(Animal ,forward pointing _eyes))) 1sa(Animal ,good_ flyer)
then 1sa(Animal,carnivore). then 1sa(Animal ,albatros).

4: 1f 1i1saCAnimal,carnivore) and
has(Animal ,tawny colour) and
has(Animal ,dark_spots)

then 1sa(Animal,cheetah).

12



[ pagikn Avarmrapaoraon Kavovwy

has(Animal,hair) 1 has(Animal,black_stripes)
} isa(Animal, mammal)
gives(Animal,milk) isa(Animal,carnivor)

eats(Animal, meat

has(Animal,pointed_teeth) / has(Animal,tawny_colour)
has(Animal, claws)

has(Animal,dark_spots)

N[ ><1

has(Animal,forward_poited eyes)

isa(Animal,good_flyer)
isa(Animal,albartos)
as(Animal,feathers) 2
isa(Animal,bird)
flies(Animal)
lays(Animal,eggs) not flies(Animal) / isa(Animal,penguin)

swims(Animal)




[ pagikn Avarrapaoraon Eéaywyric 2Zuumreoaouaros
« Opb6r} AkoAhouBia ExTEAeanC
« Apxika doedopéva: flies(petros), lays(petros, eggs), isa(petros, goodflyer).

has(petros,hair) <1
/

gives(petros,milk)

V1 isa(petros,qgood flyer)

has(petros,feathers)

M flies(petros) isa(petros,bird)

v lays(petros,eqqgs not flies(petros)

swims(petros) /

« [lapayovral Ta guuttepacpara: isa(petros, albatros) kai isa(petros, bird)




[ pagikr) Avarrapaoraon Eéaywyri¢ 2Uumrepaoiaros 15

« AvaoTpopn AkoAouBia EkTEAeaoncg
— Epwtnon: isa(jimmy, tiger)

M has(jimmy,hair
1
isa(jimmy,mammal) ., M has(jimmy,black

gives(jimmy,milk) .

isa(jimmy,carnivc

eats(jimmy, meat)

VI has(jimmy,pointed teeth

[v] has(jimmy,tawny

M has(jimmy,claws)

[v] has(jimmy.,forward pointed eyes)

« Amavrnon: Yes




2uarnuara lNMapaywyric

Baaon kavovwy: TTEPIEXEI TOUC KAVOVEC TTAPAYWYIS

Xwpog epyaaiag (working memory): TTEPIEXEI YEyOovOTa

Apxika dedopeva (data) ) evdiapeoa auutrepaopara (partial conclusions)
2TOIXEIO TNG MVNUNG Epyaaiag (working memory elements)

Mnxawopog eAeyxou (control r} scheduler) kai emiAuagng guykpouaewy (conflict
resolution): 8KT£)\£GT1 TWV KAVOVWV BACEl aTPATNYIKNS ETTIAUCNG TUYKPOUTEWV

(conflict resolution s rategy)
Xd)pqg [eyovoTa Bdon
Epyaciag Kavovwy

Kavévag 1Tou
TTUPODOTEITAI

Kavéveg 1Tou
EVEPYOTTOIOUVTAI

Mnxaviopuog EAEyxou Kai
EtTiAuong Zuykpouoewv

16
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Emidvon 2uykpoouogewv

O kavovag evepyoTrolgiTal (triggers) oTav IKavoTTolIoUVTal Ol
guvOnKeg Tou

« Orav mmupodoreital (fires) o kavovag, TOTE
EPAPUOCOVTAI/EKTEAOUVTAI Ol EVEPYEIEC TOU

 2UVOAO aguykpouang (conflict set): To auvoAo Twv Kavovwy
TTOU EVEPYOTTOIOUVTQ

¢ O pr])%awo 0G eAEyxou kaBopidgl TTol0g Kavovag Ba
TTUPOOOTNOEI

o 2TPATNYIKEC ETTIAUCNC OUYKPOUTEWV:

— Tuxaia (random).

— Alaragng (ordering).

— ETmAoyn Tou TTpOa@PaTou (recency).

— EmmAoyn Tou 1TI0 €101K0U (specificity).

— Atro@uyn eravaAnyng (refractoriness).

— AvaAuan pEowv-okoTTWV (Means-ends analysis)
— MeTa-£AeyXOC (UETO-KAVOVEQ)




2roarnyikes Emidvong 2uykpoouoewy (1/4)

e Tuyxaia (random)

— EmAEyETAI EVOC KOVOVAC aTNV TUXN.

— 2UvNBwg deV UTTAPXEI OTA GUATNUATA KAVOVWY TTAPAYWYNG

— Av uttapyxel Ogv gival TTPAYUATIKA TUXaIa N ETTIAOYI

— Eival atrpoadiopiaTtn - EAPTATAl ATTO TIC AETTTOMEPEIEC TNG UAOTTOINONG
« Alaracn (ordering)

— ETIAEYETAI O KAVOVOC TTOU €ival TTPWTOG OTN EIPA I EXEI MEYOAUTEPN

TTPOTEPAIOTNTA BATEI KATTOIOU APIBUNTIKOU PEYEBOUC

« Atropuyn eravaAnyng (refractoriness)

— Agv emIAEyETAI O IDIOG KAVOVAG PE TA iO10 DEDOPEVA YIa OEUTEPN
gUVEXOUEVN POPA

— ATTOQEUYOVTAlI AOKOTTEC I ATEPPOVEC ETTAVAANWEIC

— Mapadeiyua:
* YTTapyouv Ta yeyovota A, B kal oI KavOvec:
— 1. ifAthen C 2:ifBthenD

o Av ekTeAETTEl TTPWTA O 1, PETA Ba eKTEAETTEI O 2
* O 1 0¢ Ba ekTeEAETTEI €ava, av Kal EEAKOAOUBEI va gival EVEPYOTTOINMEVOC

18



2roarnyikes Emidvong 2uykpoouoewyv (2/4)

e ETnIAOYN TOU TTPOC@ATOU (recency)

— ETAEYETAI O KOVOVAC TTOU EVEPYOTTOIEITAI ATTO TA TTIO
TTPOa@ara OedOPEVA TTOU TTPOCTEONKAV OTO XWPEO £PYATiac

— AKOAOUBEITAI pia XPOVIKA TUVETTNC TTOPEIO OKEWNGS, N OTTOoId
€ivVal ETTIKEVTPWHEVN KAl O DIQTKOPTTATAI g€ dIAPOPA ONUEIN

— MNapadeypa:
« YTTApYOUV Ta yeyovoTa A, B Kal ol Kavovec:
1. if Athen C 2:if Bthen D 3:ifCthen E

« Eotw OTI ekTeEAEiITOI TTPWTA O 1

« MeTa Ba ekTeAeaTei 0 3 (Ox1 0 2) yiaTi To C gival TTIo TTPOTPATO
atmo 10 B

19



2roarnyikes EmiAuong 2uykpoouoewy (3/4)

« ETrIAOYN TOU TTI0 €I10IKOU (Specificity)

— ETMAEYETOI O KAVOVAC TTOU Eival TTIO €10IKOG ATTO TOUG AAAOUC
— H aguvOnkn Tou ekppadletal ye avaAuTIKOTEPO TPOTTO

— E€eTralovral TTpwTa TA TTI0 CUYKEKPIUEVA BEPATA TA OTTOIA
odnyouv TTIBavoTaTa g€ Auan TTI0 YPNYOPO KOl TN OUVEXEIX
TO TTIO VEVIKA.

— MNapadeiypa:
« YTTapxouv Ta yeyovota A, B, C kail o1 KaVOVEC
 1:if Aand B and C then D 2:1f Aand B then E

« Oa ekTEAEDTEI TTPWTA O 1 YIATI EXEI TTIO TTOANEC TUVONKEC ATTO
TOoV 2.

20
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2roarnyikes EmiAuong 2uykpoouoewy (4/4)

* AvaAuon pEowV-oKOTTWV (Mmeans-ends analysis)

— To guvoAIKO TTpORANpa etTipEPICETAl O aTTAOUCTEPEC DIEPYaTies (tasks)
— KabBe diepyaaia uAoTroleital atro pia opada kavovwy (cluster)

— Ortav ekTeAeiTal KATTOIO IEPYATIA, TOTE Ol KAVOVEG OAAWYV OpadwWV OEV
TTPOTIJOUVTAI, TTAPA JOVO av OEV UTTAPXOUV GAAOI EVEPYOI KAVOVEC TNG
1010¢ opadag

— H atrodeIkTIKn d1adikaaia €ival ETTIKEVTPWHEVN OTOUC TPEXOVTEC OTOXOUC
NG.

* [MTapadeiyua:
« Ymrapyouv Ta yeyovota A, B, C, G1, G2 kal o1 Kavoveg
1:if G1 and A and B and C then D 2:if G2 and A and B then E

Ta G1, G2 uttodnAwvouv Tn diEpyaaia TTOU AVAKEI O KAVOVAC

To G2 civai 1o Tpog@ato atro 1o G1

Oa EKTEAETTEI TTPWTA O 2, YIATI AOXOAEITAI JE TOV TTIO TPEXOVTA OTOXO

O 1 ptTopouade va EXEl TTPOTEPAIOTNTA AOYW AAANG aTpaATNYIKAG, (TT.X.
specificity)



22

Mera-eAsyxoc

Ta guoTtAuaTa TTapaywyng eeapuolouy pia n TTEPITOOTEPEG
gTPATNYIKES ETTIAUCNG OUYKPOUTEWV

Ortav uttapxouv TTOAAEG OTPATNYIKEG, TTPETTEl VA UTTAPXE!
TTPOTEPAIOTNTA PETACU TOUC

MeTa-eAeyxog (meta-control): kaBopilel TTola aTpaTtnyikn a
EQPAPMPOQTTEI, TTOU KAl TTOTE

ATTAG ouaTAPOTA: OTABEPN TTPOTEPAIOTNTA

— XapnAoTeEPN TIMA aTNV TUXAia TTIAOY
2. UVOETO guaTtnuara: n rpotepaloTnTa aAAadlel duvapika (at run-time)

— MeTta-kavoveg (meta-rules): Kavoveg TTou KaBopifouv Tn OEIpa EKTEAEONG AAAWV
KAVOVWV



KukAog Aerroupyiag 2uarnuarog lNapaywyric 23

Ewg oToU dev PTTOPEI VO EKTEAEDTEI KAVEVAG KAVOVOG
ETTAVEAQPE:

— 1.  Bpeg 6Aoug Tou Kavoveg TTou OTTAIOUV Kal OXNHATIOE TO GUVOAO
JUYKPOUTJEWV.

— 2. 2ZUPQWVA PE TO PNXAVIOUO ETTIAUGNG OUYKPOUTEWY, DIGAESE EVa
KAvova.

— 3. Tlupoddtnoe Tov Kavova TTou dIAAECEC OTO Brua 2.
e 27O CUCTHUATA TTOPAYWYNG UTTAPXEI 0pBn akoAouBia
EKTEAEONC KAVOVWV

e ECaywyr guptTELATUATWV:

— Agv £xel vonua
— O1 KavOVEG TTAPAYWYNG AVAPEPOVTAI OE EVEPYEIEG TTOU EKTEAOUVTAI KOl
OXI 0€ OUUTTEPATUATO
* H AsiToupyia TwV KAVOVWYV TTAPAYWYNG "TTOPATTEPTTEI" OTN
OUVETTAYWYIKN GUAAOYIOTIKN

— Y100€TnNan pIO¢ €10IKNG EVEPYEIAC ATTO KATI TTOU ITXUEI YEVIKQ

— Taiplagpa TWV KOVOVWYV TTOU TTEPIEXOUV JETABANTEG PE DEDOUEVA OTN
LUVAMN EPYOTIOC TTOU TTEPIEXOUV OTABEPEC




[Tapadeiyua Kivnong Pourror

e POUTTOT KIVEITAI OE XWPEO HE EUTTODIA

o 270x0¢. Na atTo@UuyeEl Ta EUTTOdIA KAl OTAV BPEI KATTOIO
QVTIKEIUEVO, VA OTEIAEI EVA UNVUPA KOl VO OTAUOTNOEN

10
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8
7
6 B robot_at(6,4)
uy dlrgctlon(e)
5 choice(w)
d choice(s)
4 i;) W *$+ e choice(n)
choice(e)

3
® _- obstacle at(7,4)

obstacle _at(6,8)
obstacle at(7,7)

2 N
b d
1 I
object at(4,7)

¢ A




[Taparnpnoeig

* Mvnun epyaaiac:

— Bean popuTroT: robot_at(X,Y)
— KareuBuvan 1pog Tnv otroia Kiveital: direction(D), D € {e, w,
n, s}
— Bean eutrodiwv: obstacle at(X,Y)
— Bean avrikeipevwy: object_at(X,Y)
— emAoyn KareuBuvanc: choice(D), D € {e, w, n, s}
« EvEpyelEC KavovwV:

— addwm: BaAe kATl aTn pyvNun Epyaaiag

— delwm: oBnge KATI ATTO TN PvNUN EPYATIOC
— output: EKTUTTWOE Eva prvupa atnv obovn
— APIOUNTIKEC EKPPATEIC.
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Kavoveg Kivnong Pourror :

- detect object: 1T robot at(X,Y) and object at(X,Y)

then output(“object is found™). MOVE
- move west: IT robot at(X,Y) and direction(w)

then delwm(robot at(X,Y)) and NX=X-1 and addwnm(robot at(NX,Y)).
- move_east: 1T robot at(X,Y) and direction(e)

then delwm(robot at(X,Y)) and NX=X+1 and addwnm(robot at(NX,Y)).

- move_north: 1T robot at(X,Y) and direction(n)

then delwm(robot at(X,Y)) and NY=Y+1 and addwm(robot at(X,NY)).

- move_south: iIT robot at(X,Y) and direction(s)

then delwm(robot at(X,Y)) and NY=Y-1 and addwm(robot at(X,NY)).

- avoid obstacle south:

1T robot at(X,Y) and NY=Y-1 and obstacle at(X,NY) and direction(s) and choice(\D)

then delwn(direction(s)) and addwm(direction(N\D)).

- avoid obstacle west:

1T robot at(X,Y) and NX=X-1 and obstacle at(NX,Y) and direction(w) and choice(\D)

then delwnm(direction(w)) and addwm({direction(N\D)).

- avoid obstacle north:

1T robot at(X,Y) and NY=Y+1 and obstacle at(X,NY) and direction(n) and choice(\D)

then delwm(direction(n)) and addwm(direction(\D)).

- avold obstacle east:

1T robot at(X,Y) and NX=X+1 and obstacle at(NX,Y) and direction(e) and choice(\D)
then delwm(direction(e)) and addwm(direction(ND)).

Change
Direction



2roarnyikn EmiAdvong Kivnong Pourror
« Atropuyn ETravaAnwnc (AE)

— BonBa va pnv KoOAANTEI TO POUTTOT O€ EUTTODIO, ETTIAEYOVTAC OUVEXWC
TNV KATEUBUVAN TTPOC TNV OTToIa BPITKETAI TO EUTTODIO

« EmAoyn Tou 1m0 E1dikou (EE)
— AIVEl TTPOTEPAIOTNTA ATNV ATTOPUYN EUTTOdIWYV (KAVOVEG 6 - 9)
« Tuyxaia EmAoyn (TE)

— ToO POMTTOT ETTIAEYEI TUXAIA pia ATTO TIG 4 KATEUBUVOEIC

27



[TapakoAouBnon ExkréAeong (1/3)

Kvkhog | Mvijun Epyaciog g:));i);)(:n')csmv Xrpotnyikn | Kavovoeg mov mopodotel
1 robot at(6,4) {3, EE 9:avoid obstacle east
direction(e) 9 (ND=w), TE (ND=n)
choice(w) 9 (ND=n),
choice(n) 9 (\D=s), oy :
choice(s 9 (ND=e TABYETOL EVOG
Choicege; ( )} (9), pe choice(n)

obstacle at(7,4)
obstacle at(6,8)

object at(4,7)

™m¢ Mviung Epyaciac.

Kavdveg mov onAilovv amo ta dedouéval

O (3) a6 1o direction(e) kot o0 (9) and
1o direction(e) ko and to obstacle(7,4)

robot at(6,4)

direction(n)

) {4} . 4: move_north
direction(n)
3 robot at(6,5) {4} - 4: move north
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[TapakoAouBnon ExkreAeoncg (2/3)

KvYkhog | Mvijun Epyaciag g:));i)[;(:){)csmv Xrpotnyik | Kavovoeg mov mopoooTtel
4 robot_at(6,6) {4} - 4: move_north
direction(n)
5 robot_at(6,7) {4, EE 8:avoid obstacle north
direction(n) 8 (ND=w), TE (ND=n)
T 8 (ND=n),
obstacle at(6,8) 8 (ND=s),
I 8 (N\D=e)}
6 robot_at(6,7) {4, AE 8:avoid obstacle north
direction(n) 8 (ND=w), EE (ND=e)
- - - 8 (ND=n), TE
obstacle at(6,8) 8 (ND=s),
- - - 8 (N\D=e)}
7 robot_at(6,7) {3, EE 9: avoid obstacle east
direction(e) 9 (ND=w), TE (ND=w)
- 9 (ND=n),
obstacle at(7,7) 9 (ND=s),

9 (ND=e)}
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[TapakoAouBnon ExreAeong (3/3)

2VVoA0

Kvkhog | Mvijun Epyaciog T G Xrpotnyik | Kavovaeg mov mopodotel

8 robot at(6,7) {2} - 2: move west
direction(w)

0 robot at(5,7) {2} - 2: move west
direction(w)

10 robot at(4,7) {1,2} EE 1: detect object
direction(w) TE

object at(4,7)
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Noyikog lNpoypauariouog




Prolog
e YTTAPXOUV TPEIC BATIKEC ONAWOTEIC:

— Ta yeyovorta (facts),
— Ol EPWTNOEIC (queries) Kal
— Ol Kavoveg (rules).

e YTTOPXEI pia povadikn dopn 0eOOUEVWV: O AOYIKOC
opoc (logical term) n arrAa opoc.




Aoueg Aeodouevwy aornv Prolog

Aoykoi Opor
Opor 20vOeTor Opor (Aopéc)
Constants Variables

O

Atoms Numbers
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[ eyovora

To 1m0 a1rAo €ido¢ TG drAwang ovoualetal yeyovog (fact).

Ta yeyovoTa €ival Eva JETO KaBopIguou UIag aXeang TTou
IOYXUEI AVAPETO aTA AVTIKEIPEVA. Eva TTapadelyua givai:

father(abraham,isaac).
AUTO TO yeyovoc Aggl 0TI 0 Abraham €ival O TTATEPAC TOU
/saac, | OTI 0 QUOXETIOUOC rrarepacg (father) 1I0XUEl avapeaa
aTIGC JOVadEG, Ol oTToieG ovoualovtal abraham kai isaac.
AANO £Eva Ovopua yia pIa gXEon €ival TO KATNyopnua
(predicate).

Ta ovouaTa TwWV HOVAdWV €ival YVwaTa w¢ aroua (atoms).

To karnyopnua father €xel 2 opiouara. AnA. father/2.




Epwrnoeic
H dguTtepn pop@n pIag ONAWGONG TOV AOYIKO
TTPOYPOAMUATIONO €IVAI N EpWTNON (query).
O1 EpWTNOEIC EIVAI TO HETO ATTOO0ONC TTANPOPOPIWV ATTO
EVA AOYIKO TTPOYPAUUA.

Me pia epwTnan, PWTAKE AV ITXUEI KATTOI0G GUTXETIOUOG
avAUETQ O€ AVTIKEIPEVA.

[l TTapadelyua N Epwtnon
father(abraham,isaac)?

pwTaAEl, €av N axean matepag (father) 1Ioxuel avapeoa aTov
abraham kail gTov isaac.

2 UCEUKTIKN €pwTnaon €ival pia auleucn aTOXwV TTOU
eKppadovtal g€ YIa EpwTNan, yia TTapadelyua

father(terach,X), father(X,Y)? nj yevika, Q1, .. ., Qn?.
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Kavoveg

e AUTO POC QPEPVEI OTNV TPITN KAI TTIO GNUAVTIKI
ONAwan aTtov AOYIKO TTPOYPAUUATIOUO, O KAVOVOC
(rule), o oTTOIOC POC KABIOTA IKAVOUC OTO VO
KOBOPIOOUE VEEC OXETEIC OTOUC OPOUC TWV
UPIOTOUEVWY OXETEWV.

« O X eival eyyovog Tou Y av o X gival TTaidi KATToIou
Z ka1 o/n Z ival TTaidi Tou Y.

grandchild (X,Y) :- child (X,Z), child (Z,Y).
head (ke@aAn) body (cwpua)




Kavoveg kal 2ULEUEEIS

A man is happy if he is rich and famous might translate to:

happy(Person):-
man(Person),

rich(Person),
famous(Person).

The “,” indicates the conjunction and is roughly equivalent
to the » of predicate calculus. Therefore, read “,” as “and”.

J

In this single clause, the logical variable Person refers to
the same object throughout.

By the way, we might have chosen any name for the
logical variable other than Person.

— It is common practice to name a logical variable in some way that
reminds you of what kind of entity is being handled.
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Kavoveg kar AiadeUéeis

 Someone is happy if they are healthy, wealthy or wise,
translates to:

happy(Person):-

healthy(Person).
happy(Person):-

wealthy(Person).
happy(Person):-

wise(Person).

* Note how we have had to rewrite the original informal
statement into something like:

— Someone is happy if they are healthy OR
— Someone is happy if they are wealthy OR
— Someone is happy if they are wise

38
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[lapaoeyua

- married (X,Y).
.- child (X,2), related (Z,Y).
- child (Z,X), related (Z,Y).
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Noyikec MeraBAnTec kar Kavoveg

The scope rule for Prolog is that two uses of an identical name for a
logical variable only refer to the same object if the uses are within a
single clause.

Therefore in:
happy(X):- healthy(X).
wise(X):- old(X).

the two references to X in the first clause do not refer to the same
object as the references to X in the second clause.

Do not assume that the word logical is redundant. It is used to
distinguish between the nature of the variable as used in predicate

calculus and the variable used in imperative languages like BASIC,
FORTRAN and so on.

In those languages, a variable name indicates a storage location
which may contain’ different values at different moments in the
execution of the program.

The logical variable cannot be overwritten with a new value.
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2roarnyikn Avaénrnong ornv Prolog

« «Kata fabog»
 Program Database

woman(jean).
man(fred).
woman(jane).
woman(joan).
woman(pat).

?- woman(jane).

Prolog searches through the set of clauses from top to bottom. First,
Protlorg]; examines woman(jean) and finds that woman(jane) does not
match.

« Also, it is obvious that the next clause man(fred). doesn't match

either.

Prolg[)g then comes to look at the third clause and it finds what we
want.



[lapaoeyua

 Program database

woman(jean).

man(fred).

wealthy(fred).

happy(Person):-
woman(Person),
wealthy(Person).

?- happy(jean).

no

 Why? Prolog tries to match:
happy(jean)
against
happy(Person)
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We call this matching process unification. What happens
here Is that the logical variable Person gets bound to the
atom jean. You could paraphrase “bound” as “is
temporarily identified with".

To solve our problem, Prolog must set up two subgoals.
But we must make sure that, since Person is a logical
variable, that everywhere in the rule that Person occurs we
will replace Person by jean.

We now have something equivalent to:
happy(jean):- woman(jean), wealthy(jean).
So the two subgoals are:

woman(jean)

wealthy(jean)



Here we come to our next problem. In which order should Prolog try
to solve these subgoals?

— The answer is that the standard way to choose the subgoal to work on first is
again based on the way we read (in the west)! We try to solve the subgoal
woman(jean) and then the subgoal wealthy(jean). There is only one possible
match for woman(jean): our subgoal is successful.

However, we are not finished until we can find out if wealthy(jean).
There is a possible match but we cannot unify

wealthy(fred)
with

wealthy(jean)

(However, Prolog is not finished yet. Once we reach
wealthy(Person) with Person/jean and it fails we move back
(backtracking) to the goal woman(Person) and break the binding for
Person (because this is where we made the binding Person/jean).
We now start going from left to right again.)
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Kavoveg kai ABeBalornra
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2uvreAeareg Beparornrag (Certainty Factors) (1/2) :

« ApIBUNTIKEG TIUEG TTOU EKPPAClouV Tn BeBaioTnTa yia TNV aAnBeia piag
T Oéﬂ\(lmg N yeyovortog. [Npwrto-e10nxOnaav aTo EUTTEIPO dUOTNHA

If yeyovoc then utroBeTiKO cguutrepaopa pe BeBaiotnta CF
o [lapadeiypa: if TTupetog then ypitrn CF 0.8
* [laipvouv TipeC aTo diaaTtnua [-1, +1]

—1 : amoAuTn BePaidTNTa YIa TO WEUDES TNG TTPOTACNC.

+1 : ammroAutn BeBaiotnTa yia TNV aAnBeia TG TTPOoTAaNC.
0 : ayvola.

« TiuEC BeBaIOTNTAC KAI TNV TIUA TOU YEYOVOTOC TOU KAVOVA:
o [lNapadeiypa: if TTupetoc CF1 0.7 then ypittn CF 0.8

— TeAIKN BeBaiotnta kavova: 0.7x0.8=0.56
« Av UTTapPXOUV TTEPICTOTEPA ATTO £VA YEYOVOTA OTO OPITTEPO TUNHA
TOU Kavova Ta otroia guvoeovTtal pe AND (n OR) 10TE WG OUVTEAEDTNG

BeBaloTnNTOg TOU APIOTEPOU TUNPATOG BewpPEITAl N PIKPOTEPN (N N
ueyaAutepn) Tipn CF tTou epgavideTal




2uvreAeareg Beparornrag (Certainty Factors) (2/2) 47

« Av dUO OI0@QOPETIKOI KAVOVEG TUVAYOUV TO QIO UTTOBETIKO OUUTTEPATHA PE
BeBaiotntec CFp kai CEn, TOTE N guvoAIkr BeRaloTnTa givai:

« Av CFpkai CFn >0, 101e: CF = CFp+CFne(1-CFp) = CFp+CFn—CFneCFp
« AvCFpkal CFn <0, 1016 CF = CFp+CFne (1+CFp) = CFp+CFn+CFneCFp
« Av CFp kai CFn eTtepoanua, TOTE: CF CF, + CF,

- 1_ mln(l CFp |9| CFn |)

e [lapadesiyua:if TTUPETOC then immn CF 0.8
= e ifvgr']xgg then ypittn CF 0.5

e  2UMTTEPACUATIKA:

« AvTi yIa OUXVOTNTEG EPPAVIONG YEYOVOTWYV TTOU TTPETTEI VO HETPNBOUY, ,
XPNOIUOTTOIOUVTAI GUVTEAEOTEC BERAIOTNTAC TTOU £XOUV EKTIUNBEI aTTO €101KOUC.

« O1 utroAoyIgpoi KaTa TO GUVOUATHO BeRAIOTNTWY €ival ATTAOUCTEPOI, AOYW TNG
TTaPAdOXNC TNS AVECAPTNTIOC TWV YEYOVOTWV.

o [IPETTEI VA ATTOPEUYETAI N TAUTOXPOVN XPNON KAVOVWY TTOU AVAOTPEPOUV TN aXEON
airiag-arroteAéegpartoc. N.x. if A then kai if B then A




[lapaoeyua
Eatw O11 duo Kavoveg 0dnyouv aTo id10 UTTOBETIKO ouuTrEpaaua B,
KATW OPWC aTTO OIAPOPETIKEG TTAPADOOXEG, ONAAOH:
if A then B CF 0.8

if C AND D AND E then B CF 0.6
Av 0 xpnaoTtng sioayel Ta dedopeva A, C, D kal E pe BepaiotnTec:

CF(A)=0.5, CF(C)=0.9, CF(D)=0.7 ka1 CF(E)=0.5 ToT¢:

H evepyoTtroinan Tou Tpwtou kavova divel: CFp(B)=0.5* 0.8 =0.4
H evepyoTtToinan Tou deUTEPOU KAVOVa OIVEI:

CFn(B)=0.6 * min(0.9, 0.7, 0.5) = 0.6 * 0.5 = 0.3

Emeidn ta CFp kai CFn gival kal Ta dUo BETIKA, N GUVOAIKN)
B€IPGIOTHTG TOU UTTOBETIKOU guuTttEpaauarog B Ba eivai:
CFB)=04+0.3-(04x0.3)=0.58
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[Tooocyyion Dempster-Shafer (D-S) (1/2)
Aev atraiteital n guAAoyn OAwWV Twv aTTAWV Kal TwWV UTTO auvenkn
MOavOTATWV.

A\oyIOUOC PE apIBuNTIKEC TIUEC 1TeToiBnong (belief)

Av U={A, B, C} mBavec aagbeveliec Tote Pow €ival To guvoAo Twv
UTTOOUVOAWV Tou U:

Pow(U) = { {}, {A}, {B}, {C}, {A, B}, {A, C}, {B, C}, {A, B, C} }
mMOaveC dIayVWUOEIC.

Ailaleuypevec MNpotaoeic: {A, B} onuaivel "agBeveia A ) B".

2Toixeia Tou U 1ToU dgv avrikouv ae va aTtoixeio Tou Pow(U), (T1.X. N
agBevela C ato {A, B}), kavouv aagn TV apvnan Tou avTioToIXou
UTTOBETIKOU QUUTTEPATUATOC.

{}: null hypothesis
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[Tooocyyion Dempster-Shafer (2/2)

H Baoikn karavoun méavornrag (basic probability
assignment - bpa) €ival pia aTTeEIKOVIOnN:

m: Pow( ) — [0,1]
Bon(oda QVOAOBETEI pia TIUN TTETTOIBNONC YIa KABE aTOIXEIO TOU
oW

Eival dnAadr) 10 pYETPO Tr]é TTETT0IONAONG TTOU UTTAPXEI YIA TO
KOTA TTO00 IOXUEI TO UTTOBETIKO OUUTTEPATHA TTOU
EKQPACETAl UE TO TUYKEKPIPEVO OTOIXEIO TOU U.

n memoiénon mg{A, B}} )=0.3, o¢ uoipacerar ora {A} kai {5}
aAda apopa 10 {A
jaxver m({})=0 2 x epowuyM(X) =1

Etreidn Bewpoupe o1l TO UTTOBETIKO GUUTTEPACHA BPITKETAI
KATTOU pega ata atoixeia tou Pow(U)

H GUVO)\IKI’]X emoibnan (belief) om eva aTtoixeio Tou U
QVNKEI aTO KGGU)?(KGI OTQ TUXOV UTTOOUVOAQ ToU X

oupBoAigeTal pe B Bel(X)= ) m(Y)

YcX



Kavova¢ Dempster-Shafer

 Av m1 ka1l m2 dU0o aveEcapTNTEC EKTINNTEIC (BATIKEC
KATAVOMEC TTIBavVOTNTAC) TTOU ATTodid0UV KATTOIO BaBuo
TeETTOIONONC aTa aToixeia Ttou Pow(U), TOTE QUTEC
guvouadlovTal g€ pia TPITN EKTIUNON M3=m1®m2 Pye TPOTTO
TTou opiletal e Tov kavova D-S:

m; (X) « M, (Y)

m3 (A) — ml D m2 (A) — ZX,YEUZXF\Y:A
AcPow(U) 1 — ZX,YEU:XmY:@ M, (X) « M, (Y)

51



52

[Tapadeiyua. Arayvwon AoBGeveiag

Eatw U={A, B, C} 10 guvoAo Twv dUVATWY ACBEVEIWY TTOU YTTOPEI va
dlayvwabouv.

I{j&@éx\g:}% Alayvwaoeig Pow(U)={{}, {A}, {B}, {C}, {A,B}, {A,C}, {B,C]},

m( {{}, 1A} 1B}, {C} 1A, B} 1A, C1 1B, C1L 1A, B, C ) ) =1

UTTOdNAWVEI TN BEBGI()T[}\T’G OTI N dlayvwan BPIgKETAl KATTOU OTA ,
aTolxela Tou Pow(U) aAAa eAAeipel AWV eVOEiGEWY OtV gival dUVATO
va 000¢l 1I01aITEPN BapuUTNTA € KATTOIO

Eatw o yivetal diaBeaipn emITTAEoV TTAnpo@opIa, (TT.X. ,
TTPAYHATOTTOIOUVTAI IQTPIKEG EGETATEIG) KAI TTIPOKUTITEI OTI N A0BEvEIQ
gival pia arro 1ic A n B e Baduo miarng 0.7

m1({A, B} )=0.7
m1({{ }, {A}, {B}, {C}, {A, C}, {B, C}, {A, B, C}} ) = 0.3

AnAadn, n ENAEIYPN TTIOTNG O€ £va ATTO TA UTTOBETIKA CUUTTEPACHATA
Tou Pow(U), Ic000UvauEl QuTOPOATA PE I0OTTOCO0 BABUO TTIOTNG OTA
UTTOAOITTa OTOIXEIa TOU Pow(U), XWPIG OPWG va OIVETAI IDIAITEPN
TTPOTIUNON O€ KATTOIO OTTO QUTA.

[wg ptTopEl v auvduaaTouV dUO AVECAPTNTEG EKTIMNTEIG (TT.X. dUO
IATPWV) O€ WIq;
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[Tapaodelyua. 2uvovaoloc Aiayvwoewy

« EOTW OTI OUO YIaTPOI £CETACOUV AVECAPTNTA TOV aaBevr) Kal
OIVOUV TNV €KTIUNOT Tou¢ m1 Kol m2 avtiotoixa, yia Tnv
APPWATIA ATTO TAV OTTOIA AUTOC TTATXEI.

Matpog 1 MNatpog 2
Auvom’:g TTEPITITWOEIG - Bel o Bel
dIayvwaong 1 1 2 2
{A} 0.05 0.05 0.15 0.15
{B} 0 0 0 0
{C} 0.05 0.05 0.05 0.05
{A, B} 0.15 0.2 0.05 0.2
{A, C} 0.1 0.2 0.2 0.4
{B, C} 0.05 0.1 0.05 0.1
{A, B, C} 0.6 1 0.5 1
. . ZX,YEPGW(U}:?hY:A i) (X) iy (Y) Bel (X) = Z m(Y)
m, (A) — m, © m, (A) R
AsPow(Ll) 1 Zx,*fe?aw(m XY =0 " (X) “h, [Y) =

. T.X. Bel1({A,BY) = m1({A,B}) + m1({A}) + m1({B}) = 0.015 +
0.05+0=0.2




4

[Tapadeiyua. 2uvovaouos Exriunoewy (1/2) |

m
m,=m,®m, :
{A} {B} {C} {A,B} {A.C} {B,C} {A,B,C}
m, 0.05 0 0.05 0.15 0.1 0.05 0.6
{A} 0.15 | {A}.0075 | {} O {} .0075 {A} .0225 {A} .015 {} .0075 {A} .09
{B} 0 {y .0 {B} 0 {} .0 {B} .0 {+ .0 {B} .0 {B} .0
{C} 0.05|{} .0025 [{} O {C} .0025 {} .0075 {C} .005 {C} .0025 {C} .03
{A.B} | 0.05 | {A}.0025 [ {B}O {} .0025 {A,B} .0075 {A} .005 {B} .0025 {A,B} .03
{A,C} 0.2 {A} .01 {+ 0 {C} .01 {A} .03 {A,C} {C} .01 {A,C} .012
.02
{B,C} 10.05|¢{} .0025 | {B}O {C} .0025 {B} .0075 {C} .005 {B,C} {B,C} .03
.0025
{A.B,C | 0.5 {A} .025 {B} 0 {C} .025 {A,B} .075 {A,C} {B,C} {A,B,C} 3
} .05 .025




5

[Tapadeiyua. 2uvouvaouos Exkriunoewy (2/2) |

Auvartég TTEPITITWOEIG
d1Idyvwang

m, Bel,

(A} 021 | 021
(B} 0.01 | 0.01

(c} 000 | 000 | Bel(X)= Z m(Y)
(A, B} 0.12 | 034 Y X
(A, C} 020 | 050
(B, C} 006 | 0.16
(A, B, C} 031 | 1.00

H apxikni EKTiUNON OTI N ACBEVEIA gival Pia ATTO TIG
A n B ammoduvapwonke.

n diayvwaon Bpiokeral paAAov ato auvoAo {A,C}

ereidn Bel3({A})>Bel3({C}), apxilel va diagaiveral
OTI N TeEAIKN dlayvwan gival n A

H mTapatmavw ouvduaapuevn EKTINON PTTOPEI va
guvOUAOTEl EK VEOU MPE MIa AAAN ekTipnon (1T.X. 3ou
IATPOU).




Kavoveg kal Aoageia
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Aoageia (Fuzziness)

Evvola 1Tou axeTileTal ue TNV 'ITOOOTIKO'ITOIF]GF] NG
TTANPOPOPIAC KAl OPEIAETAI KUPIWG TE LN-akpilBrn
(imprecise) dedOEVAQ.

"O Nikog eivar wnAog”

To TPOLBANUa opeiAeTal TNV AVTIANWN TTOU £XEI O KABEVAC
yla AEKTIKOUG TTPOTOIOPITUOUG TTOOOTIKWY HEYEBWV
(gnuaaloAoyikn aoageiq)

EVYEVEC XapAKTNPIOTIKO TNGC YAWOOOC.

Acgapnc Noyikn (fuzzy logic): uTTEPOUVOAO TNG KAQTIKAG
AOVYIKNG

xelpideTal TIuEC aAnBeiag petacu Tou "atroAuTWS aAnBouc”
KQl TOU "aTmToAUTWCS weudou"”.

Ccwpia Aoapwv 2uvodwv (Fuzzy Set Theory) - Lofti
Zadeh '60
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Baoike¢ Evvoiec Aoapwyv 2uvoilwv

Aoapeg 2uvodo (fuzzy set) A: eva gUVOAO OIATETAYUEVWV
Ceuywv (X, UA(x)) ottou xeX kal uUA(x)e[0,1]).

To guvoAo X mrepiAapBavel OAa Ta AVTIKEIYEVA OTA OTTOId
UTTOPEI VA YIVEI avagopda.

UA(X): BaBuog aAnBeiag (degree of truth) - TINEG OTO
diaaTtnua [0, ﬁ

H ouvapTtnan uA ovouadeTal ouvapTrnan ouyyevEIaS
(membership function).

[TpoEAeuan UA:

YTTOKEIUEVIKEC EKTIMNTEIC

[TpokaBopiauevec (ad hoc) popPeg

2. UXVOTNTEC EUPAVITEWV Kal TTIBAVOTNTEC

DuaikeEC HETPNOEIC

A1adIKagiec pabnang Kai TTPogapuUoyNS (VEUPWVIKA JIKTUQ)
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Avarmrapaoraon Acagwyv 2uvoAwy

AVOAUTIKA €K@PaaNG TNG UA

ATTAOUOTEUAN: TUNUATIKWS YOAUIIKNS QITEIKOVION TNG UA

2.UVOAO (euywv TNG pop@nc UA(x)/x

[1.x. wnAoc ={0/1.7, 0/1.75, 0.33/1.8, 0.66/1.85, 1/1.9, 1/1.95}
Me Ceuyn TnG Hopdng (X, UA(X)):

Myx. wnhdc={(1.7,0), (1.75,0), (1.8, 0.33), (1.85, 0.66), (1.9,
1), (1.95, 1)
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Acgagpeic 2yeoeic (1/2)

« Aga@r guvoAa opiopEva e TTEdIA AVAPOPAG AVWTEPNG
dlagTaonc.

* Mapadeiyua: R ="x &ivar Bapurepo arroy" xeX, yeY
Kal Re XxY

« Avatrapaagrtaon TnG R, g€ popen TTivaka
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Aoageic 2xeoeis (2/2)

2uvBean (composition) ACAPWY 2XETEWV: TUVOUATHOG
QAOAPWY OXETEWV.

2UuvBson max-min (max-min composition)
2uvBean max-product (max-product composition).

Av R1(x,y) ka1 R2(y,z) eival U0 a0a@EIC OXETEIC OPITUEVES
oTa ouvoAa XxY kal YxZ avTioToIxa, TOTE N ouvBear) Toug
divel pia vea axeaon R1°R2 opiauevn ato XxZ e
guvapTNON OUYYEVEIOC:

SuvBson max-min:  Uriera(X,2) = \/[Ug; (X, Y) AUg, (X, Y)]
y

SuvBean max-product: Uriera (X% 2) = \/[Ug; (X, ) « Ug, (X, Y)]
y



Aocageic MerabAnreg kar Aoageic ApiBuoi

Aoapns MeraBAnm (fuzzy variable): ol TINEG TIG opidovTal
UE 0ga@N GUVOAQ.

'1.X. Ta aga@n auvoAa {KovTog, Jeaaiog, YnAog} Ba
UTTOPOUCAV Va €ival TO TTEDIO TIHWV TNS Aga@POUC

IETABANTNG "Uwoc".
"owoc": Aekrikn (linguistic) petaBAnTn.

Aoageis apiBuoi (fuzzy numbers): agagn UTTOOUVOAQ TOU
JUVOAOU TWwV TTPpaypaTikwy apiOuwv. I'.x. "Agapec 3" ato

axnua.
LN QOAQEIC TIUEC: CriSp (TQQEIS, TUYKEKPILEVEC).
| -

W)
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H Apxn tn¢ Emmekraong (1/2)

ETTEKTAON TWV EVVOIWV KAl TWV UTTOAOYIOTIKWYV TEXVIKWV
TWV KAQOOIKWV HaBNPATIKWY OTO TTAQITIO TWV AgA@WV.

guvaptnan f: opidel ammeikovian Tou X={x1, x2, .., xn} 1O

Y={y1, y2, .., yn}, €101 waTte y1=f(x1), y2=f(x2), .., yn=f(xn).

aoga@PeC auvoAo A opIgUEVO aTa aTOoIXEIa TOU X
A = { UA(x1)/x1 , uUA(x2)/x2 , ..., UA(Xn)/xn }

Av n €i0000¢ X TNG duvapTnang f yivel aga@ng JEow TOU
JUVOAOU A, TOTE TI UUBAIVEI UE TNV £CO00 Y ;

Apxn EtrekTaong: utTToAoyITPOG 000POUG GUVOAOU B e
epapuoyn NG fato A.

B =f(A) = { UA(x1)/f(x1) , uA(Xx2)/f(x2) , ... , UA(xn)/f(xn) }
OnAadn, kabe yi=f(xi) yivetal acapec ae abuo uA(xi)

TTPOKTIKA, N UB(y) TTIPOKUTITEI ATTO TNV UA(X) OTTOU TO X
QVTIKOOIOTATAI PE TNV EKYPAAN TTOU TTPOKUTITEI VIO QUTO
Q17O TNV €TTIAUCGN TNC f WC TTPOC X
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H Apxn tn¢ Emmekraoncg (2/2)

« EI1dIKEC [epITTTWOEIC

e QV TTEPICTOTEPA TOU EVOG DIAPOPETIKA X (EOTW TA XM KAl xng Oivouv
paopc& Tr])g guvaptnang 1o 1010 y (eaTw 10O y0), TOTE: UB(YO)=UA(XmM)
v UA(XN).

* N PEYIOTN TIMN GUYYEVEIAG TWV XM Kal XN aTo A TTIAEYETAI WG BaBPOG
guyyevelag Tou y0 ato B

* QV YyIa KATTOI0 yo Tou B dtgv uttapxel X0 Tou A TETolo WaTe yo=f(xo),
TOTE N TIA GUYYEVEIAG TOU B aTo yo gival unodev.

« [evikeuan ae TTEPITTOTEPEC DIOOTATEIC:

* QV UTTAPXOUV Ol YETABANTEG U, V, ..., W OPIOUEVEG OTA duvoAa U, V,
..., Wavrtigroixa

* m JIAPOPETIKA aga@n auvoAa A1, A2, .., Am oplguEva aTo
UxVx.. xW

* N TTOAUTTAPAMETPIKN aguvapTtnon y=fu,x,...,w)

e TOTE N ACAQPOTTOINAN TOU éo'opo,u TwV y, dOnAadn n auvapTnon
JUYYEVEIAG TOU OUVOAOU B, opileTal WG £¢NG:

Ug (Y) = Vuswsxsw [Uai (W) AUp (V) A AU (W] T(U, Y., W)




[Tapadeyua Xornong Apxric Emmekraong (1/2) |

* [1pooBeon Twv apiBuwyv A:"acageg 3" Kal

* A:"agagec 3" ={0/1,

0.5/2,

 B: "agagec 7" ={0/5, 0.5/6,
« KaraogkeuadleTal O TTiVAKAG:

B

y=3

=6
y=1
y=8
y=9

A

&

B:"agapeg 7"

1/3, 0.5/4, 0/5)
1/7, 0.5/8, 0/9}

x=1 x=2 x= X= X=5
0 0.9 05 0
0 0 0 0 0
0 05 05 0
05 0.5 05 05 0.5
0 05 05 0
1 1 1 1 1
0 0.5 0.5 0
0.5 0.5 0.5 0.5 0.5
0 0.5 05 0
0 0 0 0 0




6

[Tapadeyua Xopriong Apxric Emmekraong (2/2) |

Uc-as(2) = v [Ua(X) AU (Y)]/(X+Y)

Z=X+Y

 EoTtw z=9. Y1mrapyouv dUO auvOUAOUOi X Kal y TTOU Pag divouv
aBpoigua 9.

* QPXN TNG ETTEKTOONC:

« UA+B(9) =max(min(uA(4), uB(5)), min(uA(3), uB(6)), min(uA(2),
uB(7)) , min(uA(1), uB(8))) =

. max(min(0.5, 0), min(1, 0.5), min(0.5, 1), min(0, 0.5)) =
. max( 0, 0.5, 0.5,0) = 0.5

« Apa: o BaBuocg auyyevelag Tou z=9 ato aga@ec auvolo C=A+B civai
0.5.

e OMOIO VIO TO UTTOAOITTO OTOIXEIO TOU TTIVOKQA, OTTOTE TTPOKUTITEL:
« UA+B(z)={0/8, 0.5/9, 1/10, 0.5/11, 0/12}
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Aoageic lNooraoeig kar Aoageic Kavoveg
Aoaeng¢ mooraon €ival auTr) TToU BETEI PIa TIPN g€ JIa
agagn JeETapANTN.

Aoagng kavovag (fuzzy rule): eival pia uTTo guvonkn

£KQPAQT TTOU GUOXETICEI BUO N TIEPITTOTEPEG ATAPEIG
TTPOTATEIC.

"Eav n TaxuTtnTa €ival yETPIa TOTE N TTiECN OTA PPEVA VA
gival JeTpia”

H avaAuTikn Treplypagn €vog agagpoug kavova if-then gival
Hia agaeng oxean R(x,y) TTou ovopadeTal axeon
ouverraywyrs (implication relation).

[€VIKN TNG popPn TNS axeEang (OuvapTnNang) GUVETTAYWYNG:
R(X,y)=u(x,y)=¢( uA(x), uB(y) )
@. TeAearng ouvvemraywyrns (implication operator)



Mepikoi Aoageic TEAEoTES Zuvermaywyris

Ovopooio Teleo)

Avoiotikn 'Exepaon tov @[uA(x),uB(y)]

¢Qm: Zadeh Max-Min

(Ua(x)Aup(y)) v (1- ua(X))

¢.: Mandani Min

uA(x)Aug(y)

¢,: Larsen Product

uA(Xx)eup(y)

(.. Arithmetic

In(1-ua(x) + up(y))

¢p: Boolean

(1-ua(®)) v ug(y))
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2UAMoyriorikes Aiadikaoia¢c GMP kar GMT
['eviKn pop®n TTPORANPATWY KATA T OUAAOYICOTIKN HE
Q0APEIC KAVOVEC:
if xisA then yisB
xisA' yisB'(?)
K/Iéow T GU)\)\OVIOTIKTF 5IG'5_IK(']GiG§ GMP (Generalized
odus Ponens - GMP): B'=A'oR(x,y)
if xisA then vyisB
xis A' (?) yis B’

kj/léow NG auAAoyiaTiknG diadikaaiac GMT (Generalized
odus Tollens - GMT). A'=R(x,y)oB'

H oxeon ovvemaywyrng R(X,y) TTou £XEl ETTIAEYEI va
XPNOIPoTToINBEl, TTPETTEI VO duvOUOOTEl (TuvBean) PE TNV
KOTQ TTEQITITWAN YvVwaTn TTapapeTpo (A" n B') wate va
UTTOAOYIOTEI N AyvVwWaTN TTAPAUETPOC.



1

2uvown Aoagoucs 2ZUAAoyiaTikric Aiadikaoiac |

« Me Baon evav agagr Kavova TS HoPPNG:
« "ifxis Athenyis B"

* Kal EaTW auAAoyiaTikn diadikaagia GMP (dnAadn yvwaTo 10
A’ W¢ TIuN Tou X Kal {NToUuPEVO To B’ w¢ TIun Tou ), TA
aga@n auvoha A kai B auvduadlovTtal e KATTOIOV OTTO TOUG
TEAEOTEC oUVETTAYWYr§ KAl TTOPAYOUV TN gxEan
ouvermaywyrns R(x,y).

« ATO TNV R(X,y) MeOW aUVBeaNC (€0TW max-min aguvBsan)
e To A’ TTPOKUTTTEI N AyvwaTn TToooTnTa B"

« B'=A'oR(x,y)




Aocapng 2uldoyioTikn

« ECaywyr OUPTTEPATUATWY PE XPNON OOAPWY KAVOVWV.
« Teogoepa aTadia:
* YTTOAOYIONOC TNG OUVAPTNONG TUVETTAYWYNG VIO KABE EUTTAEKOPEVO KavVOVA.

« [lapaywyn ETTINEPOUC ATTOTEAETUATWY HECTW KATTOIOG GUAAOYIOTIKAG dl1adIKaaiag.
e 2UVABPOION TWV ETTINEPOUC ATTOTEAETUATWV.
o ATTOOOQ@NVION OTTOTEAEOUATWV.

ATaPAC NEKTIKR YImoAOWIOHOS Zuvap- Napaywyr E mpépoug
Neprypagry NpofAfToc oWy ZUVETIaYWYHC ATroreAsopd T Y
AT gLic Kavdveg ;
R, Rz ... Rn GMP  GMT
Aaeic TINES

e
] TuvdBpoion

ATroT£As0UdE TW Y

ATT0 O PR O

ATTOT EASOPETW W




apaoelyua pobAnuarosc Acapous 2uldoyrorikrc (1/ 2)

« Eotw guartnua mou puBpicel Tn doan D piag apuakeUTIKNG OUTIAG TTOU TTPETTEI VO
xopnynOei o€ aagBevn, ye Ppaon tn Beppokpaaia Tou T.

 Eotw ot To ouatnua BaaileTal aTOUG £¢NC OUO ATAPEIC KAVOVEC:

« K1:if T is HIGH then D is HIGH

« K2:if T is LOW then D is LOW

« Aivovral emiong Ta agagpn auvoAa HIGH kai LOW yia ta peyedn T kai D:

« TLOW ={0.2/37, 1/37.5, 0.5/38, 0.2/38.5, 0/39, 0/39.5, 0/40 }

« THIGH ={0/37, 0/37.5, 0.2/38, 0.5/38.5, 0.8/39, 1/39.5, 1/40 }

« DLOW ={1/0,0.8/2, 0.5/5, 0.2/8, 0/10 }

« DHIGH ={0/0, 0.2/2, 0.5/5, 0.8/8, 1/10 }

« Av T'=38.5, va utroAoyioTei n Tipn Tou D' e auAAoyiaTikr diadikaaia GMP.

—a—LOW —+—HGH —&—LOW —+—HGH

T
oo f o ——

IF0 375 300 35 380 315 400 0 1 2 3 456 F 8 910
T D




apaoelyua lNpofAnuarosc Aaagous ZuAdoyiarikris (21 2)

ATOprG AEKTIKY
Mg iyed @ MeoATog

FATOAD Y OUO Zuvop-
THpTEn Y RN TIEN W v

Mup aywyr) EMp gpoug
AT TN ST

T High
(BRT @

mEBoSos MIN

hd 2 B P ) Be0m

_.F

M£Bodo; PRODUCT

fiof 284 <P 1 B2

+

Sy
ATTOOr| I 2T E ol
ATroTEASOLIT e Ao TE A E T o

bl £ 0500 Fd 205 Thd LIbd

Tl Bponary bl A

MZHodo; CEMDROID

= Uw Bporony S UM




Briua Al:. YmoAoyiouog ouvaprnons OUVveETaywyrnc :

MéBodoc MIN
2 KAVOVEG: OUO TEAEOTEC auveTTaywyng, ol RK1 kal RK2.
)I\sﬁ)lqgnporromiml 0 TEAEOTNC guveTTaywyns Mandani min () atrAa

K1:if Tis HIGH then D is HIGH K2:if Tis LOW thenD is LOW
Eotw o K1. KatagkeuadeTal o TTIiVOKOAC apIaTEPQ:

KaBe keAi Tou eowTtepikou Trivaka treplexel To min(uTHIGH, uDHIGH)
via Ta T kai D TnG ypauung kail atriAng atnv otroia BPIigkeTal.

Oupoia mrpokutrrel kal n RK2(TLOW,DLOW) vyia tov kavova K2
(TTivakag OeCIq)

[evikeuan: av N ekppaaeic aTo if TuApa TOTE TTPOKUTTITEI TTiVaKaC N+1 dlaoTagewvy.

Rk1 D 0 2 5 8 10 Rk D 0 2 5 8 10

T 0 02 | 05 | 0.8 1 T 1 08 | 0.5 | 0.2 0
370, O 0 0 0 0 370 02 | 0.2 | 0.2 | 0.2 | 0.2 0
375, 0 0 0 0 0 0 375 | 1 1 08 | 0.5 | 0.2 0
38.0 | 0.2 0 02 | 02 | 02 | 0.2 380 05 | 05 | 05 | 05| 02 0
38.5 | 0.5 0 02 | 05 | 05 | 0.5 385| 02 | 02 | 02 | 0.2 | 0.2 0
39.0 | 0.8 0 02 | 05 | 08 | 0.8 39.0| 0 0 0 0 0 0
39.5 | 1 0 02 | 0.5 | 0.8 1 395 0 0 0 0 0 0
40.0 | 1 0 02 | 0.5 | 0.8 1 400] O 0 0 0 0 0




Briua A2: [Tapaywyn EmUEOOUS QTTOTEAETUATWY (1/2)76

« Me epappuoyr TNG auAloyiaTIkAG diadikaaiac GMP:
« Kavovag K1: D'K1=T'oRK1(THIGH,DHIGH)
« Kavovag K2: D'K2=T'oRK2(TLOW,DLOW)

. ,g\rr)\anéa,iml N ypaen tng Bepuokpaaiag T'=38.5 g€ poppn acapoug auvoAou,
nAaodn:

« T'=38.5={0/37, 0/37.5, 0/38, 1/38.5, 0/39, 0/39.5, 0/40 }
« XpnaiyoTrolgital N pEBodo¢ guvBsang (0) max-min (N auvnBEaTEPN TTEPITTTWAN).

. T£)§\VIKF'] OpoIa PE TTOANQTTAQTIOOUO TTIVAKWY: XPNTIYOTTOIEITAlI Min avTi
TTOAAQTTAQCIOOPOU KaI max avTi TTpoaBeanc.

* 10¢ TTivakag To aga@ec auvolo T' (1x7) kal 20¢ o aplaTepa Tou Brjpatog A1 (7x5)
« To amroteAeapa Ba gival Evag Trivakag 1x5 1Tou Ba atroteAei kal Tnv TTogoTtnTa D'K1.

D

T 0O |2 |58 10
37 O, 0, 0] 0|0
3750 0 ] 0] 0O 0] O
D'x,= [0/37, 0/37.5, 0/38, 1/38.5, 0/39, 0/39.5, 0/40] o |38 0 102/02|02|02 =
385 0 102/05|05]0.5
39 0 102/05/08|0.8
395 0 /102|05(08] 1
40 0 102/05,08| 1

D'K1={ 0/0, 0.2/2, 0.5/5, 0.5/8, 0.5/10 }



Briua A2: [apaywyn emueoous amroreAsouarwy (2/ 2)77

« Ouoia, o kavovacg K2 divel: D'K2 ={ 0.2/0, 0.2/2, 0.2/5,
0.2/8, 0/10 }

« D'K1 (apiatepa) kai D'K2 (de€ia).




Briua A3:. 2uvaBpolion armmoreAsouarwyv

MeBodog MAX

Y1roAoyidel TN guvOUAOHEVN £G0D0 TWV KAVOVWY TTAIPVOVTAG TN PEYIOTN TIUN
JUYYEVEIQG ATTO TIG TTAPAPETPOUG £E0D0U KABE KavVOva, ONUEIO TTPOG NMEIO
(pointwise maximum - maxp/w).

AedOUEVOU OTI £XEI UTTOAOVYIOTEI:
D1'K1={ 0/0, 0.2/2, 0.5/5, 0.5/8, 0.5/10 }
D1'K2 ={0.2/0, 0.2/2, 0.2/5, 0.2/8, 0/10 }
n auvadpoiar] Toug Katad MAX divel

D1'= {max(0,0.2)/0, max(0.2,0.2)/2, max(0.5,0.2)/5, max(0.5,0.2)/8,
max(0.5,0)/10} =

={0.2/0, 0.2/2, 0.5/5, 0.5/8, 0.5/10}

[ " |
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Briua A4. Ammooaenvion

« MeBodoc atroagapnvionc MAXIMUM

e QIOKPITN TIMN: PEYIOTN TIUN GUYYEVEIOG TOU TEAIKOU
QATTOTEAETUATOC.

» € average-of-maxima arrogagnvian: D1= (5+8+10)/3=7.7

N

o] +——T—7—T1T—T1T—T1T—11
I!I1EHI-EET!5I]




Briua Bl: YmoAoyiouog ouvaprnons ouverraywyrns :

MéBodoc PRODUCT

OUO KAVOVEG: OUO TeAeaTeG ouveTTaYWYNG, ol RK1 kai RK2.
EoTtw o TeAeatnc ouvettaywync Larsen Product (f arrAa PRODUCT).

K1:if T is HIGH then D is HIGH K2:if T is LOW then D is LOW

Kavovag K1. Katagkeuadletal o Trivakag aplatepd: Kabe KeAi Tou
E0WTEPIKOU TTivaka (oxean ouvetraywyns RK1) trepiexel to (uTHIGH
e UDHIGH) yia Ta T ka1 D Tn¢ ypapung kai atnAng atnv oTroia
BpigkeTal.

Oupoia mrpokuTrtel kKal B RK2(TLOW,DLOW) vyia Tov kavova K2
(TrTivakag Oe€iq)

Rki | D 0 2 5 8 10 Rk2 | D 0 2 5 8 10
T 0O [02]05] 0.8 1 T 1 08 | 0.5 ] 0.2 0
37 0 0 0 0 0 0 37 1|02 | 02 016 01 /004 O
375, 0 0 0 0 0 0 37.5| 1 1 080502 0
38 | 0.2 0O (004 01 016 0.2 38 | 0.5 ] 05|04 [025] 01 0
38.5| 0.5 O [ 01]025]04 | 05 38502 02 016] 01 |004]| O
39 | 0.8 0O [0.16] 04 [0.64| 0.8 39 0 0 0 0 0 0
395 | 1 0O 102 ] 05]0.8 1 395, 0 0 0 0 0 0
40 1 0O 102 ] 05]0.8 1 40 0 0 0 0 0 0




Brnua B2: lNapaywyn emiuepous amroreAsouarwy (1/2) 81

« Me epappuoyr TNG auAloyiaTIkAG diadikaaiac GMP:

« Kavovag K1: D'K1=T'oRK1(THIGH,DHIGH)

« Kavovag K2: D'K2=T'oRK2(TLOW,DLOW)

« ATTaiteital n ypagn 1 6epuokpaaiag T'=38.5 g€ poppn acapoug auvoAou:

« T'=38.5={0/37, 0/37.5, 0/38, 1/38.5, 0/39, 0/39.5, 0/40 }

« XpnaiyoTrolgital N pEBodo¢ auvBsang (0) max-min (N auvnBEaTEPN TTEPITTTWAN).

. (1 7og51)'rivou<0(g TO agaPec auvoAo T' (1x7) Kal 20G 0 ECWTEPIKOG TOU PriuaTtog B1
X

« To amrotéAeapa Ba gival evag trivakag 1x5 1Tou Ba artroteAei kai Tnv TToogoTnTta D'K1.

D

T 0|25 ]8 110
37 0O, 0000
375 0 ] 0] 0] 0] O
D'x;= [0/37, 0/37.5, 0/38, 1/38.5, 0/39, 0/39.5, 0/40] o (38 0 |0.04|0.1(0.16/0.2 | =
38.5 0 /0.1/0.25/04 0.5
39 0 |0.16/ 0.4 |0.64| 0.8
395 0 /102/05/08| 1
40 0 /102/05/0.8] 1

D'K1={ 0/0, 0.1/2,0.25/5, 0.4/8,0.5/10 }




Brnua B2: lNapaywyrn emiuepous amoreAsouarwy (2/2) 82

« Opola TpokuTrTel OTI 0 Kavovag K2 divel: D'K2 = { 0.2/0,
0.16/2, 0.1/5, 0.04/8, 0/10}

« [pagikn atreikoviaon Twv D'K1 (apiaTtepa) kar D'K2 (de€ia).

10 - 10 -
08 08
06 0.8
04 0.4
02

uli M\’-H
0.0 0.0

D1 23 456 7 8% 910 012 34567 8 910
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Briua B3:. 2uvaBpoion armroreAsouarwyv

MéBodoc SUM

YTroAoyidel TN auvOUAOHEVN £G0D0 TWV KAVOVWYV TTAiPVOVTAG TO ABpoIgpa Twv
TIMWV OUYYEVEIOG TWV TTAPAPETPWYV EGOO0U KABE Kavova, anpEio TTPOG ONUEIo
(pointwise sum - sump/ ws)

AedOUEVOU OTI £XEI UTTOAOVYIOTEI:

D2'K1={ 0/0, 0.1/2,0.25/5, 0.4/8,0.5/10 }
D2'K2 ={0.2/0, 0.16/2, 0.1/5, 0.04/8, 0/10 }
...n auvaBpolar) Toug kata MAX divel....

D2'= 6(0+02/0 (0.1+0.16)/2, (0.25+0.1)/5, (0.4+0.04)/8, (0.5+0)/10} =
£0.2/0, 0.26/2, 0.35/5, 0.44/8, 0.5/10 }

10

e




Briua BA:. Armrooagnvion

« MeBodoc¢ amroaaprvionc CENDROID

e H diakpITH TIUN €ival AUTN TTOU TTPOKUTITEI ATTO TO
KEVTPO BAPOUC TNG TEAIKNG OUVAPTNONG UYYEVEIOC
VIO TNV ao0@n TTAPAPETPO £CODO0U.

e To KEVTPO BApOUC ETTIPAVEIAC TTOU OPICETAI ATTO Mid
ouvaptnon f(t): axéon (1) j:t. f()dt

t =
“ Ltzlf(t)dt

* [0 dlaKpPITOU duVvOAOU ava@opac: dIaKPITO

aBpoloua pe deiyparoAnwia N anueiwv (ox.2).

iti “Uour (ti)

_ il
ts="x

l"|OUT (tl )
1




« Me CENDROID atmrogagrvion ata armoTeAEaUATO
TNS auvaBpoianc SUM, TTpOKUTTTEL:




Anwn Ammopaoswy aro 2nuaclioAoyiko
[oTo




Towards a Semantic Web

. The current Web represents information using

. natural language (English, Hungarian, Chinese,...)
. graphics, multimedia, page layout

. Humans can process this easily

. can deduce facts from partial information
. can create mental associations

. are used to various sensory information

. (well, sort of... people with disabilities may have serious
problems on the Web with rich media!)

87



88

Towards a Semantic Web

. Tasks often require to combine data on the Web:

. hotel and travel information may come from different sites
. searches in different digital libraries
. etc.

. Again, humans combine these information easily

. even if different terminologies are used!



However...

. However: machines are ignorant!

. partial information is unusable
. difficult to make sense from, e.g., an image
. drawing analogies automatically is difficult

. difficult to combine information automatically
. IS <Foo:creator> same as <bar :author>"?
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Example: automatic airline reservation

. Your automatic airline reservation

. knows about your preferences
. builds up knowledge base using your past

. can combine the local knowledge with remote services:
. airline preferences

. dietary requirements
. calendaring
. etc

. |t communicates with remote information

90
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Example: data(base) integration

. Databases are very different in structure, in content

. Lots of applications require managing several
databases

. after company mergers

. combination of administrative data for e-Government
. biochemical, genetic, pharmaceutical research

. efc.

. Most of these data are accessible from the Web

(though not necessarily public yet)
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And the problem iIs real...

= el |GV Firafo.s =E]x]

History Bookmarks Tools Help i

'_ﬂ % WP+ | red database P SO~

Cell Centered Database.. [ /
£F 2 ™ 14

7 ) , e v 2
;J - |\_-) - i o I~ __J: .'_; ( 3 - |'Itt:l:.-'_-".'.'.'. National Center for Microscopy and Imaging Resea

i@» cotioliat Collation of Corlicallliata = Mozilla Kirefox:

File Edit View History Bookmarks Tools Help

A - ) z 4 ¢ % e G
M S Y (J : http:/fccdb.ucsd edufsand fmain?event=gallery&action=show&dpl=y

0 pasa?

%

Data | Search | Gallery | Dictionary | Publications | MyCCDB | Data Download | Contact us | Hel

CoCoDat: Collation of Cartical Is

: 4 . .r@,» NeunonDE=Alialamicinelay neunon S Overvieyd () i s Mozillaanefox
mICFOCIrCl.IItI'Y] Data File Edit Wiew History Bookmarks Tools Help i
CoCoDat is a microcircuitry database thafl & ~ T 2 B & & vy (.’ W htip:/fsenselab.med. yale ed | ',@ % [Wrjsensed | PG| @ -
published experimental reports. The data - f;‘-_’:.‘:':s’--f
and cellular compartment), as well as the %urgn@@
* Morphology
* Firing properties h | % I
* lonic currents Back Thalamic relay neuron
* |onic conductances
s Synaptic currents Mode: Overview Data/Search plus Connectivity plus Classical References/Motes Models
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Example: digital libraries

. It means catalogues on the Web

. librarians have known how to do that for centuries
. goal is to have this on the Web, World-wide
. extend it to multimedia data, too

. But it is more: software agents should also be
librarians!

. help you in finding the right publications
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Example: semantics of Web Services

. Web services technology is great

. But if services are ubiquitous, searching issue
comes up, for example:

. “find me the best differential equation solver”
. “check if it can be combined with the XYZ plotter service”

. It Is necessary to characterize the service

. not only in terms of input and output parameters...
. ...but also in terms of its semantics
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What i1s needed?

. (Some) data should be available for machines for
further processing

. Data should be possibly combined, merged on a
Web scale

. Sometimes, data may describe other data...

. ... but sometimes the data is to be exchanged by
itself, like my calendar or my travel preferences

. Machines may also need to reason about that data




In short: we need a Web of Data!




In what follows...

. We will use a simplistic example to introduce the
main Semantic Web concepts

. We take, as an example area, data integration
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The rough structure of data integration

1.Map the various data onto an abstract data
representation

. make the data independent of its internal representation...
2.Merge the resulting representations

3.Start making queries on the whole!

. queries not possible on the individual data sets



A simplified book store data (dataset “A”) 99
Dataset A : RDBMS

Table : Books
ID Author Title Publisher Year
ISBNO-00-651409-X id xyz The Glass Palace id_qgpr 2000

Table : Authors

ID Name Home Page
id_xyz Ghosh, Amitav http://www.amitavghosh.com

Table : Publishers

ID Publ. Name City
id_qpr Harpers Collins London
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1st: export your data as a set of relations

The Glass Palace i(._lttltll

2000 | ——
London Hfl:dty

HarpersCollins k dp_Tame s:author

http:ll...lisbn/00065 1409X

a:publishar

aname athomepage

| Amitav Ghosh h C http://lwww.amitavhosh.com )




101

Another book store data (dataset “F”)

Dataset F : Excel file

A B C D E
1 ID Titre Auteur = Traducteur Original
ISBNO 2020386682 Le Palais A7 A8 ISBN-0-00-651409-X
des
miroirs

Nom
Ghosh, Amitav
Besse, Christianne

oo ~ (0)) g wnN
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2"d: export your second set of data

http:/l...lisbn/000651409X

Le palais des mirroirs

fauteur

http:/i...lisbn/2020386682

finom

finom

Amitav Ghosh h Christiane Besse b




3"d: start merging your data

The Glass Palace k_ Eﬁl
2000 H S
i

Londen

\ http:ll...lisbn/00065 1 409X

HarpersCollins

Le palais des mirroirs

Amitav Ghesh b

Amitav Ghosh i Christiane Bess-ei
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3'd: merge identical resources
The Glass Palacak'._.'tltll

2000

htep:ll...lisbn/00065 1 409X

Londen

HarpersCollins

Le palais des mirroirs

R o
Fautaud

fmom

Amitav Ghosh i Christiane Besse i
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Start making queries...

User of data “F” can now ask queries like:

. “give me the title of the original”
. This information is not in the dataset “F"...

...but can be retrieved by merging with dataset “A’!

The Glam Palace




However, more can be achieved...

. We “feel” that a:author and f:auteur should be
the same

. But an automatic merge does not know that!




3 revisited: use the extra knowledge
The Glass Fulucek geditle

e EVaF htep:ll... lisbn/D0065 409X
y . Le paleis des mirroirs
London e
HarpersCollins

_'_'___,_,_.—-—'_'—-_‘—-—u_._‘_‘_‘_‘_
Amitav Ghosh i i http:!iwww.amitavhosh.com i

Add so.me extra information to the merged ——
data: = o~

1) azauthor same as f:auteur o \

2) both identify a “Person”, a term that a e [ e
community (foaf:Person) may have already &=+ = - "\
defined: BT e

. a “Person” is uniquely identified by 1;“ 2
his/her name and, say, homepage ez i

. it can be used as a “category” for
certain type of resources
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Start making richer queries!

. User of dataset “F” can now query:

. "give me the home page of the original’'s author”

. The information is not in datasets “F” or “A”...

...but was made available by:

. merging datasets “A” and datasets “F”
. adding three simple extra statements as an extra “glue”




Combine with different datasets

. Via, e.g., the "Person”, the dataset can be
combined with other sources

. For example, data in Wikipedia can be extracted
using dedicated tools




Merge with Wikipedia data

The Glass Palace H_l'ﬂtl.
heep:ll.. Jisbn/00065 | 409X
2000 % R.year

[ miclt xpublish foriginal

. gauthor
A fiaureur
ttpell... lisbn/202038658

. f:eraductour

feafname / foathomepage

/ foatrama
WiRarson
Amitav Ghosh h http:llwww.amitavhosh.com

Le palais des mirroirs

HarpersCollins

http:llen.wikipedia.com/wikifAmitav_Ghosh
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Merge with Wikipedia data

The Glass Palace k_t‘ﬂﬂl

2000 h RySar

et

London

HarpersCollins bl = aiN

heepsll... lisbn/000&5 1 409X

foafname / foakhomopage

Amitav Ghosh h http:/lwww.amitavhosh.com

¥

apublishe
gauthor
fauteur
wWiparson
wiauthorOf

http:ilen. wikipedia.com/wikifAmitav_Ghosh

tp:lfen.wikipedia. comiwikilThe_Hungry_Tide

p:llen. wikipedia.com/wikifln_an_Antique_Land

wauthorQOf

weautharOf

Le palais des mirroirs

ttp:ll... lisbn/202038668

f:traducteur

wiisbn
foatrama

Christiane Besse i

ttp:llen.wikipedia. com/wikiiThe_Glass_Palace
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Merge with Wikipedia data

The Glass Palace k_t‘ﬂﬂl
http:ll.. Jisbn/000465 | 409X
2000 | ‘ Lol

. apublishe o
T et P fzoriginal

. sauther
fauteur
ttp:ll...lisbni202038668

. f:traducteur

foafname / foakhomopage T

/ foafnama
Amitav Ghosh h http:/lwww.amitavhosh.com
Christiane Besse i
W parson

ttp:llen.wikipedia. com/wikiiThe_Glass_Palace

Le palais des mirroirs

HarpersCollins bl = aiN

http:ilen. wikipedia.com/wikilAmitav_Ghosh % wraithorOf

http:llen.wikipedia.com/wiki/Calcutta
horOHf wibormnin C :

wrgoogleMapRefarenca

tp:lfen.wikipedia. comiwikilThe_Hungry_Tide

weautharOf

Chittpelien.wikipedia.comiwikiln_an_Antique_Lanz cﬁttp:-‘n'nmps.gougle.cnm-‘map:i‘q*ulhuta,rndia...;
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Is that surprising?

. It may look like it but, in fact, it should not be...

. What happened via automatic means is done every
day by Web users!

. The difference: a bit of extra rigour so that
machines could do this, too
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What did we do?

L
m&% é; §
Applications Query,
Manipulate,
/* etc.
Data represented in abstract format Map,
Expose,
etc.

LU
OO
[0
{000
HUUL
UL
{000
HUUL

1l

Data in various formats



It could become even more powerful

. We could add extra knowledge to the merged
datasets

. €.g., a full classification of various types of library data
. geographical information
. etc.

. This is where ontologies come In

. ontologies can be relatively simple and small, or huge, or
anything in between...

. Even more powerful queries can be asked as a
result
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The abstraction pays off because...

. ... the graph representation is independent of the
exact structures

. ... a change in local database schema’s, XHTML
structures, etc, do not affect the whole

. “schema independence’

. ... hew data, new connections can be added
seamlessly

The network effect
. Through URI-s we can link any data to any data

. The “network effect” is extended to the (Web) data
. "Mashup on steroids™ become possible




So where i1s the Semantic Web?

. The Semantic Web provides technologies to make
such integration possible!

. Hopefully you get a full picture at the end of the
tutorial...




The Basis: RDF




RDF triples

. Let us begin to formalize what we did!

. we “connected” the data...

. but a simple connection is not enough... data should be
named somehow

. hence the RDF Triples: a labelled connection between

two resources
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RDF triples (cont.)
. An RDF Triple (s, p,0) is such that:

13 FE AN 11 )

. 's”, “p” are URI-s, ie, resources on the Web; “0” is a URI or
a literal

. “s”, “p”, and “0” stand for :
“subject’, “property” or “predicate”, and “object”
. here is the complete triple:

(<http://..1sbn..6682>, <http://./original>, <http://..1sbn..409X>)

. RDF is a general model for such triples (with

machine readable formats like RDF/XML, Turtle,
N3, RXR, ...)

. RDF triples are also referred to as
“triplets”, or “statements”
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RDF triples (cont.)

. Resources can use any URI;

. it can denote an element within an XML file on the Web, not
only a “full” resource, e.g.:
. http:/7/www_example.org/Tile._.xml#element(home)
. http:/7/www.example.org/file._html#home
. http:/7/www.example.org/file2._xml#xpathl(//q[0a=b])

. RDF triples form a directed, labelled graph (the
best way to think about them!)
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RDF/XML Document example

<?xml version=""1.0"7>

<rdf:RDF
xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmIns:si="http://www.w3schools.com/rdf/">

<rdf:Description rdf:about="http://www.w3schools.com">
<si:title>W3Schools</si:title>
<si:author>Jan Egil Refsnes</si:author>
</rdf:Description>

</rdf:RDF>

<rdf:RDF> is the root element of an RDF document.
- defines the XML document to be an RDF document.
- contains a reference to the RDF namespace.
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XML Elements

 Ta «paypata» ata otroia avageperal To XML Keipevo
— [1.x. BiBAia, ouyypa®eic, EKOOTEC
« Eva element atmroTteAcital atro:
— an opening tag
— the content
— a closing tag

<lecturer>David Billington</lecturer>
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XML Elements (2)

o YTrapxel axedov TANpngG eAeuBepia etmAoync Tag names
e O TTPWTOC XAPOAKTAPOC TTPETTEI VA €IvVal YpAUUa, underscore, 1 colon

« Kavéva ovopa O€ TTPETTEI VA CEKIVA JE TO AEKTIKO “xml” N
guvOuUaauouUC auTou

— T.x. “Xml”, “xML”"
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[Tepieyouevo XML Elements

« To TTEPIEXOUEVO UTTOPEI VA €ival KeEIPEVO, GANa elements, 1 TiTToTA

<lecturer>
<name>David Billington</name>
<phone> +61 - 7 - 3875 507 </phone>

</lecturer>

« 21NV XML KkaT1TOI0I XOPOKTAPEC Eival DETUEUHEVOI Kal OEV UTTOPOUV VA
TOTTOBETNOOUV OTO TTEPIEXOUEVO EVOC KEIPEVOU TTAPA JOVOV HE EIOIKO
TPOTTO:

— 0 Xapaktnpac & ptropei va eigax0ei we &amp;
— 0 XApoKTAPOC < ytTopel va eigaxBei we &lt;
— O XOPOAKTPOG > PTTOPEI va e1gaxBei we &gat;
— O XOPOAKTAPOG “ ytropei va eigaxBei w¢ &quot;
— 0 XApOKTNPOG ‘ ytTopel va ei1gaxbei we &apos;
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XML Attributes

« To attribute €ival eva (euyoc name-value pair y¢oga ato opening tag
evoc element

<lecturer name="David Billington" phone="+61 - 7 -
3875 507"/>
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[Tapdderyua XML Attribute

<order orderNo="23456"" customer="John Smith"
date=""October 15, 2002">
<item i1temNo="ab28" quantity="1"/>
<item r1temNo="c817' quantity="3"/>
</order>
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To id1o mapaderyua ywpi¢ Attributes

<order>
<orderNo>23456</orderNo>
<customer>John Smith</customer>
<date>October 15, 2002</date>
<i1tem>
<i1temNo>ab528</1temNo>
<gquantity>l1</quantity>
</1tem>
<i1tem>
<1temNo>c8l7/</1temNo>
<quantity>3</quantity>
</i1tem>

</order>
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XML Elements vs Attributes

e Ta Attributes ptTropouv va uttokaraotabouv aTtro elements

 [loTe xpnaiuyotrolel kaveic attributes r elements gival Bepa
eTTIAOYNGC

* YTTAPXOUV Ol £CNGC TTEPIOPITHOI

— EQv UTTapXEI TTEPITITWAN VA EXOUME OUO N TTEPITTOTEPEG TIUEG YIA TO
JUYKEKPIMEVO €I00C TTANPOYOpPIAC, Xpnalyotroloupe element

<book>

<author>John Mavropoulos</author>
<author>Jim Pavlopoulos</author>

</book>

— Ta attributes dev umropouv va cival nested




A simple RDF example

heep:/l...lIsbn/2020336682

Le palais des mirroirs h C http:/l...lisbn/00065 409X i

<rdf:Description rdf:about="http://../1sbn/2020386682"">
<f:titre xml:lang="fr">Le palais des mirroirs</f:titre>
<f:original rdf:resource="http://../1sbn/000651409X""/>
</rdf:Description>

In Turtle :

<http://../1sbn/2020386682>
f:titre "Le palais des mirroirs'Qfr ;
f:original <http://../1sbn/000651409X> .

(Note: namespaces are used to simplify the URI-s)
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URI-s play a fundamental role

. URI-s made the merge possible
. URI-s ground RDF into the Web

. information can be retrieved using existing tools
. this makes the “Semantic Web”, well... “Semantic Web”
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RDF in programming practice

For example, using Java+Jena (HP’s Bristol Lab):

. a "Model” object is created
. the RDF file is parsed and results stored in the Model

. the Model offers methods to retrieve:
. Triples,
. (property,object) pairs for a specific subject
. (subject,property) pairs for specific object

Similar tools exist in Python, PHP, etc.

Jena Example

// create a model
Model model=new ModelMem() ;
Resource subject=model.createResource("'URI_of Subject')
// "iIn" refers to the i1nput file
model .read(new InputStreamReader(in));
Stmtlterator i1ter=model.listStatements(subject,null,null);
while(iter.hasNext()) {
st = 1ter.next();
p = st.getProperty();
0 = st.getObject();
do_something(p,0);
¥



One level higher up
(RDFS, Datatypes)




134

Need for RDF schemas

. First step towards the “extra knowledge”:

. define the terms we can use
. what restrictions apply
. what extra relationships are there?

. Officially: “RDF Vocabulary Description Language”

. the term “Schema” is retained for historical reasons...
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Classes, resources, ...

. Think of well known traditional ontologies or
taxonomies:

. use the term “novel”

. “every novel is a fiction”
. “«The Glass Palace» is a novel”
. efc.

[“«The Glass Palace» ]

RDFS defines resources and classes:

. everything in RDF is a “resource”
. ‘classes” are also resources, but...

. ...they are also a collection of possible resources (i.e.,
“individuals™)

F LN 11

. “fiction”, “novel’, ...
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Classes, resources, ... (cont.)

. Relationships are defined among
classes/resources:

1) “typing”: an individual belongs to a specific class
. “«The Glass Palace» is a novel”
. to be more precise: “«http://.../000651409X» is a novel”

2) “subclassing’: all instances of one are also the instances
of the other (“every novel is a fiction™)

. RDFS formalizes these notions in RDF :

rdfs:Class

httpil...lisbn/000651409X j— /P )-
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Further remarks on types

. A resource may belong to several classes

. rdf:type is just a property...

. “«The Glass Palace» is a novel, but «The Glass Palace» is
also an «inventory item»..."

. 1.e., itis not like a datatype!
. The type information may be very important for
applications

. e.g., it may be used for a categorization of possible nodes
. probably the most frequently used RDF property...
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Inferred properties

feal

(_hexpill..lisbni000651409X ") rdftype _,,

(<http://../1sbn/000651409X> rdf:type #Fiction)

. I1s not in the original RDF data...
. ...but can be inferred from the RDFS rules
. RDFS environments return that triple, too
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Inference: let us be formal...

. The RDF Semantics document has a list of (33)
entailment rules :

. "if such and such triples are in the graph, add this and this”
. do that recursively until the graph does not change
. See: http://www.w3.org/TR/rdf-mt/#RDFSRules

. The relevant rule for our example:

1f:
uuu rdfs:subClassOf xxx .
vvv rdf:type uuu .

Then add:
vvv rdf:type xXxx .
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Properties

. Property is a special class (rdf:Property)

. properties are also resources identified by URI-s
. There is also a possibility for a “sub-property”

. all resources bound by the “sub” are also bound by the other
. Range and domain of properties can be specified

. 1.e., what type of resources serve as object and subject

Clu
aﬁf
#Fiction
/mﬂ" ' ¥
» 'h'l

Y

rdfs..l'_iteral
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New relations can be deduced

If we declare that a Property “title” such as:
-title
rdf:type rdf:Property;
rdfs:domain :-Fiction;
rdfs:range rdfs:Literal.
- And an RDF triple stating that : ::>

<http://../1sbn/000651409X> :title "The Glass Palace™"™ .

. then the system can /nfer that:

<http://./1sbn/000651409X> rdf:type :Fiction .

To domain rou :title xer onAwe6ei (ue RDFS) Fiction => ormroioornmore
resource guvosTal LE To property :title (arro apiorepa) e Kkarrolo
aAdo, moerrel va avrkel aro domain :Fiction
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Literals

. Objects may be literals (not URI’s)
. Literals may have a data type

. floats, integers, booleans, etc, defined in XML Schemas
. OR full XML fragments

. (Natural) language can also be specified
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Examples for datatypes

<rdf:Description rdf:about=' http //../1sbn/000651409X"">
<page_number rdf: datatype ‘http://. . .#integer>543</page number>
<publ_date rdf: datatype ‘http://. #gYear>2000</publ_date>
<price rdf:datatype="http://. #float>6-99</price>
</rdf:Description>
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Examples for language tags

<rdf:Description rdf:about="http://../1sbn/000651409X"">
<title xml:lang="en''>The Glass Palace</title>
<fr:titre xml:lang="fr"">Le palais des mirroirs</fr:titre>
</rdf:Description>
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XML literals in RDF/ XML
XML Literals

makes it possible to “include” XML vocabularies into RDF:

<rdf:Description rdf:about="#Path'>
<axsvg: algorltthsed rdf:parseType=""Literal">
<math xmlns=""___."">
<apply>
<laplacian/>
<ci>f</ci>
</apply>
</math>
</axsvg:algorithmUsed>
</rdf:Description/>




Query RDF Data
(SPARQL)




RDF data access
. How do | query the RDF data?
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Querying RDF graphs

. Complex queries into the RDF data are necessary

. something like: “give me the (a,b) pair of resources, for
which there is an x such that (x parent a) and (b brother x)
holds” (ie, return the uncles)

. these rules may become quite complex

. The goal of SPARQL (Query Language for RDF)




Example in SPARQL

SELECT ?p ?0
WHERE {subject ?p 70}

. The triples in WHERE define the graph pattern, with
?p and 70 “unbound” symbols

. The query returns all p,o pairs

/o
\.

ubje t
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Simple SPARQL example

SELECT ?i1sbn ?price ?currency # note: not ?x!
WHERE {?i1sbn a:price ?x. ?x rdf:value ?price. ?X p:currency ?currency.}

Amitar Ghash

ey
yOW

& http:|l...lisbn/00065 1409X ; @-}Ejiﬂﬂ:ﬂ:ﬁj&ﬁ&%

"FV wm .-pﬂ:/ worico
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Simple SPARQL example

SELECT ?i1sbn ?price ?currency # note: not ?x!
WHERE {?i1sbn a:price ?x. ?x rdf:value ?price. ?X p:currency ?currency.}

. Returns:
[[<..49X>,33,£], [<..49X>,50,€], [<..6682>,60,€],
[<..6682>,78,%]]

R —
§ ¢ httpell... isbnl000651409X 3 B
_. T T
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Pattern constraints

SELECT ?i1sbn ?price ?currency # note: not ?x!
WHERE { ?isbn a:price ?x. ?x rdf:value ?price. ?X p:currency ?currency.
FILTER(?currency == € }

. Returns: [[<..409X>,50,€], [<..6682>,60,€]]
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Optional pattern

SELECT ?1sbn ?price ?currency ?wiki
WHERE { ?isbn a:price ?x. ?x rdf:value ?price. ?X p:currency ?currency.
OPTIONAL ?wiki w:isbn ?isbn. }

. Returns: [[<..49X>,33,£,<...Palace>], ...,
[<..6682>,78,9, ]

Amitavy Ghosh
Hen.wikipedia.comwikilThe_Glass_Palace /ﬂW Rt )

%yQW

httpell... lisbn/00065 1 409X M. isbni20203866
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Optional pattern

SELECT ?1sbn ?price ?currency ?wiki
WHERE { ?isbn a:price ?x. ?x rdf:value ?price. ?X p:currency ?currency.
OPTIONAL ?wiki w:isbn ?isbn. }

. Returns: [[<..49X>,33,£,<...Palace>], ...,
[<..6682>,78,9, ]

- - ——

f ‘--l-..._"'*_.“

| httpell.. . fisbn/00065 1 409X ]
1 - s Lt




Other SPARQL features

. Limit the number of returned results; remove
duplicates, sort them, ...

. Specify several data sources (via URI-s) within the
query (essentially, a merge!)

. Construct a graph combining a separate pattern
and the query results

. Use datatypes and/or language tags when
matching a pattern



Ontologies
(OWL)




Ontologies

. RDFS is useful, but does not solve all possible
requirements

. Complex applications may want more possibilities
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Limitations of the Expressive Power of RDF

* Local scope of propseﬁlggma

— rdfs:range defines the range of a property (e.g. eats) for all
classes

— In RDF Schema we cannot declare range restrictions that
apply to some classes only

« E.g. we cannot say that cows eat only plants, while other animals
may eat meat, too

 Disjointness of classes

— Sometimes we wish to say that classes are disjoint (e.g. male
and female)

« Boolean combinations of classes

— Sometimes we wish to build new classes by combining other
classes using union, intersection, and complement

— E.g. person is the disjoint union of the classes male and female
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Limitations of the Expressive Power of RDF
Schema (2)

« Cardinality restrictions

— E.g. a person has exactly two parents, a course is taught by
at least one lecturer

« Special characteristics of properties

— Transitive property (like “greater than”)
— Unique property (like “is mother of”)

— A property is the inverse of another property (like “eats” and
“is eaten by")
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Ontologies (cont.)

. The term ontologies is used In this respect:

“defines the concepts and relationships used to describe
and represent an area of knowledge”

. le, there is a need for Web Ontology Language(s)

. RDFS can be considered as a simple ontology language
. Languages should be a compromise between

. rich semantics for meaningful applications
. feasibility, implementability
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Web Ontology Language = OWL
. OWL is an extra layer, a bit like RDF Schemas

. Own namespace, own terms
. it relies on RDF Schemas

. It Is a separate recommendation

. actually... there is a 2004 version of OWL ("OWL 17)

. and there is an update ("OWL 27) that has been finalized
recently (2009)



OWL is complex...

. OWL is a large set of additional terms
. We will not cover the whole thing here...
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Term equivalences

. For classes:

. owl equivalentClass: two classes have the same
iIndividuals

. owl:disjointWith: no individuals in common
. For properties:

. owl zequivalentProperty
. remember the a-author vs. f:auteur?

. owl -propertyDisjointWith

. For individuals:

. owl :sameAs: two URIs refer to the same concept
(“individual®)
. owl :differentFrom: negation of owl : sameAs



Other example: connecting to French

e —— e e——

{ #author ' nwlzaqul\'alantf‘rnpurty » Hauteur )
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Typical usage of owl -sameAs

. Linking information about “Amsterdam” from one
data set (DBpedia) to the other (Geonames):

<http://dbpedia.org/resource/Amsterdam>
owl .sameAs <http://sws.geonames.org/2759793>;

. This is the main mechanism of “Linking” in the
Linking Open Data project
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Property characterization

. In OWL, one can characterize the behaviour of
properties

. symmetric,

. transitive,

. functional,

. inverse functional

. OWL also separates data and object properties

. “datatype property” means that its range are typed literals
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Property characterization

 OWL functional and inverse-functional properties indicate

how many times a property can be used for a given
subject or object

— A functional property is one that has at most one value for any
particular subject

* An example is the hasBirthday relation between a person and his or her
birthday

— Everyone has just one birthday, so for any given subject (person), there
can be just one object (birthday)

» But, the owns relation between an owner and ownee is not functional.
People can own more than one thing.

* |nverse functional properties do the same in reverse

— For any object, there is only one subject for a particular inverse
functional property
 The has_ISBN relation is inverse functional
« For any ISBN, there is only one book that has that ISBN

« The has_ISBN relation may not be functional
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Characterization example

. "foaf:emaill” may be defined as “inverse
functional”

l.e., two different subjects cannot have identical objects

owl:DatatypeProperty

. owl:InverseFunetionalProperty



What this means iIs...

. If the following holds in our triples:

email rdf:type owl:InverseFunctionalProperty.
<A> :-email "mailto:a@b.c".
<B> :email "mailto:a@b.c".

then, processed through OWL, the following
holds, too:

<A> owl :sameAs <B>.

. l.e., new relationships were discovered again
(beyond what RDFS could do)
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Other property characterizations

. There may be an inverse relationship among
properties, eqg:

<somebook> ex:author <somebody>.
ex:-author owl:i1nverseOf ex:authorOf.

yields, in OWL.:

<somebody> ex:authorOf <somebook>.

. In OWL 2 properties may also be characterized as
reflexive or irreflexive
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Keys (OWL 2)

“If two persons have the same emails and the same
homepages then they are identical”

. ldentification is based on the identical values of two
properties

. The rule applies to persons only

Previous rule in OWL 2

:Person rdf:type owl:Class;
owl:haskey (:email :homepage) .
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What it means is...
If:

<A> rdf:type :Person ;
-email "mailto:a@b.c";
-homepage "'http://www.ex.org".

<B> rdf:type :Person ;

—email "marlto:a@b.c";
-homepage "'http://www.ex.org'.

then, processed through OWL 2, the following
holds, too:

<A> owl :sameAs <B>.
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Classes in OWL

. In RDFS, you can subclass existing classes...
that’s all

. In OWL, you can construct classes from existing
ones:

. enumerate its content
. through intersection, union, complement
. etc




Classes in OWL (cont)

. OWL makes a stronger conceptual distinction
between classes and individuals

. there is a separate term for owl -Class, to make the
difference

. Individuals are separated into a special class called
owl :Thing

. Eg, a precise classification would be:

ex:Person rdf:type owl:Class.

<uri-for-Amitav-Ghosh>
rdf:type owl:Thing;
rdf:type owl:Person .
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OWL classes can be “enumerated”

. The OWL solution, where possible content is
explicitly listed:

owl:Thing
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Same serialized

<owl:Class rdf:ID="Currency'>
<owl :oneOf rdf:parseType="Collection'>
<owl:Thing rdf:ID="£"/>
<owl:Thing rdf:ID="€"/>
<owl:Thing rdf:ID="$"/>

</6WI:oneOf>
</owl :Class>

|.e., the class consists of exactly of those
iIndividuals
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Union of classes

. Essentially, like a set-theoretical union:

owl:Class

awl:unionOf
#Literature »
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Same serialized

<owl:Class rdf:ID="Literature'>
<owl:unionOf rdf:parseType=""Collection'>
<owl:Class rdf:about="#Novel''/>
<owl:Class rdf:about="#Short Story''/>
<owl:Class rdf:about="#Poetry'' />

</owl :unionOf>
</owl:Class>

Other possibilities: comp lementOT,
intersectionOf,




What we have so far...

. The OWL features listed so far are already fairly
powerful

. E.g., various databases can be linked via
owl - sameAs, functional or inverse functional

properties, efc.

. Many inferred relationship can be found using a
traditional rule engine




180

However... that may not be enough

. Very large vocabularies might require even more
complex features
. typical usage example: definition of all concepts in a health
care environment
. SOme major issues
. the way classes (i.e., “concepts”) are defined
. handling of datatypes

. OWL includes those extra features but... the
inference engines become (much) more complex @
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Property value restrictions

. Classes are created by restricting the property
values on a (super)class

. For example: how would | characterize a “listed
price™?

. it is a price (which may be a general term),

. but one that is given in one of the “allowed” currencies
(say, €, £, or $)

. more formally:

. the value of “p:currency”, when applied to a resource on
listed price, must take one of those values...

. ...thereby defining the class of “listed price”
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Restrictions formally

. Defines a class of type owl -Restriction with a

. reference to the property that is constrained
. definition of the constraint itself

. One can, e.g., subclass from this node when
defining a particular class

:Listed Price rdfs:subClassOf [

rdf:type owl :Restriction;
owl :onProperty p:currency;
owl:allValuesFrom :Currency.

].




Possible usage...

If:

Listed Price rdfs:subClassOf [

rdf:type owl :Restriction;
owl :onProperty p:currency;
owl:allValuesFrom :Currency.

1.
:Price rdf:type :Listed Price .

:Price p:currency <someCurrency> .

then the following holds:

<someCurrency> rdf:type :Currency .
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Other restrictions

al IValuesFrom could be replaced by:

. someValuesFrom

. €.g., | could have said: there should be a price given In at
least one of those currencies

. hasValue, when restricted to one specific value
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Similar concept: cardinality restriction

. In a property restriction, the goal was to restrict the
possible values of a property

. In a cardinality restriction, the number of relations
with that property is restricted
. “a book being on offer” could be characterized as having at

least one price property (i.e., the price of the book has been
established)
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Cardinality restriction

:Book on_sale rdfs:subClassOf [

rdf:type owl :Restriction;
owl :onProperty p:price;
owl:minCardinality "1"™xsd:integer.

1-

. could also be "owl zcardinality” or
‘owl -maxCardinality”
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But: OWL Is hard!

. The combination of class constructions with various
restrictions is extremely powerful

. What we have so far follows the same logic as
before

. extend the basic RDF and RDFS possibilities with new
features

. define their semantics, ie, what they “mean” in terms of
relationships

. expect to infer new relationships based on those
. However... a full inference procedure is hard ®

. not implementable with simple rule engines, for example
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Tradeoff between Expressive Power and
Efficient Reasoning Support

* The richer the language is, the more inefficient the
reasoning support becomes

e Sometimes it crosses the border of
noncomputabillity

* \We need a compromise:

— A language supported by reasonably efficient reasoners

— A language that can express large classes of ontologies and
knowledge.
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Reasoning About Knowledge In Ontology
Languages
» Class membership

— |f x is an instance of a class C, and C is a subclass of D,
then we can infer that x is an instance of D

« Equivalence of classes

— If class A is equivalent to class B, and class B is equivalent
to class C, then A is equivalent to C, too




Reasoning About Knowledge In Ontology
Languages (2)

« Consistency

— X instance of classes A and B, but A and B are
disjoint
— This is an indication of an error in the ontology
» Classification

— Certain property-value pairs are a sufficient condition
for membership in a class A; if an individual x
satisfies such conditions, we can conclude that x
must be an instance of A
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Three Species of OWL

« W3C’sWeb Ontology Working Group defined OWL
as three different sublanguages:

— OWL Full
— OWL DL
— OWL Lite

« Each sublanguage geared toward fulfilling different
aspects of requirements




OWL Full

o |t uses all the OWL languages primitives

* |t allows the combination of these primitives in
arbitrary ways with RDF and RDF Schema

« OWL Full is fully upward-compatible with RDF, both
syntactically and semantically

« OWL Full is so powerful that it is undecidable

— No complete (or efficient) reasoning support




193

OWL DL

« OWL DL (Description Logic) is a sublanguage of OWL Full that
restricts application of the constructors from OWL and RDF

— Application of OWL'’s constructors’ to each other is disallowed
— Therefore it corresponds to a well studied description logic

« OWL DL permits efficient reasoning support

» But we lose full compatibility with RDF:

— Not every RDF document is a legal OWL DL document.
— Every legal OWL DL document is a legal RDF document.
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OWL Lite

* An even further restriction limits OWL DL to
a subset of the language constructors

— E.g., OWL Lite excludes enumerated classes,
disjointness statements, and arbitrary cardinality.

* The advantage of this is a language that is
easier to

— grasp, for users
— implement, for tool builders

* The disadvantage is restricted expressivity




Upward Compatibility between OWL Species

» Every legal OWL Lite ontology is a legal OWL
DL ontology

« Every legal OWL DL ontology is a legal OWL
Full ontology

« Every valid OWL Lite conclusion is a valid
OWL DL conclusion

« Every valid OWL DL conclusion is a valid
OWL Full conclusion
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OWL Compatibility with RDF Schema

 All varieties of OWL use
RDF for their syntax

 Instances are declared

as in RDF, using RDF
descriptions

« and typing information

OWL constructors are / \

specialisations of their e B

RDF counterparts / \

owl:Class owl:ObjectProperty owl:DatatypePropearty




OWL Compatibility with RDF Schema (2)

« Semantic Web design aims at downward
compatibility with corresponding reuse of software
across the various layers

» The advantage of full downward compatibility for
OWL is only achieved for OWL Full, at the cost of
computational intractability
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Ontology development

. The hard work is to create the ontologies

. requires a good knowledge of the area to be described

. some communities have good expertise already (e.g.,
librarians)

. OWL is just a tool to formalize ontologies

. large scale ontologies are often developed in a community
process

. Ontologies should be shared and reused

. can be via the simple namespace mechanisms...
. ...or via explicit imports

. Applications can also be developed with very small
ontologies, though




Ontologies examples

. €ClassOwl: eBusiness ontology for products and
services, 75,000 classes and 5,500 properties

. National Cancer Institute’s ontology: about 58,000
classes

. Open Biomedical Ontologies Foundry: a collection
of ontologies, including the Gene Ontology to
describe gene and gene product attributes in any
organism or protein sequence and annotation
terminology and data (UniProt)

. BIoPAX: for biological pathway data



Editing OWL Ontologies
with Protéegé




This Tutorial

e [ntroduction to OWL, the Semantic Web,
and the Protege OWL Plugin

* Theory + Walkthrough




Overview

The Semantic Web and OWL

Basic OWL

Interactive: Classes, Properties

Advanced OWL

Interactive: Class Descriptions

Creating Semantic Web Contents
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The Semantic Web

Shared ontologies help to exchange data and
meaning between web-based services

= ri=ar
LPear agent
] 1
l Dncagens[MYC]:
Foumd _in_Organism|Heman]

Documsent Geme_Has_FfunctioniTranscriptional _Regulation)
analyzer Geme_Has_Ffunctionféene_Transcriptian]
In_Chromosemal_Lueallon[8q24)

l Geme_Associaled_With_Disease[Burkilts_Lymphomal]

=1 | Database

e
cearch
agents

rMeasonar

[
'\h Daiabase

Databass

(Image by Jim Hendler)
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Wine Example Scenario

N

Tell me what wines |
should buy to serve
with each course of the
following menu.

T wine Protégs 2.1  (http:Hwww.w3.org/TR/owl-guidefwine. pprj, OWL Files) —
Project Edit Window OWL Help |
D@ o BB 5 AR 2p & F BB |
r (C])) OWLClasses r@]] Properties r F Tl Forms r@} Individuals r@ Metadata |
Subelass Relationship @GermanWine (ype=owl:Class) +-F
Asserted Hierarchy W A A [ Wame | [ Annotations o g B OO kS Ag e nt
@ (Ll faod SweetFruit - Property I Value [Lan
() oo el Germanwine b
=g @I’nnd'Mea\Cnurse
© () foo:PotableLiguid rafs:comment
© (D foodiiine = Wine
@ (Clwine = foodine
@Alsatian\f\f\ne
() Americaning
Y @Eeaujulais
@ (Cl Bordeaux Asserted || Infered | [P[[] Properties [T @E NG
(€] Burgundy T @ 0 hasCal
(C) CabernetFranc Asserted Conditions (UF (Rf 1@ Gl o s Um:)escrl .
p BCGQEW?TSQUWGHDH HECESSARY & SUFFICIENT EPQmadeFrumGrappe
(eI ICliwine (0] faod madeFromF ruit
(S chardonnay I=) locatedin S GermanyResion ol
& 0] hasBody
@ChemnB\anc HECESSERT © [0 hasFlavar
& (C) Dessertiine INHERTTED | (| @[] hasMaker
0 (C) Diyitine | hasBady=1 ffrom inel CE1) ||| o« (0] hasSugar
@EarlyHan{est {=)hasColar= 1 frrom winel_E_]|'||| e [3] iacatedin
OFrerchitine |2 hasFlainr =1 fiom Winel[ € | || |l mageinnistns —
. (E)FulBodiechine I'7) % hasMaker Winery [frarn Wine] [ C_| N
WI n e ‘ ~ e nt (B Gamay ) hashtakar =1 firom winel_C_|| || (=1 Disjaints P §o 2 Cz.\l‘ I
) Germarifine hasSugar=1 [frarn Wine][ C_|
& (C) tallaniine 13)3 Incatedin Region firarn Wine] [ C_|
@ () LateHarvest 12} madeFromGrape = 1 [frarn Wine]_C_|
@ (L) Loire
@Memage
@Mer\nt
(£ PetiteSyrah — ]
| recommend

halbtrocken
PFALZ

Chardonney or Grocery Agent

19%er Qualititswein b. A
LA PN 023184 04 00

DryRiesling

Mg SHIFFED Y
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Ontologies in the Semantic Web

Provide shared data structures to exchange
information between agents

Can be explicitly used as annotations in web
sites

Can be used for knowledge-based services
using other web resources

Can help to structure knowledge to build
domain models (for other purposes)



OWL

« Web Ontology Language
 Official W3C Standard since Feb 2004
» Based on predecessors (DAML+OIL)

A Web Language: Based on RDF(S)
* An Ontology Language: Based on logic
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OWL Ontologies

 What's inside an OWL ontology

— Classes + class-hierarchy
— Properties (Slots) / values

— Relations between classes
(inheritance, disjoints, equivalents)

— Restrictions on properties (type, cardinality)
— Characteristics of properties (transitive, ...)
— Annotations

— Individuals

* Reasoning tasks: classification,
consistency checking
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OWL Use Cases

At least two different user groups

— OWL used as data exchange language
(define interfaces of services and agents)

— OWL used for terminologies or knowledge models

« OWL DL is the subset of OWL (Full) that is

optimized for reasoning and knowledge
modeling
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Protégé OWL Plugin

» Extension of Protégeé for handling OWL
ontologies

* Project started in April 2003

« Features

— Loading and saving OWL files & databases
— Graphical editors for class expressions
— Access to description logics reasoners

— Powerful platform for hooking in custom-tailored
components
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Installation

Y1 Protege 2.1.1

Bundled in Protege 2.1 (Full): Choose Components

T Introduction

Basic System

(5] Impartant Infarrmation The minimal Protege application will be installed.

Protége: Download - Microsoft Internet Explorer
Edit

M Choose Components

File: Wiew

Favorites  Tools  Help

| ]
- B = 0 V =
O Back = O - Iﬂ IELI _"J P ! Search :“ Favaorites @ Media &f =" W - ‘i‘i "
Everything
: ; » ]
address | &] hetpjprotege. stanford. edujdownload html b ' Go  Links The Protege application and all bundled plugins, projects,
Googlev A %Search Web - $ @956 blocked B EOptions L] applications, and apiswill be installed.
Home Documentation Download Plugins Ontologies Publications Community Aboutus -

Protége Downloads

Custom
Chaosze this aption to customize the plugins, projects, applications,
and apizto be insalled.

Protége is available as free software under the open-source Mozilla Public License.

Hawve a guestion? See if it's answered in our list of Frequently Asked Questions (FAQY.

Download Protégé

stallanywhere by Zera G

= If yOu are a new user, please reqister.
I Cancel Previous ] ’ et ]

» If you are a registered user, you can download one of the following versions:

» Current release - version 2.1.1 - {recommended) 'nl Prutege 2.1.1
o download
n full --hase system and optional plug-ins Choose Install Set
m basic -- base system anly
o release notes I Introduction Install Set  Custom hd
© source code - f
— ' Important Infarmatian e N
o bug list B |:|Protege Axiom Language (PALY Takb Widget b
o feature request list Choose Components = [=]semantic wieb
|
» Beta release - (none available at this time) -
e Oldreleases
L [Mlowilviz Tab widget
. S— n e | RDF St Backend
Download plug-ins, applications, and ontologies for Protégé = O ) .orage BEKEN 7
B Terminolocies
In addition to downloading Protége, we encourage you to browse our library of plug-ins < >
applications, and ontologies developed both here at Stanford and contributed by our user Description
community, Among other things, there are Semantic Web plug-ins such as OWL and RDF, and . o
ontology visualization plug-ins such as Jambalaya, TGviz, and Ontoviz, Load, save, and editWeb Ontology Language (OWL) ontologies in
Protége.
Horne Docurnentstion  Download  Plugine  ©ntologies  Publications  Cormmmunity  About us

:éj http:/ipratege. stanford. edujontologiesfontalogies. html 8 Internet

InstallAnypwhere by Zera G

Previouz ] [ et
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Tutorial Scenario

e Semantic Web for Tourism/Traveling

» Goal: Find matching holiday destinations for a
customer

| am looking for a
comfortable
destination with beach

dCCessS

< Tourism Web >

2l
LYy




Scenario Architecture

* A search problem: Match customer’'s expectations
with potential destinations

* Required: Web Service that exploits formal
information about the available destinations

— Accomodation (Hotels, B&B, Camping, ...)
— Activities (Sightseeing, Sports, ...)




Tourism Semantic Web
* Open World:

— New hotels are being added
— New activities are offered

* Providers publish their services dynamically

» Standard format / grounding is needed
— Tourism Ontology
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Tourism Semantic Web

()

OWL | OWL
Metadata Tourism Ontology Metadata 9:%

(Individuals) (Individuals)
V7 4

Destination

A 4 A 4

Activity | [Accomodation

y OWL owL @&
Metadata Metadata |
(Individuals) (Individuals
4 7 /A
SEISANGE | ONEY

Web Services




OWL (in Protéege)

\;’  Individuals (e.g., "FourSeasons”)

FI

1

J

* Properties

— ODbjectProperties (references)
— DatatypeProperties (simple values)

.c) Classes (e.g., “Hotel”)
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Individuals

» Represent objects in the domain
« Specific things

 Two names could represent the same “real-world”
individual

@ Sydney

-I»SydneysOlympicBeach
- 1> BondiBeach




ObjectProperties

 Link two individuals together
» Relationships (0..n, n..m)

W I BondiBeach
.L: Sydney
@ ha
M . FourSeasons




Inverse Properties

» Represent bidirectional relationships

» Adding a value to one property also adds a value
to the inverse property

5;} BondiBeach
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Transitive Properties

 If Ais related to B and B is related to C then A is
also related to C

« Often used for part-of relationships

@ NewSouthWales

%‘ x;} Sydney
\ W :I:BondiBeach

O hasPart (derived)
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DatatypeProperties

 Link individuals to primitive values
(integers, floats, strings, booleans etc)

« Often: AnnotationProperties without formal
“meaning’

:L: Sydney

hasSize = 4,500,000
isCapital = true
rdfs:comment = “Don’t miss the opera house”
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Classes

e Sets of individuals with common
characteristics

e |ndividuals are instances of at least one
class

@ Beach
/

:I:BondiBeach
:I* CurrawongBeach




Range and Domain

* Property characteristics

— Domain: “left side of relation” (Destination)
— Range: “right side” (Accomodation)

_ | C) Accomodation
@ Destination -
N\

jon
hasAccomOdat‘o ;:: BestWestern

L FourSeasons

hasAccomodation

222



223

Domains

 Individuals can only take values of
properties that have matching domain

— “Only Destinations can have Accomodations’
 Domain can contain multiple classes

J

 Domain can be undefined:
Property can be used everywhere




Superclass Relationships

» Classes can be organized in a hierarchy

e Direct instances of subclass are also
(indirect) instances of superclasses

@gﬂhing
¢ ) Destination Cairns
@ (C) Urhanfrea —— 4
& (C) ity = _I: Sydney
\CJ Capital .I: Canberra
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Class Relationships

« Classes can overlap arbitrarily

_ | RetireeDestination

5_;} BondiBeach
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Class Disjointness

 All classes could potentially overlap

* In many cases we want to make sure they
don’t share instances

| :|:|J disjointWith
@ UrbanArea @ RuralArea

I Woomera
:I: CapeYork

-'I

“E—* City 1 Destination
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(Create a new OWL project)
¥ <new> Protégs 2.1.1 M=E3

Project Edit Window OWL Code Help
HE@ o« BR % AR 2o & = B |
r@DWLCIESSES |/|E|]] Propeties |/|:|]]F|:|rrn5 |/\$}}>Individuals r@hﬂetadata |

Subeclaszs Relationship 14 +-F T

E = ’
Asserted Hierarchy i 3 2 B
C) o Thing :
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(Create simple classes)

r

¥ <new> Protégé 2.1.1 =13
Project Edit Window OWL Code Help

D@ o~ B® 3 AR i & [ 5 B |

r@ OWLClasses

Subelass Relationship +-F T
Asserted Hierarchy G Name | || Annotations EC + M
%ig;;ﬁndatinn rdfs:comment

Assetted . [F1ll Properties [T [ JF] [EL () %
Asserted Conditions 4_17 @@ E}.H
HECESSARY & SUFFICIENT
MECESSARY
@nwl:Thing

<) Disioints (L 48) £ OB @ W

i by @ @ Logic View () Properties View
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(Create class hierarchy and set disjoints)

P <new> Protégé 2.1.1
Project Edit Window OWL Code Help

hEE@ o~ BR % AR B &k E B[

r@ OWLClasses

Subclass Relationship :@Adventure ':TFF'E=DW|ZC|EISS:| S
i CR- Wil | [ Name | | Annotations L3 [odi = N
(£} owl Thing : ol
! : perty Walue | Lang
(S Destination : \dventure |
@Acmmndatinn :
@ (2 Activity ; rdfs:comment

@ |C) Adventure
@Eunjee._lumping

@ @Relaxatiun
@Eunbathing

l\"l_’i:l-‘f-l:lga o o e
@ @Qightseeing Azszerted | Ir : (P[] Properties @ dj E Gin
B Museums s e L
@ @;_;]}DHS Asserted Conditions ERGESE R |
@Hiking NECESSARY & SUFFICIENT
(S Burfing HECESSARY
C AT C
ty | E |

7 Disjoints 1L 4 £ 5 & W
@Relaxatinn
@Sightseeing
|C Sparts

< ® Logic View 0 Properies View
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(Create Contact class with datatype properties)

r

% <new> Protégé 2.1.1 M=1E3

Project Edit Window OWL Code Help
[ =
r LCI) OWLClasses

K7 O

(type=owl Class)

: \Cl Contact

Subelass Relationship +-F T
Asserted Hierarchy G Name | || Annotations EC + M
® %ig;;ﬁndatiun rdfs:comment

@ (C) Adventure
@Eunjee._lumping

@ @Relaxatiun
@Eunbathing

\C)Yoga . T
® @E}%htgeemg Azzerted (P[] Properties @ ) E Gin
C) Museums e e D[ hascCity (single Stri
Asserted Conditions Ui (Ff gC) (8 | e Slingy
? (O Sports JEe AN [D] hasEMail (sinale String)
@Hlkmg HECESSAaR Y &SUFFILIENT @hasﬁtreet (single String)
= ' Surfing _ HECESSAR Y [D] hasZIPCode  (single Integer)
(C) Contact  C) owl Thing

~JD Disioints (U] 48 & ¢

52 @ M

&
&

@ Logic Wiew 0 Properies View
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(Edit details of datatype properties)

B hasEMail  (type-owl:DatatypeProperty)

rName rEquivalentPerer’[ies | Jﬂnnntatinns
"hasEMail Property

rdfs.caomment

[v| Domain defined Range (] Allows multiple values
Damain u String

@Cnntact

[] Inverse Functional

#ML Schema Datatype

string
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(Create an object property hasContact)

% <new> Protégé 2.1.1 M=1E3

Project Edit Window OWL Code Help

E‘Iﬁﬁ o N " @@@

B

r @ DWLC'ESSES . :_.:' " :4;'5:1‘: .n ”_q:' 5:5':"..:1' : S '.) IIEI! = ¢ :-.

Suhclaszs Ralationship = b@ﬁctivit‘y (vpe=owl:Class)

Assered Hierarchy A 2 [ Mame | | Annotations

@Elggisqgnatinn |AEMW —

® %i;;;ﬁndatinn rdfs:comment

f @g IEI hasContact Itype=uwl:ﬂjectprnperty] E|@|E|
C =

§ (CIRe

(C) I '
_ ) rName rEquivalentPrnpenies | ) Annotations | |5%T.|i> m . o
@ @fg hasContact Property | Lang \Fll| Properties @ @ El G |

@ hasCaontact {multiple Contact)

9 (O Sp®  rdfs comment
(C

=
=

@Cunta

v Domain defined Range [v| Allows multiple values
Damain u Instance S

| Inverse Functional T e

S Aoty b ) Disjgints ) af) g% 93 L W
C ;

Classes U (L3 .|.@ g M O G E @l

@ Caontact

[_] Svmmetric

] Transitive

@ Logic Wiew 0 Properies View
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(Create an object property with inverse)

% <new> Protégé 2.1.1 M=1E3

Project Edit Window OWL Code Help

he@ <~ B BF - 5 EE &2

- —— — Preferences...
[ i) owLcClasses | [F[[] Properties T

Subclass Relationship

Azzered Hierarchy | & [ Marme | i_ﬂﬂnnntatinns
(S} owil Thing :
@Destinatinn

@Acmmndatinn : L
L) At | (= | [ |
¥ g =) [8] isOfferedAt  [type-owl:0bjectProperty) E]E|E|

C

\&ctivity Property

¢ © rName rEquivalentPerer’[ies | | Annatations K ,li> pr4}
lis(fferedAt Property | Lang

||| Properties @ @ E B kEjT ;‘{
rdfz comment @haanntact (multiple Contact)
@is@ﬁeredﬂt fmultiple Destination)

[v| Domain defined Range v| Allows multiple values

Dormain .|§) \'?l Instance ¥ | [ Inverse Functional

£ Activity D D . A
Classes U I B0 (5L B _— 6ol @ ) Disjoints LT o) £ o3 @ M
.©) Destination

(O] hasActivity

[ Symmetric

[_] Transitive

@ Logic Wiew 0 Properies View
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(Create the remaining classes and properties)

% cnew». Protégé 2.1.1 M=1E3

Project Edit Window OWL Code Help

D@ o~ B® 3 AR i & [ 5 B |

r@ OWLClasses

Subeclass Relationship :@ Destination  itype=owl:Class) *i=FE T
Assened Hierarchy ey 2 | Name | C Faetatine 1 o X
| C) ol Thing : —
e perty Value | Lang
® |C) Destination |Destination |
§ (C)Ruraltrea .
QFarmIand rofe:comment

(C) MatiohalPark
€ (C)Urhandrea

¢ (D City
(C) Capital i
) (S Town : : 5 e Sl
@ (T} Accomodation | | Asserted : (P[] Properties o} [af o GiR |
(C) BedandBreakfast : T (O] hasAccomadation  (rultiple &
| Asserted Conditions UF (RT ac) S8 | b R CEI
& Camparaund : SRR ‘*"g [B] hasActivity  (multiple Activity)
- (C) Hotel . NECESSAR'Y & SUFFICIENT [Tl hasPart (multiple Destination)
@ (C) Activity : NECESSARY

@ (C) Adventure | 1D owl:Thing
(C) BunjeeJumping :

€ (C)Relaxation
@Sunbathmg

(O voga éé |
o QElghtseemg i

() Museums - - i e
@ (O Spons -0 Disjoints (L7 gl .",i“o 2 & W

@Hll{lng

: QEurl’ng
(C) Contact

i & B @ Logic View () Properties View
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Class Descriptions

» Classes can be described by their logical
characteristics

* Descriptions are "anonymous classes”

3’ Things with three star accomodation _ N
.,_E::I RetireeDestination

;} SandJose

Q} BlueMountains

é[] Things with sightseeing opportunities
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Class Descriptions

» Define the "meaning” of classes
 Anonymous class expressions are used

— “All national parks have campgrounds.”

— “A backpackers destination is a destination that has budget
accomodation and offers sports or adventure activities.”

« Expressions mostly restrict property values (OWL
Restrictions)




Class Descriptions: Why?

« Based on OWL'’s Description Logic support

* Formalize intentions and modeling decisions
(comparable to test cases)

« Make sure that individuals fulfill conditions
» Tool-supported reasoning
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Reasoning with Classes

* Tool support for three types of reasoning
exists:

— Consistency checking:
Can a class have any instances?

— Classification:
Is A a subclass of B?

— Instance classification:
Which classes does an individual belong to?

» For Protegé we recommend Pellet
(but other tools with DIG support work too)

* Run pellet.bat dig and keep reasoner window open
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Restrictions (Overview)

fine a condition for property values

allValuesFrom
'élj someValuesFrom
157-] hasValue
} minCardinality
.:} maxCardinality
=" cardinality

anonymous class consisting of all
|nd|V|duaIs that fulfill the condition
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Cardinality Restrictions

« Meaning: The property must have at least/at
most/exactly x values

» (=lis the shortcut for@ and é’]

« Example: A FamilyDestination is a Destination that
has at least one Accomodation and at least 2

Activities
Assetted Conditions RGN N
MECESSARY & SUFFICIENT |
@Destinatinn

@haaﬂccnmndatinnz 1 =
=) hashctivity 2 2

NECESSARY




allValuesFrom Restrictions

 Meaning: All values of the property must be
of a certain type

» Warning: Also individuals with no values
fulfill this condition (trivial satisfaction)

« Example: Hiking is a Sport that is only
possible in NationalParks

Asserted Conditions (i (Fd .|.C:J cL 3
HECESSARY & SUFFICIENT |
MECESSARY
@Epnr’[a -
a}ﬂﬁ IsFossibleln MationalFark -
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someValuesFrom Restrictions

 Meaning: At least one value of the property
must be of a certain type

» Others may exist as well

 Example: A NationalPark is a RuralArea that
has at least one Campground and offers at
least one Hiking opportunity

Asserted Conditions &G .|.D:J cL 3

NECESSARY & SUFFICIENT |

MECESSARY
@Huralﬂrea C
@}EI hasAccomodation Campograund C
1313 hasActivity Hiking C




hasValue Restrictions

 Meaning: At least one of the values of the
property is a certain value

« Similar to someValuesFrom 3 but with
Individuals and primitive values

« Example: A PartOfSydney is a Destination
where one of the values of the isPartOf
property is Sydney

Assernted Conditions u:Tij *ﬁij -|-@ 2 R

NECESZARY & SUFFICIENT

-@ Destination
«é}iaF‘ar’[Dfa Syl ney

NECESSARY
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Enumerated Classes

« Consist of exactly the listed individuals

@ OneStarRating
«__;':: ThreeStarRating
@ TwoStarRating
Asserted Conditions \ & NG =|.'3:J CL
NECESSARY & SUFFICIENT |
@Accnmndatinn _

@:JEI hasHating {OneStarRating TwoStarEating}

/' NECESSARY

.lEt) BudgetAccomodation




Logical Class Definitions

e Define classes out of other classes
@ unionOf (or)

-

@ intersectionOf (and)

’&_IP complementOf (not)

« ATlow arbitrary nesting of class descriptions (A and
(B or C) and not D)




unionOf

* The class of individuals that belong to class
A or class B (or both)

« Example: Adventure or Sports activities

' Adventure C* Sports

o /
e

)3 hasActivity (Sports u Adventure)
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IntersectionOf

* The class of individuals that belong to both
class A and class B

« Example: A BudgetHotelDestination is a
destination with accomodation that is a
budget accomodation and a hotel

.C) BudgetAccomodation

\ /@ Hotel

Asserted Conditions W5 (RF gc) 8 I

NECESSARY & SUFFICIENT

@Deatinatinn

I_I @}3 hasAccomodation (Budgetfccomodation i Hotel)
MECESSARY
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Implicit intersectionOf

* When a class is defined by more than one

class description, then it consists of the
intersection of the descriptions

 Example: A luxury hotel is a hotel that is
also an accommodation with 3 stars

@ AccomodationWith3Stars

Asserted Conditions \F (RS e 8 I

NECESSARY & SUFFICIENT
NECESSARY

@AccnmndatinnWithHEtars

1 LuxuryHotel ©) Hotel

I
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complementOf

 The class of all individuals that do not
belong to a certain class

 Example: A quiet destination is a destination
that is not a family destination

@ Destination . QuietDestination (grayed)
@ FamilyDestination

Asszerted Conditions f (R 4.@ =B

NECESSARY & SUFFICIENT

@Deatinatinn
ﬂﬂFamilyDeatinatinn

MECESSARY



Class Conditions

* Necessary Conditions:

- (Primitive / partial classes)
“If we know that something is a X,
then it must fulfill the conditions...”

 Necessary & Sufficient Conditions:
(Defined / complete classes)

] “If something fulfills the conditions...,
thenitis an X.”

250
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Class Conditions (2)

Asserted Conditions ujj 'ﬁj’ q.@' k_':l. ﬁ

MECESSARY & SUFFICIENT |
HECESSARY

NationalPark ———> C) RuralArea
@ '3!3 hasAccomadation Campgraund

33 hasActivity Hiking

Imailimuitin

(not everything that fulfills these
conditions is a NationalPark)

Asserted Conditions @ *EJ .|.@ \_':l ﬁ

NECESSARY & SUFFICIENT

@ QuietDestination €«——> [&/Destination _
'L,:-':'_'Faml"f."DEEtlﬂatlﬂﬂ

HMECEZSARY

(everything that fulfills these
conditions is a QuietDestination)
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Classification

'mE-] NationalPark A RuralArea is a Destination
psserted Conditions U 6 g0 @M | Budgetascomodatior
MECESSARY & SUFFICIENT e
NEC ES S ARy « Hiking is a Sport
C) Ruralsrea C  Therefore:
‘33 hasAccomodation Carmpground C Every NationalPark is a
/313 hasActivity Hiking C Backpackers-Destination

.E:l BackpackersDestination

» vy e -
Azserted Conditions LLTF (H .|.C) CL 3
MECESSARY & SUFFICIENT

@ Destination /'

@)3 hasAccomodation Budgetdoccomodation
@}3 hasActivity (Sports o Adventure)

NECESSARY (Other BackpackerDestinations)
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Classification (2)

* Input: Asserted class definitions
« Output: Inferred subclass relationships

Subclass Relationship [C] 9| Subelass Relationship 4r O @:
Asserted Hierarchy \ﬁff ﬁ S OE h Inferred Hierarchy B :
2 ool Thing KT ol Thing :
& (C) Accomodation &= (C) Accomodation
@ (CJ Activity | & (©) Activity
(C) Contact : (C) Contact
€ (C) Destination A9 (C) Destination
@Eacl—:packersDestinatiun §§ @ @EackpackersDestinatiun
(CIBeach : (C) MationalPark
@CheapHutelDeatinatinn §§ @Eeach
QFamilyDestinatinn : @CheapHntelDestinatinn
QPaHDfﬂydney / @FamilyDestinatinn
(D) GuietDestination : (C) PartOfSydney
(C) RetireeDestination : (C) QuistDestination
@ (C) Ruralbrea ; € (C) RetireeDestination
(C)Farmland : (C) Capital

|C) NationalPark —_— : € (C) Ruralsrea
¢ (C) UrbanArea & (©) Farmland

@ (S City \ (T MationalPark
(C) capital E§ @ (C) Urbanfrea

(S Town @ (D) City
: () Capital
@' Taown




254

(Create an enumerated class out of individuals)

% <new> Protégé 2.1.1 M=1E3

Project Edit Window OWL Code Help
[ =
r LCI) OWLClasses

Subelaszs Relationship . @ Accumudatiunﬁating (hpe=ow|.Class)

Azzered Hierarchy | o §§ [ Marme | i_ﬂﬂnnntatinns
) owl Thing :
QDestlnatlnn
@ (C)Ruraldrea
QFarmIand
- C) MationalPark
@ (C)UrhandArea
¢ (CCity
QCapltaI
@ann

Q @ﬁccumudatiun Asserted | I - [F[l] Properties @ [ E' B G -]
T BedAndBreakfast : S
gCampgrnund ‘| Asserted Canditions (LIf LFf .I.@ Cﬁx

- T Hotel MECESSARY & SUFFICIENT
QL) Activity | ISlionestarRating TwoStarRating ThreeStarRating | (=]
@ (T Adventure : — B : CESSARY
(©) BunjeeJumping 2@ e 002 SH
€ (C)Relaxation : .
() Sunbathing : © [Pl o B3 & O 0 «
(CiYoga :
& (C)Sightseeing :
(C) Museums : o & o Y 5 @
§ (C)Sports : ) Digjoints (L aE) £
(CJ Hiking :

2 QEurl’ng

\C) Contact

@Accumudatiunﬁating

\sccomodationRating Froperty

rafs: comiment

@ Logic Wiew 0 Properies View




]

P <new> Protégé 2.1.1
Project Edit Window OWL Code

Eﬁﬁ K7 %E

[ i) owLcClasses | [F[[] Properties

Help

(Create a hasValue restriction)

. Q LuxuriHotel {t‘ypezuwl:CIass}

=B

Subclass Ralationship sttt B L
Azsered Hierarchy G A | [ Mame | | Annaotations [ =5 (o4 e o
L) ol Thing :
QDestlnatlnn |LuxuanteI | Froperty Yalua | Lang
@ (C)Ruraldrea .
@Farmland rdfs: comrment
- C) MationalPark
@ (C)UrhandArea
¢ (CCity
QCapltaI :
(T Town : . : § s il e
@ (L) Accomodation : | Asserted | Inferred | [PI[] Froperties  [D] [Di 1 B E W
QEedAndEreakfast : bkl B %o OlhazRating  {sinole AeromaodatinnFatl
ol Asserted Conditions (U LEF o) (6 O 2 ' '
E Campground : 'I'@ K 1 Create allvaluesFrom restriction
@ @Hntel : HECESSARY & SUFFICIENT iy i
QLuxuwHDtel §§ NECESSARY '«J Create somevaluesFrom restriction
@ (T Activity | 12 Hotel ﬂ‘ﬂfﬁ?ﬁmhﬁm@m restriction
? Qi%fznture | . §§ ;:’j Create cardinality restriction
unjeeJumpin - il
@ @Hela}zatijun R : =1 Create minCardinality restriction
@Sunbathing q | éj Create maxCardinality restriction
: @Ynga §§ Setdeprecation flag
[y =] i £
¥ Qfgmieemg : T LTSNS O U3 L
¢ (C)Sports
(C) Hiking :
(T Surfing :
(C) Contact :
Qﬁccumudatlunﬁatmg §§
ik Ay B @ Logic Wiew 0 Properies View




P <new> Protégé 2.1.1

Project Edit Window OWL Code

[ ﬁﬁ K7

Help

rf\gj@ OWLClasses

(Create a hasValue restriction)

Subclass Relationship

. @ LuxuriHotel

itype=owl:Class)
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=B

Azzered Hierarchy

L) ol Thing
QDestlnatlnn
@ (C)Ruraldrea
QFarmIand
- C) MationalPark
@ (C)UrhandArea
¢ (CCity
QCapltaI
. (S Town
@ (T} Accomodation
@Eedﬂndﬂreakfast
@Campgrnund
§ (C) Hotel
(T} LuxuryHotel
@ () Activity
@ (C) Adventure
QEunjeeJumping
€ (C) Relaxation
QSunbathmg
3 @Ynga
@ (C) Sightsesing
(T Museums
@ (C)Sports
QHll{lng
: @Surl’ng
(T} Contact
@Accumudatiunﬁating

. E | [ Mame |

| Anna

tations

|Luxu ryHotel

Froperty

rafs: comiment

fﬁssened r_’%g_j

Azserted Conditions

UL X

T Hotel

HWECESSARY & SUFFICIENT |

P[] Properies [0} (O] 41 B GR |

O] hasRating

isingle AccomaodationRating

e

9@ 22 000 &8

o E ¢ & © 0 «

@DneStarHatmg

T TwoStarRating

I ThreeStarRating

o'’

1) Disjoints

G RE

@ Logic Wiew 0 Properies View
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(Create a defined class)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)

FProject Edit Window OWL Code Help
HE@ -« B% % AR Rl ¢ B BEE
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subelass Relationship L @ Budgettccomodation  (type=owl Class)

Asserted Hierarchy g X A e | [ Name | | Annotations
) ool Thing :
o @Acmmndatinn
@Eedﬁndareakfast
C) Budnetarcnmndatinn

Zreate clone

|Budget&ccumudatiun Property

radfs: comment

e

L&F Create subclass

Create subclass using metaclass...
g Delete selected class

i SN O

=3

Asserted | Inferred [F]]] Properties (O} (O] o0 [EL GiR |

sssered Conditions L (E % @ |0|hasRating (single AccomodationRating
g @ e @M (3 {oneStarRating TwaStarRating)

Change metaclass...

MECESSARY & SUFFICIENT
HECESSARY

Hide class

Expand @Accumudatiun
Collapse @DEI hasRating {OneStarRating TwoStarRating}

0]
2o e ¢ ¢ oon -

—/

Sort direct subclasses
Sort all subclasses

fr‘_:l Check Consistency...
|5:| Classify sub-tree..

L~ Disjaints (L = §7 52 @ W

Extract sub-ontology to file...

@ Comvert to defined class
#h Search subclass by property value...
@ Set all subclasses disjoint

P Set deprecation flag ' ™ Logic Wiew ) Properies View
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(Classify Campground)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

|,|,+,|

hS@ -~ BE 5% AR o & E B[
(@DWLCHSSES rE]]Pruperties |/|:|]]F|:|rm5 r\i;»lndividuals r@hﬂetadata |

Subeclass Relationship [[]4|5Subclass Relationship ar B E:@ Campground  ypesowl Class) +-—-F T
i = == k N o e
Asserted Hierare |CF 4 T : Inferred Hierarchy ,‘_,3 F Marne | -l annotations E I=
.CJ ol Thing .S awil:Thing ; mem | value |
o @Accumudatiun §§ Q @Accumudatiun |Campgrnund |
(C) BedAndBreakfast : () BedAndBreakfast e comrment
@Budget&ccnmndatinn §§ Q @Eudget&ccnmndatinn :
@Campgrnund §§ @Campgrnund 7
@ (CJ Hotel | @ (©Hotel : &
(C) LuxuryHotel - (C) AccomodationRaMoved from Accomodation to Budgetaccomadation 2
@Accumudatiunﬁating : @'@Activiw i o
@ (T Activity A - (© contact : R i
() Contact | @ (2 Destination || [ Asserted [ Inferred | [Flll Properties  [D] [d] o1 0
@ (£ Destination : ; T [O]hasRat nale A &
: | Asserted conditions O (B C ? [DlhasRating (sinale Accomodss
: : CECECRY (3 OneStarRating i
MECESSARY & SUFFICIENT s
NECESSARY &
() Accomodation =
@haSHating = JneStarFating C
#] [¥]
e e W Logic View 0 Properties View
_ Zlass | Chanded superclasses
4_,3 @ Campground Mowed from Accomodation to Budgettccomodation

C=C) Classification Results
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(Add restrictions to City and Capital)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hEd -~ BE AR Rl & F EHE
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subclazs Relationzhip [14|.C) Capital  (type=owl Class)
Assered Hierarchy o X A e | [ Mame | ) Annotations

21 ol Thing : . Property
& (C) Accomodation : |Cap|tal
(C) BedandBreakfast : _
(T} Budgettccomodation : e SRR L
(T Campground
§ (T Hotel
@Luxur‘fHDtel
@Accumudatiunﬁating
@ (T Activity : L D
@-@Adventure §§ (ﬂnsser‘[ed rlnferred Eﬂ]F‘ruper’[ies @ @ E ﬂ LR ﬁ
& (C) Relaxation : vy .
@ (£ Sightsesing || Asserted Conditions (P LHS .I.@ gL M ¢ @EﬁicmmHndtatlmn
- LxuryHote
@'@Spnr’[s : HECESSARY & SUFFICIENT @ @hasﬁctiviw
(C) Contact : NECESSARY
L : @Museums
§ (C) Destination | ity = (0] hasPart

[

@ @Ruralﬁrea EDEI hasActivity Museums C
: IMHERITED

@Farmland :
: 1313 hasAccomodation LusuryHotel [fram City][ |

@NatiunalF‘ark
9 @Urbanﬁrea

¢ ity

@fwiap'ta' il Disjoints (U7 42 £ 93 @ M
@Eackpackers[ﬁlestinatiun
@FamilyDestinatinn
@QuietDestinatinn
@HetireeDestinatiDn

™ Logic Wiew ) Properies View
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(Create defined class BackpackersDestination)

r

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hEd -~ BE AR Rl & F EHE
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subeclaszs Relationship L @ BackpackersDestination {ype=owl.Class)

Asserted Hierarchy (2 &[4 U@ | [ Name | ) Annotations

) ool Thing :

o @Acmmndatinn Frogerty
@Eedﬁndareakfast
@Eudget&ccnmndatinn
(T Campground

§ (T Hotel
@Luxur‘fHDtel
@Accumudatiunﬁating
@ (T Activity

E‘-%Adventure fﬂssened rlnferred [F[]] Properties @ @ E [EL n,,F_?j b4
@ (C) Relaxation : T :
®- (C) Sightseeing Asserted Conditions O E e QX ! @gsgagzr;tiiigﬁnﬂndatmn
@-@Spnr’[s : HECESSARY & SUFFICIENT @ @hasﬂctiviw
() Contact | 1o Destination 3 Sports L Adventure
© (C) Destination | 123 hasAccomodation BudgetAccomadation (0] hasPart
&= @ Furalfrea §§ @3 hasactivity (Sports U Adventure)
@'@Urbanﬁrea §§ MECESSARY
@Eackpackers[ﬁleatinatiun B

|Eackpacker5Destinatiun

rdfs: comment

(=1 Disjoints  (JJ 42 £ o3 @& W

™ Logic Wiew ) Properies View
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(Create defined class FamilyDestination)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hEd -~ BE AR Rl & F EHE
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subelass Relationship L @ FamilyDestination  (ype=owl:Class)

Asserted Hierarchy (2 &[4 U@ | [ Name | ) Annotations

) ool Thing :

o @Acmmndatinn Frogerty
@Eedﬁndareakfast
@Eudget&ccnmndatinn
(T Campground

§ (T Hotel
@Luxur‘fHDtel
@Accumudatiunﬁating
@ (T Activity

& (T Adventure fﬂssened rlnferred [F[]] Properties @ @ E [EL n,,F_?j b4

@ c i i = ,

@.g;?ﬁ::;;iﬂg Asserted Conditions (If (RF -|F) \'Fl ﬁ ¢ @Eﬁf«cmmndatmn

@-@Spnr’[s HECESSARY & SUFFICIENT @ @hgsﬂctivihf

(C) Contast | | Destination 2

§ () Destination | 12 hasAccomodation 2 1 (0] hasPart

@ (C) Ruralsrea | 12 hasActivity = 2

@'@Urbanﬁrea §§ MECESSARY
@Eackpackers[ﬁleatinatiun B
@FamilyDestinatinn

|Familﬁ,rDeatinati|:|n

rdfs: comment

(=1 Disjoints  (JJ 42 £ o3 @& W

™ Logic Wiew ) Properies View
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(Create defined class QuietDestination)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hEd -~ BE AR Rl & F EHE
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subelass Relationship L @ QuietDestination  (tvpe=owl Class)

& == == I

Asserted Hierarchy (2 &[4 U@ | [ Name | ) Annotations

) ool Thing :

o @Acmmndatinn Frogerty
@Eedﬁndareakfast
@Eudget&ccnmndatinn
(T Campground

§ (T Hotel
@Luxur‘fHDtel
@Accumudatiunﬁating
@ (T Activity

E‘-%Adventure fﬂssened rlnferred [FIl] Properties @ @ E (L aﬁ?" ﬁ
@ (C) Relaxation : » ¥ Ol hash dati
&@Eightseeing §§ Asserted Conditions (LT LRT -I-@ @lx %hz;gtﬁ;?n ation
& (C) Sports : HECESSARY & SUFFICIENT [0] hasPart
() Contact :| 12 Destination _
o @Destinatiun : \'_:}I-Familﬁ.fDestinatiunl ~
@ (C) Ruralsrea : NECESSARY
E"%Urbanﬁrea 11932 3@ =232 0w @ﬂ
C)BackpackersDestination §§
(C) FamilyDestination o F e B & €& @ O«

@GuietDestinatinn

|@uietDeatinatiDn

rdfs: comment

(=1 Disjoints  (JJ 42 £ o3 @& W

™ Logic Wiew ) Properies View
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(Create defined class RetireeDestination)

r

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hS@ -~ BE 5% AR o & E B[
r@DWLCIasses |’|E|I|F'mper1ies rEﬂ]Fnrms r\;ﬁg»lndividuals r@hnetadata |

Subeclaszs Relationship L @ RetireeDestination  (ype=owl Class)

& == == I

Asserted Hierarchy (2 &[4 U@ | [ Name | ) Annotations

) ool Thing :

o @Acmmndatinn Frogerty
@Eedﬁndareakfast
@Eudget&ccnmndatinn
(T Campground

§ (T Hotel
@Luxur‘fHDtel
@Accumudatiunﬁating
@ (T Activity

E‘-%Adventure fﬂssened rlnferred [F[]] Properties @ @ E [EL n,,F_?j b4
& (C) Relaxation : P :
: " i o @hasﬂcmmndatmn
@ (C) Sightsesing : Asserted Conditions U Ee aM (3! hasRating = ThreeStarRating
@-@Spnr’[s : HECESSARY & SUFFICIENT @ @hasﬂctiviw
() Contact | 12 Destination 3 sightseeing
© (C) Destination | 133 hasAccomodation (hasRating = ThreeStarRating) (0] hasPart
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rdfs: comment

™ Logic Wiew ) Properies View




264

(Classification)

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)

FProject Edit Window OWL Code Help
HE@ -« B% % AR Rl ¢ B BEE
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|,|,+,|
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@ (C) Relaxation (C) Contact
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@ (C
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(© Capital (C) Farmland ‘313 hasAccomodation Campground =
@ Town i ® \C) MationalPark (3) 3 hasActivity Hiking =
CllUrbanArea
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W Logic View 0 Properties View
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(Consistency Checking)

r

P travel-new Protégé 2.1.1  ([file:\C:\projects\owl\travel-new.pprj, OWL Files)
FProject Edit Window OWL Code Help

hS@ -~ BE 5% AR o & E B[
(@DWLCHSSES rE]]Pruperties |/|:|]]F|:|rm5 r\i;»lndividuals r@hﬂetadata |

|,|,+,|
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Asserted Hierarchy (cf B 2 fName | [ ] E%Tqi} X -
C) owl:Thing - : — |
s pery Yalue | Lang
& (C) Accomodation = - |Eafar| |
@Accumndatinnﬁating

. @ Arctivity rdfs:camment
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@ (C) Sightsesing
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rﬂssened rlnferred EﬂPrnpenie:@ @ E ﬂ 'Ej ﬁ

Asserted Conditions f (i 40 @ W %?Saﬂsftr:;gictt
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(C) Contact i
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@ (T Ruraldrea
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Visualization with OWLViz
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OWL Wizards

£ Create Value Partition

;';E Add kinds of AccomadationRating2
for [¥] Auta remove indents and trailing spaces
hmetllpge [¥] Auto remaove duplicates
[ Auto prepend text
Steps [w] Auto append text Ratirig
YYalue Partition Mame DneStar
TwoStars
Property Mame ThreeStars| £ Pproperties Matrix
Add Values _
click Class | hasAccomodation | hasAntivity |
Yerify Yalues here Eeach
. for Farmland
Add Annotations frore FHationalPark @Campgruund @Hiking
- help City \CJ LuxuryHotel
Select Value Partitions Root Capital @ Museums
Finish! Steps L
Choose Classes
Choose Properties
Set Properties
Finishl

Prey Finish Cancel




Putting it All Together

» Ontology has been developed

* Published on a dedicated web address
» Ontology provides standard terminology
« Other ontologies can extend it

» Users can instantiate the ontology to provide
instances

— specific hotels
— specific activities




Ontology Import

« Adds all classes, properties and individuals from
an external OWL ontology into your project

* Allows to create individuals, subclasses, or to
further restrict imported classes

e Can be used to instantiate an ontology for the
Semantic Web




Tourism Semantic Web (2)

=3

OWL
Metadata

(Individuals)

4

@nwl:Thing
@ () fravel:Accomodation
@ (C) travel:Activity
@ (C)ravelAdventure
@ () travel:Bunjeslurnping
@HeliEﬂunjeeJumping
@ travel S atari
@ travel Trekking
& () travel:Relaxation
@ (Cltravel Sightseeing
@ (C) travel: Spors
@travel:ﬁnntact
@ () travel:Destination

Tourism Ontology

Destination

A 4 A 4

Activity | [Accomodation

Web Services
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Ontology Import with Protégé

« On the Metadata tab:

— Add namespace, define prefix
— Check “Imported” and reload your project

¥ heli-bunjee Protégé 2.1 ({file:\C:\projects\owltheli-bunjee.pprj, OWL Files)

Froject Edit Window OWL Code Help
g -~ B K 3 AR Mol ik B [ H
(@DWLCHSSES | P[] Properties | = Farms | I Individuals | (@ 2) Metadata |

|,|!+,|

Default Mamespace

hitp:iiprotege. stanford. edwplugins/owliowl-libransheli-bunjee. owld

Mamespace Prefixes + - i 3
Frefix | Mamespace |Imp|:|rted|

rofs * hittpctenn w3 0rgl2 000001 frdf-schemast []

relf * hitp:ihaenan w3 orgi Q90202 2-rdf-syntax-ns# []

ol * ittt e 302 002007 Fow []

dc hitp:fpurl.argidelelementsit .11 []

travel hitp:iprotege. stanford. edwpluginsfowliow-lib rargtravel owld v
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¥ heli-bunjee Protégé 2.1
Project Edit Window OWL Code Help

L@ <« B =IO

Individuals

AR > & [ [l

{file:\C:\projectstowiheli-bunjee. pprj, OWL Files)

B B &

|/ Sl OWLClasses |/|E[[| Properties r [Tl Farms |’x§2}> Individuals ’/@ Metadata |
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Classes W : Display Slat :@ ManicSuperBunjee  {iype=HeliBunjeeJumping) +—-F T
T owel Thing (5] NAME -.-| rName rSameAs rDiﬁerentFrnm || Annotations I_,,T EFT IIP }{
& (Cltravel-Accomodation : |Manic8uperEunjee Property | ol MLang

o @travel:ﬁctiviw
@ @'travel:ﬂdvemure
® (C)ravel:BunjeeJumping
@HeliEunjeeJumping i1
@ travel:Safar
@' travel Trekking
E"@travelﬂelaxatinn
E"@trauel:ﬂightseeing
E"@travel:ﬁpnrts
@travel:Cuntact 13
G"@travel:Destinatinn

:| Direct Instances ¥

e X

EE\@ManicSuperBunjee

rdfs:comment

Manic super hunjee now offers nene wrecking
jumps from 300 feet right out of a helicopter.
Satisfaction guaranteed.

Ol rdfs:comment

Manic super hunjee n...

Travel:hasContact \J>.|i> \3;

| [T msBinc

|| TravelisPossiblen 1 gpr

@ travel Svdney
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Individuals

4% MSBInc {type=travel:Contact) E]@E|
C =

rName raameﬁs rDiﬁerentFrum | ) Annotations K ,li> pr4}
IMSEIne Property | Lang

rdfs.camment

Travelhasstreet

Clueen Yictoria 5t

TravelhasCity Travel:hasfipCaode

Sydney 1240

TravelhasEmail

mshE@manicsuperbunjes.com
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OWL File

?xml version=""1.0"7>\

rdf:RDF

xmIns=""http://protege.stanford.edu/plugins/owl/owl-library/heli-bunjee.owl#"

xmlns:
xmlns:
xmIns:
xmlIns:
xmIns:

rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
owl=""http://www.w3.0rg/2002/07/owl#"
dc="http://purl_org/dc/elements/1.1/"
travel="http://protege.stanford.edu/plugins/owl/owl-1ibrary/travel .owl#"

xml :base=""http://protege.stanford.edu/plugins/owl/owl-library/heli-bunjee.owl">

<owl:Ontology rdf:about=""">
<owl : imports rdf:resource="http://protege.stanford.edu/plugins/owl/owl-library/travel _owl"/>
</owl :Ontology>

<owl :Class rdf:ID="HeliBunjeeJdumping>

<rdfs:

subClassOf rdf:resource="http://protege.stanford.edu/plugins/owl/owl-library/travel _.owl#BunjeeJumping'/>

</owl:Class>

<HeliBunjeeJdumping rdf:ID="ManicSuperBunjee >
<travel:isPossibleln>
<rdf:Description rdf:about="http://protege.stanford.edu/plugins/owl/owl-library/travel . owl#Sydney'>
<travel :hasActivity rdf:resource="#ManicSuperBunjee"/>
</rdf:Description>
</travel:isPossibleln>
<travel :hasContact>
<travel :Contact rdf:ID="MSBInc'>
<travel :hasEmail rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>msb@manicsuperbunjee.com
</travel :haskEmail>
<travel:hasCity rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>Sydney</travel:hasCity>
<travel :hasStreet rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>Queen Victoria St</travel:hasStreet>
<travel :hasZipCode rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int''>1240</travel:haszZipCode>
</travel :Contact>
</travel :hasContact>
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>Manic super bunjee now offers nerve
wrecking jumps from 300 feet right out of a helicopter. Satisfaction guaranteed.</rdfs:comment>
</HeliBunjeeJumping>

rdf:RDF>




