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ITEPIAHWH

To épapa yioo Tov Ernuoctohoyixd lotéd, onwe expedleton and tov Tim Berners
Lee, elvon evoc 16T00 dmou ol mhnpogoplec eivar tpoodoiuec oyl uovo otoug avipd-
Toug, ahhd enione o autopatomolnuéves egapuoyéc. Tlpdxtopee, mou dwoyiCouy Tov
I0TO TEAYHATOTOLWVTOS YENOWES EQPYAOIES, OTWS 1) AeMTOEPED TepT avalTnoT, 1 o-
VaXGALPT VEDY TNYOV TATROQOELOY Xl TO QIATEdELoUN TouS. O aUTONATIONOS AUTOY
TV gpYaot®y tpobrovétel TV avaBdiulon Tou TouyxOoUoL L0 ToL and TO GTEOL0 TOU
COVAY VEOOLIOLY OO TIC UNYOVEC GTO GTAOL0 TTOU Yol OVOUSLUUE «XATAVOH OO OTd TIC
unyovegy. H xevtowd| 0ea elvon 0 oplopdg xon 1 BlaoUVOEST, TN TANROQORLIG AT
TETOLO TEOTO, ETOL WO TE VoL ETUTEETETAL, 1) EPUNVELX TNG UE CUPRVELX Ud EVal AOYLOUIXO
%o Oyt omAd 1) auTOVONTY EpUNVEla TNG amd avipmToug.

KAewdt yio tnv vAomoinon tng LOEUC TOU «XATAVOHOHIOU OO TIG UNYAVESY> ATOTEAEL
1 AVATTUEN YAWOOKOY UE AUGTNEA 0pIoUEVT) oTuactoloyior omwe eivon ol Tleprypagpixéc
Aoywéc. Emmiéov n avdyxn Soyelplong tne eYYevrc aodpelag, Tou Sloxplvel Tny mo-
Aupeoixn TAnpogopia, xahotd Ty €geuva Twv Acapay enextdoeny Ty Heprypapidv
Aoywv, Wwloltepa onuavTixy.

H yeron twv unyavoy culhoyiotixre [eprypopindy Aoyixdv yiveton 6Ao xou mo
gupelor Yot TNV CUAROYLOTIXY| ETAVL OE TANEOQORIEC Tou Lnuactoloyixol Iotol xo
o€ TOMNEC axoun epoapuoyec. Idadtepa yerowog elvan o oploude evog xowvol TedTou
OLcUVOEOTC, TTOU Vol EMETEETE GE UTOUAXPUOUEVES EQUPUOYES VO OIAANAETLOEOUY UE OLo-
popeTIXéC unyaveg culhoyiotxrc. H dacivoeon DIG yio cuotruota Heprypoaginmy
Aoywov anotehel o tpoodela oplouol evOC TEOTUTOU TOU TUREYEL AUTAY oXELB3OC
T duvatotnTa. Ot epyaoiec pag yio Ty enéxtaot tou mpotumou DIG, ye tny vnoct-
eln v Acognv [eprypapddv Aoynoy xat 1 UAOTOINGT) TOU GE Ui UNy VT aoapols
GUANOYIG TIXNAG, ATOTEAOVY TO aVTIXEUEVO TNG EpYUoiag AUTC.

AéZeic Khewdwd : Ieprypagpueéc Aoyirée, Acageic Heprypagpuiéc Aoyuée, afeBaio-
TNTO, AGGPELRL, GUAROYIC TIXY), EVVOLd, POAOC, a&imUa, 1Y VURIOUOS, COUA 0poAOYIdS, OG-
Lol LOYURLOUMY, CUVETOYWYT, avomolnotuotnta, owoLvoeon DIG Interface, HTTP,
XML.
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ABSTRACT

The Semantic Web vision as articulated by Tim Berners-Lee, is of a web in
which resources are accessible not only to humans, but also to automated processes
“agents” roaming the web performing useful tasks such as improved search, resource
discovery, information brokering and information filtering. The automation of tasks
depends on elevating the status of the web from machine-readable to something
we might call machine-understandable. The key idea is to have data on the web
defined and linked in such a way that its meaning is explicitly interpretable by
software processes rather than just being implicitly interpretable by humans.

Thus the provision of languages with well-defined semantics is seen as key to
enabling the notion of machine-understandability, and the latest generation of kno-
wledge representation languages, such as the Description Logics have placed much
emphasis on such semantics. The necessity of handling the inherent imprecision in
multimedia object representation lead to the emerging “fuzzy“ Description Logics.

Description logic reasoners are becoming more widely used for reasoning about
resources on the Semantic Web. To allow client tools to interact with different rea-
soners in a standard way, a common standard interface is highly desirable. The DIG
Description Logic Interface is a proposed standard that provides just this capability.
We extend the proposed standard with the capability of handling fuzzy knowledge ,
and we implement a DIG adapter for a fuzzy reasoner. These efforts are the subject
of this report.

Keywords : Description Logics,Fuzzy Description Logics,uncertainty,reasoner,
fuzziness, concept, role, axiom, assertion, terminological box,assertional box, know-
ledge base, reasoning service, entailment, satisfiability,DIG Interface, HTTP, XML
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Kegdiowo 1

Eiwooaywyn

pcytol ot pordnuotixol, and Ty emoyr) ToL AQIGTOTEAN XATATLAC TNXAY UE TO TROPBAN-
uo T TumixAc (pordnuatixdc) avamapdotaong e avlednivg Yvoong: €Tol HoTE 1
YVOOT| VO TEQLYRUPETOL UE LOVOSTUAVTY X0 TANEOC XOVOPIOUEVT EQUNVELX. MHUEQXL 1)
Emotiun twv Trohoyiotadv xa wiaitepa o touéac e TeyvntAc Nonuoolvne aoyo-
Aelton pe TNV avamopdo taon Tng avipdmivng Yvmong o€ v TToAoYloTind LOo TN Ue
oxomo TNV ofloTolnoT TNg, KE TN Slevépyela oUVIET®OVY evepyeldY Tou Yo mhnotdlouv
O€ TOLOTNTA QUTWY TNS avip®TVAC GCUAROYIOTIXNAS X TNV €0y WYY EVQUOY UTOTEAE-
OUTWY.

Apxetd TroloyloTixd Yo THUOTH YeNoHOTO0Y XATolo EB0C YAOCCUS ovamopd-
oTaong Yvwong v T Behtinon Twv duvatothtwy Toug. Iapadetyuato etvar ot epop-
UOYEC Bhoewy BedOUEVLY, OOV YVGoT yenowonoleiton yio T BeAtivon tng axplBelog
NG avéxAnong Thneogoplag (information retrieval), 1 oL egopuoyéc enelepyaciog To-
AUPECIXOY XEWEVOY. To o ONUOPIAES ToEADELYUO YENOTS YAWCOWY AVUTUEAC TUOTS
yvwong eivon o Ioyxodouog Iotog (World Wide Web), émou YVWoN yenoylonoteitan
Yo T Bektinon TV SUVATOTATLY TV TEaxTtopwy (agents)  ui ard Ti¢ TpooTddELeg
Yo Ty ovdmtuén tou Lnpootohoyxol Iotod (Semantic Web)

Kevtpud poho oty avdmtuln Twv EQUOUOYMY avamapdo AT YVMOTNG XATEYOLY
ot Heprypaginéc Aoyixée [2]. O Ieprypagpiéc Aoyiée (ITA) amoteholv yior otxoyé-
VEWL YAWOOWY avamapdoTaoTg YVKone Baclopévmy ot EVvoleg - Jovadlala xatnyopr
MOrToL ot EOROUG - Buadixd xatnyophuata, ot avttieon ue v Aoyw| Hedtne Tdine
(First-Order Logic) xou tov Aoywé Ilpoypouuotiopéd (Logic Programming) mou yen-
OLOTO0Y YEVIXEUPEVA XaTryophuata v-05T00 Boduol. H opotdtnta twv ITA ye to
OVTIXEWUEVOO TRUPES LOVTEND, IOV TIC Xoio TA WtadTepa E0YENO TES, XAl 1) LoOPEOT TOU
OLATNEOVY AVAUEGO G TNV BUVATOTNTO EXPEUC TIXOTNTIC XL O TNV ATOPACICYLOTN T Elvor
000 amd x0ploL TaL YUEAXTNEWO T Toug GTa oTtolar ogetheTon 1 evpeia BLddooT TOUC.

Av xau yenowonowlvtol Ye Peydho Bodud emituylac o€ BLUQPORETINES EQPUQUOYEC,
n yenon twv IIA ce egapuoyéc yioo TNV avdxTnoT TOAUPECIXTC TANPOYOplaC AvVadEL-
XVOOLY TNV avVyXTn ETEXTUONS TOUG Yiow TNV Olayeipton tne eyyevic avoxp{Belac xou
oBeBondtnTog Tou OLaXEVEL TIC BLUOWAGIES AVEXATIONG XAl AVATIUEEC TUCTG YVWOTG OO
TONUPECIXS aVTIXE(UEVA. E QUTEG TIC TEPLTTWOELS £var adTnpa avdxhnong mhnpogoplog
oev umopet va ixavorondel ye évay amoiuto tpémo. H oyetindtnto evéc noluyeoinol
OVTIXEWEVOL UE To OEBOUEVD Tou auThuaTog umopel v emohrieutel uévo we mpog é-
vay Bordud. H enéxraon tov IIA pe ) Suvatdtnta duyeipione tne aodgetag Poactleton
o TNy aca@r] cuvolotewplio xar 00Yynoe otny avantuén Twv Acagpoy ITA. H evaoyoin-
O] UE TIG QOUYPELG EMEXTAGELS TV YAWOGWY O €Y0UV TEoTalel Yo TNV avamoedo TaoT
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KegdAaio 1. Ewaywyn

Yvoone oo Xnuoactohoyixd Iotéd amoutel TNy Yerétn npwtdTUTLY ohyopliuwy Yoo Ty
eCoywYT) CUPTEPAOUATOY O TOA) expoac Tixég TTA.

Toutdypova Ue To EPELVNTIXG EVOLAPEROY TIOU CUYXEVTEOVOULY oL acapeic TIA, ye-
Yahn mpoondeto yiveTar Yoo TNV avaTTLEYN %ol UAOTIOMNGT OTNY TRAEN UNY VGV GUA-
AOYIOTIXAC X0 EQUPUOY®Y TOUC ToU Yol TAUpEYOLUY OTOOEXTY| UTOAOYLOTIXY ambd00T
o€ peahloTixd mpofBAruato. Me 0eBoUEVo TO GUVEYMOS ALEAVOUEVO EVOLUPELOV YIoL TNV
OVATTUEN EPUEUOYOY GTO Xnuactohoyd 16T, yivetar avTiAnmto néco onuovTiny xou
avaryxodar EVaL YLl TOV TROYROUHUATIO T ONUACLOAOYIXDY CUCTNUATWY 1 UTOEET EVOS
e0x0hOU TEOTOU TPOCPBACTS GE BLIPORETIXEG UNnyaveS culhoyioTxhc. 'Evag evialog
X0l TEOTUTIOC TEOTOC Yol TNV TEOcBacy ot ula GUAAOYLOTIXT) UNy oV (reasoner), Vo
Bondoloe emmiéov, oTNY AvdmTUEN GUC TNUATWY TEPLYRUPIXWY AOYIXWOV, XoMOS OL Un-
Yovxol xon TEOYEUUUITIO TEC Yo Umopoly Vo ETXEVTEWUOUY GTNY avdmTuén Tne (Blog
™G UNyavAS CLANOYIGTIXNG, AmaAAayUEVOL amd To POETO TNG UTOCTARLENG TWV TOoL-
AWV UTNEECLOY AVATUEAC TACT) TOL UTOREL VoL amoutouvToL amd TNV x&Ue EQapUOYY).
"Evo 11010 Tp6TUTO BlcUVOESTC UE DLOPORETIXES UNYavES GUANOYIO TIXTC 0pilEtL 1) Olo-
olvdeon DIG ond tnv opddo Description Logic Implementation Group'.Av xo to
oxEeVOULO aUCTNEd 0pllEL TO dvoua TNg oUddac Tou etvar LTEDYUVY Yior TNV oVATTUEN
" UE aUTO TO Hvopa Vo AVAPEPOUAC TE X GTO (B0 TO TEOTUTO.

To npdTuno DIG meprypdpel 1 dtaciviesT) avdueoa oe Wio uny v cUANOYIo TG
xou oTIg TAVES EQUPUOYES TNG, EMTUYYAVOVTUS TNV aveldpTnTy avamTuln Toug, Yia
TOEABELYUO WC TEOS TNV YAOCGOH ulomolnone 1| axdun xal »¢ meo¢ TNy tonovecia
extéheonc Touc. H dlacivoeon DIG npoteivel éva ebxoho 1péT0 yer|oNg EVOANXTIXGDY
reasoner oné TC £QupUoYEéc cuoTnudtwy ITA ywelc vo yeewdleton xoplo yetatponn
Toug. AlEUXON)VETAL €TOL TO TEWRUUATIXG €0Y0 TV ERELYNTOY TwV TTA ahhd xou tng
YEVIXOTEENG EQUPUOYNC TwV cuoTNUdTeY IIA otny meddn.

Xxom6 g gpyaoioc anotehel N emExTaon xou 1 LAOTONGT TNE TEOTUTNG OLAGUV-
ocone DIG ye tnv vnocthpiln v acupov Heprypopndy Aoyixdy xon Twv unyoveoy
cuAoyloTixAc Toug. T'ar Ty emlteudn Tou UEAETOUUE TNV EXPEIC TIXY| BUYVATOTNTA TOU
mpotUuTou DIG xou tnyv emextelvoupe ye to amapaitrnta cuvTaxTiXd oToLyEld Yior TNV TE-
ELYPUPT) ACAPEDY OVIOAOYUDY. 2T GUVEYELXL UAOTIOOUUE TNV BLUGUYOEST) GTNY YAOOGY
TEOYEOUMATIONOU Java, ot eTEXTEVOUNE UE aUTY), TN UNY AV CUANOYLOTIX S aoapolg
Teplypopixic hoywhc fuzzy — SHIN, FiRE.

H epyaoio autr opyavodveTton we e€AC

o Y1 ouvéyew e Eoaywyric mopouctdlouue GUVOTTIXG Tl YORAXTNRIO TIXA TGV
xhacoxav Heprypapixdy Aoyixdy. Emmhéov avapepduaoTte oTIC aoupelc ene-
xtdoec Twv IIA xau otic unneesiec cuhhoyloTixrc Touc.

e Ax0lolne 6To xEQIANO 2 TOPOUGIALETOL OVUAUTIXG TO TEOTUTO BLUGUVOECTC UE
unyovéc sulhoyiotinric DIG. Ieprypdgoupe tic unotécec otic onoleg Pacileton,
TO TEWTOXOANO ETUXOVWVINS XAl TNV YAOCOU TEQLYREAUPNC YVWONG TOU TROTELVEL

® X710 XEPdAono 3 PEAETOUUE AVOAUTIXOTEQY TIC DOUES TOU TEOTUTOU, TOU EVOLO-
(PEPOUOCTE VO EMEXTEIVOUUE PE TNV UTOOTAREN TNG ACAPELS Xot axohovdwe
TOEOUCIACOVUE TIC EMEXTACELS HOG TEOS AUTH TNV XATeLYUVOT).

e Y10 xeqdhiono 4 yiveton pia Sle€odixr) avdiuoT Tng uhomoinong tng dlacUVoEoTS,
TV OOUMY XAl TV UTNEECLMY Tou ouTH dtardéTeL.

thttp://dlLkr.org/dig/

12 AtoUVOED) UE UNYAVEC CUAAOYIOTIXTC Yiol AOQPELS TEQLYLAPIXES AOYIXES



KegdAao 1. Ewoaywyn

e Y70 xe@dhouo 5 TopouctdCoLUE TIC TEMXES OXEDELC UAC YLl TO TEOTUTO Yo To-
pouctdlouye Yéuato yior JEAhOVTIXY EpELVAL

1.1 TIlepiypopixég Aoyixeg

O Ieprypaginéc Aoyixée (ITA) (Description Logics - DLs)[2] amotelodv pua otxoyéveto
YAWOGHOY OVIUTURIC TUCTC YVWOOTG, Eival BACLOUEVES G TNV AOYIXT|, X0l €Y OUV OYEDIUOTEL
YLOL TNV XATOYQOUPT] YVWOTNS XAk TNV OLEVEQYELN EQYAUCLOY GUANOYIO TIXNG ETEVEL OE QUTH
ue €va Sounuévo xan xotavonto teomo. Ou ITA ebvon puéhn uioc evpdtepng oixoyévelog
YAWOGOY AVATOpdc TIONG YVOOTS, Tou ovoudlovtol Yhdooeg teptypaphic (description
languages). Ouoctac tixd mpoéxuday amd TNV GLUC THLUTIXT TEOCTAVELN OPLOHOY QUG TN
efic onuoctohoyiog, Y TN YAOGoo Twv Lnuactoloywey Awxtiny (Semantic Netw-
orks) [7] xou ) yAdooo tov [Dasiwy (Frames) [5] ot onolec dev Siédetav xdmota
pord ot Yewplo yia Ty amodoor Tutixrc onpactoroyiag. Ot yhwooeg autée Pooi-
Covton o€ évar Ypapixd LovTéro Tou YUpIleL TOA) TO AVTIXEWWEVOC TRAUPES UOVTELD TWV
HNAOEWY XU TV WLOTATOV" YTl TOU T XNO T TEOCITEG OTNY XATAVONOT| XL OTN
Yenom %o amd un LxoUg ToU YWEOU.

Ou TIA mpoogépouy éva ohvolo and xataoxevootés (constructors) yu v On-
woupyla evvoldv (concepts) xow péAwv (roles). Evvolec xou pdhot cuppetéyouv pall
e avtixelyeva oe ofudpata (axioms) xou woyuptopole (assertions) ot cuvdétouvy Bé-
oelc yvwoelc (knowledge bases): névew oTic onolec unopolue vo e@upudcoUUE epyacies
GLAROYIOTIXNAG, Yl TNV eCaywYT) VEAS YVWOTS amd TNy 101 teprypageioo. "Evo axdun
Baowd yopuxtnelotind twv IIA, cuvuredduvo vyl v eupela Suddoor Toug, eivon oO-
Tt oty mAetodmela toug eivar anogociowes (decidable).Ou IIA amotehovton and éva
ah@dfnto (alphabet), évor cuvtoxTind (syntax) xou pla onpactoloyio (semantics).

To ahpdfnro opileton amd éva alvoho atouxody evvoundy (atomic concepts) (C), é-
va 60volo atoux@y pdAwy (atomic roles) (R) xou anéd éva oUvoho atéumy (individuals)
(I). O ATOUIXES EVVOLEC Xo POAOL amOTEAOUY Tor douixd G Tolyela TNg YAwooog. Atot-
oOnTd o €vvota C ovamopto T €val GUVOAO OVTIXEWEVGDY UE XOWVEC WOLOTNTES, OIS
Ol XAAOEIC OTO AVTIXEWEVOC TRUPEC LOVTERD BedopéVwy. Avtileta évag pdrog R avo-
TOELO T it BLABIXT) OYECT) AVAUETA OE U0 avTIXE{UEVaL.

Ou ITA mapéyouv éva 6UVOAO amd AATUOKEVAC TES, OL OTIOlOL ETEVERYOUV TAVL GTIC
OTOULXES EVVOLES XAl POAOUG XL GUVTEAOUY G TNV XATACKEUT] TEPLOGOTERO TOAUTAOXWY
EVVOLMY X0l EXPEACEWY TIOU OVOUSLOVTOL TEQLYPUPES EVVOLOV (concept descriptions) 0
ouvietec évvolec (complex concepts). A 10 GOVONO TWV XATAGHEVUT TGV TOU Yerot-
womoovvTan opileton 1 ITA. T mopdderyua to hvolo Twv xotaoxevas Ty =, M, L, 3,V
opiCet v IIA ALC. Aouwd ctoiyeior twv A anoterodv ot évvolec T xan L ,mou
ovoudlovtar xadohixr) évvola (universal concept) xou xevi| évvota (bottom concept),
avtiotoyyo. O évvolec VR.C' xou IR.C ovopdlovtan teptoptopds tunc (value restri-
ction) ot umapdloxde TEpLoploldc existensial restriction, avtiotoiya. H IIA ALC
TEPLEYEL AOLTTOV EVVOLEC TNG HORYNG :

C,D — T| L |-C|C U D|C' N D|VR.C|3R.C

Me v eloaywyn VEoY xataoxeuastov oty ITA emtuyydvetar o opiopde nepilocdtepo
oOvietov evvoldv. Ot évvoleg tne pop@nc > pR o < pR ovoudlovton meptoplopof
mAnduxotnTac xon cuufoAilovton pe to yeduuo N. Ao avtolc o > pR ovoudleton
0C TMEPLOPLOUOC To-hYOTERO (at - least) xaw o < pR meploplopde to-neplocdtepo (at -
most). YNy meplnTwon Tou EMTEETOVUE GTNY PETUBANTY p Vo el wévo T Tyég 0
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xou 1 mpoxmTouy oL cuvaptnotaxol Teploplopol TAnduxdTnToc, Tou cuuforilovial ue
0 Yedupo F. Ot évvoleg tne popgric {o} ovoudlovtar ovouatixéc évvoleg (nominal
concepts) xou 1 duvaTOTNTA OpLouoy Toug cuuBoiileton e to yeduuo O. H ITA uroget
emiong vo SLrd€TEL TOV XUTUOXEVACTY Yl TOV OPOHO oVTIoTEOPMY POAwY (inverse
roles), mou oupPolileton pe to ypduua . Xtnv mepintwon mou unootnpeilovton ot
TOEUTAVG XATAOHEVUCTEC €El oploTel 1 YAwooa ALCOIN. Me tnv exgpaoctixn
OLVATOTNTA TNS YAWOGCUS AUTAC UTOPOUUE Vo TEPLYPAPOUUE EVVOIEC TOU XOGUOU UG,
OTWE 1) Evvola TV avipnTey Tou Eyouy axpl3ng Telo Toudid, YedpovTag

Humanm > 3hasChildn < 3hasChild,
TNV EVVOLXL TV EAXTTOUATIXDY UNY VDY YEAPOVTAS
Machine I 3hasPart.Machine Part 1M YhasPart. Faulty Part,
TNV €VVold TV NUEPWY TNE BBouddas, YpdpovTag
Sunday LI Monday U . .. L Saturday

f Ty wotnto hasParent yedgovtag hasChild™.

[Switepo YopaxTNEIGTING TWY YAWOOOY TEpLypapixic Aoyhc etvon 1 LPnAY Tu-
TxoTNTo Tou TIg Otoxplvel.  To Souxd cToyelor Toug gpunveLovToL PE Evay TUTLXO,
HodNuoTIXG TEOTO, €T0L MOTE TO VONUN UG OAAWOTG VoL ETUOEYETOL LOVAOLXTG EQUT-
velag, x4t mou dev ouPaivel Ue TIC QUOIXES YAWOOEC.

Ou TIA Brodétouy pla poviehodewpntixy onuoactohoyio (model-theoretic semanti-
cs), mou optleton e TN ypeYion epunvewny. Mo epunveia (interpretation ) I amoteheiton
an éva yhpo epunvelac (domain of interpretation) A? xow and o cUVEETNOT) EpUTVEL-
o¢ (interpretation function) 1.0 Y@eog epunvelag anotehel Eva GUVOAO AVTIXEWEVLY
(objects) xou 1 cuvdpTnon epunvelag amewovilel :

e x&0e drouo a € I oz éva avtixelpevo a! € A!
o xde atopxd évvorr CN € C ot éva utoohvoho CN!T C A!
o xde atouxé pdho RN € R oe pua duaduh oyéon RNT C AT x Af

H ocuvdptnon epunvelag unopel va emextadel mapéyovtag Ty epunvela yio mo moll-
mhoxeg €vvole xat pohouc. ‘Omwe yivetar avtiinmto xdie évvola tne IIA epunvedeton
e éva utoolvoro tou Al T ToEAOELY O 1) EVvola T gpunveleTal w¢ T0 GOVORO TIOU
TEPLEYEL O Tar avTixelueva Tou ywpou punveloag, eve 1 évvola L epunvedetal o¢ To
%ev6 olvoho. H évvola C'T1D epunvedeton (¢ T0 GUVOAO TOU TEOXOTTEL AN TNV TOUN
TV ePUNVELOY TV evvolwy C xar D. H epunveia tng évvolag VR.C mepiéyel 10 clhvo-
MO TWV OVTIXEWEVKDY TOU A 1o omolo av GUUMETEYOUV GTOV POAO R! UE XATOL0 GARO
AVTIXEIUEVO, TOTE TO AVTIXEUEVO aUTO aVXEL G TNV epunvela TN €vvotag C' dnAady| oo
ouvoro CT.Me avtioToryo TeoTo TapEyEToL 1) EUNVELa XdE Evvolag Tou GUYYETOLY OL
xataoxevao tég urog IIA.

Extéc and v yprion TV XATUCKEUAG TGV EVVOUDY TOAUTAOXES EVVOLEC UTOPOUUE
va opifoue pe tn Bordewr afiwudtwy opohoyiog (terminological axioms) ta omolo
cuviétouy éva ouo opohoylac. ‘Eva coua opohoylag (terminological box TBox)
T, etvar évo menepacpévo ohvolo amd allmpoto uTaywync evvoldy (general inclusion
axioms) tng poppric C C D xan aduodpota looduvapiog evvoldy (general equivalence
axioms) C' = D, émov ot C xou D eivon évvoleg tne ITA. Ta adudporo umorywyric evvounmy
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oo omola 1 €vvolo TOU aploTEEOL UEROUC elvan liol ToAUTAOXT €vvola ovoudlovto
A€ LT Ty WY HS YEVIXEUUEVGDY evvolty (general concept inclusions - GCIs) # anhd
yevixeupéva atopate. DTNy tepintwon tou éva TBox mepiéyel adiduato ota onoia
e évvola To aploTepol uéhoug oplleton elte dueca elte Uueca amd Tov EAUTO TNC,
TEQPLEYETOL ONAXDT| *dmolog xUxhog, ToTe xaholue To TBox xuxhixd. ‘Eva Thbox mou
OEV TEPLEYEL YEVIXEUUEVOL X0 XUXALXSL o LOUOTAL, XOAETOL OTAD.

Mo epunvela ixavorotet satisfies éva a&iwpa C' C D 6tay CT C D!, evéy icavorotel
éva alwpa C = D av C!'= D! Muw epunveta I wcavorotel €va oopa oporoyiag T av
wovorotel ko o adudpoto 6to T+ Aépe téte dtL N I elvon povtéro (model) tou T.

Me avtioToryo tpémo ol IIA napéyouv unyoviouolc yio TNV Teptypa@r| aliwudtwmy
EOAY, TOU OpYOVMYVOVTUL O owpata pOhwy. ‘Evo odua péhwv (role box RBox)
R, eivon éva menepacpévo olvoro and afiduata Yetoatixmy pohov (transitive role
axioms), tng poppnc Trans(R) xou a&iduata viaywyhc pohwy role inclusion axioms,
e popgric B € S, Me to audpator auTd UTOROUUE Vo BNAOCOUUE Lol TORAOELY UL
6t oL pohot hasPart xou ancestor eivan petafotixol yedgovtae, Trans(hasPart)
xou Trans(ancestor), avtioTorya, 6T 0 pohoc hasChild eivon uto-pdhog Tou pdAoL
hasO f fspring, yedgovtac hasParent C hasO f fspring,6t o pohog hasParent eivou
avtiotpogog tou pdhou hasChild, yedgovtag hasParent C hasChild™ .

Mo epunveta I ixavorotel éva aliopa Trans(R) ov, yio xdde z,y, z € Al
{{z,y),{y,2)} € Rl — (x,2) € R" xou wavonoet éva aliopa R C S av RT C ST,
Me autd tov Tpémo opiletan uio tepapyio porwy. Mia epunveio I ixavornoel éva opa
opohoylauc (RBox R) av iavornotel xdie adiwuo tou: 161 1) epunveia I xahetton poviého
Tou R.

Ou ITA mogéyouy emmhéov Tn duVATOTNTA SHAWONG ACLOUATWY ATOUWY, BNANOY
OYECEWY OTIYULOTUTIOU OVIUECO OF BTOUN ot EVVOLES 1 0t (0T ATOUWY %ol POAOUC.
To adudporta atéuwy cuviétovy éva odua yvptopdoy (assertional box ABox), mou
ouuPolileton ue A xan elvon €val TEMEPAOUEVO GUVORO Ao Lo UELOUOUC (assertions) ™me
woppnc a : C, ov onofot ovoudlovton toyupiopol evvoundy (concept assertions), ¥ tng
wop@nc (a,b) : R, mou ovopdlovton ioyvplopol pohwv (role assertions) xou tng uop®hc
a = b xo a # b mou dNAGYVOLY av BUO dToua elvor TUUTOGT A 1| OYL.

Mo epunvela I ixavonotet tov woyuptoud a : C av a’ € C1, tov ioyupopd (a,b) : R
(af,0') € R xow tnoyéona =0 (a #b) ava’ = b (al #b'). M eppnveia ixavorotel
éva owpa oporoyiog A av wovorolel xde aliwuo Tou 6 aUTHY TNV TEP(MTWOT AEUE
oTL ) epunvelo I amotekel poviého tou A.

To couato oporoyiag T', pdhwv R xou ioyvploumy A cuviétouy wa Bdorn yvaong
(knowledge base) ¥ = (T, R, A.). M epunveia I wavornotel yior Bdomn yvoone 3 ov
wavorolel xdie allmwua Tng oty mepintwon auth Aéue 6Tt 1 I elvon povtéro g X.

Ou ITA mogéyouv unnpeoiec e€aywyrc véag yvoone and tnv 1\on teprypapeioa, Tou
ovoudlovTol UTNEEGiec GUANOYIG TIXHC (inference services). Yuvontixd CUYXEVTPWVOU-
UE TI¢ uTneesieg GUALOYIOTIXHG TOUG :

Ixavonowmoipétnta wiag BI' @ Mo BI' ¥ cbvar iavonotiown av xar yévo av
(ovv) umdpyel povtéro Iy Ty X.

Ixavonowmoipdtnta wag €vvorag @ Hévvowr C elvon ixavomorfioiun pe Béorn tnyv
(LB.7.) T avy undpyet povtého I tne X tétowo dote (t.0.) CT # 0.

Yroaywy? Evvoldy : H C vndyeton (subsumed) oty D u.f.1. X avv yio xdde
poviého tne B éyoupe C1 C DI
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YUVETELX EVOS CORATOC LOoYLELWOWUOY : ‘Eva coua woyvplopmy A elvon cuve-
néc (Consistent) av undpyet xdmoto Lovtélo v o A.

Aoy Luvenaywyn @ Aodéviog evog alldUATO EVVOLMY, POAWY 1| EVOC Loy LEL-
ouol, @, X ouvendyetar Aoywxd (entails) to ¢, yedpovtac X = ¢ avv yio xdde
novieho I tng X €youue 6TL N I wavorolel to .

Mo ToAAé amd T uTneecie GUALOYIO TS, amoute(tan vor EAEYEouUE OAOL Tal LOVTERX
wag Bdong yvoong autd ebvar addvato. To neplocdtepa and tar TEOBAAUATE GUALOYL-
OTXAG oVEYOVTOL OF ATAOUGTEQN. MUYXEXQWEVA LOYUEL OTL

e H évvoio C elvon cavoroioyn p.B.1. 3 avv 10 ooua toyvetouoy {a : C'} eivo
oLVETES U.B.T X Yo xdmoto Tuyado o.

e H C undyetan oty D p.f.t. X avv 10 adua toyveopdy {a : C' T —D} eivor un
- ouvemég w.p.T X.

o M ¥ = (T, R, A) ouvendyeton évay woyvetowd a: C avwn X = (T, R, AU {a:
—C'}) elvon un - avoroiouyn,.

Ov urmnpeoiec ourhoyio T Baoiloviar oe ahyderiuous Tou ovoudlouue ohydord-
woug culroyloTehc. H avdmtuén anogaciowemy alyoplduwy yio to Topomdve TeoBAf-
ortor ebvon oipxeTd 50oXONT xa YIVETOL axdun BUOXOAOTERT) 6GO QUEAVETIL 1) EXPEAUC TI-
xOTNTA TNE YAWOOOG avamapdoTacng yvwone. Ot dadwaoieg ,ue Tic onoleg dayelpl-
Covton TNV Yvwor oL alyoprduol cuAhoyIoTXAC, oyeTilovTon Ue TNy mpo-enelepyacia
TOU cWUATOS opoloyiag, To omolo unopel va amhonotniel B vo e€aherpiel eviehde, xou
T0 TEOBANUo vo avary el W.B.T. xevo TBox. H Sadicacio auty| ovoudleton Ledimimyua
(unfolding) yto tor amAd TBox 1) ecwtepixeuon (internalization) yuor o xuxhixd xou
YEVIXEUUEVO OWUATA OPOAOYING TNV TEMTN TERITTWOT TO U oporoyiog e€alelpeTon
EVIEANC, VK oTNY deUTERT avixadioTaton pe éva uévo uovo alimua. Ot dadixaocieg
autéc BaciCovton o aAyoprllous TVAX®Y (tableaux algorithms), yio NV arhomoino
TEPIMAOXWY EXPEUCEWY GE TO ATAES, TV OTOIWY 1) IXAVOTIONGLUOTNTO eival TEOQAVAC.

1.2  Aocageic Ilepiypapixés AoyixeEg

H yperion tov ITA ce opiouévec epapuoyéc, €yet dellel 6Tl o€ TOAES TEPINTWOELS Vol
emYUUOVCOUE TNV ETEXTACT] TWV TEQLYPUPIXDY XAl GUAAOYLO TIXDY TOUC BUVATOTATOV.
Ewdwdtepa 0 Top€ag TN avaxTNONG XAl AVOTUREo TUOTG TNG TOAVUEOIXAC TANReOQopiag,
avadEVUEL TNV avdryxn enéxtaong Twv ITA, v tny dioyeipion tng eyyevrc avaxpiBelag
xou ofeBardtnTog mou daxpivel o toAvpeowd avtixetueva H avarapdotaor xdmolwy
EYYEVOS QCUPOY EVVOLNDY, OTWE EVOL OL EVVOLEG «GXOVEOCY 1| «GTROYYLUAOCY, elvau
adUvatn ue Tic xhaooixée IIA. H avamapdo oot 1wy TOAUUESIHGY AVTIXEWEVWDY Xl
ot dlodxaciec CUANOYICTIXAC ETAVe o€ auTd Yo Teémel Vo dlaxpivovtar and éva Podud
ofefauotnroc. H eméxtaon twv A pe wavétntee avamapdotaone xo dioycipiong
aoopolS YVOoNG, el we Bdon tny acagr cuvohodewpla (fuzzy set theory). Avtideta
amd TV xhaooixy| cuvoholewpla oTNy omola €va avTixeiuevo avixel 1 oyl o€ éva
oOvoho, oTnV acopr cuvoholewplio Eva avTixeiuevo umopel va avixel oe éva acapéc
oOvoho og éva Padud cuuuetoyrc avdueoa oto 0 xat oTo 1.

‘Onwe otic xhaoowés, otic acageic ITA opiloupe apyind éva ahpdBnTo and atout-
x€¢ aoagelc evvoleg C, atouxolg acagelc pdroug R xau dropa I. Ov acageic €vvoleg
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xou pohot oplCovtan GUVTOUXTIXE UE ToV (Lo axpEU3K TeoTo Tou opilovton oL avTicTotyeg
XhAOOWES EVVOLES xat pOAoL. Autd ouufaivel yiotl Teprypapxd, oL acupelc EmEXTAOEIC
wog ITA avapépovtan oo Podud cuppetoyfc evog atdpou oe UL xAdoT), Snhadt 6To
eNIMEDO TOV OYVEIOUMY %ot OYL OE AUTO TWV XAACEWY XAl TOV POAWY.

Av xou 0 0pIOUOC TWVY ACUPHY EVVOLLY Xl POAWY BEV BLUPEREL amd WV avTloTOoL-
YWV Xhaooxwy, 1 onpoactohoyio toug o wa acopry IIA etvon okl Sopopetiny]. Ta
doud ototyela pag TIA Yo mpéner v drardétouy uio acapt| epunveio. H onuoactoloyio
e acapols Yhwooog oplletan pe ) Bordei tov acapdy cpunverwy (fuzzy interpre-
tations)[10]. Mo acaph epunvela amotehelton amd éva Leuydpr I = (A1), énou o
Y WO Epunveiog AT givar éva UN XEVO GUVORO OVTIXEWEVGY XAl 1 gtvau Lol oloopnic
cLVEETNOT EpuNVEiNg (fuzzy interpretation function), 1 onola ametxovilel :

e ¢va dtopo a € I ot éva otoyelo al € Al
e i atoud évvor A € C' oe o ouvdptnon ouppetoyfic A Al — [0, 1],

® X0l EVOY UTOUXO POAO R OF Lol GUVIQRTNOY CUUUETOYNC TN HOPYYIC RT - AT x
Al — [0.1].

‘Eva avtixeipevo 1 éva (ebyog avtxeyévev umopel vor avixel oe uio évvola 1| €-
vay poho avtioTorya o omowdrmote Padud aviueoa oto 0 xou oto 1. H oyéon
Kuaxd! (pbowno! )=0.7, onuaiver 61t 1o pbowro efvor xuxhixd pe Bodpd (oo ue
0.7. Ov cuvaptrioelg epunvelag umopoly vo emextoadoly epUNVENOVTAS TOAUTAOXES V-
VOIEG xa pOAoUG. H EQupuoY ) BLUQORETIXDY XATACHEVAC TGV UTOREL VoL 0ONYHOEL GTNY
oOvieon ToAUTAOXWY EVVOIOY OTwe oTic xhacowxée TIA . H epunvela twv acopoy
EVVOLMY Xl pOAwY Baoileton 0ToUC TEAEGTEC TN aoapolc cuvohoVewploc. . T mopd-
Berypa 1) epunveta Tre éveong 8o evvoudy CUD ebvor (CLID) (a) = u((C!(a), D'(a))),
ToL onuaivel 6Tl 0 Bardudg GUUPETOYYIC TOU AVTIXEWEVOL @ TNV EpUNVELNS NG Evwong
TV 000 EVVOLWY LG0UTAUL UE TNV O- VOPUU TV Boducy GUUUETOYNS TOU OVTIXEWUEVOU
o TaL aoaPY| GUVOAL CT you D'.

Ov acageic TTA diordétouv cOvora amd ACLOUUTO EVVOLOY Kol POAWY" XUTA TEOTO
avtiotoo pe Ti¢ xhaoowes. ‘Eva aocapéc owuo opoloyiag amotehelton and acupy
adiopato utaywyris C C D xo wwoduvoplag C' = D acapov evvousy. M acapr
epunveto I ixavorotel 1o a&iwya

C CDavVae Al C(a) < D(a)
1 wovorotel to aglmwya
C = D étav C'(a) = D'(a).

Mo acaphc cpunveio ixavornolel éva acapéc owpo allwudtoy 1" otay xavonotel
x&de Tou a&lwuar TOTE TNV amoxaAoluE woviého tou 1. AvtioTorya ye Tic Xhaooixég
ITA, adidpoto vtoywyhc acapey podov R C S xou aidpota UETORBUTIXGY Aoopay
cohowv T'rans(R) ouviétouy éva acapéc omuo pohwy (RBox). H epunveio twv o-
ELOUATOV aoapoy pOAwY oTNeiletar avTloTolyo 6TNY ¥eHoN TEAECTMY NG aoauPolc
cuvoloewplog.

‘Evo acogéc ooua toyvptouoy (assertional box) ABox eivon évor nenepacuévo o-
VOAO oo aoapy| alOUATA ATOUWY Ta oTtola amoxoholue acupolc oyuptouols. Evog
acaphc toyuptouoc (fuzzy assertion)[10] eivar pa dHAwon e poperc (a : C), ((a,b) :
R)an , 6mou = (>,>,<,<),a =b,a # by a,b € I. M epunveia I ixovomnolel
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Tov woyvptopd a : C' > n av Cl(al) > n,

Tov woyvptopd a : C' < nav Cl(a’) < n,

Tov woyvpopd (a,b) : R >n av R (al,b') > n,
Tov oyveopd (a,b) : R < noav Ri(a’,b") <n,
Tov oyupopd a = b av a’ = b,

Tov woyvpopd a # b av al # b’

M acagpic epunvela ixavonolel éva acapéc coUa IoyLplop®Y A 6Tay IXavoToLEl
6Loug Toug acapelc Woyvpopols 6To A TTE TNV amoxaholue povtélo Tou A.

Ou unneeateg eZaywync ouunepaoudtwy (inference services) ¥ unneeaiec cuALoYL-
OTIXTC TOU UTopoUUE Vo utoo tTnpl€ouue o acagelc ITA etvou :

Ixavonowmoipdtnta wag acagole BI' @ Mo BI' X eivon ixavonotioyurn av xou
Hovo av uTdpEyet wovtéro I yio Ty X.

Ixavorowmoipwdtnta piag €vvoiag : H évvowr C elvor n - ixavortouiorun (u.6.t.)
Y avv urdpyet wovtéro I tng X oto omolo undpyel xdmolo a € Al t¢to10 Hote

Cl(a) =n xun € [0,1] [6].

Yroywyh evvolddy : H C vndyeton (subsumed) oty D p.f.t. X avy yio xdde
wovtého I tne I éyouvue VD € A, C1(d) < D!(d).

YUVERELX ACAPOVSG COUATOG LOYLEICUOY : 'Evo acapéc obua loyvploumy A
etvan ouvenée (consistent) u.f.t 1o ooua oporoyiag T xon 10 owUA POAWY R ov
umdpyet povtéro I twv T xou R 1o onolo wavorotel xdde woyvpioud tou A.

Aoy Luvenaywyn 1 Aodéviog evog alldUATog EVVOLMY, POAWY 1| EVOC Loy LEL-
opol, W, n X ouvendyetar hoywd (entails) to W, ypdgpovtoc X = W avv dha o
novteha I tng X ixavonoovy to V.
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Kegdhouo 2
H owxcOvoeon DIG

H vlomoinon eqappoymy yia cuotiuata Ieprypapuic Aoywic (ITA), cuyvd @épver
TOV TEOYQROUUATIOTY| aVTWETOTO UE €val cuvaptnotaxd interface, opilouevo amd o
Lisp t0mou cUvtoln wixpdtepns 1 UEYUADTERNS TOAUTAOXOTNTAS, OVIAOYA UE TO UTO
vAoroinom cHo TN

H yhédooo Lisp e€oxoroudel va eivar 1) mo Stadedopévn yior TNV avamtuln xoL Ulo-
moinon cuo tnudtwy Heprypagpixrc Aoyirc. EZdhhou n npcdtn tpoondieio xardopiopol
evoc mpotumou KRSS [12] vy ta ouotiuata IIA to 1993 eiye cav Bdon ua obvto-
&n xotd moAl opota pe tnyv Lisp. H e&dptnon auty|, ye 0edouévo to eVOLapEQoY Tou
Tapouctdlel oruepa 1 avdmtuln urneeowdy oto World Wide Web, amotelel éva on-
MOVTIXO TEQLOPLOUOS Yol TOUG TROYRUUUATIO TEG EQUOUOYMY LU TNUATKY Tleprypupinmy
Aoywv, mou yenoonotoly GhAeC YAWCOES TROYEUUUATIONOU OTwe 1 Java 1| elvou
cuynouévol GTNY avdmTLEn AOYIOUXO) UE XOTAVEUNUEVT] CEYLTEXTOVLXY.

Ye éva xataveunuévo mep3dAloy, éva obotnua cuiloyloTixic ITA Vo meénet va
Yewpenlel k¢ Eval ATOUOVOUEVO XOUUATL TOL OTIOlOL OL AETTOUEQRELEC LAOTIOINGTC 1) oXoUN
xou 1 oxpi3nc Véom extéheong elvan xpUUPEVES amd TNV (Bl TV eQopuoyr. Auth 7
TPOGEYYLON EYEL TOMAG TASOVEXTAUATA

e Eivou duvaty| n yprion onolcONTOTE YAWMOGCIS TROYQUUUATIOUOU.

e Eivou Suvato v oploTel pia xowr| dlacvvoeot Tpoypouuotionol APT uetald towv
EQOPUOYOVY Xo Tou cuc Thuatog ITA.

e Mrnopel Vo 0ploTel EVag UNYOVIOUOS TOTUXAG 1] ATOUOXPUOUEVNS ETUXOVWVING,
AVAUECO OTIC EQPUPUOYES Xat To oo TN [TA.

o Evolhoxtind uropel va yenotonointoly dopopetind ouc thpata ITA ywoeic xouta
ueTaBoAY) oV (Bl TNV EQUPUOYT).

Y10 mapeddov Ty mpocéyyior auty| axohovince 1 avdmtuln Tou CORBA-FaCT
ovothuatoc (9. H dnuovpyia evoc CORBA® inteface yuwr tov reasoner FaCT e-
métpede TNV emxowwvior Tou Ye egapuoyéc 6mwe to OIEd[8] xa to ICOM[1]. To
CORBA-FaCT rnopouciole xdmoieg aduvapieg xhnpovopnmviag and tov Fact reaso-
ner, otov omofo eivan Bootopévo, Ty EMNReWPn uTooTHRENS cwUdTemy opoloyiog (A-
box), v aduvapic utooTHEENS Tou oTéPEOU Yweou (concrete domain), evey amouci-
alE 1) BUVATOTNTAL VLY VLGNS TOU Teasoner Xal TwV UTNEECLOY OLdETUmY UTNEECLOY
OUALOYLOTIXAS TOU, 0TV E@apuoYr- teAdty. Iapduota npoondieio dnuovpyiog evég

!Common Object Requesting Broker Architecture
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evoldueoou interface avdueoo oto chotnuo IIA xou oTic epapuoyéc Tou €yve Yo To
ovotnua RACER, nou npocégepe éva, Baciouévo oe sockets, interface. H npoondieia
Baolotnre pe emtuylo mévew o uo TARET YADOOOW TERLYRUPHE EVVOLMY, UE CEVITIXY
0O TOCO GUVETELY, T1) UETAUPORS UEYHAOU TROYRUUUATIO TiXOU [BEp0oug TPog T1 UepLd T
TEOYQEOUUATIO TT| TOV EQPUPUOYDY.

To Description Logic Implementation Group (DIG)? eivon éva pixpd awtodidieto
GUVOLNO U6 TEOYRUUUATIO TES, TOU ONUOVEYAUNKE UE OXOTO TNV AVTUANXYT| EUTELQLDY
vhomolnong, aAAd xou TNV TEOWUNGCT OOV UOYITEXTOVIX®OY AVATTUENG CUCTNUTWY
ITA. Mio amé Tic xOpiec dpactneiotntes Tou DIG etvan 1 avdmtun evoe xadiepwuévou
(standard) tpdmou Sracvvdeone ye ouoTAuata ITA.

2.1 T'svix&
Yy apyxr Tou éxdoor to mpotuno Baciletar oe 3 Pacixég utovécels ¢

e To mpétumo Bev avoryvwpeilel Torhamhéc cuvdéoelc and meAdTes . TAomolAoELS
TONU-VNUOTIXES ,uTopel vor avamTuy Yoy, odrd Bev undpyel xauio eyyinoT yia
NV xatdo Toom Tne Pdong yvaone, otay toAlol terdteg tpoonadoly TauToy POV
VoL AVAVEDTOUY 1} VaL XAVOUV EQOTACELC EMAVEL OE QUTV.

e Ou cuvdéoelg otny pnyovy| cuhhoyto T ebvar TpoxTixd stateless. Ou mehdteg
OEV DLUPEROUY YLoL TOV reasoner o onolog BEV XPUTAEL XUVEVA dpyElo emxovwviag
xou Oev extelel xavéva €heyyo concistency yio To motog mEAdTNG TEoo¥ETEL N
x&ver aTOELC Yiot TANROQOplo. JUVETKOC 0 TEAATNG OV Umopel vor Yvwpllet edv
o reasoner €yet Adfel xdmola mpdcieTr onuactoloyio, OTWS Yo ToEAdELY L VE
o&LOUOTA, Amd TNV TEASUTOLA TOU ETLXOVGLVIAL.

o Acv umdpyel BUVATOTNTO PNTOY KUTHUATOC AN TOV TEAATH TEOC TOV reasoner yio
v to€vounor classification twv evvoudv. O reasoner anogacilel 6mote xpivel
QUTOC ATUPALTNTO VoL SNULOLEYHOEL TNV TAEVOUNOY) TV EVVOLAOY, Yol TOOUOELY U
METS amd xdie aftnua evnuépwone tne Bdong yvoong (TELL) 1) 6Ty UTAEYEL
ULOL TTWOT O TNV %xVNoT TWV ATnUdToY.

To npéTuno ovootixd anoteheiton and éva XML schema [11] mou meprypdopet :

e Tic évvoteg wiog ITA,

e Tic Acttoupyleg evnuépwong tng Bdong yvwone « TELLy,

o TIC Aettoupyleg avdxTnong yvwong and authy <ASKy,

® TIC AMUVTACELS TNG UMY VIS CUNAOYLIO TIXAG O TO TPV AWTAUATA,

e Tic Aettoupylec dlayelplong Twv Bdoenmy Yvohong,

® TNV TUUTOTONOY XAl TNV ToEOVCLAcT) TNS BLIESING EXPEOC TIXOTNTOS XAl GUA-
AOYIG TIXAG IXAVOTNTUC G TNV UTOUUXQUOHUEVY] EQUOUOYY).

2http://dlkr.org/dig
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ITpénel va onuewwdel 6t T0 TEdTUTO BEV €YEL OXOTO Vo opioel €va cloTnuo BA yia
Bdoew yvoone (knowledge bases). Ieprypdgpet amhd éva mpwmtdxolho Yo TNy cOVOEO
EQUQUOYWY UE TIC UTNEECIEC GUAAOYLOTIXTG EVOG reasoner, YL quUTO UTEQYOLY Ol Topo-
Tdve TepLoptopol, xodmg xo 1 atousta TNg duvaTéTNTAS agaipeong onuactoroyiog. To
XML schema émw¢ meprypdgetar 6 0uTd TO xEQAIoLo elvor Blardéoiuo oTnV 16 TocEADA

http://dl-web.man.ac.uk/dig/2003/02/dig.xsd

2.2 TlpwtoxoAro

To DIG ypenowonotel ooy unéBadpo 10 tpwtéxolho emxowwvioe HTTP[4], dovels-
UeVO TOAAS amd dhheg TEmTOBoVALES OTwe TO SOAP? xou to XML-RPC* 1ou eniong
€Y 0LV ONULOURYNOEL TEOTOXOMAAL UETUPORES UNVUNATWY, Ue TN Yenon tou XML npo-
TUnov Téve arnd to HTTP.

H yenon tou HTTP emitpenet 6T0U¢ TROYQUUUATIO TEC EPURUOY MY XL GUC TNUATMLY
ITA va yenoytomooty dwrdéoyee Bihoidfxes avdntuine. To mpwmtoxolho emriupciton
Vo glvo 660 ToV BUYVATO To EAUPED, ALTOS Elva 0 XVELog AGYOC Tou Bev €yl emAey Vel
10 SOAP, €&dhhov 0 oxomdg Oev elvon 1) UETAPORE AVTIXEWEVWY PECO omd To inter-
face odA& amhd pnvupdtwy xewévou (strings). H ypron tou npwtoxdéihov HTTP wc
umoBadpo Bev elvor BECUEUTINY Xl GTO PEAAOY XATOW0 GAAO TO TAOUGLO TEMTOXOA-
Ao urnopel va emheydel, woTOGO TPEOC TO TUEOY 1) AELTOURYIXOTNTO TOU TOREYEL Elvol
IXAVOTLONTIXH).

Altnon - Request O nehditec emixowvmvody pe tov eEunneetnty (server) ue t yer-
on HTTP POST atfiocwv. To xlpo oouo plac aitnong meénet vo eivon €va
urvup xwdwonoinuévo oe XML yopgt| mou petagépel to avtiotoryo DIG af-
TNu, 6mee Tepyedgetal 6to XML oyrua xon Yo napouciactel topuxdtw. To
Content-Type etvar text/xml xou to Content-Length mpénet v eivor owotd o-
olopévo. O server Yo avayvwpioet and 1o Bacxd ototyeio (root element) tou
CWUATOS TOU UNVOUATOS, TO €ld0g Tou aTAUNTOS, dNAadr av tpdxettar yio tell |
ask, aftnuo avory vidplong tev BuVATOTATWY Tou reasoner 1| dwyeipong woag Bl

Arndvinor - Response Edv dev mpoxOlel xdnoto Addog, o server omovtdel Ue to
200 OK. Onw¢ otic atroeg o Content-Type elvou text /xml xou to Content-
Length mpénel va elvon owotd opiopevo. To oouo tng amdvinong etvar Evae XML
XWOXOTIOMNUEVO pfvupa ou petagépet TNy DIG andvinon, omwe Yo neprypapet
O TI GUVEYELL.

Ernipoveg Yuvdéoelg - Persistent Connections To mpwtéxolo HTTP em-
TEETEL TNV Ypnon persistent connections, emtpenovTog €101 TI¢ GERLOTOINCT) TWV
autoewy. Me autd Tov TpoTo elvon duvaty| 1 yeron wag wovo TCP chvoeong
Y10l TOAOTAEG UTAOELS.

3http://w3.org/TR/SOAP
4http:/ /www.xmlrpc.com
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2.3 Avayvoplwon duvatotrtwyv Reasoner Identi-
fication

[Savixd, Yo mepuévape and xdlde reasoner mou uhornotetl To DIG Interface vo vnoctn-
oller to oUvoho TNne Yhdooog Teptypapric evvoldy xou Ty tell/ask AettoupywdTnTa
Yy mpaypotixdTnTo auto ebvan amtdavo vor cupfetl, xodog xdmotol reasoners pnopet
VoL unv utoo TNElCouy €va UEQOS TNS EXPEAC TIXOTNTAS, OTWS Yo TUPADELYUO TO O TEQED
Yo (concrete domains).

O reasoner Aowndv, pall pe T YEVIXES TATPOQORIEC avaryVOPRLOTS TOU, Oeilel va
TOEEYEL AETTOPERELES YIoL TNV YAWooo Teptypapnc mou unoctnellel. Me autd tov
TEOTO Ol EQUPUOYEC - TEAUTES UTOPOVY VoL ovary VepiCouv ot vor eTAéEouy Tov Teasoner
mou Vo YENOHIOTOW|GOLY GUUPOVOL UE TNV EXPEOC TIXT| DUVATOTNTA XoL TIG UTNeeoieg
OUALOYLO TIXAG TIOU TROGHEQROVTAL.

Yy et éxdoor tou DIG 1 wavotnTa tAnpogoenong yio To €ldog Twv mo-
PEYOUEVLY uTtneectwy PBoloxeton o Pacixd oTddo. Ouolaotixd amoteheiton omd o
Moo Je Toug TeEheoTéC Teptypapric (Xataoxevac Téc) evvouwy, toug Tell woyvplopoic
xou Tic Ask epwtroec Tou unoctneilovton and Tov reasoner. XTo YEAAOV oUTO TEO-
XEITOL VoL ETEXTOEL UE TNV TUPOLGINGT TV TEQLOPICUWDY TOU UGIGTAVTOL TNV YeYon
TV OLHECIUCY UTNRECLOY.

‘Eva altnuo avary voplong ©eog Tov reasoner Tepléyel éva uovo < getldentifier >
oTotyelo, 6mwe TopouctdleTon 6To My fua 2.1.

<?xml version="1.0" encoding="UTF-8" 7>

<getidentifier
xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”>

<getldentifier />

ExAua 2.1: Aitnon Avayvapions Tavtétntas npos Anopaxpvouévn Mnyavny YvAdoyiot-
N

H omdvinon oce éva Identifier aftnua amoteieiton enlong and eva udvo < identi fier >
otolyelo, To omolo TEPLEYEL :

e To dvopa xou TNV €xBooT Tou Teasoner oe Lo GUULOAOCELRS. .

e 'Eva < supports > cTolyelo Tou TEQLYRUPEL TNV YAWOGO TEQLY QUPTIC EVVOLMDY XAl
TIC UTNEEGIEC TOU Teasoner.

Y10 Lyfuo 2.2 mopouotdleTon Yol EVOEXTIXT AMAVTNoT) O Vol AlTNUol ovary VEORLONS
TEOG EVOC reasoner, o omolog UToGTNElEl éva Uxed GUVOAO EXPEUCTIXOTNTASC. MUY-
xexpéva utootnellovial ol TpwTtoyevelc évvoleg, 1 oOCeuln, 1 61dleuln), 1 dpvnor, o
UToEELAXOC TEPLOPLOUOC, Ta AEIOUOTO UTAYWY TS EVVOLWY Xl €Va UOVO EQMOTANA, AUTO
NG IXOVOTIOLNGHIOTNTOC.
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<?xml version="1.0" encoding="UTF-8" 7>

<identifier
xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”
name="FaCT” version="13.0.4" message="FaCT reasoner «

running on
potato.cs.man.ac.uk (130.88.196.149)">

<supports>
<language>
<and />
<or />
<not />
<some />
</language>
<tell>
<impliesc />
</tell>
<ask>
<satisfiable />
</ask>
</supports>

</identifier>

Yyue 2.2: Iapovoiaon Xoweiwy Tavtétntag kar YvAdoyiotikdy Avvatotitwy and éva
reasoner

2.4 Auwayeipion Bdong I'vioone Knowledge Base
management

‘Evoc DIG reasoner unopei va dioryetpileton todomiéc Béoeie I'vaone (BI'). H tawto-
oinon x&e Bdorne yvoone yiveta pe tn yphon tov URIS. Ye xdie aftnua dnuovpylag
ulag véac Bdone yvwong, o reasoner, edv outéd eivan emituyée, emoteégel éva URI, ye
10 onofo o meAdtng unopel vo ameudvel To TELL xon ASK outruortor Tou.

To URI tn¢ Bdong I'vaong etvar povadnd xon €tot €xel loyd UOVo Lol ToV GUYXE-
xppévo reasoner. H ypron twv URI eniong petpidler xdmoloug nepioplooc oyetTind
UE TNV uToo THELEN TOAATAGY Tehatov. Edv évac mehdtng dev xowornowioet 1o URI
ulag Bdone yvwong, umopel vo elvon olyoupog 6Tt efval 0 LovadIXdS ToU AAANAETLOPS
ue ot T B Awopopetixol tehdteg unopotv va dtayetpllovton tnv (B BI' €dv amhd
uotpas ToLy peTah Toug To avtiotoyo URI, wotdoo otn cuvéyew eivon eudivn twv
TEAATMY VO 0QYUVMOOLY Xl GLYTOVICOLY TIg epyacieg Toug ot BI.

Trootnpilovtar 800 cuthuota dloyelplong Bdong yvoonc:

1. Altnuo yioe dntoupyior xawvolplog Bdong yvaong (Exﬁpa 2.3). Edv autd eivau

5Uniform Resource Identifier
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emtuyég, N amdvinon Ya etvar to URI mou avédeoe o reasoner otny BT’ (Zxﬁpa
2.4).

2. Attnuo Y anodéopevor ulag Bdong yvaong. Ltny teplntwon autrh o TehdTng
otver to URI tng BI' ou ¥éher vo amodeopetoer (Lyfuota 2.5 xou 2.6).

Y10 YéMhov o mAolctol unyaviouol tavtonolnong Yo elvon amopaitntol, déco 1
Yehon Tov cuoTrudtwy ITA yiveton mo SladedoUéVT.

<?xml version="1.0" encoding="UTF-8" 7>

<newKB  xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd” />

Eynpo 2.3: Aftnua ye Anuiovpyiag Néag Bdong I'vdong

<?xml version="1.0" encoding="UTF-8" 7>

<response xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.o0rg /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”>
<kb uri="urn:dig:fire:kb1” />

</response>

YxAue 2.4: AndvTnon otny attnon onuiovpyias véag fdong yvaons

2.5 TI'hdooa meprypapng evvolwyy Concept Lan-
guage

H yAdooa meprypagrc evvoiwdv tou DIG eivan Bociouyévn otny meprypapes; Aoyixn
SHOIQD, , nonoio utoc tne(let Toug xotaoxevao téc evvoldy (I, L, =), Tov xodohxd

<?xml version="1.0" encoding="UTF-8" 7>

<releaseKB xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http: //www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”
uri="urn:dig:fire:kb2” />

Exhue 2.5: Aitnon Anodéouevons Biong I'vdong
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<?xml version="1.0" encoding="UTF-8” 7>

<response xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.o0rg/2001/XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”>
<ok />

</response>

ExAna 2.6: Andvinon oty Aitnon Anodéouevong Bdong I'vadong

(V) xou tov meproptopévo umoplaxd meploptopd (3), tepopyio pohwy, avtictpogouc
eOhoug, TEPLopLoolE TANJUXOTNTUC, TOV XUTAGXELAC T one-of (O) xo T0 G TEPED
Yopo (concrete domains). H SHOIQD, éye emieyel yioti 1 upelo exppootix
NG BLVATOTNTA EMTEETEL TNY CUALOYLO T ETAVe TNy YAwooa DAMLA-OIL xou tnv
OWL-DL, npotunonomuévn yAOcoa ovtoloyiog yio Tov Unuactohoywod Ioto.

H Topwi éxdoon 1.1 tou DIG mopéyer nepoplouévn unoothplln Yyl ToV GTEQEOD
YGeo. Luyxexpyéva utootnellovton ol oxépotol xou ol GUUSBOAOCEIRES, Ol TEAECTES
EVVOLWY Lol TO EAAYIOTO, TO UEYIOTO, TNV LWoOTNTA xou To €0po¢ Tnc. Aev uno-
otneilovton entiong ot ypouuixéc avicotntes. To elpog Tiunc umopel va eiooydel cav
YopaxtneloTixd (attribute) uéoo and évoy oyuplopd énwe ol rangeint o rangestring.

O xataoxevac Tég evvoldy e Yhwooac otny onola Poacileton o DIG, gaivovtan
otov Hivoxa 2.1.

2.6 XOvtaén Tell

‘Evo Tell aftnua tepiéyet ato x0pto adua tou éva tells otoyeio (xml element), o omolo
WE TN oeled Tou amoteheltan and wxpdTepeg tells oniaoelg o uixpdTepa elements. To
outriuorte Tell efvon monotonic, dnhad n TAnpogopia Tou eledyetar oty Bdon yvoong
, 0ev pmopet v dloplwiel A va ofnotel . H povn emhoy| ebvan n amodéoucuon g Bdong
yvoone xou 1 dnuoupyla véag and T apyr. H oeipd twv tell otoryeinv (elements)
HECH GTO OWUA TOL xVplwe authuatog dev €yetl onpacta. Kdde Tell oftnuo yiveton pe
avopopd. o ula cuyxexpévn Bdon yvoong cuurepthaudvovtoc to avtiotoryo URI
oav yopaxtneloTixé attribute tou. YXto Xyruo 2.7 mapoucidletan éva Tell aftnua
,6mou opiCovton ot évvoleg vehicle, person xat 1 évvola driver, ¢ person who drives
vehicle.

H amdvtnon g unyovic culhoyiotixic oe éva Tell aftnuo iag epopuoyhc - meAdn
etvon évot XML prvupo andvinone (response) mou neptéyet éva OK otowyelo, €dv dAec ol
onrwoelg tou Tell €youv ewoaydel otn Bdon yvwong emtuyng. Edv autd dev cuvefn,
toTe Yo mepLéyel éva error otouyelo, uall ue évo TpootpETd xwOXG Adboug, 1 xou
ula Aemtouept| dwanohdynor. Emmnpociétne to OK urAvupa pmopel va mepéyel éva
olvoho ond ewdonotfoels (warnings) yio ta tells otoryeio tou €yvay dextd, dmwe yio
Topdderypa oto Lyrua 2.8. To olvoro tng Tell exppactindtntog mou unoctneileTo
oo To oyfua Tou DIG gaiveton otov Iivoxa 2.2.
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Primitive Concepts

<top/>
<bottom/>
<catom name="“CN” />

Boolean Concepts

<and>El..En</and>
<or>El...En</or>
<not>E1</not>

Property Restrictions

<some>R E </some>

<all>R E</all>

<atmost num="“n" >R E </atmost>
<atleast num=*“n" >R E </atleast>
<iset>I1...In< /iset>

Concrete Domain Expressions

<defined>A < /defined >

<stringmin val=*“s” >A < /stringmin>

<stringmax val=*“s” >A < /stringmax>
<stringequals val="“s” >A < /stringequals>
<stringrange min="“s” max="“">A</stringrange>
<intmin val="“1">A</intmin>

<intmax val="1">A</intmax>

<intequals val="“1" >A< /intequals>

<intrange min=“" max="j">A< /intrange>

Role Expressions

<ratom name=“CN”" />
<feature name=“CN” />
<inverse>R</inverse>
<attribute name=“CN” />
<chain>F1..Fn</chain>

Individuals

<individual name=“CN” />

IMivaxag 2.1: I'hdooa Heprypagns Evvoir tov DIG
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<?xml version="1.0" encoding="1SO—-8859—1" 7>

<tells
xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”
uri="urn:uuid:abcdefgh —1234—-1234—-12345689ab”>

<defconcept name="driver” />

<equalc>
<catom name="driver” />
<and>
<catom name="person” />
<some>
<ratom name="drives” />
<catom name="vehicle” />
</some>
</and>
</equalc>

<defconcept name="person” />
<defconcept name="vehicle” />
<defrole name="drives” />
</tells>

EyAue 2.7: Evoextiké Tells Afitnua npos tov Reasoner

<?xml version="1.0" encoding="ISO—-8859—1" 7>

<response
xmlns="http://dl.kr.org/dig/2003/02/lang”
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man. ac.uk/dig/2003/02/dig.xsd”>

<ok>
<warning message="Undeclared Name” code="99">Class «
Cat used
but not declared</warning>
</ok>
</response>

Yynpo 2.8: Aefyua Andvinons tov Reasoner oe éva Tells Attnua
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Primitive Concept Introduction | <defconcept name=“C N” />
<defrole name=“C N” />
<deffeature name=“C N” />
<defattribute name=“C N” />
<defindividual name=“C N” />
Concept Axioms <impliesc>C1 C2</impliesc>
<equalc>C1 C2</equalc>
<disjoint>C1...Cn< /disjoint>
Role Axioms <impliesr>R1 R2</impliesr>
<equalrr>R1 R2< /equalr>
<domain>R E</domain>
<range>R E</range>
<rangeint>R< /rangeint>
<rangestring>R < /rangestring>
<transitive>R < /transitive>
<functional>R</functional>
Individual Axioms <instanceof>I C< /instanceof>
<related>I1 R I2</related>
<value>I A V< /value>

IMivaxag 2.2: Ileprypagn tng Yivraéng Tell Awriuatos

2.7 XOvtalrn Ask

‘Eva Ask altnua opiCeton oe éva yevixd asks xml element, 1o onolo mepiéyel epowth-
MOTOL TTPOC TNV UMY VY] CUAOYIOTIXAG O UxpdTepa ask oTtoyela (elements). Kdie
ask element neptéyel éva otolyelo tautonoinong (attribute id), pe to onolo avaryve-
eileton povadxd oto mhaiclor Tou yevixotepou Ask awtruatoc. Me autédv 1o TpdTO
TOMATAGL EQOTAUATO UTOPOUY VoL EIGAYOVTAL GTO WU EVOC Uovo Ask outruotog, emi-
TEETOVTOG €TOL GTNY PNV oUAAOYIO T Vo BEATIoTOTOEL TNV GELRd UE TNV oTola
Yo enelepyoaotel T epwTHUATA TOU 6éyeTon” €Tl BeATioToTOLElTOL O YpbVO drniovpYi-
o¢ g andvinong. Emmiéov xdie asks element mepléyet Evor oxdun youpoxtnolo Tinod
(attribute) ye to URI tn¢ Bdone yvwone oty omola avagépetor. To chvoro twyv emi-
TEEMOUEVLV EpwTHCEWY atvetar oTov Ilivoxa 2.3. Xto LyAua 2.9 mapoucidleton éva
Topdderypo outuatog Ask, mou anoteleiton and tela epwtidoata. To mp®To epmd TN -
VUPERETOL G TNV IXAVOTIONOWOTNTA TNG Evvolag « Vehicley, 1o deltepo 6T €vvoleg Tou
uTdyovton 6TV €vvola «person drives vehicley, 5nAadY| OAeg TIC Evvoleg Tou LTdyOVTOL
otny évvola «drivery xon 1o Tpito mou {NTdeL OAEC TIC EVVOIEC TWV OTOIWY G TLYULIOTUTO
amotehel To avtxelyevo «John Smithy.

2.8 XOvtaln Andvinong

To XML oyrua tou DIG meptypdger tnv wopgy| tne andvinone tou server ot ASK
authpato tou eyel oeytel. H andvinomn ocuviotaton and Eva xuplwg oToLYELd amavToeEwy
(responses element), to onolo ue TN oelpd Tou TEPLEYEL Evar aptiud and amavthoElS
ulo yio xde epdytnua Tou avtiotoryou ASK autriuartoc, ot wixpotepa elements. Kdde
ouYxeXpévVo element amdvTnomg PEEEL TO YopoxTNEIoTIXO TavTonoinong (attribute id)
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<?xml version="1.0"7>
<asks
xmlns="http://dl.kr.org/dig/2003/02/lang”>
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalocation="http://dl.kr.org/dig/2003/02/lang”
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”
uri="urn:uuid:abcdefgh —1234—-1234—-12345689ab”>
<satisfiable id="ql">
<catom name="Vehicle” />
</satisfiable >
<descendants id="q2">
<and>
<catom name="person” />
<some>
<ratom name="drives” />
<catom name="vehicle” />
</some>
</and>
</descendants >
<types id="q3">
<individual name="John Smith”></individual >
</types>
</asks>

Yynpo 2.9: Aefyua evos Arenuatos Epwtioewy Asks tpos tov Reasoner

AtaoUvdeon) ue Unyavéc CUALOYIOTIXTC Yio AOQPELS TEPLYPAPIXES AOYIXES
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Primitive Concept Retrieval | <allConceptNames/>
<allRoleNames/>
<alllndividuals/>

Satisfiability <satisfiable>C< /satisfiable>
<subsumes>C1 C2< /subsumes>
<disjoint>C1 C2< /disjoint>
Concept Hierarchy <parents>C< /parents>
<children>C</children>
<ancestors>C< /ancestors>
<descendants>C< /descendants>
<equivalents>C< /equivalents>
Role Hierarchy <rparents>R < /rparents>
<rchildren>R< /rchildren>
<rancestors>R < /rancestors>
<rdescendants>R < /rdescendants>
Individual Queries <instances>C< /instances>
<types>I</types>

<instance>I C</instance>
<roleFillers>I R</roleFillers>
<relatedIndividuals>R < /relatedIndividuals>
<toldValues>I A </toldValues>

ITivaxag 2.3: Ileprypagn) tns Xivtaéng eviog Ask Arcrjuatog

¢ epwtnone oTny onola avtiotoryel. Xtov Ilivaxa 2.4 gaivovton ol popgéc clvtang
e andvinong xou otov Hivaxa 2.5 ot mbovol xwoixol Addouc.

O amavtioeic oe epwTAOE (queries), 6mwe yio ToEddEYpoL 1) avallATNOT OAWY
TWV EVVOIWY G TG OTOlEG UTEYETAL Lo EVVOLYL, ETLOTEEPOUY EVA GOVORO (set) mou amo-
TeAelton amd Uixpdtepa GUVOAA (set) cuVOVUHKY evvoldy. 210 LyAua 2.10 gaiveton
EVoL TORADELY oL amdvTNoNG o€ Eva altnua TeLwY cpwtnudtwy. H andvinon cto mpo>-
To elvon TOTOL boolean, eve 670 BeUTEPO amOTEAE(TOL OO Ut GUAAOYY| EVVOL®Y, TIOU
GUUTERLAAUPAVEL HVO GUVOVUUES EVVOLEC.

2.9 Koatavour, Trneeocwwy Interface Granularity

‘Eva onueio 070 omolo o&iCel vo avapeplolue elivon 1 AETTOUERELN, TOU ETULTUYYAVEL 1
mpotuny SloUvoeon DIG interface 6tov xaTtoeplond TwV UTNEEGLOY TOU TEOCPEREL.
‘Evtovn xpurtud| etye Adfet, oto topeddov, to CORBA-Fact interface, xodode yuor tn 6n-
wovpyia plag tepapylag evolmy -Eva o TN o YIVETOL TOA) GUYVE 6T GUC THUNTA
ITA - 1 eopuoyh- meAdTng avoryxalOTay Vo TRoY U TOTOAOEL TOMAES QUTHOEIS GTOV Se-
rver. Auto elye wg GUeEST) CUVETELX TNV TEOXANCT UTERBOAXOU (POETOU GUANOYIO TIXAC
gpyooiag oTov server.

To mpoBinuo autd e€opahiveTon UE TNV UTOC THELEY TOAATAGDY EPWTNUATWY Ot Ui
uovo oOvoeor. Me Ty AETTOUERY) XUATAVOUT] TWV TUPEYOUEVWY UTNEECUOY, UECU ATO
Vv Swovoeon DIG 1 epopuoyh- meddtng apxel vo xdvel uévo 600 ouThUNTA Yol TN
onuovpyio Tng tepapylag Twv evvolny classification hierarchy. I mopdderyua ye ™
YPNo™ EVOC UTAUATOC YLl TG EVVOLEC TOL uTdyovTal ot pio évvola < descendants >
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Error <error/>

Boolean <true/>
<false/>

Concept Set <conceptSet >

<synonyms>S11...SIN</synonyms>
<synonyms>SN1...SNN</synonyms>
< /conceptSet >
Role Set <roleSet>
<synonyms>R11...RIN</synonyms>
<synonyms>RN1...RNN< /synonyms>
< /roleSet>
Individual Set <individualSet>I11...I1N</individualSet >
Individual Pair Set | <individualPairSet>
<individualPair>I11...I1N< /individualPair>
<individualPair>IN1...INN< /individualPair>
< /individualPairSet>
Values <sval>s</sval>
<ival>i</ival>

IMivaxag 2.4: Yovwaén Andvinons (Response)

<?xml version="1.0"7>
<responses
xmlns="http://dl.kr.org/dig/2003/02/lang”>
xmlns:xsi="http://www.w3.org /2001 /XMLSchema—instance”
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang
http://dl—web.man.ac.uk/dig/2003/02/dig.xsd”>
<error code="99” id="q3” message="No Such Individual”>«
The individual
named does not exist in the knowledge base.</error>
<true id="ql” />
<conceptset id="q2">
<synonyms>
<catom name="bus driver” />
<catom name="passenger service vehicle operator” />
</synonyms>
<synonyms>
<catom name="car driver” />
</synonyms>
</conceptset>
</responses>

Iy 2.10: Aetyua Andvinons oe Asks

AtaoUvdeon) Uue unyavéc cUALOYIOTIXTC Yio QAOQPELS TEPLYPAPIXES AOYIXES 31




KegdAao 2. H dowwotvoeon DIG

Class Code | Explanation

General Errors | 100 General Unspecified Error

101 Unknown Request

102 Malformed Request (XML error)
103 Unsupported Operation

KB Errors 201 Cannot create new knowledge bases
202 Malformed KB URIs

203 Unknown or stale KB URI

204 KB Release Error

205 Missing URI

Tell Errors 300 General Tell Error

301 Unsupported Tell Operation

302 Unknown Tell Operation

Ask Errors 400 General Ask Error

401 Unsupported Ask Operation
402 Unknown Ask Operation

ITivaxag 2.5: Kwoicol AdOoug

1 €VOg uTHUNTOS Yior OheC TG Oradéoyleg Evvoleg < allConcept Names > | axohou-
YolueEVO amd €va axdun alTnua xodoplopo) TWY TWY EVVOLMY TOU UTAYOVTUL GE AUTEC.
H minpogopior auty| elvon aipxetr yiar T Onuioveyia tTng epapyiog and tnv ooy,
Ywelc var yeetdleton TEPOUTERL EMXOVWVIN UE TOV reasoner.
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Kegpdhawo 3

Enextaon tng otacLvoeonc DIG
Yo ACoUPeElG TEQLYPAPIKES AOYIXES

H emruyio ye tnv onola 1 dtacivoeon DIG topéyetl tn SuvatodtnTo YeHone EVahhaxTi-
XOV UNYOVGY CUANOYIOTIXTC OTIC €QUpUOYES ousTnudtwy IIA, odrynoe otnv eupeia
anodoyn) Tng and v xowotnta v ITA. Iapddinia To cuveyde auiavouevo evola-
(p€EOV TIOL TAPOLGLALEL 1 AVATTUEN TWY CUC TNUATWY ACUPOY TEQPLY QUPIXDY AOYIXWY
oMo Td EUPav| TNV avayxn ETEXTUONS TNS BloOVOESTNC, Yiot TNV UTOCTARIEN TWwV o-
ooy ITA.

3.1 Enéxtaon tng XOviadng

O oploude tne ouvtagng wac acapoic IIA6mwe elidaue 610 1o xe@dhaio dev Tapouctd-
Cer moAAEC Blagopéc amd Ty olvtaln tne aviiotoyne xhacowhc ITA. Xuyxexpéva,
yior o ooy A apyxd opilloupe évar ahpdfnto and atouxéc acageic évvoee (C),
atopxole acapeic pohoug (R) xoun dropa (I). H oOvtaln twv acapody evvoldy xou pb-
AoV, opileton pe Tov B0 axpBne Teémo Tou opileton 6Ty avtioToymn xhaoowy| ITA.
Kdti tétoo dev woylel xau v Ty onpactoroyia toug. O acageic emextdoeic Tou
emBdrovue oty xhaoowr| IIA avagépovtar 6to Badud cuuuetoyrc evoc atéuou ot
Lot XAGoT), ONAXDY) GTO ETUTEDO TWV LOYVRIOU®Y, X OYL 0TO ETINEDO TV XAICEWMY X
TWV POAWV.

H Swotvoeon DIG 9éher va Aettoupyel ooy eVOIIUECO GTROUO UETAPORAS TNG TEPL-
YPUPAS TWV EVVOLOY amtd TNV EQUPUOYT o Tov Teasoner xou avtiotpogo. H urnoxeiuevn
ornuoctoloyior amhd uetapépeton TardnTnd xou 6ev amoTeAel tedlo eneepyacioc and Ty
OLocUVOEST. AuTd Tou evdlaépet ebval 1) onuactlohoyia vo utopel va exppac el and
Olordéoun TEpLPEAUC TIXY avOTNTAL TV evvoldy. To DIG Sidétel eupela exppaotinn
wavotnTo, xadoe Baotleton oty mohd exgpactix IIA SHOIQD, . Yuvenog dev
amouTelTon OUBEUIA UETATEOTH GTOV TEOTO GUVTOENS TWV EVVOLWMY X0l TWY EOAWY Yo
TNV UTOC THELEY TOV AVTIOTOLYWY JCUPLY EVVOLDY Xl POAWY.

Ou TpomoTnolfoelS, TOU amaUToLVTAL, AOLTOV Yo TNV UTOCTHRLLN TV acupy 1A,
TOTOUETOUYTUL GTO TAXGLO TOU COUATOS LoYUELOU®Y. Me TNy eméxtact Tne exppaoTi-
x6tNTag e dtaolvoeone DIG yia tny meplypodt| TV I0YURLOHMY AGUPEOY EVVOLLY, 1)
OLooUVBEST) Var efval amoADTWS IXOVT| Vol TEQLYPAPEL TIC CNUACIOAOYIXES TTOU TNG ovordé-
ToupE, elte ebvan aoagpeic elte xhaoouxée.
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3.2 Xagelg Atouwxol Ioyvepiouol oto DIG

H dwoivoeon DIG 6nwe gaiveton otov Iivaxa 3.2 vnootneiler tpla eidn atopxdy
oY LELOUWY, UE WBlitepo evilagépoy Yo aoyorndolue Ue Toug U0 TEMTOUC .

Atouxde Ioyvploude

Heprypapn

<instanceof>I C</instanceof>

70 dtopo I etvar otiyuotuTo g évvolag C

<related>I1 R 12</related>

70 dtopo I1 oyetileton ye o dropo 12 yéow Tou pdhouv R

<value>I A V< /value>

10 dtopo I nopoucidlel o attribute A pe Swxprtrh Ty V

ITivaxoac 3.1:

Avopuxol Ioyvypwopol oto DIG

3.2.1 Azopwxoc loyveiouodc Evvolroy

Yto Myfua 3.1 gaiveton évar mapddetypa atopixol Loyuplopol evvolnky (instanceof),
Omwe ouvtdooetal cUUPova Ue To DIG oyrua, xou dnhevel 6Tt To dTouo eve anoTehel

OTLYMLOTUTIO TNG €vvolog mother.

<instanceof>

<individual name="eve” />
<catom name="mother” />

<instanceof>

SyAue 3.1: Iapdderyua Ioyvpiopot Evvoidv (Instanceof) oto DIG

‘Evag woyuptopog evvolav clpgomva e 1o XML DIG oyfua teprypdgpeton and Eva
otowyeio (xml element) pe évoua instanceof. To croryelo autd dradéter dvo umo-
otovyeior (sub-elements) émou opilovtar 1o dropo (individual) w¢ otryuétuno ploc
xhdone. O évvoteg (concepts) meptypdgpovton and to oyfue ¢ éva ConceptGroup.H
TEQELYPAUPY| TOU AGAUPOUE LOYURIOUOU QolveTon GTor Ly juota 3.2 xou 3.3.

Individual
AxiomGroup.
instanceof

conceptGroup

individual

Eynpo 3.2: YXynuatnxn Heprypagn Aztopukot Ioyvpiopot Evvoidy instanceof
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<xs:element name="instanceof”>
xs:complexType>
<xs:sequence>
<xs:element ref="individual” />
<xs:group ref="conceptGroup” />
</xs:sequence>
/xs:complexType>
</xs:element>

Eynpo 3.3: XML Ileprypagn Atouixov Ioyypiouot Evvowdy instanceof

3.2.2 Azopwxdg Ioyvpiopuoc Porwy

Y10 oyfua 3.4 gatvetar avtio Toyo Eva TaEdOELY o aTouLXoL oY UEloUo) poAwy related
ToL ONAGMVEL OTL To dtopo betty cuvdEeTal ue To dtouo eve, Uecw Tou pdiou has-child.

<related>
<individual name="betty” />
<ratom name="has—child” />
<individual name="eve” />
</related>

ExAue 3.4: Iapdoeryua Ioyvpiopod Podwy (related) oto DIG

"Evoc woyvploude porwv cbugova pe to DIG XML oyfua neprypdpeton and é-
va otoyelo (xml element) related. To otoryeio autd anotekeiton amd dvo dropa
(individual), oe avtiototya otoyelo- toudd (xml sub-elements), ot évay pdro oe éva
RoleGroup XML vno-ctotyela ye tov onolo cuvoéovtar. Or avtiotolyeg meptypapéc
gatvovtan ot oot 3.5 %o 3.6. Ta ConceptGroup xou RoleGroup meprypdpouy
oto XML oyfua Tic évvoleg xat Toug pdroug mou utootneilet To DIG avticTouyo.

<xs:element name="related”>
<xs:complexType>
<xs:sequence>
<xs:element ref="individual” />
<xs:group ref="roleGroup” />
<xs:element ref="individual” />
</xs:sequence>
</xs:complexType>
</xs:element>

SxAua 3.5: XML Heprypagn Avopixot Ioxupiopod Evvowdy (related)
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individual
Individual
AxiomGroup. roleGroup
related
individual

ExAra 3.6: Yynuauxr) Heprypagr) Atopikod Ioyvypiouod Evvowdr (related)

3.3 Aocagelg Atouxol loyvelouol

‘Evo acogéc owpo toyvptouny (Assertional Box ABox) eivon éva TENEpaoUévo GUVoho
oo o) ALOUNTA ATOUWY To oTtola amoxahoLyToL acupnc oyvelopol. 'Evac acophc
Lo VELOUOG (fuzzy assertion) eivou Lo ORAWOT TNG LORPTC

o (a:C)ran , o6mou <= (>, >, <, <),a € I mou GNAGOVEL OTL TO ATOUO a ATOTEAEL
oTiymotuno g xAdone C ue deixtn afeBardtnrog yeyolitepo (1 puxpotepo)-
loo and n.

e ((a,b) : R) xan, pe a,b € I, tou dnhdver 61 ta droua a,b cuvbéovta e Tov
eoho R ue delxtn afefoudtnroc ueyohbtepo (1 uxpeodtepo)- (6o amd n.

3.3.1 Enéxtaon Atouwxov Ioyveiocpwy tou DIG

H enéxtoaon tne exgpactinric avotntog tou DIG interface yi tny unootipiln twv
ACUPWY LOYVELOUOY, TeolToUETel TenToTwe TNV Teociixn TV cUULOALY aVcoTN-
Tog xou €vog oprduol - delxtn affefoudtnToc , oTNY expeacTixy xavotnta Tou XML
OYUATOC YO EWBLXOTEQN OTNY TEQLYPUPT) TV OTOUIXMY LOYUEIOUOY. Apyxd hoimoy
enextetvoupe To XML oyfua pe Ti¢ avtiototyeg meprypagpéc fuzzysymbols xan degrees
Yo tar oOPBoha oviootnTog xou Tov delxtn ofefoudtnrac. Iho avalutind opiCouue 600
véoug oLYV¥eToUg TOTOUG, OTWE PUvVOVTUL GTO GY A 3.7, TOL ATOTEAOUVTAL Umd EVal
YopoxTnelo Tixo attribute ue dvopo fuzzysymbol xou degree avtic oo xou gtvor TOTOU
string.

3.3.2 Aocaprc Atouwxog loyvpioudg Evvoloy

Y11 ouvéyelo oplloude TNV TEPLYPUPT EVOC 0CUPOUE ATOUXO) LOYUPIOUOU EVVOLDY
oto DIG oyfua. Enextelvoupe v meplypapt| tou instanceof otouyelou (element)
ue tnv mpocirxn evog cupforou fuzzysymbol xo tou Boduold afefoudtnrac degree
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<xs:complexType name="fuzzysymbols”>
<xs:attribute name="fuzzysymbol” type="xs:string” use=—
"required” />
</xs:complexType>

<xs:complexType name="degrees”>
<xs:attribute name="degree” type="xs:string” use="+«
required” />
</xs:complexType>

Eynpo 3.7: Opouds Yuuporov Aviocotntag kar Aeiktn afefaidtnras oo XML Yxnua

¢ TPouEETIXd oTotyelo Tou. H emeéxtaon tou woyuptopol oto XML oyfua gaivetar
ETMOTTIXG GTO My Ao 3.8 %o avoAuTIXOTEPY 6 TO Ly 3.9.  Xto XyAua 3.10 gaiveton
€va TapddELYUa Aoapolc loyuptodol evvouwy (instanceof).

3.3.3 Aocaprc Atouxog loyvpiopndc Pohwy

Axoéun opiCouye TV Teptypapt| evog Woyvplopol pohwy oto DIG oyfua. Enexteivouue
Vv meprypagr Tou related otowyelov ye v mpooUxn Tou cuufBoéiou fuzzysymbol
xou tou Baduol ofefardtnag degree wg mpoapeTind ctotyela Tou H enéxtaon Ttou
woyveopol oto XML oyfua galveton emtontind oto XyAuo 3.11 xou avohutixdtepa
oto Lyfua 3.12. Yto Lyfua 3.13 gaiveton €vor Topdderyua acapols oY UELOUo0
cOhwv (related).

3.4 Xoagelc Bdoelg YVOONG O acwpel reasoners

Me v enéxtoon auth) to DIG interface unoctneilel tn yerion acapoy TepLypopixmy
hoywayv. Erlong puropel va utootnpuytel n yetapopd xow 0 GUAAOYLONOS ETEVL OE pLaL
oapy| ovtohoyla amd évav acagt| reasoner. Kodog xdlde capric atouxds oyvplouods
(ywelc fuzzysymbol xa degree), avoryveplletar and Tov acopy| reasoner we oy UELOUOS
ue Bodud Befoudtntoc (oo pe éva (degree = 1).
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individual

individual
conceptGroup

Individual
AxiomGroup.
instanceof

Individual
AxiomGroup.

instanceof S

fuzzysymbol
conceptGroup

SxAua 3.8: Aoagris Enéxtaon tov Ioxvypiopot Evvowdy (instanceof)

<xs:element name="instanceof”>
<xs:complexType>
<xs:sequence>
<xs:element ref="individual” />
<xs:group ref="conceptGroup” />
<xs:element name="fuzzysymbol” type="«
fuzzysymbols” minOccurs="0" />
<xs:element name="degree” type="degrees” <«
minOccurs="0" />
</xs:sequence>
</xs:complexType>
</xs:element>

SxAua 3.9: XML Heprypagn Acapois loxvpiopot Evvowdr (instanceof)
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<instanceof>
<individual name="eve” />
<catom name="blonde” />
<fuzzysymbol fuzzysymbol=">="/>
<degree degree="0.3"/>
</instanceof>

SxAue 3.10: Iapdderypa Aoagpots Ioxvpiopot Evvowdr (instanceof) oto DIG

individual
roleGroup

Ipdividual Individual individual
AxiomGroup roleGroup AxiomGroup.
related related

N

fuzzysymbol |

) - - - )
T T T

degree \

Sxhue 3.11: Aoagris Enéxtaon tov loxupiopol Pilwy (related)
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<xs:element name="related”>
<xs:complexType>
<xs:sequence>
<xs:element ref="individual” />
<xs:group ref="roleGroup” />
<xs:element ref="individual” />
<xs:element name="fuzzysymbol” type="«
fuzzysymbols” minOccurs="0" />
<xs:element name="degree” type="degrees” <«
minOccurs="0" />
</xs:sequence>
</xs:complexType>
</xs:element>

SxAua 3.12: XML Ieprypagny Aoagpots Ioxupiopot Pélwy (related)

<related>
<individual name="frame” />
<ratom name="contains” />
<individual name="face” />
<fuzzysymbol fuzzysymbol=">="/>
<degree degree="0.4"/>
</related>

SxAue 3.13: Ilapdderyua Aoagois Ioxupiopot Pilwy (related) oto DIG
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Kegdhowo 4

Y Aorolnon

H vhornoinon tne dienagpric DIG €yve ota mhaiolor Tng eméxTacne TNe PNy ovic aoapoic
oulhoyotixfc FIRE! nou efvon Baotopévn tyyv IIA f — SHIN|3].

To hoywouwd tng unyavig cuhhoyiotirg FiRE enextddnxe npoogépovtog Tic u-
TNEECIEC TNC OE ATMOUOXPUOUEVES EQUOUOYES UEGW Tou TpwToxoihou DIG we server,
AN o ¢ epapuoy - client ot aroyoxpuougvoug acageic reasoners Ttou UTopel GTO
uéhhov va utootneilouy to DIG.

4.1  Apyitextovixy Tng vAonolnong

[t Ty avdmTuén Tng eQopuoYnc yenodonotinxe 1 YAWcooa Teoypuuuatiouol Java,
oty omolo elvon LAOTIOINUEVO ETOTE TO Aoylouixd tng unyavic FiRE.

H Sioyelpion xou enelepyaocio twv XML ortotyelwy, otny vhomoinon pog Poctleton
ot doivdeon DOM?, nou anotehel tpdTuno tou World Wide Web Concortium.
To XML DOM vrootnpileton and to Boowéd JAVA APL JAXP? yia tnv enelepyo-
ol XML. Me autév 1o tpom0 anogedyeton 1) yerion eCwtepny PiBAodnxy, xa 1
uhorolnor Swtneeiton aveldptntn xou chageld. To DOM interface ovomopiotd éva
apyeto (XML document), pe pia Sevbpwr| Soun 6mou xdde otowyeio (element) tou
XML apyelou etvon évag x6ufog tou dEvTpou.

O xevtpindc dCovag tng uhomoinong pog amoteAeltan amd Tic faoixéc XAJOEIS, OTWS
patvovtar 6TV oelpd xhnpovouxotnTag tou Lynuatog 4.1. H xhdon DIGConstants
TEPLEYEL TO GUVOAO TV OpwY TOL yernowonowlvtol and tn dlucLvdcon DIG ye
uopp strings' opilovtog €tot éva Ae€ixd pwv yia Ypron and TIC xAACEC TOU TNV
xhnpovopoLy. H xhdorn DIGHandler, dueorn xhnpovouog tng DIGConstants neprypd-
(PEL TOV YEWLOUO TNE YAWOOUS AVATHEAC TUCTC EVVOLOY, OTIE PUIVETOL GUYXEVTRMTIXS
otov Hivoxa 2.1. H xhdon auty| enextelvetar and tnv xhdon DIGTellHandler, pe tnv
TeprypagY| Tou yeptopol tng Tells exgpac tixdtnTag (ITivaxag 2.2) tou DIG. Me 1) OEL-
ed Tne 1 Teheutala xAnpovoueiton amd TNy xhdon DIGAskHandler, xon emexteliveton pe
Tov Yelopd e olvtadng Asks (Iivaxag 2.3), ahhd xou tn dniovpyior Tng andvinong
(Reply) (Hivaxag 2.4), uéow tng xhdong DigResponse.

Enéxtoaon twv mapamdve xAdoewy etvar 1) xAdon Reasoner, mou arotehel tny xpta
xhdon tne viomoinone. Kinpovouel tic mponyoluevee xAdoel, dioadétel dnAadr Ty
ouvatotnTa enelepyacioc Tne cuvtaine Tou DIG oto clvolo trng, yenoyomowdvtog

Thttp://www.image.ece.ntua.gr/ nsimou/FiRE/
2http:/ /www.w3.org/DOM/
3https://jaxp.dev.java.net/
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Reasoner
- baseURI : String
- allkbs : Map
- parser : DOMParser
- selectedKB : String
identifier : Document
- X :int
- supportlang : String[]
- supportTell : String[]
- supportAsk : String[]

DIGAskHandler
- response : DigResponse

DIGTellHandler

+ DIGTellHandler()
+ tells(tells : Element) : Document

DIGHandler
# kb : KnowledgeBase

DigResponse

DIGConstants|. |- doc: Document
- root : Element

Yyhue 4.1: UMLAwdypaupa Baoikdy Kidoewy

w¢ Bdon tov DOM parser, xou emniéov dioyerpileton tic Bdoeic yvaoewe (knowledge
bases) oUWV UE ToL AUWTAUATO TOU YENO TT), AMAVTMVTOC XATIAANAA GE AUTOV.
Tehwnd €va avtixelyevo tng xAdone Reasoner nepiéyetan o eva avtixeipevo uiog
xhdone Server, n omola uhonotel to HTTP interface, omwe autd mopéyetar and v
BBAod7xn org.mortbay.http xou meprypdgel Evay uixpo, evéhixto HTTP Server.

4.2 llepiypopr Baoixdy xAdoswy

Y10 onuelo auTd TERLYPAPETUL 1) YEVIXOTERY HOPYT %ot AELTOURY(o TwV BACIXOTERLY
xhdoewv e vhornoinone tou DIG interface. Avohutixdtepn meplypopt| Tou cuvorou
Tou Tryofou xwoxa Peloxeton oto [opdptnua A.

4.2.1 KnowledgeBase

H »\dorn KnowledgeBase meprypdipet pio Bdomn yvoone xou Tic anopaitntee peddd0ug -
nedepyaotac e, ‘Onwe gatveton 610 Xyfua 4.2 arotelel chvieon v xhdoewy TBox
xou ABox ,mou avrixouv 6to toxéto edu.ntua.ivml.fire.fuzzy tne pnyavric culhoyloTi-
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xcFIiRE. Heptéyel douéc amodrixeuone xou meptypdpel uedddous TeocUhXng YVMone Ue
TNV LOPPY| EVVOLAY, ATOUWY, POAWV,0EIWUATWY 1) LoYUELOU®Y 6 TNV Bdom yvohong, omewe
Yo mopdderypo 1) pédodog addconcept (XyAua 4.3), mou mpoc¥éter pio véa Evvola TNy
Bdon I'vasong, ahhd xan avdxtnong 6nwe 1 getlnverse (Xyfua 4.4) mou emotpépet Tov
AVAC TEOPO EAY UTHPYEL EVOC POAOL.

KnowledgeBase ®— edu::ntua::ivml::fire::fuzzy::TBox

+tbox

+abox

edu::ntua::ivml::fire::fuzzy::ABox

Yynpo 4.2: UML Awdypapjue KnowledgeBase

public void addConcept(String name){
if (tbox.getConcept (name) = null){
Concept conc = new Concept (name) ;
concepts.add(conc);

ExAra 4.3: Mébodos ya tny Ilpootnkn Néas ‘Evvows oe Bdon I'vions

public Role getlnverse(Role role){
Role roleA = tbox.getRole(role.getName());
if (roleA = null)
return null;
Role invroleA = roleA.getlnverse();
return invroleA != null 7 invroleA : null;

Yynuo 4.4: MéJodos ya tny Avdiktnon Avdotpopou Pédov

4.2.2 DIGConstants

H »hdon DIGConstants mepléyel 1o 6UVoAo Twv amopaitnTeov 6pwy Yo TN dnutovpyia
evoc XML opyelou ,ue 0 wopyy| oplopévwy cuufforoceipmy strings. Iapéyel €tol to
Ae&ix6 Y yerion amd diheg xhdoelg tou Va dBdlouv 1 Yo dnuoupyoldy XML apyetla.
‘Eva pipd xoppdtt tng gabveton evoETind oto Lyfua 4.5.
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public static final String EQUALC = "equalc”;
public static final String NAME = "name” ;
public static final String SOME = "some” ;
public static final String DEGREE = 7degree”;

Yynue 4.5: Hapdderyua Ankdoewr YuuPorooepds twv Opwy DIG

4.2.3 DIGHandler

H »Adon DIGHandler nogéyet tnyv enelepyaoio tne Bacnhc YAOCCAUS TEQLYQUPHS TOV
evvolwv tou DIG interface. Ilepiéyel w¢ attribute éva avtixeluyevo tng xhdong Kno-
wledgeBase mou etvan 1 Bdon I'viyone mou eneepydletar. Baoileton mpomtopynd oig
uedodouc emelepyasiag evoc DOM document, yio tnv avéxtnon mAneogoplag omd
Toug xoufouc evoc XML apyceiou. Or pédodor autol emextelivovton Yyl TV avdxtnon
TAnpogoplouc and teptocdTEPo cUVET GToLy el (elements) evoc DIG XML apyetou
%o TNV ONULOUEY {0 TV aVTICTOLY WV AVTIXEWEVKY, GTNYV AVIPEPOUEVT| BAOTS YVOOTG.
‘Onwe yioo napdderypo 1 pédodoc parseSome, (Xyrua 4.6), ond éva XML element
TEPLYPUPHC EVOC PEELXOV UTIOEELOXOU TEQLOPLOUOU (some) ONULOVEYEL Evar avTIXEUEVO
(RoleConcept) TEPLYPaPrIC HLaC €VVolag UToRELoL TEQLOPLOOV,0 TN BAoT YVMONE TOU
AOYIOUXOU GUNAOYLO TIXTC.

public Concept parseSome(Element node ){
ElementList nodes = getElements (node)
Role role = makeRole(nodes.item (0));

Concept concept = makeConcept(nodes.item(1));
RoleConcept rconcept = new RoleConcept (”some” ;role | «
concept) ;

return rconcept;

}

Yynuo 4.6: Evoeixtikn Mébodog parseSome tov DIGHandler

4.2.4 DIGTellHandler

H >don DIGTellHandler enexteiver tnv »xhdon DIGHandler, neprypdpovtac tny e-
ne€epyaoia tne Tell olvtalng tou DIG interface. Ilepiéyel pla Baowr pédodo ue o
ovoua tells, n omola Swoyilel To document evog Tells apyeiou xon yio xdde x6uBo Tou
CLVAVTY, AVIAOY O UE TO TEPIEYOUEVO TOU" OTwS To tag oTolyelo Tou 1) o uto-oToLyela
(sub-elements) tou, dnutoupyel xaTdAANhoL Tar AVTIO TOLY Ol AVTIXEUEVOL OVATOPAC TOONG
EVVOLWY 0EIWUATOY 1 IoyUelopmy oTny Bdor yvaooneg, Eva evoeixtind xouudtt Tou -
yaibou x@oxa Tng uedédou gatveton oTo My 4.7 émou dwoyilovtac To XML 6évteo,
Y xdie element mou cuvavtd. pe titho (tag) DEFCONCEPT n pédodoc dnuiovpyet
o véar évvola (concept) ot Bdon I'viong pe to avtictoryo dvoua.
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public Document tells (Element tells) {

ElementList tellList = getElements(tells);
for (int i = 0; i < tellList.getLength(); i++) {
Element tell = tellList .item(i);
String tag = tell.getTagName() ;
try {
if (tag.equals(DEFCONCEPT)) {
kb.addConcept (getName (tell));
} else if (tag.equals(DEFROLE)) {
kb.addRole(getName(tell));

Yynpo 4.7: Kopudn Inyaiov Kdowka tns Medédou tells

4.2.5 DIGAskHandler

H »\don DIGAskHandler enextetvel tnv xhdon DIGTellHandler , meprypdpovtog e-
mnAéov v enelepyooion e Ask cUvtaine tou DIG interface. Ilepiéyel pla Booixn
uétodo ue to dvoua asks, n omola Swoyilel o document evég Asks apyeiov xon yio
x&e x6ufBo (epdTnua) Tou, EXTEAEL TNV amaEokTN T CUAROYIO TIXT SladIXACia GTNY avo-
pepduevn Bdon yvoone. Emmiéov mepiéyet éva avtixelyevo tne xhdone DigResponse,
omou meptypdpeTon ia andvtnor o éva Asks altnuo. o xdde empuépoug epddtnuo Tou
Asks XML awtiatog, n uédodoc xohel ¢ avtiotoryeg dladixaciec GUANOYIOTIXAC Xl
CUUTANPOVEL TO owua TN andvinong. Telwd cuviétel xou emoteégel 1o XML tng
amdvinong Reply yio v amoc 1ol tou otny egopuoyy| - teAdtn. o mopdderyuo dmeme
paivetan oo Uy fua 4.8, 1 pédodoc asks dlaoyilovtag o XML 6évdpo tou autriato,
av ouvavthoetl éva XML element ye évoyor ALL_INDIVIDUALS Yo xolécer tnyv
avtiotoyn uédodo alllndividuals() yio v cUYHEVTEWOT GABY TV ATOUWY TIOU €Y 0LV
optotel ot Bdon yvoong xou o cuvEyeta Yo tpociéael Eva element 6to XML DOM
OEVOPO TNG ATAVTNONG UE TOL OVOUATH OAWY TWV ATOUWY.

4.2.6 DigResponse

H >\don DigResponse nepypdper v andvinon (Reply) oe éva Asks aftnua tou me-
A&t Iepiéyer évo DOM document mou avomoptotd v XML andvtnorn. Awdétet
axdun edddoue yior TV dnutovpyio Twy UixpdTepny oTolyelwy andvinong (reply ele-
ments) o€ xdve E0OTNUA, XaL TNY cUVIEST TOUC GTO oOUa TNS xVptag amdvtnong. ‘Eva
ToEddEYpoL TEToL Peodou mou tpooiétel oto XML ooua tng andvinon éva set amod
CLUVGVUPOLSG pOAOLS Galvetal 6To Lyruo 4.9.
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public Document asks (Element asks){

response = new DigResponse (DIGConstants.RESPONSES) ;
ElementList askElements = getElements (asks);
for (int i = 0;i<askElements.getLength();i++){

Element ask = askElements.item(1i);
String tag = getTagName (ask);
Element result = null;

if (tag.equals(ALL.CONCEPT_NAMES) ){
result = allConceptNames() ;
}

else if (tag.equals(ALLROLENAMES)){
result = allRoleNames () ;
}

else if (tag.equals(ALLINDIVIDUALS)){
result = alllndividuals ();

B
1

private Element alllnvidividuals() {...}

ExAua 4.8: Koupdn Inyaiov Kdoika tng KAdong DIGAskHandler

4.2.7 Reasoner

H x\don Reasoner (Xyfuo 4.10) anoteel 10 xévtpo tng uhomoinone poc. Kinpovoyet
v xAdorn DIGAskHandler xou emnAéov neprypdgpet Ty enelepyaocia ne oOvVTaEng Tou
DIG yw v avayvoplon tou Reasoner, xou yior Ty dtayelpion twv Baoewy yvooewe
omwe meptypdptnxay oto Kepdhato 2. To Baowdtepa yopuxtneiotind tne etva

e 'Eva java.util. Map pe évoua allkbs, 6mou nepiéyovtan dhec o (KnowledgeBase)
Bdoeg yvwoeig.

e To DOM Parser ye tov omolo yiveton 1 emelepyaocia xdde XML apyceiou.

H x0plor yédodog tne xhdong ovoudleton process 1 onota dtacyilet to DOM document
NG EL6000L, Xou avdhoyo e auTh, Yo xahECEL TIC UmUPUUTNTEG UTNEECIEC GUAAOYLOTI-
xNG, ONUOLEYOVTUS TEAXS TNV XUTIAANAY andvTnoT. [lepihnmrxd :

e Edv 1 eloodoc etvar éva newkb 7 éva releasekb, téte Yo extelestolv oL anapai-
TnTEC YEYodol dlayeiptone Twv BAcEwy YVOong xon 6T cuvEyela o dnutovpyndet
T0o xml opyeio tng xatdAAning amdvinorg.

e Edv n cloodoc etvan €va tells xml apyceto, tote Yo extereotel 1 opwvuun pédodog
OTWE TEPLYPUPETAL TLO TAVE.

e Edv n eloodog eivan €var asks xml apyeto, tote Yo extereotel 1 opwvuun pédodog
xou 1) dnuioupyio g avticTolyng andvinong.
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public void addRSynonms(Element parent, Role r) {
Element synonms = addElement (DIGConstants.SYNONYMS, <«
parent) ;
Element element = addElement(”ratom” , synonms);
element .setAttribute (DIGConstants .NAME, r.getName());

9

}

public Element addRoleSet (Collection roles) {
Element set = addElement (DIGConstants. ROLESET) ;
for (Iterator i = roles.iterator (); i.hasNext();) {
Role r = (Role) i.next();
addRSynonms(set , r);

}

return set;

}

Yynue 4.9: Mébodos tng KAdons DigResponse

H »hdon dwndéter enlong 600 pedodoug dlieg avapopdc.

1. Tnv uédodo kbtofire, n onoio 6éyetar cav eicodo pia Bdon yvdone (KnowledgeBase)
xou emoTEEPEL TNV Teplypapr| Tne o LISP tinou olvtaln nou unoctneilel to

hoyiopxd FiRE.

2. Tnv pédodo kbtoTell, mou amd pla Bdon yvaone ,e&dyet éva Tells XML yia yprion

TWV UTNEECLOV UG EVOAAAXTIXNNC ATOUUXQEUOUEVNG UNY VTG CUANOYLO TIXYC.
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4.2.8 Server

H »\don Server nepiéyet éva avtixeluevo tng xhdong Reasoner. Thonotel to interface
org.mortbay.http. HttpHandler, 6nwe autd napéyeton and tny LiAiodxn org.mortbay
1 omolo meprypdpet Evay wxeod, cuéhxto HTTP Server. O HTTP Server petagépet
too XML ynvoupato mou d6€yeton otov Reasoner xan avtiotpoga. H xhdon d€yeton wg
bptopo Tov aprdud Tng ToEToS (port), oty onola emjupovue va extereiton o HTTP
Server.

Server
- serialVersionUID : long
- reasoner : Reasoner
+ DEFAULT PORT : int

-reasoner

Reasoner
- baseURI : String
- allkbs : Map
- parser : DOMParser
- selectedKB : String
- identifier : Document
- X :int
- supportlLang : String[]
- supportTell : String[]
- supportAsk : String[]

Yynuo 4.10: UML Midypaupa Server - Reasoner
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E&aywyn

Yuvodtlovtag, otny gpyocio auTH UEAETAUNXE EXTETOPUEVO TO TEOTUTO BLUCUVOECTC
ue unyavée cuiroylotinic DIG. Tlapoucidotrxay ot unodécelc otic onoleg Pacileton
TO TPOTUTIO, TO TEWTOXOAAO ETXOWOVING TOU TEOTEVETAL, 1) YAWOC TEQLYPUPYIC EV-
VoLV, %xo00S ot 1) GUVTALT TWV ATUATWY ovVory VORLOTS, Bloyelplong, avamTung xou
ouALoYlopoL oe uia Bdong yvmorng.

Me dwdtepn Tpocoy | LEAETHOUUE TIC CUVTOXTIXES DOUES TNG YAWOOUS TEQLYPAUPYIC
TV AEIWPATWY LOYUELOUMY oL LTOC TNEICETOL amd TO TEOTUTO. LT1) GUVEYELN ETEXTE-
VOE TNV IXAVOTNTO TEQLYPUPTC AEUWUATWY LOYURIOUMY UE TN BUVATOTNTA TEQLYPUPHC
ACAUPWY LOYUEIOUOV" €TOL OTwe awTtol opilovTon xau yernotponotodvTal and Tic Acageic
eprypapuéc Aoyixée. Oploaue €tol Ty duxry poc enéxtaon oto XML Myrua mou
mpotelvel To TEOTUTO. Me quTOV TO TEOTO TEOTEIVETOL GTNV XOWOTNTA TWV EPELVNTMV
X0 TEOYQPUUUATIO TGV cUoTNUATeY TIA évag xowde Tpomog BlacOVOESTS UE UNYovES
CUALOYLO TIXAG YL OCUPELS TIEPLY QUPIXES AOYIXEC.

Axoholiee TopoucIdoaUE TIC EPYUCIES LAC VLol TNV VAOTIOMGT) TNE BLAGUVOESTIC O Td
mhaiolo TG emExtaong Tou Aoylouxol acagols culhoyloTixic FiRE. To hoylouxd
EMEXTAUNXE UE EMTUYIN, AMOXTWVTOC TN SUVATOTNTO ECUTNEETNONG OMOUUXPUOUEVHV
EQUPUOY®Y, TOU UTOREL VoL €youy LAoToNUEL GE BLaPOEETIXT| YTAMCTU TEOY QUUUATIOUOD
xou Btard€Touy TN BuvatdTnTa BlacvoESNC UGk Tou DIG mpwtoxdAhou. Etot unogel va
Yenoulomounlel cov amopaxpUOUEVT Uy oV GUANOYIOTIXNC amd AoYlomxd cyedioong
ovtohoytoy 6mwe etvor T OilEd[8] xou Protege!.

Emuniéov 1o hoylouxd FiRE enextdinxe pe 0 duvatdTnTa SLacUVOESTC UE GAAES
UNYOVES GUANOYIOTIXNG, WG EQPUEUOYY (client). Me avutév To TEOTO OLELXOAUVETL
1 EEELVNTXY gpyaoia PE TN BUVATOTNTA YENONG XU TELUUATIOUOU UE EVORAUXTINEG
UNYOVES GUAAOYIO TIXHG.

Katd v avdntun g vhonoinong tne dwolvoeone DIG cuvavtfoaue xdmoleg
aTéAElEC 0TO TPOTUTO OTwS oplleton oTny €xdoon 1.1. M moapotienon agopd cTov
OLUPOPETIXG OPLOHUO TWVY EVVOLWY < top > xan < bottom > and Tic UTOAOLTES , OL OTOIEC
opilovton pe éva otolyelo (element catom) mou mepiéyel To dvoua tne évvoloc. ‘Etol
ONULOVPYELTAL Lol AOUVEYELD GTOV TEOTO OLAYEPIONG TWV EVVOLOY TROYRUUUATIO TG,
TOU TEPUTAEXEL Yot ToEddeLyUar Ty dnuoupyla evoc cuvohou and évvoleg (Concept
Set) v NV onuoueyio TNg amdvTnong o€ Evor alTnu .

To npétuno viodetel Ty undleon Tou uovadxol ovéuatog (unique name assum-
ption). Autéd onuaiver 6Tt oy 800 cTotyel TNg ovToAoYIaC €Y0UV BIIPOPETINE OVOUATA
ToTE amapaitnTa avapépovTton ot dlapopeTixd avtixelpeva. [loaléc and tic TIA xon Tic

thttp:/ /protege.stanford.edu/
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QCAUPElC EMEXTACEIC TOUC, TOU TPoopilovTal Ylot GUANOYIO TIXEC BLadixaciec oTov Xnuo-
olohoyo loté omwe etvon oo OWLxow DAML €youv unyaviouolc mou emteénovy Ty
enth 0Awon 6Tt BVo droua civon Bia, yior TapdderyUa owlisameAs. Auth 1 wwoTNTA
ATOULY eV unopel va exgpactel ue v daolvoeon DIG oe avtideon pe v wodtnta
ATOUMY Xl POAWY Tou LToc TrpllovTat. UE T ONAwoelc equale xou equalr.

Yo gpw AT, ToL Unopel vo yivouv oe plo unyav cuAoyio Tinic, TepLioufdvov-
oL ToL

o < disjoint > C1 C2 < /disjoint > mou emoTEéPel Yot oamdvtnon boolean,

o < equivalent > C1 < /equivalent > mou emoTEéel €va GUVOLO omd €VVOLEC
ConceptSet.

[o mhnpdtnTa Yo €mpene va Uﬂoc‘mpilovrw X0 TOL EPOTAUATAL

e < disjoint > C1 < /disjoint > mou emoTEEEL €va ovolo amd évvoleg Conce-
ptSet,

o < equivalent > C'1 C2 < [equivalent > mou emotpépel Wiot andvtnon boolean.

H Swacivoeon DIG otny twewn oy tne €éxdoon dev mpoopépel autd mou Yo
ovoudlope Wiot TAYjen UTNEEGiot GUAROYIG TIXAC, (WG TOCO XUTAUPEPVEL VO. ATOUOVVEL TNV
avamTUEn EQapUoY®Y evoc cuoTidatoc ITA and to Blo To cbotnua, TNV YAOooo o-
vamTtuEng tou xat TNV TonoVeoia Tou. Emteénel étol Ty avdmtuln «plug and play»
EQOPUOYMV OTIOU EVOALOXTIXOL Teasoners UmopolV Vo EI0AYOVToL ot Vo eEUTNEETOVV
TNV EQUQUOYY| KOG,

H npétunn dwotvoeon DIG otny topwvr éxdoorn tne 1.1 cuviotd uiar ToAD xohn
oYY TEOC TNV XUTEVTVUVOY TNG TEPLYPAPTC EVOS XOVOU TEOTOU BIHCUVOECNC Yol Ta
ovothuata Heprypapumy Aoyixdv. H Urnopln xar unootiplln evog tétolou mpotinou
elvor TOAD ONUAYTIXT YL TNY XOWOTNTU TOU OTUactoroyxoU 1otol. H emduevn éxdoon
Tou mpotunou DIG 2.0 Bploxetan Hon und avdntun. Ou atélelec mou mapaTneRooue
€youv Non dlopdwiel. Xtny enduevn tou €xdoor 1o tpdTuTo Yo Pociletar oTNny TEPL-
yoapuy hoywy SROIQD,, vroctnelloviac TARe®S TNV TEOo- TUTOTOWNUEVT YAGMGO
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Classes

Crass DIGAskHandler

Handles DIG ASKS elements , in order to process them with the Fire Reasoner and a
create a DIG reply accordingly

DECLARATION

public class DIGAskHandler
extends DIGTellHandler

CONSTRUCTORS

o DIGAskHandler
public DIGAskHandler( )

— Usage

* Sole constructor

METHODS

e allConceptNames
public Element allConceptNames( )

— Usage
*x Returns all kb’s Concepts

— Returns - a dom element

e asks
public Document asks( org.w3c.dom.Element asks )

— Usage
* Method that parses an ASKS DIG element , questions the Fire kno-
wledge base and creates a DIG reply accordingly

— Parameters
* asks - Dom Element containing an ASKS DIG ELEMENT

— Returns - dom document of DIG Response

Crass DIGConstants

DIG Vocabulary String CLass



DECLARATION

public class DIGConstants
extends java.lang.Object

FIELDS

public static final String TELLS

public static final String ASKS

public static final String DEFCONCEPT

public static final String NAME

public static final String FUZZYSYMBOL

public static final String DEGREE

public static final String DEFROLE

public static final String DEFATTRIBUTE

public static final String DEFINDIVIDUAL

public static final String DEFFEATURE

public static final String EQUALC

public static final String IMPLIESC

public static final String DISJOINT




public static final String IMPLIESR

public static final String EQUALR

public static final String FUNCTIONAL

public static final String TRANSITIVE

public static final String DOMAIN

public static final String RANGE

public static final String RANGEINT

public static final String RANGESTRING

public static final String INSTANCEOF

public static final String RELATED

public static final String VALUE

public static final String TOP

public static final String BOTTOM

public static final String CATOM

public static final String AND



public static final String OR

public static final String NOT

public static final String SOME

public static final String ALL

public static final String ATMOST

public static final String ATLEAST

public static final String ISET

public static final String DEFINED

public static final String STRINGMIN

public static final String STRINGMAX

public static final String STRINGEQUALS

public static final String STRINGRANGE

public static final String INTMIN

public static final String INTMAX

public static final String INTEQUALS

public static final String INTRANGE



public static final String RATOM

public static final String FEATURE

public static final String INVERSE

public static final String ATTRIBUTE

public static final String CHAIN

public static final String INDIVIDUAL

public static final String NUM

public static final String IVAL

public static final String SVAL

public static final String SCHEMA

public static final String NAMESPACE

public static final String XSI

public static final String RESPONSES

public static final String RESPONSE

public static final String OK



public static final String KB

public static final String URI

public static final String ERROR

public static final String CODE

public static final String MESSAGE

public static final String 1D

public static final String ALL_.CONCEPT_NAMES

public static final String ALL_ROLE_NAMES

public static final String ALL_INDIVIDUALS

public static final String SATISFIABLE

public static final String SUBSUMES

public static final String PARENTS

public static final String CHILDREN

public static final String ANCESTORS

public static final String DESCENDANTS

public static final String EQUIVALENTS



public static final String RPARENTS

public static final String RCHILDREN

public static final String RANCESTORS

public static final String RDESCENDANTS

public static final String INSTANCES

public static final String TYPES

public static final String INSTANCE

public static final String ROLE_FILLERS

public static final String RELATED_INDIVIDUALS

public static final String TOLD_VALUES

public static final String CONCEPT_SET

public static final String SYNONYMS

public static final String ROLE_SET

public static final String INDIVIDUAL_SET

public static final String INDIVIDUAL_PAIR_SET



public static final String INDIVIDUAL_PAIR

public static final String TRUE

public static final String FALSE

public static final String WARNING

public static final String GET_IDENTIFIER

public static final String NEWKB

public static final String CLEARKB

public static final String RELEASEKB

public static final String IDENTIFIER

public static final String VERSION

public static final String SUPPORTS

public static final String LANGUAGE

public static final String ASK

public static final String TELL

CONSTRUCTORS

e DIGConstants

public DIGConstants( )



Crass DIGErrors

Dig Error codes String Base

DECLARATION

public class DIGErrors
extends java.lang.Object

FIELDS

public static int GENERAL_UNSPECIFIED_ERROR

public static int UNKNOWN_REQUEST

public static int MALFORMED_REQUEST

public static int UNSUPPORTED_OPERATION

public static int CANNOT_CREATE_NEW_KNOWLEDGE

public static int MALFORMED _KB_URI

public static int UNKNOWN_OR_STALE_KB_URI

public static int KB_RELEASE_ERROR

public static int MISSING_URI

public static int GENERAL_TELL_ERROR

public static int UNSUPPORTED_TELL_OPERATION




public static int UNKNOWN_TELL_OPERATION

public static int GENERAL_ASK_ERROR

public static int UNSUPPORTED_ASK_OPERATION

public static int UNKNOWN_ASK_OPERATION

public static String codes

CONSTRUCTORS

e DIGErrors
public DIGErrors( )

Crass DIGHandler

Handles all DIG language concept encoding terms

DECLARATION

public class DIGHandler
extends DIGConstants

CONSTRUCTORS

e DIGHandler
public DIGHandler( )

— Usage

* Sole constructor



METHODS

e checkConcept
public boolean checkConcept( org.w3c.dom.Element c )

— Usage
x Checks if a Dig element representing a complex concept reffers to
atomic concepts of the knowledge base
— Parameters
*x ¢ - dom element

— Returns - a boolean value

o getAttribute Value
public static String getAttributeValue( org.w3c.dom.Element no-
de, java.lang.String mname )

— Usage
* Returns the value of an element attribute
— Parameters

* node - dom element
* name - string , name of attribute

— Returns - string value of attribute

e getDegree
public static Double getDegree( org.w3c.dom.Element node )

— Usage

* Returns the value of a Degree attribute
— Parameters

* node - dom element

— Returns - double, value of attribute degree

e getElement
public static Element getElement( org.w3c.dom.Element node )

— Usage

x Returns child element of element
— Parameters

*x node - dom element

— Returns - dom element or null

o getElementArray
public static Element getElementArray( org.w3c.dom.Element no-
de )

— Usage



* Returns an array containing all the child elements of an element
— Parameters
* node - dom element

— Returns - elementlist of element’s child nodes

e getElements
public static ElementList getElements( org.w3c.dom.Element mnode

)

— Usage

x Returns a list of all child elements of an element
— Parameters

*x node - dom element

— Returns - an elementlist

e getElements
public static ElementList getElements( org.w3c.dom.Element node,
java.lang.String tagName )

— Usage
* Returns a list of all elements of an element with a specific tag
— Parameters

* node - dom element
% tagName - string tag name of element

— Returns - an elementlist

o getFuzzySymbol
public static String getFuzzySymbol( org.w3c.dom.Element node )

— Usage

* Returns the value of a FuzzySymbol attribute
— Parameters

* node - dom element

— Returns - string , of attribute fuzzysymbol

e getld
public static String getld( org.w3c.dom.Element mnode )

— Usage

x Returns the value of an ID attribute
— Parameters

*x node - dom element

— Returns - value of attribute 1D




e getlnverse
public Role getlnverse( org.w3c.dom.Element node )

— Usage

x Returns the role inside an INVERSE element
— Parameters

*x node - dom element

— Returns - Role object or null

e getName
public static String getName( org.w3c.dom.Element node )

— Usage

*x Returns the value of a NAME attribute
— Parameters

*x node - dom element
— Returns - string , of attribute NAME

e getNum
public static int getNum( org.w3c.dom.Element node )

— Usage

% Returns the integer value of a NUM atrribute
— Parameters

* node - dom element

— Returns - integer , value of attribute NUM

e getTagName
public static String getTagName( org.w3c.dom.Element node )

— Usage

x Returns the Tag name of an xml element
— Parameters

* node - dom element

— Returns - tag name ,string

e getURI
public static String getURI( org.w3c.dom.Element node )

— Usage

* Returns the URI value of an xml element
— Parameters

* node -

— Returns - dom element




e makeConcept
public Concept makeConcept( org.w3c.dom.Element c )

— Usage

* Returns a Concept defined inside a Dig Element
— Parameters

*x ¢ - dom Dom element

— Returns - a Concept object

e makeRole
public Role makeRole( org.w3c.dom.Element mnode )

— Usage

x Creates a Role object out of a dig element representation of role
— Parameters

* node - dom element

— Returns - a Role object

e parseAll
public Concept parseAll( org.w3c.dom.Element node )

— Usage

* Parses an ,” All” role concept describing, Dig element
— Parameters

* node - dom element

— Returns - a RoleConcept object

e parseAtleast
public Concept parseAtleast( org.w3c.dom.Element mnode )

— Usage
* Parses ,an 7 Atleast” number restriction concept, describing Dig ele-
ment
— Parameters
* node - dom element

— Returns - a RoleConcept object

e parseAtmost
public Concept parseAtmost( org.w3c.dom.Element node )

— Usage
* Parses ,an 7 Atmost” number restriction concept, describing Dig ele-
ment
— Parameters
* node - dom element

— Returns - a RoleConcept onject



e parseSome
public Concept parseSome( org.w3c.dom.Element node )

— Usage

* Parses ,a ”Some” role concept, describing Dig element
— Parameters

*x node - dom element
— Returns - a RoleConcept object

e serialize
public static String serialize( org.w3c.dom.Document doc )

— Usage

% Supporting method to serialize an xml
— Parameters

* doc - Dom document

— Returns - string representing xml file

o serialize
public static String serialize( org.w3c.dom.Element el )

— Usage

x Serializes an xml dom document
— Parameters

x el - dom element

— Returns - string xml representetion

e setKB
public void setKB( KnowledgeBase kb )

— Usage
x Sets knowledge base
— Parameters
* kb - KnowledgeBase object

CrAss DigResponse

DigResponse is the reply xml element’s DOM document , to the client requests provides
methods to parse replies into DIG XML format

DECLARATION

public class DigResponse
extends DIGConstants




CONSTRUCTORS

e DigResponse
public DigResponse( java.lang.String rootTag )

— Usage
x DigResponse constructor
— Parameters

* rootTag - root element tag name

e DigResponse

public DigResponse( java.lang.String rootTag, java.lang.String

uri )

— Usage
* DIG Tell Constructor
— Parameters

* rootTag - root element tag name
x uri - knowledge base uri string represantation

METHODS

e addBoolean
public Element addBoolean( boolean b )

— Usage

* Adds a boolean element to response
— Parameters

*x b - boolean variable

— Returns - dom element

e addConceptSet
public Element addConceptSet( java.util.Collection

— Usage
x Adds a set of concepts to Response
— Parameters
% concepts - a collection of concept objects

— Returns - a dom element

e addconcepttodig

concepts )

public void addconcepttodig( edu.ntua.ivml.fire.fuzzy.Concept

org.w3c.dom.Element root )

— Usage

C,



* Recursive method to add a concept(simple , complex , role or nrco-
ncept) representing element , to a Dig Tells xml file.

— Parameters

* ¢ - Concept object
*x root - element’s parent

e addCSynonms
public void addCSynonms( org.w3c.dom.Element parent, edu.ntua.ivml.fire.fu:

c)

— Usage
* Adds a set of Concept Synonyms to the Response
— Parameters

% parent - element’s parent element
% C - a concept object

e addElement
protected Element addElement( java.lang.String tag )

— Usage

* Adds new element named tag under root element
— Parameters

* tag - element’s tag name

— Returns - a dom element

e addElement
protected Element addElement( java.lang.String tag, org.w3c.dom.Element
parent )

— Usage
* Adds new element named tag under parent element
— Parameters

* tag - element’s tag name
% parent - element’s parent element

— Returns - a dom element

e addError
public Element addError( int code, java.lang.String details )

— Usage
*x Helper method to create an error element containing an error-code
— Parameters

% code - error code
% details - error details

— Returns - dom element




e addIndividual PairSet
public Element addIndividualPairSet( java.util.Collection fuzzy-
pairs )

— Usage
* Adds pairs of individuals to Response
— Parameters
* fuzzypairs - a collection of fuzzyrelation objects

— Returns - a dom element

e addIndividualSet
public Element addIndividualSet( java.util.List individuals )

— Usage
* Adds a set of individuals to Response
— Parameters
% individuals - a list containing individuals names

— Returns - a dom element

e addRoleSet
public Element addRoleSet( java.util.Collection roles )

— Usage
x Adds a set of roles to Response
— Parameters
x roles - a collection of role objects

— Returns - a dom element

e addRSynonms
public void addRSynonms( org.w3c.dom.Element parent, edu.ntua.ivml.fire.fu:

r)

— Usage
* Adds a set of Role Synonyms to the Response
— Parameters

% parent - element’s parent element
% T - a role object

e createERRORResponse
public static Document createERRORResponse( int code, java.lang.String
details )

— Usage
* Returns a Response containing an Error element and the specific
error-code

— Parameters



% code - error code
* details - code details

— Returns - response dom document

e createKBResponse
public static Document createKBResponse( java.lang.String uri )

— Usage
* Returns a Response containing the URI of the knowledge base crea-
ted
— Parameters
* uri - knowledge base uri string represantation
— Returns - dom document

e createOkResponse
public static Document createOkResponse( )

— Usage
* Returns a Response containing a simple OK element
— Returns - response’s dom document

e getDocument
public Document getDocument( )

— Usage
x Helper method ,returns Reply’s xml doc basic document
— Returns - a DOM Document

Crass DIGTellHandler

Handles DIG Tells Elements in order to parse a knowledge base from DIG representa-
tion to Fire ’s knowledge base structures

DECLARATION

public class DIGTellHandler
extends DIGHandler

CONSTRUCTORS

o DIGTellHandler
public DIGTellHandler( )

— Usage
* Sole Constructor




METHODS

o tells
public Document tells( org.w3c.dom.Element tells )

— Usage
*x Method that parses a Tells DIG element , creates a Fire knowledge
base and a DIG reply accordingly
— Parameters
*x tells - the dom element containing the tells

— Returns - Dom document representing Dig Response

CLASS ElementList

List of Element Nodes Helper class to access DOM Element Node Lists

DECLARATION

public class ElementList
extends java.lang.Object

CONSTRUCTORS

e FElementList
public ElementList( org.w3c.dom.NodeList mnodelist )

e FElementList
public ElementList( org.w3c.dom.NodeList mnodeList, int limit )

METHODS

e getLength
public int getLength( )

e getNodeArray
public Element getNodeArray( )

e isEmpty
public boolean isEmpty( )

e item
public Element item( int index )

e toString
public String toString( )



Crass KnowledgeBase

The knowledge base consists of a Thox and an Abox object and provides methods to
add and extract knowledge

DECLARATION

public class KnowledgeBase
extends java.lang.Object

FIELDS

e public ABox abox

e public TBox tbox

CONSTRUCTORS

e KnowledgeBase
public KnowledgeBase( )

— Usage
%+ Sole Constructor

METHODS

o addAssertion
public void addAssertion( edu.ntua.ivml.fire.fuzzy.FuzzyAssertion

fa )

— Usage
* Adds a new assertion to knowledge base
— Parameters

x fa - FuzzyAssertion

o addAziom
public void addAxiom( edu.ntua.ivml.fire.fuzzy.Axiom axiom )

— Usage
* Adds an Axiom to knowledge base



— Parameters

* axiom - Axiom object

addConcept
public void addConcept( edu.ntua.ivml.fire.fuzzy.Concept conce-

pt )

— Usage
* Adds a concept to knowledge base
— Parameters

* concept - Concept object

addConcept
public void addConcept( java.lang.String name )

— Usage
* Adds a Concept to knowledge base named name
— Parameters

*x name - Concept name

addIndividual
public void addIndividual( java.lang.String mname )

— Usage
* Adds an Individual to knowledge base
— Parameters

* name - Individual name

addRole
public void addRole( edu.ntua.ivml.fire.fuzzy.Role role )

— Usage

* Adds a Role to knowledge base
— Parameters

x role - Role object

addRole
public void addRole( java.lang.String mname )

— Usage
* Adds a role to knowledge base named name
— Parameters

* name - Role names

checkEqualcConcept
public Boolean checkEqualcConcept( edu.ntua.ivml.fire.fuzzy.Concept

c)




clear
public void clear( )

— Usage
* Clears the abox and the thox knowledge

concEzxists
public Boolean concExists( edu.ntua.ivml.fire.fuzzy.Concept conce-
pt )

— Usage

* Check if concept exists in knowledge base
— Parameters

x concept - a Concept object

— Returns - a boolean value

Fuzzyentailment
public boolean Fuzzyentailment( edu.ntua.ivml.fire.fuzzy.Concept
c, java.lang.String fs, java.lang.Double deg )

getAbox
public String getAbox( )

— Usage
* Returns Abox
— Returns - string represantation of abox

getAncestors
public List getAncestors( edu.ntua.ivml.fire.fuzzy.Concept c )

getChildren
public List getChildren( edu.ntua.ivml.fire.fuzzy.Concept c )

getChildren
public List getChildren( edu.ntua.ivml.fire.fuzzy.Role r )

getDescendants
public List getDescendants( edu.ntua.ivml.fire.fuzzy.Concept c¢ )

getDescendants
public List getDescendants( edu.ntua.ivml.fire.fuzzy.Role r )

getequals
public List getequals( edu.ntua.ivml.fire.fuzzy.Concept c )

getinstances
public List getInstances( edu.ntua.ivml.fire.fuzzy.Concept c¢, java.lang.Strin;
fs, java.lang.Double deg )




e getlnverse
public Role getInverse( edu.ntua.ivml.fire.fuzzy.Role role )

— Usage

x Returns the inverse role of a role if exists
— Parameters

x role - Role object
— Returns - a Role object

getParents
public List getParents( edu.ntua.ivml.fire.fuzzy.Concept c )

getParents
public List getParents( edu.ntua.ivml.fire.fuzzy.Role r )

getRancestors
public List getRancestors( edu.ntua.ivml.fire.fuzzy.Role r )

getRelatedIndiviuals
public List getRelatedIndiviuals( edu.ntua.ivml.fire.fuzzy.Role r,
java.lang.String fs, java.lang.Double deg )

getroleFillers
public List getroleFillers( edu.ntua.ivml.fire.fuzzy.Role r, java.lang.String
ind, java.lang.String fs, java.lang.Double deg )

getTbox
public String getTbox( )

— Usage
*+ Returns Thox

— Returns - string represantation of tbox

getTypes
public List getTypes( java.lang.String ind )

1sDisjoint
public boolean isDisjoint( edu.ntua.ivml.fire.fuzzy.Concept ¢, edu.ntua.ivml.f
d)

isSubClassOf
public boolean isSubClassOf( edu.ntua.ivml.fire.fuzzy.Concept c,
edu.ntua.ivml.fire.fuzzy.Concept d )

e isType
public boolean isType( java.lang.String ind, edu.ntua.ivml.fire.fuzzy.Concept
c, java.lang.String fs, java.lang.Double deg )

rolBxists
public Boolean rolExists( edu.ntua.ivml.fire.fuzzy.Role role )



— Usage

x Checks if role exists in knowledge base
— Parameters

x role - Role object

— Returns - a boolean value

CLASS Main

Main demonstration class

DECLARATION

public class Main
extends java.lang.Object

CONSTRUCTORS

e Main
public Main( )

METHODS

® main
public static void main( java.lang.String [] args )

CLASS Reasoner

Reasoner Class reads and parses XML DIG input ,passes Requests to Fire Reasoner
and creates Replies for client .

DECLARATION

public class Reasoner

extends DIGAskHandler




CONSTRUCTORS

e Reasoner
public Reasoner( )

— Usage
* Sole Constructor

METHODS

e getldentifier
public Document getldentifier( )

— Usage
* Creates the XML reply to a Getldentifier request returns Reasoner
’s generic information and the DIG Language supported
— Returns - a dom document

e fbtofire
public void kbtofire( java.lang.String uri )

— Usage
* Prints a Fire format representation of knowledge base
— Parameters

* uri - kb’s uri

e kbtotell
public void kbtotell( java.lang.String wuri, java.io.PrintWriter out

)

— Usage
x Creates a DIG TELLS XML file , that represents the particular kno-
wledge base
— Parameters

*x uri - kb’s uri
% out - printerstream
— Exceptions
* java.io.IOException -

o newKB
public String newKB( )

— Usage
x Intermediate class to create a knowledge base

— Returns - a unique uri




e newKB
public KnowledgeBase newKB( java.lang.String newURI )

— Usage
x Creates a knowledge base , adds it to the knowledgebase hash table
and assings a unique uri to it .
— Parameters
* newURI - a string uri

— Returns - the new KnowledgeBase object

® process
public Document process( org.w3c.dom.Document cmd )

— Usage
*x Process method traverse the Dom tree of input , serves client requests
(newkb,releasekb,tells,asks,getidentifier) and creates replies
— Parameters
% cmd - a Dom Document of the DIG XML input
— Returns - the Dom Document of reply

® process
public void process( java.io.InputStream in, java.io.OutputStream
out )

— Usage
* Method to pass DIG XML input and output byte stream to character
streams
— Parameters

* in - Inputstream
x out - Outputstream
— Exceptions
* org.xml.sax.SAXException -
* java.io.IOException -

® process
public void process( java.io.Reader in, java.io.Writer out )

— Usage
x Method to process DIG XML input ,will call Dom parser’s parse
method for input , and initialize reply xml output.
— Parameters

% in - Reader Input
x out - Writer Output
— Exceptions
x org.xml.sax.SAXException -
* java.io.IOException -



e releaseKB
public boolean releaseKB( java.lang.String wuri )

— Usage

x Unselects and removes a particular knowledge base
— Parameters

*x uri - kb’s uri

— Returns - boolean value

o selectKB
public boolean selectKB( java.lang.String uri )

— Usage

x Selects the Knowledge Base in use according to clients request
— Parameters

* uri - a string identification of knowledge base

— Returns - a boolean value

o unselectKB
public void unselectKB( java.lang.String wuri )

— Usage
x Unselects knowledge base
— Parameters

% uri - identification of knowledge base

CLASS Server

DECLARATION

public class Server
extends org.mortbay.http.handler.AbstractHttpHandler
implements org.mortbay.http.HttpHandler

SERIALIZABLE FIELDS

e private Reasoner reasoner



FIELDS

e public static int DEFAULT_PORT

CONSTRUCTORS

e Server
public Server( )

METHODS

e handle
public void handle( java.lang.String pathInContext, java.lang.String
pathParams, org.mortbay.http.HttpRequest request, org.mortbay.http.HttpRespc
response )

® main
public static void main( java.lang.String [] args )

e usage
static void usage( )
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