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AnHoTtaiusa. B crarbe paccmarpuBaeTcs mpobJieMa MOCTPOEHUS JIOTHIECKUX (DOpPMaJIH-
3anmii crangaproB u crenpdukanuit. PopMaau3anyy M0J€3HbI KaK IPU pa3paboTKe, Tak
¥ TIPU UCHOJIb30BaHnU crienndukanmit. B qacTaOCTH, eciin popMan3aius oCyIecTBIeHA
B KOHCTPYKTHUBHOM KJIIOYe, TO OHA MOXKET CJIyXKHTb B KadeCTBe OCHOBBI JIJIsI peaju3a-
AU PEeJIEBAHTHBIX WHMOPMAIMOHHBIX CHCTeM. B JaHHOli paboTe pa3sBUBAETCS IMOIXOJ,
K dopMmaauzanuu crernuduKaui, UCIOJb3YIOMMA ClelnaabHble TOITOTUKY JTeCKPHUTI-
TUBHBIX JIOruK. [loxom paccmarpuBaercst Ha IpuMepe CrienudUKaAIUi MexK [y HAPOIHOTO
obpaszoBaresbHOro Koncopruyma IMS.

KurroueBble cjioBa: OHTOJIOIUS, JECKPUIITUBHAS JIOTUKA, (hOpMaJIn3alns, cruernuduka-
must, OO—mpoeknus, ceMaHTUIECKHiT BeO.

1. BsBenenune

B sToit pabore paccmaTpuBaeTcs ujest UCIOJIb30BAHUS JECKPUIITUBHBIX JIO-
ruk [2] u onrosoruit s popmanuzanuu crerpdukanuii. Jeckpunrusabie
JIOTVKH SIBJIAIOTCH YHUBEPCAJIbHBIM HHCTPYMEHTOM Jjist (DOPMAIBHOTO OIIH-
canns 3HaHuil. OHU TPEIOCTABISIOT OOoraTble BhIPA3UTE/LHBIE CPEICTBA,
KOTOPBIE TIO3BOJISIIOT BKJIIOYATH (DOPMAIN30BaHHbIE CriennUKAIUT B KOM-
IbIOTEPHBIE CUCTEMbI 3HaHM. Jluara3oH pa3jnydHbIX JIECKPUIITHBHBIX JIO-
UK BeCbMa IIHPOK, YTO IO3BOJISAET JIeJIaTh CPEJ HUX BLIOOD Hambosee
MOJIXOJIAIIEro JIIsd HAIUX 1eseil dpopMatum3ma. Biaromapst cramjiapTu3u-
pOBaHHOMY IIpejicTaBseHuo onTonoruii B Buje sisbika OWL (Web Ontology
Language, [5]), mMeromero crporyo JOrn4eckyo CeMaHTHKY, (popMaIbHOe
onucanue crenudUKAIUN B BHUJIE OHTOJIOIMH 0OOECHEYNBAET OJHO3HAYHOE
ITOHMMAaHWEe KOHIIEIITOB M KOHCTPYKIWii crienndukaruu. ObecrieanBaeTcst u
[IEPEHOCUMOCTD (DOPMAJIbHBIX ONMMCAHUIT, BOSMOXKHOCTh UX IIOBTOPHOI'O UC-
II0JIb30BAHUS, 8 TAKXKEe aBTOMATUYIECKON 00paboTKu MHMOPMAIUN, CBA3aH-

* Pafora BBIIOJIHEHA [IPH YaCTUYHO (DUHAHCOBON mozepxKKe mporpamm «PyHua-
MEHTAJILHBIE HUCCIEJOBAaHUA W Bbicmee obpasosamme» (mpoekt HOII-017 «Baiikasrs )
n «Pa3BuTne HaydHOro mnoreHnmasnga Bbicmeil mkosbl (2009-2010 rr)» (mpoexTs
PHII.2.2.1.1/5901 u 3.2.3/3488).
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2 H. O. CTYKVYIINH

HOlt co crenudukamnueii. PopMau3aIiusi TaKKe IPEeIOCTABISIET OOJIBIINIE
BO3MOXKHOCTH JJIsI aHAJIN3a MPABUJIBHOCTHU CIEIMMOUKAIINN, €€ COOTBETCTBHS
ITOCTABJIEHHBIM 33J1a9aM.

B nporecce dopmauzanyuu HyzKHO 00ECIIEUUTD «IIPO3PATHOE» U TOTHOE
orobpazkeHue crenupUKalul B T€ CTPYKTYPbl (KJIacChl U OOBEKTHI), KO-
TOpble OyJIyT B JAJBHEHIIEM HCIIOIB30BAThHCS JIjisi paboThl. Kpome 3Toro,
HEOOXO/IUMO He 3a0bIBATh U O MOJIEJISIX B3AUMOJIEHCTBUAS ITUX CTPYKTYP.
st perrennst 9o 3a1aun HaMU UCoyib3yercs Koutenius OO—mpoekiuit
[4]. OO-npoeknuu — nopioruku jeckpunTusHoii jgoruku SHOZN (D) [6],
KOTOpbIe M03BOJIAIOT hopmupoBarh B pamkax SHOZIN (D) «obbekTHbIe»
MOJIETU TTPEJIMETHBIX 0DJIACTEl.

Texunueckn xoutenus OO-Tpoeknnit pearn30BaHa Ha MIAT(OPME CH-
crembl OntoBox [3]. OntoBox mpemocraisier coekTp WHCTPYMEHTOB JJIst
06pabOTKU OHTOJIOTHIA, OTIICHIBAIONINX MTPEIMETHYIO 0b1acTh. JlanHast mrat-
dopma MosieTupyeT 00 bEKTHO-OPUEHTUPOBAHHBIIN TTOAX0/] K TTPEICTABIIEHUTO
uHGOPMAIIH U, KPOME TOTO, PEaTn3yeT CBOM COOCTBEHHBIN SI3BIK 3AIIPOCOB
K onrosorusim - OntoBox QL [3].

B nporiecce dbopmasnuzanuu cruenudukanun IMS QTI [7] norpebosanocs
MIPOBECTH 0OBLEMHYIO PAbOTY IO OMUCAHUIO BCEX KJIACCOB CTAHIAPTA B BUJE
xommonenT OO-nmpoekmnu. B mamuoit paboTe 9Ta TEXHUKA HILTIOCTPUPYETCS
Ha IIPIMepe KJII0YIeBOro Kiacca crenndukarym — AssessmentItem («Tect» ).
Ha ero mpumepe He TOJBKO JEMOHCTPUPYETCS OMUCAHUE KJIACCOB CITEIMDH-
KAIUU € TOMOINBIO JECKPUITUBHON JIOTUKYM, HO W WJLIIOCTPUPYETCS TIPO-
BepKa KOPPEKTHOCTU (POPMAJIBHOIO OIMUCAHUST OTHOCUTEIBHO ONPEIeIeHHST
OO-nupoexiuu.

2. OO-mpoekiun

Jlorukoit 1711 HOCTPOEHNs JIOTHYIECKHUX apPXUTEKTYP, BKodaromux OO-mpo-
extuu, 6bLTa BeIOpana geckpuntusHas goruka SHOZN (D)[6]. Sror BeIGOD
0BYCJIOBJIEH PSAJIOM NPUYHUH, U B IEPBYIO odepeb TeM, uto SHOZN (D) ne-
JKAT B OCHOBE si3blKa onmcanust onrosoruiit OWL-DL [5]. DTo obecnieunsaer
COBMECTHMOCTD II0/IX0/1a, pa3pabaTblBaeMOro HaMu, ¢ 6a30BbIMU KOHCTDYK-
IUSAME CEMaHTHYECKOIo Beba.
[Tycrs
D= (Di,...,Di;Q)

HeKoTOpas 00/1acTh nauubIX. [Ipumepamu D; MOTYT CIy2KUTH 1e/IbIe U Belle-
CTBEHHBIE YHCJIa, CTPOKHU, TATHI U T.J1. ) COIEPKUT CUMBOJIBI «BCTPOEHHBIX»
omneparuii u oTHoOIIeHu, paboTaomux Ha TaHHbIX [;. Mbl cunTaeM, 9T0 BCe
3JIEMEHTBHI TUIIOB JIAHHBIX — BBIJEJIEHHbBIE, TI09TOMY ) COIEPKUT KOHCTAHTHI
JJTST KaXKJI0r0 3jieMenTa Kaxkaoro D;. B naspreiiem depes v, v; 6yaem obo-
3HAYATh KOHCTAHTHI U3 {), a 4yepe3 w, w; OCHOBHbIE TePMbI (63 epeMeHHbBIX )

na ).
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Jlornueckue dopmanuzanuu cuenudukanuii Ha ocaoe OO-npoexnmii 3

Cr06apb TECKPUITUBHON JIOTUKY BKJTFOYAET CUMBOJIBI KOHIEIITOB, POJIEIL,
aTpubyTOB 1 00BEKTOB. KOHIIEIITHI BBIAESIIOT B MHOYXKECTBE OO bEKTOB IIPE/I-
METHOM 00JIaCTH COBOKYITHOCTH OOBEKTOB, OOJIAJIAIONINX OIpPEeIeIeHHBIMU
cBoficrBamu. B masbaeilimem KoHIenThl obo3Havarorcs udepes A, B, C, F,
npudeMm A, B, C 0603HaYaI0T UMEHOBaHHBbIE (aTOMapHBbIE) KOHIENTHI, a F
— [pOU3BOJIbHBIE KOHIENTH (popmyiibl). Pomu (o-cBoiicTBa) onpeiesisitor
OTHOIIIEHUsT MEXKJTY OObeKTaMU MIPEIMETHON 00/1acT U 0O03HAYAIOTCS IE€PE3
R, R;. ArpubyThl (T-cBOiicTBa), 0OO03HAUaeMbIe Yepe3 P, Pj, NpuBs3bIBAIOT
3JIEMEHTHI 00JIACTH JIAHHBIX K obbekTam. depes O, O; obo3HaUaeM UMEHA
00bekTOB TpeMeTHol obnactu. CaoBaps — 310 yerBepka (C, R, P, O), rue
C — MHOYXKEeCTBO UMEHOBAHHBIX KOHIIEIITOB, R — MHOYXKECTBO poJieit, P — MHO-
»kecTBO aTpubyToB, (O — MHOXKECTBO UMeH 00bekTOoB. O6jacTh maHHBIX D
cunTaeTcsd (PUKCUPOBAHHOM, TIO9TOMY €€ KOMIIOHEHTBI B CJIOBAPHU HE BXOJISIT.

Omnpepnemnenmne 1. [spik SHOZN (D)] Ecu ¢ € C, 1o ¢ HazbiBaeTcs npu-
muTuBHBIM KoHIENToM SHOZN (D). TIpUMATHBHbBIE KOHIENTHI SIBJISTIOTCS
kounenramu. Ecin a,b — kounenrsl, id € O, r € RUP, p € Q, To allb,
allb, —a, Ir.a,Vr.a, <, r, >, r, I(z1,...,25).p, ¥V(x1,...,2).p, {id} Taxxke
konnenTsl. Ecmu 7 € R, o 3r'.a u Vr'.a — xonuenrsr, tue ' € {rt, r= r*}.

Omnucanue npeamernoit obinacru 8 SHOZN (D), kak u B m1060ii qpyroii
JIECKPUIITUBHOI JIOTMKE, COCTOUT U3 ABYX OJiokoB - A-6okca u T-6oxca.
TBox cojiepKuT onucaHue 3HaHWH KOHIENTYaJIbHOIO (TEPMUHOJIOIHMYECKO-
r0) YPOBHSI U COCTOMT U3 aKCHOM BKJIOUEHUSI:

EiC E, unrepiperupyercst Kak Vr.(Ey(z) — Ea(x))
R C Ry unTepnperupyercst kak Vavy.(Ry(z,y) — Ra(x,y))
PCPh unrepperupyercst Kak VrVu.(Py(z,v) — Py(z,v))

E, = E5 — cokparennas 3ammch nByx akcnoM (Fp C FEp) u (B2 T Ey).
ABox onmceBaeT nmpeaMeTHyo o0JIaCTb Ha yPOBHE KOHKPETHBIX JTAHHBIX.
ABox moxker conepxarh akCcHoMbl creayromux tunos: C(O) — upuna-
JIEKHOCTD 00bekTa Kourenty, R(O1,02) — oTHOIIEHIE MEXKITYy 00BHEKTaMI,
P(0O,v) — 3nadenue arpubyra 06bEKTA.

B pa6ore [4] 8 pamrax SHOZN (D) crpoutcst «06beKTHO-OPHEHTUPOBA-
HHasA» MOJCUCTEMA, OTBETCTBEHHAA 34 IOCTPOCHUE OOBEKTHBIX ITOAMOIEEH
IIPOU3BOJILHBIX JIOTUYIECKUX MOjieseil nmpeameTabix objracreii. Takas moscu-
crema HazoBaerca OO-npoexyueti. OO-IPOEKIIUN MOYKHO TaKXKE PacCMaT-
pUBaTH KaK MOIUMUKAINIO U PACITUPEHNE IPOCTON JTeCKPUITUBHOMN JIOTUKHI
FLo [2].

Aswpik FLo BKIodaer aromapubie Koumentsl C; € C, pon R; € R,
KOHBIOHKIINIO 1, u KBaHTOp BceobiHOCcTH VR.C. Takxke y Hac mMmeroTcs
JiBe storndeckne KonctanTbl 1 (top) m L (bottom). Tak kak FLg siBiisteTcst
JIECKPUIITUBHON JIOTMKOMH, TO JiIobasi nHTeppeTanus I 9TUX KOHCTPYKIUi
HA MHOYKECTBE 00BEKTOB A JIOJIKHA, YJIOBAETBOPSITH TPABUIIAM:

TI=A
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4 H. O. CTYKVYIINH

(FNnG) =FInG?
VR.C! ={o] o€ A and Yo'.(R(0,0') — C(d'))}

Mper pacrmpsiem 6a30BbIit hopmastiam F Ly cpeJicTBaMU JIJTsT IPUBSA3SKN 00~
€KTOB K JJAaHHBIM U3 obj1actu D. 9To 03HaYaeT, 9To BMecCTe ¢ possimu R;, Ko-
TOpBIE OIUCHIBAIOT CBSA3M MEXKly 0ObeKTaMi (KaK 0OBEKTHBIE POJIH Spouse
— OTHOINEHNE «OBbITh Cynpyrom», u hasChild — oTHOIIEHHE «UMETh pebeH-
Ka» ), Mbl MOXKEM OIPEIEIIATh aTPUOYThl 00bEKTOB (HAIIPUMED, [EJI0€ THUCIIO
BO3pacTa age, M CTPOKY WMeHH name). /st 9TOro mCHosb3yrorces aTpu-
oyTtot P, ..., P,€ P. Hakonen, Mbl IpegocTaBseM BO3MOXKHOCTDL sIBHOTO
MMEHOBAHUSI 00BEKTOB C IMTOMOIILIO naeHTruduKaTopoB u3 O.
Beenem Temepn omeparop Tummsanun @, KOTOPBIH TUMH3UPYET POJU U
aTpudyThHI:
1. npussassiBaer posn R € R k napam 0(R) = [Cy, Cy], tne Cy, C,. € C;
2. npussseiBaer arpudyrsl P k mapam 0(P) = [Cq,D,], tne Cq € C n
D, €D.
Cy nasbIBaercs 00s1acThio onpezerennst poan R (arpubyra P), C, (D)
Ha3bIBaeTCst 06IacThIO 3HadYeHuit posn R (arpubyra P).
Bynem rosoputh, uro unTepnperanus I cormacoBaHa ¢ 6, ecan

VR e R.(0(R) = [C4,C,] — R C ClxCl)
VP € P.(O(P) = [Cyq, D,] — PLCCLx DI

Unreprperanust I cornacosana co ciaoBapem (C, R, P, O), ecan mjist 1106010
obbexta 0 € T! cymecryer uma O € O Takoe, uto o = O! (t.e. Bce
00BEKTHI BbIJIeJIeHHBIE). B jasbHeiineM OyjieM paccMaTpuBaTh TOJbKO HH-
TepupeTanuu, coryiacoBannbe ¢ 6 u ciaosapem. K = E Gyjer obo3Havarh,
uyro F wcruHHA B J11000ii corjiacoBaHHO# umHTepuperanuun K. B orimmune
or sroro K + E osnadaer, uro E BbiBogMMa 13 K B HEKOTOPOM IIOJTHOM
ucuucjeHnn (HaIpuMep, ¢ HOMOIILIO TabJUYHBIX AJTOPUTMOB), & 3HAUMT,
UCTUHHA B JTIO00I MHTEPIIPETAIUN.

[Tycts V = (C, R, P,O) — ciioBapb.
Onpenenenne 2. [OO-kounent| Konnenr suga
(71r]...r]CU'F]V]%lelr]...r]V}irlzyr1Vfﬁ,l)1r]...r]v}%pl)h

nasbiBaercss OO-konnenroMm, rae F; — OO-konnenter, C,C; € C, R; €
R, P, € PuD; € D. Eciu Bce E; € C, o OO-KOHIENT Ha3LIBAETCS
PUMUATHBHDBIM.
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Jlornueckue dopmanuzanuu cuenudukanuii Ha ocaoe OO-npoexnmii 5
Omnpenenenne 3. [OO-onpenenenue| Axcunoma
C=F (2.1)

rie F — npumurusHbIil O O-KOHIENT, Ha3bIBAETCST 00bEKTHO-OPUEHTHPOBAHHBIM
oupeesnerneM (OO-ompeieeHnem).

[Mpumep OO-omnpeneenms:
Person = Mammal 1 VhasChild.Person I Vname.String

Hedopmanbhast unTEpIIpeTaIius 3THX KOHCTPYKIUI C TIOMOIIBIO 00 bEKTHO-
OPHEHTUPOBAHHBIX KOHIIEIITOB (YTO OIPAB/ILIBAET UCIIOJIb30BaHNUE TIpehUKCa
«O0—») upsimasi. B OO-omnpeesienun

C=C1N...NC,NMVYR1.B1M ... NVR,.B,NVP,.D1M...NVP.D;

aromapubie kounentel C, C;, B; oboznauatror OO-kjmaccer, C1 M ... M Cy,
obo3HaYaeT HACIEJOBAHUE, W €CJu 1. > 1, TorjJa MBI UMEeM MHOYKECTBEH-
Hoe HacJieqoBaHue. Kaxkoe Boipaxkenue VR;.B; obo3nadaer nose R;, 3Ha-
YEHUsT KOTOPOro sIBJIAIOTCs OObekTaMu Kjacca B;. Kakmoe Bwiparkenue
VP;.D; cOOTBETCTBYET IOJIIO, 3HAYEHUST KOTOPOTO SIBJISIIOTCS 3JIEMEHTaAMU
[PEIOIPENEIEHHOr0 TUIa JAHHBIX D).

Masr rosopum, uro kournent C' B OO-onpeiesieHun Henocpedcmeento Ha-
caedyemor Cq, ..., Cy. llycrs A = {C; = E;} — mu0o)kecTBO OO-01pEI€ICHMIA.
C; nacaedyem or Cj, ecan oH HemocpejcTBeHHO Hacyeayer or Cj, min
cymecryer C) Takoit, uro C; nacuaenyer or Cj u Cj nacieayer or Cj.
A HasbIBaeTCsl alUKINIHLIM, €CIi OHO He couepKuT C;, HACJIEAYIONUX OT
camMux cebs.

Cxoxkum obpasoM, ecu KoIenTt C' onpeesten ¢ momorrbio OO-ompeaeaenust
B MuoxkectBe OO-onpeenennit A, Mbl ToBOpUM, uTO KoHIEenT C' Henocped-
cmeenHo 3asucum om poseir Ry, ..., Ry narpubyros Py, ..., P. C sasucum
or posn R (arpubyrta P), eciim OH HEMOCPEJCTBEHHO 3aBHCUT OT POJH (aT-
pubyTa), win cymecrsyer C’ B A, KOTODbIi HENOCPEJICTBEHHO 3aBUCHT OT
R (P), n C nacnenyer or C'.

Teneps obparumcst K onpenenennto OO-mpoekiuu. Ilycrs £ — meckpui-
TuBHas Joruka, conepxkamas SHOZIN (D) kak nogyoruxy, u K = T BoxU
ABoxx — L-ouncanue npeamerHoii obnacru B ciosape V = (C, R, P, O) (B
JlaJIbHEIIeM TaKue OIMCAHMsI Mbl Ha3blBaeM OHToJorusiMu). Ilycrs V, =
(Co, Ro, Po, Op) — mopcnoapsb V, O, ={O1,...,0;}, a § — oneparop Tunu-
3annu Ha V,.

Omnpenenenne 4. [OO-npoexius]
K, =TBox, U ABox,

— OO-mpoeknus cjoBapst V, u oreparopa 0, eciin
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6 H. O. CTYKVYIINH

1. TBox, — anukiandnoe MmuoxkecrBo OO-onpeaeiennii, jirobast HHTEPIIPe-

Talysl KOTOPOro COrJIacoBaHa ¢ ;

2. JuId Kaxkjoi akcuoMbl Az € T' Box, suinonnsiercs I - Ax;
3. mobas postb u aTpubyT u3 ciaoaps V, xoaut B OO-onpeneenus T Bozx,

He DoJiee OJIHOTO pa3a;

4. ABox, C ABoxx n

— st moboro C(O) € ABox,: O € {O4,...,0;} u C € C,, upnuem
Jutst Kaxktoro O taxoit C' sIBJsSIETCsT € TMHCTBEHHBIM;

— ana noboro R(0,0') € ABox,: O,0" € {O1,...,0;}, R € R,
rakue, aro C(0),C'(0") € ABox,, upuuem K, = C C Cy, K,
C'C Club(R)=[C,C1;

— qgist moboro P(O,v) € ABox,: O € {0O4,...,0;}, P € P,, C(O) €
ABox, uv € |D|, tne §(P) = [C1,D]u K, = C C Cj.

Hasee gemoHCTpHUpPyeTCcsa MeTO (POPMAJIHLHOTO OIMUCAHUS CIEITNOUKAITITI
¢ ucnojb3oBanneMm gpopmaanzma OO-npoeKImii.

3. ®opmanmuzarua IMS

B sToit pabore paccmarpuBaercs opMaTH3ANNA CIENUMUKAIINNT MeXKITy-
HapoxHOro obpaszosarenbHOro Koucoprmyma IMS [7]. Hama nens - dop-
masmsanus crenudukarun IMS QTI, 3amatormmeit cTaH apThl TOCTPOEHUS
obpazoBaTeIbHBIX CUCTEM TecTupoBaHus. Jleso yemoxusercs tem, aro IMS
QTI zaBucur or crermuUKAIINT OIMNUCAHAS METaIaHHBIX 00pa30BaTEILHBIX
pecypcoB IMS MD u cierudukarinn nakeTupoBaHusi 00pa30BaTEIbHBIX Pe-
cypcoB IMS CP. Ilostomy 311 crienuduKaiun Tak»Ke ITOJXKHBI OBITh dop-
masim3oBanbl. Kazkmast u3 cuenudukanmuii COIepKUT OIUCAHNE CBOMX OCHOB-
Hbix KoHCTpYKIWid B Bujge XML (XML binding). XML binding dopmasbho
OIHMCHIBAET OOBEKTHYIO MOJIEJIb, KOTOpasi COCPEIOTOYeHa Ha CHHTAKCHIE-
CKUX " CTPYKTYPHBIX aCII€KTaX, HO HE€ 3aTparuBaeT BOIIPOCbI CEMaHTUKU.
CeMaHTI/IKa ATUX KOHCprKH‘I/II?I OllncCaHa OTAEJIbHO Ha €CTeCTBCHHOM fA3LIKE
(aHrIHCKOM).

3ajiada COCTOUT B TOM, YTOOBI IIPEICTABUTH KAXK/IYI0 U3 TPEX Crenudu-
karuit IMS B dpopme onrosoruii. Kaxknast crienudukalius IpeIcTaBisieTcsl B
BHJIe OTJe/IbHOM oHTOI0rMU. Takum obpazom, jjist popmasmsaruu IMS QTI
HEOOXOIMMO MTOCTPOUTH TPU OHTOJIOTUH, KOTOPLIE MbI OyJIeM HAa3bIBATD 1Mep-
MUHONOZUMECKUMU, TIOCKOJIBKY OHHU COJIEPYKAT 6a30BOE TEPMUHOJIOTTIECKOE
ommcaHue cTpyKTyp. IIpu sToM KaxKplii KOHKPETHBIH TecT (opMasn3yer-
csl B OTJIEJIbHON OHTOJIOTMH, U BKJ/IIOUAET B ¢€Osi OOBEKThI ¢ KOHKPETHBIMU
JIAHHBIMEU O Bompocax Tecta u orBerax. OOIee 3HAHUE O «IIOBEJICHUU» Te-
CTa HACJIEAYETCsl STUMHU OHTOJOIMAMHU OT TEPMHHOJOIMYECKHX OHTOJIOTHI
crrenudukammu. Takas cTpyKTypa (pOpMaJIM3alliy 03BOJISIET IIPEBPATUTH
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KOHKPETHBII TeCT B yAOOHBIH OOBEKT IJjisi PACIPOCTPAHEHUS U MOBTOPHO-
'O UCIOJIb30BAHUS, TTOCKOJIBKY €€ CEMAHTHUKA U CTPYKTYpPa 3aBUCAT TOJIb-
KO OT TEPpMHWHOJIOTUYIECCKUX OHTOJIOT U1 IMS 1 He 3aBUCAT OT KOHKPETHBIX
dopMaTOB CUCTEM TECTUPOBAHUS.

OHTOJTIOTUN, ONUCHIBAIOIINE KOHKPETHBIE TECThI, OYIAYT KOPPEKTHO WC-
[TOJTb30BATHCST BCEMH COODIIECTBAMU, KOTOPBIE TPUHUMAIOT TEPMUHOIOTHIE-
ckue onTosioruu IMS. BameTnm TakxKe, 9TO €CJIin y HAC €CTh HHCTPYMEHT JIJIs
s dekTuBHON paboThl ¢ HHPOPMAIHE, XPAHUMOI B OHTOJIOTUSIX, TO TEP-
MHUHOJIOTHYecKre oHToIoruu IMS MOryT HMCIIoIb30BaThCs HEIIOCPEICTBEHHO
JIJIsI PeaJIM3alli CHCTEM TECTUPOBAHMS, B KOTOPBIX OyIyT UIPaTh U JAPYTLyIO
[IOJIE3HYIO POJIb - POJIb CTPYKTYP IPEICTABJIEHHUS JAHHBIX BHYTPH CHCTE-
MbI. DTy BO3MOYKHOCTH MBI IIPOJEMOHCTPUPYEM HUKE, UCIIOJb3Ysl CUCTEMY
OntoBox.

[TpucTynum HEmoCpeICTBEHHO K (DOPMATU3AINE. JTOT IIPOIECC IPEIITO-
JlaraeT OIMCAHME BCEX JIEMEHTOB CHEIM(PUKAIMH C IIOMOIIBI0 HEKOTOPOrO
nabopa hopMyJI, KOTOPbIE OMMCHIBAIOT BCE KJIACCCHI CHEIMPUKAIMI C IMo-
MOIIBIO BRIOpanHoil panee geckpuntusnoit joruku SHOZN (D). Tlpnuém B
IIPOITECCe OIMCAHUs HEJb3sI 3a0bIBATD, IYTO MBI CTPOUM OOLEKTHYIO MOJIE/h
crienupuKaImu, ucrnob3ysa g 3roro OO - mpoeknuu. DTO 3HAYUT, ITO
CTPYKTYpa KJIACCOB JO/2KHA OBITH IMOCTPOEHA TAKUM 0OPa30M, ITOOBI IETKO
IPOCJIE’KUBAJIOCH HACJIEIOBAHIE U CBA3bIBACHNE ITUX KJIACCOB, a (hopMain-
3amusi He JOJI’KHA BBIXOJUTH 33 PAMKH BO3MOXKHOCTEH, TPEI0CTABISIEMbIX
OO-npoeKIuaMu.

[Ipuseném Boigep:kky u3 cueruduranun IMS QTI, koTopast onuceiBaeT
IIOHATHUE «TeCTa»:

Class : assessmentItem
Attribute : identifier [1]: string
Attribute : title [1]: string The title of an assessmentItem is intended to enable the item to
be selected in situations where the full text of the itemBody is not available, for example
when a candidate is browsing a set of items to determine the order in which to attempt
them. Therefore, delivery engines may reveal the title to candidates at any time but are
not required to do so.
Attribute : label [0..1]: string256
Attribute : lang [0..1]: language
Attribute : adaptive [1]: boolean = false Items are classified into Adaptive Items and
Non-adaptive Items.
Attribute : timeDependent [1]: boolean
Attribute : toolName [0..1]: string256 The tool name attribute allows the tool creating the
item to identify itself. Other processing systems may use this information to interpret the
content of application specific data, such as labels on the elements of the items itemBody.
Attribute : toolVersion [0..1]: string256 The tool version attribute allows the tool creating
the item to identify its version. This value must only be interpreted in the context of the
toolName
Contains : responseDeclaration [*]
Contains : outcomeDeclaration [¥]
Contains : templateDeclaration [*|
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Contains : templateProcessing [0..1]
Contains : stylesheet [0..%]
Contains : itemBody [0..1]
Contains : responseProcessing [0..1]
Contains : modalFeedback [*]

dopMau3aIys MOHATHA «TeCT» B BUjIe (POPMYJIbI JIeCKPUIITUBHOI JIOIH-
KM TIpejICTaBaeHa Ha puc. 1. Boipaxkenue (n..m) r sBJISIETCS COKPAIEHUEM
Jutst bopmydtbl >y, 7 M <., r. Boipaxkenue (n..) r — cokpaiieHue Jyist >, T,
a(=n)r— s >, rMN<,r.

assessmentltem =
(=1) identifier M (=1) title N
(0..1) label M (0..1) lang M (= 1) adaptive M (= 1) timeDependent M
(0..1) toolName M (0..1) toolVersion T responseDeclaration 1
outcomeDeclaration M templateDeclaration M
(0..1) templateProcessing M (0..) stylesheet M
(0..1) itemBody M (0..1) responseProcessing M modal Feedback

Puc. 1. Oupenenenne knacca «onpocs B SHOZN (D)

DopMaIn30BaB MOJOOHBIM 00PA30M BCE JIEMEHTHI CITEIUPUKAIINN, KPO-
Me aTOMapHBLIX (HE MMEIOMUX HU ATPUOYTOB, HU CBSI3AHHDBIX SJIEMEHTOB,
KPOMe TeX, 9TO yKe (hOPMAM30BAHBI), MBI [OJTHOCTHIO OIHIIEM CTAHIADT
IMS QTI ¢ nomompio SHOZN (D). AtomapHble 31eMeHTbI OyLyT sIBISTHCS
YJIEHAMH B IIPABBIX 9aCTIX (POPMAU3YIONUX BhIparkeHnii. OIHUIeM Takyro
dopmaInzaImio.

Hecnoxxuo mpoBepsieTcst, 9T0 €C/ii OIyCTUTh OTPAHUYCHUSA KAPITHAIHLHO-
CTH, TO IIPUBEIEHHOE BHIIIE OIMUCAHUE KJIACCA «BOIIPOC» COOTBETCTBYET OIpe-
nenernio OO-npoeknuu. [IpaBast 4acTh JAHHOIO BBIPAsKEHUs IIOJIHOCTHIO
cooreercTByeT orpeenennto OO-koHmenTa.

Cl|_|...|_|Cf |_|VR1.E1|_|...|_|\V/R9.E9 AVP.DyM...MVYP,.Dy,

C IPUMUATHUBHBIMI POJISIMU 1 aTpubyTamu R; u P;. A 3Ha4nT, BCE BRIparXKeHNe
coorBercTByeT OO-01pesiesIeHnio BUIa

C=F

Cornacuo cunenudukanun IMS QTI, cymecrByeT HECKOJIBKO HE3aBUCH-
MBIX abCTPAKTHBIX KJIACCOB, OT KOTOPBLIX HACIEAYIOTCS OCHOBHLIE KJIACCLI,
HCIOJIL3YIOIIKECs [IJIsl CO3AaHUs BOIPOCOB, BAPHAHTOB OTBETOB, OLEHKU U
npodero. OHE, B CBOIO OYepelib, PACIIUPIIOTCI KJIACCAMU YPOBHS HUXKE U
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T.1. Aupkmuanocts T Box,, COCTOSINErO U3 ONUCAHUIT 3TUX KJIACCOB,/KOH-
LIENITOB, IIPOBEPSIETCS HEIIOCPEICTBEHHO.

Yr06b! HIPOBEPUTH COOTBETCTBHE yCa0BuUIO 2 onpeenenns OO-npoeKimu,
orMeTnM, 4To cama dpopmasusarus IMS yriajgeBaercst B pamku OO-1po-
eknmii, a 3To 3Ha4ut, yro K u K, COBIIaJIAIOT, YTO TPUBHAJILHLIM 0Opa30M
piaeuer K F Ax nys kaxkjpoii akcuoMbl Ax € T'Box,.

JlokazaTeIbCcTBO TOrO, 4TO JI0basi pojib U aTpubyT u3 cjaoBapsa V, BXO-
mur B OO-onpenenenus 1T Box, He Gojiee OJHOIO pasa ClaelyeT U3 CaMoi
CcrpyKTypbl crnenuduranun. OUeBUIHO, UTO €C/IM KarKJIblil KJacC pPacIlu-
psieT Kjacc 6ojiee BBICOKOI'O YPOBHsI, a TOT, B CBOIO OYepeb HACJIEAYET OT
OJTHOI'O M3 HE3aBUCUMBIX abCTPAKTHBIX KJIACCOB, TO ATPUOYTHI M POJIK OyIyT
sxomuTh B OO-onpenenenne T Box, He 6ojiee OIHOIO pasa.

Vreepxkaenune ABox, C ABoxyx u3 yciaoBus 4 olpelejeHus J0Ka3bl-
BAeTCsd AHAJIOTUYHO JOKA3aTEeJIbCTBY yCJIOBHS 2. VICTHHHOCTL MOAIYHKTOB
yesioBus 4 onpenenenns OO-1rpoekiuu Jijisi yKa3aHHOH (hopMaIn3aium cJiie-
Jyet u3 cTpyKTyphl crierudranmn. Popmasnzanus cuenudukarnun IMS QTI
ITOCTPOEHA TAKUM 00pa30M, UTO KaXKIbIH ero Kjaacc, KpOMe <«KOPHEBBIX»,
pacImpsieT POIUTEILCKHUN, a CIeI0BATE/HHO, BBIIIOTHSIETCS:

— s moboro C(0) € ABox,: O € {O1,...,0;} u C € C,, upuiem s
kaxknoro O takoit C' sIBIsSIETCST € IMHCTBEHHBIM;

—  ms gnoboro R(O,0") € ABox,: O,0" € {0O4,...,0;}, R € R, rakue,
aro C(0),C'(0") € ABox,, upuaem K, =C C C1, K, EC'CECln
0(R) = [C1,C1l;

—  nag soboro P(O,v) € ABox,: O € {Oy,...,0;}, P € P,, C(O) €
ABox, nv € |D|, rne §(P) = [C1,D] u K, =C C C.

OT0 3aBepiiaer 0OOCHOBAHUE TOrO, YTO Halia (bOpMaJIM3alUsd CIEIN-
dukannit IMS upeacrasisier coboit OO-mpoeknuio. JTo 03HAYAET, UYTO K
3TOl (hopMaAIU3AIUU MOT'YT OBITH IPUMEHEHBI METO/IbI 0OPADOTKU JTaHHDBIX
" 3HaHW, meifictByromue B pamkax OO-mpoekiuii, u peajm30BaHHBIE, B
qacTHOCTH, B cucreMe OntoBox.

4. Metoapl u nuHTepdeiichl

[Tocse Toro, kak crenuduxarus Obuia GopMaIn30BaHa U TPAHCIUPOBAHHA
B OHTOJIOTHIO, HEOOXOIUMO CO3JATh MHTEP@EHChl U METOMbI IJisi pabOThI C
[TOJIy Y€HHOI OHTOJIOTHEl. DTU METObI U HHTPedeiChl HOCST 00Nl XapaK-
Tep M HEOOXOJMMbI Pa3pabOTYMKaM /[IjIsi pabOThl CO CTPYKTYPOil KJIacCOB
U CAMUMH KJIACCAMU, BKJIIOUAS ONEPAINU JT00ABJIEHU, y/IaJ€HUsI U U3Me-
HEHUsI KJIACCOB U CTPYKTYP. DTU METOJbl U MHTePdENRCchl JOJIKHBI OBITH
MaKCUMAJIBHO MTPO3PAdHbl U TPOCTHI, ITOOBI CTOPOHHUE PA3pabOTINKU MOT-
Jin OBICTPO U JIETKO IMOHSITh UX U WCIOJb30BATH B CBOel pabore. laHHbIil
HOJIXO/I COOTBETCTBYET OOIIEil KOHIIEIIUI JIOTUIECKON apXuTeKTypsl [4], Ko-
TOpasi COUETAET «PACCIOeHHE» 0A30BOr0 JIOTUIECKOTO (hOpMan3Ma Ha CJIOU
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(cTpaTbl) 10 YPOBHIO CJIOKHOCTU M BBIPA3UTENHHOCTH, M IPU ITOM KarK-
Iasi cTpaTa cHabxkaeTcsd MeTomaMu U umHTepdelicaMu paboThl ¢ JTAHHBIMU,
OIIMCBIBACMOI Ha JAHHOM yPOBHE.

Pazpabarannas Hamu cucrtemMa MeTOJIOB U UHTEP@EICOB, MOCTPOEHHBIX
Ha dopmasnusaiuu cruenudukanuii IMS, peasnzoBana B 06beKTHO-OPUEH-
TUPOBAHHOM CTHJIE. DTO TO3BOJISIET TPUOJU3UTH «IJTUTHYIO» JIOTHIECKYIO
dopMaIM3aIuIo K «OOBITHBIM» pas3paboTunkaMm — depes (popMUpPOBAHUE TTPU-
BBIYHOM JIJIsi HUX CXEMbI B3AUMOJIEHCTBHUS, U COKPBITHE CJIOKHOCTEH JIornte-
CKOM (hopMaIU3alnK OT TeX, KTO HE 3HAKOM C TOHKOCTSIMU JIECKPUIITHBHBIX
Jioruk. PakTUIECKH TIOJIyIaeTCs TaK, UITO Ha Ha3e JOruIecKoil dphopmasmsa-
MU CTPOUTCS IMPUBBIYHAS 00BEKTHO-OPUEHTUPOBAHHAS [TPOIPAMMUCTCKAS
MOJIEJIb TIPEIMETHON ODJIACTH.

[Torpysus dhopmasnuzanuio creruduraruii B OntoBox, Mbl oJryauM Bo3-
MO>KHOCTH HUCIIOJIb30BATh B KadecTBe MHTEPMENHCOB ero si3blK 3aIlpOCOB —
OntoBox QL [3|. C momorpio si3bIKa 3apOCOB IIPOUCKOIUT B3ANMO/ICHCTBIE
BHEIITHAX areHTOB ¢ TEPMUHOJIOTUYeCKUMU oHTOJIoTHsAME IMS u oHTOMOTH-
sIMA KOHKPETHBIX TECTOB. TakuMm 06pa3oM, JIOCTUTAIOTCS JIBE TEJIU:

1. mepes pa3zpabOTUYNKOM IIPEICTAHET MPUBBIYHAS O0BEKTHO - OPUEHTUPO-
BaHHas MOJEJb, MHKAIICYJIUPYIOasl JOIMYecKre CTPYKTYPhI U ollepa-
11U, B KOTOPBIX ITOJIb30BATEI0 Pa30UpaThCsi COBEPIIEHHO HEe 00s3aTe b
HO;

2. caMa CTPYKTypa KJIacCOB M OOBEKTOB OVIET B CyIIeCTBEHHON CTEIEeHN
3aIIUIIEHA OT OIINOOK pa3apaboTINKa, [IOCKOJIbKY OHTOJIOIUS COAEPXKUT
nHQPOPMAIIIO, [TO3BOJISIONLYI0 BepU(MUIIPOBATE CTPYKTYPhI M METOJIBI
B COOTBETCTBUU C (DOPMAJIM30BAHHON CITEITUPUKAIIEH.

OcHoBHBIE MeTOBI PAObOTHI ¢ oHTOJIoTHAME IMS comepkarcst B paspabo-
tanHoil Hamu 6ubmoreke QTI-Lib [8]. Cucrema 0CHOBHBIX METOIOB COJEP-
JKAT:

Memod eenepayuu repmunonorundeckux onrosoruit IMS QTI 8 OntoBox.
st aToro onucanne cnenudukanuu B Bue Beipazkennit SHOZN (D) nepe-
BozuTCsI ¢ oMol OnotoBox B oHTOJIOrTYecKoe onucanue. s Kax1oro
KJIacca OHTOJIOTHH CO3JaéTCsl CBOM KJIACC Ha O0bEKTHO-OPUEHTHPOBAHHOM
sI3bIKE ITPOIPAMMUPOBAHUSI, KOTOPBIA B JaJibHEHIIeM PazpabOTInK MOXKET
MCIIOJIb30BaTh JIJIs CBOUX IieJieii.

Memod umnopma XML/QTI-onucanust TeCTOB U TPAHCJISIIUU TECTOB B
00BEeKTHI OT/IEJIbHON OHTOJIOTHY, TIorpy2KeHHo# B OntoBox. Kak ymomuna-
Jiock Bhie, Tectbl B popmare IMS QTI xpansitcst B Buse xml-daitios.
Heobxoaumo 3Ti TecThl chOPMUPOBATH B BIJIE OTIEAbHON OHTOJIOIUN, KOTO-
past OyJeT HaC/IeI0BATh O0IIUe 3HAHUSI O TeCTaX U3 TEPMUHOJIOTUIECKUX OH-
tojiormit IMS. VIMnopTupyforiuit MeTo/1 co3/1aeT KOHKPETHBIE SK3EMILISIPBI
TECTOB, BOIIPOCOB U JAPYTUX O0BEKTOB, AEHCTBYIONIIX B PAMKAX TEPMUHOJIO-
run IMS QTI n Hac/ienyomuX «3HAHUSA» O TeCTaX U3 TEPMUHOJIOIHICCKUX
OHTOJIOTHH, C(POPMUPOBAHHBIX MPEIBIIYIIAM METOIOM.
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Memod sxcnopma oobekToB u3 onrosorun QT1, xpansiieiics 8 OntoBox,
B Tecthl B Buje XML /QTI. Dror meron obparen npepiaynemy. Hekoropyto
CJIOKHOCTD B €r0 PeaIM3aIlii OIPEJIEJIsIeT TO, UTO «IIPSIMasiy TPaHCJISIITHS
00beKTOB B Xml-j1epeBo He Bcerga JaéT KOPPEKTHBIN ¢ TOYKN 3peHust hop-
mara IMS QTI, xml-gokyMmeHT. DT0 00bACHSETCA TEM, YTO Xml-Iepeso,
00pa3HO NOBOPsI, «ILJIOCKOE», 8 OHTOJIOrUs «00bEMHast». [loaToMmy B mrportecce
9KCIIOPTA PUXOJIATCST TPOTPAMMHO YUUTBIBATH OCODEHHOCTU TPAHC/ISINN
OHTOJIOTUYICKOT'O KJIacca U ero o0bekTa B Xml-CcymHoCTb.

Memod evbopru KOMIIOHEHTa, «TECT» W3 OHTOJIOTUU — JJIA JdaJIbHEHIei
06paboOTKN B 06pa30BaTE/bHBIX CHCTEMAX. DTOT METOJ, IHO3BOJISAET U3 MHO-
JKECTBa TE€CTOB, «IIOI'PYKEHHBIX» B OHTOJIOI'UH, BEIOPATH UMEHHO OJUH, «CO-
OpaB» €ro W3 COCTABHBIX YacTell THIIa BOIPOCOB, BapUaHTOB OTBETOB H
T.I.

Memod noddepoicku renepanui KOMIIOHEHTa «TeCT» (IIOMOraeT COCTAB-
JATH MAabIOHbI TeCTOB M3 MaseHbKux dacreil TecroB QTI). Dror meron
[IPEIOCTABJIAET JIOMOJHATEIbHBIE WHCTPYMEHTBI JIJIsT CO3JaHUsI TECTOB U3
BOIIPOCOB, BAPMAHTOB OTBETOB, PEAKIINN Ha JeHCTBUS MOJIb30BATES U T.1.
Bce 9T KOMIIOHEHTHI ONMCAHbBI B BHJE KJIACCOB U OOBEKTOB OHTOJIOTH.

OHTO/IOTMM BMECTE C STUMHU METOJAMHU CJIyKaT 00IIel maardopMoit Iist
ITOCTPOEHUsT CuCTeM TecTupoBaHus. CyIeCTBEHHBIM KadeCTBOM 3TOM ILIaT-
GOpMBI SBJIAETCA TO, 9TO OHA, JOIMYCKAET MHOTOKPATHOE HCIIOJIb30BaHUE U
pacnpocTtparenne. Bzanmoneiicreue mexkay OntoBox m MeromaMm MoXKeT
OBITH OPraHM30BAHO KaK HEIOCPEICTBEHHO, Uepe3 COOCTBEHHBIN nHTepdeiic
oubsmoreku QTI-lib, Tak m ¢ momompio s3bika 3anpocos OntoBox QL.
311ech MOXKHO HCITOJIb30BATH KJIUEHT - CEPBEPHY 0 TEXHOJIOTHIO, OPraHI30BaB
obmen zarpocamu 110 porokosy HTTP. Ormernm, 9To Ha OCHOBE HaHHOM
6ubanoTekn ObLTa paspaboTaHa MpaKTUIECKasl CHUCTEMa TEeCTUPOBAHUS B
pamMKax Hay4IHO-oOpasoBaTesbHOro noprasa http://lake.baikal.ru.

Aprop Oaromaper A.B. MaHnuBoje 3a mojjep:kKy B paboTe U IeHHBIE
3aMevaHusl.
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N.O. Stukushin
Logical Formalizations of Specifications Based on OO-projections

Abstract. In this paper the formalization development problem for standards and
specifications is considered. Such formalizations are useful at both specification development
and specification application phases. In particular, if a formalization is made in a constructive
way, it can serve as a basis for the implementation of relevant information systems. In
this paper an approach to specification formalization is developed, which is based on
special sub-logics of description logics. The approach is illustrated on the example of the
specifications of the international educational consortium IMS.
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