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B crarpe paccMOTpeHBI JIOTHKA ABMKEHHS M OMHApHast Mozaenb 3HaHui. [loka3zaHo, KAk MOXKHO OOBEAMHHUTH HX B
ofHy cucteMy. biaronaps 3Toi MHTErpanuy HUMEeTCsl BO3MOKHOCTh a[JEKBATHO OIMCBIBATH B OHON MOJEIH CTPYKTYpY
JBIDKYIINXCS] OOBEKTOB U B TO K€ BPEMsI ONMCHIBATH CBOMCTBA MX JBMKCHHUSI, @ TAK)Ke MPOTHO3UPOBATH JaibHEHIICEe UX

MOBEAEHUE.

KurueBsble ciioBa: jiorvka OBVDKEHWS, MOAENN OaHHbIX, mMoAenu 3HaHVIl‘;|, GI/IHapHaSI MOIeJIb 3HaHWL.

BBEJIEHUE

B Teopunm uHTEIUIEKTYaJIbHBIX WH()OPMAaLMOHHBIX
CHCTEM MMEIOTCSl MHOTOYHCIICHHBIE Pa0OThI, B KOTOPBIX
paccMmarpuBaeTcsi JABMKEHHE OOBEKTOB BO BPEMEHH H
IIPOCTPAHCTBE.

B pabote [Yaman et al., 2004] Obuta BBenEeHa Tak
Ha3pIBaeMas JIOTHKA JBIDKCHHUS, KOTOpas COCTUHSIET
noHsATus HBIOTOHOBOW MEXaHWKHM H  JIOTUKU. B
JMaNbHEHIIeM 3Ta JOTWKa OblIa pa3BHTa B paboTax
[Yaman et al., 2005a], [ Yaman et al., 2005b], [ Yaman et
al.,. 2005¢c] wu [Parker et al., 2007]..

B noruke nBuxeHUil MOKHO pacCykKAarh O IUIaHAX

JJIsL JABMXKYIHIUXCA O6’LeKTaX, B YaCTHOCTH,
MMpEaACKa3bIBaATh UX JaTbHenInee PpacmoIoKEHHUE. Takue
PpacCyXIACHUs  BaXXHbl  UIA  MHOTI'UX HpI/IJ'IO)KeHI/Iﬁ

(ynpaBneHne BO3IYIIHBIM TpaduKOM, IUIAHHPOBAHHE
TAaKTHYECKUX BOCHHBIX 33/1a4 U T.II.).

B ormke  IBWKEHWH OOBEKTHI HE  HMEIOT
CTPYKTYPBI, T.e. (akTHaeckn SIBJISTIOTCS
MarepuaJbHbBIMH TOYKaMu. OpHaKo,  BO MHOTHX
3agayax < TpeOyeTcsi  IpEeINCTaBICHHE  CTPYKTYpEI
00OBEKTOB W HEOOXOOMMO MAaHWIYIUPOBATH ITOH
CTPYKTYPOH. OO6b19HO CTPYKTypa oObexTa

OTIPEACISIETCS €r0 CBS3SIMU C IPYTUMH OOBEKTaMH, €ro
KOMIIOHEHTaMHU U aTpuOyTam. TakuMu BO3MOXHOCTSIMU
0071aa10T SA3BIKH (HPEHMOBOTO THIIA.

B paborax [Plesniewicz, 2004] u [IlnecHeBuy,
2005] oObuta BBemeHna bunaphas Mogens [laHHBIX H
3uanuii  (BM/I3), xotopas mnpexacraBiser coOoii
CHCTEMY KOHLENTYaIbHBIX (T.6. OPUEHTHPOBAHHBIX Ha
NIpEe/ICTaBJICHUE TTIOHATHI) S3bIKOB (ppeiiMoBoro THma. B
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BM/I3 ecTecTBEeHHBIM 00pa3oM MOXKHO MOJIEIIUPOBAThH
CTPYKTYpPY 00BEKTOB, paccyxaarb 0
CTPYKTYPHPOBaHHBIX OOBEKTaX M BBIYMCIATH OTBETHI HA
3aIpPOCHI, OTHOCSIIUECS K JaHHBIM, MPEACTaBIISIOIINX
9TH OOBEKTBHI.

B oToif cTarbe MBI KpaTko OMHIIEM CIOCO0
WHTErpanuu JOruku nBwxkeHuit u BMJI3. Bmaromaps
9TOM HMHTErpanmuyd HMEETCS BO3MOXKHOCTH aICKBATHO
OMHKCHIBATh B OJHON MOJEIH CTPYKTYPY OOBEKTOB W, B
TO JK€ BpeMs, OIKChIBaTh CBOMCTBA JIBHXKEHHS
00BEKTOB.

1. Kparkue cBeeHusi 0 JIOTMKe IBUKEHHU I

ITycts R — MHOXECTBO BCEX BEIECTBEHHBIX YHCEI,
R* MHOXECTBO TIOJIOKUTENbHBIX uncen, O
KOHEYHOE MHOXKECTBO UMEH 00LEKTOB, VR — MHOKECTBO
nepeMeHHbIX co 3HaueHusMd B R u Vo — MHOXecTBO
nepemeHHbIX co 3HaueHusimu B O. Bewecmeennuvlil
mepm — 310 31eMenT R U Vr , o6vexmmubiti mepm — 310
snement O U V.

Amomuvl JIOTUKH JIBYDKEHHHN

CIIEIYIOIIM 00pa3oM:

OIIPEALCIIAIOTCA

e Ecmm 0, u 0, — 00BEKTHBIE TEPMEL, d, 1), t, —

MTOJIOKUTETbHBIE BEILECTBEHHBIE TEPMBI, TO
near(0,,0,,d,t,,t) — aroM. VHTyHTUBHBIH CMBICI:
«OOBEKTBI 0] M 0, HAXOIATCS IPYyr OT Jpyra Ha

paccTossHud d B MOMEHTBHI BPEMEHHM W3 HHTEpBala
[11,5];



01

fa

“02

Pucynoxk 1. I'padmdeckas nwinmocTparyst 3SHaYCHUS
near-aroma

e Ecmu 0 u 0, — OOBEKTHBIE TEPMBIL, d, 11, t, —

MTOJIOKUTETbHBIE BEILECTBEHHBIE TEPMBI, TO
far(o,,0,,d,t,t;) atoM. VIHTYWUTHBHBIM CMBICI:
«PACCTOSIHUE MEXAY OOBEKTAaMH 01 M 0y B MOMEHTHI
BPEMEHHU U3 UHTEpBaia [#1,t,] OoubIe dy;

02

Pucynok 2. I'padudeckas WUTIOCTpanys 3HAYCHHS
far-aroma

Ecin o OOBCKTHBIN TEpM, f , b
MOJIOKUTEIbHbIE BEIIECTBEHHBIE TEPMBI, X1, Vi, X2, V2 —
BEIIICCTBECHHBIC TEPMBI, TO iN(0,X1,)1,X2,V2,t1,f2) — aTOM.
WHTYUTUBHBIH CMBICT: «OOBEKT o© HaxXOIMTCS B
HEKOTOpBhI MOMEHT BpEMEHH W3 HHTepBasa [fi,f] B
NPSIMOYTOJIBHUKE C JICBOH HW)KHEH BEpPIIMHOM (X;,);) U
TIPaBOil BEpXHEH BEPIIUHOM (X7,)2)»;

(x2,y2)

(x1,y1)

Pucynok 3. [padudeckas WILTFOCTpAIHs 3HAYCHHUS
in-atoma

e Ecmu o — 0ObeKTHBI TepM, 1, ¢, by, b, V,
V', — HOJIOKUTENBHBIE BELIECTBEHHBIE TEPMEL, X|, V|, X2,
2 — BEIIECTBEHHBIC TEPMBI, TO 0(0,X1,)1, X2,V t{,tf,tz’,
t v,V — atom. VHTYUTHBHBIA CMBICT: «OOBEKT O
MOKHUIAET TOYKY (X1,);) B HEKOTOPBII MOMEHT BPEMEHHU
m [t,4"], #BmxeTca mWO mpAMOH C HEKOTOPOMH
CKOPOCTBIO M3 MHTEpBasa [v,v'] ¥ IpUOBIBAET B TOUYKY

(%2,2) B HEKOTOPBI MOMEHT BpEMEHH U3 [t |».
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(x2,y2)

(x1y1)

Pucynoxk 4. I'padnueckas WnTroCTpaIist 3SHaYCHUS
go-aTtoma

IIpeonooicenue NOTUKM NBIKSHUS — 3TO aroOM HJIH
OyneBa KOMOMHAIMs aTOMOB, T.e. ecidm o WU P —
MIPEAJIOKEHHUS, TO NPEIIOKEHUSIMH SIBISIOTCS ~at, o/\B 1
aVp. Bripaxxenue o—P TaKxKe cuMTaeTcs
MIPEAJIOKEHUEM M PAacCMaTpHBacTCs KaK COKpaIleHHe
TIpeIOKEHAS ~aV/f3.

CeMaHTHKa JIOTHKH JBHKCHHH OTIPEJIeNsieTcsl yepes
TIOHATHE WHTEpHpeTanuu. Humepnpemayus 3TO
HeTpepbIBHAsA (QYHKINSA

+ v
I. O X RR - R X R. VHTYWTHBHBI# CMBICI:
«l(o,f) — momoxeHne 0OBEKTa 0 B MOMEHT BPEMEHU 1.

AToM 20(05%1,1,%2,2, ot kL VYY) ucmunen B
uHTEepHpeTanuu | omuocumenvsHo wWHTEpBama [f1,t],
eclu:

o f €[] €[t n] o t) = (i),
I(0, 1) = (x2,2);

® Ui BCSKOTO MOMEHTA BPEMEHHU ¢ € [f1,t;] TOUKa

I(o,f) nexur Ha otpeske [(x1,y1), (x1,y1)];
JUTA BCeX t, t' € [t),t], ecnu ¢t < t’, TO IMEET MECTO
uepaseHetBo dist(I(o,7),(x1,y1)) < dist(I(o,¢),(x1,)1)), TOC
dist 0003HAaYaeT IBKIUIOBO PACCTOSHUE MEKIY IBYMS
TOYKaMH,

e [IOYTH BCETAa B HMHTEpBajie [f1,5,], T.e. Kpome
KOHEYHOTO YHCJIa MOMEHTOB BPEMEHH [, CYIIECTBYET
npoussoaHas v = d(1(o,1)) /dt u v € [vi,1,].

ATOMEI near(ol,oz,d,tl,tz), far(Ol,Oz,d,tl,fz),
in(0,x1,y1,X2,)2,t1,t,) ucmunnsl B UHTEpIpeTanuu I, ecnu
COOTBETCTBEHHO:

o dist(I(0y,1),1(0,,7)) < d nns Besikoro ¢ € [£,5];
dist(I(0y,1),1(0y,t)) > d st Beskoro ¢ € [£1,4];
CYIIECTBYIOT ¢ € [t,], X € [x1,x2], ¥ € [vi,02]
Takue, 9T0 [(01,£)= (x,)).

ATtoM 20(0,X1,V1,%2,2, ot bV, YY) ucmunen B
MHTepIpeTanny I, ecinu cyuecTByeT HHTEpBal BpeMEeH!
[t1,£2], 9TO OH UCTHHEH OTHOCHTENILHO 3TOTO HHTEPBAJIA.

HctuHHOCTB TIPE/IIOKEHUH olpeernsiercs
cTaHAapTHbIM o0pazoM. Ecnu o u B — mpou3BosbHBIE
IPEUIOKEHUS], TO:

I(~a) = 1 (uctuna) < I(a) = 0 (J70%B);
I(o/\B)=1=La)=1ul(P)=1;
I(aVB)=1 (a)=1um [(B)=1;
I(aVB) =1 < I(a) = 0 s I(B) = 1.

Kak u BO BCAKOIl JIOTMKE, B JIOTHKE JBHXKCHUS
UMEIOTCS  TOHATHSA  JIOTHYECKOTO  CIEACTBHA U
JIOTUYECKOW BBITOJHUMOCTH. IlycTe E — MHOXECTBO
NPEUIOKSHUH JIOTUKH JBIKCHUS U 0 — NPEIOKEHHE.



Torma u3 E noeuuecku credyem o, (B 3amucu: E |= o),
€CJIM HE CYIIECTBYET WHTCPIPETAIINH, IIPU KOTOPOU BCe
MPEJUIOKCHUS U3 E UCTHHHBI, a PEIIOKECHUE 0L JIOXKHO.
MuoxectBo E  ewinonnumo, €clid  CyUIECTBYET
WHTEPIIPETalnsl, IPU KOTOPOU BCe MpPEATIOKeHUs u3 E
HCTUHHBI.

[Ipobnema JTOTHYECKOTO CIEACTBUS CBOAUTCS K
mpobJeMe HEeBBITIOIHUMOCTH, TaK KaK SICHO, 9To E |= o
& MHOX)ecTBO E U {~0} HeBbmonHmMo. Ha camom
Jene, TMpoOIeMy  JIOTHYECKOTO  CIIEACTBUS  (IUiA
KOHEYHbIX F) MOXHO CBECTH K  mpoOieme
HEBBIITOJIHUMOCTHU JINTEpAIOB (T.e. aTOMOB Ui
OTpULIAHUI aTOMOB). Jns 3TOTO MOKHO
BOCIIOJIb30BAaThCS METO/IOM aHAIUTHYECKUX —TaOJIHII.
PaccmoTtpumM 310 Ha IpHMeEpe.

Ilpumep 1.

[ycte E = {~at;/\at,—at3), at—at, } n o = at; \V/
at;. Ha pucyHke 5 noka3aHo JepeBO BbIBOAA IO METOAY
aHAJIMTHYECKHUX TaOIHUI[ I MCXOIHOTO MHOXeCTBa E
U {~a} = {~ati/\aty—at;), at,—at,, ~(at; \/ aty). I10
JIepeBO MMEET TPU BETBU, U3 KOTOPBHIX TOJBKO OJHA
BCTBb OTKpI)ITa. OTKpLITa)I BCTBb CO)lep)KI/IT MHO>XKECTBO
aurepanos F ={~at,, ~at,, ~at;}. Takum o0Opa3om,
HMEeT MECTO JIOTHUYECKOe cliencTBue FE |= o Torma u
TOJIBKO TOTJIA, KOTJIa MHOKECTBO £ HEBBIIIOJIHUMO.

®. fIman paszpaboTasia aITOPUTMBI JUIS BBISICHCHHUS
BBINOJIHUMOCTH KOHEYHBIX MHOXECTB aTOMOB JIOTMKU
JIBIDKCHUSL.

--:zt1.-"¢\(a th—aty) [1]
Aaty—ah [3 ]
~lat; Van)  [2]
~ah
Aaty—at; [—1]
~aly
___~ah),
| |

~at an
| | X
~at at;

X

Pucynok 5. [lepeBo BbIBoa

basza 3uanuu B JIOTUKE NBYDKEHHH — 9TO KOHEUHOE
MHOXECTBO IPEJIOKEHUN OSTOM JIOTHKH. 3anpocom
HA30BeM BBIpKCHHE BUAA 70, THE O — MPEIIOKEHHUE
JIOTHKH JBMKSHUH.

IIyctp E — 6a3a 3HaHUI U 70 — 3ampoc K 3TOi Oase.
Omeemom Ha 3TOT 3alpoCc MOXET OBITh OHHO W3
COOOIICHNHN: «J1a». «HET» WIH «HET HH(MOPMALIUN».
AJNTOPUTMBI, BBISCHSIONIME JIOTUYECKUE CIICACTBUS,
MOXHO HCIIOJb30BAaTh JIsI BBIYHCJICHUA OTBCTOB Ha
3anpockl K 0a3e 3HAHUI: OTBET Ha 3ampoc 70, CTh:

o «uay, eciu E |=a;
«HeT, ecii E |= ~a;

«HeT nHpopMarmy, ecu E [# a u E |# ~a.

-177 -

2. Kparkue cBeeHusi 0 OMHAPHOH MoOJ1eJIN
NAHHBIX U 3HAHUN

CeMaHTHYECKUMU MIpUMUTHUBAMHA JJIs
KOHICTITYaJIbHBIX SA3BIKOB CJIyKar (l)OpMaJ'ILHI)IC
TOHATUSA, CMBICII KOTOPBIX ONIM30K K CMBICITY IIOHSATUI
KJlacca WM THIIA O0OBEKTOB.

B BM/I3 BXOIUT SI3BIK CTPYKTYPHOH CIICIIU(PUKAINT
(AICC), ¢ momMonIb0 KOTOPOTO ONpEAETIeTCS CTPYKTYpa
0o0bekToB — mpumepoB moHATHA. B SACC MoxHO
OTIPEAETATh CXEMBbI, 3K3EMIULIpAMH KOTOPBIX CIIyKaT
COCTOSIHUS 0a3 TaHHBIX.

MBI paccMmarpuBaeM Ba BUAA NOHITHI — KIIACChHl U
OuHapHble CBA3M (T.e. OMHApPHBIC OTHOIICHUS MEXITY
knaccamu). MMena kimaccoB ObIBAalOT IPOCTHIMH MU
cocrtaBHbIMU. CocTaBHBIE HMEHa  KJIacCOB WU
OMHapHBIX CBs3el 0003HAYAIOT KIACCH WM OMHApHBIE
CBSI3U, TOJIyYEHHBIE MPU MOMOIIM COOTBETCTBYIOIIUX
onepanuil. Mcnonps3yroTcs ciegylomuye onepauud Hal
TTOHATHSAMHU:

e C(*) ob03HaUaeT KI1acc, IK3EMIUIIPAMHU KOTOPBIX
CITy’KaT KOHEUHbIE MHOXKECTBA 3K3eMIUIIPOB MoHATH C
e C(p,q), TOe p, q — HATypaJibHBIC YHCcTa U P < q ,
0003HaYaeT TMOHATHE, SK3EMIUIIPAaMH KOTOPOTO CITyXaT
KOHEYHBIE MHO)KECTBa JK3eMIUIIPOB MOHATHS (Kiacca
unn OuHapHOW cBs3u) C, mpuyeM pa3Mepsl 3THX
MHOKECTB 3aKIIFOUEHBI B IIpefieax yucen p u q. Yuciao
q MOXHO 3aMEHHTh Ha CHMBOJ *, KOTOpBIH O3Hayaer
HEOTPaHWYEHHOCTh pa3Mepa MHOXKECTB — IK3EMILISIPOB
kiacca. Bmecto C(1,1) mumem npocto C. Kpome Toro,
BBOJISITCS clieayromue cokpamernus: (*), (+), (p), (<p),
( p) coorBerctBenHo ik (0,%), (1,%), (p,p), (0,p), (p,*);
e L((p,q),(rs)), tne p < q u r < s, obo3HayaeT
OWHApHYIO CBS3b, O3K3EMIUIIPaMH KOTOPOW CIyXaT
KOHEYHBbIE MHOXKECTBa dK3eMIusipoB L. Ilpu atom, ecnn
mHoxkectBo F  L((p,q),(r,s)) paccmarpuBath Kak
IBYIONBHBIN Tpad), TO CTENeHb JIT000H JIeBo (TIpaBoii)
BEpIINHBI TOJDKHA OBITH 3aKII0UYEHa MEXIy YHCIaMH P
U q (COOTBETCTBEHHO, MEXIy YHCIaMHU I U s). [ map
(p,q) u (1,5) IPUMEHSIOTCA TAK)KE BBIIICYIOMSHYTHIC
COKpALICHHS,;
Cl | C2 |...| Cn obo3HauaeT kiacc (OMHAPHYIO
9K3EMIUISIpAMH  KOTOPOTO  CIIy>KaT  BCe
KJaccoB (COOTBETCTBEHHO, OMHApHBIX

[ ]
CBSI3b),
SK3EMILISIPBI
ceszeit) Cj.

IIpousBonbubie mpemnoxenus ACC cocraBnsercs
W3 MOPUMUTHBHBIX TPENIOKEHHH, KOTOpble HUMEIOT
crenytomme (GOpMBIL:

C[D], C[A:D], C[A:T], (C L D), (C L D)E]
(C LD)[A:D], (C L D)[A:T],

rme C, D, E — umena xmaccoB, L — ums GuHapHO#
cBs3M, A — ums arpuOyta U T — uUMS TUNA JaHHBIX.
Tumel AaHHBIX MOTYT OBITh NPHUMUTHUBHBIMH HIIH
cocTaBHbIMU. (DaKTHYECKH, COCTABHOW THIT JTAHHBIX
MOYKHO PacCMaTpUBaTh KaK aOCTPAKTHBIN THUI NaHHBIX,
€CJIY JUIsl HEeTO 33J1aTh ONEpalHy. )

IIpumuTuBHBIE mnpemiokeHus umeror B BMJI3
€CTECTBEHHYIO JIEHOTaTUBHYI0 ceMaHTHKy. Hampumep,
ecin peknapupyercs npemioxkenne (C L D)[A:E], To B
yuuBepcym U" myis GuHapHO# cBa3u L BKIIOYAIOTCS



umena Buaa [C:x,D:y,A:z], tae X, y, Z — IPOU3BOJIbHBIE
nIeHTU(HUKATOPEl 00BEKTOB (Cypporarsl). (YHHBEpCYM
MOHSTHSL — 3TO MHOXKECTBO BCEX UMEH ISl BO3MOYKHBIX
9K3EMILISIPOB TIOHSTHSL.)

ITpousBonsabie npemtoxkenuss SCC  mnomyuarorcs
W3 TPUMHUTUBHBIX IYTEM HX COCOUHEHHS CIOCOOOM,
KOTOPBIH MOJKHO TTOHATH Ha IIPUMeEpeE.

IHpumep 2.

Camoner[Nebopra:Integer, Tum:{maccax, rpys3,
BoeH |, Mapka:String, CpoxOxcriur: Integer],

IToner[Camoner, AnsponoprBrinera:  Asponopr,
Pacnmcanue: (Otmp:Time, Ilpunmet:(Time | {?})),
Oobemloprou(T):(Integer |  String), Jlokanwusi(T):
(Real,Real)], T IN (Time | {now, before}),
Abponopt[Ha3zs:String, Wunexc:Char(3), 30Ha:
Rectangle], Rectangle = (LI: (Real,Real), Rt:
(Real,Real)).

BMI3 comepxur s3pIKk 3ampocoB (A3). Hamum
MpUMEp MPOCTOTO 3arpoca K cxeme npumMepa 2.

Ipumep 3.

3anpocl: «Haittu HOMepa GoproB Mapku Boeing
747,  BHIIONHAIONIMX  TOJNETBI W3  a’pomopra
JloMoaenoBoy.

?7X.Nebopra—Tloner(Camoner=X; AsponoptBriiera
= Jlomonenoso; X.Mapxka = ‘Boeing 747°).

3. UHTerpanms JOrMKH ABUAKECHUS U
OMHApHOW MO/e/IH JAHHBIX M 3HAHUI

[Ipu wHTerpanmu B npeanokeHus 13 BKIOUAIOTCS
aTOMBI JIOTHKHA JBIKCHUH Kak METOJbI
(mapamerpuueckue atpubyTel). PaccMoTpuM mpuMeps!
3aIpOCOB, coleprKalue oOpamieHHs K< 0a3e AaHHBIX
CXEMBI U3 IpumMepa 2.

Ipumep 4.
3ampoc 2:

e «Hailitu BCce MacCaXKUPCKUC CaMOJICTbl MAapKHU

Boeing 747, naxonsutuecst 61M3KO K 30HE a’poriopra
JloMozienoBa u UMEIOIUE B HACTOSIIMNA MOMEHT Mallo
TOPIOYETOM.

X.NeBopra — INoner(Camorner = X

O6wemI oprou(now)= mao;
Jlokamus(now); Near 7);

Anponopt(Hazs=/lomonenoso; 3ona= 7).

3ampoc 3:
e «CymectByer 51 HeOE30HaCHBI MOJET B
JaHHOM  mpsiMoyrosibHuke?».  [lomer  cumraercs

H€6e30HaCHLIM, €CJIM CaMOJICT SKCIUTYaTHPYIOTCS 0e3
pEeEMOHTA Ooitee TPEX JICT WIN UMECTCS Z[pyFOfI CaMoOJICT
B TOM XK€ IIPAMOYTOJIbHUKE.
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?X — X IN He6e3omnlloser;
Heo6ezomnlloner= [Toner(Camoner.BpemsOxen > 3
OR X IN ITomer(Camonet =Y);
Camorer In (LI: a, Rt: b);Y In (LI: ¢, Rt: d))).

Ilpyu mnoOCTPOEHMM HHTErpUPOBAHHON  CUCTEMBI
HCTIONB3YIOTCS [IBA CIIOC00a MHTETPALIH: HHTET DAL C
TTOMOIIIBI0 HHTEP(PEHCOB U JIOTHIECKAs! HHTErpamysl.

3.1. UuTerpauus ¢ noMoubio nHTepdeiicon

B mamem crmyyae WuCIONB30BaHUE WHTEPQEIHCOB
TOMOTaeT HaM COEAUHUTH MOJEIIU JIOTUKU JBUKEHUS U
OMHApHON MOJIENM 3HAHWW B ONTHMAIBHOM JUIS HUX
BHJIE.

CoOTBETCTBEHHO, OITOKH PeaM3aIiy JIOTUKU TBIKCHIS,
a IMEHHO 33[]aH€ W TIPOBEpPKA Ha BBIIOIHUMOCTH aTOMOB
go, in, near Bce Tak ke HEOOXOMMMBI, HO WX BHEIIHWA
uHTEpdEiic, Kak To, 4To OyIeT MOKa3aHO IOF30BATEINIO,
HECKOJIBKO BHIOM3MEHSIETCS.

Bo-nepBbix, Kax/blii U3 aTOMOB OyIeT BHYTPCHHE,
Ha YpOBHE OWMHApHOM MoOIenu 3HaHUM, OmpeneieH ¢
MIOMOIIBIO KOpTeXa U IHHeitHoro koHcTpykTopa LLIST.
PacmmpenHbie  QYHKIIMM MaHUOYISIUA C OWHAPHOW
MOJICNTFI0 3HAHUKM TMO3BOJIIIOT TaK JKe pa30uparhb
MOJIyYEHHBIE KOPTEKHU Ha COCTABILIOLIUE, a, 3HAYUT, U
paborate c Ooiee TIIyOOKMMH 3HAaHUSAMH, YeM Te,
KOTOPBIMU HM3HAYaJbHO MO3BOJISIET MAaHUITYJIUPOBATh
Joruka - ABikeHus. s storo Oymer HeoOXomumo
HCIIOJIb30BaTh IEKOHCTPYKTOPBI KOPTEKEH.

B uwem mpemmymectBa Takoro moaxoma? Bo-
MEPBBIX, YIPOIIACTCS aHAIN3 [T Pa3INYHBIX 00BEKTOB
JOBWXKCHUA. BO-BTOpBIX, HA MHOTI'O JICTYC CTAHOBUTCIA
nobaBiieHNE Pa3MEPOB MaTEPUATBLHON TOYKE, KOTOPYIO
MBI cefiyac paccMaTpHBaeM B HalllUX pacuerax. Tak xe
MIPHUBEJICHUE OCH K 00bEMHOMY MPOCTPAHCTBY HAMHOTO
YIPOIIAETCS.

3.2. Jloruyeckasi HHTerpamus.

Jlornueckast uHTerpaius cxoxa ¢ uHTepdeicHoi
MHTEerpanyeld, Ho TpeOyeT MOIOIHHUTEIBLHOTO 3aJaHus
CBSI3BIBAHUS JOCTyNa K gO-aToMaM uepe3 OWHapHYIO
Mozenb 3HaHWH. B yacTHOCTH, HEOOXOOMMO CO31aTh
KOHCTPYKTOpPBI Ui COOpPKHM KaK/IOTO aToMa dYepes
OunapHylo Mozenb. Jlerde Bcero 3TO chenarb C
MIOMOILBI0  KOHCTPYKTOPOB M JE€KOHCTPYKTOPOB,
YKa3aHHBIX B MPEIBIIYIIEM CIIoco0e.

BBIBOJIBI

B nanHo# paboTe ObUTH MPOAHAIM3HUPOBAHBI JIOTHKA
JIBIDKCHUSI, JIAioliasi BO3MOXHOCTh pacyera IMOJOCHI
JIBIDKCHUSI B PEAJbHOM BpeMEHH, OHHApHAsT MOJENb
3HaAHWM, a TaK Ke C/IeNlaHa UX HHTETPaITHs.

DTan WHTETpaliil OYEeHb BaXKCH, TaK KakK 0a3oBas
JIOTHKA JIBWKCHUS 0€3 BCIOMOTATENBHBIX (PYHKIHA
HECKOJIBKO rpOMO3JKa H TPYZHOYTIOTpEeOHMA.
Hcnonp3oBanne OMHAPHON MOIENH 3HAHUH IMO3BOJISIET
o0IeryuTh Kak BHEIIHee OOLICHWE ¢ peaau3anuen
JIOTUKM JBMJKEHMS, a TaK K€ MaJbHEHINIMN aHallu3 M



paclMpeHue JOTUKU TBUKEHHUS.

IMpn wHTerpamum OWHApHOW MOAENM 3HAHMH C

JOTMKOM  JBIDKCHUS,  YIPOIIAETCS HE  TOJIBKO
rpaduyeckuii nHTEpdEic paboThl ¢ IpOrpaMMol, HO
TaKKe BO3HHUKAIOT NPeUMYIIECTBa camoit

MOJIyYMBIIEHCS CUCTEMBI Iepel HadainbHOW. [lepBhIM
MPEUMYIIECTBOM SIBIISICTCS TO, YTO YHPOIIAETCS MOUCK
mo oObekTaM. BTOpBIM NpEeNMyIIECTBOM SIBISETCS
BO3MOXHOCTb 00JIee JIETKOTO IEPEBENCHHsI TCOPUH C
IUIOCKOCTH Ha ITPOCTPAHCTBO.

TakuM 00pa3oM, WHTErpanus OHHAPHON MOICITH
3HAHUU U JIOTUKH JBUXCHUI — OIpaBAaHa v MoJje3Ha

BJIIATOOTAPHOCTH

ABtop Omarogaput Poccutickuit Donpg
OynpaMeHTanpHBIX VccnenoBanuii 3a (pUHAHCOBYIO
MOAIEPKKY PaOOThI, BHITOJHEHHOHW Mo mpoekTy Nell-
01-00538.
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The article considers the logic of the movement and
the binary model of knowledge. It is shown how to
combine them into one system. Through this integration
there is a possibility to adequately describe in a model
of the structure of moving objects and at the same time
describe the properties of their movement, as well as
predict future behavior.
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INTRODUCTION

In the theory of intelligent information systems,
there are a lot of works in that it is discussed the motion
of objects in space and time.

In the logic of movements it can be discussed about
the plans for moving objects, in particular, to predict
their future location. These considerations are important
for many applications (air traffic management, planning
of tactical military objectives, etc.).

In the logic of motion objects have no structure, that
means that in fact are material points. But many tasks
require the representation of the object structure and to
manipulate with this structure. Typically, the object
structure is defined by its relationships with other
objects, their components and attributes. These
capabilities have languages of framing type.

In works [Plesniewicz, 2004] and [Plesnevich,
2005] was idefined Binary Data and Knowledge Model
(BDKM), which is a conceptual system (that means,
presentation-oriented concepts) languages of framing
type. In BDKM naturally can represent the structure of
objects and reason about structured objects and
calculate answers to queries relating to data
representing the objects.

In this article, we briefly describe how to integrate
logic of motion and BDKM Through this integration it
is possible to describe adequately in a model of the
structure of objects, and at the same time, to describe
the properties of moving objects.

MAIN PART

This article consists of those parts. The first part
gives a general information about the logic of the
motion and also describes the basic atoms and the rules
of representation of logic of motion. The second part
gives general information about the binary model of
data and knowledge. It describes the general rules of
BDKM and gives examples of using of this theory. The
third part describes how to integrate them and examples
are considered to illustrate the call to atoms after the
integration.

The logic of motion consists of three main and one
additional atoms. They are defined as follows:

e If Ol and O2 are object terms, d, tl, t2 are
positive real terms, then near (O1, 02, d, t1, t2) is atom.
The intuitive meaning: "the objects Ol and O2 are
separated by a distance d at time in interval of [t1, t2]»;
If Ol and O2 are object terms, d, tl, t2 are
positive real terms, then far (al, a2, d, tl, t2) is atom.
The intuitive meaning: "the distance between objects
O1 and O2 at time in the interval [t1, t2] more than d»;
o If a is object term, tl, t2 are positive real terms,
x1, yl, x2, y2 are real terms, then in (a, x1, y1, x2, y2,
tl, t2) is atom. The intuitive meaning: "the object is at
some time in the interval [tl, t2] in the rectangle with
lower left vertex (x1, y1) and upper right vertex (x2, y2);
If o is object term, t1-, t1 +, t2-, t2+, v-, v+ are
positive real terms, x1, yl, x2, y2 are real terms, then



Semantic primitives for conceptual languages are
formal concepts whose meaning is close to the meaning
of the concepts of a class or object type.

In BDKM includes structural specification
language (LSN), used to define the structure of objects
such as examples of the concept. In LSN can be
defined the schema instances which serve as the state
databases.

We consider two kinds of concepts: classes and
binary relation (that means, binary relations between
classes). Class names can be simple or compound.
Compound names of the classes or binary relations
represent classes or binary communications received by
means of the transactions. The following operations are
on concepts:

e C(*)means class whose instances are finite sets
of instances of concept C

e C(p,q), where p, q are natural numbers and p <
g, means concept whose instances are finite sets of
instances of the concept (a class or binary relation) C,
and the sizes of these sets are in the range of numbers p
and q. The number q can be replaced by the symbol *,
which means unlimited size of sets of instances of the
class. Together C(1.1) we write simply C. In addition,
we introduce the following abbreviations: (*) (+) (p),
(= p), (p), respectively, for (0,%), (1,%), (p,p), (0,p)s
(P,*)

>

L((p,q),(1,8)), where p < q and r < smeans a
binary relation, instances of which are. finite sets of
instances L. In this case, if the set FL ((p, q), (1, s))
viewed as a bipartite graph, then the degree of each left
(right) vertex must be enclosed between the numbers p
and q (respectively, between numbers r and s). For pairs
(p, ) and (r, s) shall be also applyed aforementioned
reductions;
Cl | C2 |...| Cn means class (binary relation),
instances of ‘which are all instances of classes
(respectively, binary relations) Cj.

Arbitrary- proposals LSN compiled from primitive
proposals, which have the following forms:

C[D], C[A:D], C[A:T], (C L D), (C L D)E],
(C LD)[A:D], (C L D)[A:T],

where C, D, E are class names, L is the name of a
binary relation, A is attribute name and the T is the data
type name. Data types can be primitive or composite.
(In fact, a composite data type can be considered as an
abstract data type, if we can set him the set of
operations.)

Primitive sentences in BMDZ have natural
denotative semantics. For example, if the offer is
declared (with LD) [A: E], then the universe of UL for a
binary relation L includes the names of the form [C: x,
D: vy, A: z], where X, y, z are arbitrary object identifiers
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(substitutes). (The universe of concepts is the set of
names for possible instances of the concept.)

Arbitrary proposals can be obtained from LSN
primitive by their connection.

During the integration proposals of LSN include
atoms of logic of motion as methods (parametric
attributes).

There are two approaches described above, the
integration of models at the logical level and using the
interface approach. In this work presents both
methods.

Integration with Interfaces as basice

In our case, the use of interfaces helps us to
connect the logic of model of and the binary model of
the movement of data and knowledge in an optimal
form for them. Accordingly, a block of logic of
motion, namely the task and check on the feasibility of
the atoms go, in, near and far still necessary but their
external interface is multiplicity modified from the
case without integration.

At first, each atom will be internally at the level of
the binary model of data and knowledge, is defined by
the tuple and constructor of linear lists LLIST.
Advanced functions manipulate binary data model and
knowledge allows also to disassemble obtained tuples
into components and, therefore, to work with deeper
data and knowledge than that which was originally to
manipulate the logic of the motion. This would
involve to use for deconstructors of tuples.

The advantages of this approach are:

First of all, it simplifies the analysis of motion of
various objects.

Second, it becomes much easier to add structure to
the material points.

Logical integration

Logical integration is similar to the interface
integration, but requires an additional set of binding to
access go-atoms via binary model of data and
knowledge. In particular, it is necessary to create
constructor for the assembly of each atom in the binary
model. The easiest way to do it with constructors and
deconstructors mentioned in the previous method.

CONCLUSION

In this work were analyzed logic of the motion
giving an opportunity to calculate the traffic lanes in
real-time, binary model of knowledge, as well as their
integration was done.

Integration phase is very important, because the
basic logic of the motion without auxiliary functions is
several cumbersome and difficult to implement. The use
of binary model of data and knowledge can facilitate
the external communication with the implementation of
logic of motion, as well as further analysis and
extension of logic of the motion.





