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MHUBAPHBIE TEXHOJIOI'MU CO3JAHUS JIOTUHECKOI'O UCKYCCTBEHHOI'O
HNHTEJVIEKTA: JOI'MYECKAS OBPABOTKA C JIMHEMHOM BBIYUCJIMTEJIBHOU
CJIO)KHOCTBIO BOJIEE 3 MIJIJIMOHOB ITPOJYKIIUA U BO3MOXKHOCTH
IHOHUMAHMUSA CMBbICJIA YEPE3 MOJAEJINPOBAHHUE BOJIBIIOT'O KOHTEKCTA
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Berinenenst 3 ypoBHS Hay4yHBIX HMCCIEOBaHUI B o0nacTu uckyccTBeHHoro uHTeiutekTa (VIW). [IpuBeneHs! pe3ynbTarTs
MPaKTHIECKUX PACUCTOB U PEIICHUH 3a1ad, KOTOPbIEe 3KCHEPHMEHTAIBHO MOATBEPIMIN JTUHEHHYIO BEIYUCIUTEIBHYIO
CJIOHOCTB JIOTHYECKOTO BBIBO/IA W/HIIM aBTOMAaTHYECKOTO KOHCTPYHPOBAHUS aJlTOPHUTMOB B (hopMai3Me MHUBAPHBIX
cereit (MIVAR net’s). Ilporpamma YIAB o6pabarsiBaer Gonee 1,17 MiH 06bekTOB W Ooiee 3,5 MUIH TpaBHIL
O6ocHoBaH myTh co3ganus M : Musapsr => B]l + Jloruka => KonTtekct => Cwmbicn => VICKyCCTBEHHBIH HHTEIUICKT!
MuBaphbI O3BOJISAT KOMITBIOTEPaM 00y4aThbCsi M IOHUMATh CMBICII, YTO CO3JACT JIOTHYECKUH UCKYCCTBEHHbI MHTEIUICKT.
KaroueBble cJ10BA: HCKyCCTBEHHBIH HHTEIUIEKT, JOTMYECKUIT BEIBOJ, MUBAP, MUBAPHBIC CETH, SKCIIEPTHBIC CHCTEMBI.

BBEJEHUE
IIpobneMa co3maHus MHTENIEKTYaJIbHBIX CHCTEM H
JIOTHYECKOTO  HMCKyccTBeHHOro wmHremiekra (M)

SBIISIETCA aKTyaJbHOM M BaXHOH. OTOH TeMmaTHKe
MOCBAIICHO OONBIIOE KOJMYECTBO HAyYHBIX pPaboT
[[Tocnenos, 1989], [Jlrorep, 2005], [Axxapparano u np.,
2007], [Bapmamos, 2002], [Koramosckuii, 2005],
[Ky3nenos, 2009], [Canny u ap., 2010]. MuBapHsblit
MOAXOA TO3BOJSIET TIPENIOKUATh HOBBIE MOACTH U
METOIBl O0paboOTKM WH(pOpPMAMK ©  YIpaBICHUS
[BapnamoB wu gp., 2010], [Bapmamon, 2002],
[Bapnmamos, 2011], [Musap, 2011], [Canny u ap.,
2010]. IMom cucTeMaMu HCKYCCTBEHHOTO HHTEILICKTA
OyzeM TOHMMATh AaKTHBHBIE CaMOOOy4aroImuecs
JIOTUYECKH pacCyXIarolye cucteMbl. Panee ObLIH
pa3paboTaHbl TEXHOJNOTHMH  CO3[aHUS  SKCHEPTHBIX
CHCTEM TI0 y3KOHAIIPABICHHBIM IIPEIMETHBIM O0IaCTSM.
310 00YCIIOBICHO CIOXKHOCTIMHU (POPMAIM30BaHHOTO
ONMCaHUs TIPEAMETHBIX oOJacTe M TeM, 4YTO H3-3a
(hakTOpHATBHON BBIYHUCIUTENBHON CIIO)KHOCTH CUCTEMBI
JIOTHYECKOTO BBIBOAA HE MOIIM 00pabaThIiBaTh MHOTO
oobekrop/mpasui [Kysuenos, 2009], [TTocnenos, 1989],
[J[Trorep, 2005]. [ys peanu3aniiu SKCIIEPTHBIX CHCTEM,
OCHOBaHHBIX Ha 3HAHUAX, HCIIOJB3YIOTCS IMPOXYKIIHH,
Jloruka npenukaroB u ap. [[xapparano u ap., 2007]. B
TO K€ BpeMS, MOIYIHIIN Pa3BUTHE "HHTEIUIEKTYaIbHBIC
makeTel npukiIagHeix mporpamm” (UIIIIII), xotopsre
MO3BOJISIIM pellaTh B aBTOMAaTH3MPOBAHHOM PpEXHMeE
3a7aud B pasHBIX oOmacTax, Tae  TpeboBanIHCh
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BBIUMCIEHNS W  KOHCTPYHPOBaHHE  aJTOPUTMOB
pemenus 3anad. Texuonorum WIIIII pa3BuBarorcs B
MHBapax, CEPBUCHO-OPUEHTUPOBAHHBIX aPXUTEKTypax.

Poccuiickuii (QyHmaMeHTaNbHBI WHHOBAIIHOHHEII
MuBapHBI Toxxon [Bapmamos, 2002], [Bapmamos,
2003], [Bapmamos, 2011], [Musap, 2011], [Cauny u
np., 2010] mO3BONSET HCMOJIB30BAaTh JBOJIOIMOHHBIE
0a3bl JaHHBIX W MPaBWI ISl (POPMHUPOBAHUS €AMHOTO
1100a7bHOT0 MPOCTPAHCTBA HAKOIUICHUS M 00paboTKU
nHpOpMaIui. MHUBapHBI HOAXOA TO3BOJIUT CO3JaTh
MYIBTUIIPEIMETHBIE SKCIIEPTHBIE CHUCTEMBI U TIEPEUTH K
peanpHOU 00paboTke OO0NBIIHX KOHTEKCTOB,
MPECTABIAIONIMX CO00 WMH(OPMAIMOHHBIE MOJEIN
CJIOXHBIX IIPEAMETHBIX oONacTed. Yke ceifuac MUBapEhI
oOpabarkiBaroT Oornee 3,5 MIJLTHOHOB Mpoxykmwid. Ha
OCHOBE MUBApHBIX CETEH MOXKHO CO3/1aBaTh CJIOXKHBIC U
cBepxOonpie  WHGOPMAITMOHHBIE  MOZAEITH.  JTO
MO3BOJIUT Pa0bOTaTh C aJIeKBATHBIMU KOHTEKCTAMH U, B
Omkaiimell TepCIeKTHBE TMO3BONUT KOMITBIOTEpaM
"monuMark cmbicn  uHGOpMammu". ChemoBaTrenbHO,
TeMa JaHHOHW pabOoTHI aKTyalbHA U MEPCIEKTHBHA.

1. MuBapHblIii moaxon

B muBapHOM moixozie 00beIUHSIOTCS 0a3bl TAaHHBIX,
BBIYUCIICHHS], CEPBUCHI U JIOTHKA. MUBaphl N3HAYAIBHO
OBUTM pacCYMTaHBl HA MHOTOMEPHOE W IBOJIOIMOHHOE
IpeAcTaBiIeHNne HH()OPMAIMH IS CO3JaHUS Pa3INIHBIX
MHTEJUIEKTYalbHBIX CHCTEM, BKJIOYas IJI00aTbHBIE
cucteMsl o0ydeHns, oOpaboTku wuH(popMammu u
TpeHaxepsl [Bapnamos, 2002], [Bapmamos, 2003],
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[Bapmamos, 2011], [Musap, 2011], [Camny wu ap.,
2010]. HWudopmarnka 3aHMMAETCS 5 OCHOBHBIMHU
nporeccaMu: cOop, mepenada, HaKoIJIeHHe, 00paboTka
U TpencTaBieHue uHpopManuu. B Hacrosiiiee Bpems
MHUBapbl M3 OSTHX 5 TIIPOLIECCOB peajn3yeT JiBa:
HakoIUIeHHe W 00paboTKy HMH(OpManuM, a MHUBApPHBINA
TMIO/IXOJ] BKIIFOYAET JJBE OCHOBHBIEC TEXHOJIOTHH.

I)MneBapHaa TexHONOT U4

- 9T0 cnoco0 co31aHusl II00AJIBHBIX HBOJIIOIHMOHHBIX
0a3 [maHHBIX W TpaBWwI (3HAHHH) C W3MEHAEMOH
CTPYKTYpOil Ha OCHOBE aJalTHBHOTO IHCKPETHOTO
MHBapHOTO UH(OPMALMOHHOTO HPOCTPAHCTBA
YHU(DUIIMPOBAHHOTO MIPEICTABICHUS JAHHBIX W IPaBHII,
Oazmpyromierocss Ha TPeX OCHOBHBIX HOHATHSX 'BeIb,
CBOMCTBO, OTHOLIEHWE" (IIOJIy4YEeHHBIX Ha OCHOBE
rHOCeoNoruyu u pabot Paiibekaca A.51.).

22MuBapHaa TexHONOTr uns

- 3TO CHOCO0 peIIeHHs JTOTUKO-BEIYUCIUTEIbHBIX 3a/1au
MyTEeM CO3JaHHUSA CHUCTEMBl JIOTHUECKOTO BBIBOJA HIIU
"KOHCTPYHPOBaHUS aJTOPUTMOB U3 MOIYIEH, CEpBUCOB
WIn Tporenyp" Ha OCHOBE AaKTHBHOM oOydaemoit
MHUBAapHOH  JIOTHKO-BBIYMCIUTEIBHON CETH IPaBHI
("muBapuas cetp” - "MIVAR net") ¢ nuneiHoi#
BBIYHCIIUTEIBHON CII0XKHOCTBIO.

MuBapHasi TEXHOJOIUSl HAKOIUICHUs] HH(GOpPMAIMN
npefHa3HaueHa Al XpaHeHus aroboi uHbopMaImu ¢
BO3MOXHBIM 3BOJJIOIITMOHHBIM HU3MEHCHHUEM CTPYKTYPhI
u 0Oe3 orpaHuueHuii mo o0bemMy u  (dopmam
npejicTaBicHusl. MuBapHas TEXHOJIOTUS 00pabOTKU
HHpOpMAIMK  TpeAHa3HaueHa I 00paboTKH
uHpopmamy, BKJIIOYast JIOTUYECKUU BBIBOJI,
BBIYHCIIUTEIbHBIE TPOLEIYPhI U CepBHCHI. DaKTUIECKH,
MHBApHBIE CETH MO3BOJISIOT Pa3BUTh MPOAYKIIMOHHBIN

noaxox MW co3Aartb  ABTOMATUYCCKYHO 06yqaeMyIO
JIOTUYCCKHU  paCCyKAAroLyro CUCTEMY  pPCAJIbHOIO
BPEMCHHU. MI/IBap HOC MpeaACTaBJICHUC JIOTUKHN
ITO3BOJIUIIO nepeﬁTM oT OIHOIO0JIBHBIX Fpa(I)OB

HpOJIyKHHfI K MHOI'OAOJIBHBIM CETsM M BBIIIOJIHATH BCE
onepayu ¢ JMHEMHOU CII0KHOCTHIO.

Musapsbl ObicTpee, YeM NPOAYKIHMH, IOTOMY YTO:

1) B mpoAyKuusix 3a OCHOBY ITOWUCKa OBUTH B3STHI
IpaBuia, KOTOpble Hepedupanmuch Juii  HOHUCKa
pelIeHus, 4YTO  IOPOXJAJIO  MOJHBIA  1epedop,
(hakTOpHATBHYIO CIIOKHOCTD W IIUKIIBI (PUCYHOK 1);

2) B MUBApHBIX CETSAX SBHO BBIACICHBI JIBE JOJH:
"mpaBuna” u "o0bekTH" ("HepeMeHHbIe"), a 32 OCHOBY
MOUCKA aJIFOPUTMA JIOTHYECKOIO BBIBOJIA B3AThl UIMEHHO
"0OBeKTHI", KOTOpPbIE MOTYT HMETh TOJIBKO OIHO
3HauU€HHe M UX MOXKHO HAWTU TOJBKO OJUH pa3, UTO
WCKIJTIOYAeT IUKJIBI U TTOJTHBIN Tiepedop (pucyHok 1);

3) MuBapHas ceTh MOKET OBITh 3a1aHa ABYXMEPHOH
MaTpunei (pUCyHOK 2), B KOTOPOHW Kak[Jo€ IPaBUIIO
3HaeT BCE CBOM BXOJIHBIE M BBIXOJHBIE OOBEKTHI, a
KaXIBIH OOBEKT, COOTBETCTBEHHO, 3HaeT BCE CBOU
npaBUiia ¥ CBOW poiH B HUX ("Bxoa" wim "BbIxon"), 4TO
MO3BOJISIET N30eXaTh nepedopa U MOCTEIEHHO BBISIBIISIS
HOBBIE M3BECTHBIE OOBEKTHI Yepe3 COOTBETCTBYIOIUE
IpaBUia, MOCTOSHHO  COKpallaTb  pa3MEpHOCThb
MCXOJJHOM MUBApHOW MaTpHUIbl 00ecnednBast JIMHEHHYTO

H a K O0BeKTEE H N S

06pe
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BBIYUCIUTCIBHYIO CJIOXKHOCTH JIOTHYCCKOIO BBIBOJA
OTHOCHUTEJIBHO OOIIEr0 KOJINYEeCTBA IIpaBUJI B MaTpHUIIC.

[Ipy moucke JIOrMYECKOTO BBHIBOJA B MHBAapHOUH
CeTH, KaK MMOKAa3aHO Ha PUCYHKE 3, 3aJlaHHBIC OOBCKTHI
Kak Obl "BBITATHBAIOT" Ha CICAYIOIIEM YPOBHE CBOU
COOTBETCTBYIOILIUE MpaBuia, KOTOpHbIE 3aTeM
"BBITATUBAIOT" COOTBETCTBYIOILIHE MOJTyYEHHBIE
MHpopmMayum

NEPEXOQ OT NPOAYKUMI K MVBAPHBLIM CETAM
(MMBAPHBIE ABYONbHBLIE NPA®LI)
MUBAPHAS CETb (10T MIKO-

BbIHWMCNHUTENBHbIE NPABWU/IA,
OTHOLIEHWA, CEPBUCBI U T.1N.

NPOAYKLMM: (i, N, P, A=>B, Q)
- 3TO Of|HOAONBHbIE PAGbI

OBBEKThI
-BXOA
(ECNK...)

MPABUNA

o

Pucynok 1 — Ilepexon oT 0qHONONBHBIX TpadoB
nponykuuii ("IIpaBuna") k [ByA0ONBHBIM Tpadam
MuBapHsbIx cereil ("O6bvexTsl; [IpaBuna")

OBbEKTHI
-BbIXOA,
(10..)

GOPMWPOBAHUE ABYXMEPHOW MATPULIbI MMBAPHOW CETH

OBO3HAYEHUWA:

M —KONWYECTBO MNPABWN B ONUCAHWUK 3A0AHK;

N - KONMYECTBO BCEX OBBEKTOB - NEPEMEHHbLIX B NMPABUNAX;

NPAMOYTONbHAA MATPUUA PASMEPOM (M+1; N+1) - COOEPXWUT
OMNWCAHWE NPEAMETHOW OBNACTK, B KOTOPOW MO CTPOKAM
PACMONOXEHbBI BCE NPABUIA, A NO CTONEUAM - BCE NEPEMEHHBIE;

X = BXOOHbIE NEPEMEHHBLIE B KOHKPETHOM MPABUNE;

Y - BbIXOAHbIE NEPEMEHHLIE B KOHKPETHOM MNPABUNE;

Z - MNPU3HAK M3BECTHOCTMW NEPEMEHHOW, KOTOPbIA NPOCTABNAETCA B
(M+1)-OM CTPOKE. 3TO NMBO 3ALAAHHbIE BXOOHbLIE NEPEMEHHbLIE
(«AAHO»), NMBO NONYYEHHBLIE B MPOLECCE PELUEHWA 3A0AYM;

W — UICKOMAS NEPEMEHHAS, 3HAYEHWE KOTOPOW HALIO HAMTH («HAWUTU»).

1 2 3 4 5 N-2 N-1 N N+1
1 X X X Y Y
2 X Y Y X X
M X X X Y
M+1 z Z W W

Pucynok 2 — ®opMupoBaHie MaTpULIbl MUBAPHOW CETH
®OPMMPOBAHWE OBYOQONbHON MUBAPHOWM CETU
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Pucynox 3 — ®opMupoBaHue ABY10IbHONH MUBapHOI
CETH Ha OCHOBE ITOTOKA BXOJHBIX JJAHHBIX OOBEKTOB,
trmna "Jlano" (cBepxy) u "Haiitn" (cHU3Y)




Takoe "BeITATHBaHHWE" MHUBapaMU MOXKET OBITH
peanu3oBaHo H '"cBepXy-BHHM3", W 'CHHM3Y-BBepX', W
onHOBpeMeHHO oT "maHo" u ot "Haitn". [Ipu 3TOM HeET
HUKAKOTO Tepedopa M KakIoe MPaBUIO, U KaKIBIN
00BEKT HCIONB3YEeTCS W MIIETCA TOJBKO OIWH pa3. B
XyAIIEM CiIy4ae, €CId eCTh pelleHHe, TO Oyder
3a/eficTBOBaHa BCS JIOTHUECKAsl CETh IYTEM TAaKOTO
"BBITATMBaHUA" ¢  JIMHEHHOW  BBIYUCIUTEIBHON
CIIOKHOCTRIO. Eciu B mpoliecce JIOTHYECKOTO BBIBOJA
BXOMHBIX JAHHBIX He Oymer xBararb, TO IO Mepe
HcUYepIaHus BceX "3amyckaeMbIX'" MpaBmi (T.€. MPaBIII
Yy KOTOPBIX M3BECTHBHI BCE BXOIHBIC OOBEKTHI) IpoIecc
OCTAHOBHTCS M COOOIIUT O HEXBATKE BXOTHBIX JaHHBIX.

B ommume OT TpagUOHOHHBIX  ITOXXOIOB,
pa3IensomuX XpaHeHue B 06a3ax JAaHHBIX, JOTMUYECKUMA
BBIBOJI W BBIYUCIUTCIBHYIO 00pabOTKy, MUBApHBIN
MOJAXOJT TO3BOJSIET CO3[JaBaTh MHOTOMEpPHBIE U
9BOJIIOIUOHHEIE CHCTEMEI, 00pabaThIBaIOIIHE
HHPOPMAIMIO B peajJbHOM MaclITabe BPEMEHH C
COBMEIICHHEM JIOTHYECKUX BBIBOJIOB i
BEIYUCITUTENHHON 00paboTkn. MUBapHBIA TOAXOL - 3TO
HOBBIM TOAXOA s Pa3pabOTKH WHTEIUIEKTYaTbHBIX
CHCTEM U, B ONMIDKaiIIeil mepcreKTHBe, I CO3TaHUS
CHUCTEM JIOTHYECKOTO HCKYyCCTBEHHOTO HHTEIUICKTa
[Bapiamos, 2002], [Bapmamos, 2003], [Bapmamos,
2011], [Mugap, 2011], [Cangy u gp., 2010].

2. Boigesienune Tpex ypoBHeii ucc/ieioBaHuii
B 00J1acTn U
Ha OCHOBC CUCTECMHOI'O aHaJin3a

3 OCHOBHBIX ypPOBHS  HCCICIOBaHUI
CO3JaHUsI HCKYCCTBEHHOTO MHTEIIJIEKTA.

BbIZICJICHBI

B obmactu

lLPednekcumHerie NAOK Ty anb H b

- "HHCTHHKTHI, pedrekcr”. HelipoceTn 1 MM momo0HbIE
METOZbl  TONOOHBI ~ MHCTHHKTHBHBIM  PEaKIHsM,
pediexkcaM ¥ T.I., KOTJa HAJ0 MTHOBEHHO BBITIOJIIHUTH
Hekoe aeiicTBue. OOpa3sHO TOBOpPS, €CIM MPEICTaBUTh
CHCTEMY IPUHITHS PEIIeHHs B BHJIE "UEPHOTO SIIUKa",
TO Ha pe(UIEKCHBHOM YPOBHE HAC MHTEPECYIOT TOJIBKO
"BXOJIbI ¥ BBIXOJIbI" TAKOT'O SIIHKA - IIABHOE, YTOOBI BCE
9TH peakuud OBIIM NPAaBWIBHBIMH M OBICTPBIMHU.
ITomywaercs, 9T0 MBI HE NBITaEMCS IOHATH YCTPOHCTBO
"gepHOTO AIUKA", a TOTBKO MOJEIUPYEM €ro padoTy C
LEIIbIO MIPaBHIILHOTO OTIpEZIeTIeHUs]  BHEITHHUX
BO3JCHCTBUH M TIOBEJCHUS CHUCTEMBI  IIPUHATHUS
peuienuii. B ocHOBe MOMOOHBIX MCCIIENOBAHUM Jiexar
pasnuYHble METOAbI CTAaTHCTUKU, KOTOpPBIE HMEIOT
OTpaHUYEHUS MO UX NpUMeHeHH0. OTMETUM, 4TO 3TOT
YPOBEHB BCTPEYACTCS Y KUBOTHBIX.

2Nlormnuyeckuni
3THM ypoBHeM OyieM IOHMMATh TPaJAHUIIHOHHBIE
JIOTHYECKHE CHUCTEMBI, pEaln30BaHHBIE B SKCHEPTHBIX
cucTeMax M T.J. BaxxHeIM oTimumeM oT pedIeKCHBHOTO
YPOBHS SBISIETCSA TO, YTO M3Yy4aeTCsl HE MOBEACHHUE, a
caMo ycTpoiicTBo "uepHoro siuka". Mpl mbeITaeMcs
"3a51€3Th BHYTPb UYEPHOrO AIUKA" U CMOAEIMPOBATH
€ro, T.€. PACKPBITh CEKPET YEPHOTO SIIMKA U IOHSITH €r0
JIOTUYECKYI0 CTPYKTYpYy. TepMuH "uHTEIIIEKT" ONike K
JIOTUYECKOMY  OCO3HAHHOMY  MBIIUIEHHIO,  KOIJa
YeJIOBEK MOHMMAET YTO M KaK OH JeNacT. JTO Topasio
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MeIJIeHHee, 4eM pedUIeKChl M peaKIiH, HO 3aTO OOJIbIIe
YHHUBEPCAIILHOCTH. 3/IeCh - MO3HAHHE, a HeipoceTH -
9TO JMarHOCTHUKA M HEMOCPEICTBEHHOE YIpaBJICHHE.
OTMETHM, 4TO MHUBAPHBII MOJX0A paboTaeT MMEHHO Ha
JIOTHYECKOM YPOBHE HUCCIICIOBAHUI.

B3HedoopmManusyemwbit e n/HAKAT y a nb

Y P O B @ HiubcieqHee BpeMsl yaeisieTcsi BHUMaHHUE
BOIpOCAaM CO3HAHMs, COBECTM U T.II. CBOICTBaM
WHTEJUICKTYAIBHBIX CHCTEM. OTH TMPOOJIEMBbI SBHO
BBIXOAAT 3a TIPEHeNsl '"JIOTHYeCKOTO OCO3HAHHOTO
MBIIUTEHUS", T.K. JaXe YeJOBEK 3TH TMPOIECCH He
OCO3HaeT M He Bcerga MoxeT (opmamm3oBars. Croma
MOYKHO OTHECTH W pa3HOOOpa3HBIE SMOIUH, YYBCTBA,
Mopanb H TOAOOHBIE BOMPOCH. EcTh mo3uius:
"maBaiiTe CcHa4yanma caejgaeM XOTsS Obl "JIOTHYCCKUit
MHTEJUICKT', a YK IMOTOM 3ailMeMCsi BOIPOCAMHU €ro
cosectu u ’3monuit". Ho, ecnu ecTh ydeHsle, KOTOPBIM
Ba)XHbl M HMHTEPECHBI IPOOJIEeMBl, KOTOPbIE BO3HUKHYT
cpazy mocie cozmanus MM, To 3TUM ToXe HYKHO
3aHuMaTbCcs. Ha paHHOM ypoOBHE HCCIENOBaHUN B
HaCTOAIIEe BpeMs HCCIIeyeTCs MHOTO
HepopMamM3yeMbIX 3amad. [IpudeMm, MO HEKOTOPBHIM
MIPEAIOCHIIKAM, BIIOJIHE MOXET OKa3aTbCs, YTO YaCTh
3amad MPUHIUNHAIGHO HeIh3s (OpMaIn30BaTh WIH
npunercs paboTaTh ¢ OCCKOHEYHBIMH MHOXKECTBAMU
ONMHCAHWSI pa3IMYHBIX MPEIMETHBIX obOmacteil. B
HaCTOHHII/Iﬁ MOMCHT OTOT YPOBC€Hb H3Y4YCH MCHBIIEC
JIPyTUX, OH sBJISIETCA Hamboyiee  aOCTPaKTHBIM.
VYuurteiBas yclexu Ha JAPYrUX YPOBHSX UCCIIECIOBAHUH
WU, Bomipochl B3aUMOACUCTBUS, 3allIUThl YEJIOBEUECTBA
ot pobotroB u MU Hamo pemrath 3apaHee, MO0 jeiarh
9TO TOTOM OymeT WIH YyXE TIO3[THO, WIH HEKOMY.
AKTyaJbHOCTh H BYKHOCTH 3TOMY YPOBHIO JOOABIISET H

"EMD, qTo MgBélprlI_'ﬁ bHOI[XOZ[ YKE TMO3BOJWI CO34aTh
pa6OTX}0%.[I/I€ NINpOrpaMMHBIE  KOMIUICKCBI, KOTOPBIC

aBTOMATHYECKU CO3IAI0T alTOpPUTMBI [BapmamoB u ap.,
2010], [Bapnamos, 2002], [Bapaamos, 2011], [Muap,
2011], [Canmy u ap., 2010] u ABIAIOTCA MPOTOTUIIOM
00y94aeMoro JJIOTH4eCKOT0 MCKYCCTBEHHOTO HHTEIJICKTA.

3. HpaKTuquKue peajiu3allui MUBapoB

B macrosmee Bpemst pa3paboTaHO YK€ HECKOIBKO
MPOrPaMMHBIX KOMIUIEKCOB Ha OCHOBE MHBApHOIO
nonaxona [Bapmamos, 2011], [Musap, 2011], [Canay u
np., 2010]. TIlpexnae Bcero, pa3BUBAETCS IPOEKT
CO3/IaHMsI MYNBTHIPEIMETHBIX 3KCHEPTHHIX CHCTEM Ha
OCHOBe TIporpaMMHOTO KoMIuiekca YJIAB ¢ nmepexomom
K [00ampHONH MHBapHOH axkTWBHOW VIHTepHeT-
sunukIoneann. YJIAB (YHuBepcalbHBIN jenaTenb
anropuTMOB BapnamoBa) mpemHazHadeH I PEIICHUs

mMHTEeNnnNne IH(my a N OSOPKHRIH HOFVK@-Q}I@H@TW@TBHHX 3a1a4 B p€aJibHOM

BPEMEHHU IyTeM 'KOHCTPYHUPOBAHMS alNrOPUTMOB" WiIn
"Mmoycka MapuIpyTa JIOTH4E€CKOro BbIBOJA" ¢ JIMHEHHOI
BBIUUCIIUTENIBHON CJIOKHOCTBI0. DTO HE MPOCTON MOUCK
nH(OpMAIIK WITH BHITTOJHEHHE )KECTKHUX aJITOPUTMOB, a
UMEHHO  UHTEIUIEKTYaJlbHOE€  pelIeHue 3agady ¢
MOCTPOEGHUEM aJITOPUTMOB, AKTUBHBIMH 3alpocaMu
HemocTarone HHPOpMAIK U TTIOUCKOM PEIICHUH.

PesynbTart bl
3 K CnNnepwn NBenacrogure Bpems, HaHOOJIBLIYIO
TPYAHOCTh  TPEIACTABIAECT ONHCAaHWE MPEIMETHOU

npakKkTunyeckK™m X



obmactu B BHAe MuBapHOW cern. I[lostomy mis
MPOBENEHNSI BBIYUCIUTEIBHBIX JKCIIEPUMEHTOB OBLI
CO3[]aH  CIMEUMAJIbHBIA  MPOrPaMMHBIM  KOMILJIEKC,
OCHOBaHHBIM Ha mnporpamme YJIAB. B TecroBom
KOMILJIEKCE pealin30BaH T'€HEepaTop MHUBAPHBIX MaTpHII
ONMUCaHWs MpPEAMETHBIX oOmacteir. Hampumep, B
mpoIecce 3KCICPUMEHTOB OBUIM CO3IaHbl MUBApHBIC
Marpunbl  pasmepHoctd 1 170 007 o0oOwBekTOB Ha
3510015 mpaeun. [Iporpamme 3amaetcs KOIHYSCTBO
00BEKTOB - IEpEeMEHHBIX. Jlanee reHepaTop MaTpHIl caM
TEeHEPHUPYET TPOCTHIE apU(PMETHUECKHE IMpaBUia Ui
BBEJCHHOTO  KoimdyecTBa  0OBEKTOB.  Hampumep,
crenyromue: at+b=c w/umm c-b=a w/mmm  c-a=b.

Teneparop Marpuil BbBIIONHSIET (QOPMHUpPOBAHHE
MAaTPHIIBI U COXPAHICT e¢ B CICIHANbHBIN (hailn. 3arem
TECTOBasl MPOrpaMMa CUUTHIBACT TECTOBYH) MATPHUILy W
HayMHAaeT o00Opabotky. Jlns  oJHO3HAYHOCTH U
aJICKBaTHOCTH MPOBOAMMBIX CpaBHCHUI BCE
TCHEPUPYEMbIC MATPHUIBI B ONPEICIICHHOM CMBICIIC
SBISIIOTCS  TOA00HBIMU. [Tonb30BaTelb MOXKET caM
CTeHEpPUPOBATh MATPHUIBl WM H3MEHHTh CO3/IaHHBIC.
Takue 3KCHepUMEHTBI TOXKE OBLTH MPOBE/ICHBI. B KoHIE
CBOeil paboThl TecToBask MpOrpamMma CTPOHUT rpad
pCLICHUsI: HABEpXY PUCYIOTCS WCXOJHBIC JaHHBIC, a B
BHH3Y OOBEKT, KOTOpBIH HcKanu. [eHeparop HaCTpOeH

TaKUM 06pa30M, YTOOBI pemeHue BCCTra
CymeCcTBOBaJO, a €ro HaXO0XICHUC Tpe6OBaHO
MMpONMOPHUHUOHAIBHOTO YBEJINUCHUA qucia miaroB

HCKOMOTO aJITOPUTMa pelIeHus 3agadu. Bpemst paboTsl
MmporpaMMbl  ONPEACIACTCA 110 BHYTPCHHHUM 4YacaM
KOMITBIOTEpAa U MOXKET CHJIBHO 3aBUCETh OT OOIen
Harpy3Kky U HapajulebHO BBIIOJHAEMBIX 3aaad. Bpemst
pelieHusT 3aj1ad BBIBOJUTCS B MHJIKMCEKyHaax (MS).
Brino pekoMeH0BaHO 3amycKaTbh TECTOBYIO IPOrpaMMy
C OIpENeIieHHBIM IIaroM YBEIWYCHUS OOBEKTOB M B
OTHOCHUTEJIbHO PaBHO3HAYHBIX YCJIOBHUSIX BHEIIHEH
3arpy3kd KOMIIBIOTEpA. BBIABIEHO, YTO OCHOBHBIM
OTPaHUUYEHUEM SIBIISIETCS. PECYPC OIEPATUBHOM NaMATU
KOMITBIOTEpAa H  KOPPEKTHOCTh paboThl ¢  Hell
ONEPaIMOHHON CUCTEMBI.

Jns mpoBeneHus TeCcTOB ObLIM  33/1€HCTBOBAHbBI
pa3NuYHbIE KOMITBIOTEPH, HAYMHAS OT MNPOCTEHIINX
HeTOyKOB C omepaTuBHON mamsteio 512 M6 u 1o
HeOONmBIINX cepBepoB ¢ mpoueccopamu Intel 3,8 I'r u
omeparuBHON mamsATeio 4 ['6. KommuectBo simep He
BIMSUIO HAa CKOPOCTh PaOOTHI, T.K. OCHOBHBIE TECTbI
OPOBOAMINCE C  HUCIOJNB30BaHHEM  OJHONOTOYHOH
nporpamMMmbl.  Mcmomp3oBanmuch  Ba ceMeicTBa
omeparmonnbix cuctem: Windows u Mac OS. Ha
cemeiictree OC  Windows monydeHsl —creayromme
pesynbratel: 10 150 000 o6bektoB m 450 000 mpaBwi.
Bpemsi  pemieHMs  COCTaBISIIO  OT  HECKOJIBKHX
MIIACEKYH 10 47 MHUHYT.

Haubonpmmit HHTEpEC TIPEACTABISIIOT
9KCIIEPUMEHTBI, MTPOBE/ICHHbIE Ha HOYTOyke MacBook,
oneparonHas cucrema Mac OS X Bepcun 10.6.7,
npoueccop Intel Core 2DUO c¢ uacroroit 2 I'rip u ¢
oneparuBHOH mamsaTeio DDR3 o6bemom 4 I'6. Ha aTom
HOyTOyKe B pa3IM4HBIE NEpPHOIBl BPEMEHH OBUIH
NPOBEAEHBl TECTOBBIE MWCHBITaHUA JIBYX Bepcuil
TecToBoi mporpamMmbl: Bl u B2. Pesymprarh
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WCIIBITAHUN TpuBeNeHbl Ha pucyHke 4. Hrak, Ha
OGBIYHOM CepHUIHOM HOYTOYKe MacBook
HEONTUMU3UPOBAHHAs TecToBasg mnporpamma YJIAB,
HamucaHHas Ha s3bike SIBA (He camom ObICTpOM
SI3BIKE), oOpabarkiBaeT MUBapHbIE MaTPHIIBI
pasMepHOCTH | MIJUTHOH OOBEKTOB Ha 3,5 MUIIIMOHA
MpaBWJI MIPUMEPHO 3a 3 yaca.

HcnpiTanus Ha MakCUMaJbHOE 3HAYCHUE MONYYHIN
CIENyIOIIMA  pe3yabTar: 1170 007 oObekTOB -
nepeMeHHbIX, 3 510015 mpaBunm m Bpems penieHHs
12 239 183 mmmmcexkyHabl, 9To npuMepHo paBHO 200
MuUHyTaM. I CpaBHEHUs NpPUBENEM CIEIYIOIINE
OLIEHKH: CHCTEMa YIIPABJICHHUS ATOMHBIMH CTAHIMSAMH
omepupyer Bcero 20 000 mpaBmi; ommcaHue Bcei
NporpaMMbl CpelHel HIKOJBl W TexHuyeckoro BY3a
notpedyer oxono 300 mpaBmi Ha KaxIyl0 HaydHYIO
obmacte u B cymme He mnpebicutr 100 000 mpaBm.
HaHOMHI/IM, YTO MNPOAYKHOHMU U MPCAUKATHBIC CUCTEMBbI
HE MOINIM paboTaTh U C COTHEH NpaBuIl.

3aBMCMMOCTb BpeMeHHU pelleHus 3apad ot
KoNM4ecTBa 06beKToB M npasun MHBapHOVI CetTn
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Pucynok 4 — Pe3ynbTatsl skcriepumenToB Ha MacBook

Ko6oraeBeiM H.C. Oblma co3gaHa MHOTOIIOTOYHAS
Bepcuss YJIAB Ha s3pike C++ u ¢ MPI s cuctem ¢
pacnpenesnieHHON nmamsAThi0. Ha pucyHke 5 mpuBeneHs
pe3yabpTaThl MPH CYMMapHOM KOJIMYECTBE TMPOIIECCOB
N=8, NS = 3, NC=4, C = 3. BpeMs BbIIOJIHEHHs 33734
MPSIMO MTPOTMOPIIMOHAIEHO KOJIMYECTBY TPaBUIL.

3aBMCMMOCTE BpemeHUu paboTbl NpuUaoKeHua
OT Konu4YecTea Npaeun

¥=0,514x +519/9_g

Bpewm, ¢

Npasuna, Teicay wr.

Pucynok 5 — PesynbTatsl axcniepumenToB Ha MPI



DKCIIEpUMEHTHl TIPOBEICHB Ha 15 KoMIbIOTEpax.
JIst  Kakaoro  3HAYEHHS  KOJMYECTBA  OOBEKTOB
npoBoaniochk Oosiee 10 OJHOTHUIHBIX HWCIBITAHUS B
MPUMEPHO OIMHAKOBBIX YCIIOBHAX. PacdyeTsl mokasaiw,
9TO OImMOKAa U3MEPEHHUS BPEMEHHU PaOOTHI MPOrPaMMBI
He mpesbimaia 3 %. Bce npoBecHHBIC IKCTIEPHUMEHTHI
MOATBEPIUIN JIMHCHHYIO BBIUUCIIATEILHYIO CIIOKHOCTh
JIOTMYECKOI'O  BBLIBOJA  HM/WIM  aBTOMATHYECKOTO
KOHCTPYHMPOBaHUsI aJITOPUTMOB HA OCHOBE MUBAPOB.

MuBapHbIli OAXOA HE OTBEPraeT CYLIECTBYIOLIUE
HaydHbIE JOCTIDKCHHMS M PAa3IUYHbIE MOAENH, a
MO3BOJSIET OOBEAMHUTH WX B COUHYIO CHCTEMY IS
JOCTIDKCHUSI TIPUHIUIHAIBLHO HOBBIX BO3MOXKHOCTEH
1o 00paboTKe W HAKOTUICHUIO HH(POPMAITHH.

CoBpemeHHbIE "TeXHUYECKHE cpeacTBa" B BUJE
I'PUJ] 11 00MavHBIX BEIYHUCIICHUH MTO3BOJISIOT IPOBOIHUTH
napajuleNibHyl0  00paOOTKy M  pemars Tpedyemble
3aJ]a41 c OJIHOBPEMEHHBIM HCIOJIB30BAHUEM
Pa3IUYHBIX MOJIENe M MPOTrPaMMHBIX KOMILIEKCOB.
MuBapHbI TOAXOA MO3BOJSET MNapajlieJbHO pelaTh
9TH 3aJa4d, OOBEAWHATH MOJYYCHHBIC PE3YIBTATHl U
obecrieurBaeT peasbHOE BpeMs JOTHISCKO 00paboTKH
1 aBTOMAaTHYECKOTO KOHCTPYHUPOBAHUS aJrOpPUTMOB B
CJIOXKHBIX CIyYasX.

4. Jransl 00padoTku nHGoOpMaIUH

BLI[[eJ'IHIOT TpHUu OCHOBHBIX
00paboTKu HH(POPMAIIHH:

Jrana MMBApHOU

1) bopmupoBaHHEe MHUBAapHOH MAaTpPULBI OMHCAHUS
IpenMeTHOH obnacTy;

2) pabora ¢ MaTpuUed M  KOHCTPYHPOBaHHE
aNTOpUTMa PelIeHHs 3a1aHHOH 3a1a4n;

3) Mo MOJIy4eHHOMY aIrOpUTMY BBIIIOJHEHHE BCEX
BBIYUCIICHUH U HaXOXKICHUE OTBETA.

IepBbrif 3Tan - GpopMHPOBaHUE MATPHUILBI SBIACTCS
[0 CYILECTBY 3TAllOM CUHTE3a KOHUENTYaJIbHON MOJEIN
npenaMeTHOH obnacth M ee Qopmanuzanuu B BHIE
IPOAYKLIHMOHHBIX IPABWJI C IEPEXOAOM K MHBAPHBIM
cetTsim opmara:

""BXo/iHbIe 00bEKTHI => NMpaBWJIa+npouerypbl =>
=> BBLIXOJHbIE 00bLEKThI".

B Hactosimiee BpeMsi HMEHHO 3TOT 3Tall SBISETCS
Hanbosiee CIIOKHBIM M TpeOyeT ydacTHs deloBeKa-
crenuanucTa s CO3JaHUsl MMBapHOM  Mojenu
npexMetHol oOmactu. C  TOYKM 3peHHs OOydeHUs

BaXHO, YTO Ha OCHOBE Broporo ortama Y/IAB
BBITIOJTHSET "00BsICHEHNS" s obyuyaemoro,
IIOKa3bIBaAcCT n 000CHOBBIBAET X0onq pEeUICHUA.
IIpeumyiecTsa MUBapHOTO I1OAX0MA:

1) ckopoCTh: JMHEeWHast BBIYUCIIUTEIbHAA
CIIO)KHOCTB M PeaslbHOE BPEeMS;

2) YHUBEPCAIbHOCTh:  pELICHHE JIOTHYECKHX U
BBIYHMCIINTEIBHBIX 3371a4;

3) aBomonus: a/lanTUBHOE OIMcaHue "

HCPEPBIBHOC PCIICHUEC 3a1a4;
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4) yrpaBiiecHHEe TOTOKOM BXOAHBIX JaHHBIX W

OrcpaTruBHAsA JTUAarHOCTHKA,

5) akTuBHas paboTa C 3aMpocaMu UIH YTOYHEHUSIMU
BXOJTHBIX JAaHHBIX HAa HSBOJIOIMOHHON CETH MpPaBWI U
00BEKTOB (00yUeHHE).

PaccMorpum  sTambl  MuBapHO 00pabOTKM Ha
MIPAKTUYECKOM npuMmepe. Pemenue 3a1a4
TPEYrOJbHUKOB B O0JAacTH TE€OMETPHU  SIBIISIETCS
XOpOLIUM TECTOBBIM IPUMEPOM A SKCIEPTHBIX
CHCTEM C JIOTHYECKHM BBIBOAOM. CumTaercs, dYTO

JIOTMYECKUI BBIBOJA 3TO IOJHO-TIepeOOpHas 3amada c

(axTopranbHON BBIUHUCIUTENBHOM  CIIO)KHOCTBIO,
KOTOpAasi 3aBUCHT OT KOJIMYECTBA IPABHIL.
Obnacte '"Teomerpus. TpeyroapbHHKH" XOPOIIO

n3y4eHa M onucaHa B yueOHnKax. B Hamem ciydae Mbl
B3 39 OOBEKTOB-TIEPEMEHHBIX (YIVIBI, CTOPOHBI,
BBICOTHI U T.1I.), KOTOpbIe OMUCKIBatOTCs 177 mpaBuiaMu
- 3aBUCHMOCTSIMHU OJIHMX OOBEKTOB OT Ipyrux. Pemenue
3aJa4 COCTOMT B TOM, 4YTO IO 3aJaHHOMY Habopy
BXOJIHBIX mapameTpoB ("maHo") Hal0 HAWTU BBIXOTHBIE
mapameTpel  ("HaiiTw"). VYUYEHHWKY W3BECTHHI BCE
YpaBHEHHSI ¥ 3aBUCHMOCTH B 3Toi obmactu. Toraa moxn
KaKAylo '"3amady" Hago COCTaBUTh alTOPUTM €€
pelIeHUs, 3aTeM BBIUYMCIMTD W MOJYyYUTh M3 "gaHo"
TpeOyemple "HaiiTi". Mi3BecTHO 2 MeToa peIIeHHS:

1) JIOTUYCCKUM BBIBOAOM CTPOUTH AJITOPUTMBI U

2) chopMHPOBaTh MATPHUILY BCEX AaITOPUTMOB IS
J00bIX HA0OpOB "naHo" u "HalTH".

B NEPBOM CJIy4dac BBIYUCIUTCIIbHAA CIIOKHOCTD
ompenensercss KOJW4ecTBOM  mpaBwi, T.e. 177!
(dakropuain). Jlns BTOpOro cirydas MmoJ Kaxablid Habop
BXOJHBIX M BBIXOAHBIX AaHHBIX TpeOyercs 10 39! cTpok
Mmatpunsl. O0a BapuaHTa HE OCYLIECTBHMBI Ha
MpaKTHKe.

Ecte Tperuil BapuaHT: MUBapHbIE CETH, KOTOpbIE
YOPAaBISIOTCA TOTOKOM BXOJHBIX JaHHBIX W MOTYT
aBTOMAaTHYECKH  KOHCTPYHpPOBAaTh  ajJrOpPUTMBI €
JIMHEMHON BBIYUCIIUTENBHON CIOXKHOCTBIO JIOIMYECKOTO
BbiBoia. HocoB A.B. peanmsoBan MHBapHBIH METOX B
nporpamme "YJIAB", xotopas pemnraer Bce 3ajadu AJis
39 o0bekToB 1 177 npaBuil B pealbHOM BPEMEHH.

Ha ocHoBe ompoca mnpemnonaBareneii cpegHei
IIKOJIBI OBIN BBISIBIIEH HauOoliee ymoOHBINH uHTepdeiic
NPOEKTa, IIOKAa3aHHBI Ha pucyHkax 6-10 chHauana
3ajaroT  "maHo" uw  "HaWTH", 3aTreM mporpamma
(dopmupyeT (aBTOMAaTHYECKH KOHCTPYHPYET) aITOPUTM
peLIeHHUs], BBIYUCIISIET IEPEMEHHBIE U PUCYET AJITOPUTM
pemeHus 3amgaun. Ha pucyHke 6 moka3aHo 3amaHue
HCXOJHBIX JTaHHBIX NU(ppPaMU B CTOJOUE "3HaueHHE" U
BbIIeNIeHNe  'Tasoukamu' TpeOyeMbIX 3HaueHHWH B
ctonbre "HanTH".

B mamem npumMepe 3amaHbl 3 BBICOTHI - CTpOKH P15,
P16 u P17, a maiitn Hamo mapameTpsl B cTpokax: Pl

(yron A), P4 (cropona A), P24 (miomanp
TpeyroiapHuKa), P25  (paccrosHMe  OT  TOYKH
MepeceyeHus: MeIuaHOW CTOPOHbI a JO0 TOUKH

nepecedenus Mmemuan Ma(O) u P39 (paccrostHme ot
TOUYKHU MEpeceyeHust MeluaH A0 cTopoHbl C).



B YIAB. I eomerpun. Pemente 3a%au B Tpeyronshhiax. (beta 0.511)

Qain Mpaska Bug Mowous

YIAB. Teowetps, Pewenke 3amay B Tpeyronbhmwar. (beta 0.511)
Qailn Mpaeka Bug Mowows

Ta Mg HCXOLHBIX JaHHbIK: Tabnuua HCXORHLIX BaHHBIK:

id OHCAHHE NEfIRHIEHHAY HABKME | Wi id OTHC3HE TIEDENEHHR IHAYEHAE | i
P [Vron A, morHBCnEkALAA CTONOHE 3 (90 W P1 Yo A npoTaeOnEXaWH CcTopoKe a (ag) s [
P2 [Vron B, npomeonexa i cTopode b (mag) [ P2 Yion B, nponveanexal copone b (e [
3 |Vron C, npoTveoneali cTopome ¢ (ma) 10 P YiOn C, puTHBImeSKALIN CTOROME ¢ (s [
PL (CTopakaa 0V Pi|Cropoaa wmw
A |Cropoda b 10 FE |Croponah wn [
Fi |Cropoda ¢ I Fi |Cropodac [
RT PAIC OMHC3HHON DRORHOCTA R [ PT Pagiy OWCEHHOR DpyRHOCTH R [
P8 |Pagi BMVCAHHDR OKpyHDCTI T 10 PO PaHYE ENMERHHDN OXpyRHOLTH ¢ [
PO (PACCTORHME MEXDY UEHTAMM ETHCAHHDN 1 OTHCAHHOR OKQYHHOCTAMM 1 U PG PECCTORHHE WETY LEHTDAMH BTHCAHAON 1 OMIGAHAH ORJFRHOCTAMA [
P10 |Mepumtery TesransHika F 10 P10 |Meguuer) TpeyonHes P [
P11 Manyrepaeny THeyons e I P MomimenimieTy TOE)TITeHEE [
P12 (Cpemnan NHKMA Ca, NapannensHaa Topake & [ P17 |CpBIHAR TMHIA (3, N3IANNENSHAA CTOROKE & [
P13 (AR NkA Ch, NARANNENEHAA ETODGKE o I Fi3 [CpemHAn nudiA Ch, nagannenshas cTopone b [
P14 |CPeOAR HAMA T, ManannenkHan CTONoHe ¢ 1 U P14 |COBIHAR TMHIA Ct, NADATTIENEHAA LTONOHE ¢ [
P15 [Buicams Ha, OMyLLSHHaR U2 $E0 A K CTODOHE 3 15 P16 |Buora Ha, ONyLeHHa 13 yma A ¥ LTONOKE 3 g [
P16 |BricoTa Ho, onyweRHas we i B K copoke b [ P18 |Beicora Ho, onywenHas weyma B 1 cropose b m U
P17 [Beicara He, omyuessan wa yma C & cTopoe ¢ 19 [ PAT  [Bricars He, DMYLERHAA M5 Jma C f CTopke ¢ 18 [
P18 {MeguaHa Ma, DNVLIEHHAR 42 YIna A K CTOPOHE & I P18 |Megyaa ba, nyLeHHad w3 yma A £ LTOpOKE 3 [
P19 Meana ¥, anyugsar e ma B £ copore b 0 [ P13 Meguaa Hb, oryuesean vy B « cogioke | O
P20 {MegaHa Me, OyWeHKaA Ha YINa U K CTOPOKE ¢ 10 P20 | LuaHa MAC, OMyWEHHAR 3 YA C & CTOpOHE ¢ e [
FH [eecertouca Layma A U FH |Bwocermpuca Layma A [
P11 Buciertouca Lhyma B [ F21 EwceermpueaLbyma B [
P23 [ewecertpuca Levma C I P13 |bwocermpuca L yma G [
P24 Mnolae THEMONHiKS W P24 Mnouate THEronkHuKa [
P25 [PatETOAHWR O TOMKH MDBCEBHWA MAIMARON CTOPOHHI 3 0 TOUKM NEPECRMEHIA EgHaH Mal W P25 Pteroshte OTTOUAMEDECEUBH EHSHOR CTIOOSSI3 00 TOMRH Epeceen wemamhal | 52545 [
P26 [PAEETOAHWR O TONEH ENBCEEHHA MBTHAHO CTOPOHEI D 0 TOUHM NEpECeseHyrA 1egaH Mol i [ P26 PaceToAkHE OF ¢ NEDE02 AR METHHAIECTORONeL b 40 MG Nz ek Wy bl [
P17 PaCeToRHie 0T TOHEH NEHECEEHHA MEDWAHO CTON0HBI & 40 TOMKM NENECEEHHA MEDHaH Mel [ PAT_PCeTodbite O TOHM MEQECEEHAR MEEHGHOR TOpOHEI ¢ 20 TOHIM NEDRCedea Megyan e | 6544 [
P23 |(nes0r, Wa KTODkNt BucekTGa La e cropowy 3 - aC i [ P28 |Cpesos, Ha koropelA CCasTpCa La JenT cronnkya - oG 1 [
P20 ((mesor, Wa kanapit Giccekmanca La geni cropony a- 3B 0 [ P29 |(mnea0s, Ha karagsil BuscerTinca La geni eropky a- o6 1 [
P30 ((mpesor, Wa kTopiik Giccakranca Lo genu ooy b- bA 0 [ P30 |(peaos, a sorapei GuoceTpnca Lb geni eropaky - bA 1 [
P31 maesar, Ka karopeil BicoeeTanea L nenv eropory 0 - b 0 [ P31 |mneans, Ha varagsih SuccedThaca Li B cTopony h- he 0 [
P32 |OThE3D, K OTONEIR GHCCBATACA LE AEDMT CTOROHY ¢ - CA [ P32 npesor, ke xarapei Buovextpica L gen croposy - c4 0 [
P33 |(peaok, Ka korapei Buceeranca L genr cTopowyc - (B I P33 mpeane, ka kool Suctexouca Lo penr crapony - cB | 0
P24 PaceTonHie o7 BELAL] A MO TOEH NENECEHEHHA MEDMEH [ P34 |PACeTIARHE O EPLItHEI A0 TO4KH TENECEYERHA NETHaH 1 [
P35 [FaceTosHie o7 Bepidtl B 00 T0UM NEpeceyeHiA e e 10 P35 PariToaine T BRLIAHEI B 0 TOHH TPRCEUEHR MEHEH | O
P35 FaceTosHie o7 BepLvaL) C 40 TOMKH NNECEEHHA HEDKaK 1 U P36 PareTOAHE T BELIAH C A0 TOMKH NEDECEYEHNR WELHaH N
P37 PACETORHME 0T TOMEH NENECEIEHAR NEIWAH A0 CTONTHE 3 10 P37 PALLTORHHE OT O MEDSCE4EHAR LIBIHAH A0 CTONOHE 3 | O
P38 FACCTORHME 0T TOUKH NENECRIEHHA NELUAH A0 CTONDHHD I P38 PALETORHHE OT TOMKA MEQSCEYEHAR MEDHEH B0 ETORCHEID 0 0
P30 |PaEeTORHHE O TONEH NEDECEEHHA MEDHAH 10 CTI0OHEI ¢ 0 v P38 |PACCTURKE O TOHKH TEDSLENEHAR LIELHSH B LTURCKS ¢ i [

Pucynok 6 — 3amanne NCXOMHBIX JaHHBIX HU(paMu
B cTOJIOLIE "3HaYeHue" U BbljelIeHHe "Tajoukamu"
TpeOyeMBbIX 3Ha4eHUH B cToNnOIe "HalTH"

Ha pucynke 7 moka3aHbl pe3yabTartbl pabOThI
IpoTpaMMbl [0 PELICHUIO 3aJaHHOM 3aJadd: Bce
MOJTy4YeHHBIE  3HAYCHHS  TOKa3aHel B  cToJOIe
"3pauenue". Jlanee, Ha pucyHkax 8, 9 u 10 mokazaHbl
pe3yabTarsl paboThl MPOTPaMMBI 10 aBTOMATHIECKOMY
KOHCTPYMPOBAaHHUIO alITOPUTMa pELIeHUs 3aJaHHOU
3agaun: B okHe "[pacduueckuii BBIBOA pabOTHI JIOTHKH"
MOKa3aH aJITOPUTM pELICHUs 3aJa4d, KOTOPbIH pa3ouT
Ha 3 ¢parmenra.

Ha pucynke 8 moka3aHbl pe3ynbTaThl padOTHI
NpOrpaMMbl 10 PEUICHHI0 3aJaHHOil 3aJa4yu: B OKHE
"T'paduueckuii BBIBOJ pabOTHl JIOTHKH' TIOKa3aH
aJrOpUTM pelieHus 3agadn - (parMeHT Homep |
(Hayano anropuTMa).

Ha pucyake 9 moxazaHbl pe3ynbTaTel padOTHI
IpOrpaMMbI 110 PEUICHHIO 33JaHHOM 3ajJaun: B OKHE
"I'padmyeckuii  BbIBOA pabOTHl JIOTMKH" TOKa3aH
ITOPUTM pElIeHus 3ajadu - (QparMeHT HoMep 2
(cepenuHa anropuTMa).
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Pucynox 7 — Pe3ynbTaThl pabOTHI IPOTPaMMBI 110
PEUICHUIO 3a/IaHHOM 3a/1a4u: BCE TIOTyYeHHbBIE
3HaYeHMs [TIOKa3aHbl B CTOIOIE "3HayeHne"

Ha pucynke 10 mnoka3aHbl pe3ynsTaTbl padoOTHI
OporpaMMbl 10 PEHICHUIO 33JaHHOW 3aJadd: B OKHE
"I'padmuecknii  BeIBOA pabOTHI JIOTMKH' TOKa3aH
AITOPUTM pEIICHHMS 3a/1a9M - parMeHT HoMep 3 (KoHer
anropuTMa).

[MpakTUdeckass Mojb3a: MPENojaBaTellb MOXET
TOTOBUTh HWHJHMBH/yaJIbHbIC 3allaHUsi W MHPOBEPSTh
KOHTPOJIbHbIE 3aJlaHusl, & YYEHHKH CaMHU [OJy4aioT
00BSICHEHHS B IPOTPaMMe.

Takum oOpa3oM, MwuBapHasi 3KCIEpPTHAs CHUCTEMa
"VIIAB. I'eomeTpus" B peaqbHOM BPEMEHU PEIIAET BCE
3agaun Juist 39 00bekToB U 177 mpaBuiI, 4YTO HIOMOTAET U
YUUTENSAM, U yIEHUKAM.

B mHacrosmiee Bpemss BemyTcs  pabOTHl IO
JI0OABIICHIIO HOBBIX OOBEKTOB U MPABHI U3 PA3ITHYHBIX
MaTeMaTH4eckux paszmenoB. Kpome Toro, OymyT
noGaBneHsl OOBEKTHI W TIpaBHWia, OTMKCHIBAIOUINE
(hu3nueckue mporecckl.
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Pucynox 8 — Pe3ynbrarsl paboTh! (Ha4aao aaropurMa)

Ha ocHOBe MHBapHBIX TEXHOJOTHH peaH3yIOTCs
MHHOBAallMOHHbIE NpoekTsl [Bapnamos, 2011], [Musap,
2011]. Ha Koukypce pycCKMX WHHOBALWil HaIId
MPOEKTHl MPUHUMAIOT ydacTHe B HoMHUHanusax "bemas
kaura", "TlepcriekTnBHBIN poekT" 1 "VIHHOBAITMOHHBII
TpoeKT".
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Pucynok 9 — Pesynbrarsl paboThl (cepenina
AJITOPUTMA)

Hammu MIPOEKTHI B obnactu CO3JaHUs
HCKYCCTBEHHOTO HHTEJUIEKTa, pa3pabOTKH MHBapHOMH
MH(QOPMALIMOHHOW ~ MHQPACTPYKTYpBl ~ POCCHICKOH
SNEKTPOIHEPTETUKH U JpPYrHe AOXOOWiIn 10 Broporo
Typa U cTaHOBWIMCH (puHanuctamu KoHKypca pycckux
WHHOBAIMH B pa3HbIC TOBI.
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Pucynox 10 — Pe3ynbrarsl paboTh (KOHEI aJIropuT™Ma)

Y

B mepcriektuBe momyduTcs rao0anbHas MwuBapHas
aKTHBHAsS WHTEPHET-2HIUKIONEINs, B KOTOPOH OyayT
coOpaHbl OOBEKTHl W TpaBWja IS BCEX H3BECTHBIX
MPEAMETHBIX 00JlacTeld W MBI MOMYy4YHM DIIOOANTBHYIO
MYIBTHIIPEAMETHYIO SKCIIEPTHYIO CHCTEMY.

- 286-

5. MOIICJIPIpOBaHPIe KOHTECKCTA, IOHUMAHUC
CMbICJIa 1 CO3aHHUC JIOTHYECCKOI0
HCKYCCTBCHHOI'0 HHTECJIJIEKTA HA OCHOBE
MHUBApPHbIX TEXHOJIOInii

Wrak, 000CHOBaHO, YTO MHBapHBIC TEXHOJOTHU
MO3BOJISIIOT ~ 3BOJIOIMOHHO — HAKaIUIMBaTh  JIIOOBIC
00beMBI NaHHBIX W JIOTHYECKH 0O0pabaTeiBaTh HX C
JIMHEMHON BBIYUCIUTENBHON cioxHOCThio. Ha ocHoBe
MHBApOB CO30aH TIpOTrpaMMHBIN KomIulekc YJIAB,
KOTOPBI 0OpabarsiBaeT 6osee 1,17 MITH TepeMeHHBIX U
Gomee 3,5 MuH TpaBWII HAa OOBIYHBIX KOMITBIOTEpaxX U

HOyTOykax.  CrenoBarelibHO, MHBAapHBIH  IOIXOJ
HO3BOJIIET Ha HOBOM YpOBHE IepeiTu Kk pabore ¢
OOJIBIIMMHM ~ KOHTEKCTaMH W WH(OPMAIIOHHBIMHU

MOZEJISMH IIPEAMETHBIX o0NacTeii.

B OospiIMHCTBE COBPEMEHHBIX 33/1a4 B Pa3IMYHBIX
o0macTsx, BKIIOYas pPacrmo3HaBaHUE OOpPa30B, IOUCK
uHbOpPMALUK, MEPEeBOJ] U AHHOTHPOBAHHE TEKCTOB, a
TaKkXKe B JPYTHX MPoOJIeMax oO0IacTH HMCKYCCTBEHHOTO
MHTEJUICKTa KIIIOYEBYIO POJb HIPaeT HEOOXOTUMOCTh
paboTBl € OrPOMHBIMH M CTPYKTYPHO CIIOXKHBIMH
KOHTEKCTaMH.

ITo cymiecTBy, KOHTEKCT - 3TO HH(POPMAIMOHHASL
MOJIeTb TIPEIMETHOM 001acTH, B KOTOPOU €CTh JaHHBIC
U mpaBuia ux oOpaboTku. B ompenereHHOM cMbIcie,
aJICKBaTHBIA KOHTEKCT M €CTh "CMbICI uH(popManuu'.
OHOBPEMEHHOCTh HAKOIUICHHUS (DaKTOB M 00pabOTKU
MUJUIMOHOB TIPaBWJI B MUBAapHBIX CUCTEMaX IMO3BOJISIOT
MepelTH K CO3JaHHI0 CIOKHBIX W MHOTOYPOBHEBBIX
KOHTEKCTOB U aJIeKBATHBIX MH()OPMAIIMOHHBIX MOJEIeH
MPeIMETHBIX 00JacTeil, YTO MPOMLIFOCTPHPOBAHO HA
pucynke 11.

CHHTAKCHC

CEMAHTUKA

KOHTEKCT
=>MOAEMD

Pucynox 11 — Mnmoctpatust HEOOX0AUMOCTH
MOCTETIEHHOTO HAPAIIMBAaHMUS 110 YPOBHSIM U MEPEX0JT OT
CHHTaKKCa U CEMAaHTUKH K 00pabOTKe KOHTEKCTa

Takoli mepexox MOXXHO OCYLIECTBISITE IIyTEM
CO3[IaHUsI MHUBAPHBIX HMH(POPMAIMOHHBIX UHUKIOB U
nepexoga OoT oOpabOTKM CHHTAaKHCa U CEMaHTHKH K
00paboTke KOHTEKCTa W WH(OPMAIMOHHBIX MOJIENeH
MPEAMETHBIX 00JacTeil, YTO MPOMJUIIOCTPHPOBAHO Ha
pucynke 12. ClokHbIE KOHTEKCTBI, B CBOIO OUYepellb,
MO3BOJSIT ~ Ha  HOBOM  YpOBHE  pemiarb  BCe
MHTEJUIEKTYaJIbHBIE  3a/lad  Ha OCHOBE  paboThI
"KOMIIBIOTEPOB cO cMbIciioM HH(popmarun'. Kak Toiapko
KOMITBIOTEPHl HauHyT paboTaTh CO CMBICIOM, MOXKHO
TOBOPUTh O CO3/IaHMH TIOJHOLIEHHOTO JIOTHYECKOTO
HCKYCCTBEHHOTO WHTEJUICKTA.



MWUBAPHbIE MH®OPMALIMUOHHbIE LIUKNbI =>
KOHTEKCT = UH®OPMALIMOHHAA MOAENDb

L 4
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Pucynok 12 — WmocTparust co3gaHus MABapHBIX
MH(POPMALMOHHBIX LIUKIIOB M Hepexosia oT 00paboTKH
CHUHTAKHCa ¥ CEMaHTHKU K 00pabOTKe KOHTEKCTa U
MH(OPMAIIMOHHBIX MOJIeJIel PEMETHBIX o0nacTeit

B HaACTOSIIIUHA MOMEHT
BO3MOKHOCTH MHBApOB 10 CO3JAAHHUI0  CJIOXKHBIX
KOHTCKCTOB HE OOHApyXCHBI, T.K. BO3MOKHOCTHU
CYILIECTBYIOIUX KOMITbIOTEPHBIX CHCTEM,
00beqUHEHHBIX ceTaMu © [ PUJI-TeXHOIOTUAMH,
MPaKTUIEeCKH Oe3TPaHUIHEL.

OrpaHUYCHUA Ha

Takum  oOpa3oM,  TpolydaeM  CIEIYIOIIYIO
Joruyeckyro nenodky: Musapel => BJl + Jloruka =>
Kontexer => Cmbici => VIcKycCTBeHHBIH HHTEIIEKT!

ClieoBaTellbHO,
HOBOE  TOKOJICHHUE
HaKaIlJINBAKOIIUX

MHUBAphl IO3BOJISIIOT  CO3JaBaTh

UHQOPMAILMOHHBIX  CHCTEM,
OTpOMHBIE  00BEMBl JIAHHBIX H
00pabaThIBAlONINX  HEOTPAHWYEHHOE  KOJIMYECTBO
JIOTHYECKUX TIpaBWJI. Takwe CHCTEeMBI IO3BOJISIOT
peanu3oBarh paboTy CO CIOXHBIM W HEOTPAHHYEHHBIM
KOHTEKCTOM. A 3TO, B CBOI OYepeAb, IO3BOJIMUT
KOMITBIOTEPaM ITOCTEIIEHHO, 1T0 Mepe nX 00ydeHus, T.e.
Hapall¥BaHKs KOHTEKCTa U YCIIOKHEHHs "MUBapHBIMU
muKTaMu”  THQOPMAIMOHHBIX MOJeNel, paboTark co
CMBICIIOM HMH(OpPManud W TOPOAUT TOJHOLECHHBIN
JIOTHYECKUI UCKYCCTBEHHBIN MHTEIIEKT!

3AKJIOYEHUE

Llenecoobpa3Ho BBIIENUTE 3 YpPOBHS Hay4YHBIX
WCCJIE0BAHUI B 00JaCTH UCKYCCTBEHHOTO MHTEJUIEKTA.
MuBapHBIll TOAXOA HA JIOTHYECKOM YPOBHE IO3BOJSET

c0o3/1aBaTb AKTHBHBIC n1o0anbHbIE O6y‘laeMBIC
JIOTUYCCKHA paccyxaaronue ABTOMATHUYCCKUC
MMO3HAKIIC-AUATrHOCTHYCCKHUE CHUCTCMBI p€ajibHOTO

BpeMeHH. J1s SKCIepTHBIX CHCTEM HOBOTO IOKOJECHUS
BMECTO  TPOAYKUWH W  ONHOHONBHBIX  rpadoB
1leJIecCO00pa3sHO  UCIMONb30BaTh  JIBYJOJIBHBIE Tpadel
MUBapHBIX CETEH.

Ha ocHoBe MuBapHBIX ceTeil co3faH NporpaMMHBII
xomiiekc YJIAB, xortopelii oOpabarsiBaer Gonee 1,17
MJIH 00BEKTOB W Oonee 3,5 MIIH IpaBMJ Ha OOBIYHBIX
KOMITBIOTEpax M HOYTOykax. [IpuBeneHbI pe3ynbraTbl
NPaKTHYECKUX pPacueToB M PEHICHHH Pa3IM4HBIX

t (L[
[=5l
rb <
T
peg peg
< =
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IIPUKIIaTHBIX 3amad, KOTOPBIC Ha IIPAKTHUKE
TIIOATBEPKIAAIOT HHHCﬁHym BBIYMCIIUTECIIBHYIO
CIIO)KHOCTH JIOTHYCCKOTO BBIBOJA W/WIn

ABTOMATUYECKOI'0O KOHCTPYHUPOBAHUA aAJITOPUTMOB B
(bopMaane ABYIOJIbHBIX MUBApPHBIX ceTei.

Brnepsble mpenocTaBieHbl BO3MOXKHOCTU CO3aHUS
MYJIBTUIPEIMETHBIX JKCIIEPTHBIX CHUCTEM, CIOCOOHBIX
paboTarh ¢ MIIJIMOHAMH OOBEKTOB M MPOAYKIMOHHBIX
npaBui B (hopMann3Me JBYAOJIBHBIX MUBapHBIX CETEH.

B pabore ob6ocHOBaHa ciemyromas JOTHYECKas
menoyka: MM Bapbl => BO + Jlorwm
Cmbicn => WCKYyCCTBEHHGUbIN

K a
MHT €.

MI/IBapLI IMO3BOJIAKOT CO3JaThb HOBOC IIOKOJICHUEC
HUHTECIJIEKTYaJIbHBIX CUCTEM, HaKaITHBarOIuX
OIrpOMHBIC 00BEMEI JaHHBIX W O6pa6aTI>IBaIOHII/IX OYCHb
0OJILIIOE (HpaKTI/I‘IeCKI/I HeOFpaHI/I‘{eHHOC) KOJIMYCCTBO
JIOTUYCCKUX TIIpaBuJI, CCPBUCOB N BbIYHUCIUTCIBHBIX

NpoLenyp.

MuBapHsbie CUCTEMBI MO3BOJIAT paboTrath
KOMIIBIOTEpAM C OIPOMHBIM KOHTEKCTOM B pe€ajlbHOE
Bpems. CrnenoBarenbHO, KOMIBIOTEPHl  HAYMHAIOT
paboTaTh cO CMBICIIOM HH()OPMAIHH, 9TO B MOPOKIACT
ITOJTHOIICHHBIN HCKYCCTBEHHBIN UHTEJJICKT Ha
JIOTUYECKOM YPOBHE HAYUHBIX MCCIIETOBAHHM.
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THE MIVAR TECHNOLOGIES OF LOGICAL

ARTIFICIAL INTELLIGENCE CREATING:
LOGICAL INFERENCE WITH LINEAR
COMPUTATIONAL COMPLEXITY WITH
MORE THAN 3 MILLIONS PRODUCTION
RULES AND POSSIBILITY TO UND ERSTAND A
MEANING THROUGH MODELING OF A BIG
CONTEXT

Varlamov O.0.
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at Moscow State Automobile and Road Technical
University (MADI), Professor of Department of

Radio and Information Technology FRTK Moscow

Institute of Physics and Technology (State
University), Moscow, Russia,

Ovar@narod.ru, OVarlamov@gmail.ru

It is reasonable to define 3 levels of scientific
researches in the sphere of Artificial Intelligence. The
MIVAR method on the logical level allows to create
automatic systems which have the following qualities:
activeness, globality, learning capatibility, ability to
make logical inferences and give conclusions in real
time. It is reasonable for new generation of expert
systems to use bipartite graphs of the MIVAR nets
instead of production rules and monocots graphs.

Keywords: MIVAR, MIVAR net, logical inference,
computational complexity, artificial intelligence,
intelligent systems, expert systems, General Problem
Solver.

The theoretical transition from the graphs of
production systems to the bipartite graphs of the
MIVAR nets is shown. Examples of the implementation
of the MIVAR nets in the formalisms of matrixes and
graphs are given. The linear computational complexity
of algorithms for automated building of objects and
rules of the MIVAR nets is theoretically proved. On the
basis of the MIVAR nets the UDAV software complex
is developed, handling more than 1.17 million objects
and more than 3.5 million rules on ordinary computers.
The results of experiments that confirm a linear
computational complexity of the MIVAR method of
logical inference. The MIVAR approach unifies and
develops achievements from different scientific
domains: databases, computational problems, logic
processing, and includes two main technologies:

1. The MIVAR technology of information
accumulation — is a method of creating of global
evolutional bases of data and rules (knowledge)
with changeable structure based on the adaptive
discrete MIVAR information space of unified
representation of data and rules which bases on
three main definitions: “Thing, Property, Relation”.

The MIVAR technology of information processing
- is a method of creation of the system of logic
inference or “automatic construction of algorithms
from modules, services and procedures” based on
the active MIVAR net of rules with linear
computational complexity.
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The  MIVAR technology of information
accumulation is designed for keeping any information
with possible evolutional change of its structure and
without any restrictions of its volume and the form of
representation. The MIVAR technology of information
processing is designed for the processing of
information, including logic inference, computational
procedures and services. In fact, MIVAR nets allow to
develop production approach and to create an automatic
learning logically thinking system. The MIVAR
approach unifies and develops production systems,
ontology, semantic nets, service-oriented architectures,
multi-agent systems and other modern information
technologies.

There are three basic stages of MIVAR data
processing:

1) Creation of the MIVAR matrix for the description

of subject domain;

2) Working with the matrix and the construction
(designer) of the algorithm for solving of the

required problem;

3) Execution of all computations basing on the

acquired algorithm.

The first stage can be seen as the formalization of
subject domain in the form of productions with the
following transition to the MIVAR rules:

"input objects — rules/procedures/services — output
objects "',

Currently, it is the most difficult stage that requires
the participation of a human-specialist (expert) for
creation of the MIVAR model of subject domain. On
the second stage, automated construction of the
algorithm and logic inference is being implemented.
The input data is represented in the form of the MIVAR
matrix of the description of subject domain and
specified input (“GIVEN”) and required (“TO FIND”)
objects-variables. On the third stage, the process of
solution basing on the obtained algorithm is being
executed. For the moment, in the software complex
UDAV the work of the second and the third stages is
combined. Currently, there are more than 7 different
realizations of the MIVAR method. In some of them,
three main stages are processed separately, but in this
article the work of the UDAV software complex is
described where all three stages can be combined.

Our paper is important for other researchers in the
sphere of Al, because we present a new formalism of
knowledge representation through which logical
processing of data is increased significantly. Observing
some restrictions, our formalism (MIVAR nets)
provides linear computational complexity of algorithms
or automated building (logical inference) on production
systems base. The theoretical transition from AND/OR
graphs of production systems to the bipartite graphs of
the MIVAR (Multidimensional Informational Variable
Adaptive Reality) nets is shown. Our results can be
used for creation of intelligent systems, expert
systems, General Problem Solver in different spheres.
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