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Ilo amamoruu ¢ Hapa,[[HFMOﬁ pemeHnd 3aaa49 B paMKax aJJTOPUTMHUIECKOI0 IoAX01a 1 COBPEMEHHBIMHA Tpe60BaHI/I$[MI/I K
pa3pa60TI<e HWHTCJUICKTYAaJIbHBIX CHUCTEM MPEIIaracTCsa mapagurMa peIieHusA 3aaad Ha OCHOBE 0a3 3HaHWI. I[anee
AHAJIN3UPYCETCA COOTBETCTBUC CYHICCTBYIOIINX TEXHOJIOTUI Hpe,IlHO)KeHHOi/JI rmapagurme.

KuarwueBble ciioBa: HUHTCJJICKTYaJIbHBIC CUCTEMbBI; CEMAHTUYCCKUE TCXHOJIOT MU, OHTOJIOTHH, 0a3bl 3HAHMIA.

BBeaenune

B HaCTOsIIICC BpCMﬂ HpI/I peH.[CHI/II/I 3aaa4 Ha
KOMIbIOTEPE  HauboJiee  IMUPOKO  HUCIOJIB3YeTCs
agroputMuueckui moaxox. g 3TOro  moaxoaa

CIIOKUJIACH OOLICTIPUHATAS MapaJurMa PelieHus 3a1ad.
OnHako Janexo He BCE 3aJa4d MOTYT OBITh pelleHbl B
paMKax aJrOpUTMHYECKOTO IOJXO0Ja, YTO CTHMYJINPYET
pa3paboTKy Opyrux MOAXOAOB K PEIICHUIO  3ajad.
OnHUM M3 TaKUX ITOJIXO/IOB SIBIISICTCS PEICHHE 3a/1ad Ha
OCHOBe 0a3 3HAaHHWH, KOTOPHIl NPHUBEN K ITOSBICHHUIO
HOBOTO  Kjlacca  TNPOTPaMMHBIX CPEICTB
MHTEJUICKTYaJbHBIX CHCTEM HJIM CHCTEM ¢ 0a3aMu
3HaHMH. BMecTe ¢ TeM, it 3TOro moaxona A0 CHX Iop
He TpeUIOKeHAa  IapajurMa  pelleHus  3aja4
aHaJIOTM4HAas TAKOBOH JUIsl aJITOPUTMHUYECKOTO MOAXO0/IA.

B Hacrosiiei padboTe mpeaiaractes mapajaurma Jist
pelieHus 3a/[a4 Ha OCHOBE 0a3 3HAHUI U MMOKA3bIBACTCS,

B KAakol CTENEeHW CYIIECTBYIOIIME TEXHOJIOTUHU
pa3paboTKu HUHTEJJIEKTYaJIbHBIX CHUCTEM el
YIAOBIIETBOPSIOT.

1. l'[apazmrMa peuicHUud 3a1a41 B paMKax
AJITOPUTMHUYIECCKOIO0 1MMoaxoaa

Pemenne 3aa4 Ha KOMIIBIOTEPE OOBIYHO CBS3aHO C

HEOOXOIMMOCTBIO TOTY9IEHUS KaKOW-1100
uapopmarmn. DopmMaspHO 3Ta  MOTPEeOHOCTH B
HHQOPMAIH, TOTy4aeMOH B pe3yibTare pelIeHus

3a7aull, BEIPAKAETCS Yepe3 olpeliesieHrne MHOXKecTBa Y
BCEX BO3MOXKHBIX PE3YJIbTATOB PEICHUS] 3TOH 3aladH.
Yrobbl moxyunts uMHpopMamuio y € Y, HeoOxomuma
HEeKOTOpast HCXOHAs nuHpopmarus, KOTOpast
(hopMabHO TPEJCTABISETCS HCXOJHBIMH JIAHHBIMH X
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3agaul. MHOXECTBO BCEX MJOMYCTHUMBIX HCXOAHBIX
JaHHBIX 3a/1a4d, KOTOPOE MOIDKHO OBITH (OpPMabHO
ompezeneHo, o00o3HaunM depe3 X. DopmanbHas
MOCTAHOBKA 33Jaudl WM €€ CrenupuKanus ecTh
npeaukat P(x, y), rae x € X, ay € Y. Jna nomyctumoit

cnenuUKAMA  33ad9d  JOIDKHO OBITh JOKa3aHO
YTBEpKICHHE O CYIIECTBOBAHMUS €€ PEIICHUS:
VxeX3dyeY Pixy);

JKeNmaTedbHO TakXke, 4YToOBl I Hee OBUIO
COpaBeIMBO  (IIOKa3aHO) ©  YTBEpPXKACHHE O
CAMHCTBECHHOCTH €€ PCIICHUA:

VxeX3IlyeY PXx,vy).
B cmywae, ecam cmpaBemmuBBI 002 OTH

YTBEpKICHHSA, pa3pabaTbIBaeTCs AaJrOpUTM pPELICHHS
3aJlaud, KOTOPBIHA MPENCTaBisieT cO00H peann3annio Ha
AJITOPUTMHUYECKOM SI3bIKE TAKOTO BCIOAY OMPEIETICHHOTO
¢yHKIIMOHANEHOTO OTOOpaxkeHns A: X — Y, d9ro
CHpaBeAJIMBO YTBEP)KICHHE O IPABUIBHOCTH 3TOTO
aNropuTMa:

vV x € X P(x, A(x)).

Ecmm »xe juis cnenudukanuy 3aga4n yTBEpXKICHUE
O ©IMHCTBEHHOCTH €€ peIeHus He  SBISIETCS
CHpaBeUIMBBIM, TO OOBIYHO aJrOPUTM €€ pEelICHUs
npesacTaBiaseT co0OH pealu3aluio  TaKoro  BCIOAY
OIPEAEIEHHOTO0  (DYHKIMOHAIBHOTO  OTOOpasKeHUs
A: X — 2Y 9ro copaBemTHBBI YTBEPKICHHS O
HaXOXKJICHUU 3TUM aJITOPUTMOM BCEX PELEHUH 3a1auu:

VxeX VyeAX)Px,y)
nvxeXye¢A®X) -Px,y).



Ecnrm  mpm  pemreHunm  3amaddM  [OJIb30BATEIb
UCIIONB3YET TIPOrpaMMy, MNPABMIBHO pPEaNN3YIOIIyIO
aJITOPUTM A, TO OH OTBEUACT 3a IIPABIIILHOCTD BXOAHBIX
JAHHBIX X NPOrPaMMBl; B 3TOM CIy4ae OH IOJydaeT
MPaBUJIBHBINA pe3yabTaT peleHus 3a1a4u y = A(X).

C‘II/ITaeTCH, 4yTO J1100ass TEXHOJIOTHS peuicHus 3aga4
Ha KOMIIBIOTEPC B paMKaxX aJITOPUTMHUYCCKOIO MoAaxoga
JOJDKHA YHOOBJICTBOPSATH HpHBeZ[eHHOﬁ B 3TOM pasaeie
napagurme.

2. Ilapaaurma penieHus 3a1a4 HA OCHOBE
0a3 3HAHUH

IToctponM mapaanrMy penieHus! 3aad Ha OCHOBE
0a3 3HaHWI 0 aHAJIOTHH C TApaJAUTMOM peIIeHIs 3a1a4
B pPaMKax aJrOpUTMUYECKOTrO MOAXO0]a, MPUBEICHHON B
HOpeAbIAyIeM pa3fiene, WUIIOCTPUPYS pe3yiabIaThl ee
NPUMEHEHHUs Ha JByX THUIAX MHTEIJIEKTyaJbHbIX
CHUCTEM, JIOCTaTOYHO JaJleKUX Jpyr OT JApyra
cucTeMax KOMIIBIOTEpPHOH TUarHOCTUKHU 3a00JeBaHUM U
cHCTeMax MOMCKa MaTeMaTHYECKUX JOKA3aTeIbCTB.

JIrobast MHTENIIEKTyanbHasl CUCTEeMa IpeIHa3HauCHa
JUIL pElIeHUs HEKOTOpOW 3ajadd, MOITOMY IiIsd Hee
IobkHa OBITH copmymupoBaHa W (opmann3oBaHa
NOTpeOHOCTh B WH(POpPMAIMK dYepe3 ONpelelicHUE
MHO’KECTBA BO3MOXHBIX pelieHuid Y aToi 3amaun. s
CHCTEMBbI KOMIIBIOTEPHON JHMarHOCTHUKH 3a00JIeBaHMI
3TO MHOXECTBO JMAarHO30B M WX OOBSICHEHWH, a s
CHCTEMBI IOHMCKa MAaTeMaTH4eCKUX JOKa3aTeJIbCTB
MHOXKECTBO TIIOJIHBIX JOKa3aresbCcTB. [lockonbky mpH
UCIIOJIb30BAHUU HMHTEJUICKTYaIbHBIX CHCTEM DPE3yJIbTaT
peuieHuss 3aJaud  NPEACTaBIsIeTCs] B HEKOTOPOW
KOHIIENITYaJbHOW CHCTEME, OTpeelIicHHe MHOXKEeCTBa Y
COZIEPKHUT OIPE/CICHHE COOTBETCTBYIOIIECH CHUCTEMbI
NOHATUH (OHTOJIOTHIO), @ y € Y TpencTaBiseT coOou
MHOKECTBO JK3EMIUIIPOB 3THX MOHATHH. [Ipn 3Tom
MHOXXECTBO Y JIOJDKHO OBITH OIPEACIEHO  TaKUM
o0pa3oMm, 49TOOBI HpeAMKaT NPHHAICKHOCTH Y € Y

ObUT  BBIUMCIUMBIM, a (QopMa  IpPEACTaBICHUSI
uHpopMarmn y € Y JIODKHA OBITh IOHATHOH
MOJB30BATENsIM  MHTEIUIEKTYaJIbHOM  CHCTEMBI  0e3

KaKUX-TM00 TOCPETHUKOB MM - IOTIONHUTENIBLHON HX
noArotoBku. IlocnmenHee MoXeT OBITh JTOCTUTHYTO
JUIIb B CIIy4Yae, €CIM OHTOJOTHS, COAepXKAamasics B
OTpeNieNIeHNH  MHOXeCTBa Y TIPEeACTaBisieT CcoOoi
(hopmanm3aIuo KOHIIENTYaJIbHON CHUCTEMBI
10JIb30BaTEICH.

Takum ke o0Opa3oM ciefoBano OBl ONPeneTuTh
MHOX€CTBO X JOMYCTHUMBIX HCXOMHBIX JaHHBIX 331a49H.
Jors CUCTEMBI KOMITBIOTEPHOM JINarHOCTHKA
3a00J€BaHUIl 3TO JODKHO OBITh MHOXKECTBO BCEX
peabHBIX MCTOPUI OONE3HW, a IS CHUCTEMBI ITOWCKa
MaTeMaTUYECKUX JT0Ka3aTeIbCTB — MHOXKECTBO TEOPEM.
OpfHako W3 3TUX NMPHUMEPOB BHIHO, YTO MHOXKECTBO X
HE MOXET OBITh OMpPEIETICHO TOYHO — MHOXKECTBO BCEX
BO3MOXKHBIX HCTOPUH OONE3HW W MHOXECTBO BCEX
TEOPEM HETPUBUAJIBLHOM MaTreMaTH4ecKod Teopuu
HeusBecTHBI. [loaTOMy OOBIUHO ompesenseTcs Ooee
mupokoe MHOxkecTBO X' D X; UL CHCTEMBI
KOMITBIOTEPHOW  JMArHOCTHKU  3a00JI€BaHHMA  3TO
MHOKECTBO OOBEKTOB, UMEIOIIUX BHJI UCTOPHA OOJIE3HU
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n IIPEACTAaBUMBIX Ha COOTBETCTBYIOIIIEM
HUCKYCCTBECHHOM A3BIKC, a JId CHUCTEMBI IIOUCKa
MaTeMaTHYICCKNX J0Ka3aTCJIbCTB - MHOXECTBO

MMpaBUJIbHBIX MATEMATUYCCKUX Hpe,HHO)KGHI/Iﬁ, TaKXe
NMpeACTaBUMBIX Ha COOTBETCTBYIOLIICM S3bIKC.

Kpome  Toro, B  cioydae  MCHOJIB30BaHUS
WHTEJUIEKTYQJIbHBIX CHUCTEM TakUM Jk€ CHOCco0OM
JIOJDKHO OBITH ONpENeNIeHO MHOXXECTBO JOIYCTHMBIX
6a3 3nanmit K(X’, Y), a taxoke cnenudukanys 3agaqu -
npenukar P(x, k, y), tne x € X', k €e K(X’,Y), y € Y,
IpUYeM MpeauKaTel NPUHAUIEKHOCTH X € X' U
k € K(X’,Y) nomxHBI OBITH BRIYHCIHMBIMH, a (hopMa
npezncrasieHus nHpopmamnu X € X' mwk € K(X’, Y)
JIOJDKHA OBITh MOHSATHOM AKCHEpPTaM M IOJIb30BaTEIsIM
WHTEJUIEKTYaJIbHOH ~ cUcTeMbl . 0e3 - Kakux-1mbo
MOCPEIHUKOB WM JOMONHUTENBHONH HMX IOATOTOBKH.
ITocnennee MOXeT OBITH NOCTUTHYTO JIMIIb B CIydae,
€CJIN OHTOJIOTHMH, COICPKALINECS B OIPEACICHHAX
mMHOXkecTB X' m K(X’, Y) mpencraBmsior coOoi
(dbopManu3annio KOHLENTYAIbHBIX CHCTEM SKCIIEPTOB H
nojp3oBarened. « Jlig  CHCTEMBI  KOMIIBIOTEPHOM
IMATHOCTHKH 3a00jeBaHMii 0a30ii 3HAHHUH SIBISIOTCA
ONHCAHMS MPOSBICHUH pa3NuYHBIX 3a0oineBaHUN B
3aBUCUMOCTH  OT  BO3MOXKHBIX, MHIMBHIyaJbHbIX
0COOCHHOCTE# MNAallMeHTOB, BO3NEHCTBUI pPa3IMYHBIX
coObITHH  (HanpuMep, JiedeOHBIX MEPONPHATHI) Ha
MPOSIBIICHUS . 3200JICBaHUM, TPUYMHHO-CIICIICTBEHHBIX
OTHOIIEGHWH =~ MEXIy  3a00oneBaHMsIMH H  T.IL
[UeprsxoBckas, 1983], a cnenmudukamus 3agadn
KOMITBIOTEPHOH JNarHOCTHKH — OIMCAaHHE OTHOLICHUS
MOKAYy HcTOpHsAMH  Oojie3HH, OazamMu  3HaHH,
JIMarHO3aMHU TAIMEHTOB U MX oObsicHeHusMH [Kiemies
u ap., 2005, Knemes u np., 2006], Hua cucremsl
MOMCKa MaTeMaTH4eCKuX J0Ka3arelbcTB 0a30i 3HaHMI
MOXeET OBITh HEKOTOpas aKCHMOMaTH4ecKas CHUCTeMa U
MHOXKECTBO MPaBHJI BBIBOJIA, a crienuduKanueil 3anadan
ONHCAaHHE OTHOUICHHA  MEXIy TeOopeMaMH,
AKCHOMAaTHYECKUMHU CHUCTEMaMHU, NpaBHJIaMH BBIBOJA U
JokazarenscTBaMu.  Kpome toro, onrosoruun X' H
K(X’, Y) IDOmKHBI HCHONB30BATBhCSA U YIPaBICHHUS
dopmupoBanuem x € X’ u k € K(X’, Y), a pesynbrar
BBIYHCIICHHS TIOCJICHIX OTHOIICHUH NPHHAICKHOCTH
JIOJDKEH KOHTPOJIMPOBATHCH.

B ciydae MHTEJJIEKTYaJIbHBIX CUCTEM
OCOOCHHOCTBIO CIeIM(pHUKANN 3aJa9d SBISIETCSA TO,
YTO JUIsl HEE HE SIBJISIETCS CIPABEIJIMBBIM YTBEpKIEHUE
O  CylEecTBOBaHMM  peuieHus. Jns  cucreMsl
KOMITBIOTEPHOW JUATHOCTUKK 3a00JIeBaHUN HESIBHO
MpeAIoNaraeTcs, YTo CYIIECTBYET «IpaBHJbHas» 0a3a
snannid k* € K(X’, Y) takas, 4yto

VxeX3yeY P k¥ y);

OJTHAKO 3Ta «IIpaBHJIbHAs» 0a3a 3HAHWH HEM3BECTHA, a
g 000 apyrod 0a3sl 3HAHWH YTBEP)KICHHE O
CyIIECTBOBAHUM  peIIeHuss He  00s3aHO  OBITh
crnpaBesIMBBIM. KpoMe Toro, 3To yTBEp)KIECHHUE MOXKET
ObiTh HapymieHo U st X € X'\ X. Jlnsg cuctemsl
MOMCKAa MaTeMaTHYEeCKHX JOKa3aTelbCTB, HAaIllpOTHUB,
«rpaBmiIbHas» 6a3a 3Hanuil k* € K(X’, Y) usBectHa,
OJTHAKO BXOAHBIC JaHHBIE X € X’ - 9TO MaTeMaTHIeCKHe
NPE/UIOKEHUS, OTHOCHUTEIBHO KOTOPBIX HEU3BECTHO,



ABIAIOTCS. OHHM  TeopeMaMH (B OTOM  Clydae
Jy eY P(x, k* y)) wim Her (B 9TOM ciydae Takoro
y € Y He cymiectByer). Tem Oonee, s
MHTEJUIEKTYaJIbHBIX CHCTEM HE SIBIISETCS
CIIPaBe[UIMBEIM ~ YTBEp)KACHHE O  EOUHCTBEHHOCTH
peIICHHUS Jaxe B CIIy4ae ero CyleCTBOBAHHUS.

Xotst i crienMUKALWKM 3a7a4d YTBEPXKACHHE O
CYIIECTBOBAHUH PEIICHHUS HE SIBISETCS CIIPABEUINBBIM,
Uil Hee MOXKHO cdopmynaupoBars Oonee ciaboe
YTBEpXKICHHE!

Jk*e KX, Y)VxeX3dyeY P k*y),

a B HCKOTOPBLIX Cliy4dasix H cinaboe YTBEPKACHUC O
CAMHCTBCHHOCTH PCIICHUA:

Jk*e KX, Y)Vxe X3y eY Px, k*,y).

Civt YTBEPKACHUS SIBIISIFOTCS JIMIIb
MIPEATIONIOKESHUSIMHI U HE MOTYT OBITH JOKa3aHBI.
Hnst  cucteMbl  KOMIIBIOTEPHOW — JUATHOCTUKH

3a00JIEBAHUI — 3TO MPEANOJIOKEHUS O CYIIECTBOBAHUU
«IIpaBIIBHON» 0a3bl 3HAHWHA k*, B TepMUHAX KOTOpOH
MOXET OBITh OOBSCHEH NPaBWIBHBIA JHATHO3 IO00H
peaibHOW HUCTOpUU OOJE3HU, U O CAMHCTBCHHOCTH
JIUarHO3a y KaXKI0TO MalUEHTa, a ISl CHCTEMBI IMOMCKa
MaTEMaTHYECKHUX JTOKA3aTeIbCTB — 3TO MPEIIOI0KCHHIE
0 TOM, YTO JHO0OC MaTeMaTHUECKOE MPEIOKCHUE
(Teopema), HCTUHHOE B mo0oi MOJETH
aKCHOMATHYECKO# cucTeMBI K*, MMeeT J0Ka3areahCTBO
B JTOM aKCHOMATHUYEeCKOW cucTeMe (Kak MpaBHIIO, HE
CJMHCTBEHHOE).

B MPEANONIOKESHUH CIPAaBEUIUBOCTH IS
cnenuUKanuu  3aJadd  dTOro  Oomee  ciaboro
YTBEPXKACHHUS O CYIIECTBOBAHHH PELICHUS  MOXKHO
pa3pabarbiBaTh AITOPUTM DEIICHUS 3334, KOTOPbIN
MPECTaBIISICT coboif peanu3anum Ha
AJTOPUTMHUYECKOM SI3BIKE TaKoIo YaCTUYHO
OMpPEeeIEHHOTO (PYHKIIMOHAIHLHOTO OTOOPasKEHMSI

A <X, KX, Y)> > Y

(mm A: <X’, K(X*, Y)> — 2%), m1s Kkotoporo
CIpaBeJIMBO  (MOXET ~ OBITh  JIOKa3aHO) «ciadoex»
YTBEPXKJIEHHE O MPABUILHOCTH 3TOTO allrOPUTMA!

VxeX VkeKX,Y)PK k, A(x, k)).

Jns  cucTteMbl . KOMIBIOTEPHOH  JUAarHOCTUKHU
3a00J1eBaHNI TaKOW alTOPUTM TSI UCTOPHUU OOJIE3HU X
(ecrmu 3TO peanbHAas UCTOPHUsS OOJIC3HH, MONyYCHHAs B
pe3ynsTare HaOIIOIeHHS BpadoM PeajbHOTO IMTOLUEHTA,
10 X € X) u 6a3sl 3HaHuit k € K(X’, Y) (manpumep,
c(hOopMHUPOBAHHON IKCIIEPTOM ) HAXOJHUT BCE BOSMOXKHBIE
JIUAarHO3BI TAIMEHTa X W UX OOBSICHEHUS B TEPMHHAX
0a3bl 3HaHUH K. J[71s1 cuCTeMBbI MOMCKa MaTeMaTHIeCKUX
JIOKa3aTeJIbCTB TaKOW aJlTOPUTM JIi MareMaTH4eCKOro
npeayioxkeHus X € X' u 0a3bl 3HaHUHU k*, sBIsIoniencs
Teopuerd HEKOTOPOM  aKCHOMAaTUYECKOW  CHCTEMBI,
JIOJDKEH HaXOJUTh OJHO M3 BO3MOXKHBIX J0Ka3aTEeIbCTB
(ecnu OHO CyIIECTBYET).

HOCKOJ'[BKy «CHIIBHOC» YTBEPXKIACHUC o
CymI€CTBOBAHUMN PCIICHUA I CHGHI/IQ)I/IKS.HI/II/I 3aga9un
HE ABJIACTCA CHPABECIJIMBBIM, a aJlTOPUTM PEUHICHUA
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3amadn A(X, K) MOXKET MPUMEHSATHLCS K JIFOOBIM BXOTHBIM
JaHHBIM X € X’ | K o6oii 6aze 3nanunit k € K(X,Y),

9TOT aJITOPUTM obOmamaer HEKOTOPBIMH
HEKeJIaTeIbHBIMH CBOMCTBaMH. Jltst CHCTEMBI
KOMIIBIOTEPHOH  MUArHOCTUKK  3a0OJicBaHWHA  TIpU

HEKOTOPBIX HCXONHBIX JIAaHHBIX W 0a3e 3HaHWH
MHOXXECTBO pemeHuit 3amaun A(X, k) Moxker He
COepKaTh «IPABUJILHOTO» peIIeHHs (T.e. TaKoro,
KOTOpOE€ 3aTeM OblI0  BepHU(UIMPOBAHO  HMHBIM
Croco0oM), coliepKaTh «HENpaBHIIbHBIC) pelIeHus (T.¢.
Takue, KOTOpble OyIyT OTBEPTHYTHI B IIpoIecce
mocnenyromeil Bepudukanun) win naxe ObITh MYCTHIM
(B ciydae, eciii HMCXONHBIC TaHHBIE X IPOTHBOpEYAT
6a3e 3HaHui K). )i cHCTEMBI IIOMCKA MaTeMaTHICCKUX
JIOKA3aTeNIbCTB, €CTM MaTeMaTHIeCKOe IPEIUIOKEHHUE
x € X’ \ X (1.e. HE SBISACTCS TEOPEMOIL), TO AJTOPUTM
pemenns 3amaun  A(x, k*) wmoxker paborarb
OeckoHewuHOe BpeMsl (cieacTBue TeopeMbl Yepya).

Ecniu  mpu  pemieHum  3agayM MOJIB30BATENb
UCTIOJNIb3YEeT HMHTEJUICKTYyaJbHYI0 CHCTEMy C 0a30i
sHanuit k € K(X’, Y), mpaBUIBHO peaIm3yIOmIyio
aNroput™M A, TO OH, Kak M paHblle, OTBEYaeT 3a
NPaBIJILHOCTH BXOAHBIX JTAaHHBIX X MPOIPaMMBbl; OJHAKO
B 3TOM Cilyyae OH MOXET MOJYYUTh U HENpPaBHIIbHBIN,
W HETOYHBIH pe3ynbTaT peuieHus 3agadan y = A(X, k),
00 ake He TOIMYYHUTh HUKAKOTO pe3yibTara.

Jiist TOoro, 4toObl TEXHOJOTHSI HWHTEIUICKTYalbHBIX
crcTeM ObLIa KU3HECTIOCOOHOU, OHA JTOJDKHA BKIIFOYAThH
MPOLIEYPhI, TO3BOJSIONINE YMEHBINATh JIONI0 CIyYaes,
B KOTOPBIX CHCTeMa OO0JlalaeT YKa3aHHBIMH BBIIIE
HEeXXenaTeabHBIMU cBOVicTBamMu [[pubosa u ap., 2010].
OTH MpoIEeypPhl MOTYT OBITh PA3HBIMH JJISI PA3IUUHBIX
TUIIOB ~ MHTCIUICKTYyallbHBIX  cHCTeM.  [lpuBenem
MPUMEPBI TAKKUX MPOLECAYP IS JBYX pacCMaTpHUBACMBbIX
THUIIOB UHTEJUICKTYaIbHBIX CHCTEM.

Jnst  cucremMbl  KOMIIBIOTEPHOM — JUATHOCTUKHU
3aboseBaHUH Ha30BeM 6azoii NIPEIECHTOB
pEeTpEe3eHTaTUBHYIO BEIOOPKY {<Xi, Y1, ... , <Xu, Yo},

rae X; € X — peaqpHast UCTOpUS OONe3HH, a y; € Y —
00bsICHEHHEe €€ BepH(DHIMPOBAHHOTO IWarHo3a (Uit
i=1, .., n). Bygem Ha3wpBaTh 3Ty 0a3y HpeIcICHTOB
olleHKOW mpaBmiIbHOCTH 0a3bl 3HaHuil k € K(X’, Y),
Ck) = {<x1, y1>, ... , <Xp, Yo}, €CTH

Vie{l,..,n}yeAX;,k)

(aHAOTMYHO MOXKHO OINpPENENIUTh OLECHKY TOYHOCTH
0a3pl 3HaHWiT). bBymem roBoputh, uTOo 0a3za 3HAHWIA
k e K(X’, Y) npubmmkaercs K «IIpaBHIBHOI» 0aze
3HaHuii k*, ecmu B omeHke ee mpaBmwibHOCTH C(k)
mapaMeTp n HeOrpaHM4eHHO pacter. [lporuenypy,
KoTOpast obecriednBaeT NMpHOMMKeHne 0a3bl 3HAHUH K
«mIpaBWIBHON»  0Oa3ze  3HaHW, OygeM  Ha3bIBATh
cucTeMol yrnpaieHus 6a3oii 3HaHuid. OHA MOXET OBITH

aBTOMaTHYECKOH, T.€. peanuzyromien TaKoe
0TOOpakeHue, KOTOpOe Oaze MPETe/ICHTOB
{<x], Y17y e s <Xp, yn>} CTaBUT B COOTBETCTBUE TaKYyIO

6a3y 3nanuii k € K(X’, Y), uto 3Ta 6a3a mpemenecHToB
OKa3bIBACTCS OIEHKOW TOYHOCTH ATOM 0a3bpl 3HAHHH
Ck) = {<x1, y1>, ... , {<Xu, ¥o>} [Kiemes u np., 2012].
JIubo »oITa mpomemypa MOXKET OBITh  YEIOBEKO-



MAaITUHHOM: TSt 0a3bl TIPETICICHTOB
{<X1, V1>, . , <Xp, Vo) CHCTEMa YIIPaBIICHUS HAXOIHUT
MHOXECTBO BO3MOXKHBIX 0a3 3Hammii k € K(X’, Y),
Takoe, 4YTO OJTa 0a3a TPEUEJCHTOB OKa3bIBACTCS
OLICHKOM TOYHOCTH KaXKIOW M3 OSTUX 0a3 3HaHUi
Ck) = {<x1, y1>, ... , {<Xn, ¥}, @ IKCIIEPT BHIOHpAECT
«HAWIYYIIyIO» 0a3y 3HAHWA M3 3TOTO MHOXKECTBA IO
CBOEMY YCMOTPEHHIO.

Cuctembl NMOUCKa MaTeMaTHYECKUX JI0Ka3aTeIbCTB
3G(pEeKTUBHO  MOTYT  ITIPUMEHATBCS B 3ajade
BepuUKAIMY MoJeTIel HHTYWTHBHBIX J[OKA3aTEIbCTB
[Knemes, 2011]. HazoBem (mpocToif) MOHENBIO
WHTYUTHBHOTO  JJOKAa3aTeNIbCTBA  MaTeMaTHIECKOTO
npeiokeHust X € X’ KOHEUHYIO IOCIIeI0BATENbHOCTD
MaTeMaTU4eCKUX MPEANOKEHUN X, X2, ..., Xn1, Xp» X
Bynem roBopuTh, UTO WHTYHTHBHOE [OKAa3aTEIBCTBO
BepU(UITUPOBAHO C WCIONB30BaHHEM O0a3bl 3HAHHUN
k e K(X’, Y), ecnum TOCTPOCHBI: [10Ka3aTEILCTBO
y1 € Y MareMaTu4eckoro NpeuiokeHHs X; € X ¢
ucroiap3oBanueM 0Oassl 3HaHmd k € K(X’, Y);
JIOKa3aTeNbCTBO Y, Y  mMareMaruyeckoro
MpeIOKEeHUs X, € X ¢ UCTOIb30BaHUEM 0a3bl 3HAHUN
kU {x;}; ..., I0OKa3aTeabCTBO y, € Y MaTeMaTHICCKOTO
MPeVIOKEHUs X, € X ¢ UCTOIb30BaHUEM 0a3bl 3HAHUN
k v {x1, Xn.1};  JI0Ka3aTeNbCTBO
Ynr1 € Y MaTeMaTH4YeCcKOro MpeMIoKEeHHs X € X ¢
HCTIOJIb30BaHKUEM 0a3bl 3HaHUM k U {Xi, Xj, ..., Xp.1, Xn}-
Bynem HaspBaTh omeHKOH A(QQeKTHBHOCTH 0a3bl
3Hanuii k € K(X’, Y) MHOXECTBO MaTeMaTH4ecKuX
NPEUIOKEHUH, 11  KOTOPBIX  CHUCTEMa  IIOHMCKa
MaTeMaTH4eCKUX JIOKa3aTeNbCTB C 3TON 0a30i 3HaHWI
MOCTpoMa JlokaszarenbcTBa. CHCTEMOH ympaBiIeHUS
0a3oli 3HaHUH, pacmupsAroIEei oneHKy 3¢ dekTuBHOCTH
0a3bl 3HaHUH, OyZeM Ha3bIBATH MPOLELYPY, COCTOAIIYIO
U3 ByX JCHCTBHIl: €CIM JI0Ka3aHO HEKOTOpOe
MaTeMaTn4eckoe TNpeIokeHne x € X, To 3T0
MpeJIOKEHNE BKIIOUaeTcss B 0a3y 3HAHWM; eClIHM NpHU
9TOM MOCTPOECHO [OKa3aTeJbCTBO y € Y, TO OHO
o0oOrmaercst 10 MeTagokaszarenscTBa my [Kiemes,
2007], 1 3TO MeTaI0Ka3aTeNbCTBO BKIIOYaeTCs B Oasy
3HaHud. B 3TOM ciywae mpouenypa INOCTPOCHHS
JIOKa3aTeNbCTBA MAaTEMaTHYEeCKOTO TMPEIOKeHHS  Xj,
BXOZSIIEr0 B MOJENb HMHTYUTHBHOTO J0Ka3aTelbCTBa
MPEIUIOKEHUS X, MOMKET COCTOATh M3 YETHIpEX IIaroB:
MOWCK B 0a3e 3HaHW NMPENTIOKEHNUS X;, 111 KOTOPOTO X;
ABJISIETCS YaCTHBIM ClIydaeM (B cilydae ycrexa chucTeMa
ynpaBieHuss 0a3oil 3HaHMHM BKJIIOYaeT X; B 0asy
3HaHMI); MOMCK B 0a3e 3HAHWH METaJ0Ka3aTeIbCTBA
my;, < KOHKpETH3aleH KOTOpOro SBISETCS IOJIHOE
JIOKa3aTebCTBO y; MpPEINIOKEHU X; (B ciydae ycrexa
cucTeMa yIpaBJieHHs 6a30i 3HAHUH BKIIIOYAET X; B 6a3y

€

X2, cees

3HAHUN); aBTOMAaTUYECKUI MIOUCK TIOJIHOTO
JIOKa3aTeNIbCTBA Y; NPEMIOKEHUS X; C MCIOIb30BaHUEM
MHOJKECTBAa  IPEUIOKEHUH U MpaBuUl  BbIBOAA,

copepxamuxcsi B 0Oa3e 3HaHMH (B cilydae ycriexa
crcTeMa ynpaByieHHs1 0301 3HaHWH BKIIIOYAET X; B Oasy
3HaHMH, 0000WIaeT y; JO MEeTa/0Ka3aTelbCcTBa Mmy; U
BKJIIOYAaET 3TO METaJ0Ka3aTesIbCTBO B 0a3y 3HAHU);
UHTEPAKTHBHOE MOCTPOEHHUE MOIHOTO A0Ka3aTeiabCcTBa
yi NPEeNIoKeHHsl X; C HCIOIb30BAHUEM MHOXKECTBA
MIPEATIOKEHUH U TIPaBHJI BBIBOJIA, COJIEpIKAIIUXCS B Oaze
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3HaHWU (B CiIydae yclriexa CHUCTeMa yIpaBiIeHHS 0a30i
3HaHWW BKJIIOYAET X; B 0a3y 3HaHWiA, 0000maeT y; 10
METamoKa3areibcTBa  my; A BKIIOYAET  OTO
METaI0Ka3aTeNIbCTBO B 0a3y 3HaHUI).

3. CooTBeTCTBHE TEXHOJIOTHI Pa3padoTKu
HHTEJIEKTYaJIbHBIX CHCTEM NMapagurme
pelleHus 32/1a4 HA OCHOBe 0a3 3HAHUI

OOcynuM, B  KakoW CTENEHH COBPEMEHHbIE
TEXHOJIOTHH Ppa3pabOTKW HMHTEJUIEKTYyalbHBIX CHCTEM
COOTBETCTBYIOT ~ OIIMCAaHHOM  BBIIE  Mapaaurme.
PaccmoTpumM criemyroniue TeXHOJIOTHH: () OCHOBAaHHYIO
Ha WCIOJB30BaHHKU OO0OJOYEK OKCIEPTHBIX CHUCTEM
[Bachant et al., 1984, Compton, 1988]; (b) ocHOBaHHYIO
Ha ucnoip3oBaHun WebProtege [Gennari et al., 2003,
Musen, 2007]; (c) OCHOBaHHYI Ha HCIOJNb30BaHUA
riaropmel IACPaaS [I'pubosa u ap., 2011, I'pudosa n
Ip., 2013a, I'pubosa u np., 2013b].

Texnonorun (a) u  (b) He NOAJCPKUBAIOT
cnemudukamuo MaoxkeerB Y, X' u K(X’, Y) Takum
00pa3oM, 4TOOBI MPEANKATHl MPHHAUIE)KHOCTH y € Y,
x € X’ m k € K(X°, Y) ObuiM BBIYHUCIIHMBIMH.
TexHonorust (c) MOANEPKUBACT TAKYIO CIEHU(PUKALUIO
- mHoxkecTBa Y, X’ m K(X’, Y) cnenudunupyrorcs xak
MerauHopMalysi Ha MeTas3blke, i1 KOTOPOTO
orpezneneHa u TIOAJEPIKUBACTCS JIOTHYecKast
cemaHTka. Popma mpencTaBieHHS 3HAHWH MOHSATHA
crienuancTam COOTBETCTBYIOIINX TIPEAMETHBIX
oOacTeii mpu Mcrons30BaHNH TexHonorui (b) u ().

Texuonorun (a) u (b) He MpemIararT anmapara s
npeacTaBieHuss crneuudukanud  3agad B popme
npeaukata P(x, k, y), tne x € X’, k e K(X’,Y),y € Y.
Jlns TexHonoruu (a) pa3paboTaHbl METOBI YIIPABICHHUS
6azamu mpaBwi, a st TexHonoruu (b) Takas 3amada

BooOIle He paccMmarpuBaiach. TexHonorus (c)
mpeziaraet ammapar Ui MIpeICTaBICHHUSI
cnenudukanuu  3agad B GopMme  mpeauKara, ¢

UCIIOJIb30BAaHUEM KOTOPOTO MOXKHO C(HOpMyIHpOBaTh
cnaboe yTBEp)KAEGHHE O CYIIECTBOBAHHM PELICHUS
3aj1a4m, a TaKXkKe caboe yTBEp)KACHHE O TPaBUIbHOCTH
aNropuTMa  pemeHds  3ajgadyd.  MiMeercs  OMBIT
JIOKA3aTeJIbCTBA TAKOTO YTBEPXKAEHUS ISl JOCTATOUHO
cioxHoro ciyvast [Knemes u np., 2013]. Kpome Toro,
pa3paboTaH TPOTOTHH CHUCTEMBI aBTOMAaTHYECKOTO
YIIpaBICHUSA 6a3oit 3HAHUH e CHUCTEMBI
KOMIBIOTEPHOH AMarHOCTHKH 3aboneBanuil [Kiemes u
ap., 2012].

WHcTpymMeHTabHAsS TOAJIEPKKA TeXHOJIOTHUU (a)
BKJIFOYaeT HMHCTPYMEHTHI isi (opMupoBaHus 0a3
MpaBUI M MPOOIEMHO-HE3aBUCHMBII pemarens 3a1ad

(0001104KY); pa3paboTka uHTEpdeiica HE
HNOJIEPKUBACTCS (pukcupoBaHHBIH nuHTepdeiic
ABiIseTcs dYacThlo oOonouku). Kpome Toro, stm
WHCTPYMEHTBl HE SBJISICTCS OOJNAYHBIMH, Kak |

CO31aBacMbI€ € HUX IIOMOLIbIO HHTCJUICKTYaJIbHbBIC
CHCTEMBI.

WucTpymenTanbHas mopanepxkka Texaonorun (b)
BKJIIOUACT PEOAKTOp I MOMACPKKH (HOpMHUpPOBAHUS
6a3 3HaHwmii B AekyaparuBHoi (opme [Crubezy, 2004],



MHOYXECTBO pemareiei HEKOTOPBIX KJIaCCOB
[Chandrasekaran, 1986] 3amau u cpencTBa afanTtaiyid
3TUX pematenied Kk 0a3am 3HaHWi. Toabko pemakTop
apisgercs oOnaynbiM. [IpoGnema QopmupoBanus 6a3
3HaHMH  JKcmepramMd  0e3  TOCPEJHMKOB WM
JIOTIOJIHUTENFHOTO HX OOydYeHHs pelieHa B 3TOM
penakTope He B IOJTHO Mepe.

WHcTpyMeHTanbHas TMOJJIEpXKKAa TexHouoruu (c)

BKJIFOYAET penaxkrop IWE s NOAACPIKKU
(hopmupoBaHus 06a3 3HAHWHN B ACKIapaTHBHOI Gopme (B
KoTOpoM mpobOiemMa ¢opmupoBaHHS 0a3  3HAHHI

SKCHepTaMu 0e3 TTOCPEAHWKOB WM JOMOJHHUTEIEHOTO
ux oOydeHHs pelieHa B IIOJHOW Mepe), CpencTBa
pa3paboTKu pemarenell 3amad B BHIE CHUCTEM
B3aUMOJICHCTBYIOIIUX areHTOB, OPUEHTUPOBAHHBIE Ha
npesncTaBieHue 0a3 3HaHWM, a TaKkKe CpeicTBa
pa3paboTku uHTep(delcoB Takux pemareneii. Bee atu
CpE/ICTBa SIBIISIIOTCSL O0JauHBIMK, KaK M CO37aBacMBbIE C
UX MOMOIIBIO UHTEIIEKTyaIbHbIE CUCTEMBI.

3akiaouenue

B  Hacrosmee ~ BpeMsa ~ OCO3HaHa  OCTpas
HE0OXOIMMOCTh pa3paboTku TEXHOJIOTHH u
HHCTPYMEHTAJIBHON MO ICPKKU CO37aHUsA
HHTEJUIEKTYaIbHBIX cucteM. CTaHJapTHas TEXHOJIOTHS,
OCHOBAaHHAs Ha  QJTOPUTMHYECKOM IIOAXOAE H
COOTBETCTBYIOIIIE €W CpeAcTBa pa3paboTKu  He
MPUMEHUMBI K pa3paboTKe MHTEIJICKTYaJIbHBIX CHCTEM.

B INEepBYyHO oO4Yepeab 3TO CBA3AHO C€ TEM, HYTO B

APXUTCKTYPEC HHTCIUICKTYAJIbHBIX CHCTCM  HMCCTCH
,HOHOJ'IHI/ITGJ'ILHHﬁ KOMITOHEHT — 0a3a 3HaHPII>i, KOTOpas
JOJKHa paSpa6aTLIBaTBCiI n COIIPOBOKAATHCS

SKCHEepTaMH TpeAMETHOH obmacTh ©  OBITh =~ HM
HNOHATHOU. B Toxxe Bpems Ui HMHTEJUIEKTYaJIbHBIX
CHCTEM HE MPEeNJIOKEHO MapaJurMbl penieHus 3ajaay, B
pe3ynbTaTte 4Yero BCE TEXHOJOTH pa3padarhIBalOTCS W
Pa3BHUBAIOTCS, KaK MPAaBUIIO, HHTYUTUBHO. DTO BEAET K
TOMY, YTO HEBO3MOXHO OOBEKTUBHO OLEHUTh HUX H
HaMETUTh NyTH JaJbHEWIIEero pa3BUTUA JTaHHOMU
obmactu wuccnemoanuit. [lpemmoxeHHass B pabore
napagurMa MOXET CTaTh, B Cly4ae €€ NpPUHATHUS
3aWHTEPECOBaHHBIM _COOOMIECTBOM, OCHOBOHM s
OLICHMBAHUSA TEXHOJIOTMH U JaJIbHEHIIEero pa3BUTHUS
TEXHOJIOTMH | W' HMHCTPYMEHTAJIbHOM  MOAJEPIKKH
pa3pabOTKU HHTEIUICKTYaTbHBIX CHCTEM.

Pabota BbimojHeHa npu (UHAHCOBOW MMOAJIEPIKKE
JABO PAH (uHuIMaTUBHBIA HaydHBIH mpoekt 12-I-
OHUT-04) u npu ¢urancoBoil mnomnepxke PDODU
(mpoexr 12-07-00179-a).
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A paradigm for tasks solving based on knowledge bases
is proposed by analogy with the paradigm of solving
tasks within the algorithmic approach and modern
requirements for the development of intelligent
systems. Adequacy of the existing technologies to the
new paradigm is analized.
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Introduction

The algorithmic approach of tasks solving is most
widely used. This approach has the generally accepted
paradigm for tasks solving. However, not all problems
can be solved using the algorithmic approach so other
approaches are developing. One of such approaches is
approach for tasks solving based on knowledge bases.
However, this approach still does not have the paradigm
similar to that for the algorithmic approach .

The paper proposes a paradigm for tasks solving
based on knowledge bases and existing technologies are
compared using this paradigm.

Main Part

The main includes three paragraphs. The first one
describes the paradigm of task solving within the
algorithmic approach. The second part is devoted to a
new paradigm for tasks solving based on knowledge
bases. In the third part existing technologies are
analyzed in accordance with the new paradigm.

Task solving on a computer is usually associated
with the need to obtain any information. Formally, this
need for information that is obtained by task solving, is
described in terms of the definition of the set Y of all
possible results of solving this task. To obtain
information y € Y, we need input data x. The set of all
possible input data of the task is X. A formal statement
of the task or its specification is a predicate P (x, y),
where x € X, and y € Y. For the task specification a
statement of existence of a solution must be proven. It
is also desirable to prove a statement about uniqueness
of its solution. If both these statements are true, an
algorithm for task solving is developed.

The paradigm of tasks solving based on knowledge
bases has the same sets X and Y. Moreover , intelligent
systems have knowledge base , so in the same way a
set of admissible knowledge bases K (X', Y)should be
determined, and the specification of the task - the
predicate P (x, k, y). A form of representation of
information in the knowledge base must be
understandable for domain experts and users of
intelligent systems without any intermediaries or
special training. In the case of intelligent systems
feature the task specification is that it is not a fair
statement about the existence of solutions. Although the
specifications of the task a statement of the existence of
solutions is not fair, for it is possible to formulate a
weaker statement, and in some cases a weak statement
about the uniqueness of a solution. These statements are
only predictions and can not be proven.

In assuming of validity for the task specification this
weaker statement about existence of solutions the
programmer can develop an algorithm for the task
solving. If an intelligent system with a knowledge base
implements the correct algorithm? Then the user is
responsible for the correctness of input data, but in this
case he can get wrong and inaccurate result of the task
solving, or do not even get any result .
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If we want the technology of intelligent systems to
be viable, it must include procedures to reduce the
proportion of cases in which the system has undesirable
properties. These procedures may be different for
different types of intelligent systems.

In the third section of the paper we discusse the
adequacy of modern technologies for intelligent system
development to the paradigm. Considered the following
technologies : (a) a technology based on the use of
expert system shells ; (b) a technology based on the use
of WebProtege; a technology based on the use of the
platform IACPaaS. Technologies (a) and (b) does not
support the specification of sets of input and output
data, the knowledge base so that the predicates of
accessories were computable. The technology (c)
supports this specification. Form of knowledge
representation is understandable for the domain experts
in technologies (b) and (c): Technologies (a) and (b) not
provide specifications of the task in the form of a
predicate. Methods of control of the rule base have been
developed for the (a) technology. This problem has not
considered for the (b) technology. The technology (c)
provides the apparatus for the task specification in the
form of a predicate, using which it is possible to
formulate a weak assertion of the existence of solutions,
as well as weaker statement about the correctness of the
algorithm for ~the task solving. Tools for the (a)
technology includes tools for creation of a rule base and
a problem-independent task solver (shell), the
development of an interface is not supported. In
addition, these tools and intelligence systems are not
cloudy. Tool for the (b) technology includes an editor
of knowledge bases, a set task solvers of some. The
editor is cloudy. Tools for the (c) technology includes
an editor of knowledge bases, tools for development of
task solvers in the form of a set of agents and user
interfaces. All of these tools are cloudy.

Conclusion

There is the urgent need to develop technologies and
tools to support the process of development of
intelligent systems. The general technology based on
the algorithmic approach and the corresponding
development tools do not applicable for intelligent
system development. This is primarily due to the fact
that the architecture of intelligent systems has an
additional component - the knowledge base, which
should be developed and maintened by domain experts
and be understandable for them. At the same time a
paradigm of task solving have not developed for
intelligent systems, so all of the technologies are
intuitively developing. This leads to the fact that it is
impossible to objectively evaluate them and idefine
ways of further development of this field of research.
Proposed in the paper paradigm may become, if it is
accepted by the community concerned , the basis for the
evaluation of technologies and the further progress of
technologis and tools for development of intelligent
systems.





