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YNYYLWEHHbBIE CART TEXHONOI MU rEHEPALIMN YACTUHHO CUHTETUHECKUX
OAHHBIX

lNeBoH AcnaHsiH, BapgaHn TonusH

AHHomayusi: Paboma nocesiwjeHa  uccrne0o8aHUO — 80NPOCO8  aHanu3a  NEepCOHasbHbIX  0aHHbIX
obecneyusarwjux KoHudeHyuanbHocmb OaHHbIX. [lpednonazaemca 4mo OaHbl YacMUYHO Kpumu4yecKue
coyuonoauyeckue OanHble U neped npedcmasneHueM amux OaHHbIX obuiecmeeHHocmu mpebyemcs ux
modugbuyuposamb mak, 4Ymobbi KoHeuOeHUuanbHble OaHHble He pacKpblearnuchb, U 4Ymobbl aHanmu3 smux
OaHHbIX HE OMJuUYanca om aHanuia ucxoOHbix OaHHbIX. Paboma cmpoum ynydweHHble an2opummbl Knacce
depesbes Kknaccughukayuu U pespeccuu, Komopble npedocmaensiom peweHue 3adayu eeHepayuu mak
HasblgaeMblx — CuHmemuyeckux OaHHbIX. Hogoe peweHue  y4yumbigaem  cmpykmypbl — obnacmel
KOHGhudeHyuanbHocmu u npogodum onmumu3ayuto Oepeea 3aMeHb! AaHHbIX Ha CUHMeMmUYecKue.

Knioueenie cnoea: knaccughukayus, peepeccusi, packpbimue 0aHHbIX, CUHMemuyeckue 0aHHbIe.

ACM Classification Keywords: H.1 Information Systems — Models and principles, 1.2.0 Artificial intelligence.

BBeaeHue

lMpegocTaBneHne SKOHOMUYECKNX, COLManbHbIX AaHHbIX 0OLLECTBEHHBIM CTPYKTYpaM SIBNSETCS HEOTHEMNEMON
4acTbl0 4EeATENbHOCTU FOCYOAPCTBEHHbLIX CTATUCTUYECKUX OpraHm3aumin. OTKPbITbIA JOCTYN K OaHHbIM UMeeT
Bonblune npeumyliecTsa. lNpexage BCero Takue AaHHble MOTYT SIBUTCS MCTOYHUKOM OCYLLECTBREHUS pasHOro
poga WCCneaoBaHuii, B TOM 4ucne M B yvebHbix Lensx. TeM He MeHee OrpaHMYeHne pucka PackpbiTus
(disclosure limitation) koH(buaeHUMaNbHON MHAOPMAaLMM NPOLOIMKAET OCTaBaTbCA OAHOM U3 TMaBHbIX 3afau
CTaTUCTMYECKMX OpraH13auuin NOTOMY YTO Aaxe Mpu yAAneHUM OYEBMAHBIX WAEHTU(DUKATOPOB TaKMX Kak UMS
UMK agpec He WCKMYaloT BO3MOXHOCTM AOCTYNa K MepcoHanbHbiM AaHHbIM. Bedb kak nokasaHo MHOrMmMu
aBTopamu 6narofaps conocTaBneHUAM 3HaveHUit 0BLLMX KIoYeBbIX aTpuByTOB B HECKOMbKWX Tabnuuax faHHbIX
MOXHO BbISIBUTb OMNpefefieHHble nepcoHanbHble AaHHble. [ns pelleHus AaHHOM 3agaqn/mpobnembl 4acto
npuberarT kK Mogudukamm (perturbation) MCXO4HbIX A@HHBIX UK K UX 3aMEHE APYrMMM, HOBbIMIA AaHHBIMU. OTK
[aHHble TeHepupyTCA Ha OCHOBE pasHbIX Mogenen 1 anroputMos [4]. Yacto MoguduumpyoTes 3HaYeHus
oTAenbHbIX aTpubyTos/geckpunTopoB. Takum 00pa3oM 3awuias oTAenbHble Nons MHGOpMaLMM, OHWU MOryT
MPMBECTM K NOBOYHOMY S EKTY, K UCKAKEHUIO CBSA3EIN MEXIY pasHbIMU CErMEHTaMM MHOXECTBA AaHHbIX, YTO B
CBO 04epeab MOXKET NPUBECTM K OLIMOOYHBIM BbIBOLAM Ha dTane CTaTUCTUYECKOro aHanm3a AaHHbIX.

AnbTEpHaTUBHBIM NOAXOAOM PELUEHWs MOCTABNEHHON 3aAauu, KOTOPbIA OAHOBPEMEHHO MbITAETCS COXPaHWUTb
(OYHKUMOHAMNbHbIE CBSA3W MeXOy CErMEHTAMM MHOXECTBA [aHHbIX, SBNSETCA MOAXOA reHepauun Tak
Ha3blBaeMbIX MOMHbIX CUHTETWYECKMX AaHHblX (synthetic data generation, SDG) [5]. B atom cnyuae,
CTATUCTUYECKasl OpraH13aLMs JOMKHA, BO-MEPBbIX, NPOM3BOMBHO M HE3aBUCUMO OTMevaTb obLmii dopmaT W
KPUTUYECKOE COAEPXaHUE eauHUL WHGOpMauMM M BKMKYaTb WX B COOTBETCTBYHLLEE Mnpeanonaraemoe
MHOXECTBO CUHTETUYECKWX [aHHbIX, BO-BTOPbIX: NO BbIOPAHHOI CTpaTerin/anroputMy ycTaHaBnMBaThb HOBbIE,
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CUHTETUYECKME, 3HAYEHNS B eaMHULAX MHGOPMaLK, U B-TPETLUX: NPEAOCTaBUTb OBLLECTBEHHOCT HEKOTOPOE
KONM4YECTBO MHOXECTB, CTEHEPUPOBAHHbIX CUHTETMYECKMX [AaHHbIX. W3BECTHbI pa3nuyHble MeToabl [6]
reHepaunm MOMHbIX CUHTETUYECKUX [AaHHbIX, OOEeCneuMBaloLLMX MoMyYeHne 3HaYUMbIX pesynbTaToB C
NCNONb30BaHUEM CTaHAAPTHBIX CTATUCTUYECKUX METOOB.

HecmoTpst Ha OTMeYeHHble NPeMMYLLECTBA UHCTUTYTA NOMHBIX CUHTETUYECKNX JaHHbIX, MPOLECC UX reHepaLmm
[O0BOMbLHO TPYAOEMKNA. He NOHATEH Takke MOAXOA KOraa W3MEHSTCS HEKOH(MAeHUManbHas CocTaBnstoLLas
NCXOOHOM MH(opMaLuK. B cBA3N ¢ 3TUM yacTo MpuGerawT K WCMONb30BaHUI0 CXEMbI FeHepaLuy YacTUYHO
CUHTETUYECKUX AaHHbIX [6], NpeacTaBnAOWMX U3 ceBsi CoYeTaHe OPUTMHANbBHBIX U CUHTETUYECKUX AaHHbIX.
MoTpeBHOCTL B reHepaLmi YaCTUYHO CUHTETUYECKUX AaHHbIX BO3HMKAET B TeX Cryyasix, koraa CTaTucTiYeckoe
areHTCTBO CTPEMUTCS 3alUMTUTL KOH(DMAEHUMANbHOCTL Ansl onpedeneHHbix 3anuceil. C aTOR  Lenblo,
FEeHepUPYIOTCS CUHTETUYECKMNE 3HAYEHWs NMUWb NS OnpedeneHHbIX aTpubyToB, @ 3HAYEHUS! OCTAmNbHbIX HE
N3MEHSIOTCS.

Kak 1 B cnyyae MOMHbIX CUHTETUYECKUX AaHHbIX, YaCTWYHO CWUHTETUYECKME [aHHble Tak xe obecneyuBaroT
OrpaHMYeHne pucka packpbiThs MHGOPMaLMK, NO3BONSAS NOMyYaTb 3HAYUMbIE PE3YNbTaThl C UCNONIb30BAHUEM
CTaH4apTHbIX CTaTUCTMYecknX MeTogoB. OTMETUM, YTO, B Cury CBOEA MpUpOAbl, MPUMEHEHWE YacTUYHO
CUHTETWUYECKMX AaHHbIX, obecneunBaeT Bonee TOUHbE pe3ynbTaTbl CTATUCTUYECKUX BblYMUCNEHWA. Mo Ton xe
NMPUYMHE, PUCK PACKPbITUS MHCOPMALMK BbILLE MO CPABHEHWHO C MOMHBIMM CUHTETUYECKUMU AaHHbIMU. OfHaKO,
W3BECTHbl pasnuyHble anroputMbl [5, 6] ANA WX reHepauuu, WUCMONb3yeMble MHOMMMM CTaTUCTUYECKUMM
opraHusaumamn (U.S. Federal Reserve Board, U.S. Bureau of the Census, Statistical agencies of Germany and
New Zealand, efc.), 4to roBopuT 0 NepcnexkTBax 4aHHOro MeToaa.

AHanu3 CyLlecTBYIOLMX anropuTMOB reHepauun CUHTETUYECKUX [AaHHbIX MOKa3biBaeT WX 3BPUCTUYECKYID
CTPYKTYpY. Takum oBpasom 06OCHOBaHMEM SBMSETCH OSKCMEPUMEHT M HET TeopeTuyeckon 060CHOBAHHOCTM
NCMONb30BaHNS TOTO WNM ApPyroro nogxoga. Bmecte ¢ Tem obrnactb KOH(MAEHUMANbHOCTW OaHHbIX 3agayu
XOpOWO MWHTEPNpeTMpyeMa W OHa NOANeXuT opmansHoMy onucanuio. [aHHas paboTa, Bnepsble,
copmynmpyeT popmanbHyt MOLeNb KPUTUYECKUX AaHHbIX W NOMbITAETCS NOCTPOUTL YNyYLLEHHbIe anropuTMbl
reHepaLum CUHTETUYECKUX AaHHbIX CMieas 3a COXpaHEHUEM Kak OTAEMbHbIX 3HAYEHWN NapaMeTpoB 3agayu Tak 1
32 COBMECTHBIMM 3HAYEHWSIMW TPyNn napameTpoB U aTpubyToB. B TEOpEeTUYecKoM nnaHe, Kak 9TO 3aMeyeHo
OTAenNbHbIMU aBTOPaMK, CPOPMYNMPOBAHHbIE 3afaul CXOXM C BEPOSTHOCTHbIMU 3afavyaMu BOCCTAHOBIEHMUS
OTCYTCTBYHOLUMX 3HA4YeHuir (missing value). B Takux cxemax BO3MOXHO MOSyYeHME OLIEHOK OLIMOKM OfHaKO
npakTuyeckne 3agayn He obnagatoT [OCTATOMHOM MHDOpMaLMein Ans BOCCTAHOBMEHUS BEPOSTHOCTHbIX
pacnpefeneHnn W Hawa Lenb He B MNOMyYeHUM TakuX OLEHOK a B hopManu3auuy M WUCMonb30BaHUM
[ONONHUTENbHbIX CBOWNCTB 3aAa4n Ans chopMmpoBaHus Gonee afekBaTHOro NpUKNagHoro pesynbrara.

Bbilwe npeacTaBneHHOE MOCIYXWNO OCHOBOA ANS HAWero M3yyeHUs MeTOOOB reHepauun 4acTUYHO
CUHTETMYECKMX AaHHbIX [1, 2]. [ns ocywecTBneHus wugen 3atoi paboTbl Ham Heobxoaumo BbIGpaTh W
OCTaHOBUTbCS HA OHOM M3 MOAXOAALMX METOAOB reHepaLyuy CUHTETUYECKIX JaHHbIX. Kak nokasblBaeT aHanma
nuTepaTypHbIX AaHHbIX [5, 6], npuemnembix sBnseTca [6], paboTa KOTOPOro OCHOBaHa Ha MCMOMb30BaHWM
pepesbeB CART (Classification and Regression Trees). [lpexae 4em nepeit k Gonee nogpobHomy
PacCMOTPEHUI0 3TOT0 anropuTMa, LaguM KpaTkoe onucaHve ¢opmarta Hawwx AaHHbIX W npegnonaraembix
CMHTETUYECKMX JaHHbIX 3a4auu.
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dJopmaT YaCTUYHO CUHTETUYEeCKNX AaHHbIX

lMpouecc reHepauWnm YaCTUYHO CMHTETUYECKMX [aHHbIX COCTOMT M3 AByx 3tanos: (1) npeaBapuTenbHas
obpaboTka (preprocessing) BXOAHbIX AaHHbIX, (2) 3aMeLleHWe OTMEYEHHbIX, KPUTUYECKMX 3HAYEHWA Ha
CUHTETUYeCKMe. PopManbHO AaHHbIM MPOLLECC MOXHO ONUCaThb CreayioLM 0bpasom.
MycTb, (// MHOXeCTBO OTAEMbHbIX 3IIEMEHTOB, W3 KOTOPbIX COCTaBMEHbl BXOAHblE [aHHble, (7/
= {U1, Uy, ..., Uy}, € Kaxbli 3MEMEHT XapaKTepuayeTcs MHOXECTBOM aTpubyTos .7 = {Ay, Ay, ..., Ay}

Ui = (ail,aiz, ...,aij, ...,aip), (1 <i< N, 1 S] < p)
Ha atane npenpoueccuHra [AaHHbIX NPOM3BONbHbIM 006pa3oM OTMevaeTcs ornpefeneHHoe  KOnM4ecTBo
3EMEHTOB MHOXECTBA (7/ Ans Tekylero HabntogeHus (observation) n oTMmevaroTcs KoH(hMAEHUMANbHbIE
atpubyTbl (CTPOKM M cTONBLBI MATPULbl (7/ COOTBETCTBEHHO), U YCTaHABMMBAKTCA MOPOroBble YCMOBUS ANS
aTpubyToB.
Myctb, n (n < N) eCTb KONMYECTBO MPOM3BONLHO BbiBPaHHbLIX 3MEMEHTOB MHOXeCTBa 74 a d (d < p) —
KOMMYeCTBO KOH(MAeHUManbHbix atpubyTto. O603HauMM BblGpaHHbIe 3NEeMEHTbl W KOH(MAEHUMarbHbIe
atpubyTsl uepes {U;,U;, ..., U; } u {4;,4;, .., A;,} cootBetctBerHo. C Lenbio onpederneHusi aTux

9NeMeHTOB U aTpubyToB BBEAEM BCrOMoraTenbHble Habopbl wHaukatopoB I = (I, 1, .., Iy) n J =

UsJar e Jp):

1L,U; € U, U; ...,U;
1T={ € Uy, Us, s Uy 1<i<N,
Or Ui $ {Uil’ Uiz ey Uin}
_ {1,,4]- € {4, 4;, .. A} <<y
0,4; € {A; A}, .., Ay}
CxemaTnyeckn JaHHbIN NpoLecc NpeacTaBneH Ha Puc. 1.
h Jo

Puc. 1 VicxoaHble daHHble 3a4a4m C BblgeNeHEM KPUTUYECKUX AaHHbIX
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Mo cywectsy, B pesynbtate onpedenserca pacwennedne Uyps = (Urep, Unrep) WCXOQHOM  MaTPULbI
HabnogeHn pasmepamn [n X p] COCTaBNEHHOrO W3 paccMaTtpuBaeMbix (observed) eauHUL WH(OpMaLWK.
3pecb Uye, — NMpefctasnser coboit matpuly pasmepa [n X d] 3HauyeHuit koHdedeHuManbHbIX atpubyToB
Aj ,Aj,, ..., Aj, (replaced vs. not replaced). A Uppep — [n X (p —d)] MaTpuua 3HayeHuit OCTasbHbIX
aTtpubyToB (aTpubyTOB 3HAYEHMs] KOTOPLIX HE MOABEpPrakTCcs 3amelleHnto). [ns ynpoLleHns npeacTaBeHns
Matpuubl U, ps €€ CTON6LbI COOTBETCTBYIOLLMM 06pa3oM MOXHO nepectasuTb (Puc. 2).

Urep Unrep
ij A}a Alld+x) A}'p
Uu Ay jy Qiyjg | Yajeas) Qiyjp
U‘z a‘zh a‘zld ai:](d+1) a’sz
Uobs =
Uin injy Qijy | Fnjasn a‘n)p

Puc. 2 [NepecTaBneHHas ucxogHas martpuua

fanee, ana onpepenenus kputudeckux obnacten 3HadyeHwit atpubytos A; ,A;,, ..., A;, ycTaHaBnmeaotcs
COOTBETCTBYIOLME noporosble ycrnosus (threshold conditions) nocpeacTBOM HEKOTOPOro MHOXeCTBa @ =
{Cy, ..., C4} (Puec. 3).

c, £
Aj1 Ajd
Ui1 yi1jx -Yixjd
Uiz Yizjy Yizja @={Cy, ... Ca}
Urep =
Ui, | Yinsy Yinja

Puc. 3 Kputnueckast matpuLa 1 noporoBble 3Ha4eHns aTprubyToB
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Ha ocHoBaHuM 3TUX YCMOBMW onpedenseTca WHAWKaTopHas Matpuula Z [n X d] , Xxapaktepusyiolias
He0OXOAMMOCTb M3MEHEHMS 3HAYEHUI KOHMAEHUMaNbHbIX aTpubyToB (Puc. 4). A UMEHHO, 3Ha4YEHNE NEMEHTa

Zyk 6€peTCF| paBHbIM €OuHUUE, ecniu 3Ha4eHue COOTBETCTBYHOLLEro anI/I6yTa Aj Qi i YOOBIETBOPAET

e
noporoBoMy ycnoButo Cy, z,, = 1 (1 <r <n),(1 < k < p). B obpatHom cnyyae z,, = 0.

WHoukaTopHas (0,1) MaTpuua B NpUHLUMNE MOXET MMETb NPOU3BONLHYH0 GopMy. MOHATHO YTO OBLIYHO YCIOBKS
Cj, NpeacTaBnsioTCs NPOCTbIMW - MOTMKO-apUPMETUYECKAMM  BbIDAXEHUSMA W 4TO 3TUM  XapaKTepusyeTtcs
CTpyKTypa camon matpuubl Z. OgHako B oblyem cnyyae matpuuya Npou3BoNbHas U BONPOC ee 3pPEKTUBHOTO
MPUMEHEHUS CBS3aH C 3afjadYami ee ONTUManbHOrO MpeAcTaBneHuns. 34eCb MOXHO PacCMOTPeTb CXemy
NPeACTaBneHns: MaTpulbl B BUAE CYMMbl Manoro 4ucna MaTpuy, NpoCTOA CTPYKTYPbl, NpefcTaBieHue npu
MOMOLLW MepapxMyeckoro fepesa unu fpyrie Buabl npeactasnenus. VugukatopHas (0,1) matpuuya takum
00pa3om umeeT BuA

le1 led

Z2j, 22jq
& =

Z"j1 szd

Znj, | | Znjg

Puc. 4 VingnkaTopHas matpuua

W COrMacHo 3aMEYEHHOMY, C 3TUM CBSI3aHO HEKOTOPOE afleKBaTHOE CTPYKTYPHOe NpefCTaBfieHWUs AaHHO
MaTpuLbl.
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CymMmapHbIM pesynbTaToM npeasapuTenbHon 06paboTkM MHOXECTBA BXOAHbIX AaHHbIX (7/1 BCMOMOraTesNbHbIX
WHAMKATOPHbIX HabopoB I,] sBnswTcs Matpuua U,ps , COOTBETCTBEHHO MaTpuLpl Urep U Uppep » 1
WHAvkaTopHas matpuua Z. MNonyyeHHbIi Habop AaHHbIX 0603HaYMM Yepe3 D = (Urep» Unrep, Z).

BTopas, B npuHUMNe OCHOBHAs YacTb MpoLecca reHepauni YaCTUYHO CUHTETUYECKUX JaHHbIX NPeACTaBnseT 13
cebs NpoLecC N3MEHEHMSI/3aMELLEHNS KPUTUYECKUX 3HAYEHUIA. A UMEHHO, HA OCHOBaHWW MOMyYeHHOro Habopa
fanHblX D = (Uyep, Uprep, Z) W BbIGPAHHOrO anroputMa, MPOW3BOAATCA 3aMELEeHUs COOTBETCTBYHLLNX
3HayeHnd maTpuubl U, Ha HOBble, CUHTETMYECKME 3HaueHus. [lpouecc 3amelleHns NpoU3BOAMTCS
HE3aBWCMMO HEKOTOPOE KOMWYECTBO m pa3, B pPe3ynbTaTe Yero reHepupytoTcs m PasfuyHbIX MHOXECTB
4aCTUYHO CUHTETUYECKNX JaHHbIX:

SDy = (Ustyn: Unrep): l<st<m,

rae Uy, — Matpuya C YCTAHOBMEHHBIMM CUHTETUYECKUMI 3HaYEHUAMM t —ro HabnioaaemMoro MHOXecTBa.
OtmeTum, uto Matpuua Uy, OOMHAKOBA ANA BCEX MHOXECTB SD;,1 <t < m. 3T0 XapakTepHoe HO He
obsi3aTenbHoe ycnosue 3agauu. Mpu xenaHnm MOXHO CUHTE3UPOBATb U He KPUTUYECKIMEe 3HAYEHMS U K TOMY eCTb
CBOS MpuumHa. Mepsasi NpuUuMHA CROXHOCTHAs - OHA YnpollaeT paboTy anropuTMOB 3aMELLEHMS| AaHHbIX.
BTopas cBsidaHa C crielymduyHbIM packpbiTUeM, korga Ao0biBasi HyXHOe KONMYECTBO HEKPUTUYECKUX 3HAYEHMIA
aTaKytoLMi NbITaeTCs BOCCTAHOBUTL €€ CBS3N K KpUTUYECKUM [aHHbIM.

Takum 06pa3om, NoyYeHHbIE MHOXECTBA YaCTUYHO CUHTETUYECKUX AaHHbIX SDy, SD,, ..., SD,,, SBNAKTCS TEMU
AaHHbIMU, KOTOpble MPefOCTaBNATCH COOTBETCTBYIOWMM OpraHn3aUmusM M oBLiecTBEHHbIM CTpyKTypam. Ha
aTane OLEHKM Npeaniaraemoi MOGEenM 1 anroputMa 3aMeLeHns JaHHbIX Heobxoaumo noaTeepanTb (validation)
4TO MO COBOKYMHOCTM MpejnonaraeMbix METOAOB aHannsa pesynbtartbl 06paboTkM CUHTETUYECKUX AaHHBIX He
ByneT oTAMYaThCs OT OPUrMHANBHBIX PE3YNbTaTOB MO UCXOAHBIM AaHHbIM.

Onucanwue anroputma CART B Buge yaooHom ana SDG

TeopeTuko-rpacpoBOE  MOHATUE [epeBa CRYXAT OCHOBOW psda MOAened nowucka, Krnaccudukawum,
npegocTaBnexns npusunernit, u ap. [8-12]. MpumMepbl U3BECTHBLIX APEBOBUAHBIX MOAENEN MPUHATUS PELLEHUI
Bknmovatot ID3, C4.5, CART, CHAID. B cratuctvke, Hapsimy C MepapXu4eckuM KnacTepHbIM aHanm3om
ucnonbayloTes npouedypel Tvna Bagging, Random Forest, Boosted Trees, koTopble CTPOST W ONTUMMMPYIOT
knaccbl gepeBbeB. [lepeBbsi SIBNAOTCSA CYLECTBEHHOM KOMMOHEHTOM anropuTMOB CkaTWsi AaHHbiX (gif, lzw),
CUCTEM BbIYMCIIEHWNA, Pacro3HaBaHUs, CEMaHTUYECKMX aHanM30B AaHHbIX 1 Ap. Hawa 6nuxaiiwas 3agava B
3TUX TEPMUHAX XapaKTepKU3yeTcs Kak 3afava NoCTPOEHUst Mogenei nepapxmMyeckux pecypcoB AaHHbIX W 3aaya
Mepapxmnyeckon Knaccudukaumm ¢ MUHUMM3aUMen owubku. eHepupyrowas uaes paboTbl 3akn4vaeTcsl B
OrpaHUYEHNN peLLaoLLmx NpaBuUm UCMOMb3yeMbIX B BEpPLUMHAX OEpeBbEB KNACCOM YCIOBWA W OrpaHUYeHui,
XapaKTepusylLmMX KpUTUYeCKMe AaHHble 3adayn. ITO BOMOXKHO WM 3((EKTUBHO MOTOMY YTO B OCHOBHOM
MOZJEnNM AepeBO CTPOUTCS MO KPUTEPWIO MUHAMM3ALMN OLUMOKM W TONBbKO MOCNE 3TOM0 CHUXKAETCS ee CMOXHOCTb
YUUTbIBAS KPUTUYECKME U HE KPUTUYECKWE 3HAYeHUst nepemeHHbiX. MocTpoeHne mogenu Tpebyet HeKoTopyto
AeTanu3aunio onncaHus ApeBOBUAHbLIX CTPYKTYP U MPOLEAyp OMUCAHWS KPUTUYECKUX AaHHbIX, K KOTOPOMbI W
cenyac Mbl nepexoamnm.

Anroputm CART sBnseTCcS 0fQHUM W3 NPeCcTaBUTENEN APEBOBUOHBIX Moaenen 06paboTku AaHHbIX. [Ans Halero
Cnyyas anroput™m npegHasHayeH [N reHepauuu YacTWYHO CUHTETWYECKMX MHOXKECTB [aHHbIX, KOTOpble
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BO3MOXHO WCMONb30BaTh NS BbIYUCTEHNS NPOCTLIX CTATUCTUYECKNX BENMNYMH NEPEMEHHBIX (MaTeMaTUYECKOro
OXUOaHWs, aucmepcn M T.4.) U MOCTPOEHMS KNAcCU(UKALMOHHBIX M NUHEAHBIX PErpecCUOHHbIX Mogeneil.
Pabota anroputMa ocHOBaHa Ha GMHAPHbLIX AEPEBbAX C YCMOBUSIMU Ha BepLUMHAX. OHW UCTONb3YITCS C LieMblo
yNpaBneHns YCOBHOMO pacrnpefeneHnst KpUTUYECKUX 3HAYEHMIA KOH(DUAEHUMANBHBIX aTPUBYTOB.

[epesbsi CART ncnonbayloTcst Ans NpOrHo3MpOBaHNS 3HAYEHNA 3aBUCUMON NEPEMEHHON Ha OCHOBaHUK Habopa
npeauktopoB. [MpuHuun noctpoeHuss CART  3akmoyaeTcd B PeKypcMBHOM  pa3bueHu MHOXEeCTBa
paccMaTpuBaEMbIX 3MEMEHTOB [JaHHbIX Ha NOLMHOXECTBA, OJHOPOAHble OTHOCUTENbHO — 3aBMCUMON
nepemMeHHoNn. A MMEHHO, Ha KaXXOOM Luare OnpefenseTcs Haunydllee YCrioBue no HEKOTOPOMY MPEAMKTOpY M
Npou3BOAMTCA pasbueHne Tekyllero MHOXecTBa (growing). B pesynbTaTe, B NNUCTbAX NOMyYEHHOrO AepeBa
OynyT copepkatcs 9MeMeHTbl AaHHbIX C OAWHAKOBbIM 3HAYEHMEM 3aBWUCHMON MEepPeMEHHON. [locKonbKy,
NONy4yeHHOE [EepeBO MOXET COCTOATb M3 HeonpaBhaHHO OOMbLIOTO KONMWYeCTBa Y3MOB W BETBEW, TO ANS
[OCTWXEHNS MPUEMSIEMOr0 pa3mepa 3TUX AepeBbeB MPOM3BOAMTCA MX OTCEYeHWe (pruning) Ha OCHOBaHWM
HEKOTOpOro Kputepus onTumansHocTh. Mo cywectsy, rmctbs gepesa CART npefctaBnsioT YCnoBHOe
pacnpefeneHve 3aB1CMMOi NepeMeHHoN 41 paccMaTpruBaemoro Habopa npeankTopos.

Moctpoenne pepesa. [lpu onucaHum paboTbl anroputMa Mbl Oydem npuaepkuBaTbCsl 0BO3HAYEHMN,
BBEAEHHbIX B Npeablayliei vactu. He Hapywas obwHocTi, gonyctum, 4to matpuua U, , NOnyyeHHas B
pesynbTate NpeaBapuUTenbHON 06paboTku AaHHBIX, COCTOUT U3 NEPBbIX 1 ANIEMEHTOB MHOXECTBA (7/. YuuTbIBas
TO, YTO MOPSAOK aTpubyTOB HE (PUKCMPOBAH MO CMbICITY Haleid 3agayn, B aTtane 06paboTkM AaHHBIX MX
NepecTaBneHEM Mbl MOXEM J0BUTLCS TOro, YTOOLI KOH(MAEHUMANBHBIE AaHHbIE OKAa3anMCh TOMbKO B NEPBbIX
d cTonbuax AaHHbIX, T.e. OHM OnpeaeneHsl aTpudytamm

Aconf = {AllAZI IAd}J Aconf g//
B anropuTMe, reHepauys CUHTETUHECKUX AaHHBIX OCYLECTBASETCS MOCAEA0BATENbHO, NYTEM HapaLUMBAHNS, MO
KaOOMy KOHdMAeHUManbHoMmy atpubyTy. B cBfsn ¢ 3TWM, Ha nepBoM aTame paboTbl MPOM3BOAMTCS

ynopsiiounBaHne atpubytos Ay, A,, ..., Ay N0 Mepe YObIBaHNS KONMYECTBA KDUTUYECKIX 3HAYEHMIA MO BXOAHBIM
AaHHbIM. C 3T Lenblo, Ans kaxgoro atpubyta Ay (1 < k < d), Ha OCHOBaHWM VHAMKATOPHOW MaTpuLibl Z,

n
zZik.

i=1

BblMMCNAETCA Credyolee 3Ha4eHue:

OpHako, He UCKITIOYEHO, YTO ANs HEKOTOPOW rpynmbl aTpubyTOB AaHHOE 3HayYeHne MOXET ObITb 0gNHaKoBbIM. B
3TOM Cryyae, Nopsaok Ans aTux aTpubyToB YCTaHABMMBAETCA MO Mepe BaXHOCTU KaxZoro M3 HuX npu
MOCTPOEHWUM COOTBETCTBYOWMX AepeBbeB CART fnsi oCTanmbHbIX YfIEHOB 3TOM rpynnbl. [N HarnsgHOCTM
pacCMOTPUM YacTHbI cryyair ¢ aBymsi atpubytamu. flonyctum, yto A, u A, — atpubyTbl C OAMHAKOBbLIM
KOMMYECTBOM KPUTUYECKUX 3HAYEHNN,

n

n
Zic -
i=1 i=1
[ns atux atpubyTos cTposTcs cooTBeTcTBYowWMe UM Aepesbs CART, T, v T, (Puc. 5). [anee, ons atpubyra
A, onpefenseTtca BenuuuHa Py, paBHas rnybuHe B gepese T, roe Bnepsble BCTpeyaetcs pasbuenne no
atpubyTy A, (ecnu Takoe pasbueHne OTCYTCTBYET, TO Pp, YCNOBHO GepeTcs paBHbIM P, = o). BenuunHa P,

XapaKTepu3yeT TO HACKONbKO CUJTbHbIM NPEANKTOPOM ABNAETCA Ac ansa anVI6YTa Ab- A MMEHHO, YeM MeHbLUE
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3HayeHue Py, Tem Oonblue 3aBucMMoCTb atpubyTta Ay OT A.. AHanornyHbiM 06pa3om onpegensieTcs BenuunHa
P. ansa atpubyta A.. Ha 0CHOBaHMM NOMyYeHHbIX AaHHbIX, NOPSAAOK Ans aTux aTpubyTOB yCTaHaBNMBaeTCs no
mepe yObIBaHWS BENWUMH P, u Py,

condjtjon(Y,

ondition(Y})

Puc. 5. Onpenenenue ypoBHs pasbueHuns no gaHHoMy aTpubyTy

B pesynbtarte, ynopsigoueHHble aTpubyTbl 0603HaUaOTCA Creaytowwnm 0bpasom: A qy, A2y, -, A(a)-

MycTb, Ay — Tekywmit atpubyT. C Lenbio reHepaLmun CUHTETUYECKUX 3HAUEHUA Ans aTpubyTa A ), B Nepeyto
odepenp, crpoutcs aepeBo CART, T(yy. lMockonbky, Ty MCNOMb3YeTCH C LeMbio OnpeeneHusl YCroBHOro
pacnpepeneHus atpubyta Ay B NPOCTPAHCTBE KPUTUYECKUX 3HAYEHUA, TO B KauecTe OOBEKTOB ANs ee
NOCTPOEHNS PacCMaTPUBAIOTCA NNLIL Te dMneMeHTbl Uy, ANSA KOTOPbIX Z; ) = 1. OfHaKo, ecnn KonnyecTso
3TWX 3MEMEHTOB HE AOCTATOMHO AN NOCTPOEHUS KOPPEKTHOW MOZENM, TOrAa WCMOMb3YTCA BCE SNEMEHTD
U,ps- A B KauecTBe npeanktopoB bepytcs octanbHble (p — 1) atpubyTos, YTo 0becneymBaeT MakCUManbHyH
MH(HOPMATMBHOCTb BO Bpemst NOCTPOeHMs T(yy. B 0Tnnume oT TpaguuMoHHOrO MeToaa NoCTPOeHUs AepeBbes
CART, B [aHHOM anropuTMe BMECTO MEXaHW3Ma OTCEeYEHUs! WUCMONb3yeTcs METOAMKA PaHHEel OCTaHOBKM C
NPUMEHEHNEM NPOBEPKN HA HETPUBMANBLHOCTL pasbueHns, rge B KauyecTBE KpUTEPUS paccmaTpuBatoTcs
MUHUMaTIbHOE KONMYECTBO NEMEHTOB U PA3NUYHBIX 3HAYEHNI aTpubyTa A ).

3ameweHune 3HaveHui. [lanee, Ha OCHOBaHWM MOMy4eHHOro Aepesa T(yy, OCYLECTBMSAKTCH 3aMeLeHns
3HaueHuit atpudyta A). B cBAsn ¢ Tem, uto B nuCTbsIX Ty COAepXatcs anemeHTbl U,pg, OBHOPOAHbIE
OTHOCUTENIbHO 3HAYEHMI A iy, TO MPOLECC 3aMELLEHNs PEann3yeTcs NocneaoBaTensHoO Mo NUCTbAM AAHHOMO
Jepesa. B paHHOM anropuTMe, 3aMeELLEHWSt KPUTUYECKMX 3HAYEHUM ocyllecTBnsieTcs Onarogaps meTogam
nepectaHoBky (relocation) u nepeoLerky (reevaluation) 3HaueHwiA. MycTb, L €CTb Tekyluit nucT B aepese Ty, a
Al =1{a(o1, Q)2 +» Alkyn, } — MHOKECTBO 3HaueHnii aTpnbyta A, B AaHHOM nucte. CHavana
OCYLLECTBISETCS NepecTaHoBKa 3HAYEHU MHOXECTBA Afk). C aroit Uenbto npumensieTcs meTog baiecoBckoro
OytcTpanuHra. [aHHbli MeTOA reHepupyeT 3Ha4eHUsl Ha OCHOBAHWW HEKOTOPOr0 MHOXECTBA BO3MOXHbIX
3HaveHuin (donor pool). Ana nucTa L B KayecTBe [aHHOMO MHOXECTBA paccMaTpuBaeTcs Afk). B cornacun ¢
npouenypoit baitecosckoro ByTcTpanuHra, Bo-nep.bIX, reHepupytotest (n;, — 1) paBHOMEPHO pacnpefeneHHble,
npou3BonbHble yucna B uHTepeane (0,1) M OHW YNOPSZOYEBAOTCS B MOPSAKe BO3pacTaHus: ap =
0,a4,az, ., A1), Ay, - Bo-BTOpLIX, reHepupylotcs  ny TaKmx xe uncne B

uitepeane (0, 1], uq, Uz, -, Uj) v, Uy, , (PUC. 7), M HaKoHeL, ANs kaxgoro w; (1 < i < n;) onpeaensercs
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HTepsan (aj_,a;], B KOTOPOM OHO COAEPKMTCS, u; € (aj_q,a;], U COOTBETCTBYIOIIEE 3HAYEHe afk)i

3aMEHAETCA Ha afy) .

a=0 a a, as a1 a; An,—2  Qn -1 ap, =1

Puc. 6 3ameLyerune 3HaueHuin no npoueaype baiecosckoro 6yTcTpanuHra

He ucknioygHo, 4TO Mocne NepecTaHoBKM 3HaueHui aTpubyta A, HEKOTOpble W3 HUX MOTYT 0CTaTbCs
HenaMeHHbIMI. B Takux cryyasx, NpoM3BOAMTCA NepeoLieHka HOBbIX/MepecTaBneHHbIX 3HaueHui A ). C aToi

uernblo, B nucTe L onpegensieTcs BEPOSTHOCTHAs MMOTHOCTb 3TUX 3HAYEHWA C MOMOLLBIO BblYMCIUTENS
nnotHocTu [ayccosckoro aapa (Gaussian kernel density estimator):

2
1 ~(¥-a%ep, o)

f(x) =LZ?=L1E€ 2 ;

hTLL
1
455\5 P
h = (—) ~ 1.066n; s,
377.L
M€ fep (o)1 rep,(k)zr -+ Arep,(ion, — HOBblE 3HAueHuss atpubyta Ay B nucte L, a 6 —
CPeaHeKBaApaTUIecKoe OTKIOHEHUE 3TUX 3HAYeHMI. 3aTeM, AN KaXmoro afemeHTa AaHHbIX MPOU3BOMbHBIM
06pa3om BbI6UPAETCS 3HAYEHWe BEPOSITHOCTHOM NOTHOCTM 13 MHOXECTBA BbIYMCIEHHbIX. Ha OCHOBaHMM 3TOrO

3HAYEHMA BbIYMCNIAIOTCH (DyHKUMA pacnipeenenns F (x) u ee obpatHast doyHkuma F~1(y):
F() = [7, f(®)d(),
F'(y) = inf {F(x) = y}.
B pesynbTare, nonydyeHHoe 3HaueHne (yHkumu F~1(y) ycTaHaBNMBAETCS B KA4ecTBE HOBOMO 3HAYEHMS
atpubyTa Ay ANA paccMaTpUBAEMOro NeMeHTa AaHHbIX.
He MCKiio4eHO, YTO HEKOTOpbIE SMIEMEHTBI aHHbIX, y4acTBylolMe B NOCTPoeHUN aepesa Ty (k > 1), moryt
CofepxaTb CUHTETUYECKUE 3HAuYEHUst aTpubyToB A qy, A(z), -, A(k—1) NOCTPOEHHbIE HA MPEAbIAYWNX LWarax

anroputMa. Torga, Ans 0GecrneyeHus COrMacoBaHHOCTY B 3aMELLEHWSIX, ANEMEHTbl AaHHbIX C OfMHAKOBOVA
KOMOMHALMEN KDUTUYECKIX 3HAYEHNI A ;) U HOBbIX 3HAYEHWA A (1), ..., A (1) PACCMATPMBAKTCS OTAEMBHO OT

oCTanbHbIX. B TEX cnyyadx, Korga 3T 3NEeMEeHTbl He codepXxartcd B OAHOM W3 NUCTbEB T(k), TO anroputm

OCyL|eCTBNISIET 0OXOAUT [epeBa CHU3Y-BBEpX ANS ONPEAENeHWst BHYTPEHHe! BepLUMHbl, B KOTOPO OHU
coaepxatcs. 3amelleHus 3HaueHuin atpubyTa Ayy ANs 3TUX AMEMEHTOB OCYLIECTBNAIOTCA B NOMyYeHHON

BEPLUMHE.

Takum 06pa3om, B pesynbTaTe NOCNEAOBaTeNbHbIX 3aMELLEHNA KPUTUYECKNX 3HAYEHWI KOHDUAEHUNaNbHbIX
aTpubyTOB reHepupyeTcsi MHOXECTBO YaCTUYHO CHHTETMYECKMX [JaHHbIX. Becb npouecc noBTopsieTcs
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HE3aBUCUMO m pa3 U MomyyeHHble MHOxXecTBa SD;, 1 <t < m nNpefoCTaBNSIOTCA COOTBETCTBYIOLLUM
OpraHM3aLmsM 1 06LLECTBEHHbBIM CTPYKTYpaM.

AHanus anroputma

OuyeBWaHO, YTO MpeuMyLlecTBaMW MPUBEAEHHOrO anroputMa SBMASKTCS, BO-NEPBbIX, €€ CMNOXHOCTHbIE
XapaKTepucTukn. OTO CBSI3aHO C TeM, 4YTO, B anropuTMe OCyLIecTBNsieTcs nocrnefoBatenbHas obpabotka
KOHMAeHUManbHbIX aTpubyToB, M 9TO AaeT npuemneMoe npubrnmkeHne, U BO3MOXHOCTb MOSyYeHUs
Ka4yeCTBEHHbIX Pe3ynbTaToB Aaxe npu 60MbLIOM KONUYeCTBE KOHUAEHLMANbHbLIX aTpUbyTOB 1 APYruX AaHHbIX.
Bo-BTopbiX, ucnonb3oBaHne aepesbeB CART agaeT BO3MOXHOCTb paboTtaTb kak C “kavyeCTBEHHbIMK', TaK M C
KonuyecTBeHHbIMM aTpubyTamu, T.e. paboTath CO CMelLaHHbIMK AaHHbIMK (mixed data). bonee Toro, bnarogaps
9TUM [1epeBbSM BO3MOXHO 0BHapYXeHne CNIOXHbIX, HE NUHENHbIX (DYHKLMOHAMNbHbIX CBA3eN Mexay aTpubytamu
JaHHbIX. OfHaKo, anropuT™ He NULWEH HeJocTaTkoB. Tak, OrpaHUYeHeM anropuTMa SBMAeTCs ero BO3MOXHOE
MPUMEHEHNE MPW  HanuuMM OTHOCUTENBbHO GOMbLIOrO KONMYECTBA SNEMEHTOB AaHHbIX. [lockomnbky, npu
CYLLEeCTBEHHO 6OrMbLIOM KONMWMYECTBE MOCNEOHWX BO3MOXHO MOCTPOEHWE He TOYHbIX a MpUOMMKEHHBIX
(yceueHHbIx) mogeneir CART, To 9TO B CBOW Ouvepedb MOXET SBMTCS MPUYMHOM NOTEPW (hYHKLMOHAMbHBIX
CBSA3EI MeXay pasnuyHbIMK aTpubyTamu, YTO SIBHO HeraTuBHbINA hakTop. Kpome Toro, cornacHo MccriefoBaHnsam
[6] oTCYTCTBYIOT AaHHbIE NOATBEPXAALLME, YTO MUCMOMb3YEMbIA NOPSAOK MNOCHEA0BaTENbHOMO PacCMOTPEHMS
KpUTUYECKUX aTpuOYTOB SBASETCS ONTUMasbHLIM. He UCKIIOYEHO, YTO NpU HEKOTOPOM LPYroM nopsiake MOrmu
Obl  ObITb  MOMyyeHbl nydwme pesynbTatbl. M HakoHey, anroputM - XapaKTepusyetcs  HEeKOTOpOW
HepaLyOoHarnbHOCTbLIO, MOCKOMbKY C LENbI0 OTAENbHOT0 PacCMOTPEHUS! SMEMEHTOB [aHHbIX, COfepXalluX
HEKOTOPYI0 KOMOMHALMIO  KPUTUYECKUX 3HAYEHUA KOHMAEHUMarbHbIX aTpubyToB, anroputM  0BXoauT
cooTBeTcTBytowee aepeBo CART, maxe npu ux OTCYTCTBMM. A 3TO OTpuUATenbHbIM 00pa3oM CKa3bIBaeTCs Ha
€ro NpoM3BOANTENLHOCTH.

OcHoBHble npuumnHbl - HepgocTtaTk CART nobyamBLuMe faHHOe UCCMea0BaHNE TEM He MEHEE aapecyioT Apyrie —
HeCTaH4apTHble XapakTepucTukn. Bo nepBbiX, peyb MAET O TPYAOEMKOM npouedype OTceyveHus (pruning)
[epeBbeB MpyW NOMOLLY KOTOPOW OTCEKAOTCS YacTb BETBEN NPWU MUHUMANBHOW NOTEPE TOMHOCTM KraccudukaLmm
WNN  PerpeccuoHHoro npubnukenns. [MoHsTHO 4TO 6Gonee noruyHo BblpaboTaTb MpoLeaypbl OCTAHOBKM
NOCTPOEHNS AepeBa YeM ee MOCTPOUTb U MOTOM OTCeYb. OTO A€ TO HaMOMMHAET KPUTEPUW KracTepusaLmuu
KOTOpble B MepapXuyeckoM KacTEpPHOM aHanu3e YnpaBnslT NPOLecc 3aBeplueHnst pocta knactepos. o
Hawwemy npegnonoxenuto B 3agade SDL no npoueaype CART 310 MOXET ObITb BOCTUTHYTO NMyTEM MPUMEHEHNS
Ha BeplMHax [epeBa He MpOM3BOMbHbIX @ KPUTUYECKM XapakTepu3OBaHHbIX YCIIOBUI pasfeneHus TekyLlen
cmecu 06bekToB. Bo BTOPbIX, NOPOIA O4EHb COMHUTENbHBI Pe3ynbTaThl 3aMeLLeHNI JaHHbIX U HEMOHSATHO YTO 00
3TOM He HarnoMmuHalT cylecTylowme nybnukauum no Teme. Wmeetcs B Bugy crnegytowee. [lycTb
ONpeaeneHHoe KPUTUYECKOE 3HAYeHWe OHO TOMbKO OAHO, M MPUHWMAETCS Ha KakoM TO KONM4ecTBe OOBLEKTOB.
Cyuiectsytolne npoLenypbl 3aMeLLeHUsl He UMEI0T NPOCTPaHCTBA AN 3aMeHbl 3HaYEHUI b 3HAYEHWE OAHO W
OHO MOXeT OblTb 3aMelLLeHO cambIM COBOI. O HYXHO PacLUMPUTb NPOCTPAHCTBO 3aMeH, UMK HYXHO BBECTU
Mepy cooTBeTcTBuS 3agaum uaee SDL. Mepa cooTBeTCTBMSA Ans OTAENbHOro atpubyTa 3aBUCUT OT MHTEpBana
MPUMEHSIEMbIX 3HAYEHUIA W OT KONMYEeCTBa PasnuyHbIX 3HauYeHwit, a oblas Mepa AnA 3agaun MHTErpupyet
oTOenbHbIe Mepbl aTpubyToB. Himke cogepxutcs npogormkeHue omucanust ynyywenus CART yunTbiBatoLee
yKa3aHHble HeJOCTaTKn BHEAPEHMS CTaHAAPTHOMO MEeToaa.
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Moaudmkaums anroputma

PaccmoTpiM OCHOBHYH0 Mopenb 3apauu. Iyctb, /= {Uy, U,, ..., Uy} MHOXECTBO OTAEMbHBIX 3IEMEHTOB, Y3
KOTOPbIX COCTaBNEHbI pacCMaTpUBaEMble BXOAHbIE AaHHble 3agauu (information units set). MycTb OTAENbHLIN
3MEMEHT AaHHbIX XapakTepu3ayeTcs MHOXXECTBOM 3HaUYeHUin aTpubyTOB MHOXeECTBA .7 = {Al, A,, ..., Ap}.

He HapyLwasn 06LI.I|HOCTI/I, Mbl 6y,U,eM npegnonaratb, 4YT0 B AaHHOM HabnoaeHumn matpuua U,ps COCTOUT U3
nepBblX 1 ANEMEHTOB MHOXECTBa (7/. A KOHCbM,D,eHLl'MGJ'IbeIe JaHHblE COAEepXaTca B NepBbIX d anI/I6yTaXZ

Aconf = {A]_'AZ' ...,Ad}, ACOTlf caT

B npuHUMne, B kayecTBe KOH(DMAEHLMANbHbLIX aTpubyTOB MOryT GbiTb PAacCMOTPEHbl Kak Tak HasblBaeMble
“Ka4eCTBEHHbIE", Tak U KONMUYECTBEHHble aTpubyTbl. OfHAKo, Mbl OTPAHUYMMCS PACCMOTPEHUEM TOMbKO
KONM4YEeCTBEHHbIX aTpUOYTOB.

Ons atnx aTpnbyTOB BBOAUTCA MHOXECTBO MOPOroBbIX Yycnosui (threshold conditions set), koTopble 1
ONpeaensitoT CTeNneHb UX KOHUAEHLNANBHOCTH,

(Z/‘: {Cll Cz, ...,Cd}.
Yenosue C; (1 < j < d) onpefenseT Kputudeckyto obnacte (critical area) 3qadenmit atpubyta A;. [ns
MPOCTOTbI PaccMoTpeHuit Byfem npeanonaratb, YTO YCNOBMA C; 3adaloT YMCTIOBble MHTEpBarbl B 06nactu
onpedeneHns CooTBETCTBYtoLWero atpubyta A;, XOTS pacCMOTPeHue APYrux CTPYKTYpP OrpaHUyeHnin MOXeT
0ka3aTbCA BOJHE ECTECTBEHHbIM U MOMNe3HbIM. MNycTb, C; onpeaenseT uHTepsan (C; C;) KPUTUHECKUX 3HAYEHIN
B obnacm (a; a;) onpedenenus atpubyra A;, a; < ¢; < ¢; < a;.
[anee, Mbl npeanonaraem, YTo B ka4ecTBe AONOSHUTENBHON MHAOPMALMA HAM JAHO MHOXECTBO <4, 3NIEMEHTbI
KOTOPOrO  KOHCTATUPYIOT ~HamnuyMe KOPPEenupoBaHHOCTM Mexay oOnpefeneHHbIMWA  rpynnamu  aTpubyToB
MHOXeCTBa .

%= {Ry,Ry, ..., R }.

R, (1 <k <t) sBnsetcs NOLMHOXECTBOM .7, R, € .7, KOTOPOE YKa3blBaeT Ha CyLIECTBOBaHME

KOPPENMPOBAHHOCTY (N BblgBUraeT TpeboBaHMe CoXpaHeH!st POpMbl U CTEMEHN KOPPENMPOBAHHOCTM) MEXaY
areMeHTami 3Toro MHOXecTBa aTpubyToB. [lanbHenwnin aHanua GyAeT OCHOBaH Ha NMpeamnoNioXeHun, YTo Bce
atpubyTbl MHOKECTBA A op s NPEMCTABNEHbI B CUCTEME £/ U KaXmblil €6 3MEMEHT COMepXUT XoTa Bbl ofH

KOHMAEHUMaNbHbIA aTpubyT. [lencTBuTeNnbHO, B 06paTHOM Cryyae, eCri HEKOTOpbIA aneMeHT Ry, (1 < k <
£ He COOEepPXWUT HWU OLHOMO KOH(MAEHUMANbHOro atpubyta, TO €ro paccMOTpeHue He WMEET cMbicna, 1o
UBMEHEHNSA KDUTUYECKUX 3HAYEHUA aTpUOYTOB Aoy s HUKAK HE OTPA3ATCA Ha CBA3W, MPEACTABMIEHHOTO 3TUM
anemeHToM. Kpome Toro, ecnu HekoTopblit atpubyT A; (1 < j < d) He NpefcTaBneH B cucTeme %, TO 310
03HaYaeT, uTo A; He KOPPENMPOBaH HY C OAHUM W3 JpYrUX aTPUOYTOB MHOXECTBA Acop s, UTO B CBOIO OYEpPEab
CBUAETENbCTBYET O TOM, YTO HET HEOGXOAUMOCTM B PACCMOTPEHMU SMIEMEHTOB [aHHbIX C KOMOMHaLMen A; u
ApYrvX KOH(UAEeHUMarnbHbIX aTpubyToB.

OuyeBWaHO, 4YTO paccMOTpeHne BCeX KOMOMHAUMA KOH(MAeHUManbHbIX aTpubyToB He pauuoHambHO, YTO
BblgBMraeT HeobXOAMMOCTb aHanu3a CUCTEMbl @4 ANS BbiSBMEHWS Haubonee XapakTepHbiX KOMOGUHauWn,
KOTOPbIMM MOXHO 6bIno orpaHunumutes. Tyctb d > 2. Mpeanonoxum Takke, 4to aTpubyTbl, y4acTBylOWMe B
onpefeneHun KoppenupoBaHHOCTU MO Ry, R, ..., R; TOMNbKO NapHble U cogepxaT nepeceveHns. PaccMoTpum
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NOAMHOXECTBA Ry, Ry, € 4, xapaKTepuayoLme KOppenmpoBaHHOCTb Mexay atpubytamu A;

J1’Aj2 nAj,, A

J2777]3°
(1 <jy # j, # js <m) cootsetctsenHo, Ry, = {A;,A;,} Ry, = {A;,, A;,} . Donyctum Tak xe, uto
LOMOMHUTENBHO HE 3a[jaHa KOPPEnnpOBaHHOCTL Mexay atpubyTamu A; v A;,. B uensx coxpaHeHus cBasu no
Ry, Heobxogumo, 4to Obl M3MeHeHNA 3HaveHuin A; n A;, Gbinu cornacoBaHbl. A UMEHHO, 3HauyeHna A
FOMKHbI ObiTb M3MEHEHbI C Y4ETOM COOTBETCTBYHLMX 3HadeHuit atpubyta A;, U HaobopoT. AHamnornyHble
CYXOEHNA MeIOT MecTo Anst R, 1 atpubytos A;,, A;, . OueBngHo, YTo aTpnbyT A;, 3aBUCHT KaK OT A; , TaK 1
oT Aj,. Moatomy, Ans COXpaHEeHMs KOPPENMPOBAHHOCTU MO Ry, Ry, 3HaueHns atpubyTos A; u Aj, TaK xe
[OMKHbI M3MEHeHbl B cornacu Apyr ¢ Apyrom. B pesynbtate, mexay atpubytamu A; w A;, BO3HUMKaeT
B3aMMOCBSI3b, MU YCNOBUM paccMOTpeHusi atpubyta A;, . Bbile npuBeaeHHble AaHHbe MO3BONSKT BBECTU
cnepyloLee eCcTeCTBEHHOE OnpeaeneHue.

Onpegenenue 1.

Ckaxem, uto atpubytbl A; M A; YCNOBHO KOPPENupoBaHbl, MPW YCMOBMU PACCMOTPEHUs aTpubyToB
A; ,A; ,A

J22 Az g
[Af1’Afz} 'sz = {Ajz’Aj3} y Rkv—1 = {Ajv—1’Afv }

YCrOBHYI0 KOPPENMPOBAHHOCTb aTPUBYTOB Aj , Aj, 0603HAUMM YePe3 Ry 4. . 4; = {44}

eCru CyllecTyeT Habop MapHblX KOPPENMpoBaHHOCTEN Ry , ..., Ry, . Tak, 4t Ry =

[lanbHeiwmm aHanu3oM CUCTEMbl 7 SIBUNOCb M3yyeHWe OWHApHOTO OTHOLUEHUS Mexay aTpubyTamu,

MpeacTaBneHHbIMM B 3TOM cucTEMe. PacCMOTPUM MHOXECTBO 3TUX aTpubyToB 0003HAYEHHOE Yepes Acorr
(correlated).

OnpegeneHue 2.

Ckaxxem, 4To anVI6yT Aj1 BXOOUT B 6|/|HapHoe OTHOLLEHNEe a KOppPEeNMpoBaHHOCTU C anI/I6yTOM A;

J2 Af1aA'

J2?
ecnu Af1 n Ajz YOOBNETBOPAKT OAHOMY M3 Cneayowmx yCJ'IOBIAI7IZ

o AtpubyTel A; n Aj, coBnajawT: A; = A;, = Aj a A,
o ATpubytel A; , A;, 0GbSBNEHbI KOPPENUPOBAHHBIMI MHOXECTBOM 7: 3Ry € A, Ry = {A]-1 ,Ajz}
wm R ={4;,,4; },

o ATpubyTbl A; , A;, YCNOBHO KOppenupoBaHbl: 3 A, ..., A, € Acory, TaKUE UTO RA].l_Aja,__,,A].Mj2 =

{Af1’Af2} = Aj1aAf2‘
O‘-IGBVI,U,HO, 4YTO ar YAOBNETBOPAET cBoWcTBaM peq.)J'IeKCIABHOCTM N CUMMETPUYHOCTH:

VA]k € ACOT‘T = AjkaAjk’

VA;

jio Ajr € Acorr , Aj @y, = Aj ad;,.

[MokaxeM, YTO 3TO OTHOLLIEHWE YOOBIETBOPAET TAKXE U CBOIZCTBy TPAH3UTUBHOCTK, @ UMEHHO:

VA;

i Ajr Ajg € Acorr, Ajadj, Aj ad; = Aj ad;.

Tak kak AjkaAjr, AjTaAjS, TO W3 onpefeneHns OTHOLIEHUS @ CreayeT, YTo Mexay atpubytamu Ajk,
Aj , Aj. cywecTsyet nmbo npsimasi, NMbO YCroBHast KOppenupoBaHHOCTb. Torga B cuny onpegenenus 1

Ajr n

atpubyTel A;, 1 A;_ ByoyT yCrIOBHO KOPPENMpOBaHHbIMK. A 3TO B CBOK O4epefdb 03Ha4aer, YTo A;, BXOMMT B

OTHOLUEHME & C aTpubyTOM A; : A;, aA; .
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Wtak, OTHOLIEHWE a YAOBMETBOPSIET CBOMCTBAM PECIEKCMBHOCTM, CUMMETPUYHOCTU W TPaH3UTUBHOCTM,
criefoBaTenbHO, OHO SIBNSIETCS OTHOLUEHWEM 3KBMBANEHTHOCTU. B aTOM cnyyae, « pa3buBaeT MHOXECTBO
Aorr HA HEMepecekatoLmMecs Knacchl 3KBUBANEHTHOCTY:

— 7l 2
Acorr = Acorr Y Agorr U ..U Agorr’
Aéorr r.]Aéorr =0, 1<i#j<s.

Mpuyem, Ntobble ABa aTpUbyTa OOHOMO M TOTO Xe Knacca B3auMOCBsi3aHbl [PYT C APYroM, a Mexay aTpubyTamu
Pa3NNYHBIX KNacCoB KOPPENMPOBAHHOCTb OTCYTCTBYET.

[laHHbI  aHanu3 MO3BONSIET  3aKMOYMT, 4YTO nopobHoe pa3bueHne MHOXecTBa Ago. Ha  Knacchbl
9KBMBANEHTHOCTU [JA€T BO3MOXHOCTb OFPaHUYMTCS PACCMOTPEHMEM BO3MOXHbIX OMPeAEneHHbIX koMGUHaLMi
KOHMAeHUMaNbHEIX aTpubyToB B npedenax OAHOrO knacca. Kpome Toro, AanbHellee pacCMOTPEHWe
KOHMAeHUMAMbHBIX  aTpbyTOB LienecoobpasHeil Npou3BOAUTb NOCNEAOBATENbHO B KaXAoM knacce B

OTAENbHOCTY.
Myctb, AL, — TEKylMI KNacc SKBMBANEHTHocTW. [ns yno6cTBa MHTEpNpeTaLyuu, PaccMOTPUM YacTHbi
cnyya, korga  kmacc AL, COCTOMT ~ TOMbKkO M3  TPeX  KOH(MAEHUManbHbiX  aTpubyTos:
Aborr = {AjllAjz:
paccMOTpeHUst aTX aTpubyTOB B MOCTPOEHUM AepeBa pacluenneHui credytowmin: A; — A; — A;, . [lepeso

Aj3}; Aj, € Acons (k =1,2,3) . He Hapywas oOWHOCT, AOMYCTUM, YTO NOPSAOK

Tj,, cooTBETCTBYlOL|ee aTpUbyTy A; , CTPOUTCA HA OCHOBAHNM MHOKECTBA 3/IEMEHTOB [1aHHbIX C KDUTUHECKMM
3HaueHsiMu aToro atpubyta, U4 = {Uy, ¢, < ayj, < T}, U1 S Upps. MOCKOMbKY, SMIEMEHTbI AaHHBIX,
cofepxallme KOMOUHALMK KDUTMYECKUX 3HajeHnit aTpubyTo A; W Aj, A;., DOMKHbI BbiTb PACcCMOTPEHbI B
OTAENbHOCTM OT OCTasbHbIX 3MEMEHTOB MHOXecTBa U4J1, Torma LenecoobpasHein oCyLecTBIATb NpoLeaypy 1x
OTAENEeHNs Ha HavanbHol cTaguu/aTane nocTpoeHns Aepesa T, . C 3Toi Lienbio, B NepByto 04epesb MPOM3BECTH

pasbueHns MHoxecTsa U4i1 no atpubyTtam A;

;,,Aj, N B Ka4ecTBe yCrioBui pasbueHnii paccmaTpusatb Hanmume

KPUTMYECKIX 3HAYEHNIN 3TUX aTpUBYTOB B anemMeHTax MHoxecTBa U4/1 (Puc.7).

Node 1
. | .
G, <, =G, axj, <G, ,Qxj, > G,
| |
Node 2 Node 3
| : | . : |
.S, =G, Qyj, <G, ,Qxj, > G, C,=a;, =G, Qyj, <G, ,Qyj, > G,
1 I
Node 4 Node 5 Node 6 Node 7
(Ai1'Ajz’Af3) (Af1'Aiz) (Af1’Af3) (Ai )

Puc. 7 Hauano gepesa no rpynne KpuT4eckunx aTpubyTos
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[anee, kak BuoHo u3 pucyHka 7 B y3nax Node 4, Node 5, Node 6 cogepxatcs KpuTMYeckue 3HaueHus
onpegenerHbIX KoMOuHaUWiA aTpubyToB, MOITOMY AaNbHENLUME pa3bUeHNs KaXOOro 13 3TMX y3NoB HeobXxoanmo
OCYLLECTBUTb TakuMm 06pa3oM, 4Tobbl C OAHOWM CTOPOHbI COXPaHWUTb KOPPenauuy Mexay SneMeHTamn knacca
ALy, @ C [IPYTOI CTOPOHbI 0BECTIEUNTL OfJHOPOAHOCTL [aHHbIX MO COOTBETCTBYIOLIEH KOMBUHALMM B yanax-
noTomkax. MocKonbKy, B HaLWMX UCCNELOBaHUAX Mbl OFPaHUYMBAEMCS PACCMOTPEHNEM TOSBKO KOMMYECTBEHHbIX
aTpubyToB B KayectBe KOH(MAEHUMAnbHbIX, TO AN JanbHEAWNX pasbueHnit TUX y3roB Mbl MPUMEHSIEM
METOAVKY pa3buBalOLLEro Mepapxu4eckoro KnactepHoro aHanmsa [1]. B aTom cnyyae, anemMeHTbl AaHHbIX
paccMaTpUBAIOTCS Kak 3-MepHble BEKTOpbI, COCTOSALME U3 3HAYEHUI aTpubyToB Knacca AL, 4T0 No3sonset
OCYLLECTBNATL pasbMeHns C y4eToM Koppensuuin mexay atpubytamwm 3TOro knacca. B kayectBe Mmepbl
PaCCTOSHUS MEXOy ANeMeHTaMM [aHHbIX paccMaTpuBaeTcsl OBKNMWAOBO PAcCTOsHWE, a B KayecTBe Mepbl
OOHOPOZHOCTM MOMYyYeHHbIX nogMHoxecTB - Mepa RMSSTD (Root-Mean-Square Standard Deviation) [14],
paBHas cpefHeKBaLpaTUMHOMY OTKIIOHEHMIO KPUTUYECKMX 3HAYEHWI aTpubyTOB COOTBETCTBYIOLLEN KOMOMHALWK.
Yro kacaetcs yana Node 7, T0, NOCKOMbKY B HEM COEPXATCS KPUTUYECKUE 3HAYEHNUS TOMbKO aTpubyTa A , ero

pa3bueHns ByayT ocyLLecTBAATLCS TeM ke cnocobom, YTo u B AepeBbsx CART.

Mo cywectsy, nucTbs Aepesa T, ByAyT copepxar SNeMeHTbl AaHHbIX OfHOPOAHbIEe MMbo no atpudyty A; ,
nmbo o HekoTopbIM koMGUHALMAM A; 1 OCTanbHbIX aTpUyTOB Kriacca AL,.,.. B TeX NUCTbAX, [e copepxaTcs
KPUTUYECKME 3HAYEHIS TONbKO aTpubyTa A; , 3aMelleHns MOryT ObiTb OCYLIECTBIIEHbI TaK Xe, Kak 1 B paHee

rpeacTaBneHHOM anroputMe (C Mcnonb3oBaHWem bailecoBckoro GyTCTpanpuHra U BbIMUCTUTENS MIOTHOCTY
[aycCOBCKOrO £apa), a B OCTaNbHbIX MNUCTbSIX - NO Habopam 3HAYEHMIt COOTBETCTBYIOLMX aTpubyTOB
KOMBMHaLMKM BMECTO NOCNefoBaTeNbHbIX 3aMELLEHMIA MO KaaoMy M3 HUX. Bnarogaps aTomy, No BO3MOXHOCTY
COXPaHSAETCS KOPPENALMs Mexay aTpubyTamu OTAeNbHbIX KOMOUHALMA.

Ans atpubyTos A;,, A;, MPOLIECC NOCTPOGHMS COOTBETCTBYIOUMX Aepesbes Tj,, Tj, v AanbHeliune 3amelleHns

2'
WX KPUTUYECKMX 3HAYEHMI OCYLLECTBASIOTCA aHanorMyHbiM 06pa3om. OYeBMAHO, YTO C LeNbl NOCTPOEHMS
fiepesa Tj, OyayT NpuUMeHeHb! NEeMEHTbI AaHHBIX MHOXECTBa U#jz \ U%1. 310 npeanonaraer, 4to B 3TOM
Aepese Bblbopka AaHHbIX OyaeT OCHOBaHa Ha OTAENEHWM 3NEMEHTOB C KOMOWHALMEN KPUTUYECKMX 3HAYEHWN

anM6yTOB (Aj Aj3) OT OCTanbHbIX 3neMeHToB. UTO Kacaertcs hepesa Tj3, TO aHanuM3 BCEX BO3MOXHbIX

27

kombuHaumit atpubyTos knacca Ao B Aepesbax Ty, u T;

;,» N03BONseT paccmatpusath T, kak aepeso CART

CO MHOXECTBOM fakHbix U4z \ (U471 U U4iz).
Mp1BeAeHHbI NPOCTON MPUMEP NO3BONSET 3aKMIOUNTh, YTO €CTIN KNAce 3KBUBANEHTHOCTU AL, COCTOUT U3 m;

aTpubyToB, AL, = {Ajl,Ajz, ""Ajmi}’ 3 KOTOPbIX NepBble g ABNSIOTCS KOH(UAEHUManbHbIMK, Toraa Ans

atpubyta Aj, (1 < k < q) GuHapHoe [epeBo pelueHuit T;, CTPOUTCA Ha OCHOBAHMM MHOXECTBA S/IEMEHTOB

U%ik \ U¥Z1 U4ir. Mpudem, npu MoCTPOBHM 3TOTO flepeBa, B NEPBYI0 04epe/b, PACCMATPUBAIOTCS pasbileHis

no atpubytam 4;, , , 4;

w1’ Ajkaz? ...,qu C Lenblo onpeaeneHna n otTaenbHOro pacCMOTPEeHUA 3N1EMEHTOB AaHHbIX,

A

Jk+2’ "

copepxKallux KoMOMHALMN KPUTUYECKX 3HAYEHU aTpubyToB Aj, 1 A; Aj . B pesynbrate, B
L

Jk+1’

NINCTbAX Tjk 6y,EI,yT coaepxatca ANeMeHTbl AaHHbIX OQHOPOAHbIE nnbo no KPUTUYECKUM 3Ha4YEeHNAM HeKOT0p0I?1
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A

Jk+2” "

KomM6UHaLwn atpubyToB A;, 1 A; Ajmi’ nMBO Mo KPUTUYECKUM 3HAYEHMSIM TOMbKO atpubyTa A, . A

Jk+1’
3aMeLLEeHns OCYLLECTBNAKTCS MO0 No Habopam 3HaYeHWA COOTBETCTBYHOLLMX KOMOWHaUWMIA, nnbo no atpubyty
Aj,-
Takum 0bpa3om, npefcTaBneHHble [AaHHble C  OYEBMOHOCTHIO CBWAETEMbCTBYIOT, YTO MPWU  Hamu4ymu
[ONONHUTENBHON WHGOPMaLUM B BULE CUCTEMbI 4 W3HAYanbHO MOryT OblTb AETEPMUHMPOBAHbI SMEMEHTLI
[aHHbIX, cofepxalime Haubonee BaxHble/nepBOCTENEHHble KOMOWHALMM KOH(MAEHUManbHbIX aTpubyToB.
Kpome TOro, 0CHOBbIBasiCb Ha PACCMOTPEHHBIX KOMMYECTBEHHbIX aTpubyTax B KadyecTBe KOHMAEHLMAmNbHbIX,
CTaQHOBMTCA SCHLIM BO3MOXHOCTb pa3bMEHNsi MHOXECTBA SMEMEHTOB, COAEPXALLY0 HEKOTOPYH KOMOMHaLMO
knaccoB Ha Gonee 0OAHOPOAHbIE, MO 3HaYeHUAM aTpubyTOB 3TOM KOMBMHALMK, 1 NOAMHOXECTBA U AarnbHenLwne
3amMeLLeHunst No Habopam 3HadeHmi aTpubyTOB NO3BONSAT COXPaHUTL NEPBOCTENEHHbLIE KOPPENALMM MEXAY STUMM
atpubytamm no cucteme 4. [JaHHble MOLenbHble CTPYKTYPbl U aHanu3 NoATBEPXAANTCS BbIYMCIUTENbHBIMU

SKCnepnmeHTamu.

3aknoueHue

3apaun coxpaHeHusl KOH(UAEHLMANbHOCTU AaHHbIX MPKU pacnpefeneHHbIX BbIMUCIEHUAX CBA3aHbl C HOBbIMU
TEOPETMYECKAMWU U MpUKNagHbIMM - uccrnegoBaHmamun. C - OOHOM  CTOPOHbI,  KpunTorpacust  MblTaeTcs
CUHTE3WpOBaTb CXEMbl KOAMPOBAHWSA, B KOTOPbIX pe3ynbTaT aHanu3a 3TUX AaHHbIX COBMajaeT C aHanu3om
NCXOAHBIX, HE KOAMPOBAHHbIX AAHHBIX, OfHAKO W3BECTHO YTO Takue NpUKNagHble cucTeMbl ByayT Co3aaHbl HE Tak
CKOpO. AnbTepHaTUBHbIE MOAENW aHanu3a AaHHbIX CYLLECTBYIOT M UMEKOT 3BPUCTUYECKUIA XapakTep. B aaHHON
paboTe MCCreaoBanuch CXeMbl BbIYUCTIEHUI C COXPAHEHUEM KOH(MAEHLMANBHOCTM AaHHbIX KOTOPblE OCHOBAHbI
Ha wucnonb3oBaHuu Mogenei CART 1 BBeAieHbI AOMNOMHUTENBHBIE KOMMOHEHTbI MOAENM NOBbILIAIOLLME CKOPOCTb
BblYMCNEHUA 1 Bnu3ocTb pes3ynbTaToB aHanuaa [daHHbIX K MCXOfHbIM. PesynbTaT pocturaeTcs nytem
WUCKIIOYEHUS aTana ype3aHus AepeBbeB M3 NPOLIECCa aHanM3a AaHHbIX, YTO OCHOBAHO Ha TOM, YTO B KayecTse
YCNOBUIA pa3BETBNEHUS [EePEBbEB WCMOMb3YHTCH YCMOBWUS ONpeaensiolwne KOH(UAEHLManbHOCTb AaHHbIX
3agayu.
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CUCTEMHbIN AHANTU3 HANPABJIEHUWA BbIYUCITUTENBHOIO UHTENNEKTA

Opun 3anyeHko, Mmxaun 3rypoBCcKum

AHHOmayus: ViccnedosaHue U aHanu3 Hosol obnacmu UCKYCMBEHHO20 UHMeekma - 8bINUCTUMENbHbIL
usmennekm (BY) npedcmaeneHsi 8 cmambe. OCHOBHble KOMNOHeHMbI BU-mexHonoeul, mMemodos U
npunoxexuti, Kak U UX e3aumoced3u onpedensiomes U aHanudupyromes e amoli pabome. O6Cy*0eHbI
83aUMOOMHOWeHUs! BU u mMsizkux ebiucieHud.

Kntoveeble crioea: 8bHUCTUMENBHBIU UHMENNEKM, Ms2Kue 8bIHUCEHUS, HelipoHHbIe cemu, Heyemkas f102uka,
380/1IOYUOHHOE MO@GJ'IU,DOGaHUG.

ACM Classification Keywords: |.2 Artificial Intelligence, 1.2.11 Distributed Artificial Intelligence

BBeaeHue

CoBpEMEHHbI 3Tan pa3BUTUS CUCTEM MOALEPXKKM MPUHATUS PeLLeHuil  xapakTepusyetcs Bce Gonbluen ux
WHTENnekTyanusaumen, npuyem npoLecc aBTomaTuaummu TBOPYECKUX NPOLECCOB NPUHATUS PELLEHUIA MAET Kak
BrMyBb, Tak W BLMPb, OXBaTbiBas BCE HOBble W HOBbIE Cepbl, KOTOpble CYATANUCb paHee LenuKoM
npeporaTtueoit Yenoseka. CTpemneHne YenoBevecTBa NepenoXnTb Ha KOMMbIOTEPbI YacTb MHTENNEKTYanbHbIX
3apgay, BbinonHsemblx JIMP (MMLOM NPUHAMAIOLLMM PELLEHMs) MOSBUIIOCh YXe Ha 3ape komnbtoTepusauuu. C
NOSIBNEHNEM KOMMbIOTEPOB CTan BO3HWUKATb BOMPOCHI, M OXET N MaLLHa «MbICAIUTb»? BO3MOXHO I NOpy4nTh
OBM, yacTb hyHKUMI MbICIIMTENBHBIX (OYHKLWIA YenoBeka, NosBuIUCL paboTbl N0 MOAENMPOBAHNIO OTAEMbHBIX
(DYHKUMA YenoBEYecKoro Mosra, B 4aCTHOCTW MO pacrnosHaBaHuio 06pa3os, paboTbl MO MOLENMPOBAHWIO
MbILUIIEHNS N MICUXMKM.

B 1950 rogy A. TolopuHr cgopMynupoBanm CBOW 3HAMEHUTBLIA TECT MPOBEPKM HA WHTENNEKTyanbHOCTb
KomnbloTepa. Ecnu nomecTuTb YeroBeka M KOMMbIOTEP B pasHble KOMHAThI, @ Oneparop C WUCMonb30BaHUEM
knaeuaTypbl 6ygeT 3agaBaTb UM BOMPOCHI M €CMW OTBETHI KOMMbIOTEPA M YeNoBeka COBMNaayT, TO OnepaTop He
CMOXET OTNMYUTL YenoBeka OT KOMMbIOTEPA, M Takoil KOMMbIOTEP MOXKHO CYMTaTb MHTENMNEKTYanbHOM MaLUUHOM
(T.e. CUCTEMOI MCKYCCTBEHHOrO UHTeNnekTa). A. TetopuHr nonararn, 4o yxe k 2000 rogy komnblotep ¢ 06beMOM
namstn B 10° 61T M ckopocTblo obpabotkm (108- 107) on/c CMOXeT MpOWTK 3TOT TECT B TEYEHME 5 MUH. C
BEPOATHOCTbIO 70%. 3aMeTM, YTO B HacTosLLEe BPEMS KOMMbIOTEPbl UMEKT NamsATb 1 BbICTPOAENCTBUE Ha
HECKOMbKO MOPSAKOB Bblille, YeM npegnonaran A. ThOPUHT, OOHAKO NOKa HU OAMH KOMMbLIOTEP HE B COCTOSIHUU
NPOWTK TecT ThlopuHra B NONHOM 06beMe, MOCKONbKY BbIMONHEHWE TecTa ThiopUHra CBA3aHO C PAAOM CROXHbIX
npobnem, a UMEHHO NOHMMAHIEM CMbICNa TEKCTOB Ha ECTECTBEHHOM A13blke, aBTOMATU3aLMeN NOUcKa peLLeHIi
3afjay B pa3nnyHbIX NpeaMeTHbIX 06nacTax 1 psooM Apyrux, noka eLue Aanekux oT CBOEro peLleHns.

C momeHTa nosiBrieHust nepsbix paboT B 06nacTn MCKYCCTBEHHOrO MHTENnekTa npowno 6onee 50 net. 3a
npowealine rogbl AaHHas OTpacib Hayku Mpowna CROXHbIA W MOYYMTENbHbIM NyTb pa3suTus. B Hen
cchopmupoBancs psd HanpasneHul, Takix, kak cUCmeMbl OCHOBaHHbIE Ha 3HaHUSIX, 1T02U4EeCKUl 8b1800, NOUCK
peweHuti, cucmeMbl pacho3HasaHusi 06pa3os, cucmembl MaWUHHO20 nepesoda, oby4yeHue u caMoobyyeHue,
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nnaHuposaHue  Oelicmeul, — aceHmMbl U MyfbmuaceHMHble  CUCMeMbl,  caMoopeaHusauus U
camMoop2aHU3yIWUEecs cucmeMbl, HelpOHHbIe cemu, cucmeMbl C HedemkoU sTI02UKOU U Heyemkue HelpOHHbIe
cemu, ModenupogaHue 3MOUUU U NCUXUKU, UHMesnekmyasnbHble uepbl, pobombl u pobomomexHuyecKkue
cucmeml.

B HacToslLee BpeMs CyLIecTBYeT JOCTaTOYHO MHOMO OnpeseneHnil MOHATUS UCKYCCTBEHHbIA uHTennekT. MHorve
3 HUX npueeaeHsl B MoHorpadmsx [Paccen Crioapt, 2007], a Takke O. Jliorepa [Jlorep @., 2006], B koTOPbIX
paeTca (PyHOAMEHTanbHOE M3NOXEHUE OCHOBHBIX HampaBIEHWNA WCKYCCTBEHHOrO WHTenmnekta. Het cmbicna
npvBOaMTb WX B AaHHOM pabote. Ha Haw B3rnsa, Gonee BaXHbIM SBMSETCS BbIAENUTb OCHOBHbIE
0COOEHHOCTU W CBOWCTBA, CUCTEM MCKYCCTBEHHOrO WHTENNEeKTa, OTNMyalLme ux oT  0BblYHbIX CUCTEM
aBTOMaTu3aLuu. ITu CBOMCTBA TakoBbl [3ryposckuin M.3., 2013]:

1) Hanuyue yenu unu epynnbi yenel (hyHKUUOHUPOBAHUS;
2) cnocobHocmb naHupogaHus cgoux Oelicmeuli U nouck peweHull 3aday;
3)  cnocobHocmb K 06y4eHuU0 U adanmayuu nogedeHus 8 npouecce pabombl,

4) cnocobHocmb pabomamb 8 nnoxo ¢hopmanusosaHHol cpede, 8 ycrosusix HeonpedeneHHoOCmu;
pabomams ¢ HeYeMKUMU UHCMPYKUUSMU;

5) cnocobHocmb K camoopeaHu3ayuu u camopassumuto,
6) cnocobHocMb NOHUMamb MEeKCMbI Ha ECMECMBEHHOM A3bIKe
7) cnocobHocmb K 0606WeHU0 U abcmpazupo8aHUK HaKoNIEHHOU UHopMayuU.

[na Toro, ytobbl co3gaTh MallMHbl, KOTOpble Obl MPUBRMXKANMCb MO CBOMM BO3MOXHOCTSIM YErOBEYECKOMY
MO3ry, HeoOXOAMMO npexge BCero MOHATb CYLHOCTb WHTENMeKTa YeroBeka, PackpbiTb MeXaHW3Mbl
YernoBEeYECKOrO MbILLMEHNS. 3a UCTeKLLMe AecaTuneTns aton npobneme Obino NocBsALeHo MHoro pabot. Cpeau
MOHorpacuit, NOSIBUBLLMXCSA B MocreaHee Bpems, Heobxoaumo Bblgenutb moHorpaduio Ixeddha XokuHea u
Canppbl bnenkenu [XokuHe Dkedodh, 2007], B KOTOpO aBTOpbI, HA Haw B3rnsg, Onuke BCEro MOAOLWIM K
MOHMMaHMIO OCHOBbI YESTIOBEYECKOrO MHTEnnekTa. B Hel aBTopbl, HA CTbike HEMpOBMUONOrMM, NMCUXONOrMK 1
knbepHeTUK paspaboTtanu MMOHEepCKY Teoputo, B KOTOPOW MOCTPOEHa MOAENb MO3ra YenoBeka, rMaBHbIMU
(OYHKUMAMM KOTOPOW SBMISIKOTCA 3anOMWHaHWE NPOLUMOro OnbiTa M MPOrHO3MPOBAHWE MO3rOM pPe3ynbTaToB
BOCTIPUSITUS OKPYKalOLLEH JENCTBUTENBHOCTY 1 CBOUX AENCTBUNA. ABTOPbI NPUBOAST MHOXECTBO YOeauTenbHbIX
NPUMEPOB MOBELEHUS YeroBeka B pasnuyHoM 0BCTaHOBKe, MOATBEpXAAOWMX 3Ty ugew. K. XoykuHC
OTMEYaET: «... [pOrHo3MpoBaHMe Mo MOEMY MHEHUIO- 3TO HEe NPOCTO OfHa U3 (PYHKLMIA KOpbI FONIOBHOMO MO3ra,
OTO nepsuyHas (byHKYUS Heokopmekca U OcHosa UHMesnnekma. Kopa ronoBHOro Mo3ra SIBNISIETCS OpraHoM
npeaBuaeHus. Ecnm Mbl XOTUM MOHSATb, YTO Takoe pasyMm, YTO Takoe TBOPYECTBO, kak paboTaeT Hall MO3r, U Kak
Hay4YMTbCS CO3AAaBaTb Pa3yMHble MaLLUMHbI, HAM HYXHO MOCTWYb MPUPOAY NPOTHO30B W MOHSATH, KakuM 06pa3om
Kopa rofloBHOro Mo3ra 1x opmupyeT. [laxe NoBeAeH1e MOXHO fyyLle BCEro NPeAcTaBUTb Kak NPOMEXYTOUHbIN
MPOAYKT npouecca NporHosnpoBaHus» [XokuHe Dxedd, 2007].

Llenblo HacToswen paboTbl sBnsieTcd 0030p WM aHanM3 COBPEMEHHOTO HampaeneHus B obnactn WU,
NOMyYMBLLETO HA3BAHWE BbIYUCAMTENbHDIA UHTENMEKT.
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OCHOBHbIE KOMNOHEHTbI BbIYMCIIUTENBLHOIO MHTENNEKTA

B xome passutusi pabot B obnact WM B Havanme 90-x IT. NyTeM WHTerpauum psida WHTENNEKTyaNbHbIX
TEXHOMOMA U MEeTOZOB COPMUPOBANOCh HOBOE HarpaBfeHWe, MOMyuYMBLUEE Ha3BaHWE BbIMUCTUMESbHBIN
usmennexkm (computational intelligence).

CyliecTByeT  HECKONMbKO — OMpefenieHnin  TepMuHa  BbIYUCIUTENbHBIA - MHTENneKT. BnepBble  TepMUMH
«BblUMCIUTENBHBIA MHTennekT» (BM - computational intelligence) Obin BBegeH Bespekom [Bezdek J., 1994],
KOTOPbI ONMPEAEenun ero Tak: «CUCTeMa SBMSETCA WHTENNEKTYanbHON BbIYUCIUTENBHO, ECAIM OHA: onepupyeTt
TONMBKO C LMPOBLIMM JaHHBIMU; UMEET KOMMOHEHTbI pacno3HaBaHust 00pa3oB; He UCMOMb3YET 3HaHUS B CMbICNE
NCKYCCTBEHHOTO MHTENNeKTa 1 BOOaBOK KOrja OHa NPOSIBIISIET:

a) BbIYACIUTENbHYIO afanTUBHOCT;

6) BbIYMCIUTESNBHYIO OTKA30yCTONYMBOCTD;

B) YpOBEHb OLIMBOK, annpPOKCUMUPYIOLLWIN XapaKTEPUCTUKI YenoBeka.
B fanbHeiwem, aTo onpeaenexne yTouHAN0Ch U pacmpsanock. Tak, Mapke B onpefeneHun BU genaet akueHT
Ha cocTasnsiowme TexHonorum BU [Marks R., 1993]: «...HEMpOHHbIE CETH, FEHETUYECKME anropUTMbl, HEYETKME

CUCTEMbI, 3BOMOLUNOHHOE MNpOorpaMmMupoBaHne N NCKYCCTBEHHaA XWU3Hb ABMAKOTCA CTPOUTENbHLIMK onokamu
Bl».

Dpyras nonbitka onpegenenuns BW 6bina coenana ®orenem [Fogel D.,1995]: «3T TEXHONOMMM HENPOHHbIX
CeTel, HEYETKMX W IBOMIOLMOHHBIX CMCTEM ObiNM  WHTErPUPOBaHbl NOL BbIBECKOW  «BbIYMCIUTENbHbIN
WHTENNEKT»-CPaBHUTENBHO HOBbIA TEPMUH, NPEANOKEHHbIN AN 0606LLEHHOMO ONMCaHUS METOL0B BbIYUCAEHUI,
KOTOpble MOTYT BbITb UCMONB30BaHbI, YTOOLI a4anTMpOBaTh PeLleHus K HoBbIM npobriemam v He 6asmpoBaTbes
Ha SBHbIX YENOBEYECKNX 3HaHMSIX.

3a npoweAwue roabl 6bIN0 BbINOMHEHO BOMbLIOE YMCNO PaboT, MOCBALYEHHbIX Pa3NNYHBIM HaNpPaBneHUsM B
obnactu BW, perynsipHo npoBOAATCA MeXOyHapOAHble KOH(EPEHLUWN U KOHIPecchl Mo BbIYUCIUTENBHOMY
uHTENnekTy, B MexayHapogHoMm wHctutyTe IEEE M3gaeTca cneuuanmampoBaHHbIM XypHan, MOCBSLLEHHbIN
npobnematuke BbluncnuTENbHOMO MHTENNekTa IEEE Transactions on Computational Intelligence.

AHanua aTux paboT no3BonseT gatb crneayroulee onpegeneqne BU [3ryposckuin M.3., 2013].

o0 ebmMucnumensHbiM uHmennekmom (BU, computational intelligence) 6ydem noHumamb CO8OKYNHOCMb
mexHonoaut, modenel, Memodos U hpozpaMmMHbIx cpedcms, npedHasHaYeHHbIX 071s1 peleHuss HeghopManbHbIX,
meopyeckux 3aday 8 pa3fuyHbIX chepax Yenoseyeckol 0esmenibHOCMU C UCNOMb308aHUEM annapama u
JI02UKU, 8 onpedeneHHOl cmeneHu OMOXOECMEAIWUX MbiCIumernbHylo 0essmenbHOCMb  Yenogeka
(HEYEeTKOCTb PACCY)XAEHWA, KAYeCTBEHHbIA W WHTYUTUBHBIA MOAXOAbl, KPEaTUBHOCTb, MOTMYECKWN BbIBOA,
camoobyyeHue 1 T.4.) B YaCTHOCTU NPUHATUM PELUEHWI, KnaccudukaLum, pacno3HaBaHum 0bpasos 1 T.4.

CnegyeT OTMETUTb B3aUMOCBA3b MEXY UCKYCCTBEHHBIM UHTENNEKTOM (W) 1 BbIMMCAMTENbHBIM UHTENMEKTOM.
BV - 310 cocTaBHas YacTb HanpaeneHuii (pasaenos) coBpeMeHHoro M, ncnonb3ayrowmx cneumarnbHele Mogen,
METOZb! 1 TEXHOMOMN 1 OPUEHTUPOBAHHBIX Ha PELLEHIE ONpeeNneHHbIX KNaccoB 3adau.

CtpykTypa HanpaBneHui 1 metogos BU npuseaeHa Ha puc.1.
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BblYMCNUTENBHBIA MHTENNEKT
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Puc. 1 CTpyKTypa BbIYUCIIUTENBHOMO UHTENMNEKTA

B cTpykType B/ MoxHO BblgenuTh crieaytowue KOMnoHeHTbl [3ryposckuii M.3., 2013
—  TexHomnoruu;
—  MOAENM, MeToabl M anropuTMbl;
—  MpVKNagHble 3agayn.
TexHonorun BU BknovaroT:
—  HeWpoHHble cetn (HC);
— cuctembl HeyeTkoit noruku (CHJT) n HeveTkue Hempocetn (HHC);
—  3BOMNIOLMOHHOE MofenupoBanme (AM).
K meTogam u anroputmam BU MoxHO OTHecTH:
—  MeTodbl 00y4eHus;
—  MeToabl camoobyyeHus;

— MeToabl CamoopraHu3alumn;
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—  reHeTuyeckue anroputmbl (FA);

—  pOeBble anropuTMbl;

—  MYypaBbWHbIE aNrOPUTMbI.
TexHonoruy u Metogsl BW vcnonbaytoTcs npu pelleHun cOOTBETCTBYHOWMX 3agad WW. JlormyHo Bbigenutb
cneaytoLe OCHOBHbIE Kacehl 3aad BY, xapakTepHbIX Ans MbICIUTENbHON OESTENBHOCTY YenoBeka:

—  MPOrHo3vpoBaHue 1 NPEABUOEHNE;

—  Knaccudmkaums 1 pacnosHasaHue 0bpasos;

—  KnmacTepu3auusi, CamOnpoW3BOMNbHOE pasbueHWe MHOXecTBAa OOBLEKTOB Ha Knacchl OAHOPOAHLIX
00bEKTOB;

—  WHTeNnneKTyarnbHbIN aHanu3 JaHHbIX;
—  NOTMYECKMiA BbIBOS

—  TPUHSATHE PeLLeHUH.

B3auMoCBSA3b BIYMCNIMTENbLHOIO UHTENNEKTA U «MATKUX BbIYUCTIEHUIY

TepmuH B 6nn3ok no cBOEMy 3HAYEHWIO, LIMPOKO UCMONb3yeMOMY B 3apyDexHOn nutepaType TepMUHY «soft
computing» [Zadeh L.A., 1984] (T.e. «Msrkue» BblYUCIIEHNS), NOS KOTOPbLIM MOHUMAETCS COBOKYMHOCTL MOAENEN,
MeTOfOB M anroputMoB, 6asvpyloLLMXCA Ha NPUMEHEHWM HEYETKOM MaTeMaTku (HEeYEeTKUX MHOXECTB W
HEYETKOI NOTUKK).

[NoHsITe MArkuX BbluMcneHuit (soft computing) Bnepable Bbino ynomsiHyTo B pabote J1. 3ape (Lotfi A. Zadeh) no
aHanuay markux (soft) gaHHeix B 1981 rogy. Msdrkue BbluucneHus (MB) - 310 CnoxHas KOMMblOTEpHas
METOZONMOMS, OCHOBaHHasi Ha HeueTkon noruke (HJT), reHeTMYeckuX BbIMMCMIEHMSX, HEAPOKOMMbIOTUHIE W
BEPOSITHOCTHBIX BbluncneHusx [Zadeh L.A., 1984]. CocTaBHble 4acTu He KOHKYPUPYIOT, HO CO3AalT adpekT
CuHepruama. Begywwmit npuHumMn MB - 3TO y4yeT HETOYHOCTM, HEOnpederieHHOCTH, YaCTUYHOM WCTUHBI W
annpokcumauum  ans  JOCTUXeHUs pobacTHOCTW, HWU3KOM LeHbl pelueHuns, 6Gorbliero COOTBETCTBUS C
peansHOCTbIO.

YeTbIpe COCTaBHbIE YaCTV MATKUX BbIYMCIEHWIA BKMIOYALOT B Cebs:
—  HEYeTKYH NOruKY - NPUBNMKEHHbIE BbIMUCIIEHNS, TPaHYNALMS MHGOPMALIMK, BbIYMCIIEHNE Ha CMOBaX;
—  HEeMpoOKOMMbIOTUHr - oByyeHue, aganTauus, Knaccudukaumus, CUCTEMHOE MOAENMPOBaHWe W
noeHTMduKaLms;
—  TEHEeTUYECKMe BbIYMCMEHUS - CMHTE3, HACTPOMKA W OMTUMM3ALMS C MOMOLLbI CUCTEMATU3MPOBAHHOTO
Cy4aiHoro noucka n 3BOLUK;

—  BEpOSTHOCTHbIE BLIYMCTIEHUS - YNpaBEHUE HEOMPEeSeNeHHOCThI0, CeTU [JOBEepus, XaoTU4eckue
CUCTEMBI, NpeAcKasaHue.
TpaanumoHHble KOMMbIOTEPHBIE BbluMcneHus (hard computing) CRMLLKOM TOYHble ANs peanbHoro Mupa. Mmeetcs
[Ba Knacca 3agjay 4ns MSArkUX BbIMWUCIIEHWIA: BO-NEPBbIX, CYLUECTBYIOT Npobnembl, NS peLueHus KOTOpbIX
MonHas M ToYHas WHGOpMaLMs He MOXET ObITb MOMyYeHa U, BO-BTOPbIX, NPOBNeMbI, ONpeaeneHne KOTopbIX
SIBNSIETCA HE AOCTATO4HO MOMHbIM.

Kaxpas u3 otgenbHbix KOMNOHEHT MB obnagaeT psigomM BHYTPEHHWX Npobrem, B3aWMHbIA Y4YeT KOTOPbIX U
cO37aeT CcuHepreTuyeckuin addekt. Hanpumep, HEMPOHHbIE CETW pELLAOT 3a4ayun  annpoKCUMauun Unu
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KnaccudukaLmmu, Npu4eM HacTpoiika BECOB MPOMCXOAMT 3a CYeT 0OydyeHus. Ho 3HaHMs pacnpeneneHbl no
MHOMM CBSI3sIM U pe3ynbTaTbl paboTbl HEPOHHOW CETW KaXyTcs MONb30BaTemnio HeOGBLACHUMbIMM, TO eCTb
HeobXoAMMa SKCMNMKALMS 3HaHWIA. B ToXe Bpems, cUCTeMbI HEYETKOro BbIBOAA, HA0BOPOT, 061aalT SBHBIMMU
3HaHWSMM B BUAE MPOLYKUMIA N NO3BONSIOT NErkO MOCTPOUTb MPOTOKON 0GbSACHEHMIA. OOHAKO Takas SICHOCTb
[OCTUraeTcs JOMNrMM W TBOPYECKMM MO CBOE CyTU MPELLECTBYIOLWMM MPOLIECCOM W3BIIEYEHWUS 3HAHUA W
nocreaytoLLel OTNaaKon COBOKYNHOCTH NpaBuI.

OTcyTCTBME BO3MOXHOCTM M3BNEYEHNS 3HAHWI W3 [aHHbIX, HACTPONKM NapaMeTpoB (PYHKLMIA NPUHAANEXHOCTU B
xoae 0by4yeHus, aBTOMATU3NPOBAHHOM PEAYKLMM NpaBUn — 3TO XapakTepHble Npobnembl CUCTEM NOTUYECKOro
BbIBoZa. [puMeHeHne reHeTudeckux anroputmos (FA) TpebyeT npeaBapuTEnbHOTO MCCneaoBaHns Npobnemsl ¢
Lienblo Bblbopa BEPOSTHOCTHOM MOAENN, hOPMYMPOBKIA LIENEBOI (YHKLMM.

Bbi6op oTaenbHoi koMnoHeHTbl MB B kauyecTBe 6a30B0i 0BLIMHO OnpeaensieT obLLyl0 apXMTEKTypy rmbpuaHom
CUCTEMBbI (Mo rMOPUAHON CUCTEMON B JaHHOM Cryvae NOHUMAeTCs “Msrkas” cuctema).

Takum 06pa3om, Mexay BblYUCIIUTENbHBIM UHTENNEKTOM (BW) 1 MArkumu BblMUCIIEHMSIMM MHOTO 06LLero: obLyme
napagurMbl, NPUHLMMLI, METOMbI, TEXHOMOTUA W NpuknagHble 3agadn. OTAnYMa WX, Ha Hall B3rnsg, COCTOST B
nogxopax, MB opueHTMpOBaHbI Ha MeTodonoruyeckue, unocodckie n matemaTyeckne npobnemsl, a BU
OPWMEHTUPOBAH B OCHOBHOM Ha BbIYMCAINTENBHBIE ANrOPUTMbI M TEXHOMOMW M NPaKTUYECKYK peanu3avuu
COOTBETCTBYHOLUMX MOZENeN U METOAOB.

Obwasn XapaKTepucTuka TEXHONOrMA U METOA0B BbIYUCIIUTENIbHOTO MHTESNEKTa

Memuy TexHonornamu 1 Mmetogamm BU ¢ I'IO3I/ILI,VII7I CMCTEMHOIO aHann3a MOXHO BblOeNUTb cnepyuine
B3aMMOCBA3N:

1) meToAbl 0ByYEeHWs LLIMPOKO UCMONb3YHTCA ANS HACTPOMKA BECOB CBS3EN HEMPOHHBIX CETEN U HEYETKUX
HEeNPOHHbIX ceTeil. B kauecTBe kpuTepus 0byYeHUs 30eck MCMONb3YIOTCA Cneaylowmue Kputepuu:

—  CKO (MSE):

NZ(yl 7 (w))? — min (1)
i=1

—  CpeaHsis MoaynbHas npoueHTHas owmnbka (MAPE):

yl(w/‘y‘—)mln (2)

~

roe y; - Xenaemblit Bbixog HC Ang i -ro BXOQHOTO CUrHana; ), - daktudeckuit Bbixon HC

cano Z

ans i -ro exona; W - matpuua secos, W = ‘ij‘k o
=Ln,j=I,m

2) npu o0yueHuu, kak npasuro, 3apaeTcs obyvatowas BblOOpKa

L={(x;,1),(x3,5),w(Xy, ¥y )}, 18 X, - BX0BHOI BEKTOP (X € R™), ¥; - BbIXOSHOI

cUrHan (enaemblil BbIxog — Lienb 06yyeHus).
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3) ans obyyeHus MCMONb3YKHTCA METO4bl UMM anropuTMbl ONTUMM3ALMM, B YACTHOCTW: rpagMeHTHBbINA
MeTog W ero moaudukauum [16, 20, 44], meTtoa conpsbkeHHbIX rpaguenTtoB (CI), meTogbl BTOPOro
nopsiaka (Metog HbloToHa), a Takke LWUpoko uenonb3aytotes FA [15].

B Tom cnyyae, korga ydyntenb OTCYyTCTBYET (T.e. Lenb yi HEen3BeCTHa NI He 3ana|-|a) ncnonb3ykTca MeToabl U

anropuTMbl camoobydeHus. B aTOM crydyae 3aiaya COCTOUT B aBTOMATUYECKOM pasbueHiu Boibopkn L Ha psg
MOAMHOXECTB, Ha3sblBaeMblX «knactepamu». [pu 3TOM 3apatoTcs COOTBETCTBYIOLME KPUTEPUWM WU METPUKN
pasbueHus.

OpHoit 13 nepsbIx TeXHOMormn BU sBnanCh NCKYCCTBEHHbIE HEMPOHHbIE ceTh (MHC). OHum aBnsitoTcs Mogensamu
HEWPOHHOM CUCTEMBI (MO3ra) YerioBeKa W BbICOKOOPraHM30BaHHbIX XWBOTHbIX. epBoit ussecTHoit MHC asurncs
paspaboTaHHblil Pp. PoseHbnatTom B 1962-65 rr. nepLenTpoH (ot crnosa perceptio — BocnpusTue) [PoseHbnatT
®., 1965].

[NepBbIN BapuaHT nepLenTpoHa — TPEXCIIOMHLIN NEPLENTPOH (3MEMEHTapHbI) COCTOsN U3 3 TUMOB HEMPOHOB:

S - HellpOHOB — CEHCOPHbIX 3NeMeHTOB, A - HEMPOHOB — accoLMATMBHBIX, U R - HEMPOHOB — pearvpyloLLyx,
NPeaCcTaBNSIoOLLMX BbIXOAHYH PeakLuio HENPOCeTU Ha BXOMHOM CUrHan.

I'Iepu,enTpOH ABNAETCA MOAENbI0 3PUTENBHONO MEXaHN3Ma MO3ra 4YerioBeka.

an NPOEKTUpPOBaHN I/1306pa)KeHMFI Ha CEeHCOpHOe none u3 S- HeﬁDOHOB, npencraesnalwmnx 4yBCTBUTENbHbIE

botoanemenTsl, S - Heitporsl (7, /), Ha KoTopble MonapaloT anemeHTbl M3oBpaxeHs, cpabaTbiBakT v
BbigaioT curHan S, (£) = 1. CeHcOpHble aneMeHTbI CoerMHeHsl Cny|aiiHbiMu casasMm ¢ A - anemenTamy,
aHanormyHo TOMy Kak B 3puTenbHOM MexaHusme uenoseka. A - cssan (i, /) GblBawT aByx TvNOB:
Bo3Bykaalowye, ux sec W; = 1, n Topmoasime Wy; = —1. Ucro BxoAHbIX BO3GYKAakLMX cas3el X, a

TOPMO3ALLMX Y - OAUHAKOBO AN BCEX A -Hel7|pOHOB.

CyMMaprII7I CuUrHan gi Ha BX0Je accounaTuBHOro |-|e|71p0Ha Aj onpegendeTca Tak:

&= WS =285~ 2, S (3)

i€P; ic P4 ic P9
7 zer zer

v v 6 -
roe Pj MHOXECTBO BXOIHbIX CBA3eil (CUrHanoB HeipoHa A i PJ - MHOXeCTBO BO30yXaaloLLux CBSi3en y

o n o
HeitpoHa A i PJ - MHOXECTBO TOPMO3SILLMX CBsi3eit. OUeBUAHO, ‘Pjg‘ =X, ‘P]m‘ =y.

BbIXOZHOM CUrHan accounaTmsHoro Heipota A ; onpeaensetcs

a; = f(g;)

rae f,(+) - dyHkus aktmsauun A -HeitpoHos.
3[echb yalle Bcero ucnonbayetcs 2 Buaga yHKLMiA:

1, eciu ¢ . 2 0, 20e 0 — geruuuna nopoza,
9 J 9 9

a) penenHas a ;=
0, 6 npomusHom cnyuae.
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1

6) curmonpansHas fi(x) = ——.
l+e

o v o 0 o
A -HelpoHbl cBA3aHbI ¢ R -HeipoHami «kaxabiit ¢ kaxabiMy., O603HauMM yepes W) - BEC CBSIN HelipoHa

A ; C HepoHoM R, . CymmapHbiit curian S, Ha Bxoge R, onpepensieTcs 13 ycrosus:

J
S =2a,w5 (@
j=1

CpabatbiBaeT TOT HelipoH R, , Ha BXxoje KOTOPOro curHan Sk MakcumarneH. CpaboTaBlumit HEMpoH
onpeAensieT COOTBETCTBYIWMIA knacc 06bekTo (0bpas). Ecnu 0603HauMTL 4Yepes 7; BbIXOAHYI PeakLuio

Helipora R, , 10

1, ecnu S, = max S

=

(%)

0, 6 npomuenom ciyuae.

Beca cBsseit ijokH HacTpauBatoTCa Tak, 4tob obecneuntb Tpebyemyto knaccudmkaumio nsobpaxenuin. [Ons

9TOr0  MCNONb3yTCA COOTBETCTBYOLUME anroputMbl 00yyeHns. ®p. PoseHO6natT paspaboTan HeCKOMbKO
anroputmMoB 0By4eHWst 3NEeMEHTapHOro NepLenTpoHa, & - anroputm obyyeHns u ¥ -anroputm obyyeHus. 310

TaK Ha3blBaeMble anropUTMbl «C MOOLLPEHNEM — Haka3aHueMy» [PoseHbnatT @., 1965].

B cryyae npaBurbHOM peakLuy MepLEenTpoHa Beca akTUBHbIX BXOAHbIX CBS3eil cpabaTbiBaiollero HeiipoHa R,

YBENUYMBAOTCS, MOOLLPSIHOTCA TaK:
ij(t+1)=wjk(t) +aw. (6)
B cnyyae HenpaBurnbHOW peakuun, HaobopoT, Haka3bIBaAKOTCS:
wy @+ =w; (1) —aw.

OTO TaK Ha3blBaEMbIi « O - anropuTM 00yYeHUs».
¥ -anroput™ oBy4eHns OTNIMYAETCS TeM, YTO B HEM Beca CBS3el U3MEHAI0TCS Tak, YTo oblyas cyMma BECOB Y
KaXX[0ro HepoHa 0CTaeTCs NPexXHeN.

Op. Po3eHONATT npoBen MHOXECTBO JKCMEepUMEHTarbHbIX WCCMedoBaHWiA 3-X CMOWHOrO NepuLenTpoHa no
pacrno3HaBaHMi0 MPOCTEMIUMX W300paxeHuit: umdp, OYKB M reoMeTpuyecknx curyp. dTU SKCMEPUMEHTLI
nokasann CnocobHOCTb MepuenTpoHa 00y4aTbCs NpaBUIbHOM Knaccudukauun obpa3os. Tem cambiM 6binn
ybeanTensHO NPOAEMOHCTPUPOBAHBI MHTENEKTyarnbHbIe BO3MOXHOCTM NEPLENTPOHA Kak MOLENN 3pUTENBHOM
MexaHuama Mosra.

OnbiTbl Po3eH6MaTTa CTUMYNMPOBAN MHTEPEC YYEHBIX K HEMPOHHLIM ceTaM. B koHue 60-x — Havane 70-x rogos
BO3HMK «Bym» paboT no mnccnegoeaHnio HC. MosiBUMMCL HOBblE apXMTEKTYPbl HEMPOHHBIX CETEN, B YACTHOCTH
pabotbl b. Ynapoy npeanoxusliero HeipoH Adaline m HC Madaline, obyvatowme matpuusl LUTenHOyxa,
pacnosHatowas cuctema Anba A.l. MBaxHEHKO.
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Yeunus MHOMMX y4eHblx Obinn HanpaBneHbl Ha BbISICHEHWE MOTEHUMANbHbIX BO3MOXHOCTEN MepLenTpoHa.
Matematuk 1. HoBMKOB Ookasan psig TEOpeM O CXOQMMOCTM npouecca 00ydveHuss nepuenTpoHa K MCKOMOM
peakuun. OgHaAKO OXWUAAHMS Y4YEeHbIX OTHOCUTENBHO YPE3BbIYANHO LUMPOKMX BO3MOXHOCTEN NepLenTpoHa Kak
MOJEnM MexaHu3Ma Mo3ra He onpaBfanuch. B npouecce panbHemwux mccnefoBaHuii Obino BbISICHEHO, YTO
3MeMeHTapHbI TPEXCMOMHbIA MepuenTpoH He obnagaeT TakuMKW HEOTLEMIIEMbIMW CBOWCTBAMM WHTENNeKTa
yenoBeka, kak cnocobHOCTL K akcTpanonsayum (0606LLeHNto), T.e. NepuenTpoH 06y4YeHHbI pacno3HaBaTb HEKuiA
0ObekT B 0gHON 06NacT CEHCOPHOMO NOMs He CnocobeH MpaBMMbHO pacnosHaTb ero B Apyroit obnactu (6es
pononHutensHoro obyyenns). Kpome TOro, nepuentpoH He obnagaeT WHBApUAHTHOCTBIO K U3MEHEHWHO
MacwTaba 1 noBopoTy M3obpaxeHus.

HakoHew, B 1971 r. npocbeccop u3 MT M. MuHckuin u C. Mannept ony6nukosanm kuury [Munckuin M., 1971], B
KOTOPOM MOKa3anu, YTO TPEXCMOMHbBIA NEPLENTPOH He CnocobeH pelaTb Aaxe MPOCTY NOrMYEckyto 3agavy —
peanu3oBaTtb nornyeckyto yHkumio XOR - uckniouutensHoe «Mnu», B koTOpoit OuMHapHble OOBEKTH

X,=[0;0] v X, =[1;1] pomxHbl 6biTb oTHeceHbl k opHomy knaccy (k=1), a X5 =[1;0]
X4 =[0;1] - k ppyromy (k=2) (cm. puc.3).

jux
fﬂ 3 =
4 Mgl o
1 4 ~. v‘\rl
LY L, :
2 Emacce | 1 Kmace
™ *,
*
X': i Xs il‘. > '.{:]
0 o | )
‘l'\ f #}.
1 gnacc

Puc. 3. 3agava XOR ans pasmepHocTi n=2

MpaBga, ®p. Po3eHONATT B OTBET Ha 3Ty KPUTWKY NPEANOXMN YCOXHWTb CTPYKTYPY NEepLEenTpoHa, nepenas k
4-x CronHOMy NepLEenTpoHy C ABYMS HAacTpamMBaeMbIMW CriosiMu CBs3eit. Takoi nepuenTpoH crnocobeH nerko
pewntb 3agavy XOR. OgHako B HEM BO3HWKaeT HOBas Npobriema — HeMoHATHO, Kak HacTpanBaThb 2 Crosi BECOB,
yTobbl 0becneunTb CXOAMMOCTL 00Yy4YeHuss Kk Tpebyemol peakuun. B cBA3M C 3TOM KPUTUKOM MaTEMATMKOB
paboTbl no HC 6biin HesacnyeHHO NpuocTaHOBNeHbl Ha Lenbix 10 net, u 6bin HaHeCeH YpoOH Lenomy
Hanpaenexwto B obnactu BA.

NMvwb cnycta 10 net, B pesynbTate paboT AHAepcoHa, XWHTOHA, Yunbsimca Obina npegnoxeHa HC Back
Propagation (obpatHoro pacnpoctpaHenus) [XankuH CaimoH, 2006], npegcTaBnstowas no CTPyKType
MHorocrnonHbid nepuentpoH (MLP). Ins aToi ceTw Obin npeanoxeH anroputm obpaTHOro pacrnpocTpaHeHus
(owmbKM), KOTOPBLIN NO3BONSIET HACTpaKBaThb CETb C NPOM3BOMBHBIM YUCTIOM CMOEB W 0becneynBaTb CXOAMMOCTb
k TpebyeMon peakumm (knaccuukalmm unu NporHoay).
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Bbina gokasaHa Teopema 06 yHMBEpCanbHOI annpokcumau ¢ nomolsto HC, B KOTOpoN yTBEpKAAETCs, YTO
«cywecteyer HC BP, nossonsiowas peanu3oatb Nto60e HenpepbiBHOE OTOBpaxeHue: y=F (x) npw
HEKOTOPbIX 4OCTAaTOYHO 0BOBLLEHHBIX NPEANONOKEHNSXY.

OTa Teopema 00OCHOBLIBAET LUMpOYaiLLne noTeHUmarnbHble BoamoxHocTM HC BP, u ctumynupoBana peskui
pocT uccneaoeaHuii B obnactu HC.

Kpome knaccuyeckux MHC ¢ nocneposaTenbHbIMU CBA3AMM MEXZY CMOSAMW HEMPOHOB, B MOCNEOHWE rogbl
NOSIBUNMCb HEMPOHHbIE CeTU C obpaTHbIMM cBA3aMU (pekyppeHTHble HC [Xankun Canmon, 2006]). Hanpumep,
HC Xondwunaa n XemmuHra. Takasi ceTb 3a CYET UCMONb30BaHKS nonoxutensHon OC obnagaeT yavBUTENbHBIM
CBOWCTBOM: MpU OMpedeneHHbIX YCMOBMSX NOBEdEHWe CUCTEMbI B Mpouecce ee paboTbl CTPEMUTCS K
YCTOMYMBOMY COCTOSHWIO (HEMOABUKHOM TOUKE), KOTOPOE HA3bIBAETCA aTTPakTOPOM. ATTpaKTOpbl NpeacTaBnsoT
coboi NamsTb CUCTEMbI; @ HEMPOHHAs ceTb Xondunga — MoAenb accoUMaTBHON NamsTh yenoseka. Korga Ha
Bxog HC Xondwmnoa mogaetcs 3allyMNIEHHOE WM UCKaxEHHOe u3obpaxeHne obbekTa, OHa kak Obl Mo
accoumaunn «y3HaeT»ero W BblLAET Ha BbIXOAE HEUCKAKEHHOE M300paxeHne — 3TanoH, KOTOpbI SBRSETCS
OHWUM M3 aTTPaKTOPOB.

B HacTosiiee Bpemst HC WMPOKO MpUMEHSIOTCS B pasHooOpasHbiX cepax, B YacTHOCTM, MPOTHO3MPOBAHIM,
Knaccucukaumu 1 pacrnosHaBaHuW 06pas3oB, annpokcuMauui OYHKUWA, YNpaBNeHUN TEXHOMOTUYECKUMN
npoLieccamu.

HoctonHctBom HC siBnsieTcs cnocoBHOCTb K 0By4eHMio U HacTpOiiKe BECOB CBSA3EH MeXay HEMPOHaMM C LieMnbio
nonyyeHus Tpebyemon peakumu. Btopeim goctouHcTBoM HC sBnsietcs napannensHas obpabotka BXogHom
WHopmauun, 4To obecneumBaeT BbICOKYID NPoOW3BOANUTENbHOCTL HC B LIENOM, HECMOTPS Ha MEANeHHyo
CKOPOCTb Nepesayn MHopMaLn No HEMPOHHBIM CBSA3SIM U HU3KYI0 CKOPOCTb paboTbl Cammnx HEMPOHOB.

BaxHbIM CBOWCTBOM MHTENneKTa SBMSETCS CnocobHOCMb K CcaMoopaaHu3ayuu, camoobyyeHuto, Korga
«yuuTENb» B CUCTEME OTCYTCTBYET, M «NpaBuUMbHasy knaccudukaums obbekta Hem3BeCTHa (eCnn peyb UaeT o
pacrnosHaBaHuu 00pa3oB). B TakoM cnyyae cuctema cama, paccMaTpuBast pasnuyHble 00bekTbl (M300paxeHuns)
B MPOCTPAHCTBE MPM3HAKOB, pa3buBaeT WX Ha NOLMHOXECTBA, Ha3blBAaeMble Knactepamu, N0 CTeneHu
«MOXOXeCTU», 6nu3ocT OOBEKTOB B MPOCTPaHCTBE MpU3HAKoB. [py 3TOM MOryT MCMONb30BaTLCS CaMble
pa3nnyHbIe METPUKM BNIU30CTM.

HelipoHHble ceTn ¢ camoopraHusaumei (B yactHoctn, HC KoxoHeHa), ncnonb3ysi CopeBHOBaTENbHOE 00y4eHme,
NPOSIBASIOT CNOCOOHOCTb K aBTOMATUYECKOW Knaccudmkaumy 0ObEKTOB Camoi pasnnuyHON Mpupodbl [XanlkuH
CaitmoH, 2006].

B 3apgauax 0by4yeHust n camoobyyeHnst HEMPOHHBIX CETel HaCTpauBaloTCs Beca CBA3En W — w e yuntenem
nnwn 6e3 Hero. [pn 3TOM CTPYKTYpa CETU HE M3MEHSIETCS.

OpHako 3a4acTylo BCTpevalTcs 3ajauu, Korga B npouecce HacTpOlkM HEOBXOAMMO He TOMbKO HacTpauBaTb
BeCa, HO U MEHATb CTPYKTYpy ceTu. B Takumx cnyvasx HeobXOAMMO MCnonb3oBaTb MOAENM W MeTOAb
camoopraHm3aLmum.

K uucny MeTofoB caMoopraHu3aLuu OTHOCUTCS, B YaCTHOCTM, METOA WHOYKTMBHOMO MOAENWPOBAHWS, Tak
HasblBAEMbIN MeTon rpynnoBoro yyeta aprymeHtoB (MIYA). MeTon wvcnonb3yetcss Anst BOCCTAHOBNEHMS

HEM3BECTHOW (PYHKUMM MporHosa wmm knaccudukaum = f(X;,X,,...,X,) M0 3KCNEpUMEHTaIbHbIM
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AaHHbIM. MeToa Gbin npeanoxeH B koHue 60-x rogoe 20-ro Beka akagemukom A.l. VIBaxHeHKo [BaxHEHKO
AT. 1976].

OH 1Ccnonb3yeT OCHOBHble AW 3BOMIOLMM CKPELMBaHWUS (KPOCCUHI-0BEP) POAMUTENbCKUX Map U reHepauuto
MOTOMKOB, CENeKLMIo (0T6OP NMyyLKMX NOTOMKOB), MPOBEPKY YCIOBMIN OCTAHOBA.

[ns BOCCTAHOBNEHWS HEW3BECTHOA (PYHKUMM N NEPEMEHHbIX B Knacce MOfMHOMOB (T.H. MONMHOMOB
KonmoropoBa-'abopa) Buga

Y=f(X, %5000 X,) = a0+2ax +22a XX +222aykxx X, ... (7)
j=ii=l k>j j=2i i=1
NCNONb3YITCS AneMeHTapHbIe YHKLMM OT KoM napbl NEPEMEHHbIX, Ha3blBaEMble YaCTUYHbIMW OMUCAHNAMM
(11) cnenyrowyero Buaa:

ay +a;x; +a,;x; — nuHelinve;

y=¢(xi>xj)= ()

2 2
Ao +a;x; +a;x; +a;x; +a,;x; +a,xx; — Kea0pamuunvle.

[Ins Ka[aoro Takoro 4YacTuyHoro onucaHus (8) mo oGydatoulert BbiGopke L metogoMm MHK, Haxogstcs

06y

OLIeHKY HEU3BECTHBIX KOIthLMeHToB {a; } {a }, ano nposepoyHon L Haxogum HaumyuyLuyio Mogerb.

npoe
[Ins 3TOro MCNonb3aytoTCs BHELLHNE KPUTEPUM CENEKLNM:

a) perynsipHoCTH

1 an ~
-2 2
np = y(x)", 9)

rAe V; - peanbHblil BbIXOA ANs I -0/ TOYKN, ), () - Bbixon Mopenn, N " 06bEM NPOBEPOYHON BbIGOPKY;

0) HecmeLleHHOCTH

1 an * sk 2
N,=—>2 0 -») (10)
N, 5

. . =2
[lariee NpoucxoauT npoLieaypa cenekumn — otéop F' Nyylmx YacTUUHbIX ONMUCaHMA N0 MI1N KpUTEPUS E,p

Uucro F HasbiaeTca «cBoG0aOi BbiGopa». OTOBpaHHbIE NyYLIME YacTUYHbIE OMMCAHUA SABMAIOTCA BXOAaMM
cregyioLlero psga cuHTesa. Ha atom 1 utepauus MeToga 3akaH4m1BaeTcs.

Mpouecc ciHTe3a NpoaoKaeTcs A0 TeX Nop, Noka He 6YaeT JOCTUTHYT MUHUMYM KPUTEPUS! PETYTSIPHOCTY, T.€.

min&; (k) e E, (k) mlnS o (k). E,, 2 (k) - aHaueHwst kpuTepust ¥ 7 -oit Mogenu Ha K -oi

uTepawum.

Takum 06pa3om, HaxoaMTCs oNTUManbHas MOAENb MUHUMAIBHON CROXHOCTW. Hanas uckoMyto (onTUManbHyHo)
MOfENb, fanee ABuraemcst B 06paTHOM HanpaBneHuu, no eé CBA3sM C NpedblayLLMM psaoM, 1 aenast 3aMeHy

NEPEMEHHbIX, NMPUXOAMM B KOHLE K CKOMOW MOAENW B MCXOAHbIX NePEMEHHbIX xl,x2,...,xn . Metog B
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OTIMYMM OT APYTMX METOLOB MAEHTUDMKALMM Mopeneil CMOXHbIX CUCTEeM, MO3BONSIET ABTOMATUYECKU
BOCCTAHOBUTb CTPYKTYPY MCKOMOWN MOZENU.

310 0BecneynBaeTCs 3a CYeT UCMOMNb30BaHUS NPUHYUNA camoopeaHu3ayuu [1, 3]: ¢ pOCTOM CRIOXHOCTY MOAENN
=2

S, 3HaueHus KpuTepus PerynsipHoCT £,, CHayana najjaet, AOCTUraeT MUHUMYMa, @ 3aTeM OCTaeTcs

MOCTOSIHHBLIM (MPW OTCYTCTBMM LUYMOB) UINM HAYMHAET pacTu. 3gecb S — uncno uneHoB nonuHoma Konmoroposa-

[abopa.

OpHUM U3 CYLLECTBEHHBIX CBOMCTB MHTEMNNEKTa YeroBeka SABNSEeTCs ero cnocobHocms pabomams ¢ HENOMHOU
Heyemkol uHgopmayuel, B YCNOBUSX HeonpeaeneHHocT. BosHukna noTpebHOCTb B cCO3haHWM annapata
(bopMann30BaHHOTO ONUCaHUS HEYETKOM W Ka4eCTBEHHOM WMHGOPMaLMK ONS NPUHATAS PELUEHMA B YCIIOBUSX
HeonpeaeneHHocTn. Takas npobnema 6Obina pelweHa J1. 3age, KOTOPLIA BBEN MOHATUE HEYETKOrO MHOXECTBA
(HM) (Fuzzy set) u paspabotan annapat onepauuin Hag HM [Zadeh L.A., 1965]. OcHoBHbIM aTpubytom HM

SIBNISIETCA ero ghyHkyust npuradnexHocmu AL (x), Takasiuto 4, (x) € [0;1].

BennunHa L4, (X;) - €CTb CTeneHb MpuHaanexHocTv anementa X; k HM A, nexauas mexay 0 v 1. 3gech
NPUHUMNMANEHOE OTAMYME OT OObIYHbIX MHOXECTB, ANst KOTOPbIX CTENEHb NPUHAANEXHOCTI SNIEMEHTOB paBHa
nn6o 1 (anemeHT X npuHaanexuT), nbo 0 (3neMeHT X He npuHamnexut MHoxectsy A ).

CneayeT noa4epkHyTb, 4To I He SBNSETCA NNOTHOCTHIO pacnpefeneHns cnyyaitHoin BenuunHbl A , a creneHb
npuHaanexHoctn 4L (X;) - 9T0 He BEpOSTHOCTb MOSBMEHMS 3HAYEHUS X;, @ LUAHCHI MOSBNEHMS TaKoro
3HaveHus no oueHke JIMP, 1 oTobpaxaeT ero CyObeKTUBHYIO OLIEHKY.

HNanbHeiwum passutem Teopun HM seunoch BBegeHve J1.3age NOHATUS NMHIBUCTMYECKOA MEpeMEHHON eé
1CNoNb3oBaHUe AN NPUHATUS PELLEHUI B YCNOBUSIX KAYECTBEHHOM U HEYETKOM MHEOPMALMK.

Mo onpenenenuto [Zadeh L.A., 1975], nuHreuctnyeckas nepemenHas (J11) — aTo nepemeHHas (Konm4ecTBeHHas
WUNW Ka4YecTBEHHas), 3ajaBaemMas NATEPKON KOPTEXKEN:

nm=<N,X,T,u,G>, (11)
rae N - umst nepemeHHoit;

T ={T;} - mHoxecTB0 6a30BbIX TePMOB UM 3HaueHwi J1TT;

X =[x

min > X - YHMBEPCanbHaaA WKana;

max ]

A - oneparop, CTaBALYII B COOTBETCTBME Kaaomy aHauenmio 7', ero O Li (x);
J

G - reHepaTop HOBbIX TEpMOB M3 6a3oBbiX C MCMOMb3oBaHneMm npeaukatos: «HE», «OYEHb,
«BOJNNEE-MEHEE».

npl/l aTom @1 HoBbIX TEPMOB ornpeaenAatoTca no COOTHOLLEHNAM:
. _ 2, —
IuHeTj (.X) =1- luTl (X), luotteHij (X) - (luTl (X)) 711’l6Oﬂee—MeHeeTj (X) - IUT]- ()C) : (12)

MpuBeneM NpuMepsb:
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1) TycTb konuyecTBeHHas nepemenHas «[oxod dupmbl» paccmatpusaetcs kak JIM, BO3MOXHbIA LOXOA
6 . .

cbupmbl uamensiecs B Ananasore [1;10” | rpH. Beenem 6asosble Tepmbl: 7; - Huakuit, 1, - Hu3Kuil -

cpeanuit, 15 - cpepruir, T}, - cpephmit - Beicokuit, 15 - Bbicokuit. Toraa NN [oxon thuvpMbl 3afaeTcs

Tak:

NN foxon dpust = < N, X {T'}, {ut (x)},G >
rae IV - [loxon dvpmb;

X =[1;10°]; T = {T’;} - nabop 6asosbix Tepmos; a wx O L. (x) npueopsTcs Ha puc.4
J

4 Hr
T, I

» lzx
0 1 2 3 4

L
hy
e |

Puc. 4. 0N L7, (x)

2) PaccmoTpum Tenepb KauyeCTBEHHYH NepeMeHHy. Hanpumep, BHEWHOCTb. Takyto NepeMeHHyto 3afaem
Ha ynusepcanbHoit wane X =[0;1]. Bsenem HaGop Gasosbix Tepmos Ans MM «sHewwocTby: 7] -
BesobpasHasn, 1, - HecumnaTuuHas, 71, - NPUATHON HapyxHOCTU (cumnaTtuuHast), 7, - kpacusast, - -

2 3 4 5

ngean kpacotbl (Hanpumep, CukctuHckast MagoHHa Padaans). O 6a3oBbix TepMOB NPEACTaBUM Ha
YHUBEpCanbHoi Lkane (cM. puc. 5).

0 0,1 02 03 04 05 0,6 0,7

Puc. 5. 0N 44, (x)
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O1n Of1 oTpaxatoT MHhopMaLMIo 3KCNEPTa O KAYECTBEHHON NEPEMEHHON «KpacoTay, ero CyObeKTUBHYH OLIEHKY
COOTBETCTBUS 3TOM NEPEMEHHON CTENEHW HANMYMS JAHHOMO NPU3HaKa Y KOHKPETHOro nua.

JIUHrBUCTMYECKME MEpPEMEHHblE WUCMOMb3YTCA ANS MPUHATWS PELUEHUA B YCNOBUSIX KAYeCTBEHHOWM W
HeJoOCTOBEPHOM MHopmauun B cuctemax HeueTkoir noruku (CHIN). TnaBHbIM 3NEMEHTOM TaKuX CUCTEM
aBnseTca HeyeTkas 6asa npasun (HBMM), otoOpaxarowas HeveTke 3HaHUS AKCMepTa O COOTBETCTBYHOLLEN

npeameTHoi obnacTu. HeveTkue npasuna BbiBoda R, vmeloT Bup:

R, ecnn X, ectb 4, x, ectb A, ..., x,ects A,,,70 z ectb C,;

R, :ecnm x; ecte A, X, ecto A, , ..., X, ectb A, , 10 z ectb C, ;

(A€ X, X; .., X, - BXOAHble nepemenbie; Z - BbixopHas nepementas; {A;} v {C} - sHavenns
NIMHTBUCTUYECKNX NEPEMEHHBIX (TEPMOB).

PaccmoTpum B KayecTBe npuMepa HeyeTkue npaBura B 3ajadve aHanuaa pucka GaHKpOTCTBA kopnopauuii B
ycrnosuax HeonpeaeneHHocTu [3ryposckuid M.3., 2013].

HYCTb ana oueHKn d)MHaHCOBOFO COCTOAHKNA KOpI'IOan,I/IVI Mcnonb3ykTcA crneayouine d)MHaHCOBbIe nokKasatenu:

X, - K03()DMLMEHT aBTOHOMHOCTH,

X5 - K03(hULMEHT 0becreveHHOCTM aKTMBOB COBCTBEHHbIMI CPEACTBAMM;
X3 - KO3(MULIMEHT NPOMEXYTOUHOMN NMKBUAHOCTH,

X, - KO3(PMULMEHT aBCONMKTHOM NINKBUAHOCTH,

X5 - K0a(huLMeHT 060pauMBaeMOCTH aKTMBOB;

Xg - peHTa6eJ'|bHOCTb BCEro Kanutana.

Bce aTn nokasaTenu paccMaTpuBaloTCs Kak NMUHIBUCTMYECKME NEPEMEHHBIE CO 3HAYEHUAMM: 04eHb HU3KkMiA (OH),
Hu3kui (H), cpepnui (Cp), Boicokuin (B) 1 oveHb Bbicokuii (OB).

[MycTb BbIXOgHAS NEPEMEHHAst «pUCK BAHKPOTCTBA» MPUHUMAET aHarorMyHble 3Ha4YeHus: 04eHb Bbicokuin (OB),
Bblcokui (B), cpepHuit (Cp), Hu3kuia (H) v oveHb Huskuin (OH).

Toraa MOXHO 3anucaThb cregytowye npasuna:
Rli ecrm X, - «OH», X, - «OH», X5 - «OH», X, - «OH», X5 - «OH», X, - «OH», TO
puck 6aHkpoTcTBa «BY);
Rk: ecnn X, - «Cp», X, - «Cp», X5 - «Cp», X, - «H», X5 - «OH», X, - «OH», 1O puck
GaHkpoTcTBa «By;
RM: ecn X, - «OBy, X, - «OBy, X5 - «OBy, Xy - «OBy, X5 - «OBy, Xg - «OB», TO
puck 6aHkpoTcTa « OH».

Noruyeckuit BLIBOA OCYLLECTBNSETCS 3a cneaytoLme atanbl [3ryposckuid M.3., 2013]:

1)  @az3ughukayus (BBEAEHNE HEYETKOCTH).
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2) Jloauyeckuli 8b1800, COCTOAMIA U3 ABYX NMOLSTANOB — ONpedefieHne CTENMEHW BbINOMHEHWS YCROBUIA
NpaBun 1 HaXOXAEeHWE BbIXOfa Kaxaoro npasuna.

3)  Komnosuuyus BbIX040B NpaBun.

4)  [egpassugpukayus. MpuBeaeHme K YeTKOCTY (T.e. HaXOXOEeHNe YETKOro BbIX04a).
VimeeTcs HECKONBKO anropuTMOB HEYETKOTO JIOMMYECKOrO BbIBOAA, OCHOBHBIMIA M3 KOTOPLIX ABNSOTCA: anroputM
Mawmganu; Liykamoto; CyreHo; llapceHa.
OTMETUM OCHOBHbIE JOCTOWHCTBA cUCTEM C HeveTkom norukoit CHIT [3ryposckuin M.3., 2013].

1) OHM NO3BONAKT YYMTbIBATb KAYECTBEHHYID M HEYETKYH WHGopMauuo, paboTtatb B YCMOBMSX
HemMomnHOTbI U HeoNpeaEeneHHOCTU UCXOAHOM MHGopMaLnK;
2) OHV NO3BONSIOT YYMTBIBATL HEYETKME 3HAHMS SKCNEPTOB B BUAE 6a3sbl HEYETKMX NpaBun.
BwmecTe ¢ Tem CHJ1 umetoT crnegytowme HegocTaTkm.
[ns pabotsl CHJ1 Heobxogumo 3agatb Pl AMHIBUCTUYECKUX NEPEMEHHBIX B HEYETKUX MPaBunax.

1) Oty paboTy BLINOMHSAET YenoBek-akcnepT. [ns ynpoweHns npobrnemsl npegnonaraetcs, 4to see JIM
UMetoT oguH knacc Of (Hanpumep, rayccoBckue, TpeyronbHble U TpaneueugansHble, U O pasHbix
TEPMOB OTIMYAKOTCS NINLWb NapameTpamu, KOoTopble JOMKEH ykasaTb aKcnepT). OaHako aKkcnepT MOXeT
He 3HaTb KX;

2) basa HeuveTkux npaBun, OpMynMpyeMast 3KCMEpPTOM, MOXET OKasaTbCsl  HEMomnHoW  umu
NPOTMBOPEUMBOIA.
[nsa ycTpaHeHus ykasaHHbIX HepocTaTkoB Heobxopumo caenatb CHJ1 apamtuBHbIMKM 1 06y4aTb MO BXOAHO
BbIOOpKe.
UToBbl MCMONb30BaTL apCeHan HaKoMMeHHbIX METOLOB W anropuTMoB 06y4yeHust, CHIT peanuaytoT CTPYKTYpHO B

BIE HEYETKMX HEeMPOHHBIX CEeTel, B KOTOPbIX UMEETCA CIOi BXOAHbIX HEMpOHOB X 1 X, ..., X ,» Cnot

HefipoHos npasun R, R, ..., R, v cnoii Bbixoasbix Heitporoe C,, C, ..., C

m
|_|pl/l 3TOM CBA3N MeXay Cnoamu Wij ABNAIOTCA HEYETKUMW, 3adaBaeMbiMU B BUAE HEKOTOPbIX or ¢

HeonpedeneHHbIMM NapameTpamu, HacTpauBaeMbiMW B npouecce o6yyeHus. [Ans 3TOro WCnonb3ylTcs
anroputMbl 06y4eHusi, paspaboTtaHHble ans 06bluHbIX HC.

Takum 06pa3om, UHTErpaums ABYX TEXHOMOMMA: HEMPOHHBLIX CETEN U CUCTEM C HEYETKOW MOMMKOW No3BoNuUNa
noseonuna co3gatb HOBYH 2ubpudHyto mexHomozulw BW - Heyemkue HEUpPOHHbIE cemu, NO3BONSHOLLME
NCMONb30BaTb AOCTOMHCTBA 0BOMX MCXOAHbIX TexHonoruit. ogpobHo cuctembl HeyeTkom norukn m HHC
paccMoTpeHb! B rnaeax 3, 4, 5 MoHorpaduu.

Cuctembl HeyeTkon norukn M HHC HaxogsaT LUMpOKME MPpUMEHeHMs BO MHOTMX 3afgavax BW. Wx wmpokoe
pacnpocTpaHeHne 6asnpyetca Ha Teopeme FAT — Fuzzy Approximation Theorem 06 yHuBepcanbHoOM
annpoKCUMaLMW CUCTEM HEYETKOM NOTUKH.

BaHr pokasan, uto CHJ1 c¢ [ayccosckummn O npu yBENUYEHWW uucna npaBun #1 —> oo  ABAsETCS

yHuBepcanbHbIM annpokcumatopom [Wang F., 1992]. Heckonbko nosgHee Kocko [okasan aHaroruyHyo
Teopemy, ecnm O HeYeTKX MHOXECTB (TEPMOB) SBNSOTCA TpeyronbHeiMu [Kosko B., 1994].
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3ameTum, YTO AaHHas Teopema SBNSeTCS NOMHbIM aHANoroM COOTBETCTBYIOLEN TeopeMbl 00 YHUBEPCAnbHOM
annpokcuMaumn ans obblYHbIX HEMpOHHbIX ceTel. Takum obpasom, Mmexay cBoicTBamu 0Bbl4HbIX HC 1
HeueTkux HC umetotcs rnybokue B3anMOCBSI3N.

OfAHWUM 13 CBOWCTB XXWBbIX OPraHN3mMoB BUOCKCTEM B TOM YMCIIE YENOBEYECKOr0 MO3ra SIBNSIETCS CNOCOBHOCTb K
CaMOopasBUTIIO, NPUCNIOCOBMEHMIO K MPUMEHSIIOLLMMCS YCIIOBUSIM BHELLHEN cpefbl, CAMOCOBEPLLEHCTBOBAHMIO B
npoecce aBontoLmm. Kak 13BecTHo, Gronoriyeckas aBonioLms 6asnpyeTcs Ha CrieayroLmx MexaHuamax:

a) CKpeLLMBaH1e POAUTENLCKAX Nap W reHepaLynst NOTOMKOB, BepyLumx reHbl y 060ux pogutenei;
6) MmyTauuu, BO3LENCTBIE CryYalHbIX (haKTOPOB;
B) cenekuns — oT60p Nyywmx ocobeir, nepexogsyx B cneaytoLiee NoKoneHue.

OTOT Npouecc NPOAOIIKAETC MHOTOKPaTHO, B pedynbTaTe WAET NOCTENeHHOE LieneHanpaBneHHoe ynyylleHue
ocober.

VIMEHHO 3T MexaHW3Mbl BblniM UCNONb30BaHbl B 3BOSMOLMOHHOM MOZenupoBaHun (M) — BaxHON TEXHOMOrMM
BW. OcHoeHast nges OM — 3T0 3aMeHUTb NPOLECC MOCTPOEHUS CIIOXHON CUCTEMbI (pacnosHaBaHne obpasos,
TEXHWYECKOM [AMarHOCTWKM) npoueccom ero asontoumm [Fogel L. J., 1966]. 3T10T npouecc npoBoguTcs
eCTECTBEHHO B YCKOPEHHOM MacluTabe BpemeHu, TPeBYITCA ThICAYM MnM LECATKA ThICAY NOKONEHWNA, YTOObI
[OCTWYb XENnaemoro pesynbTara, Xenaemoro ka4ecTsa hyHKLMOHMPOBAHUS.

OM wwpoko ucronb3yeTcs B 3ajayax CTPYKTYPHOrO CUHTE3a CroXHbIx cuctem PO ' knaccudpmkaumm,
MEIMLIMHCKOI ANarHOCTUKYA, MPOTHO3MPOBAHNS!, CUCTEM YNPaBNEHNSs CMOXHbIMM OGBEKTAMM U MPOLIECCaMMU.

CnenyeT OTMETUTb, YTO KpailHe BaxHbIM B OM SBMSETCA WUCMOMb30BaHUE MeXaHW3Ma MyTauuid, KOTOpbIN
obecneuynBaeT Heobxoaumoe pasHoobpasne ocobem 1 UCKNKYaeT BO3MOXHOCTb BbIPOXKAEHUS NONYMSLMIA.

BbilwenepeuncnenHble TexHonorn BW GasupyloTca M LWMPOKO MCMONb3ylT COOTBETCTBYHOLLME METOabl M
anroputmbl. B vactHoctn, HC u HHC wucnonbayioT 06yyeHus u agantauuu, Takme Kak rpagueHTHbIN,
COMPSDKEHHBIX TPaAMEHTOB, CTOXacTudyeckas annpokcumauns, PMHK, coBpemeHHble anroputMmbl 0ByqeHus
Kaumapxa, Mapksapgara, N'ynoeuHa-Pamampku-KeitHea n gp.

Kpome TOrO, OHM Takke MCNONMb3yOT ANs cBoed paboTbl MeTogbl M anropuTMbl CamoobyyeHus 1
camoopraHm3auum: KoxoHeHa, MeToabl KNacTepHOrO aHanm3a, K-CpeaHnX (HETKWM), OUCNEPCUOHHBIA anropuTM,
meton Yopga, «bnukaiero cocefa», HeyeTkMe MeTofbl KnacTtepHoro aHammsa: K-cpepHux, yctaBccoHa
Keccensi, Ha OCHOBE HEYETKOr0 OTHOLLEHUSI KBA3UTONEPaAHTHOCTU, aaanTUBHble HEYEeTKME METOAb! KNacTepPHOro
aHanu3a [3rypoeckuin M.3., 2013].

HakoHeu, TexHonorus OM 6asnpyeTcs Ha UCnonb3oBaHMM reHeTUYECKMX anroputmoB (FA), MCMOMb3YHOLLMX Te xe
MexaHu3mbl aBontoumn. A oTnnyaiotcs cnocobamm Bbibopa pOAMTENbCKUX Nap, KPOCCOBEpa, MEXaHW3MOB
MyTaLmin cnocobom cenekuuit [Gen M, 1996].

TexHonor n meTogel BU wupoko ucnonb3ayoTes 4ns peLleHns npuknagHblx 3agad BU. Tak, HeMpOHHble ceTn 1
HeveTkne HC, metogq MIYA ucnonb3ayloTcs 4ns NPOrHO3MPOBaHMS HECTaLMOHAPHBIX BPEMEHHbBIX NPOLIECCOB, B
4aCTHOCTM B 9KOHOMUKE 1 (IMHAHCOBOM cpepe.

HC n MI'YA wWwwnpoko ucnonb3ylTcs B 3adayax Knaccudukauum u pacnosHaBaHus obpasoB, B 3agjayax
JNarHoCTVKW, B TOM YUCNE TEXHUYECKOI 1 MeanumHekoi [3ryposckuin M.3., 2013].

HelipoHHble CETW C camoopraHu3aLmel, MeTofbl KNacTepHOro aHamm3a (YeTkie U HEYETKME) MPUMEHSIOTCS B
3a/la4ax aBTOMATUYECKON KraccudukaLmm 0GbEKTOB MO UX NPU3HAKaM CXOACTBA — pasnnyus.
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OBOIMIOLUMOHHOE MOLENMPOBAHMWE, FeHETUYECKME anrOpUTMbl MCMOMb3YIOTCA AMNS CTPYKTYPHOMO CUHTE3a CIOXHbIX
CUCTEM pacno3HaBaHus 00pas3oB, Knaccudukauuu, a Takke ONTUMW3ALMM CTPYKTYPbl WMHGOPMALMOHHO-
KOMMbIOTEPHBIX ceTel. Kpome Toro, A HaxoaaT LUMPOKOe NPUMEHEHNE B 3aaa4ax KOMOUHATOPHOM ONTUMU3aLMN
Ha rpachax 1 ceTsx.

Cuctembl ¢ HeveTkoin norukon U HHC apdpekTBHO 1CNOnb3ayoTCs B 3a4adax aHanmaa (MHaHCOBOMO COCTOSIHUS
kopropauuu, MPOrHO3WpOBaHUS pucka OaHKPOTCTBA Kopnopauuin U 6aHKOB, OLEHKe KpeanTocrnocobHOCTM
33EMLLMKOB HaHKOBCKMX KanuTanoB B yCroBusix HeonpeaeneHHocTn [3ryposckuin M.3., 2013].

Takum obpa3om, NogBoAs WTOrO CregyeT CkasaTb, YTO COBPEMEHHble TexHomorum u metoabl B TecHo
B3aWMOAENCTBYIOT [Apyr C [PYroMm, umeeTcs rnybokoe B3aUMONPOHWKHOBEHWE METOLOB M anropuTMoB
BbIYMCNTENBHOIO UHTENNEKTa B COOTBETCTBYHOLLME TEXHONOIMM, U HA060POT. A B LIENOM TEXHONOMMW 1 METOAbI
BW aensioTcs oTobpaxeHeM 1 TEXHUYECKO peanusaumen CBOWCTB W CMOCOBHOCTEN MHTENNEKTa YenoBeka B
pasfnyHbIX 061acTsX NPaKTUYECKON AeATENBHOCTM YeNoBeKa.

3aknioyeHue

B pa60Te [aHO onpeaeneHne TepMuUHa BbIYMCIIUTENBHBIA  UHTESNEKT W onpeneneHbl €ero OCHOBHbIE
KOMMNOHEHTbI. yKa3daHbl B3aUMOCBA3N MeXAY BbIYUCITUTENbHbIM MHTENNEKTOM U MATKUMI BblHYUCIEHUAMN.

,U,aH 0630p COBPEMEHHbIX HaI'IpaBJ'IeHVIVI BbIYMCNUTENBHOIO WHTENNEKTA, NpoaHann3mpoBaHbl WX OCHOBHbIE
CBOWMCTBA, B3aIMOCBSA3N W BO3MOXHOCTY NPUMEHEHUA.

OTMeyeHb! B3aUMOCBSI3M Mexay HanpaBneHuaMn u Metodamu BbIMUCIUTENbHOrO MHTENMEKTa. ,D,aaneVlmee
pa3BuUTME BbIYNCITUTENBHOIO NHTENNEKTA NO-BUAUMOMY 6y,qu WATU B HECKONbKNX HanpaBneHusX.

Bo-nepebix — 310 paclumpermre cdep npuMeHeHUs 3aaadax BY, HOBble MPUNOXEHUS B pasnuyHbIX 3afadax u
MpeaMeTHbIX 06nacTsix, HanpuMep B SKOHOMWKE, (hMHAHCOBOW Cepe, TENEKOMMYHWUKALMOHHBIX CUcTEMaX,
ynpaBneHnu TEXHOMNOMYECKMMM NPOLIECCaMM 1 T.4.

Bo-emopbix — 3TO pa3BuTME W COBEPLUEHCTBOBaHME CaMux MeTodoB B, B yacTHOCTW, reHetudeckux (FA) u
3BOMKOLMOHHBLIX anroputMoB (JA), POEBbIX anropuTMOB OMTUMM3ALMM, UMYHHBIX anrOpuTMOB, MYpaBbUHbIX
anroputmoB. OAHMM M3 NEpCNeKTMBHLIX HanpaBneHuii 3Oecb SBNSeTCs ajantauus M camoolyyeHue
napameTpoB A 1 OA C Lenbl0 YCKOPEHUS CXOOWMOCTU U MOBLILIEHWS TOYHOCTU B 3afayax ONTUMM3ALMU.
AKTYyanbHbIM SBMISETCS TakKe Pa3BUTHE M COBEPLLEHCTBOBAHWE NapannesbHbIX FeHETUYECKIX anroprUTMOB.

B — mpembux, 3T0 fanbHedWwas uHTerpauus pasnuuHbiXx TexHonorun BW, Hanpumep, MHTErpaLmus HeYeTKoW

JNIOTUKK N TeHETNYECKMX N SBOSTIOLIMOHHBIX anropuTMOB B 3afavax NpUHATAA peUJeHMVI 1 pacnosHaBaHusA 06pa3OB
B YCNOBUAX HEMNOMHOTbI VIHdJOpMaLWIVI, pOEBbLIX anropuTMOB W allTOPUTMOB KX 06y“IeHMFI n caM006yqu|/|9.
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PELLEHWUE NPOBJIEMbl ®OPMANBbHOW OLIEHKU 3®®EKTUBHOCTU
TEXHONOTMN UAEHTUDUKALIMA 3HAHWUWA B CNABOCTPYKTYPUPOBAHHOM
TEKCTOBOW MHOOPMALIUU

HuHa XanpoBa, Hatanbs WapoHoBa, Mutpuit Yanos

AHHomayusi: B pabome nokazaHa B603MOXHOCMb UCNOMb308aHUS UHMe2ParbHbIX  KOMUYECMBEHHbIX
nokazamesell NOIHOMbI, MOYHOCMU U Mepbi BaH-PusbepaeHa A5 0ueHKU aghghekmusHOCMU UHGDOPMAUUOHHO-
JIUH2BUCMUYECKUX mexHonoaull udeHmucbukayuu 3HaHull e mexcmax. O60CHO8bIBAEMCA B8O3MOXHOCMb
ucnosnb308aHusi Memoda mecmosbIx Konnekyul Onsi 3KkcnepuMeHmarnbHo20 nodmeepxdeHusi docmosepHocmu
nonyyaembix KoaghguyueHmos aghgpekmusHocmu. B pabome uccredyemca npobnema Makcumusauyuu
Ha0eXHOCMU UCNhO/b308aHUS PE3yIbmamos, NOMy4YeHHbIX ho penpe3eHmamusHoll ebibopke, dnsi 8biBodo8 0
2eHeparibHol CO80KYNHOCMU mekcmogoll Konnekyuu. PaccmompeHsi npouedypbi UCn0ob308aHUs 8bI60POYHOL
00n1u npu3Haka Kak cmamucmuydeckol Xxapakmepucmuku Ons oueHueaHusi 0onu peneeaHmHbIX AOKyMEHMos 8
2eHepanbHoll  cogokynHocmu. [lpednoxeH Memod onpedernieHus dogepumenbHo20 UHmepsana 0na Oonu
npu3Haka, 0CHOBaHHbI Ha nodxode BuncoHa, u memod onpedeneHusi Heobxodumozo obbema peresaHmMHol
8bi6opku. [MpusedeHbl npumeps! peanusayuu npednoxeHHozo nodxoda cpedcmeamu Microsoft Excel.

Kniouesbie croea: nonHoma, mMOYHOCMb, PenesaHMHOCMb, 3ghghekmusHoCmb UGeHMuUGbUKaUuuU 3HaHud,
dosepumeribHb Il UHMepP8ar, 06bem mecmosoll Komnekyuu.

ACM Classification Keywords: H.3.3 .Information Search and Retrieval, 1.2.4. Knowledge Representation
Formalisms and Methods, G.3. Probability and statistics — Statistical computing

BBeaeHue

Ins oueHkn 3dHEKTUBHOCT UHDOPMALMOHHO-TMHIBUCTYECKON TEXHOMOTMM SKCTPaKLUMKM U uaeHTUMKaLmMm
3HaHWA u3 CcnaboCTPYKTYPUPOBAHHOM TEKCTOBOW MHOPMaLMM HeobXoaumo onpedennTb  METPUKW -
COBOKYMHOCTb OGBEKTUBHO M3MepsieMblX MokasaTenen, XxapakTepusyoLmx AesTeNbHOCTb Nonb3oBaTenen 4o 1
nocne BHEAPEHWS AaHHOW TexHomorun. K Takum MeTpukam OBbIMHO OTHOCAT Bpemsi Moucka monb3oBaTenem
WHOpMaLMK MO TOMY UMM MIHOMY BOMPOCY U YPOBEHb 3HAHMWIA, N3BNEYEHHbIX NONb30BATENSMMU 4AHHON CUCTEMBI.

Mpu 3TOM, B OTNMYME OT BPEMEHHbIX NOKa3aTenem, XapakTepu3yoLLMX ANUTENbHOCTb BbIMOMHEHWUS TEX UM
WHbIX MPOLIECCOB W JOCTATOMHO MPOCTO MOALALWMXCS OOBEKTMBHOMY W3MEPEHMI0, METpUKa YPOBHS 3HAHMIA
MoaaaeTcs U3MEPEHNI0 AOCTATOMHO CMOXHO. B TO e Bpemsi sICHO, YTO OCHOBHYH LIEHHOCTb Al CoLManbHO-
9KOHOMUYECKMX OPraHWU3aLMOHHBIX CUCTEM MPEACTaBNSIOT, HOBbIE, CKPbIThblE, HESIBHbIE U HEDOPMANN30BaHHbIe
3HaHWs, U3BMEYEHHbIE, B TOM YUCME, M3 TEKCTOBbLIX MH(OPMALMOHHBIX MOTOKOB. VIMEHHO OHM MO3BOMSHOT
MPUHUMATb HOBbIE HETPAANLIMOHHBIE PELUEHMS.

Ha cerogHALWHMI OeHb He CYLLECTBYET CTaHAapTHbIX GEHYMAPKOB ANst M3MEPEHUst KavecTsa 1 A hekTUBHOCTH
TEXHONOMMN WAEHTUMKALMM 3HAHUIA, M3BMEYEHHBIX M3 TEKCTOBbIX MaccuBoB. OBbIYHO AN OnpeaeneHus
9PPEKTUBHOCTN  TEXHOMOTUA  FIHTBUCTNYECKOTO  MPOLIECCOPa, WCMONb3YEMbIX  PasfNyHbIMU  CUCTEMaMK
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CEMaHTUYeCKkon Knaccudukaumm u nHgopmauuorHoro noucka (Text Mining, Opinion Mining, Web Mining),
1CNONb3yloT METOA TeCTOBbIX Konnekuywi [LLlabaros, 2003; Cormack, 1998]. CyTb oaHHOrO MeToaa 3akmiyaeTcs
B CPaBHEHWM pe3ynbTaToB paboTbl MCCnedyemoil CUCTEMbl Ha 3apaHee onpefefieHHbIX AaHHbIX C OLeHKamu
3KCMEPTOB Ha TeX e AaHHblX. B pesynbTate CpaBHEHWS NOMyy4aeTcsl OQHO-ABYX-KpUTepuanbHas OLeHKka
ahpekTnBHOCTU. HO, nockonbKy Ans 3adad, CBA3aHHbIX C SKCTPaKUMEn W uoeHTUPMKaLmMein 3HaHUA, NOHATUS
,ADPEKTUBHOrO M3NEYEHUs 3HaHW", ,KavyecTBa 3HaHWA® He WMelT OOLEenpUHATOro  onpeaeneHus,
KONMWYECTBEHHAs OLiEHKA pesynbTaToB paboThl CUCTEMBI HE TPUBMAMbHA. TPaAMLMOHHBIA NOAXOA B NOAOOHLIX
cnyyasix — CpaBHEeHWEe C ,9TarnoHHbIM® Pe3ynbTaToM — MAOX0 MPUMEHUM K3-3a HeOBXOAMMOCTM CO3faHMs
9TarnoHHOrO OTBETa AMS KaKOO0ro KOHKPETHOro Habopa aneKTPOHHbIX AOKyMeHTOB. [103TOMy Ans OLeHK paboThl
CUCTEMbI UCMONb3yeTCs anroput™, Ans KOTOPOro BbIBOAbI, CAENaHHble CUCTEMOM, COTMAacytoTCs C MHEHUEM
aKcnepToB. [1Be OCHOBHbIE, BO3HMKAIOLME NPpK 3TOM NPpobnembl 3aknioyatTes B CyObEKTUBHOCTI JKCnepTa 1 B
HeoBX0AMMOM pa3mepe TEKCTOBOW KOMMEKL MM, NMO3BONSHOLLEM MOMNYYUTb JOCTOBEPHBIN Pe3ynbTar.

Moz AOCTOBEPHOCTbLIO MOHMMAETCS [IOKa3aHHas NPaBUIbHOCTb TOO, YTO MOMyYeHHble B Pe3yNbTaTe NPOBEAEHMS
9KCTIEPUMEHTA 3HAYEHMSI BbIMOMNHSIOTCS B ONPEAENeHHbIX YCNOBUSIX NSl ONpeaeneHHoro knacca oGbeKToB.
[locToBepHOCTb [0MKHa BbiTb NOATBEPXAEHA BepUdMKaLMEl, TO €CTb NMOBTOPEHWEM PE3yNbTaToB B OfHMX W
TEX e YCroBUsIX Npi GOMbLIOM KONMYECTBE NPOBEPOK Ha Pa3HbIX OOBLEKTaX.

OOwasn nocTaHoBKa 3agauv

[Mpn MCnonb3oBaHUM METOAA TECTOBbIX KOMMEKUMA ANS OLUEHKN 3(EKTUBHOCTI TEXHONMOMMI MAEHTU(UKaLMM
3HaHUI B cnaboCTpyKTYpUpOBaHHON TEKCTOBOW MHEPOPMALW BO3HWKAKOT Npobnembl BblAeneHust MHTErpanbHbIX
KONMMYECTBEHHbIX NOKa3aTeneil OLEHKW, yyeTa pearbHbiX YCMOBWA M KOMMYECTBa WCCMEAOBaHMA, a TaKke
npobnema 0OOCHOBaAHWS BLIBOOA O CBOWCTBAX BCEX TEKCTOB KOMMEKUMM (BCEW COBOKYMHOCTY) NO pesynbTaTam
BbIDOPOYHOr0 MEeTOAa 9KCMEPUMEHTAmbHOro MccnefoBaHus. MHbIMW cnoBamu npu NpOBEAEHUNM NPOBEPKM
pe3ynbTaToB HAPOPMALMOHHO-NIMHIBUCTUYECKMX UCCNELOBaHUA HA KOHTPOSbHBIX NpUMepax BO3HMKAeT BOMPOC
yyeTa peanbHbIX YCNOBUIA U KONMYECTBa UCCNEA0BaHUIA.

Takum obpasom, npexae Bcero, Heobxoanmo 0bOCHOBaHWE UCNONb30BAHUS B Ka4yecTBe YCPEAHEHHbIX METPUK
3 EeKTMBHOCTI UOEHTUMKALMA 3HAHUIA B CMabOCTPYKTYPUPOBAHHOM TEKCTOBOM MHOPMALMM MPUHATBIX
nokasaTenen KoNMMYeCTBEHHOW OLIEHKM kayecTBa 00pabOoTKM TEKCTOBOWM MHGOPMALWM, @ UMEHHO — MOMHOTHI,
TOYHOCTM, LYMa U aKKYpaTHOCTK, a Takke Mepbl BaH PusbepreHa.

Kpome TOrO, B CBA3M C Tem, YTO NpW MPOBEAEHUM IKCMEPUMEHTANbHON MPOBEPKM [OCTOBEPHOCTU
NH(OPMALMOHHO-NIMHIBUCTUYECKMX TEXHOMOTMIA HelenecoobpasHo unu, ckopee, NPakTUYECKM HEBO3MOXHO B
cuny 06bEKTUBHBIX MPUYKH, UCCTefoBaTb BCEe TEKCTbI COBOKYMHOCTW, TO HEOBXOAMMO UCCNEAoBaTb HEKOTOPYH
BbIDOPOYHYI0 PENPE3EHTATUBHYID WX YacTb. [lpy 3TOM BO3HMKAET HOBbI psg npobnem, CBA3aHHbIA C
HeobX0aMMOCTbI0 MaKCUManbHOM HAAEXHOCTU UCMONb30BaHUs pesynbTaToB, MOMyYeHHbIX Mo BbiOOpKe, Ans
BbIBOAOB O reHepanbHOi COBOKYMHOCTW. [NpeanaraeTcs paccMOTPeTb NPUMEHEHUE MOAXO0Aa, OCHOBAHHOTO Ha
MeToAax MaTeMaTM4ecKkonm CTaTUCTUKW (B YaCTHOCTM, MaTeMaTU4eckon Teopuu BblOOpPKW), Ans onpefeneHus
obbema akcnepuMeHTansHOM BbIGOPKM, HEOOXoaumon Ans NOATBEPXAEHUS [OCTOBEPHOCTM pa3paboTaHHbIX
WH(OPMALMOHHO-NIMHIBUCTUYECKMX TEXHOMOTMI, @ TaKkKe ANS HAaXOXAEHUS MOrPellHOCTU  OLEeHUBAHMUS
BblOpaHHbIX NOKasaTeneil KayectBa MAEHTU(MKALMM 3HAHWA B CrabOCTPYKTYPUPOBaHHONW  TEKCTOBOM
UH(opMaLmn.
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WUHTerpanbHble nokasatenu apheKTMBHOCTU paboThl CUCTEMbI MAEHTU(MKALIUKM 3HAHNIA

[ns nonyyeHns MHTErpanbHbIX Nokasatenei agdeKTUBHOCT paboThl CUCTEMbI MAEHTUMUKALMM 3HAHWIA B
cnaboCTpyKTYpUPOBaHHbIX TEKCTOBBIX MHDOPMALMOHHbIX MOTOKAX MPUMEHSAEM METOANKN YCPEAHEHHbBIX METPUK.

Bynem wucnonb3oBaTh MokasaTeny KOMUYECTBEHHOM OLEHKU IS((eKTUBHOCTM Moucka U Knaccudpmkaumu,
YTBEPKAEHHbIE MEXTOCYAAPCTBEHHbIM CTAHAAPTOM MO WHGOpMaLuK, BubnmoTeuHOMY W n3gaTensckoMy Aeny
[ISO 12620:2009]. Takummu nokasaTensmMu SIBNSIOTCS: KOIPPUUMEHT TOUHOCTU — precision, Koap@ULNEHT
nomnHotbl — recall n ko3adhhuumMeHT akkypaTHOCTW accuracy, basupytowmecs Ha CyObeKTMBHO onpeaensiemom
MOHATAM peneBaHTHOCTU. [MOHATME pPEeneBaHTHOCTW SBMSETCSH COXHO OnpedensieMbiM W UMeeT, CKopee,
MCMXoNnorMyeckyto npupody. Mbl ucnonb3yem onpegeneHve penesaHTHOCTU [Mizzaro, 1997], B koTOpOM
PEneBaHTHOCTb 3aBUCUT OT YeTbipex noHaTu Relevance (IR, IN, C, T), rae IR — uHopmaumoHHbIn pecypce, IN
— WHopMaLmoHHble noTpebHocTn, C — KkoHTekeT U T — Bpemsi. VIHOPMaLUMOHHBIN pecype npeacTaBreH
MHOXXECTBOM TEKCTOB KOMNmeKuun, noctynarowmm Ha obpabotky IR = D. Hanbonblwas cyObekTyBHOCTb Npu 3TOM
3aKT0YaeTC B MOHATUM WMHCGOPMALMOHHON NOTPEOGHOCTW, KOTOPYID MOXHO pasfenuTb Ha HEOCO3HaHHYH
(MCTWHHYIO  NOTPeBHOCTb) 3KCmepTa B 3HaHWSX, OMEpUpys KOTOPbIMWA  JKCMEPT peLlaeT  HEeKOTOpYH
WHOPMALMOHHYKD Npobnemy, CTOSLLYK Nepes HWM, W OCO3HaHHYK (BHYTPEHHEE MNOHWMaHWE peanbHoM
notpebHocTy). Mepexon Mexay ABYMS COCTaBAKOLWMMIU NOTPEBHOCTI BHOCUT JOMONHUTENbBHYIO MOTPELIHOCTb B
BbluMcneHne 3hheKTUBHOCTA paboTbl CUCTEM, OCHOBAHHBIX Ha 3HAHUSIX, HO TOMbKO OCO3HaHHas NOTPe6HOCTb
JKCnepTa B 3HAHWM OnpesensieT NOfHOTY W TOYHOCTb paboTbl CUCTEMbI. [leno B TOM, YTO MMEHHO OCO3HaHHas
NOTPEBHOCTb 9KCMepTa B 3HAHWAX, HEOOXOAMMBIX [N PEeLIeHUs HEKOTOopbIX 3agay, opmupyetcs B ciepe
MbILUNEHNS, W, COPMUPOBABLUMCL B peanbHOM KOHTeKCcTe npeameTHon obnactu C w Bpemenu T,
WHdopmMaLmoHHas notpebHocTb IN 3aTem yxe OnKUChIBAETCS CPEACTBAMU ECTECTBEHHOMO A3bIKa.

Mpn onpepeneHnn aheKTMBHOCTM paboTbl CUCTEMbI PENEBAHTHOCTb, T.€. COOTBETCTBME CBSI3HOTO TEKCTa
KPYMHOW CMbICNOBOI Napagurme, onpegensetcs akcneptom no wkane “Relevancefirrelevant/undefined” u
noKasblBaeT COOTBETCTBME UMK HECOOTBETCTBIME SNEKTPOHHOIO TEKCTA HEKOW NoKanbHONW 06nacTi 3HaHui (unu
KPYMHOW CMbICIOBOI napagurme). [ns onpegeneHns ko3guUMeHTOB NOMHOTLI, TOYHOCTM M aKKypaTHOCTM
HeoOXOAMMO ANA Kaxaoi obrnacTi 3HaHWA aKcnepTa ONpedenuTb: Ny — YUCIO UAEHTUPULMPOBAHHbIX
9NEMEHTOB (CBA3HbIX TEKCTOB UMK (DPArMEHTOB CBSA3HbIX TEKCTOB), PefleBaHTHbIX 06NacTK 3HaHMIA KcnepTa, ¢
€ro TOYKU 3PEHUS, Nyn — YUCNO MAEHTUDULMPOBAHHBIX 3IEMEHTOB, HE PENeBaHTHLIX 0BacTh 3HaHWI, C TOYKKU
3pEHUS 3KCNepTa, Nny — KOMMYECTBO PENEBAHTHBIX 3NEMEHTOB, HE WAEHTU(ULMPOBAHHbIX CUCTEMOWM, W Npy —
KONWYECTBO HEPENEBaHTHbIX 3NIEMEHTOB, He OEHTUMULMPOBAHHBIX CUCTEMON (puC.1).

Mpu 3TOM, €CNM HeT SNEMEHTOB, MOMYYMBLUMX C TOUKM 3peHUst akcnepTta onpedeneHue undefined, cymma
3HAYEHUA METPUK PaBHa KOMMYECTBY SMEMEHTOB, MOCTYMMBLUMX Ha 06paboTKy: D=np +nn+ny,tny, roe D —
MHOXECTBO 3MEMEHTOB, MOCTYNMBLLMX B CUCTEMY Ha 06paboTKy

KoahuLMeHT TOYHOCTY ONpeaensieTcs Kak:
. n,
precision = ————, (1)
n, +n,
KO3thPULMEHT NOMHOTBI ONpeaensem Kak:

n
recall = ——%—. (2)
n, +n,,
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E.

PEAEBAHTHEIE TEKCTH

I

TEECTH, OTHECEHHEIE K
CEMAHTITHECEOMY IIOARD

Puc. 1. MeTpuku oLeHku 3hDEKTUBHOCTM PabOThbl CUCTEMBI MOEHTUMKALMM 3HAHMIA

[ns 0QHOBPEMEHHOrO y4eTa NOMHOTbI M TOYHOCTM B OAHOM YCPEAHEHHOM BENMYMHE, C Y4ETOM PasfinyHbIX BECOB
0, MOXHO Mcnornb3oBaTb Mepy BaH PusbepreHa nnn F-measure:

1 _(B? +1)x precision x recall

2 . .
a% +(1-a) L B~ x precision + recall (3)
precision recall

Fﬂ — measure =

me ae 0]1] Via :M,[)’e [0,0] . Mpu 3HaueHun koacbuumenTos o = 1/2 unn B = 1 B F-mepe
o

MOMHOTa U TOYHOCTb MMEIOT OAMHAKOBBIN BEC U NOMyYaemast Mepa HasbiBaeTcst chbanaHcupoBaHHol F1-mepoit:

2 _ 2x precision x recall
1 4 1 precision + recall (4)
precision  recall

F, —measure =

Ecnn 0<B<1 — BonbLuee 3Ha4eHre Npu pacyeTe YaenseTcs TOYHOCTH, a npu 3>1— GonbLumi BeC npuobpeTaet
nonHoTa.

Bb160poYHbIN MeTOA MccnesoBaHNA U3y4aemMol COBOKYNHOCTM

B cBasu ¢ Tem, 4TO onpeaensieMble nokasaTtenu aPEeKTMBHOCT paboTbl CUCTEMbI UAEHTUMKALMNA 3HAHWIA
MCNONb3yloT CyOBEKTUBHO ONPEAEnsieMOe MOHATUE PENEeBaHTHOCTM TOWM AW UHOW CMBICIIOBOW napagurme unu
00nacTn 3HaHWi 3KkcnepTa, 4OCTOBEPHOCTL 3HAYEHMIA NoKasaTenei NoMHOTLI, TOUHOCTY U Mepbl BaH PuabepreHa
TOW WAKM WHOM Mopenu TpebyeT aKCnepUMEHTamnbHOro MOATBEPXAEHWS! Ha COBOKYMHOCTW TEKCTOB. Tak Kak
COBOKYMHOCTb TEKCTOB, Ha KOTOPbIX peanu3ylTcs MOAENW, NpakTUiecku OeckoHeyHa, WMeeT CMbICH
nccnegoBatb NUb YacTb OOBEKTOB M3 WM3yvyaemoil COBOKYMHOCTW, T.e. OCYLLECTBUTb TaK Ha3blBaeMblii
BbIDOPOYHbI METOL MCCNefoBaHWst COBOKYMHOCTM TEKCTOB M cAenatb 0BOCHOBAHHbIE BbIBOAbI O CBOWCTBAX
BCEW COBOKYMHOCTY.
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OpHoit 13 0CHOBHbIX NPobnem BbIBOPOYHOTO UCCNESOBaHMSA SBASIETCS NONYYeHWe penpe3eHTaTUBHON BbIOOPKU.
Mog penpeseHTaTMBHOW BbIOOPKOM MOHMMAeTCs Takas BblOOpka, KOTOpas NO3BOMSET nonyuuTb Hambonee
TOYHYI MHOPMALMIO O TeHeparbHOW COBOKYMHOCTW, @ Takke He MPOTUBOPEYNT TpebOoBaHWAM NPUMEHNMOCTY
BEPOSITHOCTHBIX METOAOB K 06paboTke BbIOOPOUHBIX AaHHbIX. Takas BbiGopka obpasyeTcs METOAOM CryvanHoro
otbopa, TO €CTb METOLOM, MPW KOTOPOM KaXAblii 3NIEMEHT COBOKYMHOCTM NonafgaeT B BbIOOPKY CryyaiHbiM
obpasom. Tak kak cTporas peanu3auus TpeboBaHWN cnyyaiiHoCcTW oTOOpa 06bekToB B BbIGOPKY TpebyeT
pa3paboTku U NPUMEHEHUS creumarnbHbIX NpoLeayp M He Bcerga OCyLWecTBMMA, Ha NPaKTUKe npeanonaraercs,
4TO paccMaTprBaemas Bbibopka nonyyeHa cnyyanHbiM 0T60poMm.

Tak kak B Hawwem cnyyae OTHoLeHWe obbema BbIBOpKkM K 06beMy reHeparibHOM COBOKYMHOCTU 3HAYUTEMBHO
MeHblue 5 — 10% (reHepanbHOM COBOKYMHOCTLIO No6oM Mogenu 0BpaboTkm eCTeCTBEHHO-A3bIKOBbIX TEKCTOB
ABNSETCA CTpeMAMACS K BeckoHeyHoMY 06beMy MHAOPMALMOHHBIA TEKCTOBLIA MOTOK), MOXHO WUCMOMb30BaTh
MaTeMaTW4Yeckun annapaTr Teopuu BO3BpaTHOM Bbibopkn [YeTbipkuH, 1982]. Kpome TOro, nomyyeHHble
pesynbTaTbl ANS BO3BPATHOA BbIOOPKM B psde CNy4yaeB MOXHO MEpPeHeCcTM Ha  COOTBETCTBYHOLLMIA
©e3B03BpaTHbI Cryyai, BBOAS HEOOX0AMMbIN NONPABOYHbIA KOIPMULMEHT.

BTopas npoGrnema BbIGOPOYHOrO MCCreaoBaHNsl 3aKniovaeTcsl B NpoGremMe OLEHKM, CBS3aHHOM C TeM, YTO
BbIBOAbI, [ienaeMble Ha OCHOBE AaHHbIX BbIGOPKH, aeKBaTHO XapaKTepu3ytoT TOMbKO CBOMCTBA BbIGOPKH, @ X
MepeHoc Ha CBOWCTBA reHeparbHOM COBOKYMHOCTM OymeT MpuBOAMTbL K HEKOTOPOI morpeluHocTu. Mpobrnema
OLEHKM 3aKMioYaeTcsl B HEOBXOAMMOCTM UCMOMb30BaHUS C  MaKCUMamnbHOW BO3MOXHOA HAZEXHOCTbH
pe3ynbTaToB, NOMyYeHHbIX NO BbIGOPKE AN BbIBOAOB O reHeparibHoN COBOKYMHOCTY.

Ons 3agaum oueHkn 3D@EKTUBHOCTM TEXHONOTUM MAEHTU(UKALMM 3HaHMA B CnaboCTPYKTYpPUPOBaHHOM
TEKCTOBOM WHEpopmaLun Byaem oueHuBaTb JONK Mpu3Haka (QONK PeneBaHTHbIX AOKYMEHTOB) B reHeparibHoM
COBOKYMHOCTM MO COOTBETCTBYIOLEN BbIGOPOYHONA XxapakTepucTuke. [pu 3TOM [LOMyckaeTcs, 4To noboi
paccmMaTpuBaeMbli MEeTOA WAEHTUMKALWMK, Kak NpaBuno, He Oe3ownboYeH: OH MOXET OTHECTW K uucny
PeneBaHTHbIX peanbHO He peneBaHTHble JOKYMEHTbI, @ Takke CYECTb He peneBaHTHbIMU B JeACTBUTENLHOCTH
peneBaHTHble 00bEeKTbI.

lycTb gons npusHaka B reHepanbHOM COBOKYMHOCTYW, KOTOpas MOKasblBaeT OTHOLUEHME YMCha peneBaHTHbIX
JOKYMEHTOB K 0OLUEMY YMCIy AOKYMEHTOB B reHepanbHOi COBOKYMHOCTM, paBHa R. BbibopouHas oueHka Rs
ponu R paBHa Rs = MIN, rge, N — o6bem nccneayemon Bo3spaTtHO BbIGOpKK, @ M — KONMYECTBO BbISIBNIEHHBIX B
Hel paccmaTpuBaeMbIM METOAOM MAEHTU(MUKALMM PeneBaHTHbIX AOKYMEHTOB. MOXHO nokasaThb, YTO 3Ta OLeHKa
YOOBNETBOPSET BCeM TpeboBaHWAM, MPeAbsBASEMbIM K CTATUCTUYECKUM OLEHKaM  (COCTOSTENbHOCTb,
HECMELLEHHOCTb, JOCTAaTOYHOCTb W 3hhEKTUBHOCTL) [HeTbipkiH, 1982]. Tak kak 06bekTbl criyyaiiHo oTbuparoTes
B BbIBOpKY, TO BbibOpoYHas fonst Rs MOXET npuHUMaTh niobble 3HaueHns B uHTepsane [0;1], npuyem Rs=0,
KOrga HWM OOMH peneBaHTHbIN AOKYMEHT He monan B BblGOpKy M Rs=1, ecnu BCe AOKYMEHTbl B BblBOpKE
peneBaHTHbI.

Tak kak BbIbopoyHas oLeHka Rs SBNSETCA TOUEYHOM OLIEHKOM AONW NpKU3HaKa, TO Ans HAXOXAEHWS NOrpeLHoCTH
npubnmkeHns R oueHkon Rs Heobxoammo 0BpaTUTbCs K MHTEPBANbHOI OLEHKE NOCNeaHeN, TO eCTb YCTaHOBUTb
owmnbKy BbI6OpKY. IMockonbKy Rs, a, CnegoBaTenbHo, U ownbka BbIOOPKM SBASIOTCA CyYalHbIMU BENUYUHAMM C
OOHUM U TEM Xe pacnpefeneHueM BEePOSTHOCTEN, BBEAEM MOPOXKAAEMYK KOHKPETHOM TOYEYHOM OLEHKON Rs
WHTEpBarbHYI0 OLEHKY, B Mpedesniax KOTOPO C HEKOTOPOWN AOBEPUTENBHON BEPOSITHOCTLIO P ByaeT nexatb Aons
npu3Haka reHepanbHoi COBOKYMHOCTM.
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Takum 06pa3om, LoBepuTenbHas BEpOSTHOCTb P OGydeT mokasbiBaTb BEPOSATHOCTb TOrO, UTO MHTEpPBasbHas
OLUEHKa codepkuT B cebe HEeW3BECTHYI [JOM0 Npu3Haka reHepanbHOM COBOKYMHOCTU. [lononHsioLen
BEposATHOCTb P g0 1 BeposiTHOCTbIO a Oydem M3MepsTb PUCK BbIXOA4A [OMM MpU3HAKa reHepanbHOM
COBOKYNHOCTM R 3a npefenbl HTEpBanbHOM OLIEHKH.

Mockonbky B 0bWEeM cnyyae pacnpefenieHne BenuumHbl R HECUMMETPUYHO, TO MHTEepBanbHas OLEHKa, UM
[0BepuTESbHbIA UHTEPBAN, CIy4anHon BeIMYnHbI R umeeT Bua;

P(Rs—E1<R<Rs+E)=1-q, (5)
roe [Rs — Ex; Rs + Ej] — goBeputenbHbln MHTepBan, Rs — E1; Rs + E;— poBeputenbHble rpanuupl, P =1 —a -
[0BEpUTENbHAs BEPOSTHOCTb, O — YPOBEHb 3HAYUMOCTM, UNK CYLLECTBEHHOCTM.

B cnyyae cummeTpuyHoro pacnpedeneHns R OoBepuTENbHbIA WHTEPBaN Takke CUMMETPUYEH OTHOCUTENbHO

BennumnHbl R 1 umeet Bua: P(|R - Rs| < E) = 1 - a, rae BennumHa E — npeaenbHas olwmbka, XxapakTepusytoLas
TOYHOCTb BbIGOPKY.

OBbI4HO MPpU TakoOM Noaxoae BO3HUKAET HECKOJTbKO TUMOB 3aau:

1) Onpegenexve [OBEPUTENBHON BEPOSITHOCTW MO 3afaHHOMY [OBEPUTENbHOMY WHTEpBany M obbemy
BbIOOPKY;

2) OnpepeneHve OOBEpPUTENBHOTO MHTEPBana Mo 3afaHHOW LOBEPUTENbHON BEpPOSTHOCTU U 06bemy
BbIBOPKY;
3) OnpepgeneHne Heobxogumoro obbema BbIOOPKM MO 3afaHHON [OBEPUTENBHOW BEPOSTHOCTU U
npeaenbHo oLmoke.
B Hawen 3agaye OLEHKN 3EKTUBHOCTI TEXHONOMIA MAEHTU(MKALMM 3HaHWIA B CNaboCTpyKTypUPOBAHHOM
TEKCTOBOM WHopMauun 6onee akTyanbHbIMU SBASIOTCS ONPefeneHne [OBEPUTENBbHOrO WHTepBana W
onpegenexne Heobxoammoro obbema BbIOOPKN.

OnpepeneHue foOBEpUTENLHOrO UHTEpPBana no 3afaHHON AOBEPUTENbHOW BEPOATHOCTU U
06BbeMy BbIOOPKM

[oBeputenbHbIl  MHTEPBaN NS [ONM Mpu3Haka Hago onpedenstb, CTpPOro roBops, Gasupysach Ha
OuHoMuHansHOM 3akoHe pacnpefenenus [Clopper, 1934]. Hauvnas ¢ Bbibopok obbemom He MeHee 20,
BuHOMMarnbHoe pacnpeseneHne CUMMETPU3YETCs 1 XOPOLLO annpoKCUMUPYETCS HOpMarbHbIM pacnpeseneHnem
¢ napametpamu: cpepHee <Rs> = R, pucnepcus D(Rs) = R(1 - R)/N, ctaHpapTHoe oTknoHeHue O(Rs) =
[D(Rs)]"2.Mpwn 3TOM [OBEPUTENbHBI MHTEPBAN MOXET BbiTb paccunTaH no gopmyne P(|R — Rs| < Eq) = 29(Z,) =
1 -a, rae ®(Z,) - dyHkums Nannaca. MpepenbHas ownbka BbIOOPKM HAXOAMTCA NPW 3TOM W3 paBeHCTBa Eq =
=Z.0(Rs).

B kayecTBe BenuuMHbl [OBEPUTENbHON BEPOSTHOCTM 0ObIMHO BbiBMpaloT 3HayeHue 0,95 (Torga ypoBeHb
3Haummoctu a = 0,05). Mpwn atom Zo s = 1,96. BennumnHa Z, NpocTo cBsi3aHa co ctatucTuieckon yHkumen Excel
HOPMCTOBP(eeposiTHocTb): Zq = HOPMCTOBP(1 — a). C nomoLbto 3ToM dyHKLUMM MOXET ObiTb HalgeHa
BENnu4YMHa Zy Npu Ntoboin LOBEPUTENBHOM BEPOSTHOCTH.

Tenepb 0TTankvBasCh OT COOTHOLIEHNS
IR=Rs| < ZJR(1 - R)IN]" (6)
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MOXHO NOMyuYuTb BbIPaXEHWS ANS NEBOW W NpaBOi rpaHWL, [OBEpUTENbHOMO WHTepBana R, pewas
COOTBETCTBYIOLLEE KBafpaTHOE YpaBHeHue oTtHocuTenbHo R [Wilson, 1927]. Wcnonmb3oBaHne nogobHoro
COOTHOLLEHUS [N afeKBaTHOM OLEHKW OOBEPUTENbHbIX WHTEPBANoB [ONMM MpU3Haka Ha ManbiX BblbOpkax
JokasaHo cTatuctukamm [Brown, 2001; Garcia-Perez, 2005]). Torga Ans neBoM rpaHWubl LOBEPUTENBHOMO
uHTepsana R. umeem:

[ns npaBoi rpaHnLel Rr nonyvyaem COOTBETCTBEHHO:

2 _ ) 1/2
RS+Z—+Z Rs(l RS)+ z
2N N 4N*
R, = > (8)
I+—
N

Onupasicb Ha peKkoMeHZauunM HaxOXAEHWs1 JOBEPUTENbHbIX rpaHuL, umetomecs B pabote [Agresti, 1998],

MONy4nMM 3HaYeHMst JOBEPUTENbHBIX rpaHuL bonee npocTbiM 06pa3om. MimenHo, nepenucas (6) B Buae

Z, = |R=Rs|/[R(1 - R)/N]"2, (6A)
1 NOMECTVB popMyny Ans Zy B HEKOTOPYHO SUEIKY SMEKTPOHHOM Tabnuubl, a kakoe-To, ckaxem 0,1, 3HaueHne R
B APYryto suenky, Bocnonb3oBatees cepaucom MOOBOP MAPAMETPA MS-Excel, notpebosas, utobbl B sueiike
ansa Zq, nopbupanoch 3HayeHne -1,96 (4To COOTBETCTBYET AOBEpUTENbHOM BeposiTHOCTM 0,95), MeHss napameTp
A4enkun, cogepxallen R. Takum obpasom, byneT HalaeHa neeas rpaHuUa Ri JOBEPUTENBHOMO MHTEpPBana ans
R, a Tpebyst nogbopa 3HaueHns +1,96 B sueike ans Zq, Hangem COOTBETCTBYHOLLYIO MPaBYHO rpaHnLly Rr.

OnpepeneHue HeobxoaMMoro o6bLema BbIOOPKM

[Ona Toro 4tobbl onpefenmTe 06bEM HYXHOA Ham BbIGOPKM MpW 3a4aHHON [OBEPUTENBHOM BEPOSTHOCTU U
npegenbHoi owubke, 3ameHum B (6A) R — RS| Ha E v paspelumm nonyumslueecs ypaBHeHMEe OTHOCUTENBHO N.
Torpa
N =[Z2Rs(1 - Rs)]/E2 (6B)

B cooTHoweHue (6B) BxoguT BoibOpoYHast gons Rs Ans onpegensieMoro elle HeM3BecTHOro 0obema BhIGOPKY.
MockonbKy aTa Aons HeM3BeCTHa, pasyMHO ONpeaenuTb ee Tak, 4Tobbl 06bem BbiGopku N Gbin MakcMarnbHbIM
(To ecTb roguncs Npu BCex AoNyCTUMBIX Rs). HeTpyaHo BuaeTh, 4to makcumym N kak yHKumu Rs gocturaetcs
npu Rs = ", T0 ecTb Nuax = Z2/4E2. Hapo nogyepkHyTh, YTO €CAM NPK UCCREA0BaHUA BO3HUKAKOT UM anpuopy
nmeloTca (MO aHanmoruu, M3 OmbiTa) HEKOTOPble MPEANONOXEeHUS O BENWYMHe AONM Mpu3Haka, TO Hago
ncnonb3oBaTh 3Ty BenuumHy B dopmyne (6B). Heobxogumbiii o6bem Bbibopku OyaeT npu 3TOM MeHbLUe
MaKCUMarbHOro, 4To LieniecoobpasHo.

JlocTaTouyHO YacTo Npy HaXOXAEHUM JONEN NPU3HAKOB MCMOMb3YeTCst BennumHa npeaensHom owmnbku E = 0,05.
Vicnonb3ys anekTpoHHble Tabnuubl MS-Excel, paccMoOTpum CrieaytoLmin UnnocTpaTUBHbIA NpuMep.
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lMycTb y Hac umeeTcs Bo3BpaTHas Bbibopka obbemom N = 10 o6bekToB W gons npusHaka B Hen Rs = 0,9.
Wcnonbays cepsuc ,Mogbop napameTpa”, NONy4MM 3HaYEHUS NEBOM W MPABOM JOBEPUTENBHBIX FPAHUL AN AONK
npu3Haka B reHeparbHO COBOKYMHOCTM R npu goBepuTenbHOM BeposTHocTK, pasHon 0,95: 0,59 < R < 0,98.
Pasmax nonyyeHHoro [OBEPUTENBHOMO  MHTEpBana MPEACTaBMsSeTCs  M3NUILHE  LWMPOKMM.  Haigem
MaKcUMarbHbl 06beM BbIBOpkK Nyax 41151 TOW xe AoBepuTenbHOM BepositTHocTh 0,95 (HanoMHUM, YTO Npu 3TOM
Z = 1,96) u npepencHon ownbke E = 0,05. Okpyrnas paccuntaHHbIn Tpebyemblit 06beM BbIGOPKM A0 Lenoro
BBEPX, UMeeM: Nuax = 385. BHOBb, Kak 1 paHee, ucnonb3ys cepsuc ,llogbop napameTpa’, nonyvyaem HoOBbIN
Oonee yskuin goBeputenbHblil HTepBan: 0,87 < R < 0,93. 310 OOCTUIHYTO LEHOW 3HAYMTENBHOTO POCTa
Tpebyemoro obbema BbIGOPKH.

ManoxeHHas Bbile cxema pacyeTa Tpebyemoro obbema Ans BO3BPpaTHO BbIGOPKM MOXKET ObiTb NepeHeceHa Ha
cnyvait 6e3so3BpaTHoi. Mpn 3TOM, NpaBaa, reHepanbHas COBOKYNHOCTb AOMKHA ObiTb KOHEYHOM U HYXHO 3HATb
ee o6bem Nrc. [ng ykasaHHOrO nepeHoca HeoOXOAMMO NMUWb B WCMONb30BaHHYK paHee opmyny Aans
BbIOOPOYHOr0 CTaHAAPTHOTO OTKMOHEHWS BO3BPATHOW BbIOOPKA BBECTW KOppEKTUpYLMIA MHOXUTENb [(Nrc -
N)(Nrc - 1)]V2: oss(Rs) = 0ss(Rs)[(Nrc - N)/(Nrc - 1)]¥2. 3gecb Ogs M Ogs CTAHAAPTHbIE OTKMIOHEHWS Af1S
BO3BPATHOI 1 6e3B03BPATHON BbIOOPOK COOTBETCTBEHHO.

[lencTBys, kak 1 paHee, NONYYMM COOTHOLLEHME Anst Tpebyemoro npu 3afaHHoI NOrpeLLHOCTY U OOBEPUTENBHO
BEpOATHOCTM 06bema Be3B03BpaTHOI BbIGOPKY:

Nss = [Z2Rs(1 = Rs)Nrcl/[EA(Nrc - 1) + Z2Rs(1 - Rs)] (6C)
BHoBb HamborbLuee 3HayeHne obbema Bblbopku nonyvaetcs npu Rs = %2, U Neamax = (Z2Nrc)/[AEX(Nrc — 1) + Z2).
OT0 BbIpaXkeHue MOXeT BbiTb nepenncaHo B Buae Nesuax = (NesmaxNrc)/[Nrc — 1 + Z44E2). Otctopa cnegyerT, 4to
Nssmax < Neswax, €cnn Z24E2 — 1 nonoXuTenbHO, YTO 3aBE4OMO MMeeT MECTO NpU MCMOMb3yeMblX 00bIYHO Z =
=196 n E = 0,05. Tak npu obveme reHepanbHom coBokynHOCTM B 1000 06bEKTOB Mbl nomyyum Ans

MakcumarnbHoro obbema 6e3B03BpaTHOM BHIOOPKM (MM TeX ke TpebGOBaHWMSX K TOYHOCTM W HAAEKHOCTM)
Nsauax = 278.

dopmyny Ans AOBEPUTENBHOTO MHTEpBana B cryyae 6e3803BpaTHON BbIBOPKM TOYHO TaK e MOXHO MONy4uTb,
MOAMMULMPYS BbilLeykasaHHbIM 0Bpa3oM BblpaxeHne Ans cTaHgapTHoW owmbku. [Mpole Bcero aTo caenatsb,
otnpasnssck ot (1A), ¢ ucnonb3osaHnem cepsuca ,louck pewenus’ MS-Excel. Mpu aTom nonyyaem:

Zy=|R-Rs|[R(1 - R)(Nrc - N)/[N(Nrc - 1)]}"2 (6D)
[ns npexHnx ucxoaHbix gaHHblx, Nrc = 1000, N = 10, n poeputencHon BeposTHOCTU 0,95 ¢ TOYHOCTLIO 10
BTOPOro 3Haka nocrne 3ansToi NonyyYum npexHun goseputenbHelid uHTepsan: 0,59 < R < 0,98. Mpu GonbLuen
TOYHOCTM JOBEPUTENbHbIN MHTEpBAN Ans 6€3B03BPaTHON BbIOOPKM HE3HAYUTENBHO YXKE, YEM A1t BO3BPATHOM,
nockornbky 06bem BbibopkM cocTaBnseT Bcero 1% ot obbema reHepanbHoi COBOKYNHOCTU. [ins 6e3803BpaTHON
BbIBOPKM MakcuManbHoro pasmepa, obecneunBarolleit 3a4aHHyl0 TOYHOCTb M HAOEXHOCTb, JOBEPUTENbHbIN
WHTEpBan C TOYHOCTbIO [O BTOPOr0 3HaKa MoCne 3ansToit CoBMagaeT C aHanorMyHbiM pesynbTaTtoM Ans
BO3BpaTHOi BbiBopku: 0,87 < R < 0,93. MoguepkHeM, 4to Tpebyemblin 0b6beM 6e3803BpaTHON BbIGOPKY NpK 3TOM
Ha 28% MeHblLLe.

BbiBoabl

Takum 0bpa3om, B paboTe 060CHOBLIBAETCS UCMOMNb30BAHWE B KAYECTBE YCPEAHEHHbIX METPUK 3ChDEKTUBHOCTM
NOeHTUGVKALMN  3HaHWA B CNabOCTPYKTYPUPOBAHHOW TEKCTOBOW WHCGOPMaLMM NPUHATLIX MoKasaTenen
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KONNYECTBEHHOM OLIEHK KayecTBa 06paboTKM TEKCTOBOM MHAOPMALIMM, @ UMEHHO — MONHOTbI, TOYHOCTH, LyMa U
aKkypaTHOCTM, a Takke Mepbl BaH PusbepreHa. [ins noateepkaeHWst AOCTOBEPHOCTW paspabaTbiBaeMbiX
TEXHONOMMI MPUMEHSIETCS METOZ TECTOBbIX KOMMEKLMIA, MPW WUCMONb30BaHUKM KOTOPOro HeobXoaumo peluathb
Npo6neMy MakCcMMIU3aLK HaZleXHOCTU UCMOMNb30BaHNs Pe3yNbTaToB, NONYYEHHbIX MO TECTOBOW KONMEeKUMN, Ans
BbIBOZOB O reHepanbHOM COBOKYMHOCTM BCEX Mccriedyemblx TekcToB. B pabote paccMOTpeHo npumeHeHue
MOAXOA0B MaTeMATUYECKON CTATUCTUKM [N1s ONPeAeNieHN st NOrpeLlHOCTM OLeHNBaHNS BbIGpaHHbIX nokasaTeneil
KayecTBa WAEHTM(MKALMM 3HAHMIA, @ MMEHHO, WCMONb30BaHWE METOAOB ONpedeneHUs [0BepPUTENbHOTO
WHTepBara Ans [OnM NpusHaka M MEeTOfoB onpefeneHust Heobxogumoro obbema peneBaHTHON BblIGOPKM B
3aBMUCUMOCTY OT 3a[jaHHOM NOrPELLIHOCTY W JOBEPUTENBHON BEPOSITHOCTM.
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technology to identify knowledge extracted from text arrays is badly applicable out of a need to create the
reference answer for each specific set of electronic documents. In this paper we show that integral quantitative
coefficients of recall, precision and F-measure can be used to assess effectiveness of linguistic technologies of
knowledge identification in texts. Justifying the possibility of using the test collections method for the experimental
validation of obtained efficiency coefficients, we propose the use of the approach based on mathematical
statistics methods. The procedures of using sampling fraction of the indicator as a characteristic of evaluating the
proportion of relevant documents in the general population are reviewed. The paper shows the argumentation to
the fact that, in important practical cases of text collection samples, asymmetry of a confidence interval at the
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OWL KAK CTAHAAPTHAA MOAEJb NPEACTABJIEHUA
TPAHCOUCLUMUMIIMHAPHbIX 3HAHWUA B SEMANTIC WEB

AHngpen Muxanniok

AHHomauus: Paccmampugaemcs npuduHb! nosieneHusi OWL kak cmaHdapma 0ns npedcmasneHusi oHmonoaud
8 Semantic Web, e2o cmpykmypa u 803MOxHocmu 0na npedcmagneHus OHmMoso2ull mpaHcOUCUUNIUHaPHbIX
3HaHul. [MpednoxeHbi pekomeHdauuu no ucnonb3ogaHuro OWL Ha MexOucyunIuHapHOM YPOBHE.

Kntoveenie cnosa: OWL, mexducyunnuHapHbie Uccredo8aHusi, OHMOnoaus.

ACM Classification Keywords: 1.2.4. Knowledge Representation Formalisms and Methods

BBeaeHue

He BbI3biBa€T COMHEHWA TOT (hakT, 4TO nogasnsiowee OONbLWMHCTBO 3HAHWUIA, KOTOPbIMM Brnajeet
4enoBeY€eCTBO, NPEACTABNEHO B LMGPOBOM Buae B ceTU MHTepHeT. MpocToTa 4oCTyna, HaAEXHOCTb XpaHEeHs U
LUMPOKMIA AMana3oH BapuaHTOB NPeACTaBNEeHUs (BKIOYAs MHTEPAKTUBHbIE) LeNakT VIHTEPHET HEOTLEMIIEMbIM
NCTOYHMKOM MHGOPMaLmMm B NoObIX HayuHbIX nccnenoBaHusx. OCOGEHHO BaxXHbIM AaHHBIN BUG NPeACcTaBeHMs
W JOCTyna K 3HAHMAM BLICTYMAaeT B  MEXAMCLUMMMWHAPHBIX  WUCCnefoBaHusX, rae  pabouve  rpynmbl
TEPPUTOPUANBHO W MHGPACTPYKTYPHO oThaneHsl. OpHako, HeB3upas Ha OObBEKTWBHble MpeuMyLLecTBa
LpOBOro NpeaCTaBneHNs 3HaHUS B KOMMbIOTEPHbIX CETAX ANS TPAHCAUCUMNNNHAPHBIX UCCNEA0BaHMIA, JaHHas
obnactb TpebyeT AanbHENLIEro YCOBEPLIEHCTBOBAHMUSI.

MocTtaHoBKa 3agaum

OpHUM M3 nepcnekTUBHbLIX HanpaBneHuin UccnefoBaHUs SBNSIOTCA MCCNEAOBaHUS MOAENen npencTaBreHns
OHTOMOMMI, NpefHa3HaYeHHbIX ANS UCNOMb30BaHUS B PasfnyHbIX 06nacTax Hayku W X03a1CTBa, B YACTHOCTH,
mozenb 1 s3bik OWL, pekomeHOoBaHHbIA koHUuepHoM W3C n ge-thakTo CTaBLlWMI CTaHAApTOM MpeacTaBleHuns
OHTOMNOrWIA B pa3BuBatoLLMmes npocTpaHcTee Semantic Web. HecMoTps Ha 10, 4To HasHayeHnem OWL asnseTcs
NPeACTaBNEHNE OHTOMOTMYECKUX 3HaHWA B rNobanbHOM  MH(OPMALMOHHOM  MPOCTPAHCTBE,  TeKyLuue
“ccnefoBaHUs, UCXOOS M3 CYLIECTBYHIOLUMX OHTOMOMMA, OHTOMOrO-OPUEHTUPOBAHHBLIX MPOEKTOB U CUCTEM,
OrpaHUYMBAIOTCS  Y3KOCMeUManu3mnpoBaHHbIMiU - 0bnacTaMu: meguumHa, Ouonorus, HesHauuTenbHas 4acTb
coumanbHbix 1 TexHndeckux Hayk [W3C Wiki, Semantic Web Wiki]. HecomHeHHo, BHUMaHusi TpebyeT cnabo
uccnepgoBaHHas obnactb npumeHeHuss OWL Ha TpaHCAWUCLMNNMHAPHOM YPOBHE, YTO B MEPCNEKTUBE
MOCIYXMT WMHTErPUPYIOLLMM 3BEHOM B 3agade noctpoeHus Semantic Web. Llenbto gaHHoi pabotel sBnseTcs
aHanu3 CcTpykTypbl W Bo3MoxHocTer OWL B pamkax NpPUMEHEHUS Ha MEXOWUCUWMAMHAPHOM YPOBHE U
BbipaboTka pekomeHpaumii gna npeactaBneHus B OWL TpaHcAMCUMNNMHAPHBLIX OHTONMOIMYECKMX
3HaHUAN.
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Mpeanocbinkm cozganma OWL

[MepBbIM LWAaroM B CO34aHWW rnobanbHON MeXnpeaMeTHON KOMMYyHUKALMM, KOTOpas Ha MopsidoK MoBbicuna
3(h(EKTMBHOCTL M BO3MOXHOCTM B3aMMOLENCTBUS UMCCreaoBaTeneit, crano pas3sutue WHTepHeT W ero
OCHOBHOrO cnocoba npeacTaBneHns MHopmauun (B T.4. 1 3HaHWUIA) — A3bika runepTekcToBon pasmeTkn HTML.
OcHoBHOW  (pyHkumeir HTML saensetcs odhopmneHue TeKkCTOBOA W rpaduyeckon uHopmaumm B
CTPYKTypupoBaHHOM Buae (absaupl, cnmucku, Tabnuubl W T.n.). Ero cTpyktypa npussaHa YnpocTUTb W
YHUMLMpoBaTL cNOoco6 BU3yanbHOro oTobpaxeHua uHGopMaUu B OkHe Bpay3sepa. [aHHble BO3MOXHOCTH
Mo3BONSOT aBTOPaM HArMsgHO NPEACTaBNATb pe3ynbTaTbl CBOMX WCCNEOOBaHMM, COMCKATENsSM — Herko
NOHUMaTb COofepXaHue M3MNOXEHHOW MHOPMaLMK, @ KOMMLIOTEPHBIM CUCTEMaM — YNPOCTUTL anropuTMbl ee
oTOBpaxeHus.

Cnegylowmum BONPOCOM, BO3HUKLWKMM C POCTOM rnobanbHoM cetw, ctan nouck uHgopmaumun. O4eBuaHo, YTO
nccnegoBaTenb Npu noucke HeobXoaMMON MHAOPMALMK He B COCTOSHUM NEPECMOTPETL (a Tem Gornee NoHATL)
COAEPXaHNE MUINIIMOHOB UCTOYHIKOB. 11151 3TOr0 ObiNK CO3AaHbI aBTOMaTMYECKUEe CMCTEMbI MOMCKA PECYPCOB,
peneBaHTHbIX 3anpocam nonb3oBatens, a a3k HTML Obim gononHeH MeTamHdopmauuein (Teramu),
uaeHTUdMUMpYIoLen oblee cogepxaHne U 0b6nacTb, K KOTOPO OTHOCUTCS pecypc. OTMETUM, YTO Takas
MeTanH(OpPMaLMs yxe OnucbiBaeT He cnocob oTobpaxeHWs OCHOBHOM MHOPMaLMK pecypca, a ero ooy
CeMaHTHKy. [1o1CKOBble CUCTEMbI 3HAYMTENbHO YMPOLLAIOT MOWCK pecypca, HeobXOAMMOro WCCreaoBaTento.
OpHako C JarnbHenwMM pocTOM KOnW4ecTBa WHGopMauun B rnobanbHoM CeT OTCMNbTPOBAHHbBIA CrMCOK
BO3MOXHbIX PENeBaHTHbIN PECYPCOB CaM CTan HacTOMbKo 06beMHbIM, 4To 06paboTka nccneaoBaTenem Takoro
KOMMYeCcTBa WCTOYHMKOB C LENbl0 BblgeNeHUs 3HaHWA U3 MHAOPMALMOHHBIX PECYPCOB CTana HEeBO3MOXHOM.
OBOMOLMS NOWUCKOBBIX CUCTEM MUMLUb KONMYECTBEHHO peluana fLaHHyto npobnemy, Cyxas kpyr noucka, B TO
BPEMS KaK BblAeNeHMe 3HaHW BCe elle 0CTaBafioCh UCKMUUTENbHO 3adaven Yenoseka. Kpome Toro, noaxog
0bocobneHHon noeHTUdMKaLmMn obLyen CeMaHTUKU pecypca No creuuanbHbIM Teram He AaeT rapaHTuu, YTo
pecypc [OeNCTBUTENbHO OTBEYAET 3asBfIEHHOM CEeMaHTUKE. TaK, MHOXECTBO PecypcoB AN NOAHATMS
COBCTBEHHOrO penNTMHra B MOWCKOBbIX CUCTEMAX NOMeYaloTcs Haubonee nonynspHbIMM Teram BMECTO
Haubonee peneBaHTHbIX COepkaHuio pecypca.

C uUemnblo NpeodoneHnst  ykasaHHbIX MpobneM  BO3HMKIO [Ba OCHOBHbIX  HAMpaBMeHWs: MoMbiTka
aBTOMaTMYeCKOro BbifeNeHUs CEMaHTMKM U3 caMoro pecypca (a He U3 UCKYCCTBEHHO NPOMMCaHHbIX TEroB) U
BHECEHWe B CTPYKTYpy pecypca CeMaHTUYeCKOW COCTaBnALEeN Hapsaay (a MHOTAa U BMECTO) BU3yarbHOM
pasmeTku. [NepBbi NyTb BKoYaeT 06paboTKy eCTECTBEHHOMO A3blka, pacno3HaBaHWe rpaguyecknii 06pasos,
ayamo-curHanos u T.n. [aHHbli N0AXon AaeT BO3MOXHOCTb NONyvaTh 3HAHWS U3 YXKe CO3AaHHbIX 1 3HAUUTENBHO
YNpoLLaeT BblJENEHNE 3HAHWUN M3 HOBLIX PECYPCOB, HO peanuaauusi Takoro nogxoda Ha AOMKHOM YPOBHE
BbICTYNAeT Hay4HO-TEXHUYECKOW MpobnemMoin, HagexHble Crnocobbl pelleHns KOTOpPOM He OonpeaeneHbl U no
cerogHs. CnepnyeT, 04HaKo, OTMETUTb CYLIECTBOBAHWE METOOOB M CUCTEM, KOTOpble peanu3yloT 3TOT Noaxod
MOBEPXHOCTHO (KaK MNpaBWUNO, CPEOCTBAMM MAaTeMaTUM4ecKo CTaTUCTMKM) HO [OCTAaTOMHOM Ans psga
NpWKNagHbIX 3agay ypoBHe (pedepupoBaHne ecTEeCTBEHHO-A3bIKOBOrO TEKCTa, MOMCK Nofeit no doTorpadum
unu otopoboty 1 T.4.). Jpyroi nogxon 3akmnio4aeTcs B CO3A4AHMM WHCGOPMALMOHHBLIX PECYPCOB, CTPYKTYpa
KOTOPbIX M3HAYanbHO OnMcbiBana Obl CEMAHTUKY MH(OPMALMOHHBIX COCTaBMAIOWMX, TakMX KaK TEpPMUHbI,
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onpegenexus, rpacguyeckme usobpaxeHns u gp. Takasg MeTanHdopmauns [omkHa ObiTb MPOCTON Ans
006paboTku CyLLECTBYIOWMMI UHCTPYMeHTaMn paboTbl ¢ Web-pecypcami B aBTOMATUYECKOM pexume. Tak, Ha
ocHoBe s3blka XML kak paclumpenns HTML 6bin npegnoxeH peimBopk onucanmua pecypcoB RDF (Resource
Description Framework) u onpegeneHa cxema onucaHuss RDFS (RDF Schema). KoHuenTyansHo RDF Bcero
N1LWLb OMpeaensieT WHPOKO M3BECTHBIA NMPUHLMN (DOPMMPOBAHNS (PAKTOB MPK MOMOLLM BUHAPHBLIX OTHOLUEHWIA
mexay Asyms pecypcamu [Hoekstra 2009]. B gononHeHne, RDFS BHOCUT CeMaHTUYECKME CTPYKTYPbI, Takhe Kak
TaKCOHOMMYECKNE OTHOLUEHUS, BO3MOXHOCTb TUNM3aLMK (ONpedeneHne HEeKOTOPbIX PecypcoB Kak TUMOB s
OPYr1X pecypcoB), onpeaeneHns KnaccoB pecypcos, Ux cBoicTs u T.n. RDFS kak Mogenb SBNseTCs OCTaTOuHO
abcTpakTHOW ANs BhipaeHus NobbIx HaKToB, BKIOYAs NpaBuna, orpaHnyeHus u meTa-yteepxaeHuns. OpHako,
Takass abCTPaKTHOCTb BbIHYXAAeT pPa3pabOTUMKOB OHTOMOTMIA BBOAUTL CODCTBEHHYK METa-CEMaHTUKY W
CEMaHTUKY BEPXHErO YPOBHS B KaXOYH0 OHTOMOTMIO, YTO 3HAYUTEMBHO CHINKAET CTENeHb OnpeaeneHHOCTU npu
aHanu3e RDF/RDFS oHTOMnorMmM aBTOMaTM4eckuMn malluHamu BbiBoga. OyeBMOHOM cTana HeobXoaumocTb
BHECEHNS!  ODLLENPUHATON  CEMaHTUKM  (MOTMYEeCKMe W MHOXECTBEHHbIE OTHOLIEHUS, TPaH3UTUBHbIE,
CUMMETPUYHbIE W [p. CBOWCTBA OTHOLUEHWA, apuhMETMYEeCKMe U CrMCKOBble MPUMWUTWBLI, 3KCMIMLMTHbIE
MNOHATUS TOXAECTBEHHOW MCTUHHOCTU M NTOXHOCTU M [p.) B CreuudukaLmio S3blka NpeacTaBneHns OHTONOMM.

BHeceHnem obLyen OHTONOMMYECKO CEMaHTUKN B MOZENb NPeACTaBNeHNs 3HaHU OOHOBPEMEHHO 3aHUMANNCh
nge opranmsaumn: DARPA (US Defense Advanced Research Projects Agency) n European Research Area B
pamkax npoekta Information Society Technologies. HesaBucumo Bbinn paspaboTaHbl 4Be COOTBETCTBYHLLME
mozerv — DAML (DARPA Agent Markup Language) [DARPA, Mcllraith, 2001] n OIL (Ontology Inference Layer
umm Ontology Interchange Language) [Fensel, 2001]. O6e 6asupytotca Ha RDF/RDFS u B 3HaunTensHOM Mepe
nepecekatotcs. B ganbHeinwem ase mogerm Boinn o6begmHeHsl B ogHy DAML+OIL [Connolly, 2001]. Kak
oTmevaetcs B [Hoekstra 2009], oHa nonyumnna ceMaHTUKy AMCKpUNTMBHOI norvkm ot OIL, YTo Aano BO3MOXHOCTb
NocTpoeHns: acpeKTUBHBIX MallMH BbiBoga, U coBmecTmocT ¢ RDF/RDFS ot DAML, uyto nossonmno
ucnonbsosate DAML+OIL B pamkax Semantic Web. MpuHas Bo BHUMaHWe Bce npeumyllectBa DAML+OIL,
koHuepH W3C cospan aHanmoruyHylo mMofgenb M S3blK ¢ OOMbLUE BbIpa3nUTENbHOM MOLHOCTBIO M TOYHOCTBIO
onncanus oHtonornini — OWL (Ontology Web Language). MocneaHum Ha cerogHs sensietcs ctaHgapT OWL2
[OWL2 Overview, 2012] — B parnbHeilllemM W3MOXeHUW, eCM WHOE He YyKa3aHO siIBHO, Oyaem Mcnonb3oBath
abbpesunatypy “OWL" B 3HaueHun nocneaHero goctynHoro ctaHgapta OWL, to ectb OWL2.

Asbik 1 Mmogenb OWL

Asbik OWL MOXHO paccmatpuBaTh B pasHblx acnektax. Tak, “TOpM3OHTanbHO” MOXHO BbIAENNTb CUHTaKCUC U
cemaHTUKy f3bika OWL,a Takke ctpyktypy OWL oHTonoruu. CemaHTuka n abeTpakTHas CTpyKTypa OHTOMOMAN
onpegensioT mogenb OWL.

CuHTakcuchbl U cTpyktypa OWL

EauHcTBeHHbIM Heobxoaumbim ans OWL cuHTakcucom sensetcs RDF/XML. OH rapaHTupyeT noggepxky
obMeHa OHTOMOTUAMU MeXAy reTeporeHHbIMIW CUCTEMaMM, KOTOpble MOTYT [axe He NOAAepXuBaTb CaM f3blK
OWL sk Takosom (unctble RDF/RDFS cuctembl) — cepranusaumus B [aHHbIA CUHTAKCUC ONpedenseT npasuna
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npueegeHus anemeHToB s3bika OWL k abetpakTHbiM KOHCTpYKUmam RDF, sanucaHHbIM B Buae uepapxum XML
TEroB.

[Opyrum cuHTakcucom, koTopeli ucnonbayeT XML kak HU3KOYpPOBHEBbIN A3blK CTPYKTypu3aLuuu anemeHtTos OWL
oHTonorm sBnsietcst cuHtakene OWL/IXML. Ero otnmuve ot RDF/XML 3akntovaeTtcs B TOM, YTO Cepuanu3aTop
He OnuCbiBaeT BCTPOEHHble aneMeHTbl A3blka OWL B TepmuHax RDF, nonmarasic Ha TO, 4TO cucTeMa-
nonyyatenb AOMKHa KOPPEKTHO pacro3HaTh M NPOMHTEPNPETMPOBaTh crelnduyeckne anementsl OWL. Llenbio
BBEEHUS [AHHOTO CUHTaKCUCa SBMSIETCA MPEAOCTaBIEHWe BO3MOXHOCTM OMTUMANbHOTO MpeacTaBfeHus
OHTOMOTMI ANS CUCTEM, OPUEHTUPOBAHHBLIX Ha OWL kak BHYTpeHHWi 53bIk M XML sik doopmat obmeHa.

BaxHbIM, HO He obs3aTenbHbIM Ans noaaepxku, aensetcs Functional Syntax. Ero ocobeHHOCTb 3akniovaeTcs
B KOMMaKTHOM CTPYKTYpHO! 3anucu anementoe OWL B Buae, nogobHOM 3anmucyu npeankaTtoB MaTeMaTiyeckom
NOTWKM Un- OYHKUMOHAMNbHBIM si3blkam (Hanpumep LISP) — oTctoga v BO3HMKNO HasBaHWE CUHTakcuca. Kak
oTMeyeHo B [OWL2 Overview, 2012], paHHbIA CUHTaKcuC Haunydywmm obpasom oTobpaxaeT CTPYKTypy
oHTonoru. CraHpapt [OWL2 Structure, 2012], kOTOpbIi ONMCbIBAET CTPYKTYpy aOCTPaKTHOW OHTOMOrMM,
ncnonb3yeT uMeHHo Functional Syntax.

Manchester Syntax Takxe onepupyer BCTpoeHHbIMM anemeHTamm OWL, koTopble JOMKHbI pacno3HaBaThCs
CUCTEMOW, W HanpaBneH Ha NpefcTaBreHue, ONTUMU3MPOBAHHOE MOL COXpaHEHWe W 3arpy3Ky OHTOMOTUM,
BasnpytoLLmMXcs Ha SUCKPUMTUBHOM NOTUKE.

lMocnegHnit onumoHanbHeIn cuHTakeue OWL — ato Turtle (Terse RDF Triple Language) — komnakTHeIN cnocob
3anvcu rpacgos BuHapHbIx oTHoWeHWA RDF.

Ha o6wwem ypoeHe OWL kak a3bika ctaHaapT [OWL2 Structure, 2012] BbigensieT Tpu COCTABMALLMX:
e CywHocTwH, Takue KaK Knacchl, CBOCTBA W 9K3eMNNISPbI;

o Bblpa)KeHVIFI — CIIOXHble 3annck B ONUCbIBAEMOM [OMEHEe, CeMaHTUKa KOTOPbIX COOTBETCTBYET
MHOXeCTBaM onpedeneHHbIX aHOHUMHbIX CyLIJ,HOCTeVI;

e AKCHOMbI — YTBEPXAEHNS, KOTOPbIE CYNTATCH TOXAECTBEHHO UCTUHHBIMU B YHUBEPCYME ANCKYPCa.
YpoBHu ncnonb3oBaHua OWL

[ns ueneit npaktnyeckoro ucnonb3oBanus OWL, uenecoobpasHo pasgensTb ero eMeHTbl Takke MO YPOBHHO
NCNOMNb30BaHUS:

e MeTa-ypoBeHb OHTOMOrWM, rae ONMPEAEensieTcs, U3 Kakux YacTeir COCTOUT OHTONOMS (MMMOPT ApYrux
OHTOMOTMI), Kakue CnoBapy LOCTYMHbl B OHTOMOIMM, Kakie COKpalleHust ByayT Mcnonb3oBaThCs B
OHTOMNOIMM, Ha3BaHKe, BEpPCUsl, aHHOTaLMs K OHTOMOrMM 1 T.M. CTPYKTYpbl U 3NEeMEHTbI AaHHOrO YPOBHS
3HAYUTENBHO PaCLUMPSIOT BOMOXHOCTW YAANEHHOrO U Pa3aensieMoro nonb30BaHUst OHTONMOMMSMM, UX
knaccudukaumm, obMeHa, onTUMU3ALNAN U T.4,;

e YpoBeHb CTPYKTYP AaHHbIX — YacTb cnosapsi u npasun OWL, koTopble onpeaensiot A0CTYMHbIE TUMbI
nuTepanoB (Hanpumep, TEKCTOBble CTPOKW, Lenble uucna, Aatbl M BPEMSs), YHWKambHble K
yHuBEpcanbHble cnocobbl uaeHTudmkauymm cywHocten (IRI [Duerst, 2005], Unicode [Yergeau, 2003]),
MeToAbl obpalyeHus kK GuHapHbIM pecypcam ¥ Ap. [aHHbIA ypoBeHb 0becneynBaeT MakcumasnbHyt
YHUBEPCANBbHOCTb OTHOCUTENBHO NoKaummn 1 obnacTu ucnonb3osanus OWL oHTonorviA;
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OHTONOrM4YeCKUA YpoBEeHb — CTPYKTYpbl U anemeHTol OWL, KkoTopble MCNONb3ytOTCA ANS
HenocpeaCTBEHHOrO ONMUCAHNS COAEPKaTENbHON YacTy oHTonoru. COCTaBnsioWMUe AAHHOTO YPOBHS
ONpegensT Bbipas3nuTeNbHY MOLWHOCTb, CEMAHTUKY, NMPOTUBOPEYMBOCTL M BO3MOXHOCTM aHanusa
OWL oHTOROIMA.

ClassExpression IRI 1 Entity DataRange Individual
arity . UnlimitedMatural
entityRI
Class | |ObjectProperty| |pataProperty| |AnnotationProperty| |Datatype | |Mamedindhidual| |Anonymousindvidual
nodelD : String
1

________ 1 1 Mdatatype
|
|

The arity of a datatype must be one. Il\ Literal

lexicalForm : String

Puc. 1. CywHoctn OWL 1 ux 3aBUcMMOCTH

A3blkoBblE CcoCTaBnAwoLmne no ypoBHAM MCNOJIb30BaHUA OWL B3aumHo nepecekarnTcd, TO eCTb Ha KaXaoM u3

Tpex ypoBHen OWL npepocTaBnsieT Habop SI3bIKOBbIX CPEACTB BCEX TPEX TWMOB. [MOCKOMbKY B LENM AaHHOM

paboTbl BXOAWUT aHanM3 Npexae BCEro OHTOMOrMYECKUX (@ He TexHuvecknx) BoamoxHocten OWL, paccMoTpum

N1 NocneaHuiA YpoBeHb 1cnonb3osaHus OWL — OHTONOrMYeckuin ypoBeHb.

BasoBbiMn anementamu OWL sBnsiotcs cywHocTn. OBLylo CTPYKTYypy 3aBUCUMOCTER Mexay Tunamu

cywHocten n ux mecto B OWL otpaxaet puc. 1 [OWL2 Structure, 2012].

CywwHocTun oHTonornyeckoro ypoeHs OWL BkntoyatoT:

Knaccbl (Class). ObwenpuHATOe MOHATAE B OHTONMOMMYECKOM WHXUHWUPUHTE, KOTOPOE OMUChbIBaET
MHOXECTBO 911eMEHTOB (0OBEKTOB, [ENCTBUIA, SBNEHNIT) OOBEKTMBHOTO MMpa, COBPaHHBIX MO HANUYMIO
HeKoTOpOoro obLero npusHaka. [pyrme UCTOUHUKM MOTYT Takke UCMoMb3oBaTh aHanormyHble TEPMUHbI
‘noHsTHe’, “ppermM” 1 ap. AHaNOrMYHO MHOTUM APYrUM OHTOMOTMYECKUM BbICOKOYPOBHEBBLIM A3bIKaM
[Genesereth, Sowa, 2000 (1)], OWL cogep*uT Kak MWHMMYM [Ba cheuuanbHbIX MMOAMLUTHO

onpegenexHbIx knacca: owl: Thing n owl:Nothing;

Tunbl paHHbIX (Datatype). Onpegenser ecTeCTBEHHOE (KAYECTBEHHOE) OrpaHNyYeHne Ha MHOXECTBO
nuTEpanbHbIX 3HAYEHWA U WX Cleuuduyeckylo CeMaHTUKy (HanpuMep, TWN daHHbIX integer
OrPaHUYMBAET CBA3AHHYID MEPEMEHHYID MHOXECTBOM LenblX u4ucen Z W onpegenseTr Habop
MaTeMaTWyecKuX onepauuMin Haf Takoh NepeMEHHON Kak MHOXECTBO MaTeMaTWyeckux onepauuin Hag
nonem Z);

O6bekTHble cBoncTBa (ObjectProperty) onucbiBatoT OMHApHbIE OTHOLLEHUS MEXAY 3K3emnnspamu
KnaccoB. B oTnnume OT LWMPOKO M3BECTHOTO pa3deneHnst XapakTepucTuk 06bekToB Ha OTHoLeHUs (N-
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apHble OTHOLIEHWS) U aTpubyTbl (yHapHble oTHoweHus), B OWL cBoicTBOM 0BbekTa HasblBaeTcs
UCKIIOYMTENBHO BMHApHOE OTHOLLEHME. B coOTBETCTBMM C OTOBpaxeHneM Ha cemanTuky RDF [Patel-
Schneider, 2012], obbektHble oTHoweHns OWL sBnawoTtca RDF knaccamw, a nostomy MoryT
(hopmm1poBaTh Mepapxuu, UMETb 3K3EMMNAPLI U T.M.;

CsoiicTBa AaHHbIX (DataProperty) — aHanornyHo O6BLEKTHLIM CBOMCTBAM XapakTepuaylT (BBOAAT
OrpaHNYeHns Ha) ak3emnnap krnacca nyTem onpefeneHns BUHapHOTO OTHOLLEHWS, OAHAKO BTOPbLIM
ornepaHAoM 3[ecCh BbICTYNaeT He Apyroi ak3emnnsp, a nutepan. CBocTBa AaHHbIX, Kak 1 06bEeKTHbIe
CBOWCTBA, Takxe aBnstoTca RDF knaccamu co BCeMM BbITEKAIOLLMMI BO3MOXHOCTAMM;

Oksemnnapbl knaccoB (Individual), koTopble OMMUCBLIBAKOT 3NEMEHTbI OBBEKTUBHOMO MMpa, TUMOM
KOTOPbIX SBASOTCH HEKOTOPbIE Kracchl. BaHbIM OTAMYMEM IK3EMNNSPOB OT BCEX APYrUX CYLIHOCTEN
SBNAETCA TO, YTO UX WMEHa MoKanbHbl 41 JaHHOW OHTOMOMWM, TO €CTb €ClM UMEeHa CYLHOCTEeN B
[aHHOM U UMMNOPTUPOBAHHON OHTONOTUSX COBMAZAtoT, Takne CYLLHOCTU CYMTAKOTCS PasfnYHbIMK.

Bobipaxenna OWL nogpasgensiotcs Ha BbIpaKeHWS CBOWCTB (OOBEKTHBbIX M CBOWCTB [aHHbIX) W BblpaXeHus

Kraccos.
CBOWCTB,

BbipaxeHnsa 00beKkTHbIX CcBOWUCTB, cornacHo [OWL2 Structure, 2012] (cMm. puc. 2), NOMUMO CamMmx
MOXeT OnucbiBaTb CBOWCTBO, obpaTHoe AaHHomy. [aHHas uvactb OWL, HecmoTpsi Ha CTOnb

HE3HA4YMTEIbHYKO BbIPA3UTENBbHOCTb, Ha JaHHbIA MOMEHT He HyXOaeTCca B paclnpeHun, T.K. OCHOBHble

onucaTernbHble BO3MOXHOCTM B OTHOLLEHWM CBOCTB 0BecneunBatoTcsi MHOrooGpasmnem BbipaxeHuii KNnaccoB (T.K.

nodble ¢l

Borictea OWL camu sBnsioTCs Knaccamu).
Entity ObjectPropertyExpression Entity DataPropertyExpression
OhjectProperty | 1 InverseOhjectProperty DataProperty

ohjectPrapery

6)
Puc. 2. CtpykTypa BbipaxeHuit caorncts OWL:

a) BblpaxeHnst OObEKTHbIX CBOWCTB; 6) BbIpaXXEHNS CBOMCTB AaHHbIX.

BbipakeHus KnaccoB, kak roBOPWUNOCL paHee, UMNAMUMTHO ONPedensioT HOBbIA Kracc, YAOBNETBOPSIOLLMIA

yKa3aHHbIM  XapaKTePUCTUKaM. Takumu XapakTepucTnkamn 1M COOTBETCTBYHOLWMUMU  TUNAMU Bpra)KeHVII;i

ABNAIOTCA:

TeopeTnKo-MHOXEeCTBEHHbIE OnepaLyi, COOTBETCTBYHOLME OCHOBHBIM CNocobam 3afaHnst MHOXECTB,
a umeHHo nepeceueHne (ObjectintersectionOf), obbepauHenune (ObjectUnionOf), pononHeHue
(ObjectComplementOf) n nepeuyncneHune anemeHToB MHOXecCTBa (ObjectOneOf). B TepMuHax noHsTUiA
kak aHanoroB OWL knaccos, JaHHas rpynna BblpaXXeHuit ONUCHIBAET HOBOE MOHATUE Yepes ero 0bbeM,
WK, MHaYe roBOpSl, KONMYECTBEHHO (AKCTEHCUOHANBHO) onpeaenseT knacc;
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OrpaHuyeHnss No OO6bLEKTHbIM CBOMCTBAM, B OT/INYME OT TEOPETUKO-MHOXECTBEHHBIX OnepavLui,
onpenensioT KNacc ka4eCTBEHHO, MHTEHCMOHaNbHO. CemMaHTUKa 3TOro TUNa BbIPaXEHWIA 3aKMovaeTcs B
onpefeneHnn Krnacca, 9K3eMnnsapbl KOTOPOro HekuMm 06pasoM CBS3aHHbI 3afaHHbIM  GUHApHbIM
OTHOWEHMeM (06BbEKTHbIM CBOWCTBOM) C YKa3aHHbIMM 3k3emnnspamu. O6beKTHoe CBOWCTBO U
aK3eMnnspbl, OPMUPYIOLLIE €ro ANana3oH 3HaYEHNI, Tak xe MOryT ObiTb 3a4aHbl SKCNAULMTHO. Tunb
OrPaHUYeHUs BKITKOYAKOT OrpaHnyeHns ¢ KBaHTOpPOM cyuwectBoBaHua (ObjectSomeValuesFrom),
yHuBepcanbHo KBaHTU(UuUMpoBaHHble (ObjectAllValuesFrom), wHAMBUAYanbHbIE OrpaHNyeHus
(ObjectHasValue),  camoorpanuyeHus  (ObjectHasSelf),  orpaHnyeHuss C  MMHUManNbHOW
(ObjectMinCardinality), makcumanbHoW (ObjectMaxCardinality) n Tounon (ObjectExactCardinality)
kapavHanbHocTblo. OTMeTuM, 4TO nogoBHoe MHoroobpasne BapUaHTOB  MHTEHCMOHANbHOMO
onpefeneHns Knaccos Hammnyywmm obpasom cootHocutes ¢ npumeHeHnem OWL Kk npefcTaBnexuio
OHTONOMMN B MEXAUCLMNAMHAPHBIX WUCCNedoBaHUsX, T.K. [aHHbI cnocob onpedeneHus MOHATMIA
SBMAETCH, C OAHOW CTOPOHbI, OOHUM M3 OCHOBHbIX B Hay4YHOM MUpe, a C ApYyron — OMuCbIBaeT
onpegensieMoe NoHaTUe 6e30THOCUTENBHO K KOHKPETHBIM, CneLuduyeckum Ans 4aHHON AUCLMMAWHDI,
YaCTHbIM €ro (NOHSATUSA) NPOSIBNEHNUAM MM 3K3eMNASpam;

Ol'paHI/I‘-IeHVIﬂ Nno CBOWCTBaAM [aHHbIX aHANOrM4HbI npegblaywemy tuny Bblpa)KeHVIVI, C TEM NnLLb
OCHOBHbIM OTNIKMYMEM, YTO ONepaHaoM CBOMCTBA SBRSIETCA OrpaHuMyeHne SK3eMnnapoM  AaHHbIX
(OTKprTbIM N 3aKkpbiTbiM AKana3oHOM, MHOXECTBOM, €ANHUYHBbIM UNKU aHOHUMHbLIM 3Ha‘-leHM€M). Tk
JaHHbIA TUN Bblpa)KeHMI7I, Kak 1 apyrue, onpeaensaet knacc, a orpaHiynBalowiMMm onepaHaom CBOMCTBA
ABNAETCA HEe 3K3eMnndAp Knacca, B HEM OTCYTCTBYET CamoOorpaHu4eHue, OOCTYNHOE B BbIPpaXeHUAX
OorpaHn4yeHna no 00BbEKTHBIM CBOWCTBAM.

AKCMOMbI MOXHO Ha3BaTb Haubonee BaxHbiMu anemeHTamm OWL, T.K. uMX MHoroobpasue BO MHOrOM

onpegendaet OoraTcTBO sA3blka W ero WJ,O6CTBO B COCTaBMEHUM OHTONOTMIA, YTO OCOBEHHO BaXHO B OMMCAHWM

CINIOXHbIX OHTOMOTMA, NMPEACTABMNAIWMX [OMEHbI HayuHbIX AucuunimH. C ApYrol CTOPOHbI, OnpeneneHue

3aKOHOMEPHOCTEN B ONMCHIBAEMOM OHTONOTMEN YHUBEPCYME Mpi MOMOLLY 3apaHee npeaonpeaeneHHoro Habopa

aKcMoMm ynpolaeT pa3paboTky MaluWH BbIBOAA M OPYrUX CUCTEM aHanIM3a OHTOMNOMMA, T.K. CeMaHTUKa Kaxaon

npegonpeaeneHHoi akcoMbl W3BECTHA, a Cnocod MAEHTU(MKALMA B OHTOMOTUM CBOAMUTCS K CPABHEHMIO C

WwabnoHHoW CTpokoi. B npotuBoBeC aToMy, aHanu3aTopbl “4uctbix” RDF OHTOMOrMIN [OMKHbI ONpeaensTb,

HanpuMep, CBOWCTBO TPAH3UTMBHOCTW HEKOr0 OTHOLUEHMSI aHanM30M CTPYKTYpbl [AHHOrO OTHOLLEHMS, €ro

poaoBbIX OTHOLLUEHUA W NMOrNYECKMX OTHOLLEHWUIA, B KOTOpble OAaHHOE BXOOMUT KaK onepaHa. Kak u BbIpaXeHn4,

aKCNOMbI uenecooGpa3Ho pas3nenaTb no TMny OnuCbiBaEMbIX CyU.lHOCTeﬁZ

AKCMOMbI BbIpaXeHWsl KnaccoB OMpefensioT B3auMooTHoweHus Mexgy OWL  knaccamu,
TOXKOECTBEHHO WCTUHHbIE B AaHHOW oHTonoruu. Cioga BXOAAT OTHOLIEHWS POAOBUAOBOW
3aBucumoctn  (SubClassOf), akBuBaneHTHbIN knacc (EquivalentClasses), HeCOBMECTHbIN
(HenepecekaloLWMINCs,  OTAWYHbIA,  OW3bIOHKTHBEIN)  knacc  (DisjointClasses),  06beanHeHue
HecoBMeCTHbIX knaccoB (DisjointUnion). [laHHble aKCMOMbl SBRSKTCA MOLWHBIM MHCTPYMEHTOM B
onpegeneHny poAoBMAOBO NepapXui OHTONOMK;
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e AKCMOMbI OOBLEKTHbIX CBOMCTB MOXHO MOAPa3AenuTb Ha ABE rpynmbl COrMacHO ABOMCTBEHHOCTY
npupoabl camux OWL cBONCTB:

o Bsuay Ttoro, 4to 06BEKTHble CBOWCTBA SBMSIOTCS Kraccamu, Hag HAMM OnNpedeneH psa
aKCWOM, aHarmorMyHbIX aKkCUOMaM BbIPAXEHWS KMacCoB. OTO aKCMOMbl YTBEPXKAEHUS
ponoB1aoBON 3aBMCUMOCTH (SubObjectPropertyOf, ObjectPropertyChain),
3KBUBANEHTHOCTU (EquivalentObjectProperties), HEeCOBMECTHOCTU CBOIICTB
(DisjointObjectProperties) w, cornacHo puc. 2 (a), akcMombl YTBEPKAEHNSI UHBEPCHOCTM OBYX
0b6bekTHbIX cBONCTB (InverseObjectProperties);

o C gpyroi ctopoHsl, ceoiictea B OWL aBnstoTCs GUHAPHBIMWA OTHOLLEHMSIMU, NO3TOMY BTOPLIM
NOAMHOXECTBOM aKCHOM Haj HUMM SBRSIOTCS YTBEPXAEHUS O TUNe BUHApHOrO OTHOLLEHNS, a
“MeHHO hyHKUMOHanbHOCTL (FunctionalObjectProperty) n obpaTHas )YHKLUMOHANbLHOCTb
(InverseFunctionalObjectProperty), pednekcuBHOCTb (ReflexiveObjectProperty)  n
uppednekcUBHOCTb (Irreflexive ObjectProperty), CUMMETPUYHOCTb
(SymmetricObjectProperty) " aCUMMETPUYHOCTb (AsymmetricObjectProperty),
TpaH3MTUBHOCTbL (TransitiveObjectProperty). Tak e, Oyayus OMHApHbIM OTHOLLEHMEM,
0ObEKTHOE CBOMCTBO MMEET 00MacTb ONpeaeneHns 1 06N1acTb 3HA4YEHMA, YTO TaK e MOXET
ObiTb  onucaHo  cooTBeTcTByloWMMM  akcuomamu  (ObjectPropertyDomain 1
ObjectPropertyRange COOTBETCTBEHHO).

e AKCMOMbI CBOWCTB AaHHbIX BKIIOYAKOT YTBEPXKAEHUS, aHANOrMYHble akcMoMaM OObEeKTHbIX CBOWCTB
(SubDataPropertyOf,  EquivalentDataProperties,  DisjointDataProperties,  FunctionalDataProperty,
DataPropertyDomain, DataPropertyRange), 3a TeM nullb WCKIIOYEHWEM, YTO UMes obnacTbio
onpegeneHns 9K3eMnnsp Knacca, a 06acTbio 3Ha4YeHUs — INTepanbHbIit TN, He MOryT ObITb 06paTHO-
(yHKUMOHANbHBIMK, PetNEKCUBHBIMIA U UPPECNEKCUBHBIMIA, CUMMETPUYHBIMIA U aCHMMETPUYHBIMA,
TPaH3WUTUBHBLIMU;

o Onpepenenna TtUNoB pAaHHbIX (DatatypeDefinition) CRyXWT WHCTPYMEHTOM [N BBEAEHUS
cneumuyeckux (NoNb30BaTeNbCKkUX) TUMOB B OHTOMOTMIO OrpaHWYEHUEM CyLeCTBYIOWMX. Takue
akcuoMmbl, NOMUMO y[06CTBa UCMOMNb30BaHUS Creyndmuyeckoro A1s AaHHON npeaMeTHon obnactu Tuna
W aBTOMATW4YeCKOW MOAJEPXKKW onepauuii Hapg HUM  (yHacnefoBaHHOW OT — POAUTENHCKOro
npegyCcTaHOBMIEHHOro TuMa), JaeT BO3MOXHOCTb aHanuavpoBaTb Crieuuduyeckme TUMbl pasfnyHbIX
npeaMeTHbIX obnacten B MEXOUCUMNMMHAPHBIX WCCNEeSOBaHUAX MPWU WHTErpauun OHTONOMA C
nonb30BaTeNbCKUMI TUNaMW. VHaye roBopsi, Monb3oBaTeNbCKME TWMbl — 3TO He TOMbKO YAOOHBIN
TEXHUYECKUI NPUEM, HO W BrIEMEHT CEMaHTUKW NpeAMETHOI obnacTu;

e OnpepeneHue knwyen (HasKey) nomeyaeT NOAMHOXECTBO CBOCTB 3K3EMMIIAPOB HEKOTO Knacca Kak
YHUKANbHO — MAEHTUDUUMPYIOLMX  Kaxabld  ak3emnnsp. Kak M B cnyyae C  onpeaeneHnem
nomnb30BaTENbCKUX TUMOB, AaHHAS BO3MOXHOCTb, MOMUMO OYEBMAHOMO BMWSHUS HA NOTMYECKWN BbIBOA
Hag OHTOMNOrVeN, BHOCUT CEMaHTUKY, cneuudmyeckylo ansg OaHHOW NpPeaMEeTHON obnacTtu, YTo Takke
MOXET ObITb BaXXHO MPW aHaNM3e OHTONOMIA B paMKax MEXANCLMNAMHAPHBIX UCCNEaoBaHWiA;
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o YTBepxaeHusa o6 ak3eMnnspax KnaccoB (Takke W3BECTHble Kak CyXAeHUs unu akTbl) onpeaensior
aKBuBaneHTHocTb  (Samelndividual) wmu  pasnmuHocTb  (Differentindividuals)  kaxporo  u3
MepPeYNCEHHbIX IK3EMMNSPOB, NPUHAANEKHOCTL JK3eMnnsApa K Hekomy knaccy (ClassAssertion),
NpUCYTCTBUE UMM OTCYTCTBME CBOWCTBA Yy AaHHOro aksemnnspa (ObjectPropertyAssertion 1
Negative ObjectPropertyAssertion, DataPropertyAssertion u NegativeDataPropertyAssertion).

CnepyeT TaKke OTMETUTb, 4TO Takon H6oraThblii HAOOP BCEBO3MOXHBIX aKCHOM M BO3MOXHOCTb SIBHOTO YKa3aHUs
NCTUHHOCTW WM NOXHOCTW HEKOTOPOTO BbIPAXKEHUS B 3HAYUTENBHONM CTENEHM YnpoLiaeT co3haHne OHTOMOTAM
BEPXHETO YPOBHS — OCHOBbI A4J151 NOCTPOEHUS O6LLEN MEXANCLNNIMHAPHON OHTOMOTMM U3 OHTONMOWIN Pa3NNYHbIX
npeaMeTHbIX obnacTen.

MUcnonb3osanne OWL B OHTONOrMAX TpaHCAUCUMNNINHAPHOIO YPOBHA

OCHOBHO 0COBEHHOCTBH) MEXANCLMMMHAPHBIX CCEA0BAHWIA, NO CPABHEHWMIO C UCCMEJOBAHNAMMU B pamKax
HEeKO OTAENbHOM NpeaMeTHOM obnacTi, SBMSETCA  O4YepuMBaHME HepeleHHblx npobnem, cnabo
NCCreaoBaHHbIX BOMPOCOB M MOWMCK HOBbIX 3HAHWUIA, HAXOASALWMXCA Ha CTblke AucumMnnuH. osops 06
OHTOMOTMYECKAM UHXWHUPWHIE, e Kaxgas npeameTHas obnacTb, ee 3HaHMS W 3adaduu OnuCbIBaKTCS
OHTOMOTMAMM, MOXHO 3aMEeTUTb, YTO OCHOBHOW 3afayei Npu NPOBEAEHNN MEXANCLMNINHAPHBIX UCCREA0BaHMIA
sBnsieTcs 0606weHne oHTonoruin. O606LieHe BkNoYaeT B cebsl ABE OCHOBHbLIX COCTABMAIOLMX: NOCTPOEHUE
OHTONOIMM BEPXHEro YPOBHA, onpegenstoweil obLieHayyHyto, unu xotsa Obl OOWyl ANs OaHHbIX OBYX
OHTOMOMMK, a TaK Xe 3((MEKTUBHLIE MEXaHW3Mbl HEMPOTMBOPEUMBON MWHTErpauMnm OHTONMOMMW pPasHbIX
npeaMeTHbIX obrnacren.

OBeyxaeHns nogxo4oB K MOCTPOEHMIO OHTONMOIMA BEPXHEro YpPOBHA HEOAHOKPATHO NPOBOAMIMCH B
MHOrouucneHHbIx pabotax [Manarid, 2006, Hainxaxosa, 2005, Schneider, 2003]. B pamkax gaHHoOi cTaTby BaHO
oTmMeTUTb, 4to OWL npegocTaBnsieT LUMPOKMIA CNEKTP BO3MOXHOCTEN ANS MOCTPOEHWUS BEPXHEYPOBHEBbIX
OHTOMOMMIA. Tak, MOMUMO OBLIENCNIONb3YEMbIX aKCUOM OMMCAHMS TaKCOHOMUYECKMX MEpapXuim M packpbiTis
COAEPXaHUst MOHATUIA KaTeropuanbHOro ypoBHs, 0c060 monesHbiMu anemeHtamm OWL B gaHHOM cnydae
SBMAOTCS:

e AKCMOMbI, YCTaHaBMMBAIOLME BbICOKOYPOBHEBbLIE OTHOWEHWSI 3KBMBANEHTHOCTU MEXZy Kraccamu
(EquivalentClasses, DisjointClasses w DisjointUnion), no3sonstowime Ha KaTeropuarnbHOM YpPOBHE
ONpeaenuTb Kak TOYKM COMPUKOCHOBEHWSI PasfNyHbIX NpegMeTHbIX obnactem wnn Teopun (4To
HeoBX0ANUMO NMpU MHTErpaLMM AOMEHHbBIX OHTOMOTUIA), Tak W MOTEHLManbHbIe KOHIMKTLI (HanpuMep,
NPy aHanu3e OHTOMOMMA W3  PasHbIX AWUCUMANAMH NErko YCTaHOBWTb HEJOCTATOYHOCTb MM
NPOTMBOPEYMBOCTL HEKOTOPBIX WX YacTell MOCPEACTBOM MPOBEPKM HA HECOBMECTHOCTb HaKNacCoB
KaTeropuanbHoro ypoBHs);

e AKCMOMbI ODBEKTHBIX CBOWCTB, MpefHasHA4YEHHbIE [N MOCTPOEHUA WepapXvii OTHOLWIEHWH, 4TO
SBMSIETCSA BAKHOI YACTbIO OHTOMOrMYECKON kapTuHbI Mupa [Sowa, 2000 (2)]. K HUM 0THOCATCS akcoMbl
SubObjectPropertyOf, ObjectPropertyChain, EquivalentObjectProperties, DisjointObjectProperties 1
InverseObjectProperties 1 aHanormyHble OTHOLIEHWS HAZ NTEParbHbIMU TUMAMK;
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e AKCMOMbI TUNMM3aLMM OOBEKTHbIX CBOMCTB Kak OGWHAPHbIX OTHOLIEHWA, YTO MO3BOMSET HAa BEPXHEM
YPOBHE OMPeAenuTb CXeMy B3aMMO3aBUCUMOCTM HEU3BECTHbIX Ha AAHHbIA MOMEHT KNaccoB U
OTHOLWEHWI KOHKPETHbIX NpeaMETHbIX obnacTteil MpUNMCbIBaHWEM BEPXHEYPOBHEBOMY OTHOLLEHMIO
Hekoro Tuma. JTo0  akcuoMbl  FunctionalObjectProperty,  InverseFunctionalObjectProperty,
ReflexiveObjectProperty, Irreflexive ObjectProperty, SymmetricObjectProperty,
AsymmetricObjectProperty, TransitiveObjectProperty, ObjectPropertyDomain n ObjectPropertyRange;

e BosmoxHOCTb onepuposaHnsi aHOHMMHbIMU CYLLWHOCTAMK W BBEAEHUA MeTa-OMMCaHUM No3BONSOT
Bonee NakoHUYHO K a6CTpaKTHO yCTaHaBNuBaTb KateropuasnbHble NpaBuna N OCHOBHbIE 00bEKTUBHbIE

3aKkoHbl (Hanpumep, B OWL BO3MOXHO OMPEAEnUTb MOHATUS “TSKEMbIA™ W “Nerkuii’, onepupys
AHOHUMHBIMM MacCaMM aHOHUMHBIX NPEAMETOB, UMEIOLMMU AaHHbIE XapaKTEPUCTUKK).

Ons  3agaus  MHTerpaumMu  OHTONOIMW, NPUHAZMEeXaWMX pasHblM  JOMEHaM  3HAaHMA,  OCHOBHBLIMU
peKOMeHAaUMsMU SBRSIOTCS peKOMeHAauun (a B nepcnektuee — meToauki) no cospaHuio OWL oHTonorui,
NPUrogHbIX [N aBTOMATWYECKOrO aHann3a Ha MexaucuunnuHapHom ypoBHe. OOHOM M3 OYEBMAHBIX
PEKOMEHAAUMN B [AaHHOM KOHTEKCTE SIBMNSETCS WCKYCCTBEHHOE OrpaHWyeHne WUCMoNb3yemoro B MpeaMeTHOM
oHTonorun cuutakeuca OWL. [laHHas uaes, B obLiem, He ABNSIETCA OpuUrnHanbHONM. Kak M3BECTHO, BOSMOXHOCTb
NCNONb30BaHUS  JIOTMYECKMX U METa-OHTOMOMMYECKUX KOHCTPYKUMA Ha OOHOM YpPOBHE MNpUBOAWUT K
HepaspelummocTt OWL B obem cmbicne [Motik, 2007], a 6oratas BblpasUTENbHOCTL 3HAYUTENBHO YCIOXKHAET
pa3paboTky aGEKTUBHLIX anNropUTMOB aHanm3a OHTororui. [1osTomy, Hapsgy C nonHbiM sisbikom OWL
(koTopbiit MHoraa HasbieatoT OWL Full [Hoekstra 2009]), ctangaptom [Motik, 2012] onpeaeneHo Takke Tpu ero
nogmHoxectea (npocuns): OWL EL, OWL QL n OWL RL, npefHasHayeHHbIX COOTBETCTBEHHO ANS
ONTUMW3MPOBAHHOTO BLIBOAA 3@ MOSIMHOMWANBHOE BPEMSI HA OHTONOTMSIX 3HAYUTENBHOrO 06bEMA; YCKOPEHNS
BbIMOTHEHWS! KOHBIOHKTUBHBIX 3aMpPOCOB (B YaCTHOCTW, Ha SQL-NofobHbIX A3blkax) k 6a3am CO 3HAUMTEMbHLIM
KOMMYECTBOM CPaBHUTENBHO HEGOMBLUMX OHTOMOMWN; ONTUMW3ALMK BbIMONHEHUS (BNOTb 4O NOMMHOMUANLHOM
CMOXHOCTY) BbIBOZA Ha MPaBWUIIO-OPUEHTUPOBAHHLIX cucTemax aHanmmsa RDF-nogoGHbix rpados. [JetanbHoe
PacCMOTPEHME YkasaHHbIX MOAMHOXECTB BbIXOAMT 3a paMKu JaHHOW paboTbl, NO3TOMY, NPUHAB UCKYCCTBEHHOE
OTPaHWYEHNE CUHTAKCMCA $3blka 32 LUMPOKO WCMONb3yEMYH MPAKTUKY, MOXHO MNPEAnoXUTb CreaytoLme

PeKoMeHAaLMK:

1. Mcnonb3oBaHWe MHTEHCUOHANbHbLIX ONPeAeNeHUn MOHATUI npeameTHOM obnactn. OTHOCUTENBHO
OWL, 310 03HayaeT npeuMyLLecTBEeHHbI Cnocob BBeAEHUS KNacCoB 4Yepe3 HacnegoBaHWe W
orpaHuyeHue no oO0bEeKTHbIM CBOMCTBAM. Tak, An1sl OMMUCaHWA HOBOTO Kracca, OTIMYarowerocs ot
Hagknacca HekoTopbiM HabopOM OTHOLLEHMI (COBCTBEHHOE CoAepKaHMe MOHATUS), CriedyeT BBECTU B
OHTOMOrMo ABe 3anucu: (1) akcuomy pogosuzoBon 3asucumoct SubClassOf oT Hagknacca u (2)
akcuoMmy pogoBMOOBOM 3aBUCUMOCTW OT aHOHUMHOTO Kracca (M KnaccoB), ONMCAHHOTO BbIPaKEHNEM
orpaHuyeHus no obvektHomy cBoicTBy ObjectSomeValuesFrom — 0T 3TOro aHOHMMHOTO Knacca 6yayT
YHacneaoBaHbl HOBbIE CBOWCTBA;

2. MakcumanbHoe onucaHue cofepXaHua NOHATUM, cneuuduyeckux AaHHOW aucuunnuHe. [aHHas

HeobX0AMMOCTb MOTUBMPOBaHa TeM, YTO popmanbHoe 0606LLeHe Ha MEXANCLMNIIMHAPHOM YPOBHE
BO3MOXHO 4epe3 WMeHa NOoHATWW, nnbo uyepes ux cogepxanue [ManarvH, 2010]. M3BecTHbIMK
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npobnemamn WHXEHepUM 3HaHWiA, 0coBO OCTPO CTOSLUENH B MEXAUCLMNAMHAPHBIX MCCINENOBaHMUSAX,
SBNSATCS CUHOHUMUSI 1 OMOHUMUS MOHSATWIA. T103TOMY, ANSt KAYECTBEHHOTO aHanM3a OHTONMOMN HEKOVA
NpPeaMETHON 00nacTu Kaxaoe MOHsATUE PEKOMEHOOBaHO packpbiBaTb cogepxaTenbHo. CO CTOPOHbI
OWL, 3TO [OMKHO BblpaxaTbCa B SIBHOM OMMCAHWM MaKCUMAnbHOTO KONMYecTBa OOBLEKTHLIX CBOMCTB
KMaCcCOoB W WX 3HAUYMMbIX CBOWCTB AaHHbIX. Kak roBopunoch paHee, Ansi ONUCaHUst OBbEKTHbIX CBOMCTB
knacca Heob6X0AMMO BBECTM B OHTOMOTMIO akKCMOMY POLOBMAOBON 3aBUCMMOCTY OT aHOHUMHOTO Knacca
(MMM KNaccoB),  OMMCAHHOTO  BLIPAXEHMEM  OrpaHMyeHMs  no  OOBEKTHOMY — CBOWCTBY
ObjectSomeValuesFrom;

3. Mwunumuszauma wucnonbsayemoro cnoBapa OWL. [laHHas pekomeHZaunst O3HaYaeT oOnMcaHue
npeameTHon obrnactn Hauwbonee npPOCTbIMM  KOHCTPYKUMAMK A3blka. [MPUYMHONA  3TOMY  CRIYXMT
HeobxoaumocTb obecrneyeHns OAHO3HAYHOTO M MakCUManbHO MPO3PaYHOr0 aHann3a OHTONOMMM Ha
CTblke AMCUMNAWH. MawwuHbl BbiBoAa CnocobHbl 06paboTaTh 3HAYMTENbHOE KOMMYECTBO CIIOXHbIX
NIOTYECKMX U TEOPETUKO-MHOXECTBEHHbIX CTPYKTYP, CBOAS UX K MPOBEPKE UCTUHHOCTW UMK FIOXKHOCTY
[ECATKOB (UM Jaxe COTEH) CreHepyMpOBaHHbLIX aTOMapHbIX BbIPAXEHWA (HanpuMep, AW3bLIOHKTOB B
MeToAe pe3onioLumM), CeMaHTWKa KOTOPbIX CMOXHO acCoLMMpyeTcs C Kakoih-nubo npeameTHoM
obnactbto unu knaccom. Ong mexaucumnnuHapHoro 06o6LieHns xe Heobxogum 6onee HarnsaHbIn
MeToAa aHanuaa, pe3ynbTaToM KOTOPOro AOMKHbI ObITb MOHATUS UAM NpaBuUna, NPUHaANEXaLe oLHOMN
W3 UCXOOHbIX OHTOMOMMIA (@ 3HAYMT W AUCUMNIUH), WNW NErko BOCTPUHUMAeMble NoNb30BaTenem
cucTeMbI (HanpumMep, 3KCNepTOM B OAHOW U3 uUccredyeMblx npeaMeTHbIX obnacTeil) kak CyLHOCTM Ha
rpaHuue aucumnnuH. Tak, uenecoobpasHo orpaHnumBatb cuHTakeuc OWL Kk 0gHOMY 13 NOLMHOXECTB
onucatensHon noruku [Baader, 2010]. Hanpumep, NOCKOMbKY OCHOBHbIM Ha3HAYEHWEM Hayu4HbIX
OHTOMOrMM NPeAMETHbIX 06nacTen ABNSETCA NPeaCTaBneHne NOHATUM, HO HE AK3EMMNASPOB, BO3MOXHO
ucnonb3oBaHne ToOMbko anemeHToB TBox [Baader, 2010], T.e. OrpaHM4UTLCH  MUHUMANbBHBLIM
OHTOrpagom <X,R>.

[aHHbI CNCOK pekoMeHAaLuii He SBNSETCS NOMHBLIM, OOHAKO CREA0BAHUS UM 3HAYUTENBHO YNPOLLAT aHanus
OHTOMOrMI NPeAMETHbIX 0BacTelt Ha MEeXAUCLMNNHAPHOM YPOBHE, YTO B CBOK 0Yepesb, AenaeT BOIMOXHbIM
ero aBTOMAaTUYECKYl peanu3aumio, NpoCTEAWWM W NepBbiIM HEOBXO4MMbIM BapWaHTOM KOTOPOrO SBMSIETCS
cUCTEMHas uHTerpauust oHtorornid. C  Jpyrol CTOPOHbI, YKa3aHHble pEeKoMeHauuu npesocTaBnalT
[OCTaTOYHbIA WHCTPYMEHTapWii ANs CO3AaHUS1 OHTONMOMMN (Kak B PYYHOM, TaK W aBTOMATUY4ECKOM pPEXUME),
nenonb3yss Nuwb  Hebonblwoe nogMHoxecTBo anemeHtos OWL, 4to pJenaeT WX COBMECTUMbIMKA C
CYLLECTBYHOLLMMM CUCTEMaMW BU3yanu3aLmn 1 pefakTupoBaHus oHtonorui [Semantic Web Wiki].

BbiBoAbI

OBOMIOLUMA MOAENEN 1 A3bIKOB MPeACTaBNEHNS 3HAHWA B rnobanbHblX Macltabax npueena K OObEKTUBHOM
HeobX0AMMOCTHM MccnefoBaHNin B 06MaCT OHTONOMMYECKOTO MHXUHUPUHTA Ha MEXAUCLMNIMHAPHOM YpoBHe. B
pesynbTaTe aHann3a NpUYnH BO3HUKHOBEHWUS TOW UMM UHOWM TEXHONOMM B 3TOM HANpaBneHUn YCTaHOBMEHO, YTO
NEPCNeKTUBHLIM SBNSIETCS UCMOMNb3oBaHme A3blka OWL kak CTaHgapTHOrO B rnobanbHoi CETU HOBOTO MOKOSEHUS
- Semantic Web. OpHako HewccnegoBaHHas 06nacTb MPUMEHEHUS [JAHHOTO S3blka B OHTOMOrO-
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OPMEHTUPOBAHHBIX MEXAMUCUUNNUHAPHbBIX NCCNEaoBaHUAX 3HAYNTENBHO 3aTPYAHAET NpakTUYECKNE Wwark B 3TOM
HanpaBneHuu.

[MepBbIM HEOBXOAMMbBIM HA JaHHOM MyTW 3TanoM, NPoAeNaHHbIM B paboTe, SABNSETCS KpaTKoe OnucaHne MOAENM
1 Bo3moxHocTen A3blka OWL ¢ aKLeHTOM Ha ero MCMomnb30BaHWUM Ha MEXOMCLUMMIMHAPHOM YpoBHe. Momumo
3TOr0, OMbIT B 0611aCTU CUCTEMHOI MHTErPaLMM OHTOMOTMYECKNX 3HAHUIA Jan BO3MOXHOCTb NPeasioxuTb obLyme
W NpaKTWYeCKMe pEeKOMEHAAUMM N0 CO3AaHMI0 OHTONOTMA MpeAMETHbIX obnacTel, noaxoasdwmx Ans
aBTOMATWNYECKOTO aHanu3a B paMKax TPaHCAMCLMNMMHAPHBIX UCCNEA0BaHNA. YKa3aHHbIE PEKOMEHALMN Takke
MOryT ObITb MoOnesHbl npu paspaboTke CUCTEM aABTOMATMYECKOTO MOCTPOEHUS OHTONOTMIA (Hanpumep, M3
€CTECTBEHHO-A3bIKOBOTO TEKCTa), TaK Kak ynpowaloT MOAenb OHTonoruu 6e3 3HaumTenbHoro yiepba B
OTHOLLEHWW BbIPA3NTENbHOM CNOCOOHOCTW. BaxHbIM siBNsieTcs W BbiTekawowmin u3 aHanmsa OWL  dhakt
COBMECTMMOCTM TaKkuX OHTOMOrMi ¢ Hambonee obLueit Moaenbio NpeacTaBneHust 3HaHMn B Semantic Web —
mozenscto RDF/RDFS, obecneunBatolymii NEPCNEKTUBY WX WCMONb30BAHWS B MoBanbHOM CETU TPETLEro
MNOKOMNEHUS.

nepCI'IeKTMBHOG pa3B1TME BOMNpoca MCnonb3oBaHNA OWL B TpaHCOUCUUNITMHAPHbIX UCCNnegoBaHUAX BKNIOYaeT
TPpW OCHOBHbIX HaMpaBNEeHUA:

1. OMnupuyeckue UCCNeLOBaHUS MO CO3AAHMI0 W IKCMEPTHOMY aHanu3y OHTOMOMMM, NpUHanexaLux
pasHbIM 06MacTaAM 3HaHUiA;

2. Apantauus  CyLIeCTBYIOWMX NPOrPaMMHbIX CUCTEM reHepauuy W WHTErpauuM OHTOMOMMA K
MEXAMCLMNIMHAPHOMY YPOBHIO, Crieayst 0003Ha4YeHHbIM PEKOMEHAALMAM;

3. Paspabotka MeTOAMKM (BO3MOXHO, HE MONMHOCTHIO (HOPManbHOM) CO3LAHWSt W aHanM3a OHTOMOTWN,
OPMEHTMPOBAHHBIX HA MCMOMb30BAHNE B TPAHCANCLMMIMHAPHBIX UCCMEA0BAHMSIX.
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WH®OPMALIMOHHAS TEXHONOMNA PACNO3HABAHUS PYKOMUCHbIX
MATEMATUYECKWUX BbIPAXXEHUA B PEXXUME PEANbHOIO BPEMEHU HA
OCHOBE HEYETKMX HEMPOHHbIX CETEU

dapuc HapepaH

AHHOmMauyus: 8 cmambe paccmampueaemcs paspabomaHHasi UHGOPMaYUOHHas MEXHOIO02US pacno3HagaHusi
PYKONUCHbIX MameMamu4yeckux eblpaxeHul, esodumbix 8 IBM & pexume peanbHO20 8pPEMEHU, 8 OCHO8e
komopoli nexam npednoxeHHble N00X00b! K PACcN0o3HaBaHU PYKONUCHBIX CUMBOI08 U CMPYKMYPHOMY aHanu3y
MameMamu4yeckux 8bIpaxeHud.

Kntoyeenie coea: pacnosHasaHue pykonucHbIX MamemMamuyeckux ebipaxeHul, Heyemkas lo2uka, Heyemkue
HelpOHHbIe cemu, CmpyKmYypHbIL aHanus.

ACM Classification Keywords: 1.5.2 Computing Methodologies - Pattern Recognition - Design Methodology -
Pattern analysis. G.4 Mathematics of Computing — Mathematical Software - Algorithm design and analysis. 1.5.1
Computing Methodologies - Pattern Recognition - Models - Structural.

Bctynnenue

MatemaTuyeckmne BbIPaXXeHNA COCTaBNAT OCHOBHYHO 4acTb B BonbLnHCTBE HaY4YHbIX W TEXHUYECKNX
aucuMnnnH, oaHako Ha CEroHsILHMA AeHb BBOO MaTeMaTh4eckux Bblpa)l(eHVIVl B OBM sBnsieTcs CNOXHbIM U
Hey,U,OGHbIM ans nonb3osarens [K, NOCKOJIbKY OCYLLEeCTBNAETCA C NOMOLLBI TPAAUUUOHHbIX yCTpOﬁCTB BBOAa,
TaKMX KaK KnaBmaTtypa 1 Mblillb, K TOMY Xe OTHUMaeT GonbLUOe KONMYECTBO BPEMEHMN.

AkTnBHOe passuTWe nnaHweTHbIx (K, Habnogaemoe cerogHs, NpUBOAMT K HEOBXOAMMOCTW BBOAA AaHHbIX B
OBM 6e3 1cnonb3oBaHus knasuatypel. 1o nporHosam komnanun DisplaySearch k 2016 rogy o6bem MMpOBbIX
npogax nnaHwetHole [MK npesbicut 06beM MUPOBbIX npodax Hoytobyko (Puc. 1). BoamoxHocTb
B3auMmopencTens nonb3oeatens ¢ MK ¢ nomoLbo CeHCOPHON (hYHKUMOHANMBHOCTK CTaHeT Be3yCcrnoBHO camon
€CTECTBEHHO, yA0BHOM 1 BbICTPON anbTepHATMBOM AJ151 BBOLA MAaTEMATUYECKNX BbipaxeHui B IBM.
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Llenblo gaHHOM  CTaTbM  SBMSIETCA  pPacCMOTPpeHue  paspaboTaHHOM  WHGOPMALMOHHOM  TEXHOMOTUK,
obecneunBarowiein achpeKTMBHOE peLleHne 3aaaym Pacno3HaBaHWs PYKOMUCHBIX MaTEMaTUYECKUX BblpaeHuH,
BBOAMMbIX B OBM B pexume pearnbHOro BpeMeHw.

OnucaHue n knYeBbIe 0COOEHHOCTH MHd)OpMaLIMOHHOﬁ TeXHOJIOTMKN

Paccmotpum  obulylo  cxemy paboTbl  MHOPMALMOHHOW  TEXHOMOTMW  PAcmo3HaBaHWUs  PYKOMUCHBIX
MaTeMaTUYeCKMX BbIDAXEHWI, BBOAWMBbIX B PEXUME peanbHoro BpemeHu. [lpouecc pacno3HaBaHus
MaTeMaTU4eCKUX BbIPaKEHUI COCTOMT U3 [ABYX OCHOBHbIX 3TaroB: PaCro3HaBaHUsi PYKOMUCHBIX CHMMBOMOB W
CTPYKTYPHOTO aHanmaa.

[Mpu pacno3HaBaHWUM PYKOMMCHBIX CMMBOJSIOB B PEXMME PearibHOrO BPEMEHM MOXHO NPOCREAUTb TPAeKTOpUIo
Han1caHuns CUMBONA W ONpeaennTb TOYKY KacaHus nepa v TOYKy OTpbiBa nepa nNpu HanucaHuu. [ns nonyyeHus
WH(OPMATMBHBIX MPU3HAKOB, XapakTepusylLMX CUMBOMbI  MaTEeMaTWYECKOro BbIPAXEHWS, MCMOMb30BaH
npeanoxeHHblin B [HagepaH 3., 3anyeko KO.M1., 2012] noaxon, OCHOBAHHbIN Ha MCMOMb30BaHNN TOYEK NTOMAHOM
annpokcUMUpytoLLEen Kpuyto cumBona. OnbITHbIM NyTem Bbin nogobpaH onTuManbHbIA KOIPMULMEHT TOYHOCTU
CriaxwBaHus, MpuU KOTOPOM MOMYYEHO ONTUMAnbHOE COOTHOLIEHWE MEXZY KONMWYEeCTBOM OCTaBNSEMbIX
anropuTMOM TOYEK M MakCUManbHbIM COXpaHEHMEM O4epTaHus cuMBora. B KavecTBe knaccudukatopa
ncnonbayetcs moguduumposaHHas HHC NEFCLASS, otnuuntenbHo OCOBGEHHOCTbIO KOTOPOM SIBASETCS
BO3MOXHOCTb (POPMMPOBAHWS NMOMNYECKOr0 BbIBOAA HA OCHOBE annapaTta HEYeTKOM MOruKM, YTO MO3BONSET
3aN0XMTb 3HaHWSA 3KCmepTa B CUCTEMY, MPWU 3TOM NapameTpbl (YHKUMIA NPUHAAMEKHOCT HacTpanuBaloTCs C
NCMOMNb30BaHNEM anropuTMOB OOYYEHWSt HEMPOHHbIX CceTeil. [N MOBbLILEHWS KayecTBa pacrnosHaBaHMs
CUMBOIIOB MPUMEHSIETCS TEHETUYECKUA anroputM 0ByyeHus napameTpoB QYHKLMM NPUHAANEXHOCTM Ha 3Tane
NEePBUYHOrO 0BYYEHUS CUCTEMbBI W anropUTM COMPSKEHHbIX rPagMeHTOB Ha aTane AoobyyeHus cucTeMbl Ans
yNyJLIeHNs BpeMeHHbIX nokasatener [HagepaH 3., 3anyexko 10.M1., 2012).

OTan CTPYKTYPHOrO aHann3a no3sonsieT onpeaenuTb NPOCTPAHCTBEHHbIE OTHOLUEHUS! MEXY COCTaBMSHOLLMMM
MaTeMaTUYeCKOro BbIPaXEHWS W BKMKOYaeT B cebs cregylowme aTtanbl: pasMeLyeHue, PeKOHCTPYKUMS 1
rpynnupoBka cumBonoB [HapgepaH 3., 3anuenko K., 2013]. CumBonbl pasgeneHbl Ha rpynnbl, B 3aBUCMMOCTH
OT AOMYCTUMbIX W 00s3aTenbHbIX MO3NLMIA Pa3MELLEHNs [pYrMX CMMBOMOB OTHOCUTENBHO HUX. Ha aTtane
pa3sMeLLEeHNs onpeaenseTcs Haunyylwas nosvums pasMeLLeHus ans cuMmeona no gopmyne:
NP =P xk

roe P — npoueHT nonagaxws cumeona
K — K03thpUUMEHT NO3NLMM, MPUHUMAKOLLMIA 3HAYEHNS:

0 - Ans HeoNYyCTUMbIX NO3ULIMI;

1 - ANs 4ONYCTUMbIX NO3WLMIA;

1,5 - anga 0bs3aTenbHbIX NO3NULIMA.

Ha atane pekoHCTpyKLMM CUMBOIIOB NPUMEHSIETCS AMHaMUYeckas 6a3a 9BPUCTUYECKUX NPaBMI, OCHOBaHHas Ha
3HaHWsIX O NOPSAKE 3annCh U MPOCTPAHCTBEHHbIX OTHOLLEHWSIX MEXY CUMBONaMW, W NO3BONSHOLLAS NPOBOANTDL
PEKOHCTPYKLMIO CYMBOMOB M KOPPEKLMIO HEMPaBUbHO Pacno3HaHHbIX CMMBOJIOB B MOCre0BaTeNbHOCTY NyTeMm
HaXOXOEHUS €e CEeMaHTMYECKOro 3HayeHus.. Ha aTane rpynnupoBKM HEKOTOPbIE CMMBOMbI MO3BOMNSKT
CrpynnMpoBaTh HECKONMbKO OTAEMbHbIX CUMBONOB B OfHY rpynmny. K Takum CUMBOMaM OTHOCSTCS: pa3fin4HOro
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BuAa CKOOKM, MaTemaTuyeckue abbpeBuaTypbl, OpobHas uepTta, Cymma X , npoussefeHve [], wHTerpan,

apucMeTUYECKMiA KOpEHb, TOYKa U 3ansTas. HanucaHHOoe nonb3oBaTENeM MaTeMaTUYeckoe BblpaxeHue
MpoCMaTpPMBAETCA NOCNE KaXaoro BHECEHHOTO N3MEHEHMS!, YTO AaeT BO3MOXHOCTb 3anuCbiBaTb COCTaBNSIOLLME
MaTeMaTU4eCcKor O BbIpaeHUs B Nl0GOM Nopsake, a Takke BHOCUTL U3MEHEHMS B ye HanucaHHOe BblpaXeHue.

OcHoBHble TpeboBaHKsi, KOTOPbLIM AOMKHA COOTBETCTBOBATb MHGOPMALIMOHHAS TEXHOMOMS:
[MbKoCTb, CNOCOBHOCTL K aganTaummn 1 garnbHedwemMy passuTuio.

HapexHocTb.

MuHUMansHoe Bpemst OTKMMKa Ha 3anpoc.

Bo3MOXHOCTb aganTaumm K pasnmyHbIM noYepkam.

BoamoxHOCTE paboThbl HE3aBUCMMO OT NNAaTOPMbI.

B03MOXHOCTb MCMONb30BaHWS pe3ynbTaTa pacro3HaBaHus B NOMYNSPHbIX TEKCTOBbIX PeAakTopax.

N o o bk w =

Yno6cTBo 1 npocToTa MHTepdenca.

8. OddheKTMBHOCTS.
VH(opMaLmMOHHas TEXHOMOrus pacno3HaBaHWs PYKOMWUCHBIX MaTeMaTUYeCKUX BbIPXKEHUA COCTOWT U3
cneayroLwmx KOMNOHeHToB (Puc.2):

1. Event Processing, koTopbin 06ecneynBaeT MHOr03aga4YHoCTb W CUHXPOHHYO 06paboTtky cobbituin. K

COBbITUSIM OTHOCSITCS: pacro3HaBaHWe CUMBOIIOB, CTPYKTYPHbII aHanM3 MaTeMaTU4eckoro BblpaXeHus,
yAaneHue CUMBOIIOB, 06yyeHIe HEMPOHHON CeTu.

2. Training, koTopbIn BKMoYaeT B cebs mopyne GA Training, peanuayrowwmnii TEHETUYECKIUA anropUTM
o0yuenns, n mogynb CGA Training, peanuayrloLmin anroputM COMPSDKEHHbIX TPaaMeHTOB 0byueHns
HEWPOHHOM CeTu.

3. Recognition, kotopbiii BkntovaeT B cebs mopynb Classifier NEFCLASS, peanuayrowmii HeyeTkuii
knaccucpukatop NEFCLASS wu  mopynb  Features  Processing,  BblYMCTSIOWMA  3HAYEHMS
NHKOPMATMBHBIX MPU3HAKOB.

4. Structural Analysis, KOTOpbIi OTBEYAET 3a pELLEHME 3adaun CTPYKTYPUPOBAHWS MOCMeLOBaTENbHOCTM
BBEJEHHbIX NOMb30BaTesieM CUMBOMOB M COCTOALLMIA M3 Mogyns Expression Analyzer, oTBevatoLLero 3a
MOAFOTOBKY BXOAHbIX W BbIXOAHbIX faHHbIX, Mogyns Symbol Arrangement, peamuayiowero atan
pasMeLLleHnsl CMMBOJIOB, MoAaynsi Reconstruction, oTBevalowero 3a PEKOHCTPYKUMIO CUMBOMOB, U
mozyns Grouping, obecneynBaroLLero atan rpynnmMpoBki CUMBOJIOB.

Mogynb Database Layer obecneunBaeT B3aumogeincTeme cuctembl ¢ 6ason gaHHbIX. B 6a3e gaHHbIX XxpaHsaTes
napameTpbl OOYYEHHOTO C MOMOLLBbK) TEHETUYECKOTrO anroputMa obyyeHWst HeuyeTKoro Kraccudukatopa
NEFCLASS, HeobxoaumMble Ans 3Tana pacnosHaBaHUs PYKOMMCHBLIX CUMBOOB, HAaNWCaHHbIX C MOMOLLbIO OAHOr0
wrpuxa. Takum 06pa3om, B B6ase gaHHbIX XpaHATCS napameTpbl PYHKLMW NpUHAANEXHoOCTM Maycca, KonniecTBo
HEMPOHOB BXOLHOMO W BbLIXOAHOTO CMosi, a Takke Gasza HeuyeTkux npasun. [ns nNpoBEAEHWS CTPYKTYPHOrO
aHanusa B 6ase AaHHbIX XpaHWTca 6asa 3BPUCTUYECKMX NpaBWn, a TakkKe AN KaX4Ooro CUMBOMA XpaHUTCS
WH(bOpMaLMs O OOMyCTUMbIX, 00A3aTENbHBIX M HEQOMYCTUMBIX NO3ULUMSIX PACMONOXEHUs OPYrX CUMBOJIOB
OTHOCUTESBHO HUX.

Mpu KoppekLuM nonb3oBaTenem pesyrnbTaTa pacrno3HaBaHusi CMMBONOB ByaeT 1000y4aTbCst HEMPOHHas CEeTb W
06HOBNATLCA MapaMeTpbl Knaccucukatopa B 6ase AaHHbIX, @ Takke NpU KOPPeKUMW Momb3oBaTenem
pe3ynbTaToB CTPYKTYPHOrO aHanuaa GyayT OBHOBNSTLCS [aHHble 3BPUCTMYECKON Gasbl NpaBun Ans AaHHOTO
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nonb3oBatens. Takum o6pa30M, npegnaraemoe peleHne no3BONAeT nepcoHanu3mMpoBaTb CUCTEMY
pacno3HaBaHUA PYKONUCHbBIX MateMaTu4eckmux Bpra)KeHMFI, NoBbICUTb Sd)(beKTMBHOCTb ee pa60TbI W NOACTPOUTb
CucTeMy NoA noYepk nonb3osartens.

CLIENTS

!

—_—

[
|

WEB Service

Event Processing Training

Event =
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3KCﬂepMMeHTaHbele nccnegoBaHnA u pes3ynbTaTbl TECTUPOBAHUA

[MporpamMmHasi YacTb CUCTEMbI peanu3oBaHa Ha s3bike C# Ha 6ase nnatcopmbl Microsoft .NET. Ha Puc.3
npeacTasneHa [auarpamma knaccos WUT. [penmyllectBo wcnonb3osavus nnatdopmel .NET Framework
3aKMYaeTcs B BOIMOXHOCTM peanu3aLuy UCNOMHAEMOro koga He3aBMCUMOro OT annapaTHoi YacTu, NOCKOMbKY
MCXOAHbI KOZ NepeBOANTCS KOMMUISTOPOM B MPOMEXYTOUHIN 6aiT-kog Common Intermediate Language (CIL)
W 3aTeM Kof ucronHsercs BupTyarnbHoi mawwmHon Common Language Runtime (CLR), koTopas ¢ nomoLlbto
BCTPOeHHOro B Heé€ JIT-komnunsaTop npeobpasyeT NPOMEXYTOUHbl OaiT-ko4 B MAaLLMHHBLIE KOAbI HYXHOrO
npoueccopa. Kpome Toro, CLR 3abotutca o 6a3oBoit Ge3onacHOCTM, ynpaBieHUM NaMsTbio W CUCTEME
nckntoveHuin. HeobxoaWmo OTMETUTb, YTO WCMONb30OBAHUE COBPEMEHHOW TEXHOMOrMM  ANHAMUYECKOM

KOMMUNSILMN NO3BONISIET LOCTUIHYTb BBICOKOTO YPOBHS BbICTPOLENCTBMS.
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Ona npoBepkn 3dhekTMBHOCT paboTbl, NPeanoKeHHON MHPOPMALMOHHON TEXHONOrMM Bblnn NpoBedeHb!
9KCMepUMeHTarnbHble  UCCMeJoBaHWs, MO3BONSIOLLME OLEHWTb  KayeCTBO  pacno3HaBaHWsi  PYKOMMCHBIX
MaTeMaThiecknx BbipaxeHuid. [Ong obyyeHus HeueTkoro knaccudmkatopa NEFCLASS 6bina ucnonb3oBaHa
BbIOOpKa, cocTosLan 13 260 pyKONMCHbIX MaTeMaTUYECKUX BbipaxeHuit. [ins reHepauum 6asbl npaBun Kaxnomy
obpaslyy CTaBMnCsS B COOTBETCTBME MOOXOAALMA PYKOMMCHBIN cumBON. Mocne 4ero HeypoHHas ceTb Obina
0by4yeHa C MOMOLLbIO FeHETNYECKOro anroputMa obyyeHus. Takum 0bpasom, Obinn HakaeHbl 3HaYEHNS BECOBBIX
k03athPULMEHTOB HEOOXOAMMBIE N1 MHULMANM3aLMM HEMPOHHOI CET!.

TeCTupoBaHME MPOBOAMIOCH MYTEM PYKOMUCHOTO BBOZA MATEMATUYECKMX BbIPAXEHWA B PEXWME pearibHOro
BpemeHu B nnaHweTHbld MK ¢ nomowpto ctunyca. Obwas Boibopka Ans TectTupoBaHus cocTasuna 140
MaTeMaTUYeCKuX BbipaxeHuin. CpeaHee BpeMs pacno3HaBaHus Kaaoro cumBona coctaBuno 150 munnncekyHa
Ha KomnbloTEpPe CO cnegyowmmm xapaktepuctukamn: CPU Intel Core 2 Quad ¢ vactoTon 2.4 Ty, RAM 4 T6.
Pe3ynbTaThl TeCTUPOBaHMSA OTpaxeHbl Ha PuC.4 1 OTpaxaloT KayecTBO pacrno3HaBaHUs U CTPYKTYpUPOBaHMUS
MaTeMaTUYECKUX BbIPAXEHUI.

PeKOHCTpYKLUS CUMBOMOB (N9 NPaBUIbHO CTpYKTYpHbIN aHann3
PacnosHaBaHue 0TpeskoB ;
pacno3HaHHbIX OTPE3KOB) MaTeMaTUYeCKNX BblpaxeHuI
91,54% 95,32% 71,29%

Puc.4 PesynbTaThl TECTUPOBaHUS

Mone “PacnosHaBaHue OTPe3KOB” MOKasblBaeT MPOLEHT MPaBUALHO  KNacCUUUMPOBAHHLIX CUMBOMOB,
HanucaHHbIX ©e3 OTpbiBa nepa C MOMOLBID OAHOrO LWITPUXa, M MO3BOMSET OLUEHUTb 3GEKTUBHOCTL
pacrnosHaBaHusi. [one “PeKOHCTpyKUMst CMMBONOB” OTOOpaXaeT NpPOLEHT BEPHO PEKOHCTPYMPOBAHHBIX
CUMBOIIOB M3 Pacro3HaHHbIX NpaBUIbHO OTpe3koB. Mone “CTPYKTYpHbIA aHanu3 MaTeMaTuyeckux BbipaxeHuit”
NOKa3bIBaET NPOLEHT NPaBUIbHO CTPYKTYPUPOBAHHBIX BbIPAXKEHN.

3akniouyeHue

B cratbe paccmoTpeHa paspaboTaHHas MHGOPMALMOHHAs TEXHOMOrUsS pacno3HaBaHWS  PYKOMUCHbIX
MaTeMaTUYeCKnX BblpaxeHui, BBOAUMbIX B OBM B pexume pearnbHOrO BPEMEHW, B OCHOBE KOTOPOW nexar
NpeanoXeHHble NOAX0Abl K Pacno3HaBaHWI0 PYKOMMUCHbLIX CUMBOMOB 1 CTPYKTYPHOMY aHanu3y MaTeMaTiyeckux
BblpaxeHn. OnucaHbl OCHOBHble TpeboBaHMs, KOTOPbIM [OMKHA COOTBETCTBOBATb WH(hOPMALMOHHAS
TEXHOMOMMS W PacCMOTPEHbl  KOMMOHEHTOB M3  KOTOPbIX OHa  cocTouT. OnucaHbl  NpoBeAeHHble
9KCMepUMeHTanbHble  UCCMEeaoBaHUA  PacCMOTPEHHON  WHOpMaLMoHHOW  TexHonorun. CpeaHee  Bpems
pacno3HaBaHus Kaxgoro cumeona coctasuno 150 munnucekyHa, 4To yooBneTBopsieT TpeboBaHusM K
NCMONb30BaHMIO CUCTEMbI B pEXWUMe peanbHOro BpemeHW. TOYHOCTb pacnos3HaBaHus coctasuna 91,54%,
TOYHOCTb CTPYKTYPHOrO aHanuaa coctasuna 71,29%.

BnarogapHocTu

CraTbs YacTM4HO dmHaHcuposaHa u3 npoekta ITHEA XXI MuctutyTa MHdopMaLmoHHbIX Teopuid 1 MpunoxeHni
FOI ITHEA v koHcopumyma FOI Bulgaria (www.ithea.org, www.foibg.com)
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Online Handwritten Mathematical Expressions Recognition System Using Fussy Neural Network

Edris Naderan

Abstract: The paper is devoted to the development of the new online handwritten mathematical expressions
recognition system. The paper presents the recognition method to the handwritten symbols using fussy neural

network NEFCLASS as a means for classification.

Keywords: online handwriting recognition, mathematical expressions, fuzzy logic, fuzzy neural networks,
structural analysis, artificial neural network, genetic algorithm, conjugate gradient algorithm.
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THE INTELLIGENT DECISION SUPPORT SYSTEM FOR DIAGNOSTIC OF DIFFICULT
DISEASES OF VISION

Aleksandr Eremeev, Ruslan Khaziev, Irina Tcapenko, Marina Zueva

Abstract: The work is devoted to methods and soffware tools of designing intelligent decision support systems
(IDSS), which helps professionals (decision making persons) helping to diagnose complex problem situations on
the example of complicated pathologies of view. Unlike traditional Bayesian belief networks, the proposed
application of advanced multilevel (difficult-structured) networks, more convenient for complex research of the
problem and providing expert data. Integration of Bayesian belief networks and Dempster-Shafer method allows
using at diagnostics both expert data, and numerical (probabilistic) data obtained in the result of measurements.
The proposed approach is implemented in the prototype of the intelligent decision support system for diagnostics
of difficult diseases of vision.

Keywords: intelligent system, decision support, diagnostics, problem situation, Bayesian belief network,
Demster-Shafer method.

ACM Classification Keywords: H.4.2 [Information systems applications]: Types of systems — Decision support;
1.2.3 [Artificial intelligence]: Deduction and Theorem Proving — Uncertainty, "fuzzy," and probabilistic reasoning;
1.2.4 [Artificial intelligence]: Knowledge Representation Formalisms and Methods — Bayesian belief network.

Introduction

At the Appiled Mathematics Department of National Research University “Moscow Power Engineering Institute,
for more than twenty years researches on the development of mathematical methods and software for intelligent
decision support systems (IDSS) intended for the help to experts (DMP - decision making person) in diagnostics
and monitoring of complex problematic situations of different types [Vagin et al., 2001; Eremeev et al., 2009] have
been actively conducted. Together with the Laboratory of Clinical Physiology of Vision of Moscow Helmholtz
Research Institute of Eye Diseases the studies on creation of IDSS for diagnostics of complicated pathologies of
vision have been carried out [Eremeev et al., 2013].

The joint use of the apparatus of Bayesian belief networks (BBN) [Bidyuk, et al., 2005] and the Dempster-Shafer
method (DSM) [Lyuger, 2003], oriented to help the DMP in diagnostics of complex problematic situations is
examined in this study. Unlike the classic BBN-system, a layered architecture, which combines methods and
allows us to explore the problem in complex, is used. Split in tiers allows also reducing the scope of the search of
different situations to find the most probable outcome. In the system, not just the reasoning of experts but also the
analysis of numerical data in the various diagnostics with the use of probabilistic methods is used.

It is known [Eremeeyv, et al., 2009] that in applying the BBN in IDSS, especially in IDSS of real time (IDSS RT), is
not enough to define the main components of the event in the network, and their relationships. One also needs to
take into account all possible situations that the expert can foresee. It is recommended to use the hard-structured
BBN. This type of BBN has been adapted and applied in the prototype of IDSS for diagnostics of complex eye
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diseases on the example of retinal pathologies when it is impossible to say with absolute certainty what kind of
disease a patient has and at what stage.

Even after detection of symptoms, with the help of special computer diagnostic tool and conclusions of
experienced professionals, patients had to re-take examination due to inaccuracies and incomplete of available
information. When creation the model and experimental approbation there was found that the use of the BBN
allows us to analyze only one of the possible outcomes of (the existence of one of the diseases), ignoring the
other options. Joint application of BBN and DSM would allow also assessing relationships between the possible
outcomes (situations) and specify their probabilities.

The based architecture of the intelligent decision support system

IDSS (including IDSS RT) is based on the integration of knowledge representation and knowledge operation
models that are capable to adaptation, modification, and learning. Such models are oriented to specific problem
areas and respective uncertainty types, what reflects the ability to develop and modify their states.

The generalized structure of an IDSS (IDSS RT) is shown in Fig. 1.

Analyzer of Problem Learning, adaptation Explanation unit
problem situation solving unit and modification unit

Data base Model base Knowledge

base

User’s interface (DMP, expert, knowledge
engineer,manager and others)
Environment (object, DBMS and others)

Modeling unit Prognosis unit Inductive formation and
knowledge acquisition unit

Figure 1. General architecture of an IDSS

By realizing methods of reasoning modeling in an IDSS one should take into consideration the features of these
systems:
— The necessity to take a decision under time constrains defined by an actually controlled process;

— The need to consider a time factor in the description of a problem situation in a process of finding the
solution;

— The impossibility of obtaining all the objective information necessary for decision making and in this
connection the usage of subjective expert information;

— The multivariate character of search;
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— The necessity of applying methods of plausible reasoning and the active participation of DMPs in
decision making;

— The presence of incomplete, fuzzy and even inconsistent data for the description of situations.

Diagnostics of the pathology of vision

Glaucoma had chosen as an object of research. The main symptom of this disease is the increase in intraocular
pressure, and decreased vision. A violation of outflow and circulation of intraocular fluid lays in the basis of the
disease [Neroev, et al., 2010]. Statistics data and patients’ parameters were obtained in Moscow Helmholtz
Research Institute of Eye Diseases. The created IDSS prototype should help DMP (doctor-ophthalmologist) in
identifying early signs of glaucoma and clarifying the type of the disease in order the earliest adequate treatment.

Let us consider the main stages of research in the diagnosis of glaucoma. First of all, an ophthalmologist must
carry out a complex of clinical examinations in the patient. At this stage, a specific set of psychophysical tests are
applied for detection of pathologies. If there is reliable evidence that the patient has a disease, then further
investigation is not reasonable; otherwise, the examination may continue due to the lack of available information.
In particular, further examination is often necessary in the early stages of the disease or in difficult differentiable
cases, e.g. low pressure glaucoma, when the data of clinical examination of the patient can almost do not differ
from the normal state of a healthy person.

Then one should do the complex of electrophysiological tests, which analyze the electrical responses of the retina
in different light stimuli. It uses various types of electroretinogram (ERG) in computer graphics, representing
changes of retina electric potentials that occur in response to light flashes, and the amplitude and peak latency of
the ERG waves (components) are estimated. Based on the type and degree of ERG change, the existing
pathology is detected. At the final stage the expert-specialist (physiologist) or group of experts, on the basis of the
obtained resulting data of the patient examination must confirm or deny the diagnosis of ophthalmologist (in the
latter case it is necessary to clarify the diagnosis), after that the appropriate treatment can be recommended.

In Fig. 2 BBN is presented, which characterizes the process of glaucoma diagnosis in the form of multiple-defined
events: T — results of ophthalmological examinations (suspicion for this disease); Z - is the conclusion of
physiologist about the existence of the disease based on the ERG parameters and clinical data of
ophthalmologist; | - is the result of ERG testing, D - is the resulting event, which characterizes the solution of the
problem (the exact diagnosis, the current stage, recommendations for treatment or further examination etc.).
Figures are events related to the stages of patient research.

Figure 2. BBN-model for glaucoma diagnosis
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Consider the event determining the result of the ERG study on the example of primary open angle glaucoma
(POAG). For diagnosis of this disease (condition) and its stage it is necessary to analyze several kinds of ERG, to
make conclusions about the detected signs (symptoms) of the disease, and to determine the degree of diagnostic
confidence (probability).

In Fig. 3 the model of the second level is presented for definition the value of the event “The ERG testing results”,
where |- is the target event (diagnosis), k..., Irr - the results of studies; Ik - the result obtained in the study of
cone ERG, Iy — maximal ERG, Ir — rod-ERG, lop— oscillatory potentials (OP), Ir — photopic negative response
(PhNR), Ipr - pattern ERG (PERG).

Figure 3. BBN-model for definition the value of the event “The ERG testing results”

In the model of the second level, the data of main types of ERG are presented, each of which has its own
waveform, and varies depending on the type of the disease, i.e. the key values that characterize a particular
disease are identifying. Rod, cone and maximal ERG are used to test the ability of the eye to the dark and light
adaptation. Each of the ERG components is generated by different structures in the retina. In Fig. 4 the classic
analysis of ERG components is represented (by Ragnar Granit) [Neroev, et al., 2010].
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Figure 4. The Granit component analysis of ERG
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Each of the ERG components is generated by different structures of the retina. The main indicators are the a- and
b-waves. In the course of diagnostics, values of amplitude and peak latency of the components of various types
of ERG are analyzing. In the Table 1 the statistical data of ERG amplitudes in the examined patients with POAG
stage | and Il are presented.

Table 1. Amplitudes of the a- n b-waves in the | and Il stage of POAG (M+m)

Norm, uv POAG | stage POAG Il stage
Kinds of standard ERG

M£25D pv % of Norm pv % of Norm

Rod ERG b-wave | 58,1+21,7 | 44,3+59 76,2% 35,1+27,2 60,4%

a-wave | 103,7+37,3 | 87,8+79 84,6% 70,3+30,4 67,8%

Maximal ERG
b-wave | 203,2+55,0 | 176,5+13,3 86,8% 196,6+46,1 96,7%

a-wave | 18,275 16,7+2,7 91,7% 15,1+6,1 82,5%
Cone ERG

b-wave | 91,2421,0 | 49,0+6,0 53,7% 49,6+21,8 54,4%

According to the data of the amplitudes it is possible to analyze the changes in value of the signal, passed
through the retina. In the presence of disease, there is the reduction of the a- and b-waves. In addition, one can
change their culmination time (peak latency): it usually is delayed in the advanced stages of diseases, while
latency remains unchanged in the initial stages. The progression of the disease contributes to a significant
reduction in the amplitude and to a prolongation in the peak time of the ERG waves, resulting to the reduction of
visual functions.

Consider the model (BBN) for the POAG diagnosis on the basis of the analysis of maximal ERG (Fig. 5), where
Aa, Ab - the maximum amplitude of a- and b-waves; Ta, Tb - their peak time; Va, Vb - the conclusion on the
basis of input data, defining the disease; Iy - target event that corresponds to the common result of analysis of the
ERG (diagnosis).

Figure 5. BBN-model for the diagnosis on the base of maximal ERG
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The proposed model takes into account all the key values of standard ERG for POAG. At this step of POAG
diagnosis, only possible stage of POAG are the | and Il stages, therefore, we can note a number of peculiarities:
As, As - can take on different meanings depending on the type and stage of the disease in some range relative to
the average values of the amplitudes listed in the table. 1, for example, for the POAG stage |, each event has
three states: “more typical for the POAG stage I, “typical for the POAG stage I, “less typical for the POAG stage
I”. The zones of states can intersect, i.e. it is necessary to analyze all of the states, if the values of maximal
amplitudes of a- and b-waves are in the area of intersection; T,, T, - change only when the POAG of Il stage,
therefore, it is possible to allocate two states: “more than normal for a healthy person”, “normal for a healthy
person”; Vs, Vj - depending on the key values it is possible to ascertain the most appropriate state (diagnosis):
“The POAG stage I, “The POAG stage II” or “Healthy”; Iy - this is the event, which result in the analysis of all
conclusions according to maximal ERG, has states similar to Va, V5.

Consider a patient with the suspected POAG stage I. In Tables 2 and 3 the key values of the amplitude and peak
time of the a- and b-waves in the analysis of maximal ERG are set, as well as relevant event states and the
coefficients of confidence.

Table 2. Amplitudes of the a- u b-waves in the analysis of maximal ERG

Parameters A,- a-wave amplitude Ap — b-wave amplitude
uv 85,1 1771
% of Norm 82 % 87,1 %

The most appropriate event status

Typical for the POAG stage |
Less typical for the POAG stage |

Typical for the POAG stage
I

The coefficient of confidence, P(x), x=A.,

Ay

0,8 (typical for the POAG stage I);

0,75 (less typical for the POAG stage
),

0,8

Table 3. Peak latency (the culmination time) of the a- n b-waves in the analysis of maximal ERG

Parameters T. - the a-wave peak latency Ty — the b-wave peak
latency
pv 24 46
% of Norm 135 % 1241 %

The most appropriate event
status

exceeds the normal value

exceeds the normal value

The coefficient of confidence,
P(x), x=Ta, T

0,65 (As= “typical for the POAG stage I);

0,8 (As= “less typical for the POAG stage
")

0,65

The value of a-wave amplitude corresponds to the two states of events — “typical for the POAG stage I” and “less
typical for the POAG stage I”, one need to calculate the probability of execution of both events. The most likely
value of events states Vzand Vj is “The POAG stage I”. Set the probability of these events: P(V./As, T.)=0,68
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when A, = a “typical for the POAG stage I'; P(Va/As T:)=0,62 when A, = a “less typical for the POAG stage I’
P(Vs/As, T5)=0,68.

The final event for data analysis of maximal ERG is the event of Iy, which is the most probable consequence of
the patient disease or a denial in suspicion during the clinical examination. In this case it is necessary to confirm
or deny that the patient has the POAG stage I. The coefficient of confidence in this situation is: P(l/Va, V)= 0,95.
Calculate the joint probability of the event, provided that A, = a “typical for the POAG stage I”

P(As, Ta, Ab, To, Ve, Vi, In)=P(As) P(T:) P(As) P(Ts) P(Ve/ Aa, Ts) P(Vis/ As, To) Pl Vi, Vi)=0,119

In order to ensure that the result of the analysis of maximal ERG is the presence of the disease one need to
determine the highest value of the joint probability of events. When calculate the joint probability of the event,
provided that A, = a “less typical for the POAG stage I, we'll get P(As, Ta,Ab, To, Va, Vb, In)=0,125

Thus, the result (diagnosis) A, = a “less typical for the POAG stage I” has the highest value of the joint probability
of events. In order to ensure that the result of the analysis of maximal ERG is that the patient has the POAG
stage |, it is necessary to calculate the corresponding conditional probability (when the given events), which
determine the value of the key points on the ERG.

The calculation is made according to the formula

P(lu | AaTaAs Ts) = PllnAs, Ta,Ab, To) / P(As, Ta,Ab, To) = (P(lu,As, Ta,Ab, To,Va,Vb,) + P(l,Aa Ta,Ab, To, Vo, Vh,) +
P(/M,Aa, Ta,As, Tb,“Va,Vb) + P(/M,Aa, Ta,As, Tb,"Va,"Vb)) / ((P(Aa, Ta,An, Tp, Va, Vb,/M) + P(Aa,Ta,Ab, Tb,Va,"Vb,//\/l) +
P(Aa,Ta,Ab,Tb,"Va,Vb,/M) + P(Aa,Ta,Ab,Tb,"Va,"Vb,/M) + P(Aa,Ta,Ab,Tb,Va,Vb,"IM) + P(Aa,Ta,Ab,Tb,Va,"Vb,"/M) +
P(Aa, Ta,Ab, To,7Va, Vb, ) + P(Aa, Ta,Ab, T, 7 Va, 7 Vi, ).

After appropriate calculations we obtain the result 0.67 (67 %), meaning that in the analysis of maximal ERG of
the patient the most likely diagnosis is the presence of the POAG stage |, but this information is not sufficient to
confirm (or refute) the conformity of a given diagnosis to the reality, because, as it was already noted, the use of
BBN allows us to analyze just one of many possible diagnoses, in particular, the presence or absence of the
POAG stage I. To address this shortcoming, i.e. to conduct the comprehensive analysis with accounting and
other possible diagnoses, one can offer in addition to BBN also use the DSM, which allows to compare all the
available values, as a set of elements that characterize the disease.

For example, the value of V, can have three possible values (states). Depending on the entered values of the
amplitude and peak time of the ERG waves, one can set the probability of facilities for all possible states of the
event V.. Let each of V; states be considered as the opinion of one expert, who argues that when entered data
his conclusion is the most probable. Proceeding from this, one can determine intervals of the belief and
plausibility (likelihood) for each of the diseases. In Table 4 the corresponding values of measure, coefficients of
belie and plausibility, used for calculations are shown.

Selected values in Table 4 can be interpreted as the lower and upper boundaries of the intervals at which the
values of the corresponding probabilities are contains. According to the obtained data the values of the
probabilities for BBN can be then corrected. The combined use of the BBN and DSM allows improving the
effectiveness of diagnostics when increase of disease databases and methods of their analysis.
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Table 4. The values of the coefficients of belief and plausibility for the event V;

Events Measure | Belie | Plausibility
a value NULL 0 0 0
Healthy 0,05 0,1 0,15
POAG | stage 0,55 0,62 0,65
POAG Il stage 0,3 0,35 0,4
One of the (healthy, POAG I stage, POAG Il stage) 0,1 1,0 1,0

The prototype of the intelligent decision support system for glaucoma diagnostics

For realization of the prototype of diagnostic IDSS, promising artificial intelligent language Clips was selected
[Giarratano, et al., 2007]. Clinical trials of patients, data of various kinds of ERG and the conclusion of
ophthalmologists and physiologists are used as the input information. The output information is the diagnosis with
corresponding probability (confidence) and recommendation for treatments or for further examinations of the
patient. According to the data obtained in the analysis of different kinds of ERG, the database (evidence base) is
constructed that stores the original description of the task (information about the patient) in the form of verbal
descriptions. To build BBN and to operate with database of facts, the knowledge base (rules) is used, which
contains the methods for obtaining results.

Below there is a fragment of the program in language Clips with the sample of rule of adding a new element - the
maximum amplitude of a wave when it gets into the interval for the POAG 1 stage:

(defglobal ?*Vvod-Aa-m* = ()
(defrule opredelenie-Aa-max-ERG-2 ™
(declare (salience 98))
(not (varAa ?))
AaPOUG 1 st.)
=>
(printoutt "Select the interval at which gets the value of the maximum a-wave amplitude:" crif)
(printoutt "Response options" crlf)
(printoutt "[1] more typical of the disease POAG | stage" crif)
(printoutt "[2] typical of the disease POAG | stage" crlf)
(printoutt "[3] less typical for disease POAG | stage" crlf)
(bind ?*Vvod-Aa-m* (ask-question " Response: " 1 2 3))
(if (eq 7*Vvod-Aa-m* 1)
then
(assert (varAa more for POUG 1 st.))
(printoutt "Aa = more typical of the disease POAG | stage" crlf)
else
(if (eq ?*Vvod-Aa-m* 2)
then
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(assert (varAa norm for POUG 1 st.))
(printoutt "Aa = typical of the disease POAG | stage" crif)
else

(if (eq 7*Vvod-Aa-m* 3)
then

(assert (varAa less for POUG 1 st.))

(printoutt "Aa = less typical for disease POAG | stage" crlf))))
(assert (labelAaSingularlabel
Plurallabels)))

After we set in the system many facts to describe events A,, As, Ta, Tp based on the coefficients of confidence,
the search of rules is performed for the determination of status of events V,and V. In the search process one
can be a situation when several rules are followed that form the certain set of facts under the same conditions.
This is because the extrema of the a- and b-waves can correspond to several states. In this case the highest
value of the conditional probability of an event I, is used.

In Fig. 6 an example of the dialog box for DMP is shown when specifying the patient data at the maximal ERG.

Note that this example demonstrates only use one of the methods of diagnosis (BBN), and does not show the
final result.

Conclusion

In conclusion we note that the proposed formal apparatus and implementing it software tools are included in the
basic tools of constructing of modern IDSS, including IDSS RT, on the basis of integrated methods and models of
knowledge representation and decision making in the conditions of different types of uncertainty (incomplete,
incorrect, unclear, contradictory) in available information (data and knowledge).
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Er-dBBle ) B-FlEE% ¢ B

[ CLIPS FV ] - version FV-7.0 (20.09.2002. Moscow.Master)
CLIPS7> (Load)

3arpy=ka: C\ClipsFV\POUG cls

TRUE

CLIPS7=> resef)

CLIPS7> (run)

BriGepUTe pe3ynbTaT aHANKSE KIMHWYECKKX 06CNeN0BaHUIA
BapuwaHTel oTBETE:

[1]MNonozpenmne: 3aopoe

[2] Nonozpenwe: TTOYT 1cT.

[3] MNooozpenwne: NOYT 2T,

Oteet: 2

MonozpeHne: NOYT 1cT.

BriGepeTe MHTEPEAN MEKCMMANEHLIX 8MINIMTYL 3-BOMHSL
BapwaHTel 0TBETE:

[1] zHaueHWe EXOOMT B AMENA30H 300pOBOr0 YeNoBeKa

[2] 2HaveHme BxoaWT B AmanazoH MOYT TcT.

[3] zHaveHwre exoomT B OManaszoH MOYT 2 cT.

Oteet: 2

3HaueHWe BxoomMT B AvanazoH MOYT TeT,

BriGepeTe MHTEpPEAN B KOTOPLIA NONagaeT 3HaYEHWE MEKCHMMaNbHOR aMINUTY.OL 3-BONHLL
BapwaHTel 0TBETE:

[1] 6onee TMNMuHoro ana zatonesadna MOYT 1cT.

[2] TwnuuHo onA zaGoneeaHua MNOYT 1cT.

[3] meHee TMNruHoro ana 2aconeeaqwa MNOYT 1cT.

Oteet: 3

Aa = MeHee TUNMUYHOro OnA 3aGonesanna MNOYT 1cT.
BriGepeTe MHTEpPEAN B KOTOPLIA NONagaeT 3HaUEHWE BPEMEHMN KyTNEMUHELMN S-BOMHEI
BapwaHTel 0TBETE:

[1] Bonbwe HopMLl ANA 300p0BOrO YeNoBEKE

[2] HopMa onA 200poBOrD YenoBeKa

OteeT: 1

Ta = Gonblle HOPMEI ANA 300P0BOro YENOBEKa

PezyneTaT aHanwza SKCTEMYMOE 3-BOMHSL

Va =0T 1cT.

BriGepeTe MHTEPEAN MEKCMMANBHLIX 8MINMTYL b-BOMHSL
BapuwaHTel 0TBETE:

[1] 2Ha4eHme BXOOWT B OManNaz0H 300pP0B0Oro YeNoBeKa

[2] zHaueHKe ExoOMT B OManazoH MOYT 1cT.

[3] 2HaueHme BxoaWT B OmanazoH MNOYT 2 cT.

OTteeT: 2

3HadeHwe BxoamT B AranasoH NOYT TcT.

BriGepeTe MHTEpPEAN B KOTOPLIA NONagaeT 3HaYEHWE MEKCHMManNbHOR aMMNUTY.O6 b-BONHLL
BapmaHTel oTBETAE:

[1] Bonee TunuuyHoro ana 2asonesanwa MOYT 1cT.

[2] TvnuuHo onA zadoneeanna MNOYT 1cT.

[3] MeHee TNKMuHoro Ana 2asonesanHna MNOYT 1cT.

OTteeT: 2

Ab = TMNuuHo AnA zaconesaHnA NMOYT 1cT.

BriGepeTe MHTEpPEAN B KOTOPLIA NONagaeT 3HaUEHWE BPEMEHMN KyNEMUHELMK b-BONHEI:
BapmaHTel oTBETAE:

[1] onkwe HOpMLI ANA 300p0BOI0 YeNoBEeKa

[2] HopMa AnA =0opoBOro YENOBEKE

Oteet: 1

Thb = GonblWwe HOPME! ONA 300pOBOr0 YENOBEKE

PesyneTaT aHanwsa 3KCTEMYMOE b-BOMHSL

Vb =T0YT 1cT.

PezyneTat aHanwaa MakcuMmaneHol 3PT:

Im=T0OYT 1cT.

YenoBHan BEepoOATHOCTE BRINOMHEHMA COGLITAA IM NpW EXOOHLX 08HHLX 3KCTPEMYMOE a, b-eonH:
P(IM]Aa, Ta, Ab, Tb)=67%

CLIPS7=

]

BinonHMTE Koraday [run)...

Figure 6. Example of a dialog box for DMP
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NOVEL METHOD FOR ANALYSIS OF FINGERPRINT POROSCOPICAL MAPS
David Asatryan, Grigor Sazhumyan, Bagrat Sakanyan

Abstract: During last decades grows the interest of investigators to the methods of using the third level features
for increasing identification accuracy in automated fingerprint recognition systems. It was noticed that the
poroscopical maps carry important information about fingerprint pores, namely, their number, sizes, coordinates
efc. However, at creation of automated identification technique, there arises a problem in connection with
impossibility of using directly the pixel-by-pixel comparison methods of corresponding images. In this paper, we
propose technique for comparison of poroscopical maps, based on using investigated earlier structural proximity
assessment measure, which was determined using the gradient field of images. The poroscopical map is
determined using some known algorithms of image processing, namely binarization, segmentation etc. The
results of poroscopical maps processing and comparative analysis of some items from the database of Hong
Kong Polytechnical Institute are given. It is shown that the proposed technique for poroscopical maps processing
can be used in AFRS for increasing the accuracy of fingerprint identification.

Keywords: Fingerprint, third level, pores, poroscopical map, gradient field, image proximity assessment.

ACM Classification Keywords: Image Processing and Computer Vision

Introduction

Fingerprint recognition is widely popular but is a complex pattern recognition problem. The information contained
in a fingerprint can be categorized into three different levels, namely, Level 1 (pattern), Level 2 (minutia points),
and Level 3 (pores and ridge contours) [Jain, 2007]. Most existing automated fingerprint recognition systems
(AFRS) utilizes only level one and level two fingerprint features for personal identification [Jain, 2003). Level-three
fingerprint features like pores, are also very distinctive, though they are seldom used [Stosz, 1994]. During last
decades more and more researchers are exploring how to extract and use level-three features in AFRS.

Figure 1. Overlapped positions of two fingerprint pores
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Many methods have been proposed for fingerprint pore detection, extraction and matching. Large class of
algorithms for pore extracting directly from a Gray scale image has been proposed in [Jain, 2007]. A review of
pore extraction methods are considered in [Zhao, 2010]. Usually a pore is considered as extracted when the pore
center coordinates becomes known. Then the coordinates of two fingerprint pores are compared by overlapping
corresponding maps of pores positions as it is shown in Figure 1 (a fragment from the map of [Parsons, 2008]).
Then the proximity of corresponding coordinates is estimated by using visual analysis.

The next important problem is poroscopy, which means study of the configuration, size, and relative positions of
extracted pores. Poroscopy also involves a comparative study of the pores visible in impressions left at the site of
a crime and in the fingerprints of an identified person.

The comparative study usually is performed by visual comparison of the positions of the pores on the
poroscopical maps which are overlie in an appropriate manner. Using measures based on the mean-squared
error doesn't solve the problem due to uncertainty of the coordinates of centers of pores. This fact is especially
important in AFRS. Unlike to such measures the human visual system (HVS) can solve the poroscopical maps
comparing problem. In several papers it is noted that HVS extracts substantive and/or structural information from
an image (see, for example, [Bovik, 2002]). Therefore in many cases HVS can have certain advantages vs.
formal methods. During last decades there proposed some formal methods in the scientific literature which give
the results comparable with HVS results [Bovik, 2002; Bovik, 2004].

An approach to image quality assessment based on structural properties, is investigated in [Asatryan, 2009]. A
measure using the information of two image gradient magnitude distributions is offered, which gives the results
similar to the HVS perception. Some applications of the mentioned measure show its low sensitivity to image
scaling or/and rotations [Asatryan, 2010]. This paper is devoted to testing the ability of the specified measure for
poroscopical investigations.

In Section 2 the closed pore extraction method and a technique for poroscopical map creating is described which
is based on segmentation procedure using also Otsu method for image binarization. Section 3 devoted to
application of method [Asatryan, 2009] to the poroscopical maps comparison problem. Section 4 includes some
experimental results obtained by proposed technique.

Proposed Technique for Fingerprint Pore Extraction

We use the technique for closed pore extraction, which is described in [Asatryan, 2012]. A closed pore assumed
to be as a segment, i.e. it is a set of pixels which satisfy the following requirements:

e |t consists of connected pixels, i.e. every pixel from the set has neighbors only from the same set;

¢ The intensity of the pixels from the set and the intensity of the pixels from outside of that set belong to
different value intervals.
The extracting algorithm consists of following steps.

Step 1. The Gray Scale image is binarized by Otsu method [Otsu, 1979]. This method allows good enough
binarization of fingerprint and is applied in many papers on image processing. As a result of binarization we have
new image with pixels of intensity “0” or “255”.

Step 2. The binarized image is inverted. This means that the black pixels of binarized image turned into white and
vice-versa. This operation is performed to have the extracted pores of black color in the white background (it is
more convenient for printing processes).
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Step 3. The binarized and inverted image is fully segmented. As a result we get K segments with pixels of two
intensities. Thus the closed pore will look as a black segment.

Step 4. Let n, be the number of pixels of k -th segment, k =1,2,....K . Let (T, T ..) be the interval of

acceptable sizes for closed pores. This interval must be determined by prior consideration of fingerprint scanner
resolution and known sizes of closed pores from special investigations. For example according to [Zhang, 2010]

T..=3T,. =30 for scanner with resolution of 1200 dpi. More detailed analysis of fingerprint scanner

>~ max

resolution requirements and corresponding pores sizes is given in [Busselaar, 2010].
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Figure 2. Fingerprint 5-1-1 and its poroscopical map (7., =3,7. . =30)

Step 5. Extracting pores, i.e. all segments with 7. <n, <T__, k=12,...,K . Creating the poroscopical

map by locating the images of pores on the map of fingerprint sizes. Figure 2 shows an example of fingerprint
and corresponding poroscopical map.
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Figure 3. Frequency polygon of sizes of extracted pores
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We check the size of each pore, i.e. the number of pixels it contains. The size of chosen pores varies within the
pre-specified range of valid pore size (from 3 to 30 pixels in our experiments). General number of extracted pores
=7, the
average pore diameter increases up to 74 micron. The frequency polygon of sizes of 194 extracted pores is
shown in Figure 3.

is 194, average size is )_c:5.85, which corresponds to pore diameter of about 60 micron. If 7°

min

Comparison of Poroscopical Maps of Two Fingerprints

The method originates in a new approach to the problem of image quality assessment, described in [Asatryan,
2009]. According to that approach the set of gradient magnitudes is considered as a feature of an image. A
measure for quality assessment is created to use the information contained in two image gradient magnitude
distribution. Such measure gives the results similar to the HVS.

Let's describe briefly above mentioned quality assessment measure. The related algorithm consists of the
following steps.

Step 1. Calculate the gradient magnitudes HA‘, (m,n)” for both considered images, j=1,2, m =0,L,..., M

j El

n=0l..,N,~1.

Step 2. Assume that the gradient magnitudes HA‘,(m,n)H are two-dimensional independent random variables

with Weibull distributions F;(x;m,,0,) and F,(x;n,,0,) . Parameters n,,6,,M,,0, are estimated by the
gradient magnitude samples of two images.

Step 3. Calculate the proximity of the images by formula

W= min(1,,M,) min(G,,0,) 0<w2<1.
max(n;,M,)max(c,,c,)

(1)

The measure (1) is invariant to sizes and rotations [Asatryan, 2010]. It has tested for certain images and showed
the results more corresponding to HVS, than usual mean-square measure.

The main purpose of this paper is to demonstrate a method of comparison of two poroscopical maps to estimate
its proximity.

Experimental Results

Fingerprints with pores in the series of experiments were chosen from High-Resolution-Fingerprint (HRF)
Database of The Hong Kong Polytechnic University (PolyU [Hong Kong]). The fingerprints in this database were
captured by resolution of 1200 dpi.

We have performed two series of experiments. In the first series we have chosen five transformed issues of the

same fingerprint. The poroscopical maps of these fingerprints are determined by method described in Section 2
and shown in Table 3. The pixel-by-pixel comparison of these maps does not give any reason to identify the
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corresponding fingerprints, while the proximity measure W? described in Section 3, shows high proximity
between the mentioned items (see Table 1).

Table 1. Values of proximity measure W* between different maps for transformed items of the same fingerprint.

211 212 213 214 215
2-1-1 | 1 0.859  0.81 0876 0.874
2-1-2 1 0942 0.753 0.984
2-1-3 1 0.71 0.927
2-1-4 1 0.766
2-1-5 1

Table 2. Values of proximity measure W?* between maps of different fingerprints.
2-1-1 412 69-1-5 54-2-5 58-2-2
2-1-1 |1 0.078 0.392 0.026 0.179

4-1-2 1 0.199 0334 0435
69-1-5 1 0.067  0.457
54-2-5 1 0.146
58-2-2 1

Then, different fingerprints from the same database are collected in Table 4. The proximity measure between

poroscopical maps of these fingerprints are given in Table 2. The values of proximity measure W? are
significantly less than presented in Table 1. Though in Tables 1 and 2 there are presented only a few samples
from the specified database, the considered results show that the poroscopical maps can be processed by
proposed technique and being used in AFRS will increase the recognition accuracy.

Conclusion

In this paper, a technique for poroscopical maps creating and analyzing is proposed. It is assumed that a closed
pore is a segment in the fingerprint image which can be extracted and simplified after binarization and inversion
of the fingerprint. Binarization threshold can be estimated by Otsu method. The size of the segments are
preliminary determined with a glance of fingerprint scanner resolution that must be enough high. Thus all the
extracted segments are depicted in the map which is considered as a poroscopical map. The proximity of two
chosen map is estimated by technique described in Section 2. The results obtained by experiments show that the
information containing in the poroscopical map can be used for AFRS investigations being processed with
fingerprint features of Levels 2 and 3 and have a resource for increasing the accuracy of fingerprint recognition.
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Table 3. Transformed items of the same fingerprint and corresponding poroscopical maps
r =3T_ =30

min >+ max

2-1-3 2-1-4 2-1-5

Table 4. Different fingerprints and corresponding poroscopical maps (7

min — Y2 max

2-1-1 4-1-2
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JOINT STUDY OF VISUAL PERCEPTION MECHANISM AND COMPUTER VISION
SYSTEMS THAT USE COARSE-TO-FINE APPROACH FOR DATA PROCESSING

Anton Sharypanov, Alexandra Antoniouk, Vladimir Kalmykov

Abstract: Aspects of visual perception mechanism and pattern recognition methods are examined jointly. Latest
results from neurophysiology in studying the visual system of living beings are discussed. Another view on
coarse-to-fine approach for technical vision tasks is presented. On the basis of systemological analysis of
neurophysiology sources a new hypothesis about visual neuron's functioning is proposed. This hypothesis
explains the mechanism and takes into account receptive fields excitatory zones resizing during visual act.

Keywords: coarse-to-fine, neurons of visual system, intercellular processes, pattern recognition, image
processing, variable resolution

ACM Classification Keywords: I.4.1 Digitization and Image Capture, 1.5.1 Models

Introduction

State of the art in technical vision, various approaches to pattern recognition, image processing and object
detection tasks shows that researchers frequently meet the problem of great computational complexity,
particularly — the problem of great time and machine resource consuming. One of the strategies that solves these
problems is so-called “coarse-to-fine approach”, i.e. the technique of refining initial data that exclude
inappropriate objects or irrelevant ranges of the image on earlier stages of processing in order to apply
computationally intensive part of the algorithm to reduced volume of data. One of the variants of this approach is
to use a coarse-to-fine modification of known algorithm, suitable for solving the particular class of problems.

For example, in [1] proposed a multi-resolution part based model and a corresponding coarse-to-fine inference
algorithm which is extremely efficient. The method is based on the observation that matching of each part of the
image is the most expensive computational operation in comparison to detection of significant parts and
computation of their optimal configuration, so the minimization of number of part-to-image comparisons implies
detection acceleration. Starting from matching the lowest resolution part the method selects only the best
placement in each image neighborhood. These locally optimal placements are then propagated recursively to the
parts at higher resolution. By recursive elimination of unlikely part placements from the search space, the set of
possible locations is narrowed so that the computation of only few part-to-image comparisons is performed. This
method gives a ten-fold speed-up over the standard dynamic programming approach.

The algorithm in [2] follows the same idea of discarding of large regions from the hypothesis space at an early
stage of the recognition however the object detector for each resolution is not the same. Each detector uses
inexpensive tests on the image features and narrows down the set of possible variants to a smaller number,
which are explored in greater detail by the next detector. Also each detector computes a quantity for each region
of hypothesis space; this region is accepted for consideration at the next level of resolution if the quantity exceeds
a given threshold. All thresholds are set automatically based on probabilistic measurements.



288 International Journal "Information Content and Processing", Volume 1, Number 3, 2014

Coarse-to-fine strategy application to vehicle motion trajectories clustering is discussed in [3]. Raw trajectories
are clustered into “coarse clusters”. Each “coarse cluster” consists of trajectories having very similar directions,
but with different positional characteristics. The feature for further fine clustering is trajectory resampling point set,
and the Euclidean distance is used as the distance measure between two trajectories.

For face recognition, a coarse-to-fine procedure can be implemented by sequential application of different face
recognition methods in order to reduce the candidate examples on each step. In [4] the decision process is
developed through consecutive stages, such as “one-against-all (OAA) of SVM (support vector machine)”, “one-
against-one (OAQ) of SVM”, “Eigenface”, and “RANSAC”. The stage 1 “OAA of SVM” and stage 2 “OAO of SVM”
uses the discrete cosine transform features extracted from the entire face image. On stage 3 “Eigenface” face
images are projected onto a feature space (face space). The face space is defined by the “Eigenfaces”, which are
the eigenvectors of the set of faces and based on intensity information of the face image. “RANSAC” is applied in
the last stage, in which the epipolar geometry method with space information of the testing image is matched with
the two training images, and then the image with the greatest match numbers of and the shortest distance to

corresponding feature points is selected.

The task of establishing the correspondence between pixels in two images (finding a markup) with human faces,
addressed in [5], is effectively solved by building “cascades” of markups. The resolution is decreased two times in
both initial images per cascade and new markup for them is built. After that the starting approximation for initial
markup is defined based on the new markup and the field of motion is searched but with less quantity of
markings. The algorithm that solve the task utilizing one “cascade” runs eight times faster while preserving
accuracy in finding the field of motion for two images.

Examples of dynamic programming (DP) application to recognition problems are numerous and include speech
recognition, character recognition, deformable template matching, soft decoding and road tracking. However such
problems often lead to enormous state spaces and the computations can be infeasible, even with DP. To
overcome this obstacle, in [6] proposed a variation on DP - coarse-to-fine dynamic programming (CFDP). The
essential idea of this algorithm is to form a series of coarse approximations to the original DP trellis by
aggregating trellis states into “super states”. For each coarse approximation, the optimal path is found using DP
with “optimistic” arc costs between the super states. The super states along this optimal path are refined and the
process is iterated until a demonstrably globally optimal path is found. In many cases this global optimum is
achieved with considerably less computational expenditure than straight DP. This CFDP algorithm is particularly
well-suited to DP problems with large state spaces. According to [7], the speed of CFDP depends on the structure
of the grouping and the nature of the problem. In the best case, CFDP gives a large computational savings over
standard DP; in the worst case, it will actually be slower.

The goal of coarse-to-fine approach in mentioned cases is to reduce intensive processing only to some regions of
starting image or to some parts of initial dataset containing the information that seems to be useful and no mater
what the particular coarse-to-fine mechanism is used.

But many of the image recognition problems that result in NP-complete tasks or even can not be addressed with
traditional methods are solved by human visual system in less than no moment. It definitely looks like one can
benefit from studying the processes taking place there to reach the level of performance comparable to that of the
visual system. In previous decades researchers have already tried to examine some aspects of image processing
in conjunction with contemporary results in neurophysiology.



International Journal "Information Content and Processing", Volume 1, Number 3, 2014 289

Investigations on changes in spatial sizes of direction-selective cells in the primate visual system [8] has inspired
Battiti et al. to study how integrating motion information across different spatial scales could help improving the
estimate of the optical flow. An adaptive multiscale method, where the discretization scale is chosen locally
according to an estimate of the relative error in the velocity estimation, based on image properties was proposed
in [9]. This coarse-to-fine method provided substantially better estimates of optical flow than did conventional
algorithms, while adding little computational cost.

It will be shown in the following paragraphs that studying the processes taking place before V1 visual cortex
seems to be useful for developing new efficient methods in technical vision systems construction.

On mechanism of visual perception

Objects of concern are retinal ganglion cells and LGN neurons found in visual system (visual neurons) and their
receptive fields. It was discovered [10, 11] that the sizes of receptive fields' excitatory zones change during the
visual act, which eventually mean dynamical changes in visual system's resolution. It is known that the receptive
field of a visual neuron consists of many receptors that send signals to it through one or more synapses [12].
Receptive field is circular in simplest case. The functioning of such visual neuron is studied for its action
potentials in response to stimulus — a circle on image, contrasting relative to the background, which is projected
onto the retina at a given time interval.

Human visual system operates in a sequence of visual acts that last for ~150ms each. After that period a
saccade (oculomotorius muscles' twitching) happens, the image on retina shifts and the next visual act begins.

The fact that the size of receptive fields' excitatory zones does not stay stationary during visual act was
established in the course of research work in [10]. Excitatory zone diameter is the minimum diameter of stimulus
at which the maximum number of neuron responses is achieved. In order to get quantitative description of
changes in receptive field's excitatory zone the time slices method was proposed. This method is based on the
assumption that if the diameter of excitatory zone changes during visual act, then the maximum number of spikes
from this neuron matches the time interval when diameter of excitatory zone meets the stimulus diameter or their
diameter values varies insignificantly.

The time slices method for obtaining the diameter of excitatory zone as a function of time is used as follows. Post-
stimulus histograms (PSH) that represent the responses of neuron on circular stimuli of different sizes were
divided into a series of sequential temporal intervals (7.5 or 15ms each) and the number of spikes in each interval
was determined (Figure 1 [10]). The time slices method also allows determining the serial number of temporal
interval with maximal neuron responses. The bigger the size of stimulus, the earlier maximal response is
achieved, so one can conclude that the diameter of round receptive field excitatory zone of a neuron changes in
the course of visual act, namely it shrinks from maximal to minimal, up to 1-2 receptors in the case of ganglion
cell. Thus there exists maximal resolution for visual system defined as the number of receptors in the field of view
center and the variable resolution that changes during visual act. Variable resolution is determined by the size of
neuron's receptive field excitatory zone.
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Figure 1 [10]. Neuron responses on stimuli of 6 different sizes
n axes represents the number of spikes in corresponding time slice Af;.
Maximum number of spikes corresponds to interval where the size of stimulus meets the excitatory zone size.
a — decreasing of receptive field's excitatory zone area during visual act.

Temporal response pattern and dynamics of receptive field structure in single lateral geniculate nucleus (LGN)
neuron of a cat using static spot stimuli flashed on the receptive field for 400-500 ms were studied in [11]. Spatial
receptive field parameters from spatial summation curves, determined for successive 5-ms intervals throughout
the stimulus period, were estimated (Figure 2 [11]). Thereby it was possible to study dynamics of the response
properties during periods similar to those in natural fixations, and with a method that did not presuppose a linear
system. The results showed pronounced changes in the receptive field structure during the spot presentation.

Initially, the neurons had wide receptive field centers. The center rapidly shrank to a minimum that occurred on
average ~70 ms after stimulus onset whereupon the center widened slightly [11]. Thus the maximum spatial
resolution occurred in a brief time window after onset of stimulation. In parallel, the center-surround antagonism
increased. The changes in spatial resolution did not follow the changes of firing rate. The initial strong burst of
action potentials appeared earlier than the maximal spatial resolution. The authors state that these results are
consistent with the hypotheses that the firing pattern of the neurons during brief static stimulation initially
mediates a strong but spatially coarse message to cortex that gradually changes into a weaker, but spatially more
precise message.

For all the nonlagged cells, there was a pronounced change in the selectivity for spot size during the spot-on
period. At the beginning of the period, the neurons responded well to a broad range of spot sizes, but
subsequently, the response was restricted to a gradually narrower range of the smaller spots.
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The quantitative estimates of the receptive field center width revealed pronounced changes during the stimulus
presentation in all the nonlagged cells, in particular during the first 150 ms after spot onset. The receptive field
center was initially wide, but rapidly shrank to a minimum. In the majority of neurons, the center thereafter
widened again such that the minimal size occurred only briefly.
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Figure 2 [11]. Schematic illustration of method for studies of dynamics of receptive field properties

A: peristimulus time histogram (PSTH) with 5-ms bin width was determined for response to each of a series
circular spot stimuli presented on receptive field for 400-500 ms. Spots differed in width from smaller than
receptive field center to larger than whole receptive field. PSTHs for different spot sizes were used (shown by 6
schematic PSTHs). Time slices through whole set of histograms were made for each 5-ms bin, and set of
response vs. spot width values in each time slice was used to make a spot width tuning curve for respective time
after stimulus onset , shown by 3 schematic tuning curves in B. C: in each tuning curve, width of spot that gave
maximum response (R¢) was taken as estimate of width of receptive field center (D), width of smallest spot that
gave minimum response (Rcs) was taken as estimate of width of receptive field surround (Ds), and reduction of
response from maximum to minimum divided by response maximum was taken as estimate of center-surround
antagonism at respective time.

Contrary to that the lagged cells showed no clear dynamic changes in the spatial structure of the receptive field.
When the response appeared, the neuron already had a small receptive field center [11].

Also the hypothesis that a small stimulus spot will initially activate many neurons, most of them only transiently
was checked (Figure 3 [11]). The conditions when the stimulus falls outside of the receptive fields centers during
their shrinkage were modeled. For all three positions, there was an initial transient response, but the subsequent
sustained response that occurs to a small spot in the minimum receptive field center was lacking in these cases.
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Figure 3 [11]. Initially wide RFCs suggest that number of activated neurons decrease during stimulation

A: schematic illustration of hypothesis. B-D: eccentric stimulus spots presented outside minimum field center
(small center circle) but inside maximum field center (large circle) gave a fast initial response that disappeared as
center shrank toward minimum. Only responses over the 1st 150 ms of a 500-ms stimulation period are plotted.
Dotted line before stimulus onset shows level of spontaneous activity. Nonlagged cell. Bin width in histograms, 5
ms. Number of spot presentations at each location (interleaved) was 100.

The conducted experiments with combined S-potential and action potential recordings showed that the initial fast
shrinkage of the receptive field center was present already in the retinal input to LGN neurons. The degree of
shrinkage was similar for the retinal input and the LGN neuron, and apart from the faster shrinkage in the LGN
neurons, the temporal pattern of the shrinkage was also similar.

However the authors mention that mechanisms for generation of center width dynamics in retinal ganglion
neurons are unclear, so further studying of intracellular processes is needed.

The fact that an optimal visual stimulus flashed on receptive field center in retinal ganglion cells typically evokes a
strong transient response followed by weaker sustained firing and so happens in thalamocortical (TC) neurons of
LGN in a state-dependent manner is well-known and described in literature, but the mechanisms by which
transient firing changes to sustained are less well known. One of the results obtained in [13] shows that constant
frequency pulse train stimulation of retinal afferents causes depolarization through temporal summation of
excitatory post-synaptic potentials (EPSPs) in TC neurons (Figure 4 [13]) which occurs no matter what the
holding potential of the cell membrane was set but the value of the holding potential influenced the ability of TC
neurons to generate spikes in later part of the train.

In this study the holding potential of a cell was adjusted to different steady state values by direct current injection
through recording electrode at the beginning of each experiment and didn't change during particular
measurement. The authors suggest that regulation of the sustained response through the level of the membrane
potential is a key mechanism for regulation of the strength of input to cortex depending on states like arousal,
attention etc.
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Another aspect of coarse-to-fine approach in computer vision

Researches in the field of visual perception physiology and creation of information technologies for automatic
processing of visual information (technical or computer vision in other words) are fairly interconnected domains of
human activity. Indeed, the subject in both disciplines is the study of visual perception. For physiology of vision
the subject is the visual perception of humans and animals, while one of the subjects for computer sciences is
creation and testing of technical vision means. The progress in one of these domains would initiate the progress

in the other.
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Figure 4 [13]. Firing pattern of a TC neuron at different holding potentials evoked by pulse train stimulation of
retinal afferents

The frequency of pulse train was 50 Hz. Holding potentials are indicated to the left of the trace. Timing of stimulus
pulses is indicated by arrow-heads below the traces, and can also be deduced from the stimulation artifacts on
the traces (truncated). Spike amplitudes were truncated at 0 mV. At -75mV, as expected, the pattern was
dominated by a short-latency low-threshold calcium potential, and the elicited action potentials lacked precise
timing with respect to the single pulses in the stimulus train.

Unfortunately mutual results’ interchange between these disciplines doesn't happen, maybe due to weak
interaction among specialists representing different sciences and different methods that are typically used by
them.

In the field of image recognition and image processing it wasn't paid much attention to prototyping computer
vision from neurophysiological aspects of visual perception (see, for example [14, 15]) or simplified models were
considered [16].
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It is used to suggest [15] that initial image for processing is presented in analogous form. As a rule the image is
bounded by rectangle - field of view — with dimensions that are suitable for processing. The initial image should
always fit this rectangle and fill it if possible.

The first operation one do with image being processing is field of view discretization and brightness quantization
for colors in image palette. The following parameters of computer vision system are chosen according to practical
considerations: resolution — the number of discrete, usually squared, elements of image — pixels — that fit in one
measurement unit (inch, centimeter); the size of image in pixels; the set of values of brightness that each pixel
can take value from for each of basic colors (grayscale, RGB, etc.).

It is suggested that the resolution of computer vision system is best suited for specified class of images being
processed. This will not lead to unnecessary details being arising with extremely high resolution (like object’s
contour distortion) and to essential details of the objects being disappearing when the resolution is extremely low.
The form of quantization function and the number of brightness levels for colors should conform to images being
processing in terms of ability to display the essential details of the object in exactly the same way.

Thus the image can be presented as a two-dimensional array V(N, M) having width N and height M. Each
element v(n, m) of this array corresponds to either the brightness of pixel with coordinates n, m for grayscale
image or to brightness values of basic colors (e.g. red, green, blue) for color image. This array can be treated as
a matrix or a vector depending of what the mathematical methods are chosen.

A lot of methods and algorithms for dealing with image which is presented as a matrix or a vector are developed
and applied successfully. Most of them are successfully used for grayscale image processing if discretization and
quantization are chosen adequately for that class of images. At the same time the following should be mentioned.
For example if the image is processed by means of statistical recognition methods, the brightness values of all
pixels in the image are used for determining the measure of similarity of two images f(V1, V5). But the pixels in the
image usually belong to either object or background. In this case the result of recognition not only depends on
pixels brightness of the object but also from brightness values of background pixels that in major cases is not
acceptable. Consider an image consisting of a line of arbitrary text on a one-color background and another one
where the same line of text is placed over an arbitrary grating (Figure 5). The text on (Figure 5a) can be
processed by both statistical and structural methods of recognition.

AOS5H7

a) Neutral background; b) Square grating in background

Figure 5. Examples of image with arbitrary text

The text on (Figure 5b) is a far more complex task for recognition. If statistical methods for similarity computing
with reference image are applied, the result will be distorted due to pixels belonging to background, but
representing an arbitrary placed grating. It is not guaranteed that mutual placement of grating lines and text in the
field of view of the image will be the same for arbitrary imposition and subsequent digitization. If attempting to use
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structural methods of recognition for images like (Figure 5b) it will not be possible to get the contours of the
objects. In this case the contours of grating cells will be selected instead of object contours.

At present time the attention of specialists is drawn to tasks dealing with recognition of textures. Grating being
placed over text on image is a particular case of them. But methods for texture recognition generally far beyond
the complexity of text recognition, face recognition etc. That fact hampers the application of such methods for
mentioned tasks significantly or even eliminates the possibility to use them. Similar situation with some
differences happens when the grating being placed over the text is of same color as background (Figure 6). For
statistical methods computed similarity with reference image will be distorted due to pixels belonging to objects
but representing the arbitrary placed grating. The mutual placement of text and grating, again, may be different
from image to image after digitization. Attempting to apply the structural methods to images on Figure 6 will give
the same result as for image on Figure 5b — the contours of grating cells.

At the same time visual perception cope with similar tasks insensibly, seemingly on subconscious level.

The method of time slices for examining the resizing of receptive field's excitatory zone (Figure 1 [10], Figure 2
[11]) shows that the time of getting the maximum number of spikes on the neuron’s output counting from the
beginning of visual act depends on the size of stimulus. It is possible to suggest that making a decision versus
image in visual system happens when the maximum number of spikes on the neuron’s output is reached, in other
words — decision can be made for images with different resolution. It is naturally to conjecture that the best
resolution for decision making is selected in visual system in the sense of image processing, when the
unnecessary details don't arise and the essential parts of objects don't disappear.

a) b)
Figure 6. Grating of the same color as background being placed over the text. Images on (a) and (b)
have different width of grating lines

It is possible to suggest that it is the processing of observed low resolution images at the beginning of visual act
that makes possible consistent visual perception of symbols on different background. Therefore if some optical
character recognition (OCR) program would successfully process the image on Figure 5a digitized with low
resolution, then it should also successfully process the images from Figure 5b, Figure 6a and Figure 6b digitized
with the same value of resolution. A simple experiment with a well-known OCR program FineReader can be
conducted in order to check this statement.

The initial dataset consists of four images (Figures 5a, b; 6a, b) 900x280 pixels each, having resolution of 72x72
pixels per inch. The meaningless combination of symbols “A65H7" was chosen intentionally, in order to eliminate
the influence of dictionaries on the result of recognition.

The text on Figure 5a was recognized successfully. Processing of the rest three images gave denial of
recognition because of inability to find (determine) an object on image. On Figure 7 the same four images as
Figures 5 and 6 but digitized with six times lower resolution are presented. Then the text string was recognized
successfully on all of them.
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c) d)
Figure 7. Images having 6 times lower resolution:

a) and b) are from Figure 5 (a, b); and c) and d) are from Figure 6 (a, b)

This experiment clearly shows that the concept of optimal resolution in the sense of processing results may be
applied not only to whole image but to each object on it. In this case coarse-to-fine approach was used for
different purpose: not to decrease the number of calculation-intensive operations but to solve the problem that
can not be addressed at all by traditional methods.

Hypothesis about visual neuron’s functioning at the time of action potential generation

Proposed model of visual neuron's functioning at the time of action potential generation is developed on the basis
of systemological analysis of known ideas [17] about neurons' functioning and results of other researchers,
presented above. It is an attempt to explain the mechanism and to take into account receptive fields excitatory
zones resizing during visual act.

It is known that maintenance of stable resting potential of cell membrane is achieved due to chemical and
electrical gradients equilibrium of potassium and chlorine ions. Being changed randomly, the value of membrane
potential is restored in the course of potassium and chlorine ions’ transfer through membrane channels. To be
exact, chlorine ions transport inward the cell and potassium ions transport outward the cell during membrane
depolarization. Considering the neuron as a system, the transport of chlorine ions inward the cell should take
place not only in dormancy state but especially during depolarization at the time of action potential generation.
Total restoration of chlorine ions’ chemical gradient presumably happens at the end of visual act.

Thus the key concept in our approach is to take into consideration the influence of cell membrane chlorine
conductance at the time of action potential generation in the context of whole visual act.

Under the influence of excitatory receptors post-synaptic potential and also with no impact of inhibitory receptors
the potential-dependent sodium channels start to open. Sodium flow increases and depolarization increases t0o,
resulting in opening more sodium channels, so the intracellular membrane potential increases up to the value of
sodium equilibrium potential.

While sodium flow increments and depolarization increases, chlorine ions enter cell through membrane pores due
to concentration gradient while counteractive electrical potential decreases. Furthermore, a point is reached
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(perhaps the point of maximum potential value) when potential-dependent chlorine channels that also let in
chlorine ions cannot but open. Reaching depolarization maximum starts the drift of sodium and potassium ions
outward the cell. That returns the cell membrane potential to its initial value but due to chlorine ions ingress the
resting potential shifts for some value toward hyperpolarization (Figure 8) at the time of each following pulse
generation.
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Figure 8. Changes in receptive field excitatory zone

It is known that excitability of different membrane areas in big (afferent and efferent) neurons is not distributed
evenly [18]. There exists a low-threshold zone in the area of neuron starting segment (axon hillock and
unmyelinated axon initial segment) where membrane possesses several times higher excitation comparing to
other cell areas. The opening threshold of potential-dependent sodium channels increases as the distance from
axon initial segment grows [19].

So after the n-th action potential pulse the resting potential shifts toward hyperpolarization. At the beginning of
next (n+1-th) pulse this results in potential-dependent sodium channels that have maximal opening threshold
(outermost from axon hillock) stops to open under the post-synaptic potential impact of excitatory receptors,
located in the same area as this sodium channels. This means that potential of opening threshold for mentioned
sodium channels is greater than initial resting potential plus shift value. In other words a number of potential-
dependent sodium channels fail to participate in charge accumulation for the n+1-th pulse generation.

It is also possible to assume that the distance from excitatory receptor to axon hillock matches distance in the
field of view from the point of given receptor to receptive field center. So the “nonparticipation” of some receptors
in pulse generation matches lessening of receptive field excitatory zone. On the other hand the less the potential-
dependent sodium channels opened in the time of next pulse generation, the greater the time needed for charge
accumulation that sufficient to form this pulse. It seems like the reason of decrementing pulse generation
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frequency over time. This assumption is consistent with experiment on action potentials generation for different
holding potentials (artificially set resting potentials) of a cell membrane found in [13].

Even this mechanism is not examined experimentally its presence for excitation zone decreasing of visual system
neurons' at the time of visual act fully complies to, explains and confirms the results obtained in [10, 11].

So, during the optical perception, namely one visual act, there exists image data with different resolution for
image being viewed and the resolution changes serially from lowest to highest possible value up to the end of
visual act. This means that technical vision systems will also have different image elements over time — the pixels
of variable size that are changing from maximal to minimum possible size.

Conclusion

As for now we can state that a coarse-to-fine approach is used spontaneously by researchers in different fields of
technical sciences. At the same time some studies are carried out in the domain of neurophysiology, showing the
presence of such mechanism in living beings' visual system. A hypothesis explaining the functioning of that
mechanism in retinal ganglion cells and LGN neurons was presented in this paper.

This hypothesis approval perhaps will enable systematization of coarse-to-fine approach in the field of technical
vision; developing of general recommendations and best practices for its application to recognition tasks that can
not be resolved at all by traditional methods.

For neurophysiology proof of this hypothesis will mean the possibility and necessity for combined consideration of
visual system neurons' intracellular processes and intercellular interaction, refinement of visual neuron's
functioning model at the time of action potential generation and explanation of coarse-to-fine mechanism in visual
system of living beings.
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