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Section 3. Decision Making

3.1. Actual Problems of Decision Making

O MPOBNEMAX NMPUHATUSA PELLEHWIA
B COLMAIIbHO-3KOHOMUYECKUX CUCTEMAX

Anekcen ®@. BonowuH

AHHOmayus: AHanusupytomess npU4YuHbl O2pPaHUYeHHOU npumeHuMocmu Modenel NpuHAMuUs peweHul 6
coyuarnbHO-3KOHOMUYecKux cucmemax. lpednazaomesi 3 0CHOBHbIX NPUHYUNG NOBKILIEHUS uxX adeksamHocmu
— (oKanu3ayus» peweHutl, HenocpedcmeerHbIll ydem enusiHUs cybbekma Ha NpPouecc NPUHAMUS peweHul
(«cybbekmusu3ayusi 06beKMUBHOCMU») U YMeHbWeHUe 8MUsHUSI UHOUBUOYarbHbIX NCUXOCOMamu4yecKux
xapakmepucmuk cybbekma («obbekmususayusi cybbekmueHocmuy). [IpuHyUNbI unmlocmpupylomesi Ha
Mamemamu4eckux Modessx NPUHSIMUS peweHuUl 8 3K0I020-3KOHOMUYECKUX U COYUasbHbIX CUCMeMaX.

Knioyeebie cnosa: npuHsmue  peweHul,  3KOM020-3KOHOMUYECKUE U  COuuasnbHble — CUCMEMb,
nocnedosameribHbill  aHanu3  8apuaHmos, HeYemkuli aHanus, Memoldbl 9KCNEPMHO20  OUEHUBAHUS,
KOMNeKMUBHOe NPUHSMUe peLueHuti, cucmembl N0OOPXKU NPUHSMUS PeLeHUU.

BBepeHue

Bo BTOpOM nonoBuHe XX CTONETWUS MOSBUNOCL OOMbLUOE KOMWMYECTBO MaTeMaTUveckux MOoAeneil 3Konoro-
SKOHOMUYECKMX W coumanbHbIX npoueccoB [1], ycnex NPUMEHEHUsI KOTOPbIX, OAHAKO, HECPaBHWM C
NPaKTUYECKUMU SOCTIKEHUAMW B NPUMEHEHUN MOLENEN “HEXMBON MPUpOabl”. DKOHOMUYECKME, NOMUTUYECKME,
TEXHOTEHHbIE W 3KOMOTMYECKME KPU3UCHI XapaKTEPHbl Kak OTAENbHbIM CTpaHaM, PervoHam, NONUTUKO-
3KOHOMUYECKMM CUCTEMAM, TaK U BCEMY YeNoBeYeCTBY B LienoM. MpoHukas B rnybuHbl BceneHHol, packpbiBas
TalHbl MUKPOMUMPA COBPEMEHHAs LIMBUMU3ALMS He B COCTOSIHUM NPeSOTBPaTUTb BOEHHbIE KOHNMKTLI (3a 5500
NET COBPEMEHHOI MCTOPUM YENOBEYECTBO X0 Be3 BOiH Bcero 292 roaa), HaKOPMUTbL roNoaHbIX (C 6.4 MnpA.
XUBYLUMX Mtogen ronogatoT 800 MIIH., XOTS NPOAYKTOB NuTaHMs nponssoamtcs Ha 20% 6onblue Heobxoammoro),
NpenoTBpaTUTb TEPPOPUCTUYECKUE aKLWM, HEPELLEHHbIE 3KONOrMYeckue npobnembl YrpoXatT Camomy
CYLLECTBOBAHMIO YEOBEYECTBA.

BO3HWKAeT €CTECTBEHHbII BOMPOC — MOYEMY COBPEMEHHbIE [OCTUKEHUS TEOPUM MPUHATUS  PELLEHWI
NPUMEHATCS B NPAKTUKE MOLAENMPOBAHNS 3KOHOMMKO-COLMAnbHbIX MPOLECCOB O4eHb orpaHnyeHo? OTeeT
OYEBMAEH — MOTOMY YTO OHU MMEKT OYEHb HU3KYH «aAEKBATHOCTbY PEanibHOMY MUPY, OYeHb BbICOKYIO CTEMEHb
HeonpeseneHHoOCTH pedynbTata, bonee TOro, 3a4acTyl0 3TOT pesynbTaT ABNSAETCH «6ECCMbICNIEHHBIMY (T.€. B
NpuHUMne HenposepsieMbiM). [lpuyeM 3TO OTHOCWUTCS Kak K HOPMATWBHbIM MaTeMaTUYecKuM MOAENsM
9KOHOMMKO-COLManbHbIX MPOLECCOB (KOTOPble OTBEYAT Ha BOMPOC «YTO HYXHO Aenatb, 4Tobbl OOCTUYb
Kenaemoe?»), Tak 1 NO3UTUBHBIM (KOTOpble OTBEYAIOT Ha BOMPOC «NOYEMY UMEEM TO, YTO UMEEM?» U, B NyuLLEM
cnyyae, «4To bymeT?»).

B pamkax cywecTBylolleil napagurmbl paspaboTkM M aHanM3a  3KOMOro-skOHOMUYECKMX U CoLMamnbHBIX
MPOLIECCOB AMnsi MPEOAONIeHNs YKa3aHHbIX HELOCTaTKOB HEeoBX0aMMO, BO-NEPBbIX, YYUTbIBATb Kak MOXHO
Borbluee KonM4ecTBo (HakTOPOB, KOTOPbLIE BNMSIKOT Ha MPOLIECC NMPUHSITUSI PELLEHNI (YTO BeAEeT K «MPOKNSTUIO
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pasMepHOCTU»), BO-BTOPbIX, Y4NTbIBATh HETOMHOCTb W HEYETKOCTb 3HAYEHUI MapaMeTPOB MOLENM (@ HEPESKO M
WX MOJTHOE OTCYTCTBME), KOTOPble CBA3aHbl KaK ¢ «OOBEKTUBHON HEOMpeaeneHHOCTLIO» [2] (koTopast npucyla
CaMOM OpraHusauun Hawero mupa), Tak U C «CyObeKTUBHOW HeonpedeneHHOCTbIO» (KoTopas XapakTepHa
yenoBeyeckoit npupoae B Lenom). CTaHgapTHble NOAXOAbl, OPUEHTUPOBaHHbIE Ha pa3paboTky anropuTMOB,
KOTOPbIE TAPaHTUPYIOT CXOOMMOCTb (B KNAcCUYECKOM MOHMMAHUM) K TOYHOMY PELIEHWO, HE CTOMbKO peLlaknT
nocTaBneHHble NPOONEMbI, CKOMBKO CO3AAKT UNMIO3MI0 X pelueruns. Mpobnema xe COCTOUT He B HAXOXAEHUM C
noboi CTENeHbID TOYHOCTM pelleHus 3adaun (Mpu HETOYHbIX AaHHbIX !), a ero «nokanmmsauum» [3] - B
onpegeneHun WHTEepBarnoB W3MEHEHWS! KOMMOHEHT peLUeHUst (KOTOpble 3aBUCAT, KOHEYHO, OT TOYHOCTY
BbIYMCIIEHNS AaHHbIX). B nageane xenartenbHo 4OCTMYbL MaKCUMANbHOM NOKANU3aLUMi peLleHns — MUHUMAaIbHBIX
(B HEKOTOPOWN METPUKE) MHTEPBANOB HEONMPEAENEHHOCTW pelueHus. W ecru TakoW noaxog B €CTECTBEHHbIX
Haykax (BCMOMHMM «NpUHUMN HeonpeaeneHHocTuy [eneHbepra [4]), 4aBHO yxe CTan eCTEeCTBEHHbIM, TO Npy
MOZENMPOBaHNM COLMANbHO-3KOHOMWYECKMX MPOLECCOB OH HE HALlen LUMpOKOTO MpuMeHeHus. I 310 npm
YCrOBUW, YTO CyOBLEKT SBNSETCA UX aKTMBHOW koMMoHeHTon! Bce 0coGeHHOCTU CyBBbEeKTMBHOMO BOCTPUSATUS
BbIOOpa MPUHSATUS PELLEHNSI B «KITACCUYECKOMY MOAXOAE «3arOHSIOTCS» B aKkCMOMBI M 3a[ava uccreaoBaTtens
CBOAMTCSA K TECTUPOBAHWIO MX «pearnbHocTUy [5]. 3aeck anpuopn NPUMHUMAETCS, YTO «PeanbHOCTbY TMNoTesbl
03Ha4yaeT ee «peanbHOCTb» [N Kaxaoro cybbekta B Nt06OM MOMEHT BpeMEHM (MM B [OCTaTOMHO
NPOAOIKMTENBHOM MHTEPBANe BPEMEHH). He HalLnn NpuMEHEHNs B COBPEMEHHOI MaTeMaTUYECKON SKOHOMMKE
W MPWHUMMLI TEOPUM TPYNMOBOTO MbILLMEHMS, KOTOpble C Havana 70-X rogoB MPOLUNIOrO Beka YCMELUHO
MCNONb3YIOTCS B MPUHATUM BOEHHO-MONMUTAYECKMX pelueHuin [6]. Oco3HaHne HeoBXOAMMOCTH MCMONb30BaHNSA
CyObEKTUBHLIX OCODEHHOCTEN B MPUHATUM PELIEHWA B SKOHOMUKE MpuBeno k noseneHuio B 90-x rogax XX
CTONETUS «CUTYaTUBHOM 9KOHOMUKW». BO3HWKHOBEHWe B 60-X rogax MpoLUroro Beka «HeYeTKoro aHanusay [7]
TaKKe SBMSAETCS NOATBEPKAEHNEM HEODXOAMMOCTH (a, 3a4acTyio, U «EAMHOLOCTYMHOCTUY) HENOCPELCTBEHHOM
“cnonb3oBaHus cybbekta Mpu MOCTPOEHMM  COLMANbHO-SKOHOMUYECKMX MoZenei (3HayeHne  «yHKLuK
NMPUHAANEXHOCTN» HEYETKOTO MHOXECTBA MOXET MHTEPMPETUPOBATLCS KaK «CyObEKTBHAS BEPOSITHOCTLY).

Takum 06pa3om, Npu NOCTPOEHUN MaTEMATUYECKMUX U MHEDOPMALMOHHbBIX MOAENEN CoLMarnbHO-9KOHOMUYECKMX
NPOLIECCOB BO3HMKAIOT [Be Npobnembl — «CyObekTUBM3aUMs OOBEKTUBHOCTM» (HEMOCPEACTBEHHLIN Y4eT
BMMAHWA CyObekTa Ha MpOLECC MPUHATUS PELUEHWs) W «ODbEeKTUBM3AUMS CYOBEKTUBHOCTUY (YMEHbLLEHME
BMMSHWS  WHAMBUAYANbHbIX XapaKTEPUCTUK CyObekTa» - y4eT ero «OOLEKTUBHbIX» NCMXOCOMATUYECKMX
0COOEHHOCTEN NO3HAHMSA AelCTBUTENBHOCTY). «CyObekTMBM3aLMsS 0BGBEKTUBHOCTIY, B CBOK O04epeab, NPUBOANT
K Heobxo4uMoCTK MCMONb30BaHWA MpU MOCTPOEHUM W UCCTIeJOBaHMM MOLeNien TeOpUM HEYETKOro aHannsa,
TEOPWUM TPYNNOBOrO  MbIWWNEHUs, pa3paboTku noKanuaylowmx peleHus anroputmoB. «O6bekTUBM3aLMS
CYOBEKTUBHOCTUY B MOAENAX MOXET OCYL|eCTBNATLCA HAa OCHOBE COLMAnbHO-MCUXOMOTUYECKMX AUCLMMIVH,
HanpumMep, NyTem y4yeTa NPUHAANEXHOCTU CyObekTa K OOHOMY 13 COLMOHUYECKUX TUMOB, CKIIOHHOCTW K PUCKY,
cTeneHn HesaBucumoctm W T.0. [8]. B cBow ouvepedb, ANS yBenuyeHus cTeneHn 0ObEeKTMBM3aLMM
LienecoobpasHo MCMonb3oBaTh OMKcaHue CyObekTa B HEUYETKOM BUAE, B naeane «o0bekTBU3aLms» cybbekTa
[OMKHA «HaKNaablBaTbCsA» Ha «CyObEKTMBIU3NPOBAHHOEY OnMMCaHue obbekTa.

MpennoxXeHHbIe NPUHLMMbLI UAMIOCTPUPYIOTCS HUXE Ha TEOPETUYECKUX U NMPUKNAZHBIX MOAENsX 3a4ay NPUHATUS
PELLEHNI B COLMAmNbHO-3KOHOMUYECKMX CHCTEMAX.

Mogaenu aHanu3a cTaTuyeckux 6anaHcoBbIX 3KONOro-3KOHOMUYECKUX Moaenen 6onbLLIoK
pasmepHOCTH

Paccmatpueaetcs cTaTuyeckas 6anaHcosas Mogens JleoHTbeBa — dopaa B Takoi nocraHoske [9]:

1 11 12 2 1
X, = Zaipxp+ Zaiqxq +¥i,
qeJ

pel
2 _ 21 1 22 2 2
Xj=Laj,Xpt 2 dj Xy =y, (1)
pel qeJ

iel jelJ; x! >O,x220;
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e x'7 =(x})iel — BekTop 0GBLEMOB MPOM3BOACTBA MpoAyKuMM, x>7 =(xf)]_E , — BeKTop o6bemos

YHUUTOXEHNS 3arpsshutenen, | = {1,2,...n}, J = {1,2,..,m} — MHOXecCTBa WHOEKCOB MNEPEMEHHbIX

COOTBETCTBEHHO “GKOHOMWYECKOIAT” M “3KONOrMYECcKon” COCTaBnAoWMX Mogenu, T — 3HaK TPaHCMOHMPOBAHMS;
jel .
— KBagpaTHasg MmaTpuua HOPMAaTMBHbIX KO3MMULWEHTOB 3aTpaT MpoayKuuum j rpu

iel

iel
NPON3BOACTBE €AUHWULbI  NPOAYKLMK i, A12 =Hallj2 npamMoyronbHas ManVILI,a" HOPMaTMBHbIX
jeJ

. . jeJ
KO3(hPMLMEHTOB 3aTpaT MPOAYKUAM § MPU YHUYTOXEHUA EAVHULbI 3arpssHUTEns j, A, :H af}

iel
npAmMoyronbHaa Martpuua HOPMaTUBHbIX KOS(*)(*)VILWIGHTOB Bbl6p003 3arpasHuTend ] npu npon3soactee

jeJ

2 — KBagpatHaa matpula HOPMaTUBHbIX KOSqu:)IALl'VIeHTOB BbI6pOC8
eJ

eAVHALB NPOAyKUMM @, Ao, :“ aj;

1

3aTPSIBHNATENST  j MIPU YHUUTOXEHUM EQMHULbI 3arpsisHuTens i, a;; elo;1], le:(yi)ie[ — BEKTOp

06bEMOB  KOHeuHO!l mpoaykumn, 2T :(yf — BekTop O0ObEMOB 3arpsisHUTENeil, KOTopble He

)jeJ

yHUuTOXaI0TCA, ¥i >0, ie],yjz-ZO. JjeJ.

X :HX}xHXIZ. — [vnepnapannenenunen pelweHnin 3agadn, KOTOPbIA  Y4UTbIBAET COAepXaHue
iel jeJ
OrpaHUYEHN IKOHOMUYECKMX U 3KOSOTUYECKUX COCTaBMSIOLLMX:
1 1 . H
ekl ies™),
Xi= (2)

{d}(H),d}(H)+1,...,d,1-(B)}, ie ™) =I\I(H),

[ il jest
X3 = ®)

@) a3y +1 ey s = 1)

1 1 2 2 I 2
pe d (), dig) W djy), djz) — TPAHMLDI (BEPXHSS U HUKHSA COOTBETCTBEHHO) MEPEMEHHbIX x; U x;

COOTBETCTBEHHO, dj(5) 2 dj(;) 20, dj(z)2d ;)20 (B Cryvae LENOUMCTIEHHO NOCTAHOBKM 3amaum (1)

d}(H), d{(B) " df(H), df(B) cyuTarTes Lenbimu), nHaekcol (H) u (L) pensiT MHOXeCTBO MHAEKCOB Ha

MHOXECTBA WHOEKCOB COOTBETCTBEHHO HEMPEPHIBHLIX M LEMOUMCIIEHHbIX NMEpeMeHHbIX. Ecnu HavanbHbie
IPaHuLbl He 3afaHel, Toraa d ;) W d ;) CHATAIOTCS HynaMu, a d ;z) W d s BIGUPAKOTCA OCTATONHO

BonbLUMMK (MCXOAS N3 SKOHOMUYECKIX COOOPAKEHMIA).

B ocHoBe MeToA0B, KOTOPbIE NpeAnaraoTcs Ans NPeoaoneHns ykasaHHbIX BO BCTYNNEHWUM TPYLHOCTEN, KOTOPbIE
BO3HMKAIOT Npu aHanu3e mogenen (1-3) GonbLIO pa3MepHOCTH, NexaTr CXeMbl MOCNEA0BaTENLHOMO aHanm3a
BapuaHToB [10-15]. OcHoBy anroputma pelleHus 3agady (1-3) coctasnsiet npouenypa WB [16] annpokcumarmm

MHOXecTBa D) pelueHuii runepnapanneneninegom X takum,uto X o X o D.

AnanuTiyeckast oueHka addektusHocTi npouedypsl WB umeet criegytowmin Bug. lycte &, €, >0, &,
&, >0, — OTHOCUTENbHbIE OLWMNOKM NPUBIMKEHUS BENNYUH Q‘(") " Qz("), k=0,1,..., K rpaHayam
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Ql*=;£*:o(y:‘“"§@ o hmZﬂl—ym‘“, th(yiﬂ] Vi hmzzz_ym*m.
2.4l PG

I 1 i .
Torpa ky < 28281 1y g, < 282%2 4y meilrmnﬁiﬁ%— 2, =min 4097

log, 4, log, 4, il 1-ay e T
Mycts L= ((n +m) +3(n+ m))log2 a — pammHa Bxoga 3agaw (1), a= max‘ log, a;;|+1, Torpa

OTHOCUTENbHAS OLUMBKa PELUEHN max {&,, &, }=£>27" .

KomndecTso anemeHTapHbix onepauuin M npouepypbl WB umeeT nopsigok M =O(L)), @ Bbl4MCIUTENbHAS

2
TPYAOEMKOCTb OueHuBaeTcs [17): N =O(Mk)=0| - E 1 rme k< ng'g+1, A=min {2, 4,}. MNpn
log, 4 log, A

OTCYTCTBIM HaYambHbIX OrpaHNueHmnit d 118,)) d 11((109)) iel, d j{,‘;)), d ?((0%, jeJ, ona npoueaypsl WB MOXHO

1 2
MONOXNUTb: d:(l){)):y‘ﬂ iel, dZ(O) :ymii" jEJ, dllfo ymax iEI, dz(( ymax

-4 g, -4 LA
11 2
za_W Zajq
'EJ,Fe 1 =ma 1,2 =ma IJEIL, 2 — A 1 _ 2,2 _ w
J A Y max ielxyl ! iEIX 1-a 11 Ymax 1'51:.}({ 21 Yy } 2 I?gx 1 22

//

MogpobHble pe3ynbTaTi BbIMMCIIMTENBHOTO 3kcnepuMenTa no npouenype WB npusegeHsl B [18] (M3OM ¢
%).

OPEKTUBHOCTb UCMONB30BAHUS BbIMUCAIMTENBHOM MPOLEAypbl ONpeaensieTcs BpeMeHeM, MoTpayeHHbIM Ha
BbIYWCIIEHNE, U TOYHOCTbIO pe3ynbTata. [lpu OTHOCUTENbHOM OWwWbKe C TOYHOCTBIO [0 LIECTOr0 3Haka M
pasMmepHocTV 3apaun m+n=1000 Bpems ANS peLleHus HEenpepbIBHOM M LENOYUMCNIEHHON 3adavn cOoCTaBnseT
nopagka 30 MuH. TockonbKy Npu yBEeNWYEeHWW PasMEPHOCTW 3afadun YOenbHblil BeC HEHYNeBbIX 3MIEMEHTOB
yMeHbLUaeTes, NpeacTaBnseT NpakTuieckuit uHTepec moaudukauus npouenypbl WB Ha crnyyai paspekeHHbIX
matpuy, [18]. Mpu npuBedeHHON OTHOCWUTENbHOM owmMbke U pasmepHocTu nopsigka 10000 npu 3anonHeHWw
maTpuy, Ha 1% Bpems 4Nns HEeMpepbIBHON LENOYNCIIEHHON 3adaun cocTasnseT nopsaka 10 MuH.

TaKTOBOM 4acTOTOM npoLieccopa 266 ML, NPOLEHT 3KOMOrMYecKo COCTOaABMAOLLEN

HeuveTtkue un MHOroKputepuanbHbie MOAesNn

«CybbekTuBM3aums 06bEKTUBHOCTWY NpeanonaraeT akTUBHOE yyacTie cybbekTa B NPUHATUN PELUEHNS, YYET B
MOZensx CoLManbHO-3KOHOMUYECKMX MPOLECCOB CYOBLEKTUBHON KOMMOHEHTbl. PaccMOTpUM ABa OCHOBHbIX
cnocoba peanusauuu 3TOMO MPWHUMNA — HEYETKOCTb (Ha npumepe cTtatudeckoir mogerm JleoHtbeBa [1]) u
MHOrOKpUTEPUanbHOCTL (Ha NpUMepe 3aauu KONMEKTUBHOTO NPUHATUS peLleHnid [21]).
Paccmotpum mogenb JleoHTbeBa X = Ax + y, x20. O6beM KoHeYHOro noTpebneHus, kak npaBuno, 3aaeTcs B
Buge runepnapannenenvnega Y = [y, y;*], rae yi - HUKHAS ,Hopma” noTpebnexuns j-ro NpoaykTa, yit - BEPXHSA.
Bornee ToOro, nornyHo (4, kak npaBuno, Tak M fenaetcd) Ha wHTepsane | = [y;, yi'] 3agaetcs ,QyHKUMS
NPUHAANEXHOCTU” L B BUAE 3KCMEPTHbIX pekoMeHaaunin no obbemy notpebnenuns j-ro npogykra. AHanorniHo
ans mogenu JleoHTbeBa-Popaa NOrvyHO 3adaBaTb HWKHWE U BEPXHWE ,HOPMbl® OGBHEMOB HEYHUYTOXEHHbIX
3arpsisHuTEneil, To ecTb 3aaaeatb runepnapannenenunes Y2 = MM[y; yitl. Toraa u pewenne mogenen x € X
NOTMYHO HAXOAWTb, YUUTbIBAs NOXENaHUS 3KCNEPTOB, B BUAE (OYHKLMM NPUHALNEKHOCTM Lix.
[ns mopenu IeoHTbeBa (ana mogenu JleoHTbeBa-Popaa NOCTPOEHMs aHaNornyHble) HEOBX0AMMO HalTh X € {X:
Xx=Ax+y,x € X,y € Y} npu 3aaaHHbIX (YHKUMAX NPUHALANEXHOCTM Lix, Ly. 3anWLLIEM HEYETKOE MHOXECTBO B
suge: X~ = | JaX., me Xu = {x| ux(v) 2 a}.

a€l0,1]

a,ac A
o onpepeneHnto yHKLWA NPUHAATIEXHOCTU HEYETKOrO MHOXECTBA oA 3aJaeTes Kak: 4, (a) = {

O,ag A
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AHanornyHo Y~ = U(qu. OcHoBHoe NpeanosioXeHne, KOTopoe HaknaablBa€TCA Ha pelueHne HEeYeTKoM
ae[O,l]

mopenu JleoHTbeBa, COCTOUT B cnepywoulem: x € X, Torga 1 TONbKO Toraa, Koraa x — Ax € Yo

PaCCMOTpVIM KyCO‘-iHO-J'IVIHePIHbIe dDyHKLI,I/II/I NPUHaANeXHoCTn, Toraa:
Xo= kH x;(a),x;(a)]= [17,x), Xg(0)=x4(0)(1=a)+x5(1) o, px(x)=[Tp;(x;)-
=1 k=1 k=1

ObosHaumm: AX={Ax|xeX}, X+Y:{x+y|xeX,er}.
YuutbiBag, Uto (A4X), = AX, ¥ afauTUBHOCTb Npoleaypbl WB, BbIYMCNEHUS TpaHuL, runepnapannenenu1neaa
NS KAX0r0 3HAYEHNs oL BEAETCS He3aBUCUMO Mo hopMyne:

— - +. n _
AX—H z aljxj'i_.z a;x;, z aijxj+ z a;x;

J | Ja;>0 Ja; <0 J.a;>0 Joa;<0

I'IpM NMPUMEHEHN ONNCaHHOIO BbILE NOAXoAa K 3afadve C HEYETKUMU JaHHbIMU UMEEM!

1. PeleHus HeyeTKoW 3afaynM CBOAMTCH K PELEHU0 p (MO KOMWYECTBY « - YPOBHEN) 0BbIYHbIX 3adad
NeoHTbeBa, KOTOPbIE PELLAIOTCA HE3ABUCUMO;

2. PeweHnem HeuyeTkoMm 3afaum Oygem cuuTaThb HEYETKOE MHOXKECTBO C (PYHKUMENA NpUHALNEXHOCTH,
00pa3oBaHHOI NMHUAMM YPOBHS ANS KaXA0A KOMMOHEHTbI PELEHUS 3TUX p 3aday;

3. AnropuTM  nocnefoBaTENbHOTO — aHanu3a  BapMaHTOB  He  yXydlWwaeT — napameTpbl  peLleHus:
,HEONPEAEeneHHOCTb” peLIeHns HeveTkon 3agaun Oyger ,He Gonbluen’ HeonpeaeneHHOCTW HayarbHbIX
JaHHbIX.

I'Ipenno»(eHan?l noaxod npuMeHnm u B crnyvyae HeYeTKoM MaTpuLbl HOPMATUBHbIX KOS(*)C*)VIL[MGHTOB.

Hanbornee obuwlas nocTaHoBKa 3apayyM MPUHATUS KOMNEKTUBHOTO PELLEHMS, MMEIOWAs MHOTOYUCTIEHHbIE
NPUINOXEHUS B 3KOHOMIUKE, MONMUTUKE W ApYrX 0BnacTsx YenoBEYECKO AeATENbHOCTH, CBA3aHHbIX C aHaNM30M
W paspeLLeHnem KOHGIMKTOB, CBOANTCA K CeaytoLLei MaTeMaTMYeCcKon MOAENN:

Ui(x) —max, i € I, x e X, (4)

roe: Ui - dyHKumst monesHocTu i-ro cyGbekTa (areHTa), Xi - MHOXECTBO ero cTpaterui, Habop ctpaternit x
Ha3blBaeTCs CUTyaLmen.

B otnnume OT Krmaccuyeckom MOCTAaHOBKM MIPOBOM 3adaun, B KOTOPOWA CTpaTeruy BbIOMPAKTCs WUrpokamm
(areHTamu) OQHOBPEMEHHO W He3aBWCKUMO, B 0OLLEM Cryyae Mrpoku MOryT AOroBapuBaThCs 00 OYepesHOCTY
XOA0B, O COBMECTHOM Bblbope cTpaterum u T.N. Hambonee pacnpoCTpaHEHHbIM MPUHLMMNOM ONTUMANbHOIO
NoBeAeHUst («NPUHLMNOM ONMTUMaNbHOCTW») B 3agade (4) cumtaetcs «paBHoBecue Hawax [19], B koTOpoM
WHAMBKAYaNbHbIe OTKMOHEHWS UTPOKOB OT CTpaTeriil, BXOAALWMX B 3Ty CUTYaLMIO, HEe YBENUYMBAIOT BbIUMPbILLA
OTKMOHMBLLErOCS Urpoka MpW YCNOBUM, YTO OCTarbHbIE MIPOKWM NMPUAEPKMBAKOTCS 3ahUKCUPOBAHHBIX B 9TOM
CUTyauuu cTpaTeruin. BbigeneHue cutyauuii paBHOBECUS B Ka4eCTBE NPETEHAEHTa Ha ONTUManbHOe NoBeaeHne
[OCTaTOMHO ECTECTBEHHO, OAHAKO CUTYyauuu paBHOBECUS MOryT obnagaTtb psAoM CBOMCTB, 3aTPyAHSIHOLLMX MX
npakThyeckoe npumeHeHue. B nepByld odvepedb — 3TO HEEAMHCTBEHHOCTb, MPWYEM pasHble CUTyaLuu
PaBHOBECUS NMPEANOYTUTENbHBI pasHbIM urpokam. B [19] Boigensiotcs asa kputepus Bbibopa eayHCTBEHHOMO
PaBHOBECUS — [OMWHMPOBaHWE NO BLIMIPbIWY W AOMWHWMPOBAHME MO pucky. B Tex cnyvasx, korga
[AOMUHMPOBAHWE MO BbIMTPLILY M LOMWHMPOBaHWE MO PUCKY MMEIOT pasniyHble Hanpasnenusi, aBTopbl [19]
OTAAKT NPUOPUTET AOMWHWPOBAHMIO MO BbiMrpbiwy. OpHAako Ha NpakTuke NPeACTaBnseTcs pasyMHbIM
Y4UTbIBaTb NCUXOCOMATNYECKIE OCOBEHHOCTI areHTOB — B JAHHOM Cllyyae «CKIOHHOCTb K pucky» [25]. B obiem
cryyae NOrMYHO paccMaTpuBaTb MHOMOKpUTEPWAnbHbIA BbIOOP C y4eTOM [BYX NMpuBELEHHbIX kputepues. C
Lenbl «cyobekTMBMU3aLmMmMy Moaenu (4) uenecoobpasHo paccmaTtpuBaTh He CKanspHble (DYHKLUMW NONE3HOCTM
U, a BektopHble [20,21], # NpUMEHSTb CBEPTKM, 3aBMCALUME OT MNCUXOCOMATMYECKMX OCODEHHOCTEe! nuua,
npuHumatowero petwenne (JMP). TMockonbky B abCOMOTHOM OOMbWMHCTBE CIy4YaeB 3HAYeHUs DYHKLMIA
nomnesHoCT! ecTb pesyrnbTaT 9KCMEPTHOM OLEHKW, TO MpefcTaBnseT MpakTUYECKUA WHTEpeC paccMOTpeHne
HeYeTKMX NOCTaHOBOK 3agauu (4) [22].
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MeToAb! 3KCNepTHOro OLEHUBaHMA

B paHHOM pasgene paccMOTPUM BO3MOXHOCTb COBMECTHOTO MCMOMb30BAHUS MPUHLMMOB floKanusauun 1
cyb6beKTUBM3ALMM MOZENM 4115 3aa4u SKCNEPTHOMO OLEHNBaHNS [23].

WccnegoBahus B 0brmacTit nonyyeHnss HEMOCPeaCTBEHHOW HENPOTUBOPEYMBOM MHGOPMaUMM OT 3KCnepTa O
YNCMEHHbIX 3HAYEHWSIX BECOBbLIX KOAPULMEHTOB KpUTEPWEB NOKasblBaeT, uTo akcnepT wnu JIMP moryt
aflekBaTHO OMnpefensTb BECOBblE KOIPPUUMEHTbI B Cryyae, korda KOMMYECTBO NapamMeTpoB OOBLEKTOB He
npeBblaeT «marnyeckoroy uucna 5-9 [24]. Ecnm xe oObekTbl XapakTepuayloTcs 6G0MbKMM KONUYECTBOM
napameTpoB, HEODXOAWMO MPUMEHEHWE KOCBEHHbIX METOLOB, B KOTOPbIX OTHOLEHUSI MPEANnoYTEHUs
NoCneaoBaTenbHO YTOYHSIOTCA Ha OCHOBE MPUHSATLIX PaHee peLeHUn (MHTepBasnbl OTHOCUTENbHOWM BaXHOCTY
OOBEKTOB «OKANM3YIOTCS»).

Myctb A — MHOXecTBO 00BbekToB al, jeJ. Kaxabiih M3 0ObekToB al xapaktepusyeTcss Habopom napameTpoB
al =( al), iel. ObbekTy al HeobxoaMMO NOCTaBUTb B COOTBETCTBME BEKTOPHYI OLEHKY B RM, onpegensemyio
Habopom kputepues, no kotopbiM JITP oLeHnBaeT 06beKTbI.

PaccmoTpum gBa obbekTa a' u a2 u3 MHoxecTBa achekTuBHbIX 006bekToB A. OBbEKT a' cunTaeTcs «IyyLnmy,
yeM OOBEKT a2, eCNM CyMMa B3BELLEHHbIX OTKIIOHEHWIA NapaMeTPOB OT UX ONTUMAIbHbIX 3HA4YEHWN Y 0bbekTa a'
MeHbLUE, Yem y a2 T.e.

Zpia)(ail )< Zpia)(aiz )’ (5)

roe 0 — HOPMMPOBAHHLIN BEKTOP OTHOCUTENBHOW BaXHOCTU NapameTpoB 06bekToB ans yreepxaeHus JIMP 06
OTHOLUEHWN NpeanoyTeHns Mexagy obbektamu; a)(a/' - HeKoTopoe MOHOTOHHOEe npeobpasoBaHue,

onpegenstoLlee cteneHb OTKNOHEHUS OT ONTUMANbHOTO 3HaYeHUs napameTpa 1 npeobpasyioLiee BCe 3HaYEHNS
napameTpoB k 6eapasmepHomy Buay B uHTepeane [0,1].

Ha ocHoBe MeTofja nokanusaumun peluenuii [3] npeanaraioTcs NpoLeaypbl BbIYUCNEHUS MHTepBanos [ o', p; ],

coxpaHsioLmx oTHoweHue (5). PaspabortaHo nporpammHoe obecneyeHue, KOTOpoe B PexuMe peanbHoro
BPEMEHM NO3BONSET pellaThb 3aaaun ¢ 50 obbekTamu.

CucteMbl NOAAEPKKA NPUHATUA PeLUEHUN

MeToabl OLEHKM pasBUTUS COLMANBbHO-3KOHOMMUYECKNX MPOLIECCOB, B OCHOBE KOTOPbIX JIEXWUT «MPOAOIKEHME
MPOLLIIOroy», MO3BOMSET MOMYYUTb MPOTHO3, Kak MPaBWro, C OYEHb BbICOKOW CTENEHbI0 HEOonpeaeneHHoOCTH,
MOCKOMbKY B HUX «3aKOHCEPBMPOBAHbI» MPOLUMble OMbIT, 3HAHUS, AEACTBUSI CYOBHEKTOB 3TWUX MPOLECCOB.
YKenaHue mMakcumanbHO NpubnuanTb CyGbeKTUBHbIE BOCMPUSTUS K JEMCTBUTENbHOCTI NPUBOAMT, BO-NEPBbIX, K
HeOBX0AMMOCTM UCMONb30BAHMUS SKCNEPTHOM MHGOPMALMK B JaHHbIA MOMEHT BPEMEHU, BO-BTOPbIX, CIIOXHOCTb
MOLeNMpyeMbIX MPOLECCOB HE MO3BONSET UCMONb30BATh HEMOCPELACTBEHHbIE 3HaHNS dkcnepTa B Gonee-meHee
WMpokux obnacTax. [o3ToMy BO3HMKaeT npobriema CO3AaHUs «TUBKMX» CUCTEM MPUHATUSL PELLEHU,
HacTPaMBalOLLMXCS HA KOHKPETHYIO NMPeAMeTHylo obracTb, Tpebytowmx y3konpodheccoHambHbIX, «JOKanbHbIX»
3HaHWA,  KOTOpble,  €CTECTBEHHO,  OyayT  CnaboCTPyKTYpUPOBAHHbIMK,  HEYETKAMM,  Pa3MbITbIMU.
«OBbeKTUBM3ALMS» TaKMX (DOPM 3HAHWIA BO3MOXHA NYTEM y4eTa NCMXOCOMAaTUYECKX 0COBEHHOCTEI aKenepTa U
€ro npeAblayLLEero onbiTa.

OpHum 13 Hambornee apexkBaTHO MOLENMPYHIOLLMX MPOLECC MPUHATUS PeLLeHUi YenoBekoM obLyenpusHaHo
SBNAETCA MeTOL AepeBa PelueHnn [25], 0aHaKo ero MpUMEHeHWe 3aTPYOHEHO «MPOKNATUEM Pa3MEPHOCTUY,
BO3HMKAIOLLEH NpW ero ucnonb3oBaHuu. Moatomy Heobxoamma paspaboTka cneumanbHbiX MeTogoB 0bpaboTku
Jepesa peLueHui [8].

Ha ocHOBe BbILIEN3NOXEHHbIX KOHLENUWA paspaboTaHa WHCTPYMEHTamnbHas cucTema CO3AaHUs MpUKNagHbIX
cucteM nopaepxku npuHstus pewenuin (CMMP) B pasnuuHbix obnactsax. lMoctpoenne npuknagHon CIMP
CBOAMTCA K BblOENEHNO 3kcnepTamu npobnem u noanpobnem (BepLUMH AepeBa) U CBA3EH Mexay HAMK (oyr
AepeBa). JkcnepTamu Janee ONpeaensioTcs Beca (BEPOSTHOCTM) NEPEXOA0B Mexay BepLunHamu. [lonyckaoTcs
HEYeTKME OLEHKM OKCMEPTOB C MOMOLLBIO MOTMYECKMX MEPEMEHHBIX, OMKUCHIBAEMbIX 3HAYEHUSMM (PYHKLMM
NPUHAZNEXHOCTN (BeKTopamu LencTBuTenbHbIX yncen ot 0 o 1). Kaxablii SKkCnepT 3apaeT Tpu OUEHKM —
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ONTUMUCTUYECKYIO, PEaNMUCTUYECKYI0 U MECCUMUCTUYECKYI0, CKanspu3aLms KOTOpbIX OCYLLECTBISETCA C Y4ETOM
NCUXONOMMYECKOro TUNa JKcnepTa. Tun onpeaensieTcs Ha OCHOBAHWW NMCUXONOMMYECKMX TECTOB, 3aN0XEHHbIX B
cucTeMy. Ha OCHOBE MCMXOMOMMYECKUX TECTOB OMNPedenstTcs Takke KoaPdUUMEHTbl «npaBaMBOCTUY,
«HE3aBMCUMOCTUY, «OCTOPOXHOCTUY U T.4. [8].

[lepeBo CTPOUTCS HA OCHOBE KOMMEKTUBHbBIX OLEHOK SKCMEpTOB C MPUMEHEHNEM METOAA MOMapPHbIX CPABHEHWIA.
[ins nocTpoeHust pesynbTUPYHOLero AepeBa npuMeHsioTcs anrebpavyeckue meToabl 0bpaboTku akcrepTHOM
WH(hOpMaLMK, B KayecTBe PaCCTOSHUS MEXAy PaHXMPOBKaMi MPUMEHSIETCS MeTpuka XeMMuHra M Mepa
HeCoBMafieHui1 paHroB 06bekToB. Pe3ynbTupytoliee AepeBo onpeaensietcs kak meanaqa Kemeru-CHernna:

n . .
Argminy.d( A, A" ) vnm kak komnpomucc: Arg minmax d(A4,A"),
4 i A i

rae A'- maTpuua, 3agaBaemas i-M 3KCMIEPTOM, B KOTOPOW 3MeMeHT a; =1 Torga u TonbKo Torda, korga i-a
BEpLUMHA NPeAnoYTUTENbHEE ANS 3KCnepTa j-0i, aji = -1, Ana paBHOLEeHHbIX 06bekToB aj =0, a;i =0.

B cnyyae 3agaHus npeumyliectBa B He4yeTKOM (hopMe 3fEMEHTbl MaTpuubl 3aJatoTcs Yepes yHKUMK
NPUHAANEXHOCTW.

[Ona onpegeneHns onTUManbHbIX NyTel B AepeBe NMpefnaralTcs anroputMbl NOCNESOBATENbLHOTO aHanuaa
BapuaHToB [10-15], no3sonsiowme obpabaTbiBaTb AEPEBLS C COTHSMI BEPLLH.

[epeBo pelleHuii 3agaetcs Tabnuuamu. Kaxpas Tabnuua — 3T0 OTAENbHbIA YPOBEHb AEPEBA, Kaxaas CTPoKa
Tabnuupl — OTAEMNbHas BEpLUMHA Ha 9TOM YpoBHE. Kaxabl 3neMeHT CTPOKM — 3TO BEpOSTHOCTb, C KOTOPOM
BO3MOXEH Nepexof U3 AaHHOW BEPLUMHBI B BEPLUMHY HUXHETO YPOBHS. OTW BEPOSTHOCTM 3a4at0TCa PYHKLUMAMM
NPUHAANEXHOCTY, NpeacTaBnstoLme cobon BekTopa AenCTBUTENbHBIX Yncen ot 0 go 1 nobon gnuHel. Tabnuua
3anonHAeTCs nyteM onpoca akcnepToB. CyliecTBytowme yHKUMM No3BONAT 4o6aBnaTb cTonbubl, CTPOKM,
3apaBatb CroBapb (KOTOPbIN N03BONSET BepbanbHbIM OLEHKaM 3KCnepTa CTaBUTb B COOTBETCTBUE BEPOSTHOCTH,
nyTeM 3agaHus onpeaeneHHbIX YPOBHEN), COXpaHATb Tabnuubl B thaiine, cunTbiBaTh Tabnuubl U3 taiina.

OKCnepTHbIM NyTeM 3aalTcs MaTpuLbl — pPe3ynbTaT CPaBHEHUS BapuaHTOB BEPLUMH, KOTOPble MOrYT ObiTb
BKITIOYEHbI B JepeBo. Ha ocHoBe aHanmaa MaTpuL, OnpefensioTcst BEPLUMHBI, KOTOPbIE BKIOYAIOTCS B AEPEBO
BEPOSITHOCTW, C KOTOPbIMM BO3MOXEH MEPeXof B HUX M3 BEPLUMH BEPXHEro ypoBHs. Ecnu [epeBo pelueHus
[EKOMMO3MPYETCS HA HECKONbKO MOAAEPEBLEB, KOTOPbIE MMEIOT OAMHAKOBLIE NUCTbS, BHAYane BbIYMCIIAKTCS
BEPOSITHOCTY 3TUX JINCTLEB B KaXKOOM M3 HIX, @ 3aTEM HAXOAATCS BEPOSITHOCTY ANs BCEro AepeBa B LIENIOM.

Co3faHbl pap npuknagHbIX CUCTEM — MPOrHO3MPOBAHWE Kypca BarmioT, ONOCPeoBaHHOTO pacyeTa BaroBoro
HaLMOHaNbHOrO NPOAYKTa, AWAarHOCTUKA CepAeyvHO-COCYaMCTbIX 3aboneBaHwi, NPOrHO3MPOBaHWE WHAEKCa
UHNALMK 1 ap.
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ONTUMANBHAA TPAEKTOPUA MOAENN AUHAMUYECKOTO
MEXOTPACINEBOI'O BANTAHCA OTKPbITOM 3KOHOMUKHU

Uropb Jawenko, EnenHa Jlawexko

AHHomayus: [JaHo 0606WeHUe KNaccuyeckux KayecmeeHHbIX Peayrbmamos MazucmpasbHol meopuu Ha
cryyali onmumu3ayuoHHol Modenu AUHaMUYECKo20 Mexompacieso2o banmaHca 071 OMKPbIMOL 3KOHOMUKU,
Ko20a 3KCNOPM U UMNOPM 0Ka3blBaloMCs CeS3aHHbIMU C 8bINYCKOM OCHOBHOU npodyKyuu, a uenegol
(yHKUUOHaN npedcmagnsiem KOHeYHoe COCMOSHUE SKOHOMUKU.

Kniouesnie crnosa: [JuHamuyeckull Mexompacneeol 6anakHc, onmumMu3ayuoHHas 3adaya, mazucmparbHasi
meopusi, OMKpPLIMasi 3KOHOMUKa, mpaekmopusi cbanaHcupo8aHHo20 pocma.

OCHOBHbIE TPYAHOCTW NpU NPaKTUYECKOM MPUMEHEHUN MHOMOOTPACHEBbIX MOAENEN 3KOHOMUYECKON AMHAMMKM
CBSI3aHbl C 6ONbLUION PA3MEPHOCTLIO OMTUMM3ALMOHHBIX 3aay4 IMHEMHOrO NMPOrPaMMUPOBaHMS. B CBSA3M ¢ aTUM
BO3HUK MHTEPEC CMELMAanNCTOB K Ka4eCTBEHHLIM METOAaM UCCIIe0BaHNS ONTUMANbHBIX TPAEKTOPUIA.

Ha atom nyt Obinmu momyyeHbl WHTEPECHble pe3ynbTaTbl, Kacalwmecss CO34aHUs TaK HasblBaeMoW
maeucmpanbHol meopuu. OpHUM 13 Hambonee KpacyBbIX Pe3ynbTaToB B TEOPUM PACLUMPSIOLLECS SKOHOMMKM
ABNSeTCA TeopeMa, npuHagnexawasa Jopdmany, Camyanscory u Conoy [Dorfman, 1958] u yTBepxaatoLas,
4TO 3(PeKTUBHAS TPAEKTOPUS SKOHOMMYECKOTO pOCTa MMEET AONMTOCPOYHYK0 TEHAEHUMO Npubnmuxatbes K
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HeWMaHOBCKOMY NyTU YCTOWUMBOrO cbanaHcupoBaHHOro pocTa. [locne nybnukauum kHurm  [Jopdmana,
CamyanbcoHa 1 Conoy [Dorfman, 1958] Obinn ycTaHOBNEHbI TEOPEMBI O MarucTpanu Xukcom, Mopuwmnmoi n
Mak-KeHsn — ana mogenu doH HeiimaHa-JleoHTbeBa; PagHepom v Hukainoo — ansa moaenu doH HelimaHa-leina
CO CTPOro BbIMyKMbIM MHOXECTBOM NPOW3BOACTBEHHbIX npoueccoB; Mak-KeHsn - pgns  o6obuieHHo
NEOHTLEBCKON MOLZENM, BKIIOYAIOLLEN KanuTanbHble bnara.

OCHOBHblE MOHATWUS M CMEACTBUS MarucTpanbHOM TEOpUM MOXHO NPOAEMOHCTPUPOBATL Ha MpuUMepe
ONTUMM3ALMOHHON 3aaaum ans mogenu HeiimaHa [AwmaHos, 1984; MNoHomapeHko, 1995]:

cpX; —> max,

1
Ax, <Bx,,, x,20, t=12,..T, )

rme A>0, B>0 - HeoTpuuatenbHble NPAMOYrONbHblE 72X m  MaTpWUbl 3aTpaT M Bbinycka
COOTBETCTBEHHO, Bx, - 3afaHHblil BeKTOp, ¢, >0 - 3afaHHbI MOMOXMTENbHbIA BEKTOP, X
WHTEHCMBHOCTEN TEXHOMOMMYECKOro npoLecca B NPOMEXYTOK BPEMEHM L.
CraumoHapHas TpaeKkTopusi MHTEHCMBHOCTEM Ong mopenu Heiimana (A, B) onpegensietcs Temnom pocTa
a = A" v ny4om Heiimara X v umeer Bug x, = 1'%, rae 1 >0, X >0 — eAVHCTBEHHOE C TOUHOCTBIO
[0 CKanspHOro MHOXMTENS peLleHNe CUCTEMbI HEPaBEHCTB

Ax < ABx . 2)
XapaKkTepHbIM SBNSeTCS TO, 4YTO MarucTpanb X  OKasblBAeTCS ManouvyBCTBUTENBHOM K WM3MEHEHWHO
KO3(h(hMLIMEHTOB LieneBoro dyHkunoHana ¢, > 0, BcrieacTane yero 3afada (1) csoautes Kk cnepytollen 3afade
HelimaHa

, - BEKTop

A—>min, Ax<ABx, x2>0. 3)

OCHOBHOM pe3ynbTaT OTHOCUTENbHO MMHUMANbHOrO COGCTBEHHOTO 3HaueHus A <1 Mopenu HeimaHa
(MakcumanbHoro Temna pocta) opmynupyeTcs B Buae CrieaytoLLei TEopeMbl.

Teopema 1. MNyctb HeoTpuuatensHole Matpuupl A >0, B >0 Takve, 4yto MaTpuua Bbinycka B He umeet
HYNeBbIX CTPOK, @ MaTpuua 3atpar A He WMeeT HyneBblX CTONOLOB. Torga Hepasnoxumas NPoAyKTUBHAs
mozenb Hemana (3) nMeeT eQMHCTBEHHBIN TEMN pocTa A<lu marueTpanb x > 0.

3pecb Hepasnoxumocmb Mogenu HelmaHa NOHMMAeTCs Kak HEBO3MOXHOCTb MyTeM OAHOBPEMEHHOM
nepecTaHOBKM CTPOK 1 cTONBLOB B MaTpuLax A u B CBECTU uX k BuaY

A= All A12 B= Bll Blz
0 4,/ 0 B,)

roe npsIMOYronbHble MaTpuubl-6nokn Asr Ta Bir MMEKOT OAMHAKOBYH pasMepHocTb, 0 - Hynesas Matpuua
pasmepHocTi Borble 1. HepasnoxumocTb Mogenn HelimaHa akeuBaneHTHa ycnosuio: uucrio ®pobennyca
mozenu (3) npocToe, a Bektop PpobeHunyca CTPoro NONOXNUTENBHBIN.

MpodykmugHocmb Moaenu HeiiMaHa NOHUMAETCS Kak CyLLECTBOBaHWE PeLLeHUsi CUCTEMbI HEPABEHCTB
Bx—Ax>c, x20

npu niobom ¢ € R’ . MpoayKTMBHOCTb MOAeNM HeliMaHa aKkBMBaneHTHas ycrnoButo: uncno ®pobennyca mopen
(3) meHbLue 1.

OpgHon M3 Hambonee W3BECTHbIX CXEM [OMHAMMYECKOro MeXOoTpacneBoro 0amnaHca 3aKkpbiTOA 3KOHOMMKM
SBMSETCA TaK HasblBaemas obljas cxema m—mogenu (getanbHas cxema paspabotaHa HO.M.MeavunosbiM 1
A.A.MeTpoBbIM [WBaHunos, 1971]):
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Ax,+Dn, +Lc<x,
xt < gf—l’ é:t < gt—l +77t’
Ix, <L,
(x,,&.n,,L,)20, t=12,..,T,

(4)

T -
roe WHOeKkc t — HoMep BPEMEHHOro MpoMexyTka (ropa), x = (xl,xz,...,xn) - COBOKYMHbIA 3anac TOBapoB,
“ - o va
TEXHOMOrMYECKe 3aTpaThl Kaxao! 13 N OTpacneil onucbIBatOTCA MaTpuLen JleoHteeBa A, & = (51 3 &gy §n)

“ o o o T
— COBOKYMHbII MaKCMarbHO BO3MOXHbIA BaroBOi BbIMycK (MOWHOCTM oTpacnen), 77 :(771,772,...,77”) -
Xenaemoe NnpupalleHre MOLLHOCTEN, MaTepuanbHble 3aTpaTbl Ha NPUPALLEHUEe OCHOBHBIX MOLLHOCTEN BCEX N

oTpacneit onucsisatotcs Matpuueit D, [ = (1,,1,,...,1, )" - 3aTpaTbl Tpy#OBbIX PECYPCOB Ha MHMLY BaNOBOTO

2 %n

T
Bbinycka, L - obLiee KONMYECTBO HaHATbIX pabounx, ¢ = (cl,cz,...,cn) - BEKTOp noTpebneHnst Ha OAHOro
paboTaoLLero (ero HaTypanbHas 3apaboTHas nnata), &, - OCHOBHbIE MOLIHOCTI B Ha4ambHbIit MOMEHT {=0.

[ns mogenu (4) yalle BCEro MCMonb3yeTcs TEPMUHANBHBIN KPpUTEPUIA
cpX; —> max, ®)
rae ¢, > 0, 4To HenocpeCTBEHHO CBA3LIBAETCS C MaKCMarbHbIM TEMMOM POCTa SKOHOMMKM.

OcHOBHOI pe3ynbTaT OTHOCUTENLHO CYLLECTBOBAHUSA MarucTpany ans sagauv (4) - (5) dopmynupyertcs B Buge
cneayouei Teopembl [AliMaros, 1984].

Teopema 2. Myctb &,>0, matpuya R = (cil_/. )11, maTtpuua A+R Hepasnoxumasi ¥ npogykTUBHas, MaTpuua

O(A) = A(A+R)+(1-A)D npumntueras. Toraa BekTop ()?, &7, Z), me A=A<1lun x>0
COOTBETCTBEHHO UMCTIo PpobeHryca 1 MpaBblil COBCTBEHHBIN BEKTOP MATPHL|bl Q(/T ) SIBNIAETCS MarvcTpanio
Ans mogenu (4-5).

HepeleHHbIM Ha CerofHs SBMSETCS BOMPOC O PacLUMPEHUM Cxembl (4) m—MOJenn Ha Ccnyyvanm OTKPbITOM
3KOHOMMKW, KOrga 3KCMOpT W MMMNOPT AOCTMraloT Takux 6onblimx 06bEeMOB, YTO OTKA3 OT HWUX MPUBOAMUT K
CUTyaUWn HEBO3MOXHOCTM 3KOHOMMYECKOTO pa3BuTus. Criedylowum BOMPOCOM CTaHOBWTCS BOMPOC O
CYLLECTBOBAHWWN MarucTpanu passuTUS OTKPbITOM 3KOHOMMKW, Kak 3TO MOKA3aHO A7 Cryyas 3aKpbiTOW
9KOHOMMKU. PaspeLueHunto 3Tux ABYX BONPOCOB U NOCBALLAETCS faHHas cTaTbs.

[ns OTKPLITOM 3KOHOMUKY, UMEIOLLEN SKCMOPT M UMMOPT B 6onblumx o6beMax, HUKE npeanaraeTcs BblAENUTH
3KCMOPTMPYIOLLME OTpacnu (nepeas rpynna oTpacnen) 1 UMNOPTUPYIOLLME OTpacnu (BTopas rpynna oTpacnei), a
Ha BeKTOpbl 3kcnopTa es(f) u umnopta if) HanoOXWTb NPOM3BOACTBEHHLIE OFPaHWYEHUS Ha WX OBBEMBI.
lMpegnaraeTcsa cregytowas Mogens:

clTxl(T)Jrcszz(T)—)max,
Apxy (1) + A xy (1) + Dy (1) + Dipny (1) + ¢ L(t) +e (1) < x,(1),
Ay x1 (1) + Azpxy (1) + Dy (1) + Doy (1) + ¢, L(1) =15 (1) < x5(1),
xi(1)SE(1=1), xy(1)<&y(1-1),
Ei(1) <& (t=1)+m(1), &(1)<E(t=1)+my(1), (6)
Lxy(t)+1x, (1)< L(t),
e(t)2Fix(t), ir(t)<Hyx (1),
x1(1)20, x3(1)20, §(1)20, & (1)20, n ()20, n,(t)=0,
e(t)z0, iy(t)=0, L(t)=0, t=12,..T.

B wmogenu (6) 3anac npoayKuMu SKCMOPTUPYIOLEN rpynnbl oTpacnei xi(f) B NpOMEXyTOK BpemeHn ¢
obecneunBaeT npsamble NpPou3BOACTBEHHble 3aTpathl Asxi(f) u Apxo(f), notpebnenus L(f)ci, cosgaHms
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npupaLleHns MowHocTe obeux rpynn otpacnen D, 7;7,(¢) n D,,n,(t), a Takke akcnopT es(f). B 10 xe Bpems

3anac npogyKuuu UMNOpTUPYIOLLEN rpynnbl OTPacnen Xo(t) B NPOMEXyTOK BpeMeHu t MoxeT obecneunTb npsiMble
NPOM3BOACTBEHHbIE 3aTpaThl AxiXi(f) M Axx(f), noTpebneHus L(f)c;, co3aaHMs NpuUpaLieHUst MOLLHOCTEM

D, n,(t) n Dyn,(t), HO yxe C NOMOLbI0 MCNONb30oBaHUA UmnopTa ix(f). B mogenu (6) Fi osHavaet

HeoTpuUaTenbHyl0 MaTpuLy KO3hPULUEHTOB MUHUMANBLHOTO SKCMOpTa NPOAYKLMM NepBOi rpynnbl oTpacnen, Ha
- HeoTpULaTenbHy MaTpuLly KO MULMEHTOB MakcMMaribHOro umnopta Ans obecneyeHns NPOU3BOLCTBEHHbIX
notpebHOCTEN NepBoi rpynnbl oTpacnen. B yacTHocTh, Matpuua F1 MOXET BbITb AMaroHarnbHON MaTpuler ¢
AnaroHanbHbIMM dneMeHTaMN MEHbLIMMW e4UHULbI.

Mogenb (6) sBnsieTcs AMHaMUYeckoll, B pesyrbTate ee (DYHKLUMOHMPOBAHWUS Mbl MOMYyYMM MPW HaYambHbIX
panHblx  £(0)  nmocnemoBaTenbHOCTb  BEKTOPOB, YAOBNETBOPSIOWYIO BCEM  OrpaHUYEHUsM  Mogenu -

X(t) = (xl(t)> x,(1),6,(2),6,(2),m,(2),1,(2), e, (1), 1, (2), L(t)), t=1,2,...,T. Takas nocregoBaTenbHOCTb

npeacTaBnseT TpaekTopuio. B koHUe uccnegyemoro nepuopa (B MOMEHT BpeMeHW T) COCTOSIHME MOy
xapaktepuayetcs Bektopom X(T) (Tak HasbiBaeMoe TEPMUHANBHOE COCTOSIHUE MOZENN).

Wccnegyem coctosHue paBHoBecus B mogemm  (6). CooTBeTCTByHLAs CTauuMoHapHasi TpaekTopus
WHTEHCWUBHOCTEN onpegensetcs TEMMoM pocta a=1">1, ny4om Heitmana
X = (xl,xz,fl,é‘z,nl,nz,el,iz,L) W UMeeT BuA

x()=2"x, x,(0)=1"x, §O=1'§, &H)=1"E,,

» _ ) _ . . (7)
771(f)=/1771a ﬂz(t):ﬂvtﬂz’ el(t):;ttela lz(t):ﬂ’lza L(t):ﬂL-

Ecnu cooTtHoweHus (7) noactaButb B (6), TO ANS COCTOSIHAS paBHOBECMS! (/1, xl,xz,fl,fz,nl,nz,el,iz,L)
npy Gonblumx T NOMyYMUM ONTUMU3ALMOHHYIO 3aaauy:

A — min,

X; 2 Ay Xy + A x, + Dy + Dyn, + Ley + ey,

Xy 2 Ay X, + Ay xy + Doy + Doy, + Le, — 1y,
x, <A, x, <A,

(1_/1)51 S771a (l_ﬂ)gz S7725 (8)
Lx, +1,x, <L,
e = Fx, i,<H,x,
x 20, x,20, £2>0, £2>0, 20, 5,20,
e >0, i,=20, L20.
BBeqeM B paccMOTpeHme MaTpuLb
R, = (Cz‘ll}l R, = (Czlljz) R, = (czzl/l)’ R, = (czzljz)

Mockonbky npn 0 < A < 1 umeem

x, <A <

, X, < A& L
1_/1771 2 & -2

7,5

a cnegosaTternbHO

1-1 1-4
n ZTxl, n, 2

Xy,

Tocysetom D, 20, D, =0, D, =0, D,, >0 nonym

1-4 1-1 1-A4 1-A4
Dy n, ZTDIIXI’ D,n, ZTDlzxza D,n, ZTDZIXI’ Dy, ZTDzzxz-
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[anee, nockonbky
(lel )cl =R, x,, (szz )Cl = R,x,, (lel )Cz =Ry x,, (lzxz )02 =Ryx,,
TO y4MUTbIBAS HEOTPULIATENBHOCTb MaTPUL, F1 1 Hz, IPUXOAMM K HEpaBEHCTBaM

ZEAII +R11 +%D11 +F'1)xl +(A12 +R12 +%D12JXZ,

Xy 2 Ay Xy + Ay Xy + Dy + Dy + Ley —ip 2
1-A 1-A
> A21 +R21 +TD21 xl + A22 +R22 +TD22 X2 _Hle.
Mocne nepeHeceHus YneHa Hox1 HaneBo 1 YMHOXEHUS 00emnX YacTel aTUX HepaBeHCTB Ha A > 0 nonyynm
ME+H)x2[MA+R+F)+(1-1)D]x,

A4, 4 R R F 0 0 0 D, D
A:( 11 12} R:( 11 12} F:( 1 j H:[ J D:[ 11 12)
Ay Ay Ry Ry 0 0 Hy 0 Dy Dy

- HeoTpuuaTenbHble KBagpaTHbIe MaTpuubl, E - AuaroHanbHas eauHUYHas MaTpua.
Takum o6pasom, 3agaya Makcumusauuu Temma pocTa OTKPLITOM 3KOHOMMKM (6) CBedeHa Hamu K Takoi
0606LeHHo mogenu HelimaHa

roe

A —min, Q(A)x <ABx, x>0, (10)

roe
OA)=A(A+R+F)+(1-4)D, B=E+H. (11)
MpUCTYNMM K HaXOXOEHWI0 COCTOSHUA paBHoBecust Mofenu (6). PaBHoBecHast TpaeKkTopusi MHTEHCUBHOCTEN
onpeaenseTcs Temnom pocta a = A 1 nydom Heiimara X = (xl,xz,;‘l,fz,nl,nz,el,iz,L). [ina Toro,

yTobbl 0becrneunTb CylEeCTBOBAHWE HETPUBMANBHOTO PELIEHWSt CUCTEMbl HepaBeHCTB (8), Heobxoanmo
HaNOXWUTb HEKOTOPbIE OrPAHNYEHNS Ha NapaMeTpbl MOLENM.

Byaem cuutath, YTO MaTpuUua A HeoTpuuaTenbHas W Hepasnoxumas, [ >0, ¢>0, c¢#0, a matpuya

A+R+F npoaykTueHas, T.e. ee uncno ®pobeHnyca meHblie 1. CopepxatenbHO 3TO OrpaHUYeHne COCTONT B TOM,
4TO CyLUecTBytoan TexHonorna (A,,F) nossonseT kaxgomy paboTatoliemy “npokopmutb” cebs, ocyLecTBnss
NPOU3BOACTBEHHbIN NPOLECC N NPOBOAS BHELUIHETOPrOBbIE ONepaLum.

Kpowme atoro, Byaem cuutath, yto D >0 necrm >0, Dn =0, 1o n=0. [JanHoe npegnomnoxeHue

03HayaeT, 4To NMoboe npupalleHne 1 OCHOBHbIX MOLHOCTen TpebyeT MaTtepuanbHbix 3aTpat. [dpyrumu
CroBaMm, Mbl CYUTaEM, 4TO B MaTpuue D HET HyneBbIX CTONGLIOB.
Moctpoum ans (10) ABOMCTBEHHYIO 3agady

pO(A) = ApB, p =0,

roe p = (pl, pz) - BEKTOP-CTPOKA [BOMACTBEHHbIX OLiEHOK. [OCKOMbKY Hac MHTepecyeT cryyait x > 0, To 310
BO3MOXXHO NiLLb TOrAa, Koraa

pO(A) = ApB. (12)

Cuctema nuHelHbIX anrebpanyeckux ypaBHeHWn (12) umeeT HeTpuBManbHoe pelleHne p # (0 Tombko npu

yCINOoBUK
det(Q(1) - AB) =0,

T.e.
det[(1-2)D-A(E-A-R-F +H)|=0. (13)

Mockonbky Matpuua A+ R+ F cuntaetca npogyktueHoW, TO [[loHomapeHko, 1995] cyuwecTsyet
HeoTpuLatensHas Matpuia (E — A—R—F)™' > 0.
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Myctb Tawke wmatpuya H Takas, yto H <A+ R+ F (370 MOXET BbIMONHATLCS, MOCKOMbKY
A>0, R>0, F=>0). Tornpa matpnua A = A+ R+ F —H >0 ocraeTcsi npoayKTMBHOM, T.e.

CYyLLECTBYET HeoTpuuaTensHas matpuua (E - A )71 =(E-A-R-F+H)"'>0. WvenHo nocneaxee
Oka3blBaeTCs Hanbonee BaxHbIM TpebOBaHMEM.
YpaBHeHue (13) MoXHO nepenucath B BUAE

det(E— A-R-F+H)'D- uE]=0,

rme p= % = ﬁ —1>0 npn 0< A<1. HanmeHbluemy 3HauyeHMto A COOTBETCTBYeT Hamborbluee

3HaYeHne L.
Matpnua (E—A—R—F +H)™' >0. Torga cornacHo Teopeme [MeppoHa-®pobenmyca [[ToHomapeHKo,
1995] cywecteyeT uncno dpobennyca 1z > 0 n cootBeTCTBYIOWMIA BekTop PpobeHnyca z > 0 Takoi, YTo

(E-A-R-F+H)'Dz=z.

OtmeTum Mpu 3TOM, 4YTO
(E-A-R-F+H)'D<(E-A-R-F)"'D,

mnoatomy zZ < 4 ,roe 4 -uncno ®pobernyca matpuipl (E —A—R—-F)'D.
BepHemcs Teneps k 3agade (10), koTopyto nepenuilem B Buae
u—>min, (E-A-R-F+H)'x<mux, x>0.

. — _ = 1 1
PelugHMe 3Toil 3aa4M AOCTUraeTCs Npu 4 = 17, x =Z . [lpu atom Temn pocta A ' =1+—>1+—>1,a
L B
TaKkKe CTPYKTypa Bbinycka X > 0.
OcHoBHOW pe3ynbTaT A4aHHOM CTaTbi (POPMYNUPYETCA B BUAE TAKOW TEOPEMBI.

Teopema 3. Ecrm matpuua A+ R npopyktveHass, matpuua H < A+ R+ F', a matpuua D He umeet

= 1
HyneBbIX CTONBLIOB, TO B Mofenu (6) CyL|ECTBYeT COCTOSHME PaBHOBECUS C TeMmrmoM pocta A ' =1+—,

m
KOTOPOMY COOTBETCTBYET eaANHCTBEHHbIA Ny Heitmana (x;,x,,&,&,5,11, M2, V4, L), Npudem:
1) i -umcno ®pobeHnyca, X - npasbiit BekTop Ppobennyca matpuupl (E—A—R—F + H)'D;
_ - _

2)§:;\4_12, ﬁ:Tx, l_leifl’ 172=H23_Cl, l_4=l)—c

Nutepatypa
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HEYETKUE MHOXECTBA: AKCUOMA ABCTPAKLIUU, CTATUCTUYECKAA
WHTEPIMPETALWUA, HABNIOAEHUA HEYETKUX MHOXECTB

Bnagumup C. [JoH4YeHKO
Abstract: Paccmampusaromcsi 80npockl, Kacaroujuecs onpedeneHust He4émkux MHoXecms, 8sedeHus aHanoza
aKCUOMbI CeEpMKU, cmamucmuyeckoll uHmepnpemayuu u eé ces3u ¢ akcuomol ceépmku, HabmdeHul
HEYEMKUX MHOXecms

Keywords:He4émkoe noOMHOXecmeo, (hyHKUUS NPUHAONEXHOCMU, MEopUs MHOXecms

BBegeHue

Heuétkme MHOXecTBa, npeanoxeHHble Jlotdm 3age B pabote [1] (cMm. cucTemaTtuyeckoe wsnoxenue B [2])
paccmaTpuBanuCb C OAHOM CTOPOHbI — Kak MeTOA MOAENUPOBaHWUS, pPeanuayloluin npeacTaBneHns o
HeonpeaenéHHOCTY MOAENMPYEMON CUTYaUUn 1 anbTEePHATMBHbIA CTATUCTUYECKUM METOAaM  OnuCaHMs
HEeONpPeanéHHOCT, C OPYyrol — Kak Teopus anbTepHaTMBHas WnW oboljallas KracCCUYecKyld Teopuio
MHOXeCTB. [peTH3uM Ha obobLjalomii XapakTep TEOpPUM OCHOBLIBANM Ha HEYETKOW NOTUKE, NOA KOTOPOM
nogpasymesanacb anrebpa onepupoBaHus ¢ uucnamu u3 uHTepBana [0,1] ¢ onepauusMn MUHUMyMa W
MaKCMMyMa B KOTOPOW CMpaBeAnBbl BCE COOTHOLLEHMSI GyneBckon anrebpbl KpOMe 3aKkOHa MCKMHYEHHOrO
Tpetbero. OpHako TO, YTO BLIXOAMNO 3a pamku OynesBckon anrepbl, Knaccuyeckas TEOpWUA HEYNTKMX
NOAMHOXECTB HE paccMaTpuBanocb B 4acTHOCTM, BaXHEWLIMM 3IEMEHTOM aKCMOMATUK/ TEOpUM MHOXKECTB
SBNSETCS aKCcUoMa, KoTopast U3BECTHAs NOL HECKOMbKMMM HA3BaHWAIMU: akcMoMa CBEPTKM, MpUHLMN abeTpakumm
[3] wnn akcuMoma BblaeneHust [4], koTopas YCTaHABMBAET CBS3b MEXAY MHOXECTBaMU B KMacCUYeCKOM
NOHUMAHMK: “4ETKUMW” MHOXECTBAMM, - U CBOCTBAMMW NIEMEHTOB YHUBEPCANBHOTO MHOXECTBA, CODCTBEHHO, -
npeamnkatamu, 3afaHHbIMW Ha 9TOM YHUBEPCANbHOM MHOXECTBE.

B Teopun HeyeTkUx MHOXECTB NpobreMa aHanora akcMoMbl CBEPTKM (MpUHLMNa abeTpakLmm) UcKnoYaeTes 13
PACcCMOTPEHMS CCbINKOM Ha TO, YTO C CaMOr0 Havyara PaccMaTpUBAOTCS HEYETKME MOAMHOXECTBA, M XOTS B
0603Ha4eHUM PYHKLMM NPUHAANEXHOCTM YNOTPEONSIOT 3MIEMEHT, KOTOPbIA POPMarbHO COAEPXKMT CChINKY A Ha
MHOXeCTBO: W, (€), — TeM He MeHee 0603Ha4eHMe A OTHOCTCH K CaMOMYy HEYeTKOMY MOAMHOXECTBY, MOf,

KOTOPbIM MOHMMAIOT, COBCTBEHHO, rpathvk PYHKLMM NPUHAANEXHOCTU[Z]:
A = {(C,HA(C)), SAS E)} ’ OS MA S1

OtcyTCTBME a@Hamnora akCvoMbl CBEPTKM WK NpUHUMNA abcTpakumn nopoXgaeT BOMPOC O TOM, KakoW MMEHHO
00bEKT MNK CBOMCTBO XapaKTepU3yeTca HEYETKO B pamkax HedveTkoro noamHoxectsa (E, p, (e)). HeasHo u

TOMbKO OTYacTK npobrema OTCYTCTBUS CBA3M Mexay NOAMHOXECTBOM M CBOWCTBOM PEanu3yeTcsl B MOHATUM
NIMHTBUCTNYECKOA NEPEMEHHON U €€ 3HauyeHWsIX. VIMEHHO B pamkax MOHATUS NMHIBMCTUMYECKON MEpPeMEHHOM
HESBHO peanuayeTcs MPWHUMN abcTpakumu: CBA3b, 3KBMBANEHTHOCTb CBOWCTB (MpeaukaToB) W MOAMHOXECTB.
OTa HesBHas peanu3auus npuHuMna abCTpakumv npu  WUCMONb30BAHUM  JIMHIBUCTUYECKUX MEPEMEHHBIX
OCYLLECTBNSETCA PacCMOTPEHMEM AN TOW WM MHOM YMCIIOBOW XapaKTEPUCTMKM: YNCNOBOM NEpPeMeHHON B
YETKOM OMMCaHUK, K MPUMEPY PaccTosHUS, — CBOWUCTB, HampumMep: “BonbLuoe”, “cpeaHee” u “Manoe”, Kotopble
CBSA3aHbl C TOW UM MHOM YacCTbl0 MHTEPBana BO3MOXHbLIX 3HAYEHUN PacCTosHUSA B LienoM. ocne 9Toro Ha
COOTBETCTBYIOLLUMX NOA MHTEpBanax onpegenseTcs yHKLUMS NpUHaaIexHOCTH, koTopasi, COBCTBEHHO peanuayeT
HeyéTkoe OnuCaHWe MMEHHO OTMEYEHHOTO CBOWCTBA. [lOMyYeHHble HEeYeTKMe MNOAMHOXECTBA CYMTAKTCA
3HAYEHNAIMU NIMHIBUCTMYECKON NepemMeHHON. TakuMm 06pa3oM, NWHIBUCTMYECKAs MepeMeHHas SBRSeTcs He
NPOCTO HEYETKUM MOAMHOXKECTBOM C COOTBETCTBYHLUMM HOCUTENEM — a HEYeTKoe MOAMHOXECTBO MAC
CBOWCTBO, KOTOPOE 3TO HEYETKOE MOAMHOXECTBO OMUCHIBAET HEYETKO, KaK B YNOMSIHYTOM BbIllE MPUMEPE CO
CBOWCTBAMM paccTosHus. Takum 00pa3om B MOHATUM NIMHIBMCTUYECKOW MEPEMEHHON HESBHO peanunayeTcs
npeactasneHme 06 ob6bekTe HEYeTKOCTW: 3TO CBOWCTBa “Gonbluoe”, “cpepHee’, “Manoe”, a ¢ Apyron -
YCTaHaBMBAETCA CBA3b MEXAY HEYETKUMW NOLMHOXECTBaMW U COOTBETCTBYIOLMM CBOMCTBOM CBOMCTBAMM.



KDS 2005 Section 3: Decision Making 219

Takoit nogxod TONMbKO YacTUYHO peanu3yet CBA3b Mexay CBOWCTBOM W HEYETKUM MOAMHOXECTBOM, TaK Kak,
COOTBETCTBYKOLLME HeYeTKne OObeKTbl SBNSIOTCH  HEYETKUMM nogMHOXeCTBaMi  3afaHHbIMW Ha pPasHbIX
Hocutenax E: Ha noauvHTepsanax MCXogHoOro MHOXeCTBa. Tak B npuMmepe C pacCToAHMAMKU 3HAYEHUAMU
NIMHIBUCTMYECKON I'IepeMeHHOVI ABNATCA HEYETKME NOAMHOXECTBA, CBA3AHHbIE C Pa3HbIMI NOAMHTEPBanaMn —
Pa3HbIMW HOCUCTENAMMN.

B pabotax [5-6] aBTOpa npeanaraeTcs TEOPETUKO-BEPOSTHOCTHAA WHTEPNpEeTaumust HEYETKOTO NMOAMHOXKECTBA,
TOYHee: (OYHKUMM NPUHALANEXKHOCTM, — B KOTOPOM C HEYETKMM MOAMHOXKECTBOM CBSI3bIBAETCS BMOSHE
onpenenéxHoe cobbITue-CBOMCTBO-Npeankat. B paboTe [7] npeanaraeTcs YTOUHEHWE ONpedeneHnst HEYETKOro
NOAMHOXECTBA, B KOTOPOM MOAXOZALMA NpeamnkaT P BBOANUTCS B CaMO OnpefeneHne HeYETKOro NoAMHOXKECTBA:
npu coxpaHeHun obLero nogxoga K 3afdaHMI0 HEYETKOTO MOAMHOXECTBA HOCUTENEM U (pyHKUMEN
NPUHAANeXHOCTH, 3Ta MOCMeAHss MPUNUCHIBAETCs, CBA3bIBAETCA C npegukatom P, KoTopblid BBOAMTCA B

0Bo3HaveHne yHKUMM npuHagnexHocT: it (e). TUNMYHBIM MPUMEPOM TaKoil (YHKLMM MPUHAANEXHOCTH,

np1N1cbIBaeMon ONpeaenéHHOMY CoBbITUIO-CBOMCTBY SBNSETCS 0606LieHHas noruT- n npobut- perpeccus. B
Hel CcoObITMe-CBONCTBO C CamOro Havana npuCYTCTBYET $IBHO: 3TO CBOWCTBO, KOTOPOE OMWUCHIBAETCS
cukempyetcs cobeituem {Y =1}, KOTOPOe OTBEYAET COBEPLLEHMIO MOKYMKMA U T.4.

YTO4YHEHMe NOHATUA HEeYETKOro NOAMHOXeCTBa

MyTem pelweHns npobnembl NOCTPOEHUS aHanora akcuoMbl abCTpakuMM MMM BbIAENEHWUS AN HEYEeTKMX
NOAMHOXECTB, Ha B3rnsa aBTopa, Obina Obl SIBHAS CCbiNka Ha CBOWCTBO — MM COOTBETCTBYHLIEE €My
MHOXECTBO, — HEONpedeneHHoCTb B OMPEAEeneHnn KOTOPOW UM OMUCbIBAETCs, CODCTBEHHO, (PyHKUMEN
NPUHaANEXHoCTW. JTa ccbinka JOmKkeH ObiTb SBHbIM 00pa3oM OTpaXEHHOe, Hanpumep, B 0b03HauYeHU Ans

{P} .
(YHKUMN MPUHAANEXHOCTA HEYeTKoro noaMHoxecTsa: M (e), roe P - cooTBeTCTBylOLEE CBOWCTBO
(NMpeamkaT unm YeTKoe MOAMHOXECTBO). YUUTbiBas Hammume akcuoMbl CBEpTKM (abCTpaKkumm unn BblgeneHns)
ANS MHOXECTB KIacCU4eckiX, BMECTO CBOWCTBA P MOXET CTOSATh NOAXOAsLLee NOAMHOXECTBO — Knaccuyeckas —

MHoxectBa E. B pamkax Takoro noaxoma Ase yHkuun npuHaanexHoctn p'ti(e) u p'®i(e) ¢ Piz Py,

3a[aloT AiBa PasHbIX HEYETKUX NOAMHOXECTBA, AaXE, ECMW OHW COBNAZAIOT Kak yHKUuM e, ecE.

Onpegenexne. HeveTkum NOAMHOXECTBOM MHOXECTBA E, KOTOpOe HeYeTKo omuchbiBaeT CBOWCTBO P Ha E unmn

cooTeeTcTRYMLYI0 P MHOXecTBo Pe C E, Hasbizaetcs napa (E, w'™ (e) ) wmm napa (E, n ™’ (e)), rae:

« E - abctpaktHoe MHOXeCTBO, koTopble Byaem HasbiBaTb YHUBEPCANbHbIM MHOXECTBOM MMM HOCUTENEM
HEYeTKOro NOAMHOXECTBa;

o P —npepukart Ha E, a Pe — nogMHOXeCTBO MHOXeCTBa E, koTopoe oTBeyaeT npeaukaty P;

o u'®(e) - dyHKuMA ABYX aprymMeHTOB: e, ecE n P 13 MHoXecTBa npeankaTos Ha E. 3Ty dyHKLMIO, Kak 1 B

KNAcCUYECKO TEOPUM HEYETKUX NOLMHOXECTB, Byaem HasbiBaTb (hyHKLMEN NpUHAANEXHOCTH, npubaBnss,
YTO OHa HEYETKO peanuayeT I XapaKkTepuayeT CBOMCTBO P i COOTBETCTBYHOLLEE MHOXECTBO PE.

3amevanne1. Mo onpeaeneHuio, yHKLUMS NPUHAANEXHOCTY ABNsSieTCs yHKUMEN ABYX apryMeHToB: ecE n P Ha
E wmP, c E. B pganbHeiliem, yuuTbiBas Hanuyue akChMOMbl CBEPTKA B “4ETKOW Teopuu, ecriv 310 He

0BYCrOBNEHO  [OMOMHMTENbHO, ByaeM cuMTaTh  yHKUMIO npuHaanexHoctn p'™(e)  dyHKumein aByx
aprymenTos: ecE n A c E. Takum 0BpasoM, HEYeTKAM MOAMHOXECTBOM C HOCUTENEeM — YHUBEPCAmbHbIM
MHOXecTBOM — E HasbiBaetcs napa (E, p (e)).

lMoabIToXMBAs, OTMETWM, YTO BEPOSITHOCTHAS MHTEPMNPETALMS HEYETKUX MOAMHOXECTB M NpuMep 0600LLIEHHBIX
BapyWaHTOB NOMMT- M npobuUT- perpeccuit kKak (yHKLUWM NPUHAAMEKHOCTH HEYEeTKOT0 MHOXECTBA, a TaKkKe
BHYTPEHHME NOTPEBHOCTM TEopWW, CBS3aHHbIE C OOHOW CTOPOHbI C HEOOXOOMMOCTbIO SIBHOTO OMpedeneHus
0bbeKTa HEYETKOCTU, @ C [PYroit - C NOTMYECKON MOMHOTON aHanor ¢ “4eTkMMM’ MHOXECTBaMW: BBELEHWEM
aHarnora npuHUMna CBepTKU - MPUBOAMUT K HEODXOAMMOCTM YTOUHEHUSI MOHATWSI HEYETKOTO NOAMHOXECTBA. JTO
YTOYHEHWE MPELCTABNEHO OCHOBHBIM OMpEdeneHMeM 3TOr0 MyHKTa WM BapuaHToOM, NpeAcTaBneHHbIM B
3aMeyaHum.
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BepOﬂTHOCTHaFI MHTepnpeTauna He4YeTKMX NOAMHOXeECTB

B obuwem, ocHoBaTenu TeOpUM HEYeTKUX MOAMHOXKECTB HEOAHOKPATHO MOAYepkMBanM OThnyue U
NPUHUMNKANEHYI0  anbTepPHATUBHOCTL — TEOPUM  HEYETKUX  MOOMHOXECTB  cTaTucTuke.  Hactomumso
NOAYEPKMBAETCS, YTO 3Ta TEOpUs SABNSETCS anbTepHATMBHbIM CPEACTBOM OMWUCAHWS HEONPeAeneHHOCTH,
KoTopasi OTpaaeT CTeneHb CyOLEKTUBHOM YBEPEHHOCTW MCCRedoBaTens, XoTs caMm OBbeKkT xapakTepusavuu
OCTaBancs, Kak OTMEYEeHO Bbllle, BHE OMPEAEneHnst HeveTkoro nogmHoxectsa. [lpumep 060BLLEHHBIX
Bapy1aHTOB NOMUT- U NPOBUT-perpeccuit, yIOMUHaBLUMIACS BbiLLE, HE UMEET YHUBEPCANbHOTO Xapaktepa XoTs Obl
MOTOMY YTO CBSI3aH CO crnewmanbHbIM Bbibopom Hocutens. C Apyrol CTOPOHbI, PAaCCMOTPEHUE TEOPUN HEYETKMUX
NOAMHOXECTB Kak MHCTPYMEHTa MpUKMagHbIX UCCNEeAOBaHUI: MaTEMATUYECKOTO MOAENMPOBaHUS AN TOW Unn
WHOW npeameTHoM obnactw, Tpebosan u TpebyeT NPUMEHEHUs OnpeneneHHON MHTepnpeTauun HeyeTKuX
006beKTOB, KOTOpas Obl BbIBOASA 3a pamki CyOBEKTUBHOM YBEPEHHOCTM, NPEAOCTaBNsANa BO3MOXHOCTM FOBOPUTD
0 TOM, Kakue OOBEKTUBHblE YepTbl peanbHblX OOBLEKTOB MPOSBMSAOTCA B BUOE HeYeTKux OOBEKTOB U, B
YaCTHOCTM, OTBeYana Obl Ha BOMPOC, YTO MOXHO CYMTaTb HabMIOAEHMEM HEYEeTKOro MHOXeCTBa. BaxHOCTb
NOCMeAHero BOMpOCa TSKENO MEepeoLeHUTb, Tak Kak Ha MpeAcTaBneHWn O COBOKYMHOCTM OBBEKTOB W ero
MaTeMaTN4eCcKOM BOMMOLLEHUM B BiAe abCTPaKTHOrO MHOXECTBA NOCTPOEHA BCS COBPEMEHHAs MaTeMaTuka.

3.1. BeposiTHOCTHas UHTepnpeTaLmMa HeYeTKUX MOAMHOXECTB - AUCKPETHbIW Cryvan

OTOT NYHKT NOCBSLLEH PACCMOTPEHNIO TEOPETUKO - BEPOSTHOCTHOM MHTEPNPETALIMN HEYETKOrO NMOAMHOXECTBA B
KNacCUYecKoM BapWaHTe OnpefeneHust Ans crnyyast AMCKPETHOro Hocutensi. KoHewHo, aTa MHTeprnpeTauus B
MOJTHOI Mepe KacaeTCcsl M YTOYHEHHOro BapuaHTa onpeaeneHus.

CoBCTBEHHO, TEOPETUKO - BEPOSITHOCTHAs MHTEpnpeTauns sBNseTcs CheacTBueM Teopembl 1, koTopas
yCTaHaBNWBaeT CBA3b MeXAy (PyHKUMEeR NPUHALNEKHOCTU HEYETKOrO MOAMHOXECTBA M CUCTEMOW YCIOBHbIX
BEPOSTHOCTEN NO NOMHOM rpynne CobbITUI B HEKOTOPOM BEPOSITHOCTHOM MPOCTPaHCTBE.

Teopema 1. [ina moBoro HEYETKOro B KMaccu4eckoM BapuaHTe ornpefeneHns noamHoxectsa (E, w,(e)) ¢
BUCKPeTHbIM HocuTenem E obHapyxutcs Takoe AMCKPETHOE BEPOSTHOCTHOE mnpocTpaHcTBo (Q,B,,P ),
cobbitne A € B, ¥ nonmHas rpynna cobeitui He: H, € B,, ecE, — B pamkax 3TOro BepoSTHOCTHOrO
MPOCTPAHCTBA, YTO (DYHKLMA MPUHAZANEXHOCTU W, (e) NMPEACTaBMAETCA CUCTEMOW YCIIOBHBIX BEPOATHOCTEN B
BUOE:

1 () =P{A|He }, ana npoussonbHoro e<E.

[loka3aTenbCcTBo. Bb|6epeM n 38(*)MKCI/1pyeM noboe ABOENEMEHTHOE MHOXECTBO C 3NIEMEHTaMM, CKaxeM, OL K

oL . Paccmotpum  Q ={a,a} x E . Ero anemeHtamu sBnalTcS napbl o Buga: o=(a ,e) uim o=(a &) ana

NPOM3BOILHOMO €: e € E, — a UMEHHO MHOXECTBO 2, — YUMTbIBas AUCKPETHOCTL E,— ToXe ByaeT AMCKPETHOM.
IMycTb pe, Pe > 0, ecE — BeposTHOCTM NtobOro psga pacnpeneneHunst Ha E, kotopble yOOBNETBOPSIOT €QMHOMY
TpeboBaHNIo: BCE 3TU BEPOATHOCTM HeHyresble. C MOMOLLbIO (YHKUMM NMPUHAANEXHOCTU w, (e), ecE u

BEPOSITHOCTEN pe, €€E BbIGpaHHOrO psifa pacnpeaeneHns onpeaenum Ha GyneaHe Q BeposITHOCTb, KoTopas,
Y4MUTbIBaSH AUCKPETHOCTb 3TOTO MHOXECTBA, 3a7aeTCsi COOTBETCTBYIOLLMM PSAOM pacnpeseneHus p,,o € Q:

Ha(e)p, ami o = (e,a)
P, =
(1=pa (€))pe, w1 © = (e,0))
JlencTBuTensHo:
e [N NPOU3BONLHOMO ® € Q2 f)w >0;

o D P =D Pl F 2P = D Ha@pet Y (1-p,(€))pe=1

e ecE ecE ecE ecE
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Onpenenum cobbitne A € B W nonHyto rpynny cobbitnit H, € B, , € €E COOTHOLLEHNAMN COOTBETCTBEHHO:

A={a}xE

He={(a e), (o e}, e<E.

OueuaHbiM 0bpaszom: A () He={( o ,€)}.

Kpome Toro:

P{He}= P{(a &)+ P{(a €)= pe > 0,

P(AN He)=P{(a .€)}= p, (€) Pe,

P(ANH,) _P{we)} wu,(e)p.
P(H)  p. P

3atem: p,(e)=P(A[H,).

a,Begb: P(A|H,)=

=“A(e)-

M noka3aTenbCcTBO 3aKOHYEHO.

PesynbTat, copMynupoBaHHbIM B Teopeme 1, MOXHO pacnpoCTpaHUTb Ha CUCTEMY HEYETKMX MHOXECTB,
koTopyto ByaeM HasbiBaTb NOSTHOM B MOHUMAHUK CriedyHoLLero onpeaeneHus.

Onpedenexue. Cuctemy (E,p, (e)), i=1,n HEYETKUX B KNaccuM4eCKkOM OMpeAeneHu! NoaMHOXECTB byaem

HasblBaTb MOMHOW rpyI'II'IOI71 HEYeTKnX MNnOAMHOXEeCTB, ecnn aAna npon3BOJSIbHOIO ec E BbinonHsercs
COOTHOLLEHMe:

n

D Ha, (@)=1.

i=1

Teopema 2. [nsa nto6on NONHOM HEYETKOW B KNACCMYECKOM BapuaHTe OMpedeneHnst rpynnbl NOAMHOXECTB
(E,i, (€)), i=L,n OOHAM W TeM caMbiM AUCKPETHbIM HocuTenem E 0BHapyxuTCcs Takoe AMCKPETHOE
BEPOSTHOCTHOE MpOCTpaHCeTBO (€2, B,,P ), Habop cobbitnit A, eBQ,izﬁ W nomnHas rpynna cobbiTui

He: H, € B,,, ecE, — B pamkax 3T0ro BEpOATHOCTHOrO NPOCTPAHCTBA, YTO (PYHKLWM NPUHAANEXHOCTA W,
i=1,n npeacTaBnsieTCs CUCTEMOIA YCIOBHbIX BEPOSTHOCTEN B Buae: i, (e) =P{A|H. }, Ans npon3sonbHoro

ecE, i=1,n.

Lokasamenscmeo. Bbibepem u 3acukcupyem nboe n-anemMeHTHoe MHOXKECTBO R C aneMEeHTaMu, CKKEM,
o,i=Ln:R= {al,...,an}. Paccmotpum  Q =R x E . Ero anemeHtamun sBnsoTcs napbl o Buga: o=(o ,e)
Ans Npou3BoMbHbIX e:e€ B, ae R, a caMo MHOXKECTBO 2, — y4uTbiBas AMCKPETHOCTb E Toxe Oypet

anckpeTHbIM. TycTb, Kak 1 B JOKa3aTeNbCTBE NpeablayLen Teopemsbl, Pe, Pe > 0, e€E — BeposaTHoCTH ntoboro
psaga pacnpegeneHus Ha E, kotopble, Tak ke, YAOBMETBOPSIOT eauHoMy TpeboBaHuio nonoxurensHoctu. C

MOMOLLBIO  (PYHKUMI  MPUHAANEXHOCTU pu, (€), i=1,n ¥ BeposTHOCTEN pe, e<E BbIGpaHHOTO psda
pacnpegenenms Ha E onpegenum Ha 6yneane B, MHoxectBa () BepOSTHOCTb, KOTOpas, Y4WTbiBas
[IMCKPETHOCTb 3TOTO MHOXECTBA, 3a7aETCs COOTBETCTBYIOLLM PSLOM pacnpefeneHus p,,o € Q-

uﬂ(e)pe,z[nﬂco =(e,0;)
Py =
Hﬁ(e))lje'ﬂﬂ’“’) = (eaan)
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JlencTBuTenbHo:
+ ANS NPOU3BOMBHOMO we Q) p, 2 0;

n n n

© D P0 =D Pl =D D M (O)D, = iuﬁ(e)Zpe = 1y (@) =1,
i=1

e i=l ecE i=l ecE ecE i=1

Onpegenum cobbitus A, e B, i=1,n n nonuyto rpynny cobbitut H, € B,,, e<E cooTHowweHnsMm
COOTBETCTBEHHO:

A ={o}xE,i=Ln

H, =R x{e}, ecE.

OuesnpHbiM 0bpasom: Ai(THe={(CL, )}, i=1,n, ecE.

n

Kpome Toro: P{ He }= Zf’w = Zﬁ(u”e) = Z“uﬁ(e)pe =pe>0,  P(ANH)=P{(aL, €)}= 1, (e) Pe,

weH, i=1 i=l

P(A;NH,) _P{(a;,e)} _ Ha (©Pc _
P(H,) Pe P,

atem: p, ()= P(A;|H,),i=Ln, ecE.

a,Bedb. P(A,|H,)= =Hy, ().

W nokasatensCTBO TeopeMbl 3aKOHYEHO.

BeposATHOCTHas MHTepRpeTaLusa HeYeTKMX MOAMHOXECTB - HeNpPepbIBHbI CryYan

PesynbTaT npedbloyllero nyHKTa YAAeTCs 3HAYUTENbHO YCUMUTb: COBCTBEHHO, K YPOBHIO MpeacTaBfeHus
CUCTEMaMW YCNOBHbIX BEPOSTHOCTEN AUCKPETHOO Cryyasl, - eCAM HOCUTENb E ABNSETCA CTPYKTYPUPOBAHHBIM, Y
aTa CTPYKTypa SBASETCS CTPYKTYPOM NPOCTPaHCTBa C MEPOM.

Teopema 1. MycTb:

« (E, (, m)-npocTpaHCcTBO C Mepoi;

e (Eu, (0)), i=Lnp i(€), i > 0 — nomHas rpynna HEYETKUX MHOXECTB C OOHUM W TeM CaMbIM
HocuTenem E:

«  BCe (yHkumM npuHagnexHocTh ' (e), i=1,n SABNAKTCA U3MEPUMbIMA (YHKLMAMA OTHOCUTENBHO
napbl ¢ -anrebp 3, £, £- 6openesckast o -anrebpa B R'.

Torga:

e CYLIECTBYET BEPOSTHOCTHOE NPOCTPAHCTBO (€2, By, P),

o CYLECTBYET ANCKPETHASA CMyyaiiHas BENMYMHA & CO 3HAYEHNSIMM 13 HEKOTOPOTO AMCKPETHOrO MHOXECTBa
Sp={S1, Sy,...,Sn};

«  CywecTtByeT 0600LieHHas CnyyaiHas BennuuHa (CO 3HadYeHusmMu B E) Takas, YTo AN NPOW3BONBHOTO
1i=1Ln

o u™(e) =P{&=Si|n=e}, roe P{€ = Si| n } - ycnoBHoe pacnpeaeneHme B.B. & OTHOCUTENBHO B.B. 1.
YCrOBHOE pacnpefenenite SIBNAETCS PerynsipHbIM: ANs Npou3BonbHOro e:P(B | n= e } ABRsieTcs BEpOSTHOCTbIO
no B.

[loka3aTenscTeo B 3TOM Ccny4yae Bonnoiwlaet O6L|.ly}0 naer OokasaTtenbCtBa ANCKPETHOro cnyyaa noCTpoeHus
noaxoAsulero BepoATHOCTHOro NpoCTPaHCTBa Nno YCNoBHbIM pacnpeaeneHusam.

HabniogeHne HeYeTKUX MHOXECTB.

YTOUHEHWE MOHATUS HEYETKOTO MHOXECTBA M COOTBETCTBYKOLAaaA BEepOATHOCTHAA WHTepnpeTaumusa OatoT
BO3MOXHOCTb O6'beKTVIBVI3VIDOBaTb MOHSATME HEeYeTKoro obbekTa 1 AaeT BO3MOXHOCTb roBOpuTb O HabntogeHumn
HEYETKOro MHOXEeCTBa, Korga pedb uaeT O NPUMEHEHUU HEYETKOCTW B MaTeMaTU4YeCKOM MOAENTMpoBaHWN.
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Moa HabnogeHNeM HEYETKOr0 MHOXECTBA MOXHO B YTOYHEHHOM BapuaHTe OmpefeneHus noHumaThb napy (e,
P(e))- 3HauyeHUs enemeHTa € HOCUTENst M 3HAYeHUst MpeankaTa Ha paccMaTpuBaeMoM anemeHTe. [Mpu Takom
MOHUMAHUN HabNoAEHNs!, COBCTBEHHO, pedb MAET O NPeabSBNAEMOM dNeMeHTe U (DUKCALMN BbINOMHEHUS UM
HEBbINONHEHMS CBOMCTBA P Anst aTOro anemeHTa. MIMEHHO Takoe MOHUMaHWe HabrioaeHus 1 HabnioaaeMocTy
umeeT Mecto B 00606LleHMsX noruT- U npobuT-perpeccun. [pu  NOCTPOEHUW-OLEHMBAHUN  CDYHKLIMIA
MPUHAZNEXHOCTH, HaMpUMep MO METoAYy MaKCMMarlbHOro MpaBaonogobus, kak 3T AenaeTcs B YNOMSHYTON
BbllE perpeccun Wnm MHbIM - cnoco6om. [lpy NpuBREYeHUM SKCMEPTOB AN  OLEHMBAHUS  (hyHKLMN
NPUHAANEXHOCTH, YKa3aHHbIE AKCMEpPTbl MOTYT MpuU NpeabsBeHUN anemMeHTa e nubo oTBevaTb Ha BOMPOC O

senumHe ' (e) nuBo — Ha BOMPOC O TOM, OTBEYAET N e TpeBosaHMio A 1 JaBaTh 0TBETH B Biae 0, koraa no

ero MHeHuto oteevaeT M 0 — korda HeT. Cnoco® OLEHMBAHUS (PYHKLMM MPUHALEXHOCTU B NOAXOASLLEN
napameTpusauum MoxeT ObiTb mogxoasiasi NMHelHas komOuHauMst (yHKUMOHana MeToAa MakCUManbHOV
NpaBonogo6HOCTY U MeTofa HaMMEHbLUNX KBaJpaToB.
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UCNONb3OBAHWUEM TEOPUM BO3MYLLEHUA NCEBOOOBPATHbLIX MATPUL

Bnagumup C. [loHyeHko, Buktopua H. Omapaubuposa

AHHOMayus: npednoxeHa MexHOMo2Us Knaccugukayuu 3MeKmpOHHbIX OOKYMEHMO8 C UCNO/b308aHUEM
meopuu 803MyueHus ncesdoobpamHbIx Mampuy.

Knroyeenbie cnosa: knaccugukayus, 0byqarowas ebibopka, ncesdoobpamnas mampuya, Web Data Mining.

BBegeHue

OpHOit M3 BaHEMWMX COBPEMEHHbIX NPMKNAOHbIX 3adad  Knaccudukauum SBRSETCS  Knaccudvkaums
3MEKTPOHHBIX JOKYMEHTOB. [MpunoxeHns MoryT ObiTb camble pasHble. Hanpumep, knaccudukaLms anekTpoHHOM
NOYTbI M OTCENBAHNSA TaK HA3bIBAEMOTO CMama, TO eCTb MUCEM HE NPeACTaBNSAIOLWMX MHTEPEC ANS NONb3oBaTens;
UK KnaccuduKkaLms LOKYMEHTOB NO TeMaTike Npu NOMYYEHUM UX U3 TaKOro HECTPYKTYPUPOBAHHOMO XpaHunuLla
kak MHTepHeT. [laHHble 3a4auqn OTHOCATCA K Knaccy 3afgay Aobblum nonesHbix AaHHbIX M3 UHTepHet (Web Data
Mining). B npegctaBneHHoOW CTaTbe OMMCaHa TEXHOMNOTMS KNacCMUKALMM SMEKTPOHHBIX AOKYMEHTOB MO
3ajaHHbIM  Kknaccam. B kayecTBe MaTemaTMyeckoro anmapara  MCMonb3yetcs  TeopuUst  BO3MYLLEHUS
ncesgobpaTtHbIX MaTpuu. [1]
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MocTtaHoBKa 3agaum

/ImeeTcs HECKOMbKO KMacCOB SMEKTPOHHBIX JOKYMEHTOB M3 HEKOTOPOW mpegMeTHon obractu. Kaxaeln knacc
XapakTepusyeTcs HabopoM [OKyMEHTOB-3TanoHoB. Bcsi npeameTHas obnactb xapaKkTepusyetcsi HEKOTOpbIM
3ajaHHbIM Te3aypycoM OAMHAKOBbIM [Nl BCEX KNacCoB AOKyMeHTOB. Heobxogumo cosgath u oByuntb C
MOMOLLbI0 CCPOPMMPOBAHHON M3 LOKYMEHTOB-3TaNOHOB 06y4atoLLen BeIOOpKM KnaccudmkaTop, KoTopblii Byaet
OTHOCWTb BHOBb MOCTYNatoLLMe AOKYMEHTbI K OQHOMY M3 U3BECTHBIX KnaccoB. CTaHaapTHbIM B PELUEHUM 3ahauu
pacnosHaBaHusl SBMSIETCS C OQHOW CTOPOHbI POPMMpOBaHMe 3HauMMbIX npusHakos(Feature Extraction) [2], ¢
Apyron — BbI6op NoaxoasaLwmin dyHKLMM 6am3ocTit K PopMUPYEMBIM Knaccam.

OcHOBHble 0003Ha4YeHUa

HYCTb uveetcs K knaccos ANEKTPOHHBIX OOKYMEHTOB, KOTOPblE 6y,qu 0003HayaTb COOTBETCTBEHHO, Qk’

k=1,K pans KoTopblx (PUKCMPOBAH OfMH UM TOT Xe Tesaypyc, KONMMYECTBO TEPMUHOB KOTOporo Oymem
o603HavaTb L. MpusHakamm, no koTopbiM ByaeT NponU3BOAUTLCS KnaccudmKkaLmsi, BbIBUPaKTCs OTHOCUTEMbHbIE
4acTOTbl MCMONb30BAHMS TEPMIUHOB Te3aypyca. Takum 06pa3oM, Kaxablii AOKYMEHT MOXHO NpeacTaBnsieTcs B

BWOe BekTopa a: al = (ay,...,a; ) COCTOALLEro 13 OTHOCUTENbHbIX YACTOT BCTPEYAEMOCTH CMOB U3 Te3aypyca B
paHHoM. Myctb ny, k=1,K — KONM4eCTBO [JOKYMEHTOB 0by4atoLLeit BbIGOPKM, OTHOCALLMXCA K KakaOMY W3
KI1accoB.

Beeném B paccmoTtpeHue matpuubl A,k =1,K, COCTaBMeHHble W3 «4acTOTHbIX» BEKTOPOB KaX[oro w3

knaccos. O4eBnaHLIM 06pa3oM Kax/aas U3 MaTpuL, UMeeT pasmepHocTb Lx ny k=1, K .

O60o3HauMm cpeaHee BEKTOPOB 0ByyatoLLen BbIGOPKM MO KaKaoMY M3 KIaccoB Yepes ax , k=1,K :
a=— Ya,k=1K. (1)

CrBuHEM Kaxzablil 13 BEKTOpOB 0byyatoLLelt BoIGOPKI TOTO MMM MHOTO Kacca Ha CPeHee No TOMY xe Knaccy, 1
MaTpuLibl, COCTABMNEHHbIE M3 MOMYYEHHbIX BEKTOPOB Kak Mo BekTopam ctonbuam. CoctaBuM HOBble MaTpuLipl,

aHanormuHble A,k =1,K . Bygem 0603HauaTh MOMy4YeHHble MaTpuLbl, CBS3aHHbIE C Ka[biM U3 KNaccos
vepes A, , k=1,K .

AnropuTtm Knaccudukauum

AnroputM  knaccudmkauun NpefnaraeTcs CTPOUTb Ha OCHOBE BbIYMCIEHWSI BEKTOPOB a; ,k=1,K u

NOCTPOEHNS CUHTYNIAPHOTO pasnoxenns [1] Ans Matpul A, , k =1,K , xapaKTepuayKLmx COOTBETCTBYHLIE
Knaccbl. Kak M3BECTHO, B COOTBETCTBUM C CUHTYNSPHBIM PA3NOXEHNEM MaTPULbl OMYCKAKT NpeacTaBneHue:

~ Tk 7 ~ N
A4, = Zyl.(k)(xl(k)) l([k) , I, =rank 4, =rank 4, , k=1,K ,rge 7& 2...27&. (2)
i=1

CobcTBeHHbIe 3HadeHns X; u cobeTeerble Bektopbl y(*/ e RY, x(*) e R™ | i=1r, , k=1,K B paHHOM

NpeacTaBneHun MoryT ObiTb BbIYMCIIEHbI, HANPUMED, METOAOM AKOOM UM METOAOM CHHIYNSPHOMO PasfnoXeHus
maTpuubl SVD [3].

CUMHrynsipHble pasnoxeHus (2) maTpuy KnacCoB MOXHO MCMONb30BaTb ANSt MOCTPOEHUS MPUOMMKEHUIA 3TUX
MaTpuLl, KOTopble B CBOK ovepeab OyayT NCnonb3oBaHbl Ans NOCTPOEHNS Mep BrM30CTH K KaxaoMy 13 Knaccos.
3TV NpuBrKeHNst CTPOATCS B ABa 3Tana: Ha MepeOM OTOPACHIBAKOTCS «CTapLUME YNEHbI» CUHIYNSPHbIX
Pa3NOXEHWN: CraraeMble, OTBEYAOLME MEHBLUMM 3HAYEHWUSM MOAynen COOCTBEHHbIX YMCEN; HA BTOPOM —
MONyYeHHble MaTPWLbl WCMONb3YIOTCS [Ang MocTpoeHus Mep 6mmsoctm k knaccam. OueHka  oLumOKy,
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COBEpLLAEMOi NMpu 0TOpaCbIBaHUM «CTapLUMX YMEHOB» CUHTYNSIPHOTO PA3NOXEHUS, €CrM OCTaBMSeTCs Sk
uneHos: S, < I, ONKCBLIBAETCA CrieayioLM HepaBeHCTBOM[1]:

2k k )2 k 4 )| k
[ = X @ 2] < 2y Y <00, )2 me
=t k i=s+ k
~ o k)Y k) s
A =2y (Xi )rxi +Aisk’ Sp<rg, k=1K (3)
i=1
L (k)( (k))T (k)
Aisk: 2y X i
i=s;+1

Mapametp s, , s, <7, k=1K Bblbupaercs u3 coobpaxeHnit MarnocTu oLwmbKW, COBepLIaeMon npu
NOCTPOGHMA MOAXOASILEr0 MpubnkeHns A,, k=1,K, v kak npaBuno s BbIGUpaeTcs Tak, 4TOBbI

(k)
‘}\'skJrl
yucrna. Takoe NocTpoeHne NpuBMMKEHNS CYLLECTBEHHO YNpOLAET BbIYUCIUTENbHYIO NPOLEAypY MOCTPOEHMS
Mepbl BIN30CTU K KaXOOMY M3 KNaccoB: Mep, KOTOPbIE MOXHO MOCTPOUTL NMBO Ha OCHOBE WUCXOAHBIX MaTpuL

Zk , k=1,K , inbo ux npubnmkeHnin, NOCTPOEHHbIX B COOTBETCTBUM C NPOLLEAYPON, ONUCAHHON BhILLE.

COOTBETCTBOBANO MpoLeHTaM UNU HECKONbKMM npoueHTaM OT MoAynA MakChmanbHOro CoBCTBEHHOrO

Mepbl 6n130CTM ONpenenaTcs Kak kBagpaTuyHble (opMbl ¢ MaTpuuamn Ry, k£ =1,K , KOTOpble CTPOSATCS Ha
OCHOBE NOAXOAAMX NPUBAVKEHNA MaTpuL Zk, k=1,K - xotopble Oyaem 0603Ha4YaTb COOTBETCTBEHHO
Zk , k=1,K — B COOTBETCTBUM C (hopMySamu:

Sk
~ ~ Sk B
el =t o ’
=

Mpoueoypa OTHECEHUS  3MEKTPOHHOrO  AOKYMEHTA,  XapaKTepu3YIOWErocs  «4YacTOTHbIM»  BEKTOPOM
p! = (by,....,b; ) K 0OHOMY M3 KnaccoB €, , k =1, K NpOM3BOANUTCA HA OCHOBE BbIMMCNEHUA AN KaXOO0ro 13

HIUX «paccTosHusy my ,k =1, K [0 Knacca, KoTopoe onpeaensieTcs BbIpaxeHnem:

m :((b—a(k))T-Rk-(b—a(k))), k=LK (5)

Knaccudpuumpyemblit fOKyMeHT ByneT OTHOCMTBCS K TOMY KNaccy, Ans KOTOPOro 3HayeHWe PacCTOsHUs 7y,
k =1,K , onpeaensiemoe B COOTBETCTBUM C (5) OyAeT NPUHAMATL MUHUMATBHOE 3HaYEHME.

Pe3yHbTaTbI JKCNepuMeHTOB

[ns npoBepku npaBunbHOCTU PaboTbl NMPEANOXEHHOW TexHomnorum Obina BblOpaHa KHUra B 3MEKTPOHHOM
dopmate «The Handbook of Data Mining» [2] pa3mepom 689 cTpaHuy u coctosiwas M3 3 uacTen.
CooTBeTCTBEHHO ObiNa cdopmmpoBaHa obyyatoLlas BbIOOpKa 13 TPex KnaccoB Mo 5 nepsbIX AOKYMEHTOB-TMNaB B
kaxxgom knacce. Mocne obyyeHns knaccudukatopa Ha €ro BXOA4 MOAABANUCH NaBbl KHUMM, KOTOpble He
ncnonb3oBanuckb B 06y4eHnn knaccudmkatopa ans Toro, YTobbl OH OTHEC UX K OAHOMY W3 3 KNaccoB.
[ns 8 rmaebl NepBON YacTy NOAAAHHON Ha BXod KnaccudmkaTopa 3HaveHus dyHKkUoHana (10) paBHbl:

0.01959

0.15240

0.09561

Tak kak HaumeHblLee 3HayeHre (yHkumoHana pasHo 0.01959, To knaccuuumMpyemblii JOKYMEHT OTHOCUTCS K
nepBoMy Kraccy.
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BbiBoAbI

B cratbe oOnucaHa TEXHOMOTUS KrmaccuuKaLMM SMEKTPOHHBIX AOKYMEHTOB MO 3aAaHHbIM - Krmaccam C
NCNONb30BaHNEM TEOPUM BO3MYLLIEHWNS NCEBA00OPATHBIX MaTpUL, KOTOpas nokasana cBo 3hMEKTUBHOCTb NO
KpailHeit Mepe B PAaCCMOTPEHHBIX MOLENbHbIX npumepax. MpeanoxeHHas TEXHOMOTMS MOXET WUCMONb30BaThCs
ANS aBTOMATMYECKON KnaccugvkaLmy NoCTynalowen 3NeKTPOHHOW MOYThl WAM ANst aBTOMATUYECKONn L06bIum
WHTepecyroLen nHdopmauum u3 cetn MHtepHeT (Web Data Mining). Bnarogapst Mcnonb3oBaHUIO NpUBmKeHUI
ANs NCeBA00bpaLLEHHBIX MATPULL, yOAETCA CyLLECTBEHHO NOBbLICUTL CKOPOCTb paboThbl anropuTma.
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BEKTOPHbIE PABHOBECUA BO MHOI OKPUTEPUATbHbIX UTPAX

Cepreu MaweHko

Abstract: There are proposed the necessary and sufficiency conditions of the vector Nash’s equilibria in
multicriterion games.

Keywords: Nash’s vector equilibria, multicriterion game.

BBegeHue

KoHuenums paBHoBecust Mo Helly, HECOMHEHHO, SIBMSIETCS BaXHEWLUMM TEOPETUKO-UrPOBLIM MHCTPYMEHTOM,
KOTOpbIV Haubonee YacTo NPUMEHSETCS B 3KOHOMMKE, COLIMONOTUM, SKOMOTUMU.

MMyctb N — MHOXECTBO UrpoKoB. PaccMOTpM MHorokputepuanbHyo urpy G =(X;,U;;i € N ) B HOpManbHOW
copme [1,2], rae N = {1,2,...,n} - MHOXECTBO 13 N UrpokoB; X, - MHOXECTBO CTPaTerui i~ro Urpoka, arieMeHTbI

KOTOPOro HasblBalT cTpaternamu u obosHayalT vepes x;, i€ N ; U,-(x):(ul.j (x))jers, - BEKTOP
Kputepnes, M; = {1,2,...,m,-} - MHOXECTBO MH[EKCOB KPUTEPUEB /—rO UrpoKa, M, - WX KOMMYECTBO (Kaxabli

KpuTepuit uij (x) npeacTaenseT coboit AEMCTBMTENbHO3HAYHYIO (YHKUMIO, OMpedeneHHyl0 Ha MHOXECTBE

cuTyauun urpbl X = [].X; ). Kaxablil U3 UrpokoB CTPEMUTCS MOMYYUTb MO BO3MOXHOCTW Bonbluee 3HayeHue
ieN

BCEX CBOWX KpUTEPUEB.

Ecnu kaxabl UrpoK MOXET OAHO3HAYHO OnpefenuTb NPednoyTeHUe Ha MHOXECTBe CBOWX KpUTEepueB, TO B

COOTBETCTBMM C METOAAMM MHOTOKpUTEPUANbHON ONTUMM3ALMK [3], MHOTOKPUTEPUANBHYIO UIPY MOXHO NErko
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npeBpaTuTb B OBbIYHYI0 (OHOKPUTEPUANbHYIO) UIpy, rae (DYHKLUMAMM BbIMIpbILA UIPOKOB ByayT CBEPTKM
KpuTepUes, Hanpumep, W;(x ) = minplu (x), ie N, tpe p{ >0,j €M, i€ N , - BeCOBbIE KOSPHULMEHTEI
J

COOTBETCTBYIOLME MPEANOYTEHNIO i—T0 Urpoka Ha MHoxecTe cBoux kputepues, i< N. OpHako, npobrema
COCTOUT B TOM, YTO BO MHOIMX UrPOBbIX CUTYaLMsIX UFPOK anpuopy He MOXeT OnpeaenuTb NPeAnoyTeHue Ha
MHOXECTBE CBOUX KPUTEPKEB, TaK Kak OHO Y& Camo CTAHOBUTCS ANIEMEHTOM UPbl, 3aBUCUT OT [PYruX UrPOKOB U
[OIKHO (hOPMUPOBATLCS B MPOLIECCE UPb.

BekTopHble paBHOBeCHSA

loCKOMbKY BO MHOMOKPUTEPUATIbHOW WMPE  BLIMIPbILUM WUrPOKOB OMPEdEenstoTCs BEKTOPHBIMU - PYHKLMAMM
U;(x)= (ul-j (X))jem, » | € N, TO Ham cneayeT onpeAentTb B JaHHOM CIy4ae NOHATUSA NPeANOYTEHNS.

B atoit paboTe mbl Oygem npuaepkuBaTbCs CTPOroi u cnabon akcuom Mapeto [3]. MHTepnpeTaums 3TMX akcMom
B YCMOBMSIX MHOMOKpUTEPUArbHOW WrPbl COCTOMT B criedytowleM. [0BOpAT, YTO CUTyauus X OOMUHUPYET

cATYaLuMIO ¥ o BekTOpy KpuTepues U(x ) =(u’ (x)) e, 6cm U(x) = U(y) < u’ (x)2u’(y). jeM
M 0TS 6bl OHO HEPaBEHCTBO CTPOroe, T. €. U(x)=U(y), ¥ FOBOPST, YTO X CUMbHO AOMUHMPYET Y, ecrn
Ulx)=>=U(y) s u'(x)>u/(y),jeM.

[nsa dopmanusaumm paeHoBecust Helwa B YCMOBWSIX MHOrOKpUTEpUanbHOA Wrpbl Ham OymyT HeoGxoaumbl
cneuparnbHble OTHOLLEHUS JOMWHMPOBAHWS, KOTOPble Mbl HA30BEM OTHOLLEHMEM AOMUHMPOBaHMs Mo Helly u

cnabblM OTHOLLEHWEM JOOMWUHMPOBaHNA MO HeLuy. EyneM rOBOPUTb, 4YTO CUTyaLna X MHOFOKpMTepMaJ'IbHOIZ nrpbl
NE
AOOMUHUPYET No HeLuy cutyauuio X (x - x' ), KOTOpasa nony4yaetca 13 cutyauun X U3MEHEHUEM, Kakium-To, HO

NULLb  OfHUM UrpokoM, cBoeit ctpatern, ecnn: Jie N U,;(x;,xyy;;) =U;(x;" xyy;;). B cnyyae
NE
cnaboro AOMUHMPOBaHUS: x>->-x" <> Jie N : U;(x;, Xy ) == Ui (X" Xpyi ) -

NE
B COOTBETCTBMM C OTHOLLUEHWEM AOMWHMPOBAHUS ( > ) HA MHOXeCTBe cuTyaumit X Ompenenum MHOXEeCTBO

BEKTOPHbIX paBHoBecuit Helwa (06o3Haunm ero vepes NE( X;,U;;i € N )). OHo 6yaeT cocToaTb U3 CUTYaLuit

X*, KOTOpbIE He JOMUHUPYIOTCS MO Helwly Hi 0HOM Apyron cuTyaumen, T. e.

NE
x*eNE(X;U;;ieN) & —Ixe X :x>x*. (1)

AHanorM4yHo onpegenseTcs MHOXECTBO criabblx BEKTOPHbIX paBHOBECH Helwua

NE
SNE(X;U;;ie N)=qx*—-dxe X :x>>x*

PaccmoTpuM noppobHee BeKTOpHble paBHoBecust Hewwa. Mpegnonoxum, 4to ans nobolt kpuTtepuarbHoM
yHKUM 1/ (x ), j € M,,i € N , BbINOMHAKTCA YCIIOBMS CYLLECTBOBAHMA MaKCUMyMa Ha MHOKECTBE CHTyaL|uii

urpbl (MHOXECTBO CUTyaLMit KOMNAKTHO, a KpuTepuarnbHble (YHKLUMM HEMpPepbIBHbI;, MHOXECTBO CUTyaLui
KOHe4YHO u T.n.). Torga, ecnu NPOBECTM aHanorMto K 3adaqam MHOTOKpPUTEPWAnbHOM onTumusaumn [3], TO
onpegeneHne BEKTOPHOTO paBHOBECUS MOXHO CCHOPMYNMPOBaThL B CeayHOLEM BUAE:

x*e NE(X,,U;;ie N) & U;(x*) = VectMax{U,(y;, x*y,; )hieN. @
YieX;

[encTBUTENLHO, NpU PUKCUPOBAHHOM | (HOMEPE UrpoKa) 1 PMKCMPOBAaHHOM Habope cTpaTeruin Apyrux UrpokoB
x*y; v3 (1) nonywum onpenenexne [apeTo-onTMManbHOW anbTepHaTUBbl x *; ANS MHOrOKpUTEpUansHOM

sapaun: Vect Max{U,(y;,x *y, )}
YieX;

PaccmoTpum npumep BEKTOPHOrO paBHOBECUS Hella ans crnegytoLen AByX-KputepnuanbHOn Urpbl ABYX N,
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A21 A22 A23

A (3,3) 3,1) (1,1)
(1,1 (2,2) (3,3)

A1 (2,2) (2,2) (2,2)
(1,3) (2,2) &1

A3 (1,1) (1,3) (3,3
(3,3) (2,2) (1,1)

B atom npumepe: {A11, A12, A13} — MHOXeCTBO cTpaTeruit nepeoro urpoka, {A21, A22, A23} - MHOXeCTBO
CTpaTerin BTOPOro Mrpoka; BEKTOPbl BbIUMPLILLENA MEPBOr0 Urpoka MpeAcTaBneHHble B BEPXHEM NEBOM Yriy
Kaxaomn sueiikn Tabnuupl, a BoIMIPbIL BTOPOrO — B HWXKHEM NpaBoM yrny. VHTepecHas ocobeHHOCTb npumMepa -
OTCYTCTBME PaBHOBECUIA Hella B 3TOM Wrpe, €Cnn Kaxablii Mrpok GyaeT oLeHWBaTb CBOW BbIUIPbILL TOSIBKO MO
ogHomy (Mobomy) kputepuio. Mo onpeaeneHnto BEKTOPHOTO PaBHOBECKS NOMYUUM:

NE=ArgVect  Max  {U,;(y,A22)}nArgVect  Max  {U,(Al2,y,)}= {(412,422)}.
yif A11,412,413 ) Voef A21,422,423 )

Ycnosusa onTUManbHOCTH

Cchopmynupyem cHadana obLuye (Te, YTO He OCHOBLIBAKTCA Ha CreLyanbHbIX CBOMCTBAX MHOXECTBa CTpaTerii
N KpuTEpUanbHbIX (PYHKUMIA BbIMIpbILLA WFPOKOB) YCIIOBWSI BEKTOPHOrO paBHoBecusi Helwa, kotopble GyamyT B
HEKOTOPOM POAE aHarnoramu YCroBuiA ONTUMAaNBEHOCTM B TEOPUN MHOTOKPUTEPUANbLHOI ONTMU3aLmMK [3].

Teopema 1. [ins Toro 4tobbl cuTyaums x* Obina BEKTOPHLIM paBHOBeceM Helwa, He06X0aMMo 1 JOCTATOuHO,
4T0ObI OHa OblNa peLLeHneM CUCTEMbI ONTUMM3ALMOHHDBIX 3aAaY:

ul-k(x*):mci?c@ik(xi,x;,\i) wl (x;, x5 ) = ul (x%), jeMi} VkeM;, VieN . (3)
x;eX;

Lokazamesnscmso. [lokaxem Heobxogmumoctb. Mycte x* € NE(X;,U;;i€ N ). Torga no onpegenenuio (1)

NE . . .
nonyunm: —3x € X - x > x*. ocTpoum MHoxecTBa V' (x*) = {x,- € X,-‘ ul (x;,xy )= ui (x%), j eM[}

Vie N . 3ametum, uto V' (x*) = &, Vi e N . [peanonoxum npoTUBHOE, 4To

JieN3keM, ul (x*)<uf(x)= max%/ik(xi,x;‘v\i)‘ x; € Vi(x*)}. Torna umeeM /(X )>u!(x%,

X k NE
VjieM;; u;(x)>u; (x*). Otcioga, no onpefeneHnio SOMUHWpOBaHWS Hewa, nonyuum X > x*, 4T0
NPUBOAMT K npoTusopeunio x* ¢ NE(X,,U;;ie N ).

Hokaxem pgoctatouHocts. [lyctb cutyaums x*  yoosnetBopsieT (3). [lpeanonoxum nNpoOTMBHOE, 4TO
x*¢ NE(X;,U,;;ie N). Toraa cywecTsyeT Takoil urpok ¢ Homepom i€ N, ans kotoporo obHapyxuTcs

NE ) .
TaKkas cuTyaums x = (x;,x*y,; )€ X, kotopas x > x*, T.e. u! (X)>u/(x*),Vje M;, a ins HekoTOporo

keM;: u[‘()_c)>u{‘(x*).OTC|0ﬂa

ul (x%)<uf(x)< mc?{“ik(xi)x}k\’\i )‘ w! (x;,x0n )2 ul (x%), jeM, } Monyunnu NpoTuBOpeYve. ¢
X €A

i€
CﬂeﬂyeT OTMETUTb, 4TO, C BbIYMCIUTENBHON TOYKU 3peHusa, cuctema 3adad (3) €CTb J0BOJIbHO CIOXHOW 1
MHOFOpa3MepH0|7| (KOﬂW‘leCTBO 3afa4y paBHAETCA CyMMapHOMY KONMN4eCTBY KpUTEpUeB BCEX UTPOKOB 'ZMI- ),
ieN
noaTomy ueﬂ90006pa3H0 paccMoTpeTb crepytoliee ycrnosne BEKTOPHOro paBHOBECUA, KOTOPOE MOXET ObITb
NoNe3HbIM B OnpedenieHHbIX cnyyasx.
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Teopema 2. Myctb ¢, (U;) - neicTBATENbHO3HAYHAS, MOHOTOHHO BO3pacTaloLlasi Mo KaXaoi NepemeHHoM
dyHkums, i € N. Torga, ans Toro ytobbl cuTyaums x* Gbina BEKTOPHbIM paBHOBecueM Helua, HeoGxoaumo
[OCTaTOYHO, 4TOObI OHa Bblna peLleHreM CUCTEMbI ONTUMM3ALIMOHHBIX 3a4aY:
* _ * ] * ] * . .
@;(U;(x ))—max{(ﬂi(ui(xi’xmi)‘ uj (X, Xy ) 2 ul (x%), JEM:'}’ VieN. (4)

Lokasamenscmeso. [lokaxem Heobxogumoctb. Myctb x* € NE(X;,U;;i€ N ). Torga no onpegenexuio (1)

NE . . .
nonyuum: —3x e X :x = x*. MocTpoum MHoxectBa V' (x*) = {xi € Xl-‘ ul (x;,xy; )= ul (x*), j eMi}

Vie N.3ametum, 4to V' (x*) = &, Vi € N . [Ipeanonoxum npoTMBHOE, YTO
dieN: (U;(x¥)< i(Ul-()?))zmax{ ,-(U,-(x,.,x}’\,\,.))‘ X; eVi(x*)}. Torpa, nockonbky yHKUMA @
MOHOTOHHO BO3pacTaeT MO Kaxmoi NepemeHHoh, umeeM u/(X)>u/(x*, VjeM,; (13 ycnosus

x, eV'(x*); Ik eM,: uf (X) > u(x*) (13 MoHOTOHHOCTH @, ). OTctopa, Mo ONpeAeneHmio AOMUHUPOBaHNS
NE
Hewa, nonyunm X > x *. Moatomy nony4um npotueopeune x* ¢ NE(X,,U,;ieN).

Hokaxem pgoctatouHocts. [lyctb cuTyaums x*  yoosnetBopsieT (4). [lpeanonoxum nNpOTMBHOE, 4TO
x*¢ NE(X;,U;;ie N). Torga cylecTyeT Takoit urpok ¢ Homepom i€ N, ans koTtoporo obHapyxuTcs
NE

Takas cutyaumd x =(Xx;,x*y; )€ X, Kkotopaa X > x*, TO ecTb ul-/()_c)Zuij(x*),VjeM,-, a anq
HeKoToporo Kputepua ke M, : u,-"(y? )>u,-"(x*). briarogjaps TOMy 4TO (yHKUMS ¢; €CTb MOHOTOHHO
BO3pacTatoLLen 3a Kaxaoi nepeMeHHON, Nonyymm:

@;(U;(x*) <o, (U;(x)) < max),({(o" (Ui(Xi’X;I\i))‘ uij (X, Xp) 2 uij(X*)’ JjeM, }

UT0 NpoTUBOPEYUT Ha4anbHOMY NPEANONOXEHNI). 4
PaccmoTpum CreacTBus W3 3Tol TeopeMbl ANs onpedeneHHbIX knaccoB dyHkumii @, (U.), ieN. bes

OrpaHuyeHust BceobLyHocT byaem cumtatb ul-f >0,VjeM,; VieN.

Cneacteue 1.Tyctb p/ >0,Vj e M,,Vie N, Torga x* e NE(X,,U;;ie N) < Yplul (x%) =
ieN

= max{zpijuij(xi’x*N\i)‘ uf (x;, Xy ) 2 uf (x*), jEMi}’ VieN.
X €X; lieN

Cneactaue 2.Tlyctb s >0, p/ >0,Vj e M;,Vie N,Toraa x*e NE(X,,U;;ie N) <

@{Zp{(u!(xﬂ‘))s} = max [zp{(u;(xpx*m)f} |l (xpxi )zl (), je M,y Vie N,

ieN X &€& [ LieN
Cneactaue 3.Myctb s >0, p/ >0,Vj e M;,Vie N,Toraa x*e NE(X,;,U;;ie N) <

& T (x9)" = max{

ieN Xi €A

1 * P‘,-/ 1 * 1 . .
[1(u] (x;.xp5: ) ‘ui](xi’xN\i)Zuij(X*)’ J GM;}’ VieN.
ieN

OcTaHoBMMCsl Tenepb Ha crabblx BEKTOPHbIX paBHOBECHSsIX Helwa.

Teopema 3. NycTb (63 orpaHnyenns 0BLHOCTM) DYHKLMW BbIMTPbILLA BCEX UIPOKOB B CUTYaLUK X* NpUHAMAIOT

nonoxutenbHble 3Hauedus, T. e. U/ (x*)>0,jeM,,ieN. Cutyayms x* Gymer cnabbiM BEKTOPHbIM

paBHoBecveM Hewa Torma M Tombko  TOrAa,  KOrd@  CyWeECTBYIOT — BEKTOPbl  MapameTpoB
+_ —/nt

w eM,; _{”’i = (W )jeM,-

*

>ul =1 pl >0, jeM,}, ieN Take, u4to cuTyauma x*  Gypet

JEM;
paBHOBecKeM Hella B crieaytoLLen napaMeTpuieckon urpe:
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G(w) =(X; minw/ul (x);ieN). 5)
JjeM,;

[ins cnaBoro BEKTOPHOTO PaBHOBECHS X* MOXHO NpuHSATb 4, = 41, i € N, rae 41, € M, - BekTop napameTpos
C KOMNOHEHTaMMK:

Aj_?\, J(x* M;; A, N,
Jul (9, je, /keMu e ©)

*

u Torga max min p, f(x,.,xN\,.*):x,., ieN, Te. /1,. OyaeT BbIUMPLILLEM i — O UrpOKa B paBHOBECUM X
x;eX; jeM;

napameTpuyeckoit urpbl (5).
Llokazamenscmeo. [okaxeM [ocTaTouHOCTb. IMycTb x* - paBHOBecwe Hewa napameTpuyeckoit urpbl (5) mpu
HEKOTOpbIX 3HaueHusX napametpos £, € M.", i e N. Otciona creayet, uTo Ana nioboin cutyaumn X € X n

nio6oro urpoka i € N meloT mecTo HepaseHcTBa: min i u (x;,xy:*) < Juf (x*), Vj e M, , nostomy
JEM;

CyllecTByeT Tako Homep kputepus jeM,, uyto uij(x*)Zuij(x),VxeX,VieN. CneposatenbHo

NE
—3dx e X:x>>x*.0tciona X * GyaeT cnabbiM BEKTOPHbIM paBHoBecKeM Helua.

flokaxxeM HeobxoauMocTb. [ns 3TOro BO3bMEM BEKTOP [i,, i € N C KOMMOHEHTaMu, KOTOpble OnpefeneHbl

dopmynamm (6). OTmeTnm, uto [i, € M,", ie N . U3 Toro, 4to X * - cnaboe BEKTOPHOE paBHOBECHE CrieayerT,

NE , .
yro —Ixe X :.x>>x*, Te. JieN,JjeM,: u{(x*)Zu[](x,-,x*Nfiz), a 3HauMT, HEepPaBEHCTBO

alul (%) Zﬁfuij(x,-,x*m{i}). Mockonbky — [i/u/ (x*) =, = k%:/[ ( ” =const, TO Ana 6o
eM; U; (X
cUTYyaLm xeX " no6oro urpoka ieN nvetoT MECTO HepaBeHCTBa:

mjl‘? ﬂ{u;’ (x;,xp; %) < ﬁl-jul-j(x*), Vj e M; .Tloatomy x* - paBHoBecHe Hellia napameTpuyeckon urpsl (5). ¢
JEM;

YacTto ObIBatoT NONE3HbIMM CrieumarbHble YCIoBUS ONTUManbHOCTU. PaccmoTpum criegytoLee.
Teopema 4. (noctaTo4HOe yCrnoBue BEKTOpPHOro pasHosecus Hewa). Mycts X, < R, U i(x)=( u,-.i (x))jem, -

Ha X, BEKTOpHble (yHKUMM, Vie N . Torga Kaxmoe pelieHue X Credylollen cucTembl anrebpamyeckix
HepPaBEHCTB:

a”i'j(xi’xN\i).auik(xi’xN\i)<0 0 ou (xz:xN ) au (X, %Xy, )
ox; Ox; 7 ox ox; Ox;

1 1 1 1 1

<0;j,keM;,ieN, (7

€CIN OHO ECTb BHYTPEHHEN TOYKOIA MHOXKECTBA CUTYaLMin X, ByOeT BEKTOPHEIM PABHOBECUEM WIpbI G.

[Hokazamenscmego. TokaxeMm CHadama, 4to Ang TOro, ytobbl BEKTOP X * OblN BEKTOPHBIM PaBHOBECHEM
[0CTATOYHO CYLLECTBOBaHMS ANS Kaxaoro urpoka i € N Takoro BekTopa napameTpos:

= (0] )jent. Zp, =1p{ >0, jeM; w0 ¥ ul(x)=max Tplu/(y;x*y;)ieN. (8
JeM; Vi€ jeM,;
[lencTBuTensHo, nycTb x* ynosnetBopsieT (8). Mpeanonoxum ot NPOTUBHOTO, YTO
Jie N3y e X, uf (yixy )2 ul (x;, x5, )L Vj € My 3k e M, - uf (yixp)>uf (x.xy;),
TOrAa CyMMMPYA 3T HEPaBEHCTBA C KoadhduLmeHTammn p! >0, j € M, , nonydum

Splul (yix*y;)> Splul (x*,x*y, ), 4T NPOTUBOPEUMT YCTIOBMIO (8).
JeM; JeM;

3anuiiem 4oCTaToOuHbIE YCHOBUS KCTPEMYMA At CUCTEMbI MapaMEeTPUYECKNX 3aaay onTumusaLmm (8):
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- ou! X, X\ :
Zpijl(—N\)=0, Ypl =1, (9)

JjeM; ax,‘ JjeM;

; . ; qu-j(x,xN\.)

pl 20, jeM;, ¥ pf ——5—=
jeM; OxX;

11 JOKaXXEM, YTO OHW SKBMBANEHTHBI (7).

Bes orpaHuyeHuns 0bLwHoCTY Oynem cunTatb paHr (DYHKLMOHANBHON MaTpuLbl

k
ou; (x;,%p; )
o MaKCUMarbHbIM 1 PaBHbIM 2 (B MPOTMBHOM CIly4ae N BCe KPUTEPUM UIPbl - KOHCTAHTBI,

1

1

<0 (10)

keM;

W OHM COBMAAAOT C TOYHOCTBIO [J0 KOHCTAHT), TOra OAHO W3 PELLeHNI CUCTEMbI BYX YpaBHeHUi (9), ¢ m,

) .
ou; (x;,Xyy; ) L oul (x;,xy;)
Ox;

1

HEN3BECTHbIMW ANA HEKOTOPbIX ],k € Mi npun ycnosuu

UMeeT Bna:

X

oufix xnwe ) [ ouK(xi xn ) Oul(x:,x .
p~]= U; (x, XN\,) U; (x, XN\,)_ U; (x, xN\z) ;p}(=1—p{,‘pf=0;S¢j,k;S€M,-- (11)

' Ox; Ox; Ox;
ou’ X, Xnli oul X, Xnrii
Mocne nogcraHosku (11) B ycnosust (10) monmyunm cnegytowee. Ecnu HEAEINY >—1 (X% ) , TO
Ox; Ox;
ouk(x.,x ul (x;, %\ ouk(x, xy. oul (x;, %1
i (% N")ZO, LO03N) <0y yveem HepaBeHcTBa (7), ecnu L Oxxvg) O (% N\’),To
Ox; Ox; Ox; Ox;
ouk (x.,xn oul (x;,x
(% N")SO, L% N\l)ZO,MCHOBaI'IOJ'IyLWIM(7).0
Ox; Oox;
3aknoyeHue

B 3akntoueHne cnegyeTt 0TMETUTb, YTO NPUBEAEHHBIE Bbille 0DLMe YCrOBWS BEKTOPHOMO PaBHOBECHS (TEOPEMDI
1, 2) CyLeCTBEHHO MPOUrpbLIBAKOT B MfaHe KOHCTPYKTUBHOCTW YCIOBMIO Cnaboro BEKTOPHOMO paBHOBECKS
(Teopema 3), NOCKOMBKY Ans UX NPOBEPKW HaAOo peLlaTh AOCTATOYHO CAOXHbIE CUCTEMbI ONTUMU3ALMOHHBIX (He
urpoBblx) 3agad (3) unu (4). B cnyyae xe cnaboro BEKTOPHOTO PaBHOBECHS, MPOBepKa YCIOBUI CBOAMTCS K
urposon 3agaqe (5), 4to nossonseT 6onee rMbko MCNonNbL30BaThL TEOPEMY 3 AN1s PELLEHUs NpuKknaaHbixX 3agad. C
APYron CTOPOHbI, CUNbHas akcuoma [apeTo, Ha KOTopon 6asnpyeTcs NOHATUE BEKTOPHOTO PaBHOBECHS, UMeeT
Bonee LWMPOKWUA CNEKTP NPUMEHEHUS Ha NpakTuke, Yem cnabas akcuoma [lapeTo, 4To CyxaeT Kpyr 3agad, B
KOTOPbIX, MOXET BbITb MCMONb30BaHa KOHLENLWS cNaboro BEKTOPHOTO PaBHOBECUS.
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IBOJMIOLMOHHAA KNACTEPU3ALNA CNOXHBIX OB bEKTOB U NMPOLIECCOB

Butanui CHuTIOK

AHHOomauyus: B cmambe npednoxeH mMemod Knacmepu3ayuu CrioxHbIX 06bekmos u npoueccos, baupyro-
wutica Ha Uucnonb308aHULU 2eHeMUYECK020 aneopumma. PaccMompeHbl acnekmb! e20 peanuzayuu u ghopmupo-
gaHus pumHecc-byHkyuu. lpedcmagneHo peweHue 3adayu Knacmepusayuu obracmel YkpauHbl no coyu-
anbHO-3KOHOMUYECKUM NoKa3amerisiM U OCYLEeCMeIeH e20 CpasHUMENbHbIU aHanu3 ¢ peaynbmamamu Knaccu-
yeckux Mmemodos.

Knioyeenie cnosa: Knacmepusayusi, 2eHemuyecKkull anzopumm.

BBepeHue

[Mpouecc nocTynaTensbHOro ABWMKEHUS K CO3AaHUI0 MHAOPMALMOHHOMO 06LecTBa CONPOBOXAAT NPobnembl,
CBSA3aHHbIE C XpaHeHueM U 06paboTkoi 6ONbLUMX MAcCHBOB AaHHbIX. WX peLleHne CBSA3aHO C WHTennekTyarb-
HbIM @HanM30M [aHHbIX, TEXHOMOMMM KOTOPOro POPMUPYIOTCS Ha NEPECEYEHNN WCKYCCTBEHHOMO MHTENMEKTA,
cTatucTukn, Teopum 6a3 fanHbix. K Hum npuHagnexar KDD (knowledge discovery in databases) — obHapyxerue
3HaHWi B 6a3ax gaHHbIX, data mining (“packonka gaHHbIX”), OLAP (On-line analysis processing) — u3nedeHve
WH(OpMaLK M3 MHOTOMEPHbIX Ba3 JaHHbIX M Apyrie. QNEMEHTb! ykadaHHbIX TEXHOMOMA CTAHOBSATCS HEOTHEM-
NEMON YacCTbIO 3NMEKTPOHHBIX XpaHUnuL, AaHHbIX (Warehouses). 3HaunTenbHy0 YacTb MHGOPMaLMK npeacTas-
NAKT AaHHble, ABNSIOWMECS COLMANBHO-3KOHOMUYECKMM NOKa3aTENIMU (OYHKLMOHNPOBAHUS CIIOXHBIX CUCTEM.
Bonblnm MaccuBam MHEGOPMAaLMK CBOACTBEHHO NPUCYTCTBUE LIYMOBLIX 3Ch(peKToB, UX 06paboTka NPUBOAUT K
HaKOMMEHMI0 COBOKYMHOM oOwWwMOKkM. [1ns npeoponeHnst ykasaHHoW npobnembl HeoOXOAMMO onpeaensitb
3HauMMble (haKTOPbI 1 OCYLLECTBNATL UX aHanmM3. YMeHbLUeHNe MHPOPMALMOHHOM SHTPOMUM MOXET ObITh Takke
[OCTUrHYTO MyTeM rpynnmpoBKM OOBEKTOB W M3BNEYEHNS 3HAHWUIA B MEHBLUMX U (OYHKLMOHAMBHO CBA3AHHBIX CO-
BOKYMHOCTAIX. Takue mpouedypbl HanpaBneHbl Ha MOCNeaoBaTeNbHOE NPeoaonerHne HeonpedeneHHocTu. MMep-
BbIM €0 LIAroM SIBNSIETCA PeLleHne 3aaaqm Knactepusaumm.

AHanu3 mogenen u MeToaos Knactepusauuu

3apgaya Knactepusauuu 3akntoyaeTcs B onpedeneHuM rpynn o6bEKTOB (MPOLECCOB), KOTOPbIE SABNSIOTCS
Hanbonee BrM3KUMM OAMH K APYroMy MO HEKOTOPOMY KpuTeputo. pu 3TOM HWKaKMX NPeanonoxeHun o6 ux
CTPYKTYpe, Kak npaBuno, He fenaetcs [Manaens, 1988], [Gorban, 2002]. BonbWwWHCTBO METOAOB KnacTepusaLmu
Basnpyetcs Ha aHanu3e maTpuubl KO3PMULIMEHTOB CXOLACTBA, B KAYECTBE KOTOPbIX BbICTYNAlT PaccTosiHue,
COMPSKEHHOCTb, KOppenauna u ap. Ecnu kputepuem unu METPUKOW BbICTYNAeT paccTosHWe, TO KNacTepoM Ha-
3bIBAOT rpynny Touek (2, Takylo, 4TO CPedHuin KBagpaT BHYTPUrPYNMOBOrO PacCTOsiHUS 4O LEeHTpa rpynnbl

-2
MeHblle CpeaHero paccTtoaHnAa Ao O6LLI,€F0 LeHTpa B WCXOAHOM Ha60pe 00bEKTOB, T.e. dQ<02,me

=2 1 - = 1
do=— 2 (X; ~Xo)? Xo=— > X,. B obuem cnyyae, kputepusmu SBRAIOTCS:
X;eQ X;eQ
1

1 m —
1. Pacctosue dskmaa d( X, X, )=(— (X —X; )% )2,
m j=1

2. MakcumarbHoe paccTosHie no npusHakam d( X, , X, )= 121]%‘)(@ - Xli‘ .

1
3. PacctosHue MaxanoHobuca d( X, X, )=/(X, -X,)- R (X, -Xx,)T ]2.

1 m
4. PaccrosHune XammuHra d( X, X; ) =— Z‘ij —X[/‘.
mj=1 ’
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PelueHne 3agaum MUHUMU3ALMM PACCTOSHWUA Mexay 0ObeKTaMU PaBHOCUIIBHO PELLEHMIO 3a4aun MUHUMU3ALMK
paccTosHust 40 OOBbEKTA, MMEHLLEro YCPeaHEHHble XapaKTEPUCTUKMA, MOCKONbKY, HanpuMmep, Ans paccTosHWS
XaMMuHra

m m _ _ m . m . m . m . m .
j_Zl\xkj X[ = j_zl\xkj X+ X +x|j\ < JI_Zl\xkj —x\ + ,-_Zl‘x” —x\ < ;\xkj —x\ + ,-_Zl‘x” - x\ = 2§‘ij _ x\.
k<l k<l k<l k<l

3apave knactepusaumm ConyTCTBYIOT ABE MPOOnEMbl: ONpeaeneHne onTMManbHOTO KOMMYECTBa KacTepoB U
nomnyyeHne ux LiEHTPOB. MCXOAHbIMM AaHHBIMKM 115 3a4a4W KnacTepusaumn SBASIOTCS 3HAYeHUst napameTpoB
06bekToB UccnefoBanus. O4eBMAHO, YTO OnpeaeneHne onTUManbHOrO KONMYECTBA KNaCcTePOB SBMSETCS NPepo-
raTueoi uccneposatens. Mpeagnonoxum, Yto uucno knactepoB K 3agaHo M K<<m, rae m- Komuyectso
obbekToB. lNonyumm 3agavy

ii”xj—iiuamin, (1)

i=1 j=I
roe Xi, i=1,K - cpeaHee 3HayeHte B KnacTepe, HX = Xi H - paccTosiHMe Mexay obbektamu. PelleHrem 3apaun

(1) SIBNSIOTCS LEHTPbI KNacTepoB Xi, KOTOpble MOryT COAEpXaTbCs CPean paccMaTpuBaeMblX 0GHEKTOB, YTO

ABNAeTCA A0CTaTO4MHO CTPOrMM yCrnoBueEM, W MOIyT ObITb npeacTaBrieHbl nodbIMM - Toukamu  obnacTu
ncenenosaHunA.

K TpaguUMOHHBIM MeTOAaMm KnacTEpHOr0 aHanu3a OTHOCAT APEBOBMAHYID KnacTepusauuio, OBYXBXOLOBOE
obbeanHeHne, metog K cpegHux, MeTon AeHAPUTOB, METOL KOPPENsLMOHHbLIX nnessg u metoq wapos [ntoTa,
1989]. MpenmyLLlecTBaMK yKa3aHHbIX METOAOB SBMSAETCH WX MPOCTOTA, MHBAPWUAHTHOCTb WX TEXHWUKW OTHOCU-
TENbHO XapakTepa UCXOAHBIX AaHHbIX U 1cnonb3yeMblx MeTpuk. K HegocTtaTkam oTHOCAT crnabyto hopmaniso-
BaHHOCTb, YTO 3aTPYAHAET NPUMEHEHWE BbIYUCIIMTENBHOM TEXHWKM, @ TaKKe HU3KYK TOYHOCTb, CIECTBMEM YEro
SBNAETCSA NpeaBapuUTEnbHbIE OLEHKN CTPYKTYPbl MPOCTPAHCTBA (HaKTOPOB U UX MHGOPMATUBHOCTW. Elle ogHUMm
METOZOM PELUEHWS 3aJauu KnacTepusauun SBNSeTcs MCMnonb30BaHWE CamMOOpraHW3oBaHHON kapTbl KOXoHeHa
[Kohonen, 1988]. Mpobnemoi MCNONb30BaHNS TAKOWM HEMPOHHOW CETU SBNSIETCS BhIOOP HauanbHbIX BECOBbIX
KO3 ULIMEHTOB, HENpepbIBHLIA XapakTep (YHKLUMOHMPOBaHUS W 3h(PEKTUBHOCTb, OLEHKa KOTOPOW Ha Cero-
OHSLLHMIA AeHb ocTaeTcst Npobnemon.

B kayectBe alnbTEePHATMBHOrO MeToAda npeanaraem Ucrnosib3oBaTb reHETUYECKMIA anroputm.

leHeTUYeCKME alirOpUTMbI — HeKnaccu4yeckun metop peweHnsa 3agaydm onTuMn3aummn

lNepBble BapuaHTbl FeHETUYECKOTO anropuTMa 1 pacCMOTPEHNE aCNEKTOB €ro NPUMEHEHUS NOSBUNKCE B paboTtax
[Fraser, 1962], [Fraser, 1968], [Bremermann, 1965], [Holland, 1969], [Holland, 1975]. [anbHeiwwme wuc-
cnejoBaHus nokasanu ero aPEKTUBHOCTb B PELLEHUN UHKEHEPHBIX, IKOHOMUYECKUX KOMOMUYECKUX U OPYTUX
npobnem. [MaBHOW naeei, Nexalleit B OCHOBE NMOCTPOEHUS FEHETUYECKOTO anropuTma, SIBMseTCs UCnonb3oBa-
HWe uael NpupogHoro 0Téopa, cenekumm u MyTauuid. Ero KaHOHUYECKMIA BapUaHT COAEPXNT Takue aTanbl:

1. OnpegeneHune reHepanbHON COBOKYMHOCTM 0Cobel © , ABNSOLLMXCSA NOTEHLMANBbHBIMU PELLEHNSAMM 3a-

Aauv ONTUMMU3aLMK PUTHECC-YHKLMN.
2. BoinonHeHue npenBapuTenbHbIX LIArOB anroputMa, 3akriovaloluxcs B OnpedeneHuy Konuyectsa

anemeHToB K BbIGOpoYHOI nonynsummn =, npuyem k << |®| ; Bblbope cnocoba HOpMMPOBaHMS UCXOLHbIX

AaHHbIX; BbIOOpE BapuaHTa KpOccoBepa, MyTauuu M MHBEPCWW, a TaKke COOTBETCTBYHLIMX Bepo-
ATHOCTEM.

3. [ina kaxporo anemenTa 0; € Z,i=1,k BblMuUcnsem 3Ha4eHns putHecc-yHkumm f = F(6;).

4. C BeposiTHOCTAMI PX, MponopLuoHanbHbIMU 3HaueH1eM f,, BbiGpaTb [Be 0COBY i OCYLIECTBUTB KPOCCO-
BEp, BCNEACTBME BbIMONHEHNS KOTOPOrO NOMYYiM [Be HOBbIX 0COGM.

1 .
5.C BEPOATHOCTbIO E BbI6MpaeM OAHY M3 NONYYEHHbIX ocoben u ¢ BEPOATHOCTbIO p™ OCyLleCTBIIAEM

MyTaLuto.
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6. MonyyeHHyto 0cobb nomelLaemM B HOBYI0 nonynsaumio =" .
7. MNoeTOpsiem warmn 3-6 [g} pas.

n

8. MepenucbiBaem aneMeHTbl =" B nonynsauuio =, yaansis crapble 0cobu.

KpuTeprem OKOHYAHMSI TEHETUYECKOro anroputMa MOryT BbICTynaTb CRefylollue YCOBUS: CXOAMMOCTb
3MEMEHTOB MONyNAUMM = K OAHOMY 3MEMEHTY; MakcuManbHOe abComnTHOE OTKIOHEHUE MeXy nemMeHTamu
nonynsuum = 6yaeT MeHblue HEKOTOPOro MONOXMUTENbHOMO Yucna & ; MakcuMarnbHoe abeomioTHOE OTKIOHEHMS

Mexay 3Ha4eHuaMun CbVITHeCC-beHKLMM 6y,u,eT MEHbLLE HEKOTOPOro Masioro nosioXnTenbHOro Yucna e&.

®opmupoBaHue huTHecc-hyHKLUM 3adaum Knactepusauum

VicxogHbIMM JaHHBIMM 3a[auu KnacTepuaaumumn SBnsTCs 3HaveHus haktopos (Tabn. 1).

Tabnuya 1: 3HaveHus hakTopoB UCCnesoBaHus
1 X11 X12 Xin
2 X1 X2 Xon
m Xt Xm2 Xenn
v X = Xjmin
MpefBapuTeNbHO, BIMOMHUM UX HOPMUPOBaHWE, Hampumep, no dopmyne x; = — Bcneactaue
jmax jmin

TaKkoro npeo6pa3oBaHns 3HauYeHMs BCex (pakTopoB ByamyT nexatb B eauHuuHoM runepkybe [0,1]". duTHecc-
(YHKLMS peannayeTcs CrieayoLwumM anroputMom:

LWar 1. 3HaueHne duTHeCC-DYHKLNUM NONOXUTL paBHbIM HyMto (F =0.)

Lar 2. 3agatb KoNM4ecTBO KNacTepoB K v ykasaTb 3HaueHne m.

LLar 3. BbinonH1Tb MHMLMaNU3aLmio MaTpuLbl MPUHAANEXHOCTU 3NIEMEHTOB K kractepam T, .

LWar 4. Ang Bcex 06beKTOB BbINOMHUTL crieaytowme wark. Mycts n=1

LWar 5. Bbluncnutb pacctosiHue oT n-ro o6bekTa 4o LEHTPOB Beex K KnacTepos, KOTopble SBRSETCs 0Co-
6siMM 13 BbIOOPOYHON NoNynALuMK.

War 6. Cpenw Bcex pacctostuit dj, j=1,K BbiGpaTe MUHMManbHOe dq 1 OTHECTH N-i 0BBEKT K ¢ -My

knactepy. BHeCT\ COOTBETCTBYIOLLYIO 3anuchb B Matpuy T .
War 7. F=F+dq. n=n+1.

[Uar 8. Ecnu waru 5-7 BbINOMHEHbI ANst BCEX 0OBEKTOB, TO MOMy4YeHO 3HaYeHne duTHecc-GyHKUmM F | B
NPOTUBHOM CIly4ae nepenTu Ha Lwar 5.

OyeBWaHO, YTO anroOpuUTM MONYYEHUs UTHECC-PYHKLMM MOXKHO ONMTUMM3MPOBAaTb. BO3MOXHOCTL yryyLleHWs
SBNSETCA €r0 BHYTPEHHUM CBOWCTBOM. MHorooGpasue BapwaHTOB oOnepauuii reHeTUYECKoro anropuTma
NPeLCTaBNAT MHOXECTBO BHELUHMX CBOWCTB MpoLecca nonyvyeHns outHeCC-yHKLMK. BO3MOXHOCTbL peLleHus
3ajaun ee oNTMMM3aLMKU TaKke NpeanonaraeT ABONYHOE M OECATUYHOE MPeaCcTaBieHNe UCXOOHbIX AaHHbIX. U
ecrnv B NEPBOM Cnyyae B NpoLieaypax reHeTMYeCKoro anroputMa 4OMUHUPYIOLMM SBISIETCS paBHOMEPHOE pac-
npegenexue, TO BO BTOPOM — MpW MOMCKE ONTUMANbHOMO peLLeHns NpeanoyTeHne OTAAETCS 3HAYEHNSM, UMED-
LM HOpManbsHOe pacnpefeneHne ¢ MaTeMaTUYeCKUM OXUaaH1eM, CoBnagatoLmMmM ¢ LeHTpoM knactepa. Onpe-
AeneHve oNTUMarbHOM AUCNepeum — elle oaHa 3afaya, Kotopasi 0OCTaeTCs HepPeLLEHHOMN.

Knactepu3sauus obnacreit YkpanHbl No counanbHO-3KOHOMUYECKUM NPU3HAKaM

[ns npoeepku 3hDEKTMBHOCTM MPEANOXKEHHOTO MeToga Knactepusauun Obinm BbiOpaHbl 0bnactn YkpauHbl.
Knactepusaums pomkHa Obina ObiTb OCYWECTBMEHA, WCXOAS U3 3HAYEHUN  COLManbHO-SKOHOMUYECKUX
nokasatenen. Takumn nokasatensmm SBnAKTCS:

X,  -Banosas npnbaBo4Has CTOMMOCTb B pacyeTe Ha OJHOTO YenoBeka (B (hakTUYECKMX LieHax, rpH.);
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X, - Tepputopus (TUC. KB. KM);

X3 - MIHBECTULWM B OCHOBHO KanuTan Ha OfHOro YerioBeka (B CPABHUTESbHbIX LieHax, PH.);

X4 - NpsiMble NHOCTPaHHbIE MHBECTULMM Ha ofHOro Yeroseka (gonn. CLUA);

X5 - 3aHaToCTb HaceneHus Ha 10 TbiC. YenoBsex;

X¢ - AEHexHble 0XO0/bl HACeNIeH!s Ha OQHOTO YernoBeka (TpH.);

X5 - KpeauTbl, NpeaocTaBrnerHble CybbekTam X03aMCTBOBaHNS Ha OQHOMO YENoBeKa;

Xg - KONWNYECTBO NOMYYEHHbIX NaTEHTOB Ha M30bpeTeHus Ha 10 ThiC. YeroBex.
B kayectBe knaccuyeckux meTogoB Obinn BbibpaHbl ApeBoBMaHas Knaccudmkaums n meton K cpegHux.
AnpvopHo 3agaHo apa krnactepa. Mo wmetogy K cpegHux nonyyeHbl crefylolme pesynbtathbl (Tabn. 2).
K nepBomy knactepy OTHeceHbl [HenponeTtpoBckas, [oHeukas, 3anopoxckas, Hukonaesckas, Opecckas,

lMonTaBckas 1 Xapbkosckas obnactu. CornacHo LpeBOBMAHOW Knactepusauuun (puc. 1) k nepeomy Knactepy
OTHeCeHb! Te e obnactu, kpome [JoHeLkon 0bnacTi, XxoTs oHa v Bm3ka K danemeHTaM NepBoro Knacrepa.

Tabnuua 2

1011121314 15|16 |17 |18 (19|20 |21 |22 |23 |24

obnactb
N
w
S
(&)
(o))
~
oo
©

Kractep
N
N
N
N
IR
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Knactepusaumsa 6bina npoBedeHa TakKe C MCMOMb30BAHWEM 3SBOSIOUMOHHOMO MOAenupoBaHus. Kputepuem
OKOHYaHWA BbIYMCIIUTENBHOTO npouecca Obina BblbpaHa MakcumanbHoe KonuyecTBo utepauuin pasHoe 1000.
Ona Tex e OByX KnacTepoB M BOCbMM (DaAKTOPOB KOMMYECTBO MEPEMEHHBIX (XPOMOCOMA), AN KOTOPbIX
npoBogunach onTummu3aumns uUTHeCC-yHKLMK, cocTaBuno 16. B BbIGOpOYHY0 nonynsauuio BOLWMO ABajuaTth
3MEMEHTOB. YunTbiBas, 4TO (OUTHECC-(DYHKUMS SBNANach MOMMIKCTPEMArbHON, BEPOSITHOCTb  MyTaLuM
coctasuna 0, 4. Takoe 3HayeHWe YBENWUYUIIO BPEMS BbIYMCIIEHWA, HO 3HAYMTEMNBHO YBEMMYMNO TOYHOCTb
pacyeToB 3a CYET BblBUBaHUS (YHKLMM U3 NOKANbHBIX MAHUMYMOB.
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Single Linkage 200 400 BO0 800 1000
Squared Euclidean distances Generation

Puc.1 - PesynbTaThl ApeBOBUAHON KacTepusauum Puc.2 — 3HaueHne duTtHeCC-DYHKLMM
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%10
47 5000
L] .
T
=
3 4000}
2
£ E
5 2 30007
E 2
@ -—
@ B 20001
b 2
e =
L]
i % 1000t
a
° 0
[=] Py
o LI
3 Wi,
<
0 L L . L ~1000 L . .
200 400 600 800 1000 0 5 10 15
Generation Number of variables (16)
Puc.3 — PaccTosiHve Mexay LeHTpaMm KnacTepoB Puc.4 — KoopaunHaTbl LLEHTPOB KnacTepoB

[ns KkoHTpons 3a NpOLECCOM BLIYUCMIEHWA B pEXWMe peanbHOr0 BpeMeHW BbiBOAMNACh MHQopMmauus o
3HaYeHMN OUTHECC-COYHKLMM Ha KaXKOOW uTepaumm (prc.2); o CpegHeM pacCTOSHUM MEXAY LieHTpamu KracTepoB

(pUC. 3); 3HAUEHMsl LIGHTPOB KrmacTepoB (puc. 4). 3HaueHMe PUTHECC-DYHKUMM YMeHbLMMock ¢ 6-10° [0
11351587, npuyeM Ha HavanbHbIX dTanax yMeHbLUEHWE MPOUCXOAMNO runepbonuyeckn, a Ha nocnegHux —
nuHenHo. CpefHee paccTosiHUE MeXZy LEHTpaMW KnacTepoB YMEHbLUANnoChb JMHENHO, C  MOCTOSHHO
yMeHbLUAoLEeNRCs ancnepcuen.

B  pesynbtate  BbluMCMEHWA  NOMy4eHO  ABa  UeHTpa  knactepoB.  KoopauHatel  nepBoro
X, =4553,X, =0,01,X5 =915,X, =99,X5 =4623, X, =2554,X; =791, Xg =134.

KoopauHatsl BTOporo X, =2952, X, =0,02,X; =530,X, =58,X5 =4288,X, =1555,

X7 =297, X3 =0,59. K nepsomy knactepy oTHocatcs [IHenponeTposckas, [loHeukas, Hukonaesckas,

Opecckast, lNonTasckas M XapbKOBCKaﬂ obnactu. PGSyJ'leaTbI TpeX PaCCMOTPEHHbIX METOOOB ABNAKTCA
OrmskumK, uTo CBMOETENbCTBYET O TOYHOCTK 3BOMOLUMOHHOIO MOAENNpoBaHUS. Ero npenmMyLLecTBOM ABNAETCA
TaKXe yKa3aHue LEeHTPOB KnacTepoB U ¢)opmam43au,vm BbIYNCNUTENBHOIO npoLecca. Kak 6bino YKa3aHo BbllLE,
npeanoxeHHaa TeXHONOrnsa MoXet ObITb yCcoBepLUEeHCTBOBaHa.

3akniouyeHue

lMpeanoxeHHbIn METOA SBOMOLMOHHOMO MOAENMPOBaHUS, 6a3npylowWwnMncs Ha MCMOMb30BaHUN TEHETUYECKOTO
anroputma, 3 eKkTUBHO (hyHKLMOHMPYET Npu 06paboTke MaccuBoB GOMbLIOK Pa3MEPHOCTH, NOCKOMbKY B HEM
ONTUMAIbHO COYETATCA LieNeHanpaBneHHbIN NOUCK 1 3NEMEHTbI CRYYaltHOCTH, HanpaBleHHble Ha BblGuBaHMe
LieneBomn PYHKLMW M3 NoKamnbHbIX MUHUMYMOB. Hukakux npeasapuTenbHbIX YCNOBUIA 411 €ro UCMONb30BaHNS He
TpebyeTcs. MNaBHbIM YCNOBMEM ONMTUMM3ALMM BbIYUCTIEHUI SBNSETCS NMPaBUNbHAs anropuTMu3aumus pacyeta
3HaYeHMn LeneBoi yHKUMM. MHOroBEKTOPHOCTL mpouecca ynyylweHus ObICTPOTHI  anmroputMa  (4ns
FEHETNYECKUX anropuTMOB OCOBEHHO aKTyanbHO) M ero TOYHOCTW (Moucka rnobarnbHOro MUHUMYMa UTHeCC-
(yHKUMN), @ Takke ero BoCTpe6OBaHHOCTb CBUAETENBLCTBYIOT O HEOOXOAMMOCTH PeLLeHUN 3a4aqn ONTUMU3aLMK
NPEANoXeHHOro MeToza.

Bubnuorpacusa

[Mangens, 1988] W.0. Mangens. KnacTepHbin aHanns. Mocksa, ®uHaHChI 1 cTaTucTuka, 1988.
[Gorban, 2002] A.N. Gorban, A.Yu. Zinovyev. Method of Elastic Maps and its Applications in Data Visualization and Data
Modelling // Int. Journal of Computing Anticipatory Systems, CHAOS. - 2002. - Vol. 12. - P. 353-369.



KDS 2005 Section 3: Decision Making 237

[Mniota, 1989] B. Mniota. CpaBHUTENbHbIN MHOTOMEPHbIM aHanu3 B 9KOHOMETPUYECKOM MoaenuposaHun. — Mocksa: ®u-
HaHcbl 1 cTaTucTuka, 1989.

[Kohonen, 1988] T. Kohonen. Self-organization and associative memory. — New-York, 2d. ed., Springer Verlag, 1988.
[Fraser, 1962] A.S. Fraser. Simulation of genetic systems. J. of Theor. Biol., vol. 2, pp. 329-346, 1962.

[Fraser, 1968] A.S. Fraser. The evolution of purposive behavior. In Purposive Systems, H. von Foerster, J.D. White,

L.J. Peterson, and J.K. Russel, Eds. Washington, DC: Spartan Books, pp. 15-23, 1968.

[Bremermann, 1965] H.J. Bremermann, M. Rogson, S. Salaff. Search by Evolution. In Biophysics and Cybernetic Systems.
M. Maxfield, A. Callahan, and L. J. Fogel, Eds. Washington DC: Spartan Books, pp. 157-167, 1965.

[Holland, 1969] J.H. Holland. Adaptive plans optimal for payoff-only environments. Proc. of the 2nd Hawaii Int. Conf. on
System Sciences, pp. 917-920, 1969.

[Holland, 1975] J.H. Holland. Adaptation in Natural and Artificial Systems. Ann Arbor: Univ. of Michigan Press, 1975.

[Skurikhin, 1993] A.N. Skurikhin, A.J. Surkan. Identification of parallelism in neural networks by simulation with language J.
Proc. of the Intern. Cohf. on KPL, APL Quote Quad, Vol.24, No.l, pp.230-237, Toronto, Canada, August 1993.

UHbopmaums o6 aBTope

Butanui CHuTIOK — KneBCKMid HaLMOHamNbHbIA YHUBEpCUTET UMeHM Tapaca LLieByeHko, AOKTOpaHT akynbTeTa
knbepHeTuky; np. Akap. [nywkoea 2, cTp. 6, Knes, YkpaunHa; e-mail: svit@majar.com

CUCTEMA KAYECTBEHHOIO NPOrHO3UPOBAHUA HA OCHOBE HEYETKUX
AAHHbIX U NCUXOrPA®UN IKCTEPTOB

A.®. BonowwuH, B.M. l'onosHs, M.B. lNaH4yeHko

Pestome. [Jaemcs onucaHue cucmembl MeXHOM02UYECKO20 NPO2HO3UPOBaHUSs, OCHO8aHHOU Ha Memode depesa
peweHul. Cmasumcs 3adaya cbopa u obpabomku akcnepmHol uHgopmauuu, npednazaromesi Memolb! ee
06pabomku, KOmopbIe NO3BOMAIM y4UMbIBaMb HEYEMKOCMb UHbOPMaYUU U pa3pewarm npobaemy 6onbwol
pa3MepHocmu, Komopasi 803HUKaem npu 3HayumesnsHoM obbeme Oepesa pewerul. [lpusodumces onucaHue
cucmembl QuagHOCMUKU dnunenmuyeckux 3abonegaHud.

Knioyeenie cnosa. Memod Oepesa peweHull, Hedemkue akcnepmHbie aHHble, NOUCK OnNMuMaribHbIX nymed.

Bctynnenue

[ns nporHo3vpoBaHWs MOBEAEHUS HEMOHOTOHHbIX MPOLIECCOB CYLIECTBYET LENbld psg Tak HasblBaeMbIX
METOAOB KayeCTBEHHOrO aHanu3a, KOTOpble WCMOMb3ylT [fdaHHble 3kcneptoB. OpgHum u3  Hambonee
PacnpoCTPaHeHHbIX M3 HUX SBMSETCS METOh [AepeBa PeLeHWn, CyTb KOTOPOro COCTOMT B NpeacTaBneHuu
pasBUTUS UCCNEAYEMOrO SBMEHUS B BUAE HEKOTOPOW UEPAPXMYECKON CTPYKTYPhI, KOTOpas CTPOMTCS Ha OCHOBE
3kcnepTHOM uHchopmaumu [TapaHo, 1993].

MpeacTaBnsemas cucteMa MO3BONSET OpraHW30BbIBaTL Onpoc 3kcneptos[Makapos, 1982], Ha ocHoBe
cobpaHHoit MHGhopMauuM CTPOMTb AEPEBO PELUEHUMA M Ha OCHOBE €ro aHanusa genatb MpOrHO3 PasBUTUS
SIBMEHNS Ha onpeaeneHHblin nepuod. [ns aToro cTaBuTCs 3agada cbopa aKCnepTHOM MHGopMaLmK, ee aHanusa,
npeanaratnTCcs OpuriHarbHbIe METOAbI, KOTOPbIE ee peLlaroT.

Ha ocHoBe npeanoxeHon cuctembl Obinu co3paHsl Takue npuknagHsie CIMP;
- cUCTEMa AMAarHOCTUKM SNUNenTUYeckux 3abonesaHuii;
- CUCTEMa AMArHOCTUKW Kapauonornyeckux 3abonesanuii.
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B npouece nx co3gaHust NpoBeaeHb! OMPOCk AKCMEPTOB, NOCTPOEHbI COOTBETCTBYHOLLME AEPEBbS peLleHuit. [Ans
HaXOXOEeHUs MPOrHO3a K MOCTPOEHHbIM AEPEBbSM MPUMEHAITCS YKa3aHHbIE METObl, OCHOBHas Lienb paboThl
KOTOpbIX — HalTV ONTUMArnbHbIE NYTY B JepeBe PELLEHUIA 1 CyMMapHbIe BECA BEPLUMH.

[MpenctaeneHHble pesynbTaThl ABIATCS passutuem pabot [BonowwH, 1999],[BonowmH, 2001],[Voloshin, 2003].

Mouck onTUManbHbIX NyTen

MocTaHOBKa 3aZja4v aHanuaa jepepsa peLueHui:
0 _0 S 0 0 ; '
i L L .7 —
nyctb £ (x,,x,,)) = (Z:ayl_yﬁ1 YET((x) =), (xy = y,)sa,,, sena, )i =1L K, - K oueHouHbIx
Jj=1

(byHKLMOHANOB ANst anbTepHaTuebl (NyTh) ¥ = (V,,..., ¥, ),/ < 1, [ - KONM4ECTBO AT, KOTOPblE BXOAAT B MyTb
V', 1 - KONMYECTBO BEPLUIMH B JEPEBE PELIEHNHA, X, - HaYasbHas BEpLUMHA, X - KOHEYHas BEpLIMHA.

TYT T(aY1YZ 2" aYH)’/ Yay3 ”.ayl—ly/

BCEX BO3MOXHbIX NYyTei (TO eCTb MHOXECTBO BCEX BO3MOXHbIX KOMOMHAUMA N BepLIKH AEpeBa PELIEHNI).
Toraa 3agada 06paboTki peLLeHnii MeeT BUA;
1) B crnyyae 3afaHusi OTHOWEHMS MPEANOYTEHNSt 4YeTKO: HeoDXOAMMO HaWTU Takylo anbTepHaTWBy

Y =(isny,), o —AyeY;y=y,..yiyEy f()=f(y), e [-konniectso
3NIEMEHTOB B BEKTOpE v, npu yCroBUM

I-1
f(xlo’xg’y) = (Z Dy )* T((xlo =), (xg - yl)’aylyz ey 1y, );
=l

=0unT(a a, . )=1 unHade, Y - MHOXecTBO

) = 0’ echm ayu’za a2t Ty

2) B Cryyae 3afaHusi OTHOLLEHUS MPeanoYTEHNs] HEYETKO: HEODXOAMMO HaTK Takoe MHOXeCTBO Y ‘Y, uyto
ana  Vy €Y' oinonusetca yorone: —3dyeY,yeY, wo Vii=LK,f(y)<f(¥);
Vi,i= I,K,fl.(y') > f.(») (ecnn Heobx0AMMO HalNTK CaMble AMUHHbIE NYTH);

UMM HeoBXOaMMO HailTu Takoe MHoxecTBo Y < Y, uto gna Wy €Y BbinOnHseTcs  ycriosue:

—JyeY,yeY ,y=(,...y,), TAe [-Konn4ecTBO  MEMEHTOB B  BeKTope ), 41O

Vi,i=1,K,f.(y)> f,(») (ecnm HeobXxomMmo HaiTin camble KOpOTKI NyTh).

Hu 0guH 13 CyLLECTBYIOLWMX HA AaHHBIN MOEHT METOAOB HE MO3BOMSET PELUMTb Takyl 3apadvy. [MosTomy, Ha
OCHOBE M3BECTHbIX MeToaoB Hdenkctpsl n dnonaa [MaiHuka, 1981], cosgaHbl OpuriHanbHble MeTodbl MoMcka Ha
Jepepse.

Anzopumm noucka camoz2o 01UHHO20 nymu. HeobXoanMo HalTu camblii ANMHHBIA NyTb U3 BEPLUMHbI S B
BEPLMHY ¢. Kaxgon BeplmHe x COOTBETCTBYET oueHka d(x). Kaxpas BeplumHa MOXET ObiTb OKpalleHa W
packpaLleHa (nuLeHa oKpackm).
War 1. OxpaLwneaem BepwmHy s. Myctb d(s) = 0,d(x) = -0,y = 5.
LWar 2. ins BCcex BEPLUMH NEPeCcYUTLIBAEM:

d(x) = max{d(x),d(y) + a(y,x)},
roe a(y,x) COOTBETCTBYeT [AfMHE [yri, KOTOpas COeAMHSIeT BeplwuHbl y U x. Ecnu xe Takas gyra
oTcyTcTBYeT, T0 a(y,x) = —0.

Ecrm d(x) = —oo [ns Bcex HeOoKpalleHHbIX BEPLMH X W BEPLUMHA { He OKpalLeHa, 3aKOHYMTb npoLeaypy
anroputMa: B UCXOQHOM rpadpe OTCYTCTBYIOT MyTW U3 § B HEOKpalLeHHble BEPLUMHbI. VHaye okpacuTb Ty 13
HEOKPALUEHHHbIX BEPLMH X , Ans KOTOpoi BennumHa d(x) Haubonbluas. Kpome TOro, okpacuThb Ayry, Kotopas
BedeT B BblbpaHHylo Ha JaHom ware x . Monoxum y =x. Ecnn d(x) [ANs HEOKPALLEHHOW BEpLNHbI X
YBENNYNBAETCH, TO PACKPALUNBAEM €€ 1 COOTBETCTBYIOLLYIO AYTY.
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War 3. Ecnu ons Bcex HeOKpaLLEHHbIX BEPLMH d(X) = —o0 W BEpLUMHA ¢ OKpaLLEeHa, TO CaMblil ANIMHHBIA NyTb
HalfeH, 3aKoH4UTb paboTy anropuTma.
[ns atoro meToga cchopMynupOBaHO U [OKa3aHO YTBEPXAEHUE:

YmeepxdeHue 1. ANTOPUTM HaXOXOEHUS CaMoro AMMHHOTO nyTw TpebyeT BbinonHenus 1,57° onepauuit
CpaBHEHWS, rae 7 — KONWYECTBO BEPLUMH B AEPEBE.

1 m ..
jon @y )L j=1n,

[ina cny4as 3afaHus Nepexodos B AEPEBE PELLeHHil HEYeTKo, TO eCTb Korda a; = (4 ..
M - KONNMYECTBO 3MEMEHTOB BEKTOpa @, Pa3paboTaHo OpUTMHAmbHbIA METOA HaXOKOEHUA Camoro

ONMHHOTO NYTH.

ModudpuyuposaHHbIll aneopumm noucka camozo AruHH020 nymu. HeobXxoanmMo HalTh camblii ANIMHHBIA MyTb U3
BEPWWHM s B BepwwuHy . [yru rpada 3apaHbl HEYETKO, C MOMOLbK0 BEKTOpOB. Kaxaon BepwuHe x

COOTBETCTBYET BEKTOP OLEHOK d, () . Kaxayto BEpLUMHY MOXHO OKPacuT U packpacuTb.

Wae 1. d,(s) =(0,...,0) n d,(x) = (—o0,...,—0) ansascex x #s, i=0.

[l/ae 2. [ins Kax o HEOKPALLEHOM BEPLLMHBI X CriedyoLLM 06pa3oM nepecunTbiBaeM Benninty d, (x):

d,(x) = max{d, (x).d,(y) + a(y,x)} .

roe Bektop a(y,Xx) COOTBETCTBYET [AfMHE AYrW, KOTOpas COEOMHSIET BEpWMHM )y W X, ¢

max paccmMaTpuBaeTcs noaneMeHTHo. Ecnu e Takas pgyra otcytcteyeT, 10 a(y,x) = (—o0,...,—0).

OueBuaHo, YTO BO3MOXEH Cryyan, koraa Bektopbl d,(x) u d,(y)+ a(y,x) HeBO3MOXHO CpaBHUTL. Toraa
d,(x)=d,(x),1ad,,(x)=d,(y)+a(y,x), i=i+2.

3T0 3HAUNT, YTO B 3Ty BEPLUNHY CyLLECTBYIOT ABA BO3MOXHbIE MyTH.
Ecnu e BEKTOPbI MOXHO CPaBHUTb, TO

d,(x) =max{d,(x),d,(y)+a(y,x)} Tai=i+1.
Takm 06pa3om MMeem N1 BEPLUNH X, Takue XapaKTepucTuky:
d(x;))=(d,(x,),....d , (x,)).
d,(x;) - 370 BEKTOp, KOTOPbI ONPEAENsEeT AMNHY OAHOTO 13 BO3MOXHbIX NYTEN K BepLUMHE X, .

Mocre 3T0ro BblgenseM 13 MHOXECTBa OLEHOK d(x;) napeToBckoe MHOXecTBO [Makapos, 1982]. Ecrm ans i -i
OKpaLLEHHON BEPLUMHM MOCne BblAENeHns NapeToBCKOro MHOXEeCTBa pasmep Bektopa d(x;) W3MeHuncs, To
packpaLu/BaeMm ee.

3atem BblbMpaeM [OMUHMPYIOLME BeplMHbl X,,i€ A, A - HEKoTopble MHOXecTBa, [Ns KOTOpbIX

BbinonHsietes —3x 5 j ¢ A—3k:d, (x;) > d ,(x;)Vp , v okpawmsaem ux.

lllae 3. Ecnu Bce BeplWHbI, Ans KOTOpbIX d(x) > —oo OKpalleHbl, U nocre wwara 2 HM opHo d(x) He
YBENNYMIOCH, 3aBEPLLNTbL NpoLeaypy. MHaye nepenTu k wary 2.

[ns atoro meToga chopmMynMpOBaHO 1 JOKa3aHO Takoe YTBEPKAEHME:

Ymeepxderue 2. MoandhuUMpOBaHHbIA anropuTM HaxoX4EeHWsl Camoro ANMHHOTO NyTu TpebyeT BbIMONMHEHUS
0(n4K1n2) onepauwit, Tae n — KONNMYeCTBO BeplUMH B AepeBe, a K - KONMMYeCTBO 3/1EMEHTOB B
BEKTOpaX, KOTOPbIMW 3a4al0TCS NePeXoabl B Jepese.

Mpy NpUMEHEHWM MeToda NOMCKa CaMoro AMWHHOTO NYTU M MOAMMUUMPOBAHHOTO METOAA Moucka Camoro
ANWHHOTO NyTU ANs 06paboTki AepeBbEB 3HAUMTENBHOTO 06bEMa, BO3HUKAET Npobriema BonbLLOI pasMepHOCTH
[BonowwuH, 1989], cBs3aHHas CO 3HAYMTENbHBIMM BPEMEHHbIMM 3aTpaTamu. [N ee pelleHus co3daHo
OpWUrMHanbHbIM - METOd  NOKanbHOW  OMTMMM3aUMM, Ha OCHOBE W3BECTHOrO MeToda BekTopa cnaga
[CepryveHko, 1985].
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ModugpuyuposaHHbiti Memod sekmopa cnada. HeobxoanMmo HalTi camblit ANWHHBIA MyTb U3 BEPLWWHbI a B

BEPLWHY @, . MI3BeCTEeH HeKOTOPbIN HavanbHbIi NyTb @ = (a,,...,a, ) , KOTOPbII COBAMHSET 3TN [1BE BEPLUMHBI.
3afaeM HEKOTOPYH0 OKPECTHOCTb 7 (ryBuHy noucka).
Wartl. y=s.

., - SaMeHseMm

War 2. C noMoLWpb OMUCaHHbIX METOLOB HAxo4MM CaMbli ANWHHBIA NyTb U3 a, B a,

COOTBETCTBYHOWNA CETMEHT BNy @ ; y =y +1.

War 3. Ecnn y 4+ 7 < ¢, T0 nepeitn k wary 2. Ecnm xe y 47 > ¢, T0 HAXOAUM CaMblil AfMHHBLIA NYTb U3 ) B
t . 3aMeHsieM COOTBETCTBYHOLUMIA CETMEHT B NYTU @ . 3akaH4MBaem paboTy anroputma.

Takum o6pasom, ynyyLwas HayanbHbIi NyTb @ , Mbl HAXOAUM ONTUMANbHBIA (NTOKaNbHO ONTUMarbHBIN) NyTb. [N
9TOr0 MeToAa ChopMynMpoBaHO M JOKA3aHO Takoe YTBEPXKAEHME.

Ymeepxderue 3. TlpumeHeHne MoauULMPOBHHOrO anroputMa BekTopa cnaga TpebyeT BbINOMHEHMS
> % (K —r) onepaumit cpaHerus, rae » — rnybuHa noucka, K — AMMHA HAYanbHoro nyTu.

Onucanue MHCprMeHTaanOﬁ CUCTEeMbI

AepeBo pelueHnit 3aAaeTest MaTPULIEN MHLMAGHTHOCTEN. B Kaxdoil suelike MaTpuLibl HaXOAUTCS BEKTOp a;; -
KOTOPbIN 3afaeT BEpPOSTHOCTb Nepexoda M3 BeplWHbl I B BeplumHy j . OH COCTOMT M3 LEeCATW HaTypasnbHbIX
wncen (a,,...,a,,),0 <a, <1. Cymma 3neMeHTOB Kaxaoil CTPOKW paBHa eauHU4HOMY BekTopy. Matpuua

3anonHseTcs nyTeM onpoca akcnepToB. CyLecTByoT dyHKUMN: AoGaBneHne CTpoK 1 cTonbLoB, AyGnnpoBaHue
yucna, croBapb, COXpaHeHue Tabnuubl B haiine, 3arpyaka Tabnuubl U3 daiina.

dopMMpoBaHHe rpynMbl SKCNEPTOB, TECTUPOBAHME IKCMEPTOB

v

Briok onpoca akcnepToB

A 4
VIHCTpyMeHTbI ynpaBneHus rnasHow Tabnuuei | TMocTpoeHune gepesa peLLeHuii (rnaBHOM Tabnuubl)

v

BcnomoratencHas Tabnnya

y

A 4

Mp1MeHeHMe CBEPTOK

Bbluncnenne cymmapHoro Beca MeToabl novcka onTuMarbHbIX MpnbnmxeHHble METOAbI NoMcka
KaJoW BEPLUWHbI B AepeBe nyTen B Aepese ONTUManbHUX NyTeN B fepese

ObpaboTka nosy4eHHON UHGopMaLMK

v

AHann3 nony4eHHon MHopmaLmum

END

A 4

Puc. 1



KDS 2005 Section 3: Decision Making 241
dnunencus
Bospact KaptuHa EEr EET Bo Bpems Hesponorus Menxuka Heitpopan ETvonorusi
MaHudecTaLmm npunagKos npunagka onors
///
[NepBble AHKU Bo che
KNU3HM
— He Bo cHe
MepBble L Tl Craik | | Besuam. Besuam. | [ pes | | Hacnencr-
mecaubl | || | BEHHOCTb
KN3HM YacTble 5
e L | | YcTpaA BOMKa | 'onos. 6onb Ewmou. BoaM.
-5 et
e Penkue - pacTp. | | CTPyk- Bupyc-
510ner [ Bokanusauum Berer. TypHbIE HOBOC-
Cnaifk- pacTpoiicTBa H3M. | nanmr.
10-20neT [ N BOMHa Sanepia
pu CO3HaHMM | [ neuX.
%
| pasBuTUs 90%
Bonee 20 bes cosranus Onyxonb |
rer T4 0 Octpas- y CTPYK. Bpoxa.
n3apTpus HapyL X
PTP || BonHa- - TpyaHocTu Py | | nospex
emunapes HUS
KonGtorposaH- | [ MEANeHHas P 0By4eHms ALEI,)HC
Aypa a Hble IBWXEHUS BOTHa
" rnas | Llepeb.
apyLLeHus
ppyeqm M OwesHble | | Benbiwka napesbl MoBepx- | | Tpasma
HOCTHOCTb
Mokanbigaris | | Houtble |1 Pospsn Enuedano-
" FaniouvHaum natma JKcTpa- | | Onyxonb
aKpo U MaTTepH BEPTHOCTb
MUKpocoMa BHeLLHMit u
TOTHO3UM thakTop Arakens
Taxenas -
[ln3opyeHTaLms PeakLus Ha ,qemeeH amq e
ITl{ KeBatenbHble || ggtp::mg 5 - u:(gH:ﬂ
ABVKEHMS ]| p P
ABCaHcI rnas
KecTukynbs-
Renpeca [T ropupie ] Peakuus Ha
ToHuyeckne aBTOMaTU3MbI AnxaHue
MpUCTYNb
| | V3meHeHue
dokarnbHble TEMNepaTypbl
ConocTaBnHue
CMMMTOMOB
thopmam
anunencum

HRERERRE
Al

Puc.

IENEEREEREREERE
lllboloblbabbalbabalhaflboled
2



242 3.1. Actual Problems of Decision Making

[ins akcnepTHOro onpoca HeobXOAMMO BOCMOMb30BaThCs (HOPMON, KOTOpasi No3BonuT 3adath Ao 10 matpuy
0AMHaKOBOW pasMepHOCTU. Kaxaas Takasi MaTpuLia — 9T0 pe3ynbTaT CpaBHEHWUs! 3KCEPTOM BapUaHTOB BEPLLMH,

KoTOpble MOTYT BbiTb BKMIOYeHbl B AepeBo (MaTpuubl A’). [lanee npoBoguTcs aHanMa aTux MaTpul B
pesynbTaTe KOTOPOro ONMPeensioTcst BEPLUMHbI, KOTOPbIE BKIIOYAKTCS B AEPEBO, U BEPOSTHOCTH, C KOTOPLIMM
BO3MOXEH NEepexof B HUX W3 BEPLUMHbI BEPXHErO YPOBHS. OTU Pe3ynbTaTbl 3aHOCATCS B TEKYLLYK CTPOKY
MaTpuLbl TabnuLbl, KOTOPas ONKUCHIBAET YPOBEHb JEPEBA PELLEHMUI.

lMocne 3agaHus mMaTpuubl WHUMAEHTHOCTEW, BO3MOXEH ee aHanu3. [ns aTtoro Heobxogumo 3ajatb [ABe
BEpLUMHbI B JepeBe peLueHni, n BygeT HaligeH camblil KOPOTKWI (HanMeHee BEPOSITHOCTHBIN) U CaMbli ASTMHHBIN
(Hanbornee BEPOATHOCTHbIN) MyTb, COEAMHAIOLLMIA 3TW BEPLUMHBI. Tak e BO3MOXeH nofcuyer obliero Beca
KaXoWn BEPLLUMHbI B AepeBe.

Cxema paboTu co3aaHHOI NporpamMMHOIA CUCTEMbI NOAAEPXKKM NPUHSITUS PELLEHMIA M306paXeHa Ha pucyHke 1.

Co3paHHasi WHCTpYMeHTarbHas cuctema npumeHsinack ans cospadue CIIMP, koTopble YCMeLWHo peluanu
NpaKkTU4ecke 3agayu, B YaCTHOCTU, ANS CO3[aHMsI CUCTEMbl OMArHOCTWKM 3nenenTuyeckux 3aboneBaHuin Ha
6ase 3HaHuit akcnepTa (0QHOro U3 aBTopoB). [ns aToro GbIN0 NOCTPOEHO COOTBETCBYIOLIEE AEPEBO PELLEHUH,
KOTOpOe 1306paeHo Ha pUCyHKe 2.

Ha BepxHWX YpOBHSX 3TOr0 JepeBa HaXO4ATCSA OCHOBHblE XapaKTEPUCTUKW, aHanU3upys KOTopble Bpay CTaBuUT
JWarHo3 nauneHty. Ha HWKHUX YpOBHAX COBpaHbl KOHKPETHbIE 3HAYEHWS, KOTOPble MOTYT MPUHUMATb 3TW
XapaKTepuCTMkM. B nucTax 9TOro0 [AepeBa HaxoQaTcs BapuaHTbl  3aboneBaHusi, COOTBETCTBYOLLME
MeXZayHapogHO# knaccudvkaumn 3aboneBaHuin. PacCTaBnss OLEHKM Hamuumst y MNauMeHTa KOHKPETHbIX
CUMMTOMOB W MPUMEHSAS OMUCaHHble METOAbl U anropuTMbl, BPaY-ANMMENTONOr MOXET BbIYUACIUTL BEC
(BEpOSITHOCTb) Kaaoro nucta (3aboneBaHusl) WKW HaWTU CaMblii OMHHBIA (CaMblii BEPOSITHOCHBINA) MyTb,
KOTOPbIA COeaMHSIET Napy 3adaHHbIX BEPLWH, YTO COOTBETCBYET HAXOXAEHMI0 Hambonee BepOSTHOCTHOrO
cLeHapus pa3suTtus 3abonesaHus.

®parmMeHT epeBa peLleHnid NPUBEAEH Ha PUCYHKE 2.

Takke, C NOMOLLBID onucaHHOM cucTeMbl Gbina cosgaHa CIIMP, koTopas nosBonseT AuarHoCTUpoBaThb
kapauonornyeckue 3aboneBaHns Ha OCHOBE enekTpokapanorpaMmbl. C NOMOLLBHD 3KCNepTOB ObINO NOCTPOEHO
aHanorMyHoe npefblaylleMy [OepeBO pELUEHUA, Ha BEPXHEM YPOBHE KOTOPOTO HAXOAATCA 3rEMEHTLI
anektopokapauorpammbl (QRS komnnekc, P 1S nuku 1 T.4.), Ha HUKHAX YPOBHSX — KOHKPETHbIE 3HAYEHUS 3TUX
napameTpoB, a B NUCTax — BapuaHTbl 3aboneBaHus (N0 MexayHapogHOW knaccudukaumm ux 65). Kak v B
npeablioywem cnyvan, aHanu3 nocTPOEeHHOTr0 AepeBa PELIEHWA COCTOUT B BbIYMCIEHWW CYMMapHbIX BECOB
TICTOB 1 HAXOXAEHWUM ONTUMANbHBIX NMYTEN B AepeBe peLLeHuit.

BbiBog

BO3MOXHO NpUMEHEHNe AaHHOI CUCTEMbI B Takux 06nacTsix kak MeaWUMHCKash AMarHoCTUKa, NPOrHo3npoBaHme
Kypca BantoTbl 1 T.n. [puyem TOYHOCTb paboThbl CUCTEMbI 3aBUCUT TOMBKO OT KBaNMULMPOBAHHOCTM 3KCNEPTOB.
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NPOLIEAYPbI NNOKANU3ALUU BEKTOPA BECOBbIX KOQ®OULIMEHTOB
3A OBYYAIOLLUMU BbIBOPKAMW B 3AJAYE NOTPEBNIEHUA

Enena B. ipoGoT

Abstract: The author analyses the task of an individual consumers’ choice on the set of teaching excerpts. It is
suggested to analyse the function of consumer’s value as additive reduction. For localization of the vector of
weighting coefficients of additive reduction the procedures based on metrics of distance of the object towards the
ideal point are suggested.

Keywords: The theory of consuming, the function of value.

AHHOomauyus: Paccmampueaemcsi 3a0aya UHOUBUOYanbHO20 nompebumenbcko2o eblbopa Ha MHOXecmee
obyyatouwux ebibopok. [lpednacaemcs paccmampueamb QyHKUUK nonesHocmu nompebumens & eude
addumusHoli ceepmku. [ns nokanusayuu eekmopa 6ecosbiX KoaghguyueHmos addumugHol ceepmku
npednazatomes npouedypbl, bazupyrowuecs Ha mempuke buzocmu obbekma k udeanbHOU modke.

Knroyeebie cnosa: meopus nompebneHus, (hyHKUUS NONE3HOCMU.

BsepeHue

TunnyHoW 3apaven B Teopun NOTPebneHUs MaTeMaTUYecko 3KOHOMUKM  TPaaUUMOHHO —CyMTaeTcs
[MoHomapeHko, 1994] 3agaya NOCTPOEHWS  (BOCCTAHOBMEHWS, OMpedeneHus) (yHKUMM  NOMesHoCTM
noTpedbutens, kotopas onpefenseT ero NpeanoyYTeEHNs OTHOCUTENBHO ONpeaeneHHoro Habopa Tosapos (6nar).
[Mpu 3TOM paccMaTpuBaloTCs, KaK NpaBuWio, Tak HasbiBaemble “0byvatoLime BbIGOpKX”: BEKTOpHble Habopbl Gnar
X =(x],X3,...,X, ), KAXAAsA KOMNOHEHTA KOTOPbIX SBNAETCSH KOMMYECTBOM EAMHNL, COOTBETCTBYIOLLNX TOBAPOB,

N — KONUYECTBO TOBAPOB. LieHbl TOBAPOB M BIOMKETHBIE OrPAHUYEHNS CUMTAIOTCS 3aaHHBIMM.
Bbibop noTpebutens xapaktepuayeTcs OTHOLIEHWEM NPeanoyTeHust R, CyTb KOTOPOro COCTOMT B CrefyoLem: o

Kaablx AByX Habopax Grnar OH MOXET ykasaTb Hannuue (CTeneHb) NPeanoYTEHNS UMK Xe UX PaBHOLIEHHOCTb.
Anpwviopu cumTaeTcs, YTo BbIOOp NOTpebuTenem oCyLLeCTBSETCS B COOTBETCTBUM C €70 COOCTBEHHOM (hyHKLMEN

nonesHoctn U(x), 3HauyeHue KoTopoit Ha obydatowen BblGopke X = (X,,X,,...,X,) COOTBETCTBYET
WHOMBUAYamNbHON OLeHKe morb3oBaTenst Ans 3Toro Habopa. 3agaya noTpeGUTEnbCKOro BbiGOpa COCTOMT B

BbiBOpe Takoro NoTpedUTENbCKOro Habopa, KOTOPbIA MaKCUMU3MPYET ero yHKLMIO MONE3HOCTU NPpK 3a4aHHOM
OO MKETHOM OrpaHNYEHMM:
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U(x)—)rnax
px <1,
x>0,

rfe p — BeKTOp LieH, | — joxoz notpebuTens.
Knaccuyeckne MeToabl, UCTIONb3yeMble Ans onpefeneHns GyHKLMK MONesHoCTY, NpeacTaBnsiLLe GuHapHoe
OTHOLUEHWE NpeanouTeHnit R (U(xl)z U(x2 < x'Rx?, ona Vx',x* € X), B oblyem cnyyae sBRsioTCS

[OCTaTOYHO “XecTkumu’. OCHOBAHMEM AN WX MPUMEHEHWS, B YACTHOCTM CryxaT AOCTaTOYHble YCIOBMS €€
CYyLLECTBOBaHMWS, KOTOpble 3adawTcs, Hanpumep, Teopemoi [ebpe [MoHomapeHko, 1994]: oTHoweHwe
NPeAnoYTEHNS JOIDKHO ObITb NOMHLIM, PEQIEKCUBHBLIM, TPAH3UTUBHBLIM 11 HEMPEPbIBHBIM, MHOXECTBO PELLEHUIA —
cBsA3HbIM. Ecnn ycnosus [eGpe He BbINOMHAOTCS (CYObEKTMBHOE OTHOLLEHME MPEAnOuTEHUs MOXET ObiTh, B
nepeyld oyepefb, HETPAH3UTUBHBLIM), W (DYHKUMS MOME3HOCTW, KOTOpas NpefcTaBnseT OTHOWeEHWe R He
CYLLECTBYET, MPUMEHEHWE KNAaCCUYECKNX METOA0B TEOpUM NOTpebneHns 3aTpyaHEHO.

lMpegnaraeTtcs anbTepHaTUBHLIN MOAXOL 4S9 OnpeaeneHns yHkumn nonesHocTn. CumtaeTcs, YTO aKcnepT
(notpebutenb) npu oueHWBaHMM ODbEKTa MMEET B BWAY €ro BEKTOPHYH oOueHky. lNpegnaraetcs npoueaypa
(hopmanusauuu npobnembl, nyTemM 3aMeHbl «BEKTOPHOWM OLEHKM MONEe3HOCTU» afAUTUBHOW CBEPTKOW U Toraa
3aia4ya CBOAMTCS K YTOYHEHMIO BECOBbIX KOI(hPULMEHTOB aaaUTUBHOM CBEPTKM.

MocTaHoBKa 3agaum

MycTb Ha MHOXecTBe ToBapoB X < R paccmaTpuBaeTcsi KOHeuHbli Habop noTpebuTenbckix TOBapoB
(obyvatowas Bbibopka). LieHbl TOBApOB cunTalOTCs 3adaHHbIMM, 3a4aHO Takke OOIKETHOE OrpaHWyYeHue Ha
CYMMapHYI0 CTOMMOCTb €AMHIAL| TOBAPOB B BbiGopKe. MycTb X — MHOXECTBO 0ByYatoLLyX BLIGOPOK X, je J , rae
J - MHOXECTBO WMHAEKCOB BbIBOPOK, CHOPMMPOBAHHOE B pamKkax BHomKeTHOro orpaHuyeHus. Kaxaas Boibopka
x' e X, jel, xapakrepusyetcs CBOMM  pacnpedeneHueM e[uHuLy ANS  Kaxamoro  Tosapa
x! = (x’1,...,x%,...,x’n) . MHOXeCTBO MHAEKCOB TOBapoB BblGOpkM 0603Haumm I, I={l,...,n}. Kaxgoi
BbIBOpKe, X’ € X, je T, CTaBATCS B COOTBETCTBUE €€ BEKTOPHAs OLieHKa B MPOCTPaHCTBe TOBApoB Q.

parnbHeiilwem 6ygem paccMaTpuBaTb HE CaMO MHOXECTBO 3HAYEHWN eduHWL ToBapoB x' € A, jeJ, a
B By It ‘eA, jel

COOTBETCTBYIOLIEE EMy MHOXECTBO m(x’i), iel, jelJ, roe o HeKoTopoe MOHOTOHHOE MpeobpasoBaHme,
KOTOpPOE OMnpeaensieT CTeneHb OTKMOHEHUIA KONMYECTBEHHbIX XapaKTEPUCTMK OT ONMTUMANbHbLIX 3HAYEHWUI ANs
Kaxgoro ToBapa x'i, iel, jel, u npeobpasyeT BCE 3HAYEHUS KOMMYECTBEHHbIX XapaKTepUCTUK TOBApOB K
HopManusoBaHHoMy Buay B wHTepsane [0,1].

lMycTb noTpebuTenb (SKCMepT) MOcneaoBaTeNbHO 3a4aeT CBOWM MPeAnouTeHus Ha MHoxectBe X B Buae
OVMHapHOrO OTHOLLEHUS NpeanoyTeHus R.

MpegnaraeTcs cnegyowmin NOAX0OA K PELLEHNO 3aAayu: NpeanonaraeTcs, Yto npu oueHke obbekTa ( B HawweM
cnyyae — obyyaloLen BbIOOpKM) aKCnepT (CO3HATENbHO UM HEOCO3HAHHO) MMEET B BIAY €r0 BEKTOPHYHO OLIEHKY.
Ecnn paccmatpuBaTh «BEKTOPHYHO» (DYHKLIMIO MOMNE3HOCTU B BUAE afAUTUBHOWM CBEPTKM, TO 3ajaya CBOAMUTCH K
HaXOXAEHWI0 BECOBbIX K03 dunLMeHTOB cBEPTKM (1)-(2):

xRx’ & Ypox)<Dpo k), xx’eX, (1)

iel iel
P=(Pnp,), i€l, p, >0, Yp =1, )
iel
roe (2) - HopMUPOBAHHbIA BEKTOP OTHOCUTESBHON BaXHOCTI NapaMeTpoB 0OLEKTOB A/15 YTBEPXKAEHMS JKCnepTa
06 OTHOLLEHU NPeanoYTEHUs Mexay 06beKTaMu.

Takum obpa3som, 3afaya CoCTOUT B NOKanMU3aLmm BECOBbIX KO3(PMLIMEHTOB aaanTMBHOM CBepTKU (1)-(2).
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Mpoueaypbl Nokanusauum BeKTopa BeCOBbIX K03hULUEHTOB

MpegnaraloTca  npouedypbl  NOKanu3auuum — KOMMOHEHT  BEKTOpa  BECOBbIX  KO3(MMULMEHTOB  MyTeM
nocnefoBaTeNlbHOr0  YTOYHEHUS  WHTEPBArNioB  M3MEHEHUS  COOTBETCTBYKOLUMX KOMMOHEHT BekTopa p
(vnepnapannenenunesa BECOBbIX KOIMULIMEHTOB B NPOCTPAHCTBE NPEANOYTEHNN):
H B . H B .
pell=[]lp!".p’l, p=(p,icD, 0<p'<p’<l, Dp =1 p >0, icl (3)
iel iel

Voeonornyeckum OCHOBaHWeM NpoLeayp SBMSETCA runoTesa npo «uaeanbHyl TOYKy», koTopas oTobpaxaer
«mpearnbHylo BbIBOPKY» B MPOCTPaHCTBE TOBApOB (BEKTOP MPEAnOYTEHWA B MPOCTPAHCTBE NPEANOYTEHWN),
LenocTHbI «oBpas» KOTOpOW CyLlecTByeT Y akcnepTa. [peanonaraeTcs, yto npu CpaBHeHUM 0ByyaroLmx
BbIBOPOK 3KCMepT CPaBHMBAET UMEHHO WX CTeneHb BNMWM30CTU OTHOCUTENbHO HEKOM METPUKM K «MAeanbHOM»
BbIOOpKe C ONTUMasbHLIM PacnpeaeneHnem eanHuL, TOBapoB.

[ns npeobpa3oBaHus BCEX 3HAYEHWA eauHML, TOBapoB Xj, iel, jeJ, K HOpManu3MpoBaHOMY BWZy B
nutepsarne [0,1] npumeHsieTCs, B YaCcTHOCTU, cnedytoLlas dopmyna [Bonkosuy, 1993):

) X Xj'
co(xli):—om‘ 0‘ , 4)
X i =X
roexieX, iel,jel;x®eX, i eI, - Hanbonee xenatensHOe KONUYECTBO eMHNL, i-ro TOBapa Ha MHOXECTBE
BO3MOXHbIX BblOOpoK: X%eX, i€ 1, - HanMeHee XenaTeNnbHOE KONMMYECTBO eAMHUL, i-T0 TOBapa Ha MHOXeCTBe
BO3MOXHbIX BblOOpoK. bymem cuutatb, 4to X°t u X0 MoryT ObiTb 3a4aHbl HEMOCPEACTBEHHO SKCMEPTOM Ha

MHOXeCTBe 0MyCTUMbIX 06yYaroLwmx BbIGOPOK.
C yyetom (4), 0606LLEHHBI KpUTEPUIA, KOTOPbI OTOBpaxaeT CyMMapHOe OTKMOHeHWe j-ro obbekta, jeJ, oT
ONTUMAanbHbIX 3HAYEHUH, 3anULLETCS Kak

D(x’,x™) =Y po(x’i) =D p,

iel iel

opt

i .
. jel.

i X i

X X’
X

MocrieaHsist hopMyna SBNISETCS METPUKOH 6M30cTv BekTopa Xie X , j J, NPeCTaBNsIoLEro pacrpeaeneHme
e[MHUL, TOBAPOB B |- BbIBOPKE K HEKOTOPOMY MAeanbHOMY (ONTUManibHOMY) BEKTOPY pacnpeneneruin Xort= (xopy;
XOPty.,. . XOPt), B3BELLEHHBIX B MPOCTPAHCTBE ToBapoB. ®opmyna (1) 3anuweTcs B Buae:
x'Rx* & Y pox)<Ypox’) < DLx™)<Dxx"), x',x’eX.
iel iel

MocnegHee HEpPaBEHCTBO MOXHO WHTEpPNPeTMpoBaTb TakuM  00pa3om: yTBepkaeHue “Bbibopka X!
npegnoyTuTenbHen Bolbopku X2 ” 0603Ha4aeT, YTo B NPOCTPAHCTBE TOBApOB Q" TOUKA, KOTOpas COOTBETCTBYET
BbiGopke X!, HAaxoOUTCA Ha MeHbLUeM PacCTOSHWM MO OTHOLIEHWIO K MAeamnbHOM TOUKe, YeM TouKa, KoTopas
COOTBETCTBYET BblBOPKE X2. B criyyae e OTHOLLEHUS PaBHOLEHHOCTM BbIBOPOK COOTBETCTBYIOLME UM TOUKM B
Q" HaxoAsATCsA Ha OAMHAKOBOM PACcCTOSHIUW OT TOYKM, COOTBETCTBYHOLLEN MaeansHOMY OO beKTY.

Mpoueoypbl nokanuaauuy BeKTOpa BECOBbIX KO3(UUMEHTOB (2) NpeacTaBnstoT cobon hakTUdecku ape
npoLeaypbl: NpoLeaypy YTOYHEHWS WHTEPBarnoB BECOBbIX KO3(MULMEHTOB (3) M npouedypy OTCeuMBaHWs W3
NepBOHaYanbHOrO MHOXeCTBa paccMaTpuBaeMblx 0bydarowmx BbIOOPOK «HENEepCrneKkTUBHBIX»  BbIGOPOK.
lMpoueaypbl ba3upyTCs COOTBETCTBEHHO Ha YTBEPXAEHWAX 1 M 2, NpUBOAMMBIX HWke. [lokasaTenbcTBa 3TUX
yTBEpKAEHUA, 0600LLeHHble AN cryyas 3afaHusi 3KCMepTOM MPeanoyTeHU B METPU3MPOBAHHHON (opMe,
npueogsTcs B pabote [BonowuH, 2003].

YrBepxaeHne 1. BeKkTop nNpeanouTeHui, COOTBETCTBYHLUMA PaBHOLEHHbIM BbibOpKaM B MPOCTPAHCTBE
npeanoytennn E', onpegensieT rpaHuubl WHTEPBANOB M3MEHEHUS BECOBbIX KO3((ULWEHTOB TOBAapOB, 4TO
YUCIIEHHO BbIpaXaeTcs:
(s)B 1 (s)H 2N (s)B 1 (s)H 2 1 2
D p P (x)+ D pMMe(xP) = D pMPe (x)+ D pMMe (x7), x',x* e X,

iel; iely iely iely
piell® pjel?® piell® pjell®
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roe pi®)B, piH, iel, - COOTBETCTBEHHO BEPXHSS U HVXKHSAS FPaHNLbI i-r0 MHTEpBana BECOBbIX KO3GMULIMEHTOB Ha
s wrepauym cpasreruit, I, =(i:0,(x")>0,(x*) 2D, L =>G:0x")<o(x?)2J,
iel=1Ul,.

Takum obpaszom, rMnepnapannenenunes BecoBbix koadduumeHToB (MBK) Ha (s+1)-0M Lware CTaHET paBHbIM:

T = H[pfs)ﬂ,pgsH)B]xH[p(sﬂ)H’p(s)B] . (5)

iely iel,

HaxoxgeHue BekTopa MNPeanoyvTeHUH, COOTBETCTBYIOLErO paBHOLEHHbIM obbektam B [BonowwH, 2003,
npeanaraeTtcst OCYLLECTBNATb PELLUEHMEM N YPaBHEHWA BIAA:
pi(mi(xl)_o‘)i(xz))_pi(mi(xl)_(o‘)i(xz)):Ol x',x*eX, Zpizl’ p; >0, iel. (6)

iel; iel, iel

YTBepxaeHue 2. Ycnosuem oTcemBaHns 00BEKTOB ), je T, U3 MHOXeCTBA XS SBNSETCA HENPUHAANEXHOCTb
'BK BekTopa, KOTOPbIi NPOXOAMUT Yepes Havyano KoopauHaT U TOUKy m(Xi ), XeXs, je T, 10 ecTb p(w(x)) e M6+,
BekTop BecoBbIX K03thduLmeHTOB onpeaensetcs no dpopmyne [Bonkosuy, 1993]:

p=p(a(@))={p;:p, =@ )/ Y []o@)}.

tel qel el
t#1 1#q

Mpoueaypbl nokanu3auMM BeKTOpa BECOBbIX KOIMPUUMEHTOB WCMONb3YIOTCS B CrEAyHoLei YenoBeko-
MalLUWHHOM npoLieaype.

War1.  BblgeneHue KOHEYHOTO MHOXECTBa 0OyvalolmMxX BbIGOPOK X Ha BECKOHEYHOM MHOXECTBE
notpebutensckux ToBapos. MNepeoHavanbHeii BK nonaraeTcs paBHbIM €AMHUYHOMY rnepKyoy.

War2.  Bbibop akcneptom AByx BhIOOpOK X! M X2 n3 mHoxecTBa XS B [BK [Ms, s =1,2,...(war cyxenuns BK) ¢
yKasaHuem hakta npeanoyTeHUs Unu 3KBUBANEHTHOCTM!.

War 3.  TMocTpoeHune cucTeMbl ypaBHeHUI Buaa (6). HaxoxaeHue pellenns cuctembl ypaBHEHN.

War4.  YTouHenue rpanuy BK no dopmyne (5). Ecrm runepky6 M6*) ymoBneTBopsieT akcrmepTta, TO
OKOH4YaH1e npoLeaypbl. MHave nepexoa k cregytowemy Lwary.

War5.  BbigeneHne MHOXECTBA «MEPCMEKTUBHBLIX» BblGopok X&) (XE+=XE) g TBK M) u npeabsieneHne
WX aKcnepTy [Ans Bblbopa o4epedHbiX [BYyX OOLEKTOB C YKa3aHWeM ANS HWUX OTHOLIEHMS
NPeAnoYTEHNS.

War6. MMpucoeanHeHne BbIBOPOK, YKasaHHbIX 3KCMEPTOM Ha NpedblaylieM Lare K  MHOXeCTBY
PaCCMOTPEHHbIX 1 WCCMEeAOBaHME Ha MOMYYeHHOM MHOXECTBE YCMOBUSI TPaH3UTUBHOCTM. Ecnu
TPaH3WUTMBHOCTb He HapyLLaeTcs, TO yBeNMYeHe Homepa utepaumm: s=s+1 u nepexop k wary 2. Ecnm
K€ TPAH3UTUBHOCTb HApYLIAeTCsl, TO WUCKMOYEHUe 3TUX BbIOOPOK M3 MHOXECTBAa PacCMOTPEHHbIX
00BbEKTOB M nepexoA Ha Lwar 6.

ATepaLmoHHbIi NpoLece 3aBepLuaeTcs, KOraa SKcnepTa yLOBNETBOPSKT HailfeHHble WHTepBarbl M3MeHeHUs
BECOBbIX KO3(hULMEHTOB TOBAPOB.

[ns HaxoxoeHWs KOMMeKTWUBHbIX pelleHui Ha 6a3e hopMann3oBaHHbIX TakuM CMocoBoM MHTEpBanbHbIX
WHOVBMAOYANbHbIX OLEHOK, MOXHa NPUMEHMUTb, HanpuMmep, MeTodbl, NpeanoXeHHble B [FHaTueHko, 2002].

BbiBoAbI

MpennoxeHHble NpoLeaypbl, He TPeBys NONHOM MaTpULbl NAPHbIX CPaBHEHMIA 0BYYatOLLMX BbIGOPOK, NO3BONSKOT
Ha MHOXECTBE OUHAPHbIX OTHOLLEHWI BOCCTAHOBUTL (DYHKLMIO MONE3HOCTH NoTpebutens. Kpome Toro, 3apaHue
BEKTOPa BECOBbIX KOI(PUUMEHTOB B BWAE WHTEPBANOB MOXHO WHTEPNPETMPOBaTb M Kak OToOpaxeHue
HEYETKOCTM B  COLMANbHO-9KOHOMUYECKMX cucTemax. [loaToMy npeanoxeHHble Npoueaypbl MO3BOMSHOT
YMEHBLUMTb YPOBEHb HEOMPEAENEHHOCTI B HEYETKMX MOLENSIX MPUHATUAS PELLEHN.

Astop Gnarogaput npod. BonowwHa A.®. 3a nocTaBneHHyto 3agady.
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HEYETKUE MOJENIU MHOIOKPUTEPUAINIBHOIO KONNEKTUBHOIO BbIBOPA

Anekcen ®. BonowwH, Hukonan H. Mansp

AHHOmauyus: [Jns MHo20kpumepuanbHol 3adayu C KOHEYHbIM YUCIIOM anbmepHamug onpedensiemcs
Heyemkasi 3adada 00CMUXEHUS “moyku ydoenemeopeHus nuya, npuHumaroweao peweHus”. lpednazaomes
pasnudHbie munbl ‘movek ydosnemeopeHus JIMP”, & kadecmee hyHKyul npuHadnexHocmu npednazaomcs
pasnuyHble munbl c8epmMOoK, Onsi 8bI6opa KOMOPbIX Y4UMbIBAOMCST NCUXOCOMamMUYECKUEe Xapakmepucmuku
akcnepmos. 3adava 0b6obuwjaemcs Ha cryyall NPUHAMUS KOIIIEKMUBHO20 PEWEHUS.

Knroueenle cnoea: konnekmusHbili 8b160p, MHO2OKPUMEDPUAIbHAS ONMUMU3AUUS, HeYyemkasi MoOeTb, CeepmKa
Kpumepues, moyka ydoenemeopeHusl.

BBegeHue

OpHa v3 Hanbonee oBLMX NOCTAHOBOK 3aayu NPUHATUS KOMMNEKTUBHOTO PELLEHNS, UMEIOLLAs MHOMOYUCIIEHHbIE
NPUINOXeHUs B SKOHOMWKE, MONUTIKe 1 Apyrux 0bnacTsx YenoBeyveckomn LesTenbHOCTH, CBOANTCS K CeaytoLe
MaTemaTtuyeckon mogenu [1]:

Uj(x)>max, iel={lp}, xeX, (1)
rae U; — yHKuus nonesHoctu i-ro nvua, npuHumarowero petwenue (MMP), X — MHOXeCTBO anbTepHaTuB
(cuTyauun).
byoem paccmaTtpuBaTb MOLENM, B KOTOPbIX MHOXECTBO anbTepHaTMB X KOHEYHO, |X|=n, kaxaas

anbTepHatuBa Xx; € X oueHusaetca i-m JIMP Habopom kputepues K' ¢ “yHuBepcanbHoro” Habopa

~

fed= {‘I,m}, OLEHKa anbTepHaTuB ocyLyecTnseTcs kaxabsiM JITNP He3aBucumo, kaxablin JINMP umeet ceoi “tun”
(YHKUMM MONE3HOCTU (Onpedensemoin TOW Unu WHOW CBEPTKOW “cBOMX” KpuTepwes), kaxabld JIMP npu

CbOpMVIpOBaHMM peleHna ncnonb3yet CBON MpUHLMN OnTUManbHOCTK".

K Takol noctaHoBke CBOAMTCS, HanmpuMep, 3ajadva (hOpMUPOBaHUS KOMMAEKCHbIX LienesbiX nporpamm [2], B
KOTOPOW B KayecTBe anbTepHaTUB BbICTYNalOT MHOXECTBA MPOEKTOB, CBA3BHHbLIX B COCTABHble arbTepHaTWBbI
MPUYUHHO-CNIEACTBEHHBIMW CBSI3AMM, B KayeCTBe Lenen — MONUTUYECKME, COLManbHble, 3KOHOMUYECKME W
Hay4HO-TEXHWYECKME KpuUTEpuM: “YBEnuUYeHue [AEeNCTBEHHOCTU counanbHoi 3awmTbl’, “TlOBbILEHME YPOBHS
9KOHOMWKK”, “TTOBbILIEHME YPOBHA Haykn W KynbTypbl’, “‘VHdopmaTM3aums cTpaTerMyeckux HanpaeneHwi

» oW

pasBUTUS rOCYAapCTBEHHOCTM, Be30macHOCTM U 0BOPOHBLI”, “YryylleHne COCTOSHUS OKpYXatoLlen cpedbl” 1 T.4.
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([2], C. 340-349, Bcero 162 ueneit). ECTECTBEHHO, YTO OLEHKM Takux pa3HOOBpasHbIX Lenen pasnuyHbIMu
aKCnepTamu, MUHWUCTEpPCTBaMM M BefoMCTBamu OyayT CyWECTBEHHO OTnM4aTthCsl, OTnmyatecs OyayT u
“MPUHLMMBI ONTUMANBHOCTK” — OT MECCUMMCTUYECKOrO (MPW OLEHKE, HaNpuMep, “aKoNornyeckux” KpuTepues) 4o
ONTUMUCTUYECKUX (MPK OLLEHKe, HanpUMep, UHGOopMaTU3aLmuK).

Mpu pelleHnn NOCTaBMEHHOW 3afayu, OTIUYAILLENCS OYeHb BLICOKUM YPOBHEM HEOMpPeLeneHHOCTH,
CybbEeKTUBM3MOM B BbIBOpE KpUTEPUEB, OLIEHKAX anbTEpHATUB MO HUM, eCTeCTBEHHbIM OyAeT 1Ccnonb30BaHWe
HeyeTkoro aHanusa [3] And onucaHust CyObEKTMBHON KOMMOHEHTHI MOAENM UM yYeT MCUXONOTMYECKMX
XapaKTepuCTUK Kak OTAENbHbIX 9KCMEPTOB, Tak M WX KOAnMUWiA C LEnblo YMeHblueHus “CyObekTUBHOM
HeonpedeneHHoct” (cMm. pgoknag A.®. Bomowwna “O npobnemax npuHATUS peLieHMn B couuarnbHo-
9KOHOMMYECKUX” B HACTOSILLEM COOPHUKE ).

MocTaHOBKa 3a4a4u HeYeTKOro BbIGopa

Paccmotpum BHavane cnyyain p =1 (oguH JINP). 3agava (1) Torga 3agaeTcs 0gHON MaTpuLei peLueHNil
K=(Ky), i=tm, j=1n 2

rae Kj — oueHKa o i-My KpUTEPWIO - anbTepHaTuBbI.

He orpaHuunBasi 06LHOCTH, NPEANOMNOXKMM, YTO BCE anbTepHaTMBLI NpeHaanexar MHoxectsy [apeto [4], a

Hawnqueﬁl CYUTaeTCda anbTepHaTuBa, ONA KOTOpOI7I BCE OUEHKn [JoCTuraloT CBOEro MaKkCUMarnbHOro wu
MWHUManbHOIo 3Ha4eHu4. nyCTb BC€ OLEHKN — NONOXUTENbHbIE YKUCNa, MHa4Ye NPUMEHAEM npeo6pasoBaHme:

!

Kj =| maxKj+minKj | —K; 3)
J J
Takum 06pa3om, MHOXECTBO anbTepHaTuB X npeactaBnsiet cobon HEKOTOPOe MOAMHOXECTBO 3BKMMAOBOMO M

MepHOro npocTpaHcTea RY', , kaxaas ansTepHaTvBa paccMaTpuBaeTCs kak Touka x/ = (Kj), iel, jed.

Beenem Touky “‘ygosnetsopeus MNP T eRY, u onuweM MHOXECTBO Touek “Gnuskux” Kk 3TON TOuKe Kak
HEYeTKOe MHOXECTBO

Ar =X, ua(0)}, xeX <RI, (4)
e ua(X) — yHKUMS NPUHAANEXHOCTU HeyeTkoro MHOXecTBa Ar, XapakTepusupyollas “cTeneHb
NpUHaANEexXHocTH” anemMeHToB X € X HeyeTKomy MHoxecTBy Ar. “Touka yposnetsopenus JIMP” T MOXeT kak

npuHagnexarb MHoxectsy X (T.e. ObiTb JOCTWXMMOW), Tak U He npuHagnexats X (bbiTb HEAOCTUXUMON,
Hanpumep, “uaeancHomn”).

3apaya Bbibopa Temepb CBOAMTCA K BbibOpy “Hammydweir” (MO HEKOTOPOMY KPUTEPWIO ONMTUMANbHOCTH)
anbTepHaTVBbl X € Ar.

Onuwem nocTpoeHne (yHKUMM NPUHARNEXHOCTU Li4(X). Mpegnonoxum, yto ussectHa matpuua JIMP (2) u

3afjaHa Touyka ero “yooBneTBOPeHUs” T=(t,-),.:m. Onpegunum  onTumanbHylo 0Ge3pa3MepHyl0  OLEHKY

JOCTKEHNS “Toukor yaoBneTeopeHus JIMP” onTuManbHbIX 3HAaYEHWI KpUTEPHUER CReayoLmM 06pasom:

x! =1—‘t,-—K,-j‘/max{t,-—rrljinK,j;m?xK,-j-—t,}, iel,jed. (5)

MocTpoeHue hyHKLUM NPUHAANEXHOCTH

[nsi nocTpoeHust yHKLUMM NPUHAANEXHOCTN, KaK CBEPTKM 3aflaHHbIX KpUTEpUanbHbIX OLEHOK, MpeararaeTcs
NCMONb30BaHKe CreayHoLLMX CBEPTOK kpuTepueB 3pdEKTUBHOCTY (P YCIIOBUM UX PABHOBAXHOCTH):




KDS 2005 Section 3: Decision Making 249

Kak 13BecTHO, MEXOY 9TUMM CBEPTKaMM CYLLECTBYET creaytowas cybopamHaums:
HA(X) S 3 () S 3 S (%), VX e X (7)

MocnegHee o03HayaeT, YToO NpuBLIGOPE, HaMpUMep, C MOMOLbK “Hambornee NecCUMUCTUYECKON™ CBEPTKM ,u2

‘Haunydwen” TouykM X €Ar, CTeneHb MNPUHAANEXHOCTM €e MHOXECTBY Touek, “6nuakux K TOuke

yposreTsopenns JIMNP”, ByaeT Bcerga MeHbLuen, Yem Mpu UCMONbL30BaHUA “ONTUMUCTUYECKON” CBEPTKM ,us.

3HauuT, npeanaraemMas Mogenb No3BONSET Y4YUTbIBATb JOCTUXEHUE ONPEAENEeHHON “CTeneHn YA0BNETBOPEHMS
NNP” ot ero cyGbekTUBHbIX OCOOEHHOCTEN, YYNTLIBAEMBIX MPW BbIBOpe KPUTEpUS ONTUMAnNbHOCTW WU TOUKM
yOOBNeTBOpEHNs. Takum obpasom, “06bekTvBM3aums” cyObekTa HaknagbiBaeTcs Ha CyObekTUBHOE OmMcaHue
obbekTa (cm. goknag A.®. BonowwHa).

Touku yposnetsopenus JIMP

B kauectBe “Touek ynosnetsopeHus JIMP” npeanaraetcs MCNoOMb30BaTh TOUKN T , i =16, c koopauHaTamu:

1 2_ 3
t,-_r71j_|nK,-j-,t,_ " L=

1

=1 Kj
YuuTbiBas, 4YTO Mexay npeanaraeMbIMi TOHYKaMW CrpaBeanvBa aHanornyHas (7) cyBGopaMHaLmMs, MOXHO

onpegnnuTb  “cteneHb ygoenetsopeHus JIMP” npn Bbibope KOHKPETHOM CBEPTKM W PA3NMYHbIX TOYEK
YOOBNETBOPEHNS.

MeToabl HeueTkon MHOFOKpMTepMaanOﬁ onTUMU3auumn

Tenepb onpefeneHHbIM  06pa3soM  MOAMAMLMPYIOTCS  “Knaccudyeckue”  METOAbl  MHOTOKPUTEpPUANbHOM
ONTUMU3ALINN.

Metoa upeanbHoW Touku. ycTb y = (1, ..., ¥n) MAEANbHASA TOYKA. 3adaduM npasuno Beibopa: BbibupaeTcs
anbTepHaTMBa X € X, Ans KOTOPOW (DYHKUMS NPUHAONEXHOCTU HEYETKOMY MHOXECTBY "Onmska K maeanbHoil
TOYKe” MaKkcumarbHa.

MeToa C y4yeToM KONMM4YecTBa JOMMHUPYIOWMX KpuTepueB. MycTb 3agaHbl TOuKa YAOBMETBOPeHUs T
MaTpuua pelenuit (2). Ains kaxaon anbTepHaTUBLI CTPOSITCS OLEHK MO CrieaytoLlemy npasuny:

j
Xj ,ecnu tj- <K,-/-,

j_
i
‘I,ecnutsz,j.

[anblue Ans KaXagoro BEKTopa OLEHOK y’ cTpomTcst (yHKUMS MPUHALMEXHOCTU HEYETKOMY MHOXECTBY (4)

cornacHo ogHoit n3 dopmyn (6). lNpasuno Bbibopa: BbibMpaeTcs anbTepHaTMBA, A1 KOTOPOM KONMYEeCTBO
LJOMUHUPYIOLLMX  KPUTEPUAmNbHBIX  OLEHOK Hambomblue WMnM - (yHKUNS  NPUHAANEXHOCTU  NpUHUMaeT
MaKCUManbHOE 3HaYEeHME.

3aknouyeHue

Mpu nepexome k obwemy cnyvato (kommuectso JIMP p>1, kputepum ans kaxgoro JIMP HepaBHOLEHHbI)
npegnaraeTcs NPUMEHNTb MeToAbl 06paboTkW IKCNEPTHOM MHAOPMALMKM (MPU YCPEOHEHUM OLEHOK SKCMEPTOB),
yuuTbiBalOWME MCMXocoMaTuyeckne OCOBEHHOCTW 3KcmepToB [6] (cTemeHb “peammcTuyHocTM’, “pucka’,
“HesaBucumocTu’ 1 7.4). Mpy opraHM3aLmumn “rpynnoBoi” 3KcnepTu3bl (BCE MHOXECTBO SKCMEPTOB pa3buBaeTcs Ha
Koanuuuu, OLEHMBalLLMe, HanpuMep, 3KONOTMYECKUe, IKOHOMUYECKWe, COoUManbHble, TeXHUYeckue U T.4.

napameTpbl), HEO6XOAMMO YUMUTLIBATH MPUHLMNMbI TPYNMOBOTO MblLLneHus [7].
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AJITOPUTM NOCNENOBATEJIbHOIO AHAJIU3A U OTCEUBAHUA ENEMEHTOB B
3AJAYE ONPEAENEHUA MEAWAHBI CTPOIUX PAHXWPOBAHMA OB BEKTOB

Masen . AHTocsk, Mpuropun H. MTHaTUeHko

AHHOmayus: Paccmampugaemcs 3adaya HaxOXO0eHUS Pe3ybmupylowe20 paHXuposaHus 06bEKmMOo8 no
uHOusuQyanbHbIM paHXuposaHusM, 3adaHHbIX akcnepmamu. [lpednazaemcs an2opumm, OCHOBaHHbIU Ha
nocrie0ogamesnlbHOM aHanuse 8apuaHmog U ycrnoguu ayuknuyHocmu peweHusi. [Tpueodamces pesynbmamel
8bI4UCIUMENLHO20 3KChEPUMEHMA.

Knroueenle cnoea: nocrnedosameribHbil aHanu3, pesynbmupyroee paHXuposaHue.

BBegeHue

3apaun paHxMpoBaHMs (YnopsidoYeHUst MHOXeCTBa OOBLEKTOB MO CTENEHU MPOSIBNIEHNS HEKOTOPOrO CBOWCTBA)
OTHOCSTCS K OQHOW U3 OCHOBHbIX 3afay 3KcnepTHoro oueHusaHus [1]. CyTb 3agaun COCTOMT B OnpefeneHuu
NOSHOrO NOPsiAKa Ha MHOXeCTBE 06LEKTOB, KOTOPblE CPABHMBAKOTCS, MO 3a4aHHOMY YaCTUYHOMY MOPSLKY.
Cpean 3agay NpuHATUS pelleHun npobriema INMHENHOro ynopsgoyeHus OOBLEKTOB Bbigensietcs 6ombLumMm
KOMMYECTBOM KOHKPETHBIX MPUMEHEHUI W Ge3yCnoBHOW aKTyanbHOCTbIO TeMbl. OTa npobnema TpaguuuoHHO
HaxoauTCA B LEHTPe BHUMaHWA 1ccregoBaTenen 1 KonuyecTo paboT, NOCBSLLEHHbIX BOMPOCAM NOCTPOEHMUS
ONTUMArbHBLIX B TOM UM WHOM CMbICIE JIMHENHbIX NMOPSAKOB (MMM KBA3MNOPSAKOB) HA MHOXECTBE OOBLEKTOB,
KOTOpble CPaBHMBAIOTCS, OYEHb BENWKO [2].

[MpakTyeckoe NpUMEHEHWe 3agday paHXMPOBaHMS O4yeHb pasHoobpasHo [3]. Takue 3agaus BO3HMKALOT,
Hanpumep, npu peLLeHun Npobnembl onpefeneHns NocneaoBaTebHOCTI 3arpy3ku U pasrpysku TPaHCIOPTHOrO
KOCMWUYECKOro kopabnsl; HaxoxaeHue nocnenoBaTenbHOCTU YCTPAHEHUS HEUCTIPABHOCTEN HEKOTOPON CUCTEMBI;
KOMMNIIEKCHOM aHanu3e KavyecTBa MPOAYKUMM; aHammae XapakTepUCTVK NPOLYKUMM W BbIAENEHUN [NaBHbIX
nokasaTenen ka4yecTBa; HaXOXKAEHWM Y3KUX MECT B HEKOW CMOXHOW CUCTEME, KOTOpast UMEET Takue CBOWCTBA Kak
YCTOMYMBOCTb (HanpuMep, XMBYYECTb), YNPaBNSEMOCTb, CaMOOPraHM3aums; NpPOEKTUPOBAHME KaHANOB CBSA3U
Mexay y3namu B MH(OPMALMOHHO-BbIMUCIMTENBHBIX CETSX; SKCMEPTHOrO OLEHWBAHWS Pa3fNyHbIX NPOEKTOB
Pa3BUTUS HEKOTOPbIX OTPACNEN UMM HaYYHbIX UCCTIeA0BaHNI; NaHMPOBAHNE NOCTPOEHMUS XUMbS W T.M.
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Bynem paccmatpuBaTh 3afaun Ka4eCTBEHHOTO M KOMMYECTBEHHOMO paHxupoBaHus. CyTb 3agay COCTOUT B TOM,
4TO He0bXOAMMO BBECTM OTHOLIEHME MOpsiAKa Ha MHOXeCTBe 0OBLEKTOB, KOTOpble CpaBHWBAOTCA. pn 3TOM C
uenblo obecneveHns 6Gonbluen OOBEKTUBHOCTWM  MOMYYEHHbIX PE3ynbTaToB  ynopsgoveHue 00bekToB
OCYLLECTBNSETCA rPynnoi SKCnepToB. [Npu pelleHun Takux 3afad Ha aTane 3afaHust SKCNepTHOM WHGOopMaLmm
Hanbonee LUMPOKOE MPUMEHEHWE Halen MeTOoL NapHbIX CpaBHEHWA. HO M3BECTHO, Y4TO BO MHOrMMX 3ajadax
OUHapHbIE OTHOLUEHWS, KOTOPbIE MPEACTaBMNSOT MHEHUE SKCMEPTOB U KOMMEKTUBHOE MHEHWE 3KCMEepTHOM
rPyNMbl, YacTO COAepXaT KOHTYPbI (LMKMbI), MOSTOMY aHanu3y 3Tux 3agay NOCBALLEHO MHOXECTBO pabor [4].

OpHOM M3 cambiX pacnpoCTpPaHEeHHbIX 3aday PaHXWpPOBaHMA €CTb 3afjaya HaxOKAEHWS pe3ynbTUPYHOLLEro
PaHXMPOBaHWS NO PaHXMPOBAHMAM (MMM MATpULAM MapHbIX CPABHEHWIA, KOTOPble COOTBETCTBYIOT OMHAPHLIM
OTHOLUEHWAM B 06LLEM CMyvae HETPaH3UTUBHBIM), 3afaHHbIX JKcnepTamu. [Ans BbIMMCTEHUS Pe3yNnbTUPYIOLLEero
OTHOLLEHNS (KOTOPOe MPUHALMIEXUT HEKOTOPOMY KNacCy — B HalleM Cryyae Knaccy CTPOrUX paHXupOBaHWi)
BBOAMTCA Mepa 6nn3ocTu (kak npasuno, BIGUpaeTcs MeTpuka XeMmuHra [5]) u BbIGMpaeTcs KpuTepuin kavecTea
pe3ynbTUpyIOLero OTHOWeHus (Hanbonee pacnpocTpaHeHHbIM 1 OBGOCHOBAHHbIM CYMTAETCA BbIYMCIIEHME
MeauaHbl 3adaHHbIX OTHOLEHMR). [pyu 3TOM MOMyYatoT CMOXHYI0 KOMOMHATOPHYK 3agady, Ans peleHns
KOTOPOM HeobX0oaMMbI CrieLuarnbHbIe anropUTMbl.

MocTaHoBKa 3agaum

MycTb Ha (UKCMPOBAHHOM MHOXECTBE 06bEKTOB a, € A, v =1,...,n, ekcnepTamu 3aaaHbl MaTpuLbl NapHbIX
CpaBHEHMI P,iel= {lk} roe n,k — COOTBETCTBEHHO KOMMYECTBO OOBEKTOB U 3KCMEPTOB. DMIEMEHTLI
pin € {— 1,1} Matpuy P’ npeacTaBnsioT coBoi pesynbTaT CPaBHEHWS i-M JKCMEpTOM OOLEKTOB a, W a
v,n € {1,...,n}.

OfHUM 13 METOOOB HAXOXAEHWS PE3yNbTUPYIOLLEr0 PaHXMPOBAHWS €CTb BbIYMCIIEHNE MeauaHbl KemeHu-
CHenna [6]:

n

R e Argmin Y d(R,P'),

ReR icl
rie R - MHOXeCTBO BCEX MaTpuu, KOTOpble COOTBETCTBYIOT CTPOrAM paHXWPOBaHMAM 7  OOBHEKTOB
(PaHXMpOBaHWS 1 MaTpuuUbl, KOTOPbIE MM COOTBETCTBYIOT, Oyaem 0003HayaTb OAMHAKOBHIMM CUMBONAMM),

d R,Pi) — paccTosiH1e XeMMuHra Mexay R n P’ .
[ns peweHns Npobrembl BbIYMCIEHNSI TOYHOMO PELLEHUS CIOKHOWM KOMBWHaTOpHOW 3agaun, NP — croxHon B
CWUNMbHOM CMbICNe, NpeaiaraeTcs anropuTM, KOTOPbIA OCHOBAH Ha NocneoBaTelbHOM aHanu3e BapuaHTos [7].

3agaya  HaxOXOEHUS  Pe3ynbTUPYIOLLEr0  PaHXWMPOBAHMS  OOBLEKTOB B W3MOXEHHOW  MOCTaHOBKE
(hopManuanpyeTcs B Knacce 0aHOKpUTEpUarbHbIX KOMBUHATOPHBIX MOAENE:

f(x)zZZ‘cij—xj‘—)min, (1)

jeJ iel
x,eX)={-1l}, jeJ={l..N=n(n-1)/2}, (2)
xeD1cXx° , 3)
rme X° =[] X} - mHoxecTBo Bcex BO3MOKHbIX BEKTOPOB B X, =7,,, j=(v—1)n+n—(v+1)/2,
jel
I<v<np<n, r, - 9NEMEHT MaTpubl MapHblX CPaBHEHW; D* — MHOKECTBO BEKTOPOB, KOTOpbIe

vy
COOTBETCTBYIOT AUMKIMYHBIM OTHOLUEHUAM; ¢, — j-51 KOMMOHEHTa BEKTOPa, MOCTPOEHHOTO MO MaTpuLie P,
3ajaHHON [-M 3KCTEpPTOM.

Anroputm onpeaeneHusi CTPOroro pe3ynbTUPYIOLEro paHXUpoBaHUs

C yyeTom moaudmkauum npouenyp W° Ang ogHOKpUTEepUanbHbIX MOAENen W NpoLedyp aHanusa u CyxeHus
MHOXeCTBa AOMYCTUMbIX BapyaHTOB, 6asnpyIOLWMXCH HA YCNOBUM aLMKMMYHOCTA PELUEHMS, ONULLIEM anropuTM
aHanu3a u 0TcenBaHNs HeJoMyCTUMBIX aneMeHToB 3adaum (1)—(3).
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liae 1. BbluMCNigHMe 3HaueHUs f, =(fo1in + flflax)/z, e foi» foax — COOTBETCTBEHHO MUHWMAIbHOE W
MakcumarnbHOe 3HaueHue LieneBon (yHKUMM Ha s-i utepauum, s=0,1,2,....

N N
Soin = min‘cj —xj‘, fon = max‘c, —xj‘.

min X max ¥
=1 FiSA =1 YIS

lilae 2. TpumeHeHne npoueaypbl W°, CyTb KOTOpOA COCTOUT B OTCeBE JNIEMEHTOB MHOXecTBa X,

VjeJ={l,..,N}, koTopble He MOryT MPUHUMATb y4acTvie Mpu NOCTPOEHWM peweHus x e X*. Ycrosue
0TCEBa UMeeT BUA;

. .
Z‘c”. —xj‘ > f —zz i —argmm|cit —xt|
iel ted iel xeX;
t#j
€CITi 0TCEB HeLoNyCTUM, Nepexoq K wary 7. Haye — k cneaytoLemy Liary.
lllae 3. AHann3 MHOXecTBa AONYCTUMbIX BaplaHTOB, OCHOBAHHbIA Ha YCNIOBUM aLMKINYHOCTU peluenns. Ecnu
0TCEB HeZoMyCTUM, nepexoq K wary 7. Vinaye — k cneayoLiemy ary.

Ulae 4. BoluucneHue rpaHnL, M3MeHeHust Leneson yHkumm

min

s
S - ECTIM TPAHNLI U3MEHUMUCH, TO €CTb

K s—1 K s—1
f unm < nepexog Kk wary 1, nHaye — k wary 5.

min min max max ?

lllae 5. flonyctumbiii oTces: X #& pana V jeJ. Ecnu Ha MHOXeCTBE X’  CyWECTBYIOT MOMHble

JONyCcTUMble peleHnst 1 obuiee KOnM4ecTBO BO3MOXHbIX pelieHun X° =‘| ”X s jeJ), BENUKO AJ1S

npsimoro nepebopa, nepexog k cnegytowemy wary. MHaye — K wary 8.

Lilag 6. YMeHblUEHe 3HaveHnst f, — BbIBOP, HANPUMeEp, METOOM AUXOTOMIN £, = (f: + fooin )/2 Mepexon
K wary 2.

lliae 7. Hapawmsatie f, — BbIGOp, HanpuMep, METOLOM AMXOTOMAM W3 WHTepBana f.., e(ﬂ*,f;ax).
lMepexop Kk wary 2.

lllaz 8. Ecrn Konm4ecTBO BO3MOXHbIX 9NEMEHTOB HAa MHOXECTBE X HEe BENUKO, TO NyTeM npsMoro nepebopa
HaxomuM peleHne x . [ECnM  Takoe pelIeHMe eaMHCTBEHHOE 1 Y[OBNETBOPSET  HepaBeHCTBy
Z‘cﬁ —xj‘ < f: =(foin + froux )/ 2, TO OHO €CTb UCKOMbIM PELLEHNEM W COOTBETCTBYET Pe3ynbTUpYtoLLEMY
jeJ

PaHX1POBaHMIO.

BbluncnutenbHbIN 3KCNEPUMEHT

OnucaHHbIn anroputMm Bbin peanu3oBaH B nporpammHon cpepe Delphi, BblMMCANTENbHBIA 3KCNEPUMEHT
npoeogunca Ha [3BM ¢ TakToBOM w4actoton mpoueccopa 1,53 ITu. Wccnegoeanach 3agava (1)-(3) c
n=>50+200, faHHble reHepUpoOBanMCch CnyyanHbiM 06pasom.

M3yyanacb WHTEHCWBHOCTb OTCEMBAHWUS B 3aBUCUMOCTM OT pPa3MEPHOCTM 3afjauM W BpeMeHu paboTbl
fia= 1), X =@ Npu |x°|<10”
peLLeHne HaxoaMnocs NpsiMeiM nepebopom (paboTa npouecca nopsigka 20-30 MuH.). Ecnm 3a oguH yac paboTbl
npouecca (‘X y

npoLeccopa npu CYXeHUM JOMyCKoB NO LieneBoi (yHKUMN [0 & =

>10") pelueHne He 6bIN0 HaRAGHO, TO HA CY)KEHOM MHOXECTBE reHepupoBanoch PelleHme ¢

MCMOMb30BaHMEM 9BPUCTUYECKUX MpoLeayp. Paccmatpusannch x° peleHns, rae & — TOYHOCTb MO Lienesoil
(DYHKUMM, & — TOYHOCTb MO OrpaHnyeHusm [7].
ABTOpbI BbipaxatoT BnarogapHocTb npod. BonowwuHy A.®. 3a nomoLLb Npu NOAroToBKE paboThbl.
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OAWH noaxoa K Moaenu TEOPUU UHBECTULIMOHHOIO AHATIU3A
C YYETOM ®AKTOPA HEYETKOCTHU

Onbra B. IbsikoBa

AHHOmayus: paccMampugaemcsi Knaccuyeckas modens [apu Mapkosuua, komopasi ucnosnb3yemcsi Ons
(hOPMUPOBAHUS  ONMUMANbHO20 NOpmMens ueHHbIx 6ymaz; HedocmamKku 8epoSmHOCMHO20 ONUCaHUS
NpubbITbHOCMU UeHHOU Bymagu U aHanmu3upyemcs 8 Kayecmee makoeo ONUCaHUS UCNOMb308aHUe meopuu
HEYBMKUX MHOXecme, paccMampueaomcsi pacyemHble (DOPMYrbl CMEeNeHU pucka HeaghghekmueHocmu
uHeeCMuUYUl Ha OCHOBaHUU NPeONnOMoXeHUs O MOM, Ymo nokasamesb 3GheheKmuUeHOCMU UHBECMUUUL —
mpey20rbHoe Heyémkoe 4ucro, 20e KO3(@PUUUEHM pPaccyumbiBaemcs Ha OCHOBaHUU KPUMUYECKO20 U
(hakmu4ecKo20 3HadeHul NPUBKITLHOCMU NOPMAENs UeHHbIX bymaz.

Knroueeble cnoea: npuHsamue peweHuli, cmeneHb pucka, 3¢bghekmusHOCMb UHBECMULUL, HeYEmKuUe Yucna,
npUBLITEHOCMb.

BsepeHue

HaunHas co BTOpPO# NOMOBUHEI XX-T0 CTONETUs, BOMbLLOE BHAMAHWE YAENSeTCs NOCTPOEHUI0 TEOPETUYECKOM
6a3bl TeopuM MHBECTULMIA. OHa NONyYMna HaCTONMbKO 3HAYUTENBHOE PACcnpPOCTPaHEHUe cpeamn SKOHOMUCTOB, YTO
roBOPAT O €€ PeBOMIOLMOHHOM PasBUTUU. TO BHUMaHWE, KOTOPOe yAenseTcs nopTernbHbIM MHBECTULMAM,
MOMHOCTBID OTBEYaeT paguKambHbIM WM3MEHEHUSIM, KOTOpPble MPOW3OLWM BO BTOPOW MOMOBMHE ABAALATOrO
CTONETUS B 3KOHOMWKE NPOMBILLNEHHO Pa3BUTLIX CTpaH. Ha MecTe oTaenbHbIX U30NMPOBaHHbBIX PErMOHAsbHBIX
(DMHAHCOBLIX PbIHKOB BO3HWK OOLIMIA MEXAYHAPOAHbI (PUHAHCOBLIA PbIHOK. OTMETUM, UYTO TPaAMLMOHHLIN
noaxod K MHBECTUMPOBAHMIO, KOTOPbIA UMEN NPeuMyLLecTBO [0 BO3HWKHOBEHWS! KNACCUYECKOW Teopuu, UMeeT
[Ba HegocTaTka. Bo-nepBbiX, OH «aTOMUCTUYECKUIA», NOCKONBbKY B HEM OCHOBHOE BHUMaHWe yAensnoch aHanuay
noBefeHNs OTAESNbHbIX akTUBOB. BO-BTOPbLIX, OH «OQHOWU3MEPUMBIA», MOCKOSIbKY OCHOBHOW XapaKTepuCTUKOM
aKkTMBa SBMSIETCA WCKMIOYNTENbHO MPWOBINBHOCTb, TOrga Kak ApYron (haktop — pUCK — He nonyyaeTr YETKOW
OLEHKM NPW MHBECTULMOHHBIX peLueHnsix. [3]
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ba3oBol cpeau knaccuyeckux Mogenei aensetca mogens apu Mapkosuua. Ha cerogHslWHUM AeHb 3Ta MOAENb
UCMONb3YeTCA Ha NEPBOM 3Tane hopMMpoBaHUs NOpTENs aKTUBOB NMPW pacnpeaeneHni kanutana, KotTopbin
WHBECTUPYETCH, N0 pa3HbIM TUMNaM aKTUBOB.

BeposiTHOCTHBIN noaxoa MapkoBuua UMEET, OAHAKO, HEKOTOPbIe MOAENbHbIE XapaKTEPUCTUKNA HE MONHOCTHIO
COOTBETCTBYIOLLME peanbHOCTAM (POHAOBOTO pbiHKA. OTO €nabocTb rMnoTesbl NPO CTATUYHOCTL CRyYaiHbIX
npoueccos. Knaccuyeckas Teopusi, BEPOSTHO, KOHCTATUPYET CTaTUYHOCTb ClyYanHbIX COBLITUI B TEX YCIOBMSIX,
roe WMeeT MEeCTO CTaTWyeckas OLHOPOAHOCTb BblGOPKM COObITUA. HO OZHOPOAHOCTE B CUMY HEMCMOSHEHWS
OAMHAKOBOCTW YCrOBUM HabMIOAEHNS MOXET HapylaTbCsi. V3MEHWNOoCb PbIHOYHOE OKpYXeHue (upMbl W,
COOTBETCTBEHHO, M3MEHWIACh PbIHOYHAS NO3MLMS aMuTeHTa. CriefoBaTenbHO, pUck YObITKOB MO gaHHOM Bymare
nagaet UNW pacTéT; HO NpUYMHa 3TUX KornebaHuit BHELLHSS, OHA HE UMEET NPAMOrO OTHOLLEHMUS K SMUTEHTY, TO
€CTb, HE CBOWCTBEHHa emy. [103TOMy Henb3s roBOPUTb MPO CTATUYHOCTb CIy4alHOro npoLecca AOXOAHOCTH
LeHHbIX Bymar. Ecnu HeT CTaTW4YHOCTM CryyaiHbIX MPOLECCOB A0X0d4a Mo LeHHbIM Oymaram, Torga Het u
CTaTMYECKON CBA3M MeXZy 3TUMK CryyalHbiMK npoueccamu. Korga koagdmumeHTbl Koppensuun 3agalTcs
KOHCTaHTaMW, NpeaycMaTpuBaeTcs, YTO pa3 M HaBCerha M3BECTEH XapakTep NMPUYMHHO-HACNEACTBEHHOM CBA3M
Mexgy [OXOAHOCTAMM AByX TunoB OGymar. HO xapakTep pacCMOTPEHHOM MPUYMHHOCTA He MOXeT ObiTb
OMMCaHHBIM 3KCMEPTOM MOMHOCTbIO TOYHO, @ TOMBKO C HEKOTOPOW CTeneHbto npubnmxeHns. HamHoro 6onblue
npaBabl B BbIBOZAX JKCMepTa, KOraa OH BMECTO YMcen ynotTpebnser NMHrBUCTUYECKM HEYETKME BbICKa3bIBaHNS C
TOW UM MHOW CTENEHbI YBEpPeHHOCTU. HeonpeaenéHHOCTL B 9TOM Crydae UMEET ABOWHON XapaKTep: C O4HOW
CTOPOHbI — HEYETKOCTb B OMUCAHUM CaMOW CUTyaLuW, a C APYrol CTOPOHbl — HEYBEPEHHOCTb 3KcnepTa npu
pasnuunM ogHoM cutyauuu ot apyroi. [2] CywecTBeHHbIM NPeMMyLLeCcTBOM TEOPUM BEPOSITHOCTM SBMSETCS
MHOrOBEKOBOW MCTOPUYECKUIA OMbIT UCMONb30BaHWS BEPOSITHOCTEN W FIOTUYECKUX CXEM, MOCTPOEHHbIX Ha WX
ocHoBe. Ho, Korga HeonpedenéHHOCTb OTHOCWUTENbHO ByayLlero CocTosHWS oBbekTa UCCnefoBaHus Tepset
YepTbl CTAaTUYECKON HEOMPEAEnEHHOCTW, TO Knaccuyeckas BEpPOSITHOCTb, Kak M3Mepumas B MpoLecce OMbiTOB
XapaKTepPUCTMKA MaCCOBbLIX MPOLECCOB, YXOOUT B HEM3BECTHOCTb. YXyALEHWE WMH(OPMALMOHHON 0BCTAHOBKM
BbI3bIBAET K KM3HM CYOBEKTUBHYIO BEPOSTHOCTb, OAHAKO Cpa3y BO3HWKAET npobnema MCTUHHOCTY
BEPOSATHOCTHbIX OLEHOK. Cy6bekT, KOTOpbIM MPUHUMAET peLueHue, MPUNKUCHIBAS BEPOSITHOCTAM TOYEYHbIE
3HauYeHus B NPOLLECCe HEKOTOPOro BUPTYambHOMO Napu, UCXOAUT U3 CooBpaxeHuin COBCTBEHHBIX 3KOHOMUYECKUX
UNW Opyrux NPenMyLLECTB, KOTopble MOryT 6bITb 4e(hOPMMPOBAHbI NEPEKPYYEHHBIMM HAAEXAAMN 1 SMOLMSMM.

B pamkax cyliecTByloLen MHTEpPNpETaLMM BO3HWKAIOT 4Be NPobnembl - HENOCPEACTBEHHBIN YYET BAMUSHUS
aKcrmepTa Ha NpoLEeCC NPUHATUS PEeLeHUs U YMEHbLUEHWE BIUSHWS WHAMBMAYANbHbIX XapaKTepUCTUK aKcnepTa
(Y4€T ero «06bEKTUBHBIX NCUXOCOMATUYECKUX OCOBEHHOCTEN NO3HAHMS AENCTBUTENBHOCTUY). [1]

MpeanoXeHHbIid NPUHLMN UAMIOCTPUPYETCS HUXE Ha MPUKNAZHOW MOLENM 3afjayn NpUHSTUS pelueHust Mapu
MapkoBuLa B TeOPUM MHBECTULIMOHHOTO aHanu3a.

MeTop aHanu3a adheKTMBHOCTU MHBECTULMIA, Moaenb . MapkoBuua

Paccmatpusaetcst mogenb [apu MapkoBuua, kotopasi ucronb3yetcs Ans (hopMUpOBaHUS OMTUMAnNbHOTO
noptenst LeHHbIx Bymar. OHa OCHOBBLIBAETCS Ha MUHAMM3ALMM puUcka MOPTenst npu 3afaHHOM YpOBHe
[OXOAHOCTH:

7

n_n - n
v, :szixjvij — min, Npu Zx,. =1; x,20,i=Ln; Zx,m, =m . (1)
i=1 j=1 i=1 i=1

roe X; — NPeACTaBNSIOLLMIA BEKTOP (BEKTOP YaCTWL, BOXEHWUI); R; — cnyyaitHas BenuunHa (Benm4ymHa, kotopas no
pesynbTataMm MCCrefoBaHUs MOXET NPUHUMATb TO WK UHOe 3HayeHue, 3apaHee HeW3BECTHO Kakoe MMEHHO),
KoTOpas onpefensieT HOpMy AOXOAa i-TOW LeHHoW Oymaru; psg 3HaveHuit R ... R aBnseTca peanusauuei
[aHHOW CMy4YaiHOM BENWUYMHBI Ha BPEMEHHOM OTpeske T; m; - OXUOaeMoe 3HaYeHWe JOXOAHOCTH i-TON LIEHHOM
Bymaru (m, = MR, ); v;j— KoBapuaLus [JOXOAHOCTY i-TOW Ta j-TO LieHHbIX Bymar.

B kauecTBe onucaHus LOXOOHOCTW LEHHbIX Bymar MCMonb3ylTcs TPeyrofbHble HEYETKMEe 4Mcna, KOTopble
MOZENMPYIOT 3KCMEPTHOE BbICKa3blBaHWe cnepytolero Tuna: “[oxoaHOCTb LieHHOM Bymarn no OKOHYaHWHo

nepuoaa BnafeHus OXMOAeMO PaBHO 7 W HaxoouTcs B pacyéTHoM AwanasoHe [r1, r2]”. Mpu aTom akcnepT
0TKa3blBaeTCA OT BEPOSTHOCTHOTO OMWCAHMA [OXOAHOCTW, OTpe3aeT CrnaboBEpOSTHOCTHbIE CRyYalHble

pesynbTathl MO [BYM CTOpPOHaM OT OXMOAEMOr0 3HaYeHWs r (BEPOSITHOCTb TaKMX Pe3yrnbTaToB Mpy
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HOpPManbHOM pacnpefeneHuy He paBHO HyM) M POPMUPYET PACYETHBIA KOPWUAOP, B KOTOPOM OXMAAETCs

YPOBEHb [JOXOAHOCTW LieHHOW Bymaru. lMpu aToM 3a » 3KCMepT NpUHUMAaET MNW Haubonee oxuaaemoe, Unu
cpefHee 3HayveHne JOXOAHOCTW C pacyéTHOro kopuaopa. OyHKUMS NPUHAANEXHOCTW HEYETKOTO Yucna UmeeT
TPEeyronbHbIit BUA, €CMN CTENEHb CYOLEKTUBHOM YBEPEHHOCTU 3KCNEPTa B OTHOLLEHUM JOXOLHOCTU PABHO HYITIO
3a npegenamn pacyETHOrO KOPMAOPa 3HAYEHU JOXOAHOCTM, @ MakCUMyM 3TOW YBEPEHHOCTW, PaBHbI eauHULLE,
JOCTUraeTcs B TOUKe 7 . OKCMEPT YBEPEH, YTO 7 ONpedenéHHo monagér B Kakoi-nmbo pacyETHLIN KOpPUAOP
[0XOOHOCTH, KaK Obl HE U3MEHSNUCH rpaHnLbl 9TOro kKopuaopa.

[MpuBedEHHbIA C€nocob onucaHWs OxuaaeMon NpUObINBHOCTM B (DOPME HEYETKOro uucra aBTOMaTU4ecku
CHUMaeT Bce Npobnembl, CBA3AHHbIE C YYETOM CBA3M LieHHbIX Gymar no TeHAEHUUAM.

Ecnu npuBbINbHOCTL LieHHOM Bymary — TPeyronbHOe HEYETKOE YMCIO, a NPUObINBHOCTL NOPTEENs — NUHEHas
koMOWHaLMS NPUObINBHOCTY KOMMOHEHT, Tor4a pe3ynbTUPYIOLLMA BUE BOXOAHOCTY NOPTMENS Takke U3BECTEH.

MycTb rz(rh.,ri,rzl.) — NpubbINBHOCTL MO /-TOW LEHHOW Oymare, TpeyronbHoe HeuéTkoe uncrno. Torpa

l'IpI/I6bIJ'IbHOCTb nopchenﬂ TaKxe ABIAETCA TPEYroJibHbIM HEYETKNM YUCTIOM:

n — n n
m:(mmin :inl/ii’ m:inf’;., mmax :Z'xirb'j’ (2)
i=1 i=1 i=1

3admkcupyeM m* — KpuTudeckoe 3HadeHue npubbinbHOCTM nopTdens. Ecnn  pakTuyeckoe 3HaueHue
NPUOBINBHOCTY M OKAXETCS HKE M*, TO CUMTaeTCs, YTo NopThent Obi chopMmUpoBaH He3hEKTMBHO.
CrteneHb pucka HE3PEPEKTUBHOCTM WMHBECTUUMIA MO NPEANONOXEHM0, YTO Mokasatenb 3AEeKTUBHOCTH
WHBECTULMA — TPEYronbHOe HEYETKOE Y1Cno, onpedensercs no opmynam:

0, npu m*<m_, ,
l-a .
R(1+ ” In(1-«)), npu m_, <m*<m,
*
1-1-R)(1+ In(l1-a)), npu m<m*<m__,
1 npu m*zm__,
roe
m*—m_,
- npum*<m,,
R = mmax - mmin (4)
1, npu m*>m__,
0, npu m*<m,,,
*
m*—m; —
—_—, npu m, .. <m*<m,
m=my,
a=11, npu m*=m, (5)
m —-m * —
o, npu m<m*<m_,,
m, —m
*
0, npum*=m,,. .

OTnn4Mem NonyYeHHON MOAENW OT CTaHOAPTHOM SBMSETCS TO, YTO B KayecTBe (hakTopa pucKa BbICTYNaeT He
CTaHZapTHOE OTKMOHEHWe NopTdens, a cTeneHb pucka HeaHEKTUBHOCTU MHBECTULIMIA.

CTaH,L'l,apTHbIe noaxoAabl, OPUEHTUPOBAHHBLIE Ha pa3pa60TKy anropuTmoB, KoTopble obecneunBatoT CXOAMMOCTb K
TOYHOMY peLleHN0 B KnacCU4YeCKOM MOHMMaHuW, He CTONbKO pPeLLalT MnoCTaBlfieHHbIe I'Ip06J'IeMbI, CKONbKO
CO30atl0T WUNMO3NI0 KX PEeLUEeHKUA. I'Ipo6nema COCTOMT HE B HAXOXAEHWW C KakoW-MMBO TOYHOCTbIO peLeHnd
3afjayn npu HETOYHbIX AaHHbIX, @ B HAXOXXAEHUN MHTEPBANOB N3MEHEHNA KOMMOHEHT PELUEHWUA. [Y)KFOPO,EI,]

BnarogapHocTu

AsTop 6narogapeH npogeccopy BonowwuHy A.®. 3a NOMOLLb NPY HANUCAHUK CTaThM.
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MODEL OF ACTIVE MONITORING

Sergey Mostovoi, Vasiliy Mostovoi

Abstract: Active monitoring and problem of non-stable of sound signal parameters in the regime of piling up
response signal of environment is under consideration. Math model of testing object by set of weak stationary
dynamic actions is offered. The response of structures to the set of signals is under processing for getting
important information about object condition in high frequency band. Making decision procedure by using
researcher’s heuristic and aprioristic knowledge is discussed as well. As an example the result of numerical
solution is given.

Keywords: math model, active monitoring, set of weak stationary dynamic actions.

Introduction

The distinctive feature of seismic monitoring is the particular, seismic frequency range, encompassing infrasonic
and low range of a sound spectrum. The characteristics of each monitoring object are slowly varied in time, but at
the same time sometimes processes might be occurred is too rapid. The seismic monitoring deals with the large
size objects, down to the sizes of a terrestrial Globe. Because of mankind anxiety on possible earthquakes, the
extremely passive monitoring has a deep history, but at latest time, the active monitoring is often used. The active
monitoring is such an experiment, which one is connected to generation of sounding signal of a different type,
both on a spectral band, and on duration and power, down to atomic explosions. But in active experiment only
monitoring approach enables to obtain ecological pure result, i.e. without any of appreciable influencing on an
environment. Monitoring is a set of regime observations, and condition of observations and the characteristics of
sounding signal depend on the purposes of given investigation. There are many such purposes, but, from our
point of view, we select two basic one. It is dynamics of variations happening in investigated object, and it is detail
of estimations, which characterize this object. Despite of large discrepancy of these two purpose, the approaches
both to experimentation and to processing receivable data are very close, as well as problems, originating at it.

To problems, first of all from the ecological point of view, it is necessary to refer necessity to realize active
monitoring of investigated object by low-power signals, commensurable with a level of a natural background. This
circumstance results that the estimation of sounding signal parameters, passing the studied object, i.e. signal
response of an investigated system on a sounding signal, is hampered because of a low signal-noise proportion.
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Therefore there is a necessity for the special conditions of experiment and applying special, sometimes very
composite, signal processing procedures of an investigated system response. The used above words "the regime
observations" consider rigid stability in implementation of a condition. It means stability of monitoring time
characteristic and parameter stability of a sounding signal, i.e. invariance of its spectral characteristic. With
evidence it is clear, that always there is an extreme accuracy of arguments describing a signal and arguments
temporary experiment providing. In this article the problem is put: when and to what arguments the instability is
essential, in what it results, and how to eliminate its influencing, if it is possible?

First of all, it is necessary to construct a mathematical model of experiment, in which one the most essential
moments of monitoring process would be reflected, including both processes, and, accompanying this process
background noise, and natural hum noise. The prior knowledge of noise stochastic process will allow largely
weakening its influencing on deriving of estimation obtainment of process arguments, which one is perceived as a
useful signal. This slackening is reached by optimization of processing procedures, which is taking into account
prior statisticians of noise stochastic processes.

In a series of treatises [1-4], the separate aspects of a reduced problem were regarded. Into the given paper
there is an attempt to summarize earlier reviewed the approach to procedure modelling of active experiment,
analysis of experiment parameters instability influence and optimization of procedure processing of observed
data, by yardsticks taking into account the characteristics of a natural background noise, instability of sounding
signal parameters and consequences caused by this instability.

The Mathematical Model of Active Monitoring

The math model of i-th experiment in a serial from A -th ones is proposed. In active monitoring serial can be
introduced as follows:

y;(t)=5 (t,tl-,zi)*H(t)Jr n(t), te (r[- T +T), (1)
where i is number of experiment, v, (t) - response of environment to an sound signal .S (t,ri,z,-), depending

from vector of parameters h; , which one is convoluted with reacting of environment H (t) on a delta-function
signal 0 (t) n, (t) an additive noise accompanying experiment, 7" - duration of one experiment, (rl. , T, + T) -
time period of i-th experiment conducting of, and * - a convolution operator symbol. The experiment is
constructed in such a manner that energy of a signal, registered by sensors, E [ S(t,fzi )* H (t) ] and energy of
a natural background E[n,(t)] are commensurable in the selected metric, it means, that influencing of

experiment on a state of the environment is negligible. In the pattern that circumstance is taken into account, that
the non-linear phenomena in experiment can be neglected, a linear routine of the specification statement of
interplay of environment and exploring signal by the way convolutions therefore is selected. Let's mark, that the
convolution is described by following integral:

S ()* H()= [HE)S (¢ -, )
0
The full experiment is defined by following model

M
y(t)= gy,-( t) (3)

As a time of experiment 7' we shall consider the time for which one the reaction level of environment to an
exploring signal becomes less then some level &, which one can be selected depending on a level of a natural

background. For example, in the metric C, ., ,r; I'>>T isinstituted from a condition:
max(y;(t))<e;te(t;+T,1;+T) for V 1; (4)

Certainly £, and after it and 7" as well, is exclusively selected by the feeling of explorer heuristics, his point of
view to experiment and a priori estimations of a noise n(t) power. As it was noted, the monitoring guesses a

serial from M experiments,i.e. i =1,M.
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The Model of an Exploring Signal

Let's consider, that the signal S(t,zi) depends on the vector of parameters E:{hﬂ,...,hw}, which

components are define the shape and energy of signal. It is naturally to consider that a signal is physically
realizable, i.e. to be fitting two conditions: causality and stability. The same conditions are natural to the reacting

of the environment H(t) as well.
-\ (S len)e=0 o o
s ()= lS ERbol e R o
0,<0 0

Causality means, that if the signal has been started at the moment 7, , it means that the experiment has begun at
this moment and up to this moment the signal did not exist.

s (t, h,-,r,-)z (6)
In a condition of causality we at once consider also a condition of stationary that is reflected in the dependence of
a signal on a difference of time ¢ and the signal start moment 7,
The stability means, that for any value & of an energy level in the metric L, there is such value of 7', that

o0

(s (05 ) e <o.tor v 1 )

T

The last circumstance allows determining duration of one experiment 7', for this purpose it is necessary, that the
level & was less or much less then the energy level of a natural background.

It is possible to consider 7, as one of the component (for example, with a zero subscript) of a vector of

arguments, which are defining the signal and which are non-linear - including in the pattern of a signal. The
duration value of T is a value of deterministic argument, for example, which is equal to the last component of

vector / . Let's try to represent other non-linear arguments of a signal. The signal can be introduced as a linear
combination of known functions (for example, fragment of a vector of orthogonal functions

{ (t=1, k-0 Jy(t.t; —vy;,1; +T)}, k=1,N ataninterval of length 7.
S (t’ﬁi’Ti): %hik k(t_ri’k'(’“)Oi)X(t’Ti VYT +T) 8)
i

Here is @,,- a sample unit of random argument a, , which defines system of functions ¢(¢,7,®,y), and y is
the applicable phase for this system

(LTtoy)= { k(t—t,w‘k)~x(t,r—\|/,t+T)}, k=1.,N 9)
Here is characteristic interval function y(z,t —,t+ T'), which is also a non-linear characteristic of the signal
model, as well as argument 7,

x(fyfi—\lfi’TiJrT):{o, te (v -y, +T)

1, te(ri —V;,T; +T),}
Let's consider argument ), as one more component of arguments vector h, namely &,,,.Then v - h,,,,

and 7" we shall consider as a #,,, , component of vector h= {hk } k=0,.,N+3.

In this case a sound signal in experiment with number i will be S (t,fzi).

So, the signal model is a random function which is supposed to be physically realizable and a stationary, which

one is completely instituted by a random vector h, N parameters of which one are linearly entered into
the model.
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Under consideration is a case, when set of vectors 4, ...,4,, is sampling from set of probable values of vector

- M
h with a priori known distribution P(%). It means, that the stochastic nature of process y(¢) = Z v, (2) is

i=1
defined by a random vector /i and stochastic additive noise n(t) . As a determined component into this process

is a response of environment H (t) on a testing signal such as a delta-function. This response contains the
environment information. As fluctuations of arguments of an exploring signal is determined and linearly, through
the convolution equations, are connected to a signal s(¢, fz, ), registered by sensors on an exit of an observation
system, that, allowing identifications (2) for a convolution *, we shall obtain

s(t,h; )=S(t,h; )* H(t) and y,(1)= s(t,%i)Jr n(t) te (ri T +T),r,. =ho,T=hys.  (10)
Hereinafter we shall esteem only response of environment s(t,};i). Let's decipher separated values of a vector of

components, defining both signal S(t,ﬁl.) and response of environment s(t,ﬁi). First, try to separate
arguments, which are included linearly and non-linear into the model.

- N
S(t,h;)= [kzlhik k(0= by n 'k))'X(t’hiO = hi naa Py +hiN+3) (1)

7,, is the component of vector }2 with zero index, @,, - N +1,and T- N +2 -th of a component.
Function vector
#(t,ﬁ)z{ k(t—r,m-k)-x(t,r—q/,rJrT)}, k=1,., N (12)

might be set of convenient for approximation an exploring cue of functions or piece orthonormalized on a spacing
(O,T) of basis functions. The approximating of an exploring signal in seismic survey by the way of damped sine
wave can be regarded as the example

S(1.h; ) =0, -expl-otf-sinfo; - (=, )} x(t.1; = vy 7 + 7). (13)
In this case vector of free parameters of the pattern, which defines the signal, is
by ={hy }={1,,0,,0;,0,,v,,T}, k=0,.,5 and has only five components, from which only the second one
h,, is entered into the model linearly. In general, and relevant for practice of seismic sounding case, the signal is

represented by the way of approximating piece of its expansion in a series of orthonormalized base, as in the
expression (6). The response of environment in 7 th experiment will be

T +T
s(t,h, )= {ihﬂ{[ [ (t-1—t0; -k)-H(t)dtB-x(t,ti —vy;,1;,+7) (14)

T

Taking into account above-mentioned result of a serial from M trials y(¢) becomes:

’E +T
( k(f—T,-—T,OJ,»-k)-H(r)dID
=1

T;

y(t)zg,vl-(t)=§1 s (o )* a(

._.

(15)

'X( \|111+T+1t, teOMT)
Let's define:
N T, +T
(=10, koy ) =x(6t =yt +T) | j(1-1—10;-k)-H(t)de. (16)

T

With allowance for (16) model of monitoring becomes:

M N .
i)=Y (Zh,»k ((1=T;,0; -k,w,-)}n,-(t), te(0,M-T) (17)

i=1 \k=1

i
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Model of Additive Noise 7(¢)

In this place we shall note, that for the further analysis the aprioristic knowledge of statistical characteristics of
noise 7 (t) is important. The ideal situation is a knowledge of aprioristic distributions of all sections of stochastic
process 7 (t) but in our case would be enough to know only its first moment £ [n(t)]: u(t), as the further
procedure of processing assumes summation of record result of fragments of an experiment, i.e. reception of an
estimation £ [n(t)] This knowledge is still important and that as a result of carrying out of experiment and at

data processing supervision there would be no accumulation of a regular error. The aprioristic knowledge of
L(t) will allow to carry out preliminary such procedure as y(¢) — £(¢) and by that to minimize a regular error

at an estimation of a signal, i.e. to take under consideration such process n(z) for which £(¢) = 0. In this case,
procedure of summation of experiments set would state an estimation of value x in each point 7 asymptotically,
by quantity of the experiments, coming nearer to zero, i.e.

Eln()]= (). (18)

Model of Data Processing

The following procedure of the observant data processing, which is based on piling signals up experiment of the
environment response, is chosen.
” 1M . 11 . - 14 )
E[s(t)+n(t)]=YZyi(t—(l—1)-T)=72s(t—(l—l)-T,hi)+72n(t—(l—1)-T) (19)
i=1 i=1 i=1
Here E[s(t)+ n(t )] is an estimation of a population mean of the environment response and an additive noise,
and /=M -T is the time of monitoring.
Density of distribution of the random parameters which are included in model (1) are necessary for definition of a
population mean (19) us. Reception of estimations of aprioristic distributions of a vector of parameters h does
not represent work since the source of probing signals always can be tested a priori, before carrying out of
experiment, and the necessary statistics of the non-stable parameters determining a signal, thus can be received
a priori.

We shall consider, that the aprioristic statistics gives the good consent with some density dP(ﬁ )

Example

With the purpose to get the monument spectral characteristics, logarithmic decrement of the oscillations of the
object and to analyses of damping ability of the system, which was realized at the monument for oscillation
reduction, the site tests were carried out. For registration of fluctuations, three-directional geophone with gauges
located on three mutually perpendicular axes was used. The special characteristics of gauges represent one-
modal curve with the extreme point in f=I Hz. Geophones were placed at a horizontal surface, on the level of 42
meters. They served as a part of interface of the monitoring registration and processing automated system. This
system allows correcting the spectral characteristic up to uniform in the chosen range of frequencies. The first
part of experiment consisted in registration of monument reaction on a natural background as an input signal.
This signal represents a superposition of the large number of the external factors from natural microseism noise
and men made one up to signals from ground transport. The important moment is that the total spectrum of this
signals is much wider then the response spectrum of the monument. For the monument it was obtained three
modes on frequencies 0.48 Hz, 0.93 Hz and 1.47 Hz with corresponding amplitudes 1.0, 0.07 and 0.12. The
frequency of 1.47 Hz with rather intensive amplitudes hypothetically is devoted to the mode of the top sculpture,
the framework of which is less rigid then the framework of the self column. The second part of experiment was
consisted in to get a logarithmic decrement of oscillation of the monument on the basic resonant frequency. For
this purpose was used a damp of pendulum type. By compulsory swinging of this pendulum the monument was
coupled in fluctuations and then the fluctuations faded by a natural way. The average value estimation of the
logarithmic decrement of the oscillations was equaled 0.055. This figure shows that the metal column with granite
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shell has rather low capacity to dampen fluctuations. The damper, when it was put in operation during the tests,
has increased the ratio of the logarithmic decrement of the oscillations up to the level was equaled 0.18-0.25. The
damper construction gives the possibility to obtain greater ratio of logarithmic decrement of the oscillations via
increasing of the friction coefficient the energy absorber. It's necessary to note that the spectrum of a structure is
its steady characteristic. This function varies with change of mechanical parameters of a structure and can be
used for detection of "age" changes of a structure while in exploitation. It's possible to consider that the fixed
spectral monument characteristics further can be used as reference for detection of a beginning of the moment
"age" changes during a structure-monitoring period.

J.036, “
s(t)
L]
t(l’) 0 -
z(t)
[ -"G'Sé'J
0 1 2 3 4 5 a
N t-sec H.012,

There are three curves at the picture: the first one, which is marked as s(z), is model of sounding signal. The
second one ( f(¢)) is misshaped signal by random frequency fluctuation, the third one ( g(#)) is misshaped

signal by random frequency fluctuation and start time fluctuation. Having fulfilled procedure of signal
reconstruction one get the curve shape very closed to be the shape of origin one s() .

Conclusion

One can find proposed and analyzed original math model of an active monitoring system for manmade and
natural objects. The system was used for analyzing of real object characteristics physically. The measurement is
based on piling environment response up as a reaction for flow of stochastic weak signals. The response signal
correction is used premature probability of instability parameters of testing signals set generator. It is shown that
the main source of instability testing signals is not only the time of signal departure but frequency and phase
instability as well. For elimination of defects, the decision-making procedure is proposed.
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TOWARDS THE PROBLEMS OF AN EVALUATION OF DATA UNCERTAINTY
IN DECISION SUPPORT SYSTEMS

Victor Krissilov, Daria Shabadash

Abstract: The question of forming aim-oriented description of an object domain of decision support process is
outlined. Two main problems of an estimation and evaluation of data and knowledge uncertainty in decision
support systems — straight and reverse, are formulated. Three conditions being the formalized criteria of aim-
oriented constructing of input, internal and output spaces of some decision support system are proposed.
Definitions of appeared and hidden data uncertainties on some measuring scale are given.

Keywords: decision support systems, straight and reverse problems of data uncertainty, three conditions of aim-
oriented object domain constructing, appeared and hidden uncertainties.

Introduction

One of the most actual questions of decision making theory — is the question of forming aim-oriented description
of an object domain, namely, description of input, internal and output spaces of decision support systems (DSS).
Practically, any input data has uncertainty, sources of which can be: inaccuracy of measuring and inaccuracy of
rounding-up, scale restrictions, impossibility of measuring or definition of values with needed precision, hidden
semantic uncertainty of qualitative data, etc [1, 2]. In addition, uncertainty in DSS may be caused by methods,
used for obtaining, storage and processing of knowledge. A great deal of uncertainty to the decision making
process brings the subjective factor that appears when the person making a decision (PMD) formulates the set of
alternatives decisions and the set of descriptive criteria for them.

Main known approaches to the evaluation of uncertainty in DSS are methods of the probability theory [3, 4] and
methods of fuzzy logic [2, 5]. The first are used in that case, when the extensive statistical information about the
decision making process is accessible. The second are applied for description of system behavior, when it is too
expensive or practically impossible to construct precise mathematical models. However, frequently in real DSS
there is a necessity of the composite approach for estimation and aim-oriented handling of input and output space
uncertainty.

The given paper is devoted to the problems of an estimation and evaluation of data and knowledge uncertainty in DSS.

Straight and Reverse Problems of Data Uncertainty in DSS

We will consider some DSS in the way of a "black box" (fig. 1).

On fig. 1. are represented:

X ={X,,X,,...X,} -the set of input parameters X DSS ¥
(dimensions); By %z " .3,-2 M
Y ={y,,Ys¥Ym} -the setof output parameters - 2 :
(dimensions); Xn 0={g...q} ¥Fm

Q={0,.9;,..,q,} - the set of internal Fig. 1. Uncertainty in DSS
(intermediate) states (dimensions).

The representation form of results, to be exact — uncertainty that exists in them, we shall designate it N,,

essentially influences on a constructional usage of them in a particular problem of decision making, and it is
characterized by the working conditions of DMS as a whole. Uncertainty of results N,, is conditioned by

uncertainty of input data ( N, ) and uncertainty of system (N, ) (fig. 1.) [1].



KDS 2005 Section 3: Decision Making 263

Within the frameworks of such approach, let's formulate two main problems of estimation and evaluation of data
and knowledge uncertainty in DMS - straight and reverse.

The straight problem consists of determination of result’s limit accessible uncertainty N, on the base of known
uncertainty of input data N, and uncertainty of system functional N, . Then making a comparison of received N, with
the value of a result’s limit acceptable uncertainty N,,... , that is determined by PMD, on the base of solving tasks aim.
This problem arises when, on the base of already available data, for example, stored in some data warehouse [6, 7]
and had some level of uncertainty, it is necessary to construct the definite rules for decision making.

The reverse problem consists of aim-oriented forming of internal and input dimensions so, that it can provide an
uncertainty of output dimension N, not bigger than top limit acceptable uncertainty N, . This problem arises at
solving tasks of pattern recognition, cluster analysis, constructing of object domain of some DSS [6, 7].

Solving two main problems of estimation and evaluation of data and knowledge uncertainty in DMS makes
possible to formulate three main conditions, being the formalized criteria of aim-oriented constructing of input,
internal and output spaces of some DSS.

1. Condition of insufficient detailing (an excessive generality) of space:  N;>N,,...

2. Condition of redundant detailing of space: Ny <Ny -
3. Condition of constructive usage of space: Njpax 2N Z Ny
where:

N, — uncertainty of result, calculated on the base of input data uncertainty ( N, ) and uncertainty of system (N,)
N;max » Nsmin — respectively, top limit acceptable and low limit sufficient uncertainties, determined from the aim of

decision support task

Surely, essential requirement is that- N, . <=N

3min 3max *

Concepts of Appeared and Hidden Data Uncertainties

In practice, usually, process of formation of DSS’s input and output spaces has iterative character. At the same
time, each iteration represents conversion between various types of scales, or transition to more or less detailed
scale of the same type. So, the straight problem formulated above is, from this point of view, the process of
sequential granulation. The reverse problem represents the process of sequential decomposition. Traditionally
values N,, N, and N, characterize uncertainty of DSS on some final iteration [3, 4]. Hence, the big influence on

the solving problem has type of the scale, which is used for display of input and output spaces. Depending on a
required precision, measuring scales of various types are used: nominative, order, interval, relative and
absolute [7].

Let's consider more in detail representing of some data on different scales.

First of all, in an explicit form, there is some set of values on a scale, the amount and form of which depends on
the type of selected measuring scale. Up to the moment of measurement (observation), there is uncertainty of
what value on a scale will be selected as a result of measurement. This uncertainty can be semantically
compared to the entropy of the initial alphabet, known in information theory [3, 4]. Thus, the uncertainty of the
measuring scale values set, described above, we shall name the appeared uncertainty, and designate as H,, .

Usually, during the characterizing of some measurement uncertainty only this uncertainty is taken into
consideration.

However, on the other hand, data on a measuring scale are represented with some finite precision. It means, that
each value on the scale hides in itself whole "cloud" of the real values. At that, distinguishing these values is
impossible because of resolution limitation of measuring devices or inexpedience of this for the given task. Thus,
some value on a scale represents analogue of concept of the granule, offered by L. A. Zadeh [2]. Therefore,
takes place the uncertainty of the data, which is "hidden" in values of a measuring scale. We shall name it as
hidden uncertainty, and designate as H,,, .

Let's choose the scale of absolute type and consider the limiting case, when only two values are located on it (for
example, «0» and «1»). In this case, appeared uncertainty of the scale is minimal, as the possible quantity of
values on it — is minimal. Hidden uncertainty, in this case, on the contrary — is maximal, as in two values, that lies
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on the given scale, all variety of possible values of entrance data is contained. When increase in scale detailing,
obviously, the quantity of values on the scale increases and the number of the "not distinguished" values
decreases. Hence, appeared uncertainty of the scale increases, and hidden - decreases. At use of all possible
values on the absolute scale, hidden uncertainty - is minimal and is defined only by inaccuracy of the received
data. Appeared uncertainty, at the same time, - achieves its maximum.

As there is unique transformation from strong to weaker scales, the changing of appeared and hidden
uncertainties values, described above, is valid for other types of scales - nominative, order, interval, and relative.
Definitions of appeared and hidden uncertainties are given independently of measuring scales types.

Conclusion

Choice of measuring scale type determines the form of data representation in DSS data domain. Then, the ratio
of hidden and appeared uncertainties can characterize conversion between various measuring scales, on each
iteration of forming DSS’s input, internal and output spaces.

So, considering the straight problem from the point of view of appeared and hidden uncertainties, formulated
above, we shall receive the following. At the known uncertainty of input data (N, ) and uncertainty of the system

(N,) the process of solving the straight problem represents the process of sequential granulation of input scales
values up to obtaining the result with the uncertainty N,,., < N; < Nj,... . Thus, it is expedient to estimate
changing of appeared and hidden uncertainties on each iteration of this transformation, in order to check up
conditions (1), (2), (3).

Similarly, at solving of the reverse problem, the basic carried out operation is — decomposition. At the known
uncertainty of results N,, it is expedient to characterize process of sequential decomposition from the result
scale to the input space scales by changing of appeared and hidden uncertainty values on each iteration.

Real tasks often are the composition of these processes, i.e. demands iterative execution of both: granulation and
decomposition. And exactly the analysis of appeared and hidden uncertainties changes on each iteration makes
all process of solving straight and reverse problems aim-oriented. Hence, on the basis of the introduced concepts
of appeared and hidden uncertainty, it becomes possible to characterize and manage the processes of
decomposition and granulation at formation input and output spaces of DSS.

The further studies should be directed to the development of formalized methods of the quantitative evaluation of
data and knowledge uncertainty, supplying a choice and/or developing of adequate means for decision making
process.
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3.2. Decision Support Systems

MPUMEHEHWUE KBATMUMETPUYECKWUX MOOENEW NPU PELLEHWN COLIMATNBHO-
9KOHOMMYECKMX 3A0AY

A. Kpucunos, B. CtenaHoB, W. FonseBa, b. bntoxep

AHHOmMauusi: B pabome onucaHo npumeHeHue eekmopHol modesnu, npednoxeHHOU Onsi OUEHKU COXHbIX
06bEKMO8, 8 HEKOMOPbIX 3adavax coyuanbHO-9KOHOMUYECKO20 MOHUMOpPUHaa 8 YKkpauHckom [pudepHomopbe.

Knroueenle cnoea: yposeHb COLUAbHO-IKOHOMUYECKO20 Pa3gUMUSsi, COBOKYNHOCMU NPU3HAK08, 8eKMOpHast
Modeflb, NPOCMPAHCMBO ONUCAHUS], 8ECOBbIE KOIGHEHUUUEHMbI.

BBepeHue

Mpn pelweHnn 3agay ynpaBnieHUs MOCTOSHHO BO3HMKAEeT HeobXOAWMOCTb afeKBaTHO OLEHMBATb PasnuyHble
CnoxXHble 06bekTbl W mpouecchl. K 3Ton rpynne 3agay OTHOCATCS, B YacTHOCTW, 3a4ady OLEHKM YPOBHS
COLManbHO-3KOHOMMYECKOrO Pa3BUTUSI TEPPUTOPWIA, YPOBHS M KavecTBa XM3HW Hacenmenus [1, 2 w ap.]
[MpMeHeHNe ANs 3TUX Lenei pasninyHbIX anropuTMUYECKUX METOLOB U CPEACTB SBMSETCA BECbMA aKTyanbHbIM.

B HacTosiLiee BpeMsi CpeaHUiA YPOBEHD XW3HN (T. €. OCHOBHbIE COLMArbHbIE XapakTePUCTUKM) ANs GOMbLUMHCTBA
HaceneHnst YkpanHbl SIBNSIETCS BecbMa HU3KAM. JTO OTMEYalT pasriyHble aBTOpPbl, 3TO BUAHO W3 AaHHbIX
COLManbHOM CTaTUCTUKK, 3TO KOHCTATMPOBAHO B PA3NMYHbIX BbICTYNNEHUSX U MyONIMKALMSX Ha BCEX YPOBHSX.
HameTuBLUMeCS NO3UTUBHbIE COBUM B SKOHOMUKE €LLe He HaLLMN OTPaXeHns B coluanbHoii cdepe. Mano Toro,
Lienblit psif, OCHOBHbIX XapaKTepPUCTUK COLMANbHOM XM3HW UMEET TEHAEHUMIO K YXYALLEHMIO: NPOAOIXaeT pacTy
nonsipu3aLnst HaceneHus No marepuanbHO-(hMHAHCOBOMY M WUMYLLECTBEHHOMY MONIOXEHMIO, YBENNYNBAETCS
6e3paboTuLa, NpoAomKaloTCst AeNpeccuBHbIe NPOLECChl Ha cene U T. 4. YkasaHHble HeraTuBHbIE SBMEHMUS (Kak U
Lenblii paa Apyrux, Hanpumep, yXyAlatlwascs SKONorndeckas CUTyalus) B 3HAUMTENbHON CTENEHU UMEKT
MECTO 1 Ha TeppuTOpUN YKpauHckoro MpuyepHOMOpbS.

Takum 06pa3oM, BO3HMKAET HacyllHas 3afjava BefeHWS COLManbHO-SKOHOMUYECKOTO MOHWTOPUHIA, TO eCTb
perynsapHoro NoCTPoeHUs Lienoil raMMbl OLIEHOK, B arperMpoBaHHOM BUZE OMUCHLIBAKLLMX Pa3fuyHble CTOPOHbI
COLManbHO-9KOHOMUYECKON [enCcTBUTENBHOCTU. B HacToswen paboTe oOnMcaHO NPUMEHEHUE HEKOTOPbIX
MaTeMaTUYeCcKuX METOAOB A/ OLEHKW YPOBHS COLMamNbHO-9KOHOMUYECKOTO pa3BuThs 0b6nacTen YKpanHCKoro
[MpuyepHOMOpPBA M counanbHoro Griarononyyns NpUMAYHancKkux paoHoB. AKLEHT caenaH Ha NpUMEHeHUM Ans
9TUX Liener JOCTaTO4YHO NPOCTOM BEKTOPHOW OLIEHOYHOW MOAENM, ONUPatOLLEca Ha reoMeTpuYeckoe onucaHue
OLieHMBaeMbIX 06BEKTOB 1 CUTYaLWN.

MocTpoeHne MHTErpanbHOro nokasarens

3apaum nonyyeHms 0boBLIEHHON OLIEHKM Ha 6a3e HEKOTOPOro Habopa 3amMepeHHbIX NOKarnbHbIX NoKasaTene He
SBNSAITCA HOBbIMA. B TexHuke, B 3KOMOrMM, B COUManbHbIX WCCNeaoBaHMsX, OE3yCnoBHO — B 3afjayax
KBanMMETpUM (OLIEHKM Ka4ecTBa), B ECATKAX APYruX NPUKNIagHbIx 00acTen MMEETCs Hyxaa B NOMyYeHUN HEKOW
0606LieHHON MHTErparnbHON XapaKTEPUCTUKA.

He BpaBasicb geTancHO B HacToALLleM U3NOXEeHUN B NOCTAHOBOYHbIE, TEXHOJIOrM4yeckne u mMatemaTndeckue
BOMNPOCbI, paCCMOTPMUM BKpaTLE TP BapuaHTa mogenen, npeanaraembiX B HaCTodwee BpemMsa crneunanmcramn
AN OLEeHKN YPOBHA XN3HW N NCNONb3YIOLWNX pa3Hble MeToaonorn4yeckne noaxoapl.

B psge pabot [3, 4, 5, n ap.], NOCBALLEHHbIX KONMMYECTBEHHON OLIEHKE YPOBHS W KA4YECTBA XW3HMW, UCMOMNb3YeTCs
TEXHUKA (DAKTOPHOMO aHanu3a, pas3paboTaHHOrO Ha CTbike MaTeMaTUKM M CUCTEMHbIX MCCreaoBaHWiA B 60-x —
70-x rogax, B 4aCTHOCTH, Takasi pPa3HOBUAHOCTb (haKTOPHOMO aHanW3a, kak MeToZ rnaBHbIX KOMMOHEHT.
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dakTopHbI aHann3 Gbin paspaboTaH, kak M3BECTHO, MMEHHO ANs PelleHus 3aday cxaTust MHdopMaumun (Mnu
N3BNEYEHNst HanbombLUei MHGopPMAaLMK) NPY HanNMYMKM BOMBLLIOMO YKCNa foKarbHbIX MPU3HAKOB, OMUChIBAKOLLNX
Hekylo MpeameTHyl obnactb, WM npu OTCYTCTBUM WMTOTOBOTO, PE3yNbTUPYIOLLEro Mpu3HaKka, afgeKBaTHO
OMMCHIBAIOLLETO [aHHyl0 obrnactb. «dakTopamu» W HasblBanUCh ONPeAeNeHHble CUHTETMYECKME NoKasaTeny,
MoNyYeHHble KOMOMHALMOHHBIMU METOAAMM M3 UMEHLLMXCS NEPBUYHBIX TOKaNbHbIX NoKasaTenel, npu 3ToM
OOHUM U3 KPUTEPWUEB MOCTPOEHUS M OTOOpa Takoro KOMOWHMPOBAHHOTO MOKa3aTensi CRAYXUI MaKCUMyM
COXpaHsieMol B HeM MH(opMaLi 060 BceM aHanmManpyemMom npowecce unm obbekTe.

B paborax [3, 4] onucaH MeTod, OCHOBAHHbI Ha MOCTPOEHWN M MPUMEHEHUM ONS OLEHKM YPOBHS M KayecTsa
KU3HU Ha [aHHOW TEppuUTOPUM MEPBOI TMABHOW KOMMOHEHTLI WMetowerocs (oBpabaThiBaeMOro) nepeyHst
YaCTHbIX (MOKarbHbIX) MPOHOPMUPOBAHHBIX NOKasaTenemn.

Mpoueaypa BkmoyaeT B cebs NOCTPOEHME TPex Hemepecekatolyxcsl MHOXKECTB nokasaTenien: CTUMYNSHTOB
(YBENMYEHNE KOTOPLIX MOBbILIAET YPOBEHb XMU3HM), 4ECTUMYIISIHTOB (NOBbILIEHWE KOTOPbIX MOHXAET YPOBEHb
JKW3HN) N MHOXECTBA 3TaNIOHHbIX NOKa3aTenei.

[anee, Bce nokasaTtenu npuBoaaTcs K auanasdoHy [0, 1], Ang pasnuyHbIX MHOXECTB — MO-pasHOMY, 3aTem
MPOMCXOAMUT UX HOPMUPOBAHWE, T. €. NPeobpasoBaHKe C YHETOM rpaHuL, peanbHOro AuanasoHa, MUHUMATbHbIX 1
MaKCUMasbHbIX 3HaveHwi. locne 3Toro M NPOM3BOAWTCA CBepTKa B MHTErpanbHbld nokasatenb. [ns aToro
Cpeaun BCeX CKansipHbIX MepeMEHHbIX, OMUChIBAOLLMX YPOBEHb XW3HMW, WLLETCS Takas, kKoTopas morna 6bl ¢
HanbOMbLUEN TOYHOCTLIO (C Haunyylen Mepon NpUONMKEHMS) BOCCTAHOBWUTL 3HAYEHUSI BCEX JIOKANbHBIX
nokasaTenemn YpoBHS XW3HW. Takum CBOACTBOM W obnagaeTt nepsas rnaBHasi KOMMOHEHTA (TMaBHbIN akTop),
MOCTPOEHHAs Ha MCXOAHbIX NOKanbHbIX NOKa3aTeNsXx.

[ns nonyyeHns no 3Toi KBanNMMETpU4eckol moperv (Hasosem ee My) MCKOMOW TNaBHOW KOMMOHEHTbI
BbIMOMHSOTCA  JOCTATOYHO CrOXHble onepauun. HyXHO MO LEHTPUPOBaHHbIM  3HAYEHUSM  JOKanbHbIX
nokasaTenen NoacuMTaTh onpegeneHHsIM 06pa3oM 3neMeHTbl KOBapUaLMOHHOM MaTpuLbl, HaNTU HanbonbLluee
cobectBeHHoe 3HaveHue (HC3) aton matpuupl, T. €. HauMbOMbLUMIA MO BEMNYMHE KOPEHb COOTBETCTBYHOLIENO
XapaKTEPUCTUYECKOTO ypaBHeHus. [ns BblOENEHHbIX MHOXECTB CTpouTcs OTHocuTensHo HC3 cuctema
YPaBHEHWUA, W3 KOTOPOW HaXo4AT KOMMOHEHTbl COBCTBEHHOro BekTopa. [nsd kaxgow u3 obcnegyembix
TEPPUTOPUIA ONpeaenseTcs 3HayeHne 1-i rMaBHOM KOMMOHEHTbI U 3aTeM, C MCMOMb30BaHWEM HAWMBOMbLUMX U
HaUMEHbLUUX 3HAYEHWA STOWM KOMMOHEHTbI, BbIYUCMSETCS MHTErpanbHbld MOKasaTerb KavyecTBa WNW YPOBHS
KU3HW HaceneHust AaHHON TepPUTOpMN.

OnucanHas mogenb My 6Gbina ucnonb3oBaHa B [B] AN CPaBHWTENbHOrO aHanu3a 27 agMWHUCTPATMBHBIX
panoHoB 1 ropogoB JlboBckoi obnactv 3a 1997-1999 rr. B Heli B kauecTBE MCXOQHOM MCMONb30Banach Matpuua
nokarbHbIX Mokasatenen pasMepHOCTbi0 p=18 (41cno nokasatenen) X n=27 (YACNO eAnHUL, CpaBHeHus) X 3
(konnyecTBo N1eT). PaccMOTpeHHble Takum 06pa3oM paioHbl MO pesyrbTataM OLEHKM Obinn YCoBHO pasbuTbl no
BENUYMHE YPOBHS XU3HKM Ha 4 Knacca: MaprHanbHbIi knace (C oueHkon Ha 20% Huxe CpeaHero 3HayeHus
WHTErpanbHOr0 WHAMKATOpa [N BCEX €AMHWUL CPaBHEHMs); KNacC HeyAoBNEeTBOPUTENbHbIX OOGBHEKTOB (YbM
OueHkn okasanucb B rpaHuuax oT 20% po 10% Hwke CpemHero 3HauveHus); Knacc palioHoB C
YAOBIETBOPUTENBHBIM YPOBHEM XM3HU (Yep T 10%); KNacc yCroBHO XOPOLLMX PANOHOB (MX OLIEHKW i MPeBbILLany
ypOBeHb Yept10%).

Bnmskas K aToMy BapuaHTy MOLENb, TaKKe MCMONbaytowlas METOA IMaBHbIX KOMMOHEHT, onncaHa B [4]. 3aeck B
kayecTBe 060OLIAKOWEr0 noOKasaTens YPOBHA XW3HU UCNOMb3yeTcs NWHENHas KOMBWHaUMS WCXOAHbIX
nokanbHbIx nokasatenen xU, Tawke NpuBELEHHbIX Neped 3TUM K COMOCTaBAMOMY Buay. OTa MNWHelHas
KOoMBMHaLWS NCYMCNSETCS Kak:

p .
F = Zaij xW + ¢,
j

B aToM BbIpaxeHuu (HasoseM ero Mogenbto M) dourypupyioT crnefytoLime BenuImHbI:
x0) — j-TbIi MCXOQHbIN MOKa3aTenb;
ajj— Harpy3ka i-toro ¢paktopa Ha xi (Hanpumep, MHPOPMALIMOHHBIN U MHOM BEC);
€ i — CryyaiiHast KOMNOHEHTa.

Tak Xe, kak n B mMogenu My, B JaHHOM MeToauke B kayecTBe O0BOOLLAIOLLETO MOKA3aTeNsi YPOBHS KW3HU
NPUHUMAETCS OAMH WNM ABa NepBblX (DaKkTopa, Aatolwmx Haubonbluwit BKNag B CyMMapHYl AMCNEPCUO.
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CopepxaTenbHast WHTEpPNpeTaUus BblAeneHHbIX TMaBHbIX KOMMOHEHT ONPeaenseTcs 3HaYeHUAMN (aKTOPHbIX
Harpy3oK ajj, N3MepsIoLLMX KOPPensLyIo BblaeneHHoro daktopa Fi ¢ MCXOAHbIMM NoKanbHBIMMW MoKasaTensmm.
Cpeam Opyrux cuHTeTUYeckix nokasatenen mogenu My u M moryT cuutaThbest 6onee NofHbIMU U aaekBaTHBIMU,
OfHaKo 1 OHM He CBOBOAHBI OT psifia HeAOCTaTKOB.

OnucaHune BEKTOPHON Mogenu

HacTosiwas mopenb (Hasosem ee «Mopenb Me») Gbina paspabotaHa B cBoe Bpemsi B MHcTUTyTE npobnem
PbIHKA M 3KOHOMMKO-3KOoMoryeckux ncenegosanuii HAH Ykpautbl v B O4ecckoM NOMMTEXHUYECKOM WHCTUTYTE
[NS OLEHKN CMOXHbIX 0GBEKTOB, B YACTHOCTM, NPOLIECCOB COLManbHO-9KOHOMUYECKOrO pa3BUTUS. 3adadun Takoro
OLEHMBAHMSA aHanorMyHbl OMMUCaHHbIM paHee: Ha 6a3e Habopa nOKanMbHbIX XapaKTEPUCTUK NOCTPOUTb
arperMpoBaHHyl) OLEHKY paccmaTpuaemoro obbekta unu npouecca. lMpu atom cuctema AOMKHA ObiTh
nocTpoeHa Tak, 4tobbl Haw 0606LLEHHbIN NOoKa3aTenb afeKBaTHO Y4WTbIBaN BKMag KaXhoro M3 NOKanbHbIX
napameTpoB, OTHOLLEHWS MEXAY HUMMW, UX CBONCTBA, TEHAEHLMM M3MEHEHMS 1 Ap.

Ota mogenb 6Obina onpoboeaHa mpu paboTe € pasiUyHbIMKM COLMANbHBIMM, COLMANbHO-3KOHOMUYECKUMM W
COLManbHO-3KOMNOTMYECKUMU OBBEKTAMU: OLEHKA YPOBHS COLMANbHO-3KOHOMUYECKOTO Pa3BUTUS MUSTIMOHHbIX
rOPOdOB W NpUMOpPCKMX obnacten YkpawHbl [6], oueHka couwanbHoro 6narononyumst painoHoB Opgecckon
obrnactu, atheKTMBHOCTM paboTbl NPOMBILIEHHBIX NPEANnpUATAA [7, 8], pasnnyHbIX XO3AMCTBEHHBIX MPOEKTOB
rMOPOTEXHUYECKOrO M aKomnoruyeckoro xapakrepa [10] v ap.

Mo onpegeneHHOMy HeCNOXHOMY anroputmy Obina paspaboTaHa nporpammHas KCnepTHas CcucTema,
paccuMTaHHas Ha paboTy B AMAnoroBOM pexuMe C Nonmb3oBaTeNieM W MpefHasHaYeHHas VMEHHO ans
0606LLEeHHOI OLEHKM CNOXHBLIX 0OBEKTOB, ONUCLIBAEMbIX B HOPME HABOPOM NOKaNbHbIX NOKa3aTene.

Ha puc.1 npuBegeHo ynpolleHHoe u3obpaxeHue nocnegoBaTeNbHOCTW paboThl cucTeMbl. [esTensHOCTb
pa3paboTumka 4omkHa BKMYaTh B cebst cneaytoLLme atanb:

+ paboTa Hag C1CTEMOI NoKasaTene (COBMECTHO C SKCepTamm);

*  NOCTPOEHWe MoLenu; COBCTBEHHO BbluMCEHNE 0BOBLLEHHO OLIEHKU.

COJEPXAHMWE PABOTbI 9KCNEPTHON CUCTEMbI

OTbop COBOKYNHOCTM NOKa3aTenen ®opmynupoBaHue TpeboBaHuii

v

A 4

[nana3oHHble NpeobpasoBaHus
3anonHeHue 6a3bl AaHHbIX

’ I

MeTpuyeckne 1 aduHHbIE NpeobpasoBaHus
[NocTpoeHue 3TanoHoB

YcTaHoBNeHWe BECOBbIX KO((MLMEHTOB

\ 4

BbluncnuTenbHble npoLeaypb

OueHka 00bekToB

Puc. 1. Onucanue paboTbl POrpaMMHONA SKCNEPTHON CUCTEMBI.
JleBbiit cTonGeLl — nepeyeHb NpeaBapuTeNbHbIX AEACTBUI C SKCepTamy;
npa.blil cTonbel — paboTta ¢ CMCTEMON B AMArNOroBOM PEXMME.
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[Mpn nocTpoeHUn NPOrpamMMHON 3KCMEPTHON CUCTEMbI Ha MEPBOM 3Tane ¢ y4yacTWeM CreuuanucToB B AaHHOM
npeameTHOM obnacTu fomkeH bbiTb 0TOBPaH 1 cornacoBaH nepeyeHb nokasaTenen, XapakTepuayoLwmnx AaHHbIA
COLManbHbIN 0BBEKT UMK CUTYaLMIO, NPOBEAEHO PaHXMPOBAHWE 3TWUX NMPU3HAKOB (B3BELUMBAHWE), OnpeaeneHsl
W/Mnm oLeHeHbl OTHOLLEHUS 1 3aBUCUMOCTY MEXAY HUMMU.

Kak 66110 ykasaHo BbiLLe, 0TOOP CUCTEMbI NoKasaTenei NpeacTaBnsaeT coboit camocToATENbHYIO 3adavy, U Ans
pasHbIX MOCTAHOBOK OLIEHKW YPOBHS W KayecTBa XW3HW OydeT 3akaHuMBaTbCA PasnUyHbIMW BapuaHTamu
COBOKYMHOCTM ONUCHLIBAIOLLMX XapaKTEPUCTUK.

OBosHaumm 3HakoMm fi 0OBBEKT (paioH, TEPPUTOPUIO, CTPaHY), YPOBEHb XWN3HW HACENEHMs KOTOPOro Ham HYKHO
oueHuTb 0600LeHHbIM nokasaTenem. Kak ykasblBanocb, A4S 3T0ro 06bekTa AOMKHbI ObiTb ONpeaeneHbl
(M3MepeHbl) 3HaYEHNS Y; pasnuyHbIX 0TOBPaHHbIX nokasatenen (j=1,..., n), B JOCTAaTOYHON Mepe OMMUCHIBAKLLMX
[aHHbIi 0GBEKT C TOUKM 3pEHUs MHTEPECYIOLLEr0 HAC KavecTsa:

E={y1,....Vj,--.Yn}-
Bocnonbayemcst Ans NOCTPOEHUst OLEHKM Halero obbekTa onpeaerneHHbIM reOMETPUYECKUM NPEACTaBIEHNEM.
Beegem B paccMmoTpeHWe NpocTpaHcTBO E, pasmepHOCTb KOTOPOrO Omnpedensercs YACOM N rokasaTenen,
oTOBpaHHbIX AN1S NOMYYEHWS WMHTErpanbHod OLeHKW. B 3TOM n-MepHOM MpoCTpaHCTBE Kaxgas M3 oceil
KOOpAMHAT 3aKpenseHa 3a onpeAeneHHbIM nokasarenem (Ha puc. 2 npefcTasneH cryyan ans n = 3).

AJITOPUTM OLIEHKK
Knacchl kayecTtBa (ypoBHER):

K1, K2, K3
Yi || Knml|

Y

Puc. 2. 130bpaxeHne oLeHOYHOIM Moaenu
Ki—Ks - BEKTOpbI-Onm1caHus oLeHBaeMbIx 06 bEeKTOB

[Mpu HenoCpPeACTBEHHOM OLEHKE YPOBHS M KaueCTBa XKU3HWU UCCNeayemMoro obbekTa Npou3BOANTCS U3MEpeHne
BEMMYMHBI NOKa3aTesnien yi Nocne Yero 3Tu 3HaYeHUs HOPMUPYIOTCS, NPETepreBatT OnpeaeneHHbIe NMHENHbIE
npeobpa3oBanns (MacwTabuposaHne 1 Ap.) M OTKNaAbIBAOTCA HAa OCAX B NPOCTPaAHCTBE nokasaTenei. Ha aton
6ase CTpoUTCS BEKTOPHAs CyMMa U3MEPEHHbIX MOKarbHbIX NoKasaTenen.

Mogynb CyMMapHOro MHOrOMEpHOro BekTopa, NpeacTaBnstowero coboit Hekuin 0B0BLLEHHBIN NoKasaTenb
oLeHnBaemoro obbekTa, 1 byaem UcnonbL3oBaTh ANS WHTErpanbHoM CUCTEMHONM OUeHKM Y; AaHHOro obbekTa fi,
OIS KONIMYECTBEHHOTO, (POPMANbHOTO OMMCAHMS YPOBHS UK KA4EeCTBa XKU3HU HA JaHHON TEPPUTOPUM:

éw/z(yj)z

370 BblpaxeHue npeacTaBnseT cobok no CyTu Aena ypaBHEHUE COCTOSHWS OMUCLIBAEMON CUCTEMBI, T.e. 3TO U
€CTb MHTErpanbHas OLEeHKa MCKOMOrO YPOBHSI, MOCTPOEHHAs Ha NoKanbHbIX nokadaTensx. B matematuyeckom
CMbICTie OHa NpeacTaBnseT coboil BEKTOPHYIO CYMMY UCXOAHbIX (Mpeobpa3oBaHHbIX) NOKAmbHbIX NMOKasaTenen.

I'Ile CONOCTaBNEHUN TPEX ONUCaHHbIX mogenen cnegyet OTMETUTb, YTO MNpK (*)aKTopHOM aHarnuse UMeeT MecTo
pan orpaqueHmﬁ: nokasartenn c4yMTarwTCA He3aBUCUMbIMW, YTO [aneko He BCerga BEpHO; B NMOCTPOEHUU

Y, =
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rMaBHbIX KOMMOHEHT Y4acTBYT He BCE NOKA3aTeNW; HyXHa NpoBepka Ha MHOPMATMBHOCTb, TO €CTb
MoNy4eHHas OLeHKa COAEPXMT MULLb YacTb MHopMaLmMm 06 oLeHnBaeMoM 06bekTe.

Kpome TOro, U 3TO OYEHb BaXHO, pedyNnbTaThl VI3Mep9HVIVI C NOMOLLbK (baKTOprIX Mopenen 3aBucaT oT
CTaTUCTUNKK, OLIEHKa 6y,u,eT MEHATbCA C UISMEHEHMEM YUCna CPpaBHNBAEMbIX 0ObEeKTOB M T. 4.

BekTopHast Moaenb B 3HaunNTenbHON Mepe cBobogHa oT aTux HepocTaTkoB. OHa yMeeT paboTaTh C 3aBUCHMbIMMU
np13Hakamu, MCNONb3ys HaNpaBnALLME KOCUHYChI NpU MOCTPOEHUM NPOCTPAHCTBA NoKasaTene; B NoCTPOEHNM
0006LLEeHHOI OLEHKM y4acTBYKOT (CO CBOMMW Becamu) Bce nokasatenm U T. A. OyeHb BaxHO, YTO npu
HeobxoaMMOCTM MOXeT OblTb MOMEHTaNbHO MPOBEAEH BHYTPEHHMI aHanM3 — 3a CYeT Kakoro nokasatens
NPOU3OLLO YXYALEHNE UMK YIyYLIEHNE; cucTemMa HecpaBHUMO 6onee npocTa (HanpuMep, He Hy)XHO CTPOUTb 1
obpabatbiBaTh KOBApUALMOHHYID MaTPULy, MCKaTb COBCTBEHHBLIE 3HAYEHMS KOMMOHEHT U T. 4.). MoxeT ObiTb
BbINOMHEH NPOrHO3 U Knaccudmkaums 06bexkToB 1 oueHok [8, 10]. Ho Haubonee BaxHO TO, UTO 34€Chb ANS OLEHKM
OepyTcs He KOCBEHHble O0006LUEHHbIE XapakTepUCTUKM W3 (haKTOpOB, MOPOM [axe BecbMa OCTPOYMHO
MOCTPOEHHbIX, @ UCMONb3yeTCH HEMOCPEACTBEHHO YPaBHEHNE COCTOSAHMA CUCTEMbI, HAanUCaHHOe Ha A3blke ee
NPSIMbIX XapakTepPUCTUK.

MpumepbI npuMeHeHus

Hwxe npuveeaeHbl NpuMepbl NpUMeHeHUst Moaeny Me npu aHanuse pasnuyHbX CTOPOH YrNpaBneHust B 3afadax
MOBILLEHMS YPOBHS W Ka4eCTBA XM3HM: OLieHKa YPOBHS COLMarbHO-3KOHOMUYECKOTO Pa3BUTUS H0XKHBIX oBracTeil
YKpauHbl 1 OLieHKa 6r1aroCoCTOSIHUS HECKOMbKIX afiMUHUCTPATUBHBIX paitoHoB MpuayHaBbs.

[na nonyyeHus UHTErpasnbHON OLEHKM COLManbHO-9KOHOMUYECKOro pas3BIUTUS faHHOM obnactu LenecoobpasHo
paccMoTpeTb B COBOKYMHOCTW (C Y4€TOM WX BKNaga) pasnuuHble BaXHble cepbl XO3ANCTBEHHOTO KOMMIEKCa
370N 06nacTu, pasnuyHble XapakTEPUCTUKN BHELLHMX (B OCHOBHOM - 3KOHOMWUYECKMX) U BHYTPEHHWX (B OCHOBHOM
- couuanbHbIX) dyHKLMIA 0bnacTu kak eanHoro opraHuama [6).

Kak ykasblBanocb Bbille, B OCHOBY NMPOrpaMMHOM SKCMEPTHOM cUCTeMbI Oblna NOMOXeHa [OCTaTOMHO npocTas
MatemaTinyeckas Mofenb, UCMONb3ylLllas M3MEPeHUe pacCTOsHUA B YCOBHOM MPOCTPAHCTBE OLEHOK. Ee
NPUMMEHeHNEe Aano BO3MOXHOCTb paccMaTpuBaTh 0TOBpaHHbIE COLMAnbHO-3KOHOMUYECKME NOKa3aTeNu ¢ TOUKM
3PEHNSt COOTBETCTBMSI MOCTABNEHHbIM Lenam, pasnuyHbiM CHulTam u "obpasuoBbiM” cutyaumsim. Takoi
ONTUMW3NPOBAHHBIN YCIOBHBLIN YPOBEHb 1 NpuHMMaeTcs 3a 100 6annos. OTMETUM, YTO NO OTHOLIEHUIO K 3TOMY
YPOBHIO YCpeOHEHHAs OLEHKa COLManbHO-9KOHOMUYECKOTO COCTOSHUS HOXHbIX 06nacTeil YkpauHbl B cepeguHe
80-x rogoB cocTaensna npumepHo 60-70 Bannos.

OcHoBoit Ana 3anonHeHus 6asbl AaHHbIX CUCTEMbl SBWNUCH B3ATble W3 OUUMANbBHBIX CTATUCTUYECKNX
MCTOYHWKOB XapakTepuCTukW No 06nacTsam pernoHa (CtatucTuieckue exerogHuku [9]).

Bcero ans noctpoeHusi 0606LLeHHON OLeHKM Bbino ucnons3oBaHo okono 70 nokasaTtenen: rpynna couuansHo-
Jemorpacduiecknx xapakTepUCTUK (POXAAeMOCTb, CMEPTHOCTb, Opaku, passodbl W T.M.), rpynna nokasaTenei
30paBOOXPaHeHns (Y1CNo Bpaueil 1 CpedHero megnepcoHana, 6onbHUYHBIX KOek 1 ux 0bopoTa, MponyckHas
CnocobHOCTb amBynaToOpHO-MOMNUKIIMHUYECKUX YYPEXAEHWA W Op.), nokasatenu paboTbl MPOMbILINIEHHOCTY,
TpaHcnopTa, CEnbCKOTO XO3SACTBA, KamUTamnbHOrO CTPOMTENbCTBA, HAyKWM, COCTOSHWUS cdepbl 006pasoBaHus,
TOPrOBIW, XWUNbsl, KynMbTypbl W T.4. Ha OCHOBE 3TOM MHOpMaLMOHHOW 6a3bl Obifo coenaHo NoCTPoeHue
000OLIEHHOrO  arperMpoBaHHOrO  GannmbHOrO  MoKasaTensl,  XapakTEpU3YHLEro YpoBEHb  COLManbHO-
9KOHOMWYECKOrO pa3BuUTUS JaHHON TEPPUTOPUN.

[nsa yyeta copepxaTenbHOrO BKMaja Kaxgoro nokasaTens B BbICTPAWBaEMYH OLEHKY YPOBHSI COLManbHO-
9KOHOMUYECKOr0  Pa3BUTUS  UCMONb30BANMUCh BECOBble  KOIPMUUMEHTbI, Ha3HayaeMble — 3KcnepTamu-
cneynanuctamm ¢ nocneaylwmum ycpegHeHnem u 06paboTkon. 3HaueHnsi BECOB pa3fnuuHbIX MokasaTtenei
otnuyannce He 6onee, yem Ha 30% - 40%. Tak, BecoBas OLeHKa BkMmaga (3HauMMoCTb) 1 M2 unoi nnowaau
Bbina Ha 20% - 25% Bbilwe OLEeHKM Bknaga 1 M2 TOProBbiX NMOLAAEN, HEraTUBHOE 3HaYeHWe OT yBEeNUYEHMUs
MIafeHYeckon CMEPTHOCTM NpeBbILano Ha 40% TakoBoe OT yBENUYeHUs CMEPTHOCTH BOOGLLE U T. .

BonbLlWMHCTBO MokasaTenen ObiNo B3ATO B YOENbHOM MPEACTABMEHMM — MO OTHOLUEHMIO K YKUCNIEHHOCTM
HaceneHus AaHHO! 0bnacTy, K ee NNoLlaan, BENYMHE NOMHOMO NPUPOCTa HACeNeHUs U T. [. OTO AaeT BO3MOX-
HOCTb Oonee KOPPEKTHO onpedenuTb 0BOOLLEHHYID OLEHKY 1 MPOM3BOAMTL COMOCTABNEHWE Pa3NNYHbIX
obnacren.
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Ha puc. 3 nokasaHbl pe3ynbTatbl MOLENbHOMO CPABHEHWUS YPOBHS COLMANBHO-3KOHOMUYECKOTO PasBUTUS TPEX
npu4epHoMopckux obnacten Ykpantbl (Ogecckon, Hukonaesckoi n XepcoHckoit) ¢ 1991r. no 2002 r.

50
45
40 1
35 1
30 1
25 1
20 -
15 1
10
5 -
0 -

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

T. T. T. T. T. T. T. T.

' Huxbnaeslicas ¢6.1.
B Opnecckasn 00.1.

O Xepconckas 00.1.
1991 | 1992 | 1994 | 1995 | 1997 | 1998 | 2000 | 2001 | 2002
Hukonaesckast 43,8 38,6 25,2 18,1 7,6 7,2 5,75 6,2 6,2
Opecckas 425 | 40,7 29,7 20,4 9,2 7,3 58 6,2 6,2
XepcoHckast 36,1 32,7 | 242 | 18,0 7,6 6,5 5,35 6,1 6,15

Puc. 3. JuHamuka ypoBHS coLmMarnbHO-3KOHOMUYECKOro pa3BuTIS obracten
YkpauHckoro MpuyepHomopbs 3a 1991-2002 r.r., B 6annax

OnpepeneHHbIM  NPUMEPOM  JIOKAmNbHOrO  COLMAnbHO-3KOHOMUYECKOTO  MOHWUTOPUHTA,  NOCBSALLEHHOTO
HaOMOAEHNIO N KOHTPOMK NMULLb YacTW XapakTEPUCTUK, OMUCHIBAIOLMX YPOBEHb U Ka4eCTBO XU3HM, SBNSETCS
cnegytoulas pabora.

B paspese agmuHucTpaTuBHbIX paitoHoB Opecckorn 06nact Hamm 3a psg neT Gbinu B3ATbl Takue nokasaTenm
Kak: CpedHuWe 3apnnatbl U NEHCUM NO PaiioHy, A0NS NPUXOLALLMXCS HA OAHOrO XUTENs JOXOAO0B W Pacxodos B
MeCTHbIX OtomKeTax, gemorpadmyeckue nokasaTenu, XapaktepucTuku 6espabotuubl (B CTpyKType, T.e.
0TAenbHO XeHckas BespaboTuua, MorofexHas), CTaTUCTUKa MpaBOHApYyLUEHWi (Takke B CTPYKType). bbinu
Takke B3ATbl HEKOTOPble MOKa3aTenu, KOTOPble MMEKT Haubonee BblpaXEHHbI COLManbHbI XapakTep:
3abornesaeMocTb Ty6epKyne3oM u CMEPTHOCTb B CBA3W C HAM, JETCKAst aHEMUS 1 Ap.

Ha atoit uHhopmaLmoHHom 6ase, ¢ npumeHeHnem mogenu Mg, 6bina noctpoeHa 0606LLeHHas xapakTepucTuka
coumanbHoro Grnarononyyus-Hebnarononyuns B paioHax Opecckoi obnacTu 3a Heckornbko net. Ha puc. 4
npuBedeHa 3Ta yCpedHEHHast kKapTWHa Ans npuayHaickux panoHoB Opecckon obrmactu. Ha aTom pucyHke
GenbiM LIBETOM MOKa3aHbl panOHbl, MHTErpanbHasi OLeHKa COLMAmbHOMO COCTOSHWSI KOTOPbIX HaxOguTcs B
BEPXHE! 4acTu BCEro Auanas’oHa MomyyYeHHbIX OLEHOK (T.e. B KOTOPbIX 3TO COUMamnbHOE COCTOSHWE Nyyle
APYrX PalioHOB); CEPbIM OTMEYEHbI PalOHbl, HAXOLAWMECs B CPeAHEei YacTW LUKanbl MOMYYEHHbIX OLEHOK;
YepHbIM NOKasaHbl Te paioHbl, KOTOPbIE B JAHHOM rofly OKasanuCb B HIDKHEN YacTu BCEro AuManas’oHa OLEHOK.
M3 pucyHka BuaHO, B yacTHocTu, yto B 1997 r. cpeau obCrefoBaHHbIX PaiiOHOB HE 0Ka3arocCb HW OBHOro
«4yepHoroy, a Wamaunbckuit, PeHuiickuin u Bonrpaackuin panoHbl nonyunnn Bonee unu MeHee MpUiNYHYHO
OLIEHKY; K KOHLY e 1999 . Ha 3TOM TeppuUTOpPUM He OCTanoCh HK 0gHOro «6enoro» paioHa...

MoMUMO NpUBEAEHHbIX NMPUMEPOB, BEKTOPHAs MOAEMb MOCTPOEHWNS MHTErPanbHOro nokasatens npuMeHsrnach
AN CpaBHEHWS Tpex BapWaHTOB NpOKNagku CynoxoaHoro riybokosogHoro xoga [flyHan — YepHoe mope.
CpaBHeHne Benocb no Habopy w3 50-TW nokasaTenen: 3KOHOMUYECKMX, TEXHOMOTMYECKUX, COoLManbHbIX,
9KOIOTMYECKMX, JKCnyaTaumoHHbIX 1 T. A. BapuaHT no rmpny Beictpoe, peanu3oBaHHbIn dupmoit «[enbTa -
Nouman» 1 npoxoasLmin yepes [yHanckuin GuocdepHbIn 3anoBeaHUK, NOMYYMI CaMyto HU3KYHO OLIEHKY.
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Puc.4. O6obLleHHas xapakTepuCTUKa CoLMarnbHOro CoCTosHUS MpuayHanckux panoHoB Ykpautbl B 1997-1999
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ANALOGOUS REASONING FOR INTELLIGENT DECISION SUPPORT SYSTEMS
A.P. Eremeev, P.R. Varshavsky

Abstract: Methods of analogous reasoning for intelligent decision support systems are considered. Special
attention is drawn to methods based on a structural analogy that use the analogy of properties, the analogy of
relations, and take the context into account. This work was supported by RFBR (project 02-07-90042).

1. Introduction

Investigation of mechanisms that are involved in the analogous reasoning process is an important problem both
for psychologists and specialists in artificial intelligence (Al). The analogy can be used in various applications of
Al and for solving various problems, e.g., for generation of hypotheses about an unknown subject domain or for
generalizing experience in the form of an abstract scheme. Psychologists study mechanisms underlying
analogies in order to understand how human beings learn and reason. In turn, Al experts model analogous
reasoning by computers in order to develop more flexible models of search for solutions and learning. The great
interest in this problem is caused by the necessity of modelling human reasoning (common sense reasoning) in
Al systems and, in particular, in intelligent decision support systems (IDSS).

In this paper, we consider approaches and methods of search for solutions based on structural analogy, which
are oriented to use in real-time (RT) IDSS. These systems are usually characterized by strict constraints on the
duration of the search for the solution. One should note that, when involving models of analogous reasoning in
IDSS, it is necessary to take into account a number of the following requirements to systems of this kind [1]:
— The necessity of obtaining a solution under time constraints defined by real controlled process;
— The necessity of taking into account time in describing the problem situation and in the course of the
search for a solution;
— The impossibility of obtaining all objective information related to a decision and, in accordance with this,
the use of subjective expert information;
— Multiple variants of a search, the necessity to apply methods of plausible (fuzzy) search for solutions with
active participation of a decision making person (DMP);
— Nondeterminism, the possibility of correction and introduction of additional information in the knowledge
base of the system.
The generalized structure of a real-time IDSS [2] is given in Fig. 1.
The search for an analogous solution may be applied in units of analysis of the problem situation, search for
solutions, learning, adaptation and modification, modelling, and forecasting. The use of the respective methods in
IDSS broadens the possibilities of IDSS and increases the efficiency of making decisions in various problem
(abnormal) situations.

Special attention in this paper will be paid to the most efficient inference methods on the basis of structural
analogy that take into account the context and rest on the structure mapping theory.
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2. Analogous Reasoning

Questions about the nature of analogies, a formal definition, justification of reasoning by analogy, etc., arose in
the time of epicureans and stoics. The attempts to answer these questions, starting from the first attempts of
Leibniz to formalize this notion up to our time, have not received a final answer [3-4].

In encyclopedia the word analogy (analogia, Greek: correspondence, similarity, likeness, closeness) is defined as
the similarity of objects (phenomena, processes) with respect to some properties. Reasoning by analogy is the
transfer of knowledge obtained from an object to a less studied one, which is similar to the latter with respect to
some essential properties or attributes. Thus, analogous reasoning can be defined as a method that allows one to
understand a situation when compared with another one [4-5]. In other words, an analogy is an inference method
that allows one to detect likeness between several given objects due to transfer of facts and knowledge valid for
both objects, to other objects and to determine a means of problem solution or to forecast unknown properties. It
is this type of inference that is used by a human in the first stages of solving a new problem.

Notwithstanding the fact that the method of analogy is intuitively clear to everyone and is actively used by
humans in everyday life, the notion of analogy does not allow for complete formal definition and, hence one
cannot uniquely describe the mechanism of reasoning by analogy. At the present time, there are a great number
of various models, schemes, and methods that describe mechanisms of analogous reasoning [3-11].

Analogy types

Analysis of the literature has shown that one can distinguish various types of analogies. In [6] it was proposed to
distinguish two types: an analogy for solving problems and an analogy for forecasting.

The analogy for solving problems assumes applying reasoning by analogy for increasing the efficiency of the
solution of problems, which, generally speaking, can be solved without analogy as well, as, e.g., in programming
and proving theorems.

Analogy for prediction (forecasting) uses reasoning by analogy for obtaining new facts. Due to the transformation
of knowledge based on the likeness of objects, one can make the conclusion that new facts probably hold. For
example, if an analogy is applied to a system of axioms, the result may be certain theorems valid with respect to
the system. Here, using the similarity between axiom systems, one can transform a theorem in a system to a
logical formula in another system and make a conclusion that the latter is a theorem.

Depending on the nature of information transferred from an object of an analogy to the other one, the analogy of
properties and that of relations can be distinguished.

The analogy of properties considers two single objects or a pair of sets (classes) of homogeneous objects, and
the transferred attributes are properties of these objects, for example, an analogy between illness symptoms of
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two persons or an analogy in the structure of the surfaces of Earth and Mars, etc.

The analogy of relations considers pairs of objects, where the objects can be absolutely different and the
transferred attributes are properties of these relations. For example, using the analogy of relations, bionics
studies processes in nature in order to use the obtained knowledge in modern technology.

According to plausibility degrees one can distinguish three types of analogies: strict scientific analogies, nonstrict
scientific analogies, and nonscientific analogies.

A strict scientific analogy is applied to scientific studies and mathematical proofs. For example, the formulation of
the attributes of the similarity of triangles is based on a strict analogy, which results in a deductive inference, i.e.,
which deduces a valid conclusion.

Unlike the strict analogy, a nonstrict scientific analogy results only in plausible (probable) reasoning. If the
probability of a false statement is taken equal to 0 and that of the true statement is taken equal to 1, then the
probability of inference by a nonstrict analogy lies in the interval from 0 to 1. To increase this probability, one
needs to satisfy a number of requirements to the method of reasoning by analogy, otherwise, a nonstrict analogy
may become nonscientific.

The probability of conclusions by a nonscientific analogy is not high and often is close to 0. A nonscientific
analogy is often used deliberately to perplex the opponent. Sometimes, a nonscientific analogy is used
unintentionally, by someone not knowing the rules of analogies or having no factual knowledge concerning the
objects and their properties that underlie the inference. For example, nonscientific analogies underlie
superstitions.

In what follows, we consider in detail the methods of search for a solution on the basis of structural analogy,
which allows one to take into account the context and are based on the theory of structural mapping. We use
semantic networks (SNs) as a model of knowledge representation.

3. Knowledge Representation in the Form of a Semantic Network for Analogous Reasoning

The choice of an SN for knowledge representation is due to an important advantage, which distinguishes it from
other models, such as natural representation of structural information and fairly simple renewal in a relatively
homogenous environment. The latter property is very important for RT IDSSs oriented to open and dynamical
subject domains.

A semantic network is a graph <V,E> with labelled vertices and arcs, where V and E are sets of vertices and
arcs, respectively. The vertices can represent objects (concepts, events, actions, etc.) of the subject domain, and
the arcs represent the relation between them.

We consider the structure of the SN in more detail using an example from power engineering -operation control of
nuclear power unit (Fig. 3).

We give a semantic interpretation of the information given in the SN for Situation 1 (Fig. 3b):

— It is recommended to inject TH11B01 with boric concentrate 40 g/kg caused by switching off ACS 1
(automatic cooling system) due to closing the gates TH11S24 and TH11S25;

—  ACS is switched off due to the closed gates TH12524 and TH12S25;

—  The upper setting T517B01 (pressure in the container of ACS 1) is equal to 63;
—  The lower setting T517B01 (pressure in the container of ACS 1) is equal to 56;
—  The upper setting TH11T500 (temperature in the frame of ACS 1) is equal to 60;
—  The lower setting TH11T500 (temperature in the frame of ACS 1) is equal to 20.

Situation ACS

- belonging relation.
@ Network classes.

- Indicates the objects, which initiate action;
ONetwork objects. €« Indicates the object being, exposed to action.
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Fig. 3 (a) A fragment of the semantic network that represents the metalevel
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Fig. 3 (b) A fragment of the semantic network that represents the situations (Situation 1 and Situation 2)
that were formed in the course of ACS functioning
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that were formed in the course of ACS functioning

4, Search for a Solution on the Basis of Structural Analogy Taking into Account the Context

In [7] it was proposed to consider an analogy as a quadruple A = <0, C, R, P>, where O and R are the source
object and the receiver object and C is the intersection object, i.e., the object that structurally intersects the object
source and object receiver, which has a larger cardinality of the set of properties as compared with these objects.
In other words, the analogy between the source object and receiver object is considered in the context of the
intersection, and P is the property for definition of the original context. The structure of this analogy is represented
in Fig. 4.

P

G ®

Fig. 4 Structure of analogy using the context

Using the described structure of the analogy, the authors of [7] propose an algorithm for the problem solution that
is based on an analogy of the properties. An SN with information about the subject domain, a receiver R, and the
property for defining the original context P provide input data for this algorithm.

The algorithm for the problem solution on the basis of an analogy taking into account the context consists
of the following steps.

Step 1. Determine all objects of the SN, except for receiver R, that have property P. If there are no objects of this
kind, then the search for a solution fails (without finding an analogy), otherwise, go to step 2.

Step 2. For the objects found in step 1, determine all possible intersections of C with R taking into account P. If
there are no intersections of C, the first search for a solution fails, otherwise, go to step 3.
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Step 3. From the objects extracted in step 1, determine all possible sources O for analogies with the receiver R
and the intersection C taking into account P. In the case of success (possible analogies for R are defined), go to
step 4, otherwise, the search for a solution fails.

Step 4. From the analogies extracted in step 3, choose the most appropriate (taking into account the
requirements of the DMP). In the case of success, go to step 5; otherwise, the search for a solution fails.

Step 5. The analogies obtained in step 4 (which could be previously compared with each other taking into
account the context) are given to the DMP, which means successful termination of the algorithm.

Having obtained analogies, the DMP may then make the final choice of the best ones. On the basis of these
facts, the facts (properties) that hold for the source O are transferred to the receiver R.

Consider a modified algorithm for a problem solution that uses the structural analogy based on the modified
structure of an analogy and the algorithm for the search of minimal intersections [5]. The modification consists in
the fact that P is considered not as a unique property, but as a set of properties that determine the original
context of the analogy.

As compared with the base variant, one of the main advantages of this modified algorithm is the possibility of
realizing the search for a solution on the basis of an analogy without refining the original context, since in the
result of the search for the minimal intersection, one can easily distinguish all possible contexts for the analogy.
For example, if it is necessary to find analogues for Situation 4 (Fig. 3c), then, for the base algorithm, one should
indicate property P to determine the original context (e.g., the property "Switch off ACS") since in the result
analogues will be obtained in all possible contexts. Another important advantage of the modified algorithm is the
possibility of a more detailed refinement of the original context for the determination of analogies; i.e., as P, one
can choose several properties (e.g., "Switch off ACS" and "Switch off-Close TH11S24"). This is especially
important in the work with a complex object, when one should operate with large amount of information, since the
more detailed the original context, the faster the search for a solution on the basis of analogies will be realized
and the more qualitative the solution obtained will be. Moreover, in the modified algorithm there is a possibility to
construct an analogy taking into account the context between well-known objects, the source and the receiver.

Thus, in the execution of the modified algorithm the procedure of searching for minimal intersections is used. In
turn, the minimal intersections determine the context for the analogy. At the second stage, depending on the fact
whether an object source and a property or a set of properties are given, or there is no refinement of the original
context from objects that are contained in the set of generators of minimal intersections, analogies are formed. In
the case of successful termination of the search for a solution on the basis of analogies, new facts for the receiver
object will be obtained.

5. Search for Solution on the Basis of an Analogy Based on the Structure Mapping Theory

Structure mapping theory (SMT) allows one to formalize the set of implicit constraints, which are used by the
human who operates notions such as analogy and similarity [8]. This theory uses the fact that an analogy is a
mapping of knowledge of one domain (base) in another domain (target) based on the system of relations between
objects of the base domain, as well as the target domain. The main principle of SMT is that of a systematic
character, which reflects the fact that humans (DMP) prefer to deal with a system of connected relations, not just
with a set of facts or relations.

According to SMT, the inference process on the basis of analogies consists of the following stages.

1) Definition of potential analogies. Having the target situation (target), define another situation (base) that is
analogous or similar to it.

2) Mapping and inference. Construct a mapping that consists of matches between the base and the target. This
mapping can contain additional knowledge (facts) about the base that can be transferred to the target. These
pieces of knowledge are called candidates of conclusions formed by an analogy.

3) Estimate the match "quality." Estimate the correspondence found using structural criteria such as the
number of similarities and differences, the degree of structural correspondence, and the quantity and type of new
knowledge synthesized by analogy from the conclusion candidates. We stress that the estimate of the "quality" of
matching in SMT is based only on structural criteria that distinguish analogies from other types of inference.

Besides analogies, other types of likeness based on structurally compatible mapping can be represented in SMT.
In the case of an analogy, only structures of relations are mapped, while the properties of objects that do not play
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role in the structure of relations are ignored. In strict likeness both the structures of relations and the properties of
objects are mapped. In purely external matching, object properties are mapped (e.g., as in the metaphor "The
road is like a silver band"), and in abstract mapping the entities in the base domain are not objects, but some
variables.

Consider the structure mapping engine (SME) which is based on SMT [8-9]. This mechanism is suited for
modelling inference by an analogy providing the match of an estimate independent of the subject domain. The
input data for the SME algorithm are structural representations of the base and target domains.

Algorithm SME consists of the following steps:

Step 1. Constructing local mappings. Determine the matches (mapping hypotheses) between separate elements
in the base and target domains by means of the following rules:

(1) If two relations have the same name, then create a mapping hypothesis.

(2) For the mapping hypothesis between relations, test the arguments: if they are objects or functions, then create
for them local mapping hypotheses. Determine the plausibility estimates for these local hypotheses using the
following rules:

(a) increase the plausibility degree for the correspondence if the base and the target relations have the same
names;

(b) increase the plausibility degree for the correspondence if it is known that the base relation has the parent
relation.

Rule (a) prefers the identity of relations, and (b) reflects the principle of the systematic character of relations.

Step 2. Construction of global mappings. Form mapping systems that use compatible pairs of objects (Emaps).
Unite them in systems of relation with compatible mapping of objects. With each global mapping of this kind
(Gmap), relate the set of conclusion candidates.

Step 3. Construct conclusion candidates. For each mapping Gmap, construct a set of the facts (possibly empty)
that occur in the base domain, which does not occur originally in the target domain.

Step 4. Estimate of global matches. The global matches receive a structural estimate that is formed taking into
account the plausibility of local correspondence. Terminate.

Thus, as a result, the most systematic consistent mapping structure Gmap that includes the following
components arises: matches is set of paired mappings between base and target domains; conclusion candidates
is the set of new facts that presumably are contained in the target domain; structure estimate is a numeric
equivalent of the match quality based on the structural properties of Gmap.

The main advantages of SME that are especially important for RT IDSS are the polynomiality of the considered
SME-algorithm and the simplicity of importing the conclusion candidates in the target domain. Note that this
mechanism is used in a number of research systems (in the domain of plausible inference on the basis of
analogies), in particular, in the systems ACME, LISA, IAM, Sapper, CyclePad, PHINEAS [10].

6. Conclusion

Methods of the search for a solution on the basis of a structural analogy were considered from the aspect of their
applications in modern IDSS, in particular, for a solution of problems of real-time diagnostics and forecasting.
Methods based on analogies of properties and relations were described. An example of an algorithm for the
search of a solution on the basis of an analogy of properties that takes into account the context was proposed. A
more efficient algorithm, in the sense of the solution quality, is proposed. It uses a modified structure of an
analogy that is capable of taking into account not one property (as in the base algorithm), but a set of properties.
These properties determine the original context of the analogy and transfer from the source to the receiver only
those facts that are relevant in the context of the constructed analogy.

We stress once again that analogous reasoning can be used both for solution of well-formalized problems and for
the problems of search forecast (as is done, e.g., in the JSM-method of automated hypothesis generation [11]). In
other words, analogous reasoning is an approximate inference rule based on heuristic mechanisms. Therefore,
any solutions obtained with the use of it should be amplified by reliable methods of reasoning if their use is
planned for making important decisions or actions.

The presented method was applied in realization of a prototype of a real-time IDSS on the basis of nonclassical
logics for monitoring and control of complex objects like power units.
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A MULTICRITERIA DECISION SUPPORT SYSTEM MULTIDECISION-11

Vassil Vassilev, Krasimira Genova, Mariyana Vassileva

Abstract: The present paper describes some basic elements of the software system developed (called
MultiDecision-1), which consist of two separate parts (the systems MKA-1 and MKO-1) and which is designed to
support decision makers in solving different multicriteria analysis and multicriteria optimization problems. The
class of the problems solved, the system structure, the operation with the interface modules for input data entry
and the information about DM’s local preferences, the operation with the interface modules for visualization of the
current and final solutions for the two systems MKA-1 and MKO-1 are discussed.

Keywords: multicriteria analysis, multicriteria optimization, multicriteria decision support system.

Introduction

Multicriteria decision making problems can be divided [Vincke, 1992] into two separate classes depending on
their formal statement. In the first class of problems a finite number of alternatives are explicitly given in a tabular
form. These problems are called discrete multicriteria decision making problems or multicriteria analysis

! This paper is partially supported by NSF of the MES, contract U-1401/04 "Interactive Algorithms and Software
Systems Supporting Multicriteria Decision Making"
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problems. In the second class, a finite number of explicitly set constraints in the form of functions define an infinite
number of feasible alternatives. These problems are called continuous multicriteria decision making problems or
multicriteria optimization problems

Different methods have been developed to solve multicriteria analysis problems, which can be divided into
several groups. A great number of the methods developed up to now can be grouped in three separate classes:
weighting methods, outranking methods and interactive methods. Each one of these methods has its advantages
and shortcomings, connected mostly with the ways of deriving information by the decision-maker (DM) regarding
his/her local and global preferences. The main element in the weighting methods is the way of determining the
criteria weights, which reflect DM’s preferences to the highest degree. Many methods for criteria weighting have
been developed. A value tradeoff method is proposed in [Keeney and Raiffa, 1976]. Several versions of the
analytic hierarchy process (AHP method) are developed in [Saaty, 1980], [Saaty, 1994], using pair-wise criteria
comparison. A direct ranking and rating method is proposed in [Von Winterfeldt and Edwards, 1986], in which the
DMs first rank all the criteria according to their importance. The weighting methods use a DM’s preference model,
which does not allow the existence of incomparable alternatives and the preference information obtained by the
DM (different types of criteria comparison) is sufficient to determine whether one of the alternatives must be
preferred or whether the two alternatives are equal for the DM. The outranking methods use a DM's preference
model which allows the existence of incomparable alternatives and the preference information obtained by the
DM may be insufficient to determine whether one of the alternatives is to be preferred or whether the two
alternatives are equal for the DM. The criteria and the alternatives are not compared by the DM in these methods,
but he/she has to provide the so-called inter- and intra-criteria information. Some of the more well-known
representatives of the outranking methods are ELECTRE I-IV methods [Roy, 1991], PROMETHEE I-Il methods
[Brans and Mareschal, 1990], TACTIC method [Vansnick, 1986] and others. In order to solve multicriteria analysis
problems with a large number of alternatives and a small number of criteria, the “optimizationally motivated”
interactive methods have been suggested [Korhonen, 1988], [Sun and Steuer, 1996], [Narula et al., 2003].

One of the most developed and widespread methods for solving multicriteria optimization problems are the
interactive methods [Gardiner and Vanderpooten, 1997], [Miettinen, 1999]. This is due to their basic advantages —
a small part of the Pareto optimal solutions must be generated and evaluated by the DM; in the process of solving
the multicriteria problem, the DM is able to learn with respect to the problem; the DM can change his/her
preferences in the process of problem solution. The interactive methods of the reference point (direction) and the
classification-oriented interactive methods [Miettinen, 1999] are the most widely spread interactive algorithms
solving multicriteria optimization problems. Though the interactive methods of the reference point are still
dominating, the classification-oriented interactive methods enable the better solution of some chief problems in
the dialogue with the DM, relating to his/her preferences defining, and also concerning the time of waiting for new
non-dominated solutions that are evaluated and selected.

The software systems supporting the solution of multicriteria analysis and multicriteria optimization problems can
be divided in two classes — software systems with general purpose and problem-oriented software systems. The
general-purpose software systems aid the solution of different multicriteria analysis and multicriteria optimization
problems by different decision-makers. One method or several methods from one and the same group are usually
realized in them for solving multicriteria analysis and multicriteria optimization problems. This is due to the
following two reasons:

- in the methods from the different groups, different types of procedures are used to get information from the
DM, which leads to considerable difficulties in the realization of appropriate user’s interface modules in the
software systems;

- the designers of the software systems are usually interested in the realization of their own method (methods)
or have distinct preferences towards methods from one and the same group.

The problem-oriented multicriteria analysis systems are included in other information-control systems and serve
to support the solution of one or several types of specific multicriteria analysis problems. Hence, some simplified
user’s interface modules are usually realized in them. That is why methods from different groups of multicriteria
analysis methods are included in some of these systems.

Well-known general-purpose software systems supporting the solution of multicriteria analysis problem are the
systems Expert Choice [Saaty, 1994], Web-HIPRE [Mustajoki and Hamaiainen, 2000], HIVIEW [Peterson, 1994],
ELECTRE IlI-IV [Roy, 1991], PROMCALC and GAIA [Brans and Mareschal, 1994], Decision Lab [Brans and
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Mareschal, 2000], VIMDA [Korhonen, 1988]. One representative of the problem-oriented systems called Agland
Decision Tool is discussed in [Parsons, 2002].

Some well-known general-purpose software systems, which solve problems of multicriteria optimization, are the
systems VIG [Korhonen, 1987], NIMBUS [Miettinen and Makela, 2000], DIDAS [Lewandowski and Wierzbicki,
1989], CAMOS [Osyczka, 1988], LBS [Jaszkiewicz and Slowinski, 1994], DINAS [Ogryczak et al., 1992], MOLP-
16 [Vassilev et al., 1993], MONP-16 [Vassilev et al., 1993], MOIP [Vassilev et al., 1997]. The first type comprises
the interactive algorithms of the reference point and of the reference direction [Wierzbicki, 1980], [Korhonen,
1987]. These are systems such as DIDAS, VIG, CAMOS, DINAS and LBS. The second type of interactive
algorithms includes the classification-oriented algorithms [Benayoun et al, 1971], [Miettinen, 1999], [Narula and
Vassilev, 1994], [Vassileva et al., 2001]. These interactive algorithms are built in the systems NIMBUS, MOLP-16,
MONP-16 and MOIP.

The present paper describes some basic elements of the software system developed (called MultiDecision-1),
which consist of two separate parts (the systems MKA-1 and MKO-1) and which is designed to support decision
makers in solving different multicriteria analysis and multicriteria optimization problems. The class of the problems
solved, the system structure, the operation with the interface modules for input data entry and the information
about DM's local preferences, the operation with the interface modules for visualization of the current and final
solutions for the two systems MKA-1 and MKO-1 are discussed.

Functions, Structure and User’s Interface of MultiDecision-1 System

The system MKA-1, the first part of the system MultiDecision-1, is designed to support decision-makers in solving
different multicriteria analysis problems. In MKA-1 system an attempt has been made to realize three methods —
a weighting method, an outranking method and an interactive method. These methods are respectively AHP
method [Saaty, 1994], PROMETHEE Il method [Brans and Mareschal, 1990] and CBIM method [Narula et al.,
2003]. They are the most often used methods in the three groups of methods. The interface modules in the
system allow the successful realization of different types of procedures for obtaining information by the DM and
also for the entry of different types of criteria — quantitative, qualitative and ranking criteria.

The system MKO-1, the second part of the system MultiDecision-1, is designed to support decision-makers in
solving linear and linear integer problems of the multicriteria optimization. Three classification-oriented interactive
algorithms [Vassilev et al., 2003], [Vassileva, 2004] are included in MKO-1 system, which enable the DM define
not only desired and acceptable levels of the criteria (as in reference point interactive algorithms), but also
desired and acceptable intervals and directions of alteration in the values of the separate criteria. The first
interactive algorithm, called GAMMA-L is intended to solve linear problems of the multicriteria optimization: The
second and the third algorithms, called GAMMA-I1 and GAMMA-I2 respectively, are designed to solve linear
integer problems. In solving integer problems of the multicriteria optimization, the dialogue with the DM is
influenced largely by the time, during which he/she is expecting new non-dominated solutions for evaluation and
choice. This is so, because the single-criterion integer problems [Nemhauser and Wolsey, 1988], solved at a
given iteration, are NP-problems and the time for their exact solution is an exponential function of their dimension.
When the solution time proves to be much longer, the DM may lose patience and interrupt the dialogue, refusing
to look for a new solution. The classification-oriented interactive algorithms GAMMA-I1 and GAMMA-I2 allow at
each iteration the solving of single-criterion problems with two basic properties: a known initial feasible solution
and a comparatively “narrow” feasible region. The properties of this type of single-criterion problems, above
indicated, facilitate their solution, and also enable the use of approximate single-criterion algorithms. There exists
at that high probability that the solutions found will be close to or coincide with the non-dominated solutions of the
multicriteria problem.

The system MKA-1 consists of solving modules, interface modules and internal-system modules. This modularity
enables greater flexibility when including new methods or new interface realizations. The MKA-1 system contains
three solving modules. Every module encloses a software realization of one of the three methods - AHP method,
PROMETHEE Il method and CBIM method and help procedures for each method as well.

The system modules contain all global definitions of variables, functions and procedures of general purpose. The
object possibilities of Visual Basic are utilized in MKA-1 system, creating several classes with respect to internal
system structures. They are: a class for messages, which capsules the output of error messages, dynamic
context help information and registering of events in the debug window; a class matrix with some specific
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procedures, necessary for AHP method, a class for storing the information specific for the criteria in
PROMETHEE method and a class for storing system site. The renewal function starts the installation procedure.
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Fig. 1. MKA-1 system PROMETHEE solving windows.

The interface modules ensure the interaction between MKA-1 system, the DM and the operating system. This
interaction includes the entry of the data for the multicriteria problems, the entry of information specific for every
method, information about DM’s preferences, visualization of the current results and of the final result, graphical
presentation of the solutions, print out, reading and storing of files, multi-language support, etc. Fig. 1 shows a
window with DM’s preferences in operation with PROMETHEE Il method for one real multicriteria analysis
problem, concerning the selection of an appropriate marketing action for advertising of bicycle manufacturing
company products [Brans and Mareschal, 2000].

The interface with the DM is realized on the principle of an adviser — a sequence of windows (steps), each one
with a distinctly expressed function, which considerably assists and facilitates DM's work. The DM has the
possibility to move forward to a following step and also backward; returning for some corrections to the
information already entered. The windows, which must be accessible in more than one stage of DM’s operation
with MKA-1 system, are included in the menu or in the instruments' band. MKA-1 system possesses dynamic
context help information. It gives a brief description of every visual component just by dragging the mouse over it.
In addition to this, a debug window is used, that outputs service information about the system internal processes.
It can be printed out or stored in a text file. This allows the obtaining of exact debug information when an error
occurs. MKA-1 enables the storing in a file of the input data for every multicriteria problem and of the data about
the solution process. Thus the solution process of a multicriteria problem can be interrupted at any stage and
activated from the place of its interruption at any time. MKA-1 system has comparatively rich printing functions -
every piece of the data (entered or computed) may be printed. In this way the entire process of decision making is
documented — you can review the input data of the multicriteria problem, the DM’s preferences entered, the
current values obtained, and the final result also, which on its turn can be printed out in the form of values
or graphics.

MKO-1 system consists of the following three main parts: a control program, optimization modules and interface
modules. The control program is an integrated software environment for creating, processing and saving of files
associated with MKO-1 system (ending by “.mko” extension) and also for linking and executing different types of
software modules. The basic functional possibilities of the control program can be divided in three groups. The
first group includes possibilities to use the standard for MS Windows applications menus and system functions -
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“File”, “Edit”, “View”", “Window”, “Help” and others in system own environment. The second group of control
program facilities includes the control of the interaction between the modules realizing: creating, modification and
saving of “.mko” files associated with MKO-1 system, which contain input data and data concerning the process
and the results from solving multicriteria linear and linear integer problems; interactive solution of the multicriteria
linear and linear integer problems which have been entered; localization and identification of the errors occurring
during the system operation. The third group of the functional features of the control program includes
possibilities for visualization of important information concerning the DM and the system operation as a whole.

The optimization modules realize three classifications oriented interactive algorithms GAMMA-L, GAMMA-I1 and
GAMMA-I2, and also exact and approximate single-criterion algorithms solving problems of the linear and linear
integer programming.

The interface modules realize the dialogue between the DM and MKO-1 system during the entry and correction of
the input data necessary for the multicriteria problems during the interactive process of these problems solution,
and also for the dynamic visualization of the main parameters of the process. An editing module serves to enter,
alter and store the descriptions of the criteria, of the constraints, and also of the type and bounds of variables'
alteration. Another interface module enables the setting of DM’s local preferences for alteration in the values of
the separate criteria. A third interface module realizes two types of graphic presentation of the information about
the values of the criteria at different steps and the possibilities for comparison. Dynamic Help is provided, which
outputs specific information about the purpose and way of use of the fields and radio buttons in a separate
window.
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Fig. 2 MKO-1 Solving
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MKO-1 system is working under MS Windows. It can be added to Programs group and/or with a Desktop icon,
from where it is started. The system registers the “.mko” extension and associates it. Thus at double clicking on a
valid “.mko” file, the system will be started and this file will be loaded. There is a menu in the main window with
the standard for MS Windows drop-down menus and commands. With their help, the operation of a new file is
started or an existing “.mko” file is loaded and the operation may continue with the information stored in it.

The entry and correction of the problem criteria and constraints is realized in “MKO-1 Editor” window. Every
criterion and every constraint is entered separately in the respective text field for edition. Syntax check is
accomplished when they are added to the data already entered. The syntax accepted is similar to the
mathematical record of this class of optimization problems. The type of the optimum looked for is entered first —
‘min” or “max”. After that, the digital coefficient with its sign is entered, followed by the variable name it refers to.
The variables names can be an arbitrary set of letters and numbers. Each one of these elements is separated by
a space. The constraints have similar syntax — digital coefficients and variables names are successively entered.
The type of the constraints is defined by some of the symbols “<=", “>=" or “=". By double clicking on the
constraint or criterion already entered, they are transferred to the editing field again, if subsequent corrections
are necessary.

The interactive problems' solution is realized in “MKO-1 Solving” window. “MKO-1 Solving” window is divided into
several zones (Fig. 2). Its upper part contains a band with buttons that realize the main functions of the process
for interactive solution of multicriteria linear and linear integer problems.

The next field of “MKO-1 Solver” window contains radio buttons for setup of the MKO-1 solution looked for:
continuous, integer, approximate integer, the closest integer, as well as weak Pareto optimal or Pareto optimal.
Below them information is found about the time of the system operation for the current problem in seconds, the
number of the step being currently considered and the total number of the executed steps.

Two text fields follow. The first one outputs successively the values of the criteria obtained at the current step. It is
an operating field where DM’s preferences relating to the search of the next solution are set. After marking each
one of the criteria, a context field is opened with the help of the mouse right button, where the DM sets the
desired alteration in the value of this criterion at a following iteration. In case the selection is connected with the
necessity to enter a particular value, MKO-1 system opens an additional dialogue window and waits for the entry
of the corresponding digital information.

When interactive algorithms are used for multicriteria optimization problems solving, it is an advantage to present
information not only about the last solution found, but also about the process of search, about all the previous
steps. Given that some significant solutions are made on the basis of these results, it is important for the DM to
be able to “testify” how he has reached this solution. That is why the information about the interactive process of
multicriteria optimization problem considered, which consists of the problem input data, the solutions obtained at
each step, the preferences set by the DM for a new search and the constructed scalarizing problems, saved in
*.mko files associated with MKO-1 system serve not only for restarting an interrupted solution process, but also
for documentation. "Print” command from the main menu can be used for selective print of the type of information
chosen by the DM.

Conclusion

MultiDecision-1 system is designed to support DMs in solving different multicriteria analysis and multicriteria
optimization problems. MKA-1 system is designed to support the DM in modelling and solving problems of
multicriteria ranking and multicriteria choice. The integrating of three different types of methods expands DM’s
possibilities to set his/her preferences about the quality of the most preferred solution. MKO-1 system is designed
to model and solve linear and linear integer problems of multicriteria optimization. The interactive classification-
oriented algorithm included in the system offers the DMs wide possibilities to set his/her preferences about the
qualities of the most preferred solution. The user-friendly interface of MKA-1 system and MKO-1 system
facilitates the operation of DMs with different qualification level relating to the analysis and the optimization
methods and software tools. MKA-1 and MKO-1 systems can be used for the purposes of education and for
experimental and research problems solving as well.
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RECOGNITION ON FINITE SET OF EVENTS: BAYESIAN ANALYSIS OF
STATISTICAL REGULARITY AND CLASSIFICATION TREE PRUNING

Vladimir B. Berikov

Abstract: The problem of recognition on finite set of events is considered. The statistical regularity of decision
functions for this problem is studied within the Bayesian approach. The results are applied in pruning of
classification trees.

Keywords: statistical regularity, Bayesian learning, classification tree pruning.

Introduction

In the theory of statistical pattern recognition, an important problem is the statistical regularity of decision
functions. This problem arises from the need to find a decision function having good generalization ability
provided that the probability distribution is unknown, and learning sample has limited size.

A number of different approaches to the solution of the problem can be formulated: experimental approach
(based on one-hold-out procedure and its modifications), probabilistic approach (based on preliminary evaluation
of distribution law), the approach based on principles of multivariate statistical analysis, statistical learning theory,
algorithmic approach, Bayesian learning theory.

Experimental approach is extremely labor-consuming; within the framework of the probabilistic approach
asymptotic quality evaluations are received basically. In the next approaches, the finiteness of sample is taken
into account; however multivariate analysis requires rather bounded classes of distributions and types of decision
functions.

Statistical and algorithmic approaches are oriented basically on worst-case analysis. So the received
performance estimates are powerfully lowered. Within the Bayesian approach, the average-case estimates are
received, which, as was shown in [1], are more fit to volumes of samples available in practical tasks.
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Regrettably, the expressions, received within the Bayesian approach, as a rule, have unclosed form, are
cumbersome and labor-consuming in calculating. Thus, a problem of finding more effectively calculated
evaluations (possibly, approximate) is actual. These evaluations are to be applied as a quality criterion in a
learning step at the building of decision functions from the sample.

The study of statistical regularity undertaken in given work has the following particularities. Firstly, the Bayesian
approach is applied. Secondly, the narrower class of recognition problems — the problems of recognition on finite
set of events is considered. This type of problems is most suitable for analytical studies. On the other hand, the
results can be extended on broadly used classes of decision functions — logical decision functions and
decision trees.

Main Definitions

Let us consider a pattern recognition problem with K=2 classes, input features Xi,Xs,. X, and output feature Y
with domain Dy={1,...,K}. Denote D; as a set of values of feature X, i=1,...,n. Suppose that the examples from

general sample are extracted by chance, therefore the features Y, X; are casual. A function £ : H D, — D, is
i=1

called the decision function. A special kind of the decision function is a decision tree T. Consider binary trees:

each node ¢ € T of the tree can be branched out into two branches. Each internal node is labeled with a feature

and each branch corresponds to a subdomain of definition of that feature. To each leaf we assigned the majority

class of all examples of this leaf.

Decision function is built by the random sample of observations of X and Y («learning» sample). Let learning
sample be divided on two parts. The first part is used to design decision tree T, and the second part to prune it.
Let 7, be a pruned decision tree. During the pruning process, one or more nodes of T can be pruned. By
numbering the leaves of a tree, we can reduce the problem to one feature X. The values of this feature are coded
by numbers 1,...,j,..., M, where M is number of leaves. Let pj be the probability of joint event “X=j, Y=i". Denote

a priory probability of the i-th class as p'. It is evident that Zp=1, Lpi=p’. Let N be sample size, n; be a

frequency of falling the observations of i-th class into the j-th cell. Denote s =(n;,n?,....n" ,ny,....nk ). Let us
consider the family of models of multinomial distributions with a set of parameters ®={0}, where

learning sample for the given decision function.

The random vector of frequencies S belongs to the multinomial distribution with parameter vector &. In applied
problems of recognition a vector & is usually unknown. We use the Bayesian approach: suppose that random
vector ® =(P',...,R*,P,..., P ) with known priory distribution p(6) is defined on the set of parameters.

In the given work the case of uniform density p(8) = const is considered. This assumption is defensible if a

priory vagueness in choice of model is available. Let Y=f(X) be a decision function which has been found on
sample s with the help of some deterministic algorithm. The probability of misclassification for this function equals

toP,(®)=1-3 P/
J

Bayesian Estimate of Decision Function Performance and Decision Tree Pruning

The mean misclassification probability for decision function fis denoted as P, ; = EP,(©).

Proposition 1: P, ; = W
. +

The value Prs will be called the Bayes estimate of misclassification probability for decision function f and
sample s.
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Proposition 2. The variance of misclassification probability equals: VP, . = N KM Al
’ + +

The proofs are given in [2]. The mean and variance, P;s and VPes, can be used for calculation of tolerance
interval for the value of misclassification probability [2].

Let us suppose that there is an algorithm which can grow decision tree for classification of observations from first
part of the sample. The parameters of the algorithm should be chosen in such a way to get a large number of
leaves in the tree. Next, we classify the examples from the second part of the sample to define how many
examples of each class are assigned to each node. Consider arbitrary subtree T of the initial tree (T and initial
tree have the same root). The set of leaves of T can be considered as a set of values of feature X. The vector of
the observed frequencies for all leaves can be considered as a vector of frequencies s. Note that subtree T does
not depend on the vector s, because the observations from pruning part are not participated in the tree building.

For subtree T, we can compute the Bayesian estimate of misclassification probability Pr. This value can be used
as criterion of quality for subtree. An optimization of the criterion gives optimization of the tree complexity (the
number of leaves become optimal).

Let us suppose that vector 8 is fixed, but unknown parameter vector. In this case, the Bayesian estimate of
misclassification probability for decision function is the approximation of the true unknown generalization error. It
is possible to show that the Bayes estimate is asymptotically unbiased. In the same time the empirical error

estimate (%) is unbiased, however the variance of the Bayesian estimate is less than the variance of the
empirical estimate. In this sense, the Bayes estimate is more stable.

Numeric Simulation

For numeric experiments the breast cancer database [3] was used. For decision tree building was used standard
algorithm C4.5 [4]. The algorithm grows a large tree from learning sample. Then this tree is pruned by second
part of learning sample. The “greedy” algorithm of optimal pruning variant search is applied. After the pruning,
obtained decision tree is evaluated by test data set.

Three different strategies of experiments were considered.

1. The data set is divided into three parts: for decision tree growing 50%, for pruning 30% and for testing 20%.
Standard reduced error pruning method (REP) [4] was used for pruning.

2. The data set divided in the same way as in first strategy. We used the Bayesian estimate of error probability
for pruning.

3. The data set is divided into two parts. The first one (80%) is used for decision tree growing and then for
pruning and the second one (20%) is used for testing. The Bayesian estimate is used for pruning. It is
known that if growing and pruning sets coincide, the effect of overtraining arises. The purpose of this
experiment is to study the behavior of the decisions in this situation.

All experiments were repeated 200 times. Before each experiment, the observations in data set were
randomly mixed.

The following results of computer modelling were obtained. For first and second strategy, the errors on test
sample coincide (0.022 at average). For third strategy, REP could not prune the tree; the average error on test
samples for the Bayesian pruning algorithm was 0,067.

For the next experiment, artificially generated data table was used. This table was unbalanced: the frequencies of
classes differ in a large degree (fist class represents 5% and second 95% of sample size of 1000 examples). The
10-fold cross-validation technique was applied for quality estimation. It turned out that the proposed method
accuracy was 7% better than the accuracy of REP.

Conclusion

Within the framework of the Bayesian learning theory, the problem of statistical regularity of decision functions for
recognition on finite set of events was considered. It was shown that the obtained results can be applied for
classification tree pruning. Numeric experiments showed that the Bayesian pruning has at least the same
efficiency or better than standard reduced error pruning, and at the same time it is more resistant to overtraining.



KDS 2005 Section 3: Decision Making 289

Acknowledgements

This work was supported by the Russian Foundation of Basic Research, grant 04-01-00858a

Bibliography

[1] Lbov, G.S., Startseva, N.G., About statistical robustness of decision functions in pattern recognition problems. Pattern
Recognition and Image Analysis, 1994. Vol 4. No.3. pp.97-106.

[2] Berikov V.B., Litvinenko A.G. The influence of prior knowledge on the expected performance of a classifier. Pattern
Recognition Letters, Vol. 24/15, 2003, pp. 2537-2548.

[3] UCI Machine Learning Database Repository. http://www.ics.uci.edu/~mlearn/ MLRepository.html
[4] Quinlan, J.R. C4.5: Programs for Machine Learning. Morgen Kaufmann, San Mateo, CA, 1989.

Author's Information

Vladimir Berikov — Sobolev Institute of Mathematics SD RAS, Koptyug pr.4, Novosibirsk, Russia, 630090;
e—mail: berikov@math.nsc.ru

DECISION FOREST VERSUS DECISION TREE
Vladimir Donskoy, Yuliya Dyulicheva

Abstract: A research and improvement of learning and recognition algorithms based on building up binary
decision trees (BDT); to working out the rules for binary decision trees pruning on the basis of conjunctive
reqularities evaluation; to creating consistent decision tree family synthesis procedure (i.e. the empirical decision
forest synthesis algorithm) and pruned decision trees family correction methods as a set of heuristic procedures
for decision making are considered.

Keywords: empirical decision forest, conjunctive regularity, decision tree pruning criterion, overfitting, VCD of
decision rules class

Introduction

A decision forest versus a decision tree problem is to compare the advantages and disadvantages of two
inductive models. In this paper we discuss the following question. What are the possibilities that make the
empirical decision forest more effective versus the decision tree?

The advantages of the proposed empirical decision forest versus the decision tree are grounded a more effective
mechanism of regularities reveal from data; the maximal employment possibility of all initial training information;
insignificant complication of the decision making procedure; a possibility of accurate fitting on the correct
classification of much more training objects number; insignificant complication of the decision rules class
generated from the empirical decision forest compared to the decision rules class generated from the single
decision tree.

It is known that increase of the decision tree structure complexity facilitates to obtaining of a correct recognition
algorithm according to the initial training sample, i.e. precisely fitted on the training sample. If the decision tree
structure complexity is not restricted, it is always possible to build up the non-unique precisely fitted on the
training sample (correct according to the initial training sample) learning algorithm with the decision tree structure.
Based on Vapnik-Chervonenkis’ statistical learning theory the decisions (the required recognition algorithms) will
be found in the class of unbounded capacity that one makes a learning ability with the given guaranteed accuracy
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impossible. A theoretically grounded undesirability of the decision tree structure complication in the synthesis
(learning) process finds a confirmation in an overfitting effect discovered in the numerous experiments.

The decision trees complexity is naturally restricted based on the decision trees branches pruning or the leaves
number reduction. The well-known approaches [Breiman, 2001; Breslow, Aha, 1997; Frank, 2000; Ho, 1995; Ho,
1998; Malerba, Esposito, Semeraro, 1996; Murphy, Pazzani, 1994; Schaffer, 1993] aimed to the restriction of the
decision trees structure complexity were dedicated to a compromise searching for the redundant complication of
the decision tree structure and the obtaining of quality evaluation of the constructed decision tree as high as
possible.

Saving the ability to the classification quality increase on control the pruning usually leads to the incorrect
decision tree synthesis according to the training sample. However pruning process can lead to the classification
rules errors according to the reliable training sample in case of the incorrect decision tree precisely fitted on the
sample.

It is arisen a following new “subtle” problem statement. Is it possible (and if possible then how) to obtain the
decrease of the decision tree structure complexity saving the requirement of its correction according to the
reliable training sample? Exactly in this context the investigations were carried out directed to the dilemma
resolving: to fit the decision tree precisely on the reliable training sample or to restrict the decision rules
complexity for saving the high capability to generalization of the initial training sample properties on the basis of
the empirical induction principle.

1. Decision Trees Pruning Criterion Reasoning

Since it is undesirable to complicate the decision trees in connection with their overfitting on the training sample,
the decision tree complexity ground problem is becoming especially important. For binary decision tree structure
this problem is connected with decision tree pruning. Unfortunately most acknowledged decision tree pruning
algorithms have no any grounding. We propose a grounded decision tree pruning strategy on the basis of a
conjunctive regularity notion.

Let 7,,,, be an initial training sample that is given as an empirical training table, where m be the objects

number or the table’s rows number; n be the attributes number or the table’s columns number and a goal
column is not separated from the training table columns. Let 7},,,, be a standard training table with separated

goal column where ¢ the number of classes and the goal column consists of the classes’ labels. Suppose that
the classes’ label values are Boolean and if (xl,...,xj,...,xn ): xeT,,s then x; € {O, 1}, i=ln.

Whereas the training sample size is bounded compared to a universe size the regularities reveal process from
the empirical training table has a hypothesis character. We specify a notion of a conjunctive regularity of rank r

according to the training table 7,,,,, .

Definition 1.1 A conjunction of rank r K, = xl.(:_il & xgiz &...& xfi’ is called the conjunctive regularity

of rank r according to the empirical training table T,,,, if there exists r columns with numbers ij,i,,..., i,
and column with number k ¢ {il,iz,...,ir} such that the variable X, takes on the same value y5 for all

rows X €T, wit a property Xj =0 ,Xj, =0j,,...,X; =0; . In additon the sets

{Y:xil =0j:%j, =0jy,-.,X; =0 }men =1, and T,,, \ Tj are not empty.

Let BDTy’m’n be a binary decision tree (BDT) with w leaves being built up according to the training table
T,

mn *

K,,1 ,K,,2 ""’Kr,, ensuring the decisions derivation. These conjunctions are orthogonal by pairs since they

Based on the conjunctive regularity notion BDT defines the conjunctive regularities set

correspond to different branches of the decision tree.
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Theorem 1.1 A probability Pgpr (,u,m,n) of a random derivation of property x; for an arbitrary object
X = (%], X350, Xj_1» X +1,---» X;, ) bEiNg uniformly selected from Boolean vectors set with length n-1 based

on the correct binary decision tree with 4 leaves being built up according to the empirical training table is
evaluated by the following inequality

H . —(m+r,—2’-/j
PBDT(,u,m,n)< > (n—rj )C,:f 2 ‘ (1.1)
j=1
where HsPyseunsly A€ the decision tree branches’ ranks.

Remark 1.1 If the decision tree being built up according to the standard training table with n Boolean attributes
then the probability of the random finding of this decision tree is evaluated by the following inequality

7

& ey )
Papr(mm.n)< ¥ G2 (12),
Jj=1
where 7,7,,...,7, be the ranks of conjunctions that correspond to BDT's branches; and 4 be the number of
leaves.

The conjunctive regularity of rank r defines an implicative rule of the decision making

(xl.clr"l & xgiz &..& xl.ai’ j — X% (1.3),i.e. this rule allows to compute a value of the goal variable x if

a vector X = (xl,xz,...,xn) belongs to the interval Nx -~ corresponding to the conjunction K, from the left

part of the implicative rule (1.3).
Based on Kolmogorov' approach which considers regularity as non-randomness, the remark 1.1 result and the
implicative rule (1.3) a “non-random” decision will be derived from the training sample with probability less than

H ) —(m+r~—2rj)
->ci2v

j=1
Let D L mon be a class of all possible correct decision trees with z leaves being built up according to the

standard empirical training table 7,,,,. On the basis of evaluation (1.2) it is defined a quality functional
@Dy my = R asfollows

.
m+r; =27

o(d)= max | C}J 2_( ) (14)

1<j<u

The quality functional ¢(d ) is the evaluation of “worse” case, i.e. decision making is accomplished the decision
tree branch of maximal rank. It is grounded by the following lemma.

Lemma 1.1 A value A(n,m,r)= CZZ_(’"”_Zr) is growing monotonously along with the growth of BDT

branches’ rank r,if »>2 and n>r+1.

Hence it is naturally arisen the quality functional minimization problem. The result of lemma 1.2 is the optimal
decision tree structure.

Lemma 1.2 The quality functional go(d ) minimum defined on the set D, ,,, ,, of the binary decision trees

o
'
m+r; 2 j

(p(d*)z min  max C,ZJZ(
deD, , , 1Sj<su
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is reached if y = Zk,k eN,ie. a’>k be the complete decision tree or if u # 2% and the decision tree d*

satisfies to conditon  max ‘r~ -7 ‘ <1, where HsPysensly be conjunctions’ ranks corresponding to the

1<j<q2u s
branches of BDT d .
Definition 1.2 The binary decision tree is named uniform if its branches’ rank differ at most one.

Theorem 1.2 The uniform trees have the minimum evaluation (1.4) of the probability of random decision
derivation in the empirical decision trees class D, , ,, -

Theorem 1.2 result is the theoretical grounding of the decision tree branches pruning that maximize the quality
functional value (1.4), i.e. the decision tree branches criterion. The pruning process directs to the decision tree
structure simplification for obtaining the decision tree structure which is as close as possible to the uniform
decision tree structure.

2. Decision Forest and Decision Rules Synthesis Algorithms

A new proposed synthesis algorithm of an empirical decision forest inductive model is the prepruning strategy
with a special mechanism of the attributes review. The empirical decision forest (EDF) synthesis is aimed at
searching for such forest's branch system that would give a correct classification for all objects of the no
contradictory training sample based on the conjunctive regularity of the predetermined admissible rank.

Definition 2.1 An interval N K; corresponding to the decision tree branch with rank rp>r (r be the
predetermined admissible rank) is named a binary decision tree rejection set.

It is supposed that the empirical binary decision tree rejection set contains objects influencing on the binary
decision tree structure complication, i.e. the leaves number increase or the branches’ ranks increase.

Definition 2.2 A pointer on the decision tree d, root node placed in every leaf of the decision tree d
corresponding to the rejection set is called a reference ¢y, from the decision tree d; to the decision tree d- .

Definition 2.3 An ordered set of the empirical decision trees D, :(dl,dz,...,dq) with the references

€12,€235--->Cq—14 1S Named the empirical decision forest.

Define two types of the empirical decision forest depending on the capability to recognize correctly objects from
the initial training sample, i.e. the capability to fit precisely on the training sample without the overfitting effect
appearance.

Definition 2.4 The empirical decision forest is called r-correct according to the standard training table 7,,,,,, if all
its trees (dl,dz,. .od q) have branches’ rank values no more than predetermined admissible rank r value, the
last in order decision tree dq has no branches corresponding to the rejection sets and decision rules being
generated from the empirical decision forest allow to compute precisely the classes’ label for all objects from the
training table 7,,,,. The empirical decision forest is called r-incorrect according to the training table 7,,,, if
there exists at least one training object incorrectly classified by the empirical decision forest.

The main idea of the decision rules synthesis so called decision making procedure with references switching

based on the empirical decision forest that is made up by the decision tree family (dl,dz,. . .,dq) is as follows.

In case there is no conjunctive regularity in ] decision tree with the rank admissible for the classification of the
object that is not a part of training, its classification is to be performed by another decision tree d . If there is no
conjunctive regularity in d; decision tree with the predetermined admissible rank, the object is to be “transferred”
to the next decision tree that is defined by the order of the empirical decision forest tree synthesis.

The synthesis algorithm of the r-pruned empirical decision forest
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10. The decision tree d; is built up based on one of the synthesis strategies proposed in [[JoHckoi B.W., bawTa
AMN., 1992; Cremilleux, Robert, 2000]. If it is correct according to the standard training table 7,,,,, and its
branches’ ranks do not exceed the predetermined admissible rank r then the empirical decision forest synthesis is
complete and the algorithm result is the forest composed of one decision tree D, = (dl ) Otherwise go to 20.

20 Let X ={x|,x;,...,x,} bean initial attributes set, X, be an attributes set used in the first decision tree

d; synthesis process. If there exists at least one branch of the first decision tree d; which rank value exceeds

the predetermined admissible rank value then this branch is pruned and the reference from the first decision tree
d) to the second decision tree d, is placed. The decision tree branch pruning is to replace internal node with

number (r+1) by a special terminal node named the reference. The rejection set is defined as interval
corresponding to the decision tree pruned branch. The decision tree with the references, i.e. not empty rejection

sets, is named r-pruned decision tree. The references to the decision tree d, are placed for all decision tree d;
rejection sets. The decision tree d, is built up first of all on the attributes from X \ X d, set if the set is not

empty and it has enough training objects for the decision tree d, synthesis. If X \ X d = @ then the attributes

choice order is changed compared to the decision tree d; attributes choice order. Let N K be the decision
tree d; united rejection set; 7, =7,y "N K; be a set of the training objects from different classes that
belong to the rejection set N K . The decision tree d5 is built up according to the training table 75 and then is

rebuilt up according to the training table 7,,,,,, \ 75 . The result of two algorithm steps is as a matter of fact the r-

incorrect decision tree /, and therefore the r-incorrect empirical decision forest D, = (d;,d, ). If the r-correct

empirical decision forest is obtained then the decision forest synthesis algorithm is complete, otherwise it is
necessary to construct a decision tree d5 with reiteration all main stages of step 2°.

/\

first decision

tree synthesis
according to
Tmn/

Pruning and first decision tree
rejection set (Rejection Set1)
creation

second decision
tree synthesis
according to
Rejection Set1
objects and

X\ Xy, attributes
1

second decision tree “completion”
accordingto 7\ Rejection

mnl

/ Set1 training objects

pruning and the total rejection set

creation (Rejection Set1 and Rejection
Set?2) based on first and second decision

Picture 2.1 The main stages of the empirical decision forest synthesis algorithm
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The possible stopping criteria of the empirical decision forest synthesis process are
1. r-correct empirical decision forest has been built up;
2. the attempts of new decision trees synthesis have been performed more than given repeats number;
3. Computer resources needed for decision forest trees location have been limited.
The picture 2.1 illustrates the main stages of the empirical decision forest synthesis process.
The decision trees as components of the constructed empirical decision forest contain two types of the terminal

nodes: the terminal node with class label typically named leaf and the terminal node corresponding to the
rejection set named cut (pruned node) or reference.

The empirical decision forest correctness condition will be met if some conjunctive regularity of the predetermined
admissible rank is found for each object from the noncontradictory training table.

Theorem 2.1 The r-correct empirical decision forest according to the training table 7,,,,, exists if and only if
there exists the interval N with rank value that does not exceed the predetermined admissible rank value such

that X € N% and the set N% N T,,,,, contains the training objects belonging to only one class.
The decision rules (disjunctive normal forms) synthesis algorithm
generated from the empirical decision forest
10, The conjunctions corresponding to the all branches of first decision tree as forest component with classes’
label are “written out” and the disjunctive normal form D (a) j) is formed for each class @;, j=1,0 as the

logical description of the class with number ;.
L. Let D;_4 (a; j), R;_1 have been built up (let R;_1,i#1 be the rejection sets intersection as the logical

description of all i —1 decision trees generated from the empirical decision forest). For the decision tree d; the
logical description construction for class with number | is given as recursive procedure
Dylw; )= Din(o; )V (Riy A Dy{w; ).

The decision derived from the empirical decision forest according to the recognition algorithm with references

switching out is made on the basis of only one conjunction of the bounded rank but possibly in condition when all
previous decision trees from the empirical decision forest are rejected to decide. The main property of each such

conjunction is its correctness according to the training table 7,,,,,, i.e. it is implemented only for one class
objects.

The appropriateness of further recognition rules complication for building up decision making correction
procedures is grounded on the basis of VCD evaluations for recognitions class algorithms that are defined by the
empirical decision forest, i.e. the decision trees family using special pruning procedure.

Compared VCD evaluation for decision rules class generated from the decision tree with Simon’s bounded rank

[Simon, 1991; Owonnyesa 0.10., 2003] VCD(rDTn)= @(nr) with VCD evaluation for the decision rules class

generated from the decision tree with bounded leaves number VCD(BDT (u,n))=®(log, 1) it is valid to

say that the decision tree structure optimization on the basis of leaves number is more effective than the decision
tree structure optimization on the basis of Simon’s bounded rank. The conclusion novelty concludes in grounding
of the decision tree structure optimization on the leaves number according to Vapnik-Chervonenkis’ theory.

The evaluations of VCD of the decision rules class generating from the empirical decision forest were derived:

max(,uq,logz n) < VCD(BDF(n, M7, q)) <ruqlog, n— uqlog, %

VCD(BDF (n, 1,7,q))= ©(log, n) where r, 1,q = const, n — o

The evaluations show that the recognition algorithms class based on the empirical decision forest synthesis has
the same degree of complexity as the class of algorithms that are based on the single decision tree use and is

equal to @(log2 n) where n be the attributes space dimension.
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3. Decision Forest Based Technology. Some Experiments Result

The worked out program software so called Forest Based Learning (FBL) system is intended to solve the training
and recognition problems based on the single decision tree and the empirical decision forest synthesis according
to the same attributes choice principle with using the new decision tree branches pruning strategy.

FBL system allows users to compare the quality characteristics of the single decision tree and the correct
empirical decision forest. In particular it is possible to obtain information about the number of control objects that
are correctly classified by the single decision tree and the empirical decision forest, the number of objects in the
rejection sets formed in each synthesis stage of the decision tree as next component of the empirical decision
forest, the number of leaves in each decision tree as forest's component, the decision tree branches’ rank values
that lead to “error” in recognition process, i.e. the redundant branches’ rank values and to obtain the logical
description of classes as disjunctive normal forms.

The table demonstrates that 6-correct (the branches’ ranks are not more 6) empirical decision forest facilitates to
significant decrease of the recognition errors percent compared to the single correct BDT (the average branches’
ranks are not more than 8 and the average number of leaves are 20).

the average errors percent on the control sample
correct BDT 6,1
EDF with rank 5 6,18
EDF with rank 6 5,5

The practical confirmation of the theoretically grounded results was obtained in the recognition problem solving
process of the pathogenic vibrios and aeromonads that provoke the different gastrointestinal sicknesses. The
experiments that allow to evaluate the reliability of the constructed empirical decision forest were carried out on
the training samples with size m =310 selected randomly and independently from real database of size 465.
The correct decision tree and the r-correct empirical decision forest were built up according to these randomly
selected training samples. In each such experiment BDT and EDF were evaluated on control set of size 55. The
experiment were repeated n=100 times. As the experiments result such outcomes as events A, B, C were
considered. Let A was the event that EDF performed less errors on control than BDT; B was the event that
EDF and BDT performed equal number of errors on control; C was the event that BDT performed less error on

control than EDF. The event 4 was appeared m 4 =24 times in 100 experiments; the event C was
appeared mp =5 times in the same 100 experiments. The frequencies 4 v(4) and 7B - v(B) were
n n

corresponded to the probability evaluations P(A) and P(B) of the recognition accuracies on the arbitrary
control set for EDF and BDT accordingly.

Based on the criterion [Imypman B.E., 2001] a hypothesis £ : P(A)>P(B) was checked versus a
competitive hypothesis H: P(A)= P(B)

my/n—mpg/n

— ~

Uy =
my+mpg (l—mA +m3j(1+1j
n+n n+n n o n

The evaluations (1-2a)/2 = 0,49;®(U,, )= 0,49;U,, =2.32; U,;, =2.32<3,7=Uy (3.1) were

obtained on the basis of the significance level @ = 0,01. Based on the obtained inequality (3.1) the hypothesis

H{ was taken up. Thus, it is valid to say that on the significance level 0.01 the empirical decision forest will
make less recognition errors on control than the binary decision tree in average.

The picture illustrates the synthesis fragment of the single correct decision tree and the correct empirical decision
forest with branches’ rank 5 on the basis of Forest Based Learning Technology.
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Conclusion

The major results of the paper done are as follows. The probabilistic decision tree pruning criterion was worked
out which applies to the branches with the number of internal nodes exceeding the predetermined admissible
value of r rank. The grounding for the pruning as viewed as non-randomness of detecting r rank conjunctive
regularity in the empirical training sample is suggested in the paper. The methods for building up a correct
decision tree family so called empirical decision forest were worked out which offers a possibility for accurate
fitting on the training sample, with the restriction applying to BDT rank branches being observed. The
appropriateness of further complication of recognition rules for building up decision making correction procedures
is grounded on the basis of VCD (with the decision rules complexity according to Vapnik-Chervonenkis theory
[Bannwk B.H., 1979]) evaluation for recognition class algorithms that are defined by the binary decision tree with
the pruning applying to the number of nodes. The algebraic correction model of the incorrect empirical decision
trees family was worked out which gives way to more accurate classification PKypasnes, 1978, [oHckoit B.U.,
1986]. The software was created to implement the algorithms introduced in the paper, and experiments had been
carried out with real data involved that justified the theoretical results reached.

The procedural technique of pruned BDT correction so called empirical decision forest that is introduced in the
paper enables one to achieve a much more recognition algorithm compared to the algorithms that are realized by
the single correct BDTs. Along with that the EDF is still available for logical description of objects as disjunctive
normal forms. The appropriateness of applying the empirical decision forest in modern intellectualized
informational systems is justified by Forest Based Learning - the program realization that was tested and
approved in the paper.
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GENERALIZED SCALARIZING PROBLEMS GENS AND GENSLEX
OF MULTICRITERIA OPTIMIZATION!

Mariyana Vassileva

Abstract: Generalized scalarizing problems, called GENS and GENSLex, for obtaining Pareto optimal solutions
of multicriteria optimization problems are presented in the paper. The basic properties of these scalarizing
problems are described. The existence of single-criterion problems with differentiable objective functions and
constraints, which are equivalent to GENS and GENSLex scalarizing problems, are pointed out.

Keywords: multicriteria optimization, interactive methods, decision support systems.

Introduction

Various real problems can be modelled as multicriteria optimization problems. In multicriteria optimization
problems, several criteria are simultaneously optimized in the feasible set of alternatives. In the general case,
there does not exist one alternative, which optimizes all the criteria. There is a set of alternatives however,
characterized by the following: each improvement in the value of one criterion leads to deterioration in the value
of at least one other criterion. This set of alternatives is called a set of the Pareto optimal alternatives (solutions).

' This paper is partially supported by the National Science Fund of Bulgarian Ministry of Education and Science
under contract Ne | — 1401\2004.
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Each alternative in this set could be a solution of the multicriteria optimization problem. In order to select one
alternative, it is necessary to have additional information set by the so-called decision-maker (DM). The
information that the DM provides reflects his/her global preferences with respect to the quality of the most
preferred alternative.

The general problem of multicriteria optimization (MO) can be represented in the following way:
“maxu {fk (x),k c K}

subject to XEX,
where:

- fy (x) ke K={1,2,...,p} are different criteria (objective functions) of the type fk:R” — R, which must
be simultaneously maximized;

- X= (xl,...,xj ,---»X, ) is the vector of variables, belonging to the non-empty feasible set X — R”;

- Z=f(X)< R” is the feasible set of the criteria values.

The scalarizing approach is one of the main approaches in solving MO problems. The basic representatives of
the scalarizing approach ([Wierzbicki, 1980], [Sawaragi, Nakayama and Tanino, 1985], [Steuer, 1986], [Narula
and Vassilev, 1994], [Buchanan, 1997], [Miettinen, 1999], [Vassileva, 2004], [Ehrgott and Wiecek, 2004]) are the
interactive algorithms. The MO problem in these algorithms is treated as a decision-making problem and the
emphasis is placed on the real participation of the DM in the process of its solution. Each interactive algorithm
consists of two procedures in the general case — an optimization one and an evaluating one, which are cyclically
repeated until the stopping conditions are satisfied. During the evaluating procedure the DM estimates the current
Pareto optimal solution obtained, either approving it as the final (the most preferred) one, or setting his/her
preferences in the search for a new solution. On the basis of these preferences a scalarizing problem is formed
and solved in the optimization procedure and a new Pareto optimal solution is obtained with its help, which is
presented to the DM for evaluation and choice. The main feature of each scalarizing problem is that every optimal
solution is a Pareto optimal solution of the corresponding MO problem. The scalarizing problem is a single-
criterion optimization problem, which allows the application of the theory and methods of single-criterion
optimization. A number of scalarizing problems and a set of interactive algorithms developed on their basis have
been proposed up to now. The different algorithms offer different possibilities to the DM in the control or in
stopping the process of the final solution finding. On its hand, this searching process can be divided into two
phases. In the first phase (the learning phase), the DM usually defines the region, in which he expects to find the
most preferred solution, whereas in the second phase (the concluding phase) he is looking for this solution
namely in this region.

The present paper describes generalized scalarizing problems, called GENS and GENSLex. They are extensions
of the generalized scalarizing problem GENWS [Vassilev, 2004] and enables the obtaining of Pareto optimal
solutions. Almost all scalarizing problems known up to now can be obtained from GENS and GENSLex problems,
as well as new scalarizing problems with different properties can be generated from these problems.

Generalized Scalarizing Problems GENS and GENSLex

For easier description of the topic further on, the following definitions will be introduced:

Definition 1: The solution xe X is called a Pareto optimal solution of the multicriteria optimization problem, if
there does not exist another solution x € X , satisfying the following conditions:

£.(x)= f.(x). keKand f,(x)> f,(x) for at least one index k K.

Definition 2: The vector z = f(x) =(ﬁ(x),...,fp(x))r € Zis called a Pareto optimal solution in the criteria
space, if x€ X is a Pareto optimal solution in the variables' space.

Definition 3: The current preferred solution z =(f,,...,f,,....f,) € Z is a Pareto optimal solution in the
criteria space, selected by the DM at the current iteration.
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Definition 4: The most preferred solution is the current preferred solution, which satisfies the DM to the highest
extent.

Definition 5: The criteria classification is called the implicit division of the criteria into classes, depending on the
alterations in the criteria values at the current solution, which the DM wishes to obtain.

In order to obtain Pareto optimal solutions starting from the current preferred solution, GENS scalarizing problem
is proposed. It has the following type:

Minimize

() Tog=max (max(F, — 7, ()G R max(F} - £, (2))G} R, max{ — £, (x))G;

Rymax(F} — £,(0))G}) + (- f,(x))6s +

keK”

(X (A=A X - A6+ X - Ak +
IR ACI RN WA ok

subject to:
2 fi(x)>f,,keK UK~

@) f(x)>f, -D, keK"
@ fix)=f, -t ,keK™

®) fi(x)<f, +t ,keK™"
(6) xeX

where:

G,,G.,G;,G;,G, arescaling, normalizing or weighting positive coefficients;

F',F’,F),F}, F are parameters, connected with aspiration, current or other levels of the criteria
values;

R,,R,, R, are equal to the arithmetic “+" or to a separator *, *;

D, is the value, by which the DM agrees the criterion with an index k € K= to be deteriorated ( D > 0);
t, and ¢ are the lower and upper bound of the feasible for the DM interval of alteration of the criterion
withanindex k£ e K™= (¢, >0; ¢ >0);

f is the value of the criterion with anindex & € K in the current solution obtained;

K is the set of all the criteria;
K~ is the set of criteria, the current values of which the DM wishes to be improved up to desired by him/her
levels F';

K~ is the set of the criteria, the current values of which the DM wishes to be improved;
K= is the set of the criteria, for which the DM agrees their current values to be deteriorated up to set by
him/her feasible levels F,f , but not more than certain values D _ (D, >0);

K = is the set of criteria, for which the DM agrees their current values to be deteriorated;
K~ is the set of criteria, for which the DM agrees their current values not to be deteriorated;



300 3.2. Decision Support Systems

- K’ isthe set of the criteria, for which the DM agrees their values to alter in defined intervals;

- K" is the set of criteria, for which the DM does not set explicit preferences concerning the change of their
values;

- pis asmall positive number.

The constraints (2) - (6) define a subset of X, containing Pareto optimal solutions.

Theorem 1: The optimal solution of GENS scalarizing problem is a Pareto optimal solution of the multicriteria
optimization problem.

Proof:

let K> #@ andlor K~ #@, or K=K and let x" € X be an optimal solution of GENS scalarizing
problem. Then the constraints (2) - () are satisfied for x™ € X , together with the following condition:

(7) T(x") < T(x), xeX.

Let us assume that x € X is not a Pareto optimal solution of the multicriteria optimization problem. Then there
must exist another x € X, for which the constraints (2) - (6) are satisfied, as well as the conditions given below:

8) f,(x)>f,(x"),keK and f,(x)> f,(x") foratleastone index k K.
Inequality (8) follows from the definition of a Pareto optimal solution.

Using constraint (8) and the definitions of R,, R, , R;, the objective function T(x) of scalarizing problem GENS
can be transformed, obtaining the following inequality:

(9)  T(x')=max (glg}(F;! - £ ot R max(F? - 7, (x o
R max(F3 - £.(x)e? B, gpf(F; — £, )i )+
+Z(F5 Sl )i +
+p(Z(F1 s+ et - rlai+ Sl - nle o +
Sl S al)-
(51 o) ot &
s~ 1 Yo ) )
(21, Vo) )
s~ 1 Ve ) o )
ZK(( Sl D+ )= Al et +
A S = 1l ()= i +
()= A sz +
(h6)- 16 e+

+ 2 K>(( A )= A et -

=,
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DA S A TACIENACY) HE

keK~UK™™

< max(maZX(Fkl _fk(x*))Gli R, rkri%?(sz _fk(x*))Glf

keK

Ry max(F7 - £, (' )lo; R, max(? - £,(x )G J+
+ Z(st _fk(X* o

GBS TR TS S S AT
D T W

:T(x*).

It follows from (9) that 7" (x')< T (x* ) which contradicts to (7). Hence, x’e X is a Pareto optimal solution of the
multicriteria optimization problem.

The scalarizing problem GENS guarantees that Pareto optimal solutions are generated. The common drawback
[Miettinen, 1999] is how to select the coefficient o . An alternative way is to use a lexicographic approach. The

following GENSLex problem in two phases is a lexicographic variant of scalarizing problem GENS.
The first problem GENSLex1 to be solved is the following:
Minimize

(10) 7;(x)=max (magi(F,: —J (x))G,i R, rkn?((sz —Jfi (x))G,f R, fkngzi(Ff —fi (x))Glf
R, II(I:%Z((F/:‘ - f (x))G: )+ Z(st —f (x))G,f

kek®
subject to:

M) f,(x)2f . keK UK~

(

(12 f.(x)>f, -D,,keK"
(13) f,(x)>f, -t ,keK™
(14) £ ()< f, +t/, keK™
(15) xeX

Let us denote the optimal objective function value of (10) by Tl*. The final solution is obtained by solving the
following problem GENSLex2:

Minimize

18) T.(0= 3 (A - £, W)6L+ 3 (72 - £ )2 + X (R - £, +
DI ARG EWAS o

subject to ) )

(17) T} (x) =max (mazX(Fk1 —fi (x))Gllc R, rkn%i((sz —f (x))sz R, ?%{‘(st —fi (x))Glg
R, r}g%{‘(sz‘ = Jfi (x))G,f )+ Z(st —Jfi (x))clf = Tl*

kekK®
and constraints (11) - (15).
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Theorem 2: The optimal solution of GENSLex scalarizing problem is a Pareto optimal solution of the multicriteria
optimization problem.

Proof :
let K> #@andlor K~ # @, or K=K andlet x € X be an optimal solution of GENLex scalarizing
problem. Then the constraints (11) - (15) are satisfied for xeX, together with the following conditions:

T (x)<T(x)and T,(x ) < T, (x),xeX.

Let us assume that x * € X is not a Pareto optimal solution of the multicriteria optimization problem. Then there
must exist another x' € X, for which the constraints (11) — (15) are satisfied, as well as the condition given below:

(18) [i(x)2 f,(x7) keK
and f,(x)> f,(x") foratleastone index k K.
Itis clear that independently of defined values of R, R,, R, and from (18) and (10 - 17) follows that:
T(x)<T(x") and T,(x) <T)(x")
or
T(x)<T(x") and T,(x) < Ty (x"),
which contradicts with x~ being an optimal solution of GENLex scalarizing problem.

Scalarizing problem GENS is in the general case an optimization problem with a non-differentiable objective
function. Every GENS scalarizing problem (defined values of R,, R, , R,) can be reduced to an equivalent

optimization problem with a differentiable objective function on the account of additional variables and constraints.
The equivalency of each pair of optimization problems is in relation to the obtained values of the objective
functions (criteria) and the main variables. Different types of equivalent problems are obtained at different values
of R|,Ry,R5.

Each equivalent problem can be presented as follows:
min(w dVitp Zykj
kek® keK\K®
and satisfies two groups of constraints.

The first group of constraints is equal for all types of equivalent problems and has the following form:
19) az(F -f ()G . kek®

(

) p=(F-f(x)G: kek®
@) y2(F-f ()G kek*
2 o= (F-f ()G} kek”
(23) (Fkl_fk(x)k;li:yk’kEKZ
(24) (sz_fk(x))sz :yk,keKS
(25) (FkS—fk(X))G,f =y, keK"
(26) (Fk4_fk(x))cz =y, kek”
@n (F-f,(x)G; =y, kek®
28) —f,(x)G' =y, ke K UK~
29 f(x)>f . keK UK~
30) f,(x)>f,-D,,keKk*

@) fi(X)=f -t keK™
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32) f.(x)<f, +t keK™
(33) xeX
a, p,r7.Q vy, /keK -arbitrary

The second group of constraints has different type and number of constraints depending on the values of
R,,R,,R;. The constraints from the second group for one equivalent problem of scalarizing problem GENS,

“n

which is obtained when Ry is equal to the separator ", R, and R, are equal to the arithmetic operation “+”,
have the following form:

34) upuz2a
(35 wu=2p+y+Q
M - arbitrary

The constraints from the second group in the other equivalent problems can be stated in a similar way.

Scalarizing problems GENSLex1 and GENSLex2 are in the general case optimization problems with a non-
differentiable objective functions and constraints. Every scalarizing problem of both types GENSLex1 and
GENSLex2 (defined values of R ,R,,R;) can be reduced to an equivalent optimization problems with a

differentiable objective functions and constraints on the account of additional variables and constraints.

Different types of equivalent problems of scalarizing problem GENSLex1 are obtained at different values of
R,,R,, R,. Each equivalent problem can be presented as follows:

(36) min(,u—i— ZykJ,

kek®

satisfying two groups of constraints. The first group of constraints is equal for all types of equivalent problems and
has the following form:

@7 az(F -f ()Gl kek®

>,
> f,—t, ,keK™
<f,+t, keK™

fk(x

xeX
a,B.y,Q vy, /keK’-arbitrary.

@) B=(F-f(x)G: kek*
69) y2(F-f ()G kek*
o) o= (F'-f(x)G! kek”
@y (F-f,(x)G: =y, kek®
42)  f,(x)> f.,keK UK~
43) f.(x)>f,-D, keK*
@) f(x)

(45) )

(46)

The second group of constraints has different type and number of constraints depending on the values of
R, R,,R,. The constraints from the second group for one equivalent problem of scalarizing problem

“

GENSLex1, which is obtained when Ry is equal to the separator ", R, and R, are equal to the arithmetic

operation “+”, have the following form:
@47 uz2a

48) wu=2p+y+Q
L - arbitrary
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Different types of equivalent problems of scalarizing problem GENSLex2 are obtained at different values of
R,,R,, R,. Each equivalent problem can be presented as follows:

min( Z y kJ
keK\K"

and satisfies two groups of constraints.
The first group of constraints is equal for all types of equivalent problems and has the following form:

50) (F - fk())G,i=yk,keKZ

£ (x

xeX
v, ke K\K" -arbitrary

The second group of constraints has different type and number of constraints depending on the values of

R,,R,,R,. The constraints from the second group for one equivalent problem of scalarizing problem

fk+tk ke K"

(

61 (F? -/, ()G =y, . keK*
(52) (Fk3 fk ))G =y, keK”
(53) (Fk4 f ))Gk =y, . keK”
54) —f,(x)GS=y,,keK UK~
(55) fk(x)z keK UK™

(6) fi(x)2f, ~D; keK*

657) fo(x)>f, —t,  keK™™

(58) )<

(59)

“w

GENSLex2, which is obtained when Ry is equal to the separator *
operation “+”, have the following form:
60 a=(F -f(x)G) . kek>

, R, and R, are equal to the arithmetic

(
6) B=(F -1 (x)G: kek®
62 y=(F-f ()G kek*
©3) 0> (F' -f(x)G! kek”
(64) (st_fk(x))Glf:yk’kEKo
65 wu=2«a
66) wu=>p+y+Q
(67) £ﬂ+ ZykJST

kek?

a,B.y.Q u,y, /keK" -arbitrary.

Conclusion

The interactive algorithms solving different types of multicriteria optimization problems use different scalarizing
problems. The features of each scalarizing problem are defined by the possibilities offered to the decision-maker
to set his/her preferences, as well as by the quality of the Pareto optimal solutions obtained. Altering the
parameters of the generalized scalarizing problems GENS and GENSLex, a great part of the already known
scalarizing problems can be obtained and also new scalarizing problems can be generated. In connection with
this, generalized interactive algorithms with alterable scalarization and parameterization can be designed, which
expand to a great extent the possibilities of the decision-maker in describing his/her preferences.
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INFORMATION SYSTEM FOR SITUATIONAL DESIGN

T. Goyvaerts, A. Kuzemin, V. Levikin

Extended Abstract:

From the standpoint of the system analysis the quantitative simulation of the information-technological complex (a
situational center — SC) as an object of simulation and management requires consideration of a simulation object
as a complex multilevel stochastic and self-developing system; its current state imitative modelling also requires
the use of the fuzzy media description.

To build an informational model of a “situation” development and to manage it there is a good reason to use the
informational technology of integration of aerospace monitoring and ground contact measurements by the
minimization criterion of expenditures of time T and material resources S.

Equipment of different type for information recording through remote sounding can be placed on the mobile
platforms (space, flying, aerostat vehicles). With the initial information obtained with these methods it is possible
to solve various problems of monitoring and prompt detection of important abnormal events on the earth surface.

In the general case time tcogn for recording and recognition of the sought objects necessary for practice can vary
from a month to fractions of a minute. In this case

trocogn =t + te+ ta + te
where:;
fc—is “Camera” time, i.e. time of the launch-control command to an approach to the object mapping photography
t.— is “Mapping photography” time, i.e. time of the object image recording process duration;
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t, — is “Post” time, i.e. duration of time from the moment of the recording end to the moment of transmission to
the user;

te — is “Experiment” time, i.e. duration of time from the moment of reception of the picture by the user to the
moment of its recognition by experts and identification of presence or absence of the sought information
parameters on it.

In case of detection of the pictures necessary for the recognition problems the so-called time of search f; of the
needed picture should be distinguished in the already existing distributed data bases with the results of remote
sounding. In this case the recognition time will be calculated in the following way:

trecogn = min {tk + 1 ts} thttle.

The decision-making system is a methodology for a complex solution of the problem making it possible to
simulate problematic situations of unlimited complexity and therewith providing a high quality of the made
decision. In other words, this system is the main direction in complex decision-making; it performs one of the
main functions of the situational center (SC).

Making of the right decision is realized using many parameters being measured with corresponding sensors. SC
realizes the decision making in the automatic regime when indeterminate parameters and features appear.
Moreover, it is necessary to make a decision in the real time with a high probability that this decision will be made
right. This decision is defined by the ratio of the measured values to the standard ones. As the information being
obtained represents clear and fuzzy set then such a set is the universal one and it can be presented as:

X ={x1 Xy,..., Xo} Where x; are the parameters being measured.
In this universal set there are both clear A; and fuzzy By sets, 4(x)and iz are membership functions.
A={xe X | uai(x)=1},
Bi={xe X | sk (x) = 1}.
The system performs polling of all sensors and analyses the obtained values comparing them wit the standard.
Initially the polling is carried out using the clear set features and then it is performed with the fuzzy set. The fuzzy
set should be divided into a number of fuzzy sets each of them having their own features. This will make it

possible to take a decision close to a real time and increase the probability of the right decision making as the
probability of a right decision-making is equal to the sum of probabilities obtained with all clear and fuzzy sets.

Decision-making with a clear set is performed by comparison of the obtained value with the standard.

With a mutual action of separate elements of the system on each other uncertainty in a right decision-making
concerning a particular parameter arises. A totality of such uncertain parameters comprises a fuzzy set Bi. A
complicated situation arises as a membership function in addition to the interval [0, 1] can assume its values in
the interval [-1, 1]. With « (x) > 0 there is a possibility to make a right decision. If -1 < u (x) < 0 then a false
decision is made. A right decision-making by fuzzy sets is defined by a-cut, i.e. Bx= {x e X | zs(X) = c2}.

To build a membership function for a right decision-making three approaches should be taken: the objective,
subjective and statistical ones.
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IMPLEMENTATION OF THE SYSTEM APPROACH IN DESIGNING INFORMATION
SYSTEM FOR ENSURING ECOLOGICAL SAFETY OF MUDFLOW
AND CREEP PHENOMENAE

E. Petrov, A. Kuzemin, N.Gusar, D. Fastova, I. Starikova, O. Dytshenko

Abstract: In this assignment pit into practice the researching of language identification of the information analytic
system of the situation center for the region energy safety. This method proposes the creating of the scientific
grounded and economically sound information system to control situations that are built on the base of wide
application new information technologies. Also, there are given foundation of choice of the context-sensitive
language for the simulation of the system and instrument application of fuzzy logic. And has developed the
mathematics model of the system that reflect main point of manage process especially tariff manage for energy
safety.

1. Introduction

The creating of situation centers is one of the most relevant effectiveness increase problem of the management.
There are few hundred situation centers in the world, but the quantity is growing up. Organs of government, first-
rate corporations, Enterprises of oil-gas field, power engineering, machine building, airplane building, atomic
industry need in the creating of such centers.

Most important factors, that guaranteeing the inculcation of the situation centers into practice, are:

- Need in the perfection of the managerial procedures by force of including the management not only on the
stage of decision, but also on the stage of making of the decision;

- The possible optimization of the decisions by force of expert valuation and modelling situation by using
modern information technologies;

- The possible improving of the information and output decision pilot analysis by force of using modern
information technologies that guaranteeing agglomeration of communications facilities, analytical
treatment and visualization of information;

- Need in providing persons firsthand and full information about this problem;

- The possibility of surgical approach first persons to all information

So, situation center is the aggregate of the technical software tools, scientific-and-engineering methods and
engineering decisions for the automation of the representation, modelling, analysis of situation and management
processes.

There are a lot of problems for each region that can change living conditions and the development of inhabitants,
provoke different conflicts and crises. We could put to such problems next problems: the problem of peace
conservation, impoverishment, demographic, energy, and ecological problems.

Keeping of energy safety should view as one of primary object in regional energy politics.

Experience study of application situation centers permit to claim that situation centers can be used as instrument
of energy control, on the state level and on the regional level. Prerequisites of such application are:

- High importance of power engineering for the economics of the country and life sustenance;

- Complexity of achievement of the balance between consumer interests and concern of producers, when

actually producer is monopolist;

- Using of the situation center technology to manage in the power engineering, especially in tariff manage,

can help to develop decisions taking into account next changing in economics;

- Big quantity of subjects, that take a part on the energy market, generates corresponding size of

technical, economic and lawful information.

Tools of the situation center permit to analyze this information and make it available for all interested persons.
The object of research automation is building information analysis system, which can used for effective decision
in the managing of power engineering. In the base of this system lying the problem of the building expert model

that can imitate the specialist behavior upon he decide practice tasks. This method could help to safe knowledge
of the specialist and could help specialist to work in different fields.
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2. Target Setting

We have to build information analysis system to achieve the target:
- To gather information about all energy safety organizations, industry buyer and population;
Monitoring of this information
Automation of formalized part of the calculation process
- Approval in decision-making when tariffs are changed (attraction of interested persons)
- The defense of approved tariffs
- Composition of report

For the creating of such systems, first you have to decide few tasks, which are primary:
- To organize input data’s: creating of knowledge base, rules of deduction;
The choice of system description language;
Description of the system and the building of mathematics model;
The choice of decision devise;
- Data analysis and decision
After this, we receive tools for the regulation of the control process in power engineering, which guarantee
stability of the market and development of the region.

3. Model of the System

The main target when you plan the system of automatic manage is making of optimal decision for very short
period. Let's view next task, the task of guaranteeing of region energy safety and the process of making-decision,
which we could put into the base of the system. Let's make the diagram 1:

In the diagram 1 you can see next symbols:
- Guaranteeing of energy safety (GES)
- Safety criteria (SC)
- Information about energy market (IEM)
- Tariff valuation (TV)
- Human resource (HR)
- data domain (DD)
- Region administration (RA)
- Economic objects (EO)
- Producers of energy (PE)

Diagram 1

From diagram we can image model system in the following way: S = F(U,V,K,R,G,S)

Manage system is the interaction function of all components:
U - information about energy safety organizations, industry buyers and population, region budget;
V - decision about control of tariff;
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K — Set manage criteria’s: the dynamics of energy production; energy intensity; diversification of energy
carrier export; social and politics stability in the regions; national financing of research engineering; structure
of energy using and stocks of basic fuel kinds efc;

R — customers, suppliers, service personnel;

G - producers of energy, inhabitants, region administration, economic objects; S — collection, treatment and
keeping of information; analysis of information; making-decision.

4. Representation and Description Language of the System

We should mark very important detail on this step. As you know, manage system are lying on the making,
structuring and exchanging of information. So, How we should present the information in manage system. The
main feature of these systems is that most information for the mathematics description exists in the form of
presentations and wishes of experts. But on the language of traditional mathematics, we don’t have those
objects, which could adequately describe fuzziness of expert’s presentation.

Representation and description language of the system, language of management is prime characteristics, from
which depends valuation of the level of approach to the contact with the system. Context-free language it is
description of the system using the standard mathematics methods, therefore it is most suitable for the closed
systems that don’t change in time and where the final result is predefined. In our case, we have system that has
constant cooperation with outward things and she always change in time. At that we don’t know the kind of this
changing, their character and result.

The main character of concerned system it is that intelligence about object of management, criteria of
management and set possible decisions could be submission in the form of pronouncement on usual natural
language. These systems are open and the process of their management training never ends by creating of
formalize model.

The classic method is unacceptable for management in conditions of impossibility of creating certain
mathematics, algorithmic and other model object. So we have to go aside from apparatus of context-free
languages to the side of searching waives improvement of making-decision quality. This improvement can be
reach only thanks to context-dependent language.

Context-dependent language (natural human language) we will present like language, in which meaning of
certain pronouncement depends from previous pronouncements on this language, i.e. we have logic chain of
inferences.

So, we proceed to real system in their outside circle. We can present them using languages, which represent
semantics of cooperation this system with outside world.

As a result of these remarks, we choose language of fuzzy logic in the role of context-dependent language. This
method has three distinguishing features:

1. we use fuzzy values and “linguistic” variables instead of or further to numerical variables
2. simple ratios between variables are presented with the help of fuzzy pronouncements — predicates;
3. Difficult ratios are described by fuzzy procedures.

This language give us possibility to reflect adequate the main point of the making-decision process in fuzzy
conditions for multilevel system, operate with fuzzy limitations and targets, and to specify them using linguistic
variables. Therefore, the mathematics apparatus of the fuzzy set theory can be viewed like basic description
apparatus of multistage hierarchy system, of making-decision process and of engineering procedure control. So,
we will think that all input sets are fuzzy.

5. System Description

Let's do the decomposition of our task, divide it on two subgoals. They are part of the making-decision process.
The decomposition will be in functional meaning, because main interest for our investigation presents in
examination like functional object. Each function is built using the principle of gradual refinement of information. It
permits to localize all deflection from normal work.

As a result we'd receive components of the system, which will maintain the functionality, integrity and also will
represent functional objects lower level of decomposition.
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The system could be represented like S =uUS,;,i=12,...where §; - set of elements that could be composed.

For description of cooperation of the system components, we use next apparatus.

We have three algebras: operation algebra (AO), condition algebra (AU), connection algebra( AS). Like we
know, concept of algebra involves concept of set and operation fixed on it.

Thus we have operation algebra A0 ={O,A,v }, where {O} - set of operations, O; and O; - elements of
this set - operations; O; A O - operation of conjunctive, O; v O; - operation of disjunctive.

Thus we have condition algebra AU ={ EAV,E /. where {E} —setof conditions, £; and E; - elements of
this set — conditions; E; A E; — operation of conjunctive, E; v E ; - operation of disjunctive, E - operation of
negation.

Connection algebra A4S ={T,/\,v,f} , Where {T'} —set of connections, 7; and T'; - elements of this 7'} set
- connections; 7; A T; —operation of conjunctive, 7; v T, - operation of disjunctive, T - operation of negation.

Connections between elements and elements of the system can be expressed like aggregate of operations,
conditions and connections.

Element of the system can be expressed next way: S; =(E,T; JO,(E,T;), where (E;T;)- input data,
(E;T;) - output data, O - operation.

So, system S can be expressed like composition of owns elements and connections between they self, i.e.
§$={5,0S,..0,5,0,8,}=S; AS; ~n...nS,, AS,, where S;S;,..5S,.S,correspond next element
Si Z(EiTi)Ok(EjTj)-

Otherwise, this we can show by next pronouncement: if S; and S; and ... and §,, and S,,, so DECISION.

Decomposing further all elements and analyzing them, as a result we receive set of elementary components of
the system next form S; = (E,T; JO,(E;T; ), suitable for pronouncements IF "inputs”, THEN “outputs”.

Then producing this expressions, beginning from elementary parts to larger we will receive full description of the
system on natural language, mathematically shown by combination S; = (E,T; JO,(E;T; )

At that time, we will use these axioms:
1. ldempotentive S; A S; =S;, S; v S, =S;.
2. Commutative S; AS; =S; AS;, S;vS;=8;VvS;.
3. Associative (S; AS; )AS; =S; A(S; A8 ), (S;vS;)vS; =8 v(S;vS;).
4. Distributive (S; v S; )AS; =8;:8;vS;S;, (8;8;)vS; =(S;vS; )(S;vS;).
5. Elimination(absorption) S; v S;S; =S8;, S;(S;vS;)=5;.
6. Folding S, v S,;S; =S;, Si(S;vS,)=S;.

7. Double negation. S=l =S;.

6. Fuzzy Logic

So, this model of the system would be present as set of the elements like S; =(E,T; JO,(E;T;), where
(E;T;)-inputdataand (E;T; ) -output (transformation) data.

Let's do some comments. This expression means, that every element of the system S; would be present like
predicate — pronouncement, which shows some element state of the system S; = P((E.T; ).(E;T;))

Let's look next statement. Increasing of quantity energy sellers entailed to decreasing of energy price. We see
that this pronouncement could be divided on two earthier sentences: “Quantity of energy sellers increases” and
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“Energy price decreases”, which are predicates too, but they have lower order. However, we will be think that
components of the system present predicates of first order, i.e. (E;T; )= P(E;,T; ) correspond to: “Quantity of

energy sellers increases” and (£ ,7; )= P(E;,T;) - "Energy price decreases’.

As a result, we could say, that the system would be present like predicate same order. We should to mark, that
there are some properties for every predicate:

Reflexivity: P((E;T; ),(E,T;))=1

Symmetry P(( ET; ).(E;T;))=1= P((E;T; J(ET;)=1;

1

Transitivity: P((E;T; ).(E;T;))=1and P(E,T;)(E,T,))=1,s0 P((E]T;).(E,T,)) =1

Reflexivity means, that equal inputs entail equal outputs.
Symmetry of predicate means that after input data change their place, then result will be same.

Transitivity means that if results of the first and second pronouncements are equal, and result of the second and
third pronouncements are equal too, then result of the first and third pronouncements will be equal.

We should to mark that every predicate will be given on data domain - DD, i.e. for example, arguments E;,7; of
P(E;,T; )predicate are givenon { £} and {T ! sets correspondingto £, € E u T, T

How we said earlier, these sets are fuzzy, every variable (for example E;,T;) is as linguistic. In this case,
DD presents fuzzy set, which rounds all problem area.
For fuzzy subset, we bringing not functional, but characteristic function on object's dimension 4 ={a}, which

gets for all elements degree of presence some property by this property they are belong to B subset. This
characteristic function is membership function for fuzzy subset.

Fuzzy subset B of the 4 described by membership function . 4 — B, which put into accordance to every
element a € 4 number pu(a) from interval /0,17 . This number defines degree of membership element a to B

subset. At that, 0 and 1 correspond to the lowest and the highest degree of element membership to some subset.
Numerical value of membership function describes degree of element membership to some fuzzy set. This fuzzy
set is elementary characteristic of event on natural language.

Form of membership function defines according to concrete problem. It would be next:
1.1/ (a,)=1/C where C' =1+((a;=b;)/c;)*,j=1,..m;i=1..n.
where b;,c; — parameters of the function, which we have to attune, m - quantity of terms in system.
2.n;(a;)=e* where k=—(a;— 0, )*/o}, a -Midine, o - dispersion
and other.
Thus, B.,P.,... P, are elements of the system, which realizing some predicate P(E;,T;), n - quantity of
elements, £;,7; -arguments of predicate.

From experimental study elements behavior A,P;,...,P,, we are concluding their characteristic properties,
which are system of logic equations:

F(PR,P,,...P,)=1,;

F(PR,B,...,P,)=1;

F.(R.Py,...B,)=1;
r - quantity of equations, F},F,,...F, - predicates from predicates. This logic conditions are axioms of

elements...
Aggregate of true pronouncements about objects A,P,,...,P, is T theory of these elements. Aggregate of any

pronouncements of the T theory, from which we can logically conclude any true pronouncement of the T theory
we will identify as system of axioms T theory.

Composition of the concrete (individual, fixed) predicates ( Pl*,PZ*,...Pn* ), which satisfy the axiom of T theory,
we will identify as model of T theory.
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General model form we received as a result of system decision of the logical equations.

Conclusion

Presented method, which suppose organization and mechanism of the representation language choice and
description of the system for energy safety of the region, permit to accelerate the process of modelling of this
system. It unifies next ideas: the modelling of the system based into apparatus of fuzzy logic; the system is open
and always changed.

Scientific novelty of received results concludes in special point of view to the building of the system and to the
creating of unified language area, in which all elements are cooperating.

Practice significance of developed system exceeds on 35% per-existing systems. In case of full evolution of the
situation center tariff policy will be agree with higher echelon. And the region will receive active instrument to
control the power engineering, which ensure the stability of energy market and development of region economics
as a whole.

In future, we see sense in deeper investigations for improvement of this method and potential realization it in
different areas of local, regional and national management.
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A METHOD OF THE SPEAKER IDENTIFICATION ON BASIS OF THE INDIVIDUAL
SPEECH CODE

M.F. Bondarenko, A.V. Rabotyagov, M.I. Sliptshenko

Abstract: A new method for speaker identification is being offered. The base of the method lies in new theoretical
statements and non-traditional views on the questions of formal voice signals transformation and voice objects
classification. These views rest upon the concept of heuristic simulation. The novelty of the method is that the
identification is carried out on basis of the individual speech code, which is assigned to each voice code during
the classification of voice objects adaptive search for informative signs. The digital code pattern of a personal
voice code as an informative signs combination represents a set of elements with significant functions.

Introduction

It is generally accepted by the scientists that among the numerous scientific problems of today, one of the leading
roles is played by the automated speech processing, and, in particular, the development of effective methods for
the speaker identification on basis of the acoustic-phonetic analysis. During the last 15 years, there's been a
tendency for more speech researches. Most of the researches are based on the spectral ideology [1]. However,
the progress in this branch was not as rapid as expected. What caused this situation? Analyzing the speech
research, the famous linguist scientist R.K. Potapova concludes, "The main complication for both speech
identification and its understanding is the definition of durable signs on the acoustic-phonetic level" [1, p. 295].
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Objective

The work is directed to the development of a new speaker identification method based on the new knowledge
about speech signals, ways of their transformation, and further processing.

The method will allow the identification research of extremely limited and distorted speech material.

To solve the problem, two hypotheses are introduced. The first hypothesis involves the possibility to perform the
speaker identification on basis of so called structural signs of vowel elementary segments [2] as a set of primary
informative differentiation signs defining the individual quality of the speaker. The second hypothesis lies in the
possibility of speaker identification on basis of so called individual speech code as a set of secondary (global)
informative differentiation signs defining the individual quality of the speaker.

Problem definition

The research problems directly follow the introduced hypotheses:

— research the identification ability of structural signs of vowel elementary segments;

— research the identification ability of an individual speech code;

— if the introduced hypotheses are proved to be true, develop a method for the speaker identification based

on limited and distorted speech material.

Content
In special literature concerning the field of applied linguistics, it is stressed that the problem of informative signs
definition appears when the researcher faces “difficult” vocal signals during, for instance, an identification
research. This category of speech objects (signals) includes objects characterized in particular by little voice
information (for example, 1 to 3 seconds), various range of distortion (for example, the objects are recorded from
different transmitting channels). The inefficiency of the “traditional” spectral signs base causes the search for
new, non-trivial signs.

Table 1 Functional description of ISC digits

Digit - , Digit value
S
pace | "y Digit function 0 1 7 3 2 5 6
0 constructive line k1 position "0" | "2" | "4 - - - -
1 constructive line k2 position "0 "2t gt 2t | 4
2 constructive line k3 position "0" | "2" | "4" - - -
Vr 3 constructive line h1 position "0" | "2" | "4" - - -
4 constructive line h2 position L A A
5 constructive line h3 position "0" | "2" | "4 - -
6 number of windows in constructive part 2" | "4" | "6" | "8" - -
Ve 7 exclusion of constructive part "A" | 'B" | "C" | "D" | "E" | "F"
8 exclusion of constructive part signs oSt ISt -
9 - signs trar:sf'ormatlon R TR P i )
vm ("a" — by rows, "b" — by columns)
10 transformation rule ngr | ngn | s |-
("s" — subtraction, "d" — division)
normalization rule op | omp | g
Vd " ("I = "by length", "h" - "by height") rop -
12 value of normalization coefficient "I" "4" | "6" [ "8" | "10" | 5" | "20" | "25"
13 value of normalization coefficient "h" "2" | "4" | "6" | "8" | "10" | "15"
vw | 14 |Si9ns trans"f(?'rmahon rulg (sglb}'ractllop min, ranking) wgn | ngr | nsgr |-
("s" — subtraction, "d" — division)
71 15 setting sound fragment for comparison "M - -
16 value of closeness measure &' "10" | "20" | "30" | "40" | "50" | -
2 |17 value of closeness measure &’ "10" | "20" | "30" | "40" | "50" | -
Z3 | 18 value of closeness measure &’ "10" | "20" | "30" | "40" | "50" | -
The "-" mark means that "the value is not used in the code combination digit".
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What is the novelty and peculiarity of our signs? According to their quality the introduced identification signs are

characterized as multilevel interconnected signs that make a so called (according to the accepted terminology)

individual speech code (ISC). We fill the ISC notion with the following meaning:

1. ISC represents an information structure complementary to the voice signal properties, which define the
individual vocal features of the speaker.

2.

ISC is the basis for the classification of etalon speech objects and speaker identification.

3. A digital decimal combination of ISC code is assigned to a particular etalon object during the adaptation,

4.

optimization, and selection procedure.
ISC is a code with its every digit representing a pointer to the type of specified speech processing

procedures and the conditions of their implementation. From the factual point of view, the procedure types
and the conditions of their implementation are realized as separate subprograms having their
mathematical and logical ground in simple mathematical equations and logical functions (predicates) of

mathematical logic.

EO classification

EO bank

!

Set preliminary conditions

!

_,l

ISC matrix

UO to EO identification

reached
no
EO description
| r— | | Select EO frlom EObank |
v
| Space Ve | | EO description |
" |
| Spac;a Vm | | UO description |
| Spac*e vd | l
| Space Vw | | ComparelUO to EO |
' = Limit EO reached
ami reachex
Two-by-two EO comparison
yes
| Space Z1 |
v
| Space 72 | | Identification result
v
-
!
Selection
no
The criterion met
l yes
Save EO comparison results
!
Optimization
no
The criterion met
l yes

| Form ISC for each EO

_|

Next ISC code combination

|._

Pic. 1. Structure functional model scheme.

Thus, to authenticate speech objects as
differentiation identification signs, there
are  individual  processing  rules
(procedures) that correspond to a
specified speech object during the
adaptive search; i.e. the identification is
not carried out according to the primary
signs as accepted in existing identification
methods, but is based on the set of
individual optimal rules selected from a
large initial set for each object.

According to the classification accepted in
the coding theory, ISC is characterized as
a 19-bit uniform code (see table 1).

To prove experimentally the consistency
of the introduced hypotheses, we set the
following problem: when the identification
signs are not exactly, but partly, known a
priori, develop an adaptive model able to
find the optimal identification signs and
the rules ensuring the EO set
classification between a finite number of
classes and identification.

The formalizaton of an adaptive
modelling problem lies in mathematico-
logical description of the model stages
and uniting them into a single system
whole on basis of pattern recognition
theory, heuristic analysis, and some ideas
of neurophysiology. The model consists of
two basic stages: 1) etalon objects
classification and 2) identification of the
unknown object with the etalon ones.
Each stage includes substages involving
the execution of specified subprograms
(see pic.1)

The EO classification stage is oriented to
the definition of the optimal identification
signs and rules ensuring the classification
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of an EO set. An object is called etalon, because the researcher and, therefore, the model, know beforehand
which class the object belongs to. Each EO is an audio file of a special format containing a vowel pronounced by
a specific announcer.

To realize the adaptive-coding concept, an ISC matrix is introduced. The code matrix is a table of digits and
possible digital values of code combinations, among which a specific ISC code combination is selected during the
adaptive search.

ISC code combination digits are denoted as FG (x), where the r subscript represents the number of the digit, x
— the numerical value of the digit. For example, FG,(3) says, ‘the value of the 2" digit is 3”. The full number of
code combinations N is defined by the following formula: N =[] n(FG ), where n(FG ) is the base of digit .

On the EO description stage, the images of all EO are formed. EO description is carried out due to a uniform
algorithm and includes several stages (in spaces Vr, V¢, Vm, Vd, Vw), during which the ISC digit functions are
realized (see table 1).

In spare Vr, the primary description objects are vowel elementary segments (VES) [2]. VES is represented as a
geometric object (see pic. 2). On the acoustic level, we agreed to take analytic geometry elements as primary
signs: straight line (chord) and complex plain figure. Such representation (“speech geometry” in a way) and signs
definition appeals to the researcher’s intuition and is guided not only by linguistic knowledge, but also by other
sciences, like neurophysiology. Forming the primary image means changing the values of length and area for the
mentioned geometric elements that make the vector of sign values.

A 4

B C D E | F
255

192

Pic.2. primary VES description in the model.
The abscissa axis (T) shows the time scale (milliseconds). The ordinate axis (A) shows
the scale of digital speech signal amplitudes. VES duration (L) is 6 milliseconds.

As shown in pic. 2, VES structure consists of 6 constructive parts: A, B, C, D, E and F. Each of the parts is
“divided” into several constructively simpler elements. The “dividing” element is a rectangular window limited by
horizontal h and vertical k constructive lines. Each window has two geometric structural elements: a complex
figure and a horizontal straight line (chord) created by the window dimensions and the VES form. For instance, in

constructive part A, four windows are marked: w1, w2, w3 and w4; in window w1, the complex figure area S, and
the chord length / are defined.

In space Vr, the adaptation is realized through the repositioning of constructive lines / and h, which directly affects
the window dimensions and, therefore, the primary signs [3]. The position of constructive lines is “manages” by
the specified ISC digits. Contentwise, the “management” is carried out due to the fact that some of the ISC digital
values (see table 1) call corresponding subprograms ensuring adaptive properties of the computer model.
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For example, FG,executes adaptive function “constructive line h1 position”, its numerical value defines a

particular position of this line for corresponding windows of all constructive parts of VES: by FG, (1), constructive

line h1 moves 2 units up. The “centerline” value is calculated as maximal number of situations when the speech
signal crosses “0” in a “noisy” section.

Since each EO is represented with one vowel formed by a VES sequence, then the description of an EO as a
whole is reduced to the description of all VES. As the result of primary description, a square matrix is formed, its

rows are the VES vectors, and its columns are the vector coordinates. Considering the FG, values, the
dimension of each VES is 24 to 96.

During the next modelling stages, there appears a necessity to perform some mathematico-logic operations over
the acquired values of primary signs. It depends on the existing values of ISC digits (see table 1):

— in each vector of space Vc, particular VES constructive parts and Vr vector coordinates are excluded;

— in space Vm, according to some rule, the minimal value of the matrix column (row) coordinate is subtracted
from (divided by) all coordinates of the same type located in the matrix row (column) in space Vc;

— inspace Vd, the Vm vectors are normalized according to some rule;

— in space Vw, according to some rules, in each vector of space Vd, the minimal coordinate value is
calculated considering the VES constructive part and the type of structural signs (“S” and “"); coordinate
values are ranked.

EO classification on basis of decision rules is carried out in so called state spaces Z1, Z2 and Z3. The
classification is carried out due to the two-by-two comparison of all EOs according to the “all-to-all” rule on basis

of distance d“defined in the normalized metric space, and the values of closeness measures. Distance
d~ between two EOs is calculated according to the following algorithm:

1. Each EO vector of a greater facility is in turn compared to all EO vectors of less facility. During the two-by-
two EO comparison, each pair of coordinates is threshold confronted: if the distance between coordinates is

less than the closeness measure &', then the result is assigned logical value “1”, otherwise it is “0”. As a

result of one comparison, vector Z' is formed, the values of its coordinates belong to the binary set of {0,
1}. As a result of comparing an EQ vector of greater facility to all EO vectors of less facility, the Z_ . vector

is found (vector Z'with the maximal number of “1”s). Comparing all the vectors results in a set of
Z_ vectors.

2. Grounding on the number of “1” coordinates in vectors Z

one vector Z is formed. The values of its coordinates belong to the binary set of {0, 1}. Z coordinates are
defined by a threshold comparison of the number of “1” coordinates in vector Z with the dimension of

the dimension and number of vectors Z

max ’ max ’

vector Z_ :if the distance between them is less than the &’ closeness measure, then the result (a Z

coordinate) is assigned a value of “1”, otherwise it is “0". The dimension of vector Z is equal to the
number of vectors Z .

3. Distance d~ between two compared EOs is calculated as the result of threshold comparison of the number
of “1” Z vector coordinates and the dimension of vector Z : if the distance between them is less than the

&’ closeness measure, then the result (distance d*) is assigned a value of “1”, otherwise, it is “0”.

Two compared EOs are regarded as identical, i.e. belonging to the same EO class, if distance d*between them
is “1"; if itis “0”, then the EOs are not identical.

The objective of the “Selection” stage is finding the selective code combinations, i.e. the ISC code combinations
containing no classification errors: | and Il type errors [2] (in a different interpretation, they are “target omission”
and “decoy lock-on”). If an EO classification provides only the EO identities, then the model saves the results of
EO two-by-two comparisons in a table.
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The “Optimization” stage is oriented to finding the optimal ISC code combinations in the set of selective code
combinations, and assigning them to the EOs. Code combinations are regarded as optimal if they provide the
minimal value of optimization criterion for each EO pair.

The model supports various ways of solving the EO classification problem. The adaptive search for optimal
solutions is carried out automatically due to the step-by-step modification of the ISC code combination values,
and the current model state analysis on basis of the selection and optimization criteria. Within the “EO
classification” stage, N = 124.002.900.000 iterations can be carried out. After all the iterations have been carried
out, the adaptive search defines the final form of the optimal code combination for each EQ. This combination
makes the EO individual speech code (ISC).

EO characterized by its individual ISC code combination has the following symbolic notation in the model:
0! (FG,(x), FG,(x),..., FG (x)) of O'(x,,x,,...,x,,) , where O is the symbolic notation of the object, k is the EO

class number, | is the EO number, x, is the numerical value of digit r. For example,
0,(1,0,2,2,0,1,0,5,1,0,0,0,3,3,1,1,3,2,1).

In this model, the identification is carried out according to the “classic” scheme - the “one-to-all” rule. The
unknown object (UO) is compared to all EOs in turn. The identification includes 3 essential stages: 1) EO
description, 2) UO description and 3) comparing UO with EO by the “one-to-all” rule. The description and
comparison on the stage of “Identification” are similar to those of the “EO classification” with the only difference:
the comparison and identification of UO with EO is carried out due to the rules that correspond to the values of
the ISC code combination digits for etalon objects.

For the experimental check up of the model, 190 EOs were selected from the EO bank. Each EO was
represented by the only vowel, for example, o surrounded by ¢! in word cold. Every fourth vowel was purposely
pronounced in a distorted way. Every four vowels were recorded from a different transmitting channel and under
different conditions. The identification result was in advance known to the researcher: the researcher knew which
class the “unknown” object belonged to. This object was called a testing object (TO). One testing class of objects
was represented by 8 TOs. Identification results were the following: the model identified the testing objects as
objects that belonged to the corresponding (known in advance) EO classes. When establishing the identity (non-
identity) of the UO and EO, no Il type errors occurred on the whole EO set.

The method has the following limitations:
1. vowel segmentation to VES is organoleptic (manual);
2. the number of experimental objects is not large;
3. the whole identification process requires much time.

Conclusion

The work presents a new solution to the scientific problem of speaker identification relying on the speech
parameters. The solution is based on the new knowledge about speech signals, ways of their transformation and
further processing. The work shows an empiric research of communicative properties of speech signals and the
development complementary ways of analysis.

To complete identification, the speech signal is separated into special relevant fragments, so called vowel
elementary segments, which are the minimal functional vowel units, objective and regular acoustic micro events.

The primary informative signs are accepted to be the structural signs of elementary segments, which are the best
to represent regular features of the speaker’s speech. The structural signs are defined by the smoothing effect in
hearing. This allows refusing the spectral methods of speech description and using the methods describing
elementary areas under the signal curve, which completely correspond to the processing method applied in the
auditory analyzer.

The ISC-based identification method makes it possible to perform identification research, first, on an extremely

limited and distorted speech material and, second, on a set of objects. This raised the reliability and effectiveness
of the method, and expanded the area of its application.
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MATHEMATICAL MODEL FOR SITUATIONAL CENTER DEVELOPMENT
TECHNOLOGY

V.M. Levykin

Extended Abstract:

As the experience shows there are general systems problems emerging when creating an information-analytical
system (IAS) (a situational center - SC) regardless of its complexity [1]. These problems are associated with
developers’ and customers’ functions due to incomplete understanding of both the object domain and the
structure (components) of the future system. Among these problems there are: IAS customers definition,
functional complexes and problems detection according to the SC activity direction, the customers information
requirements when solving managerial problems in accordance with requirements of the functional complex and
required resources.

Realization of these problems envisages the development of technology and creation of such a system, which
would take into account peculiarities of the object domain in the system structure. Such technology envisages
definition of the object domain in the framework of the information resources necessary for the customers with a
transition to the functional structure of the system and its enveloping components. Assigning the list and aspect of
the output documents (messages), the conditions of their reception according to the offered technology there is a
possibility to realize the SC development with the preset parameters as these conditions should be the basis for
formation and implementation of the requirements to every covering complex and its elements. It is practically
impossible to use classical methods of this technology starting from the specific character of the object domain
and peculiarities of the SC being developed. So, the most acceptable approach in this case is the criteria theory
use with a further description of the given technology in the form of the composition of the functors [2]. Derivation
of the mathematical model of customers’ requirements to the functions and the system interface, functional
structure, information and hardware-software complex gives the possibility of transition to the element by element
development of every complex and the system as a whole.

References

1. Clir J. Systems engineering. Automation of the system problems solution. M.; Radiosviaz. 1990. 544p.
2. Face K. Algebra: rings, modules, categories. M.: mir, 1997. 688p.

Author's Information

Levykin V.M. — Prof., Doctor, director of Institute Computer Sciences, Kharkov National University of Radio
Electronics,kuzy@kture.kharkov.ua




