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Pa3paborana MozeNb KJIaCTEPHOTO aHAIM3a IKCIEPTHBIX KPUTEPHEB OLIEHKH KaueCTBEHHBIX (HEYHCIIOBBIX) XapakK-
TEPHUCTHK C OTIPE/ICNICHHBIM YPOBHEM HaAexKHOCTH. {71 popManusaliy HHANBUIYaIbHEIX KPUTEPHEB HCTIONb30Ba-
HBI Z-4HCIIa, MPeICTaBISIoNMe co00i yopsaoYeHHbIe Tapbl OOBIYHBIX HeYeTKHUX 4yncel. [IlepBoe 4ncio siseTcs
OLICHKOH XapaKTePHCTHKH, a BTOPOE YHCIIO €€ HaIeKHOCTHI0. OTpeIeeHbl arperupyoniye moKa3aTey s Z-au-
Cell U MX TEPBBIX KOMIIOHEHT Ha OCHOBE (-yPOBHEBBIX MHOXXECTB HEUETKUX UHCell. Arperupyromnye nokasareim
HCTIONB30BAHbI JUTS OTIPEACNICHNS] HHAEKCOB MOIMApHOTO Pa3iIMdMs SKCHEPTHBIX KPUTEPHEB M MHAEKCOB IIONapHO-
ro cxozcTBa. Ha ocHOBE MHIEKCOB MOMAPHOTO CXOACTBA SKCHEPTHBIX KPUTEPHEB OMPEEIeHO HeUeTKoe OMHapHOe
OTHOILIIEHHE CXOJCTBA HA MHOXKECTBE BCEX KpUTepHeB. HeueTkoe oTHOLIEHHE MOIOOMS HA MHOXKECTBE KPUTEPHEB
TIOCTPOEHO C UCTIOIb30BaHNEM TPAH3UTUBHOTO 3aMBIKAHHSI HEUETKOTO OTHOIIECHUS cxoAcTBa. [locTpoerHoe HeveT-
KO€ OTHOILCHHUE IMOI00MsI PA3I0oKEHO Ha OTHOLICHHsS YKBHBAJCHTHOCTH. B 3aBHCHMOCTH OT ypoBHEH 3HaYeHHI
HEYETKOTO OTHONICHHS MOJ00MS BCe MHMBUyaJIbHBIC SKCIICPTHBIE KPUTEPUH PA30UTHI HA KJIACTEPHI MOJOOHBIX

KPUTEPUEB C O-yPOBHSAMHU HAAEKHOCTH.
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MeToz[, MCIIOJB3YEMBIH JUIsl TPYIITUPOBKU MO100-
HBIX TaHHBIX B KJIACTEPHhI, HA3bIBACTCA KIIacTe-
pusanueit. KnactepHslil aHanu3 UHAUBUIYATBHBIX
SKCIIEPTHBIX KPUTEPHUEB OLICHKHU HEUMCIIOBBIX XapaK-
TEPUCTHK SIBIICTCS] HEOOXOMMBIM MaTEMaTHUCCKUM
amnmaparoM ISl PelieHUs 3a4a4 10 BBISBICHUIO TO-
JOOHBIX KpUTEpHEB, POPMHUPOBAHUIO IKCIIEPTHBIX
KOMHCCHH, TOCTPOCHHIO IPYIIIOBOTO SKCIEPTHOTO
KpUTEPHUSI U MHOTUX JPYTHUX 3a7a4 C aKTUBHBIM yda-
CTHEM IKCIIEPTOB.

C pa3BUTHEM TEOPHUU HEUETKHX MHOMKECTB IOSI-
BUJIACh BO3MOXKHOCTH (POpPMaIM3alii SKCIEPTHBIX
KpUTEpUEB Ha OCHOBE JIMHIBUCTHUYECKUX MEPEeMEH-
HBIX U TOJHBIX OPTOTOHAIBHBIX CEMAHTHYECKUX
npoctpaHcts [1-7].

Jns xnmactepusalud HEUYETKUX JaHHBIX 4acTo
HCTIOJIB3YETCA XOPOILO U3BECTHHIN alroOpuUTM He-
YETKON KJIacTepHU3alluu c-cpeaHux (c-means) [8].
B pabote [9] 3TOT airoputM KOMOMHHPYETCS C Te-
HETUYECKUM anroputMom. B padorax [10-11] anro-
PUTM HEYETKON KJIaCTePHU3alUU C-CPEIHUX YITyUIlIeH
3a c4eT MUHUMHU3ALUH 1eTIeBON (DYHKIIUH C UCTIONb-
30BaHUEM AJITOPUTMA ONITUMH3AIMY post yacTuil [ 12].
Hcnonp3oBanue anropuTMa ONTUMHU3ALNN POS 4ya-
CTHII JUIsl HEUeTKOM nHpopManuu odcyxkaaercs B
paborax [13-16].

Jist petiieHus MpakTUYECKUX 3a1a4 OOJBIION WH-
Tepec MPEACTABIISET KIIACTEPHBII aHAJIN3 YKCIIEPTHOU
nH(OpMAIMK HAa OCHOBE HEYETKUX OTHOIIEHHH U 0CO-
OCHHO TPaH3UTUBHBIX HEYETKUX OTHOIICHUH [17, 18].

© Asrop(s1), 2022

TpaH3uTHBHBIE OTHOIEHHUS 0018 JaI0T MHOYKECTBOM
YAOOHBIX CBOMCTB M TPEIOCTABISIIOT BO3MOKHOCTh
Ppa30oHBaTh MHOKECTBO HA HETIEPECEKAIOIINECS KIIACChI
(xnactepsl) — nopo6us. OnHaKo peajbHbIE Pe3yilb-
TaThl SKCIIEPTHBIX OMPOCOB 3a4acTyI0 He 00J1aJaroT
CBOWCTBOM TPaH3UTHBHOCTH.

i pemeHus MpakTUYEeCKUX 3ajad HEYETKOTO
KJIaCTEpHOTO aHaJIM3a dKCIEePTHON MHPOpMauun
3aciTy’KMBaeT BHUMaHUsI TpeoOpa3oBaHne HCXOIHO-
IO HETPaH3UTHBHOTO OTHOULICHUS B TPAaH3UTHBHOE.
Takoe npeoOpazoBaHue 0OecrednBaeTCs Onepauei
TPaH3UTUBHOTO 3ambikaHus [19-21], B wacTHOCTH,
npemioxena [19] npouenypa KiacTepu3auu, Oc-
HOBaHHAs Ha TPAH3UTHBHOM 3aMbIKaHUU OTHOILICHHUS
mo00usl, MOTYUYSHHOTO B pe3yJbTaTe Oomnpoca dKC-
neptoB. KitactepHslif aHamu3 B yCIOBUSX HEUETKOU
WH(OPMALIMHU U TPAJAUIIMOHHBIN KJIaCTEPHBIA aHAIN3
oOcyxatores B [22-25].

[Mocne onpenenenus Z-yucina B 2011 1. pod.
Jlordu 3ane [26], Bo3HUKIIA HEOOXOAUMOCTh B pas-
paboTKe METOJIOB KJIaCTEPHOr0 aHau3a Z-uH(popMa-
uun (MHOpManny ¢ Z-4uciamu).

AJNTOPUTM HEUETKON KIIaCTepHU3aLui OOBbEJUHSACT
npeoOpa3oBaHue Z-yucell B HEYETKUE YUCiIa U ajl-
TOPUTM HEUETKOHN KJacTepH3alluu c-CpeaHux [27].
B pabore [28] nmpobiiema OMMOIaIbHO#M KiIacTepr3aliii
chopMynupoBaHa B TEPMUHAX MOCTPOCHUS Z-Kia-
CTEpOB, a TAKKE B HEH MCCIIEIOBAHBI OCHOBBI OMMO-
JaJbHOM KIIacTepHU3aliH 1 IPEIoKEH KOMIUIEKCHBIN
Metoz pemeHus. Kpome Toro, mpeuioskeH moaxo/,
OCHOBaHHBIN Ha TOKa3aHHOU B [29] cBs3u MexXIy
HEYETKUMH MHOMKECTBAMHU BTOPOTO THITA U Z-UHCIIAMH.
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YuuTeIBass HEOCTATOYHOCTh CYIIECTBYIOIINX
METOJI0OB KJIACTEPHOTO aHaimu3a Z-uHpOopMalny,
HeoOXoAnMa UX JallbHelIIas pa3padoTka.

Lenb paboTbl

Lenps paboTel — pa3paboTka MeTo1a KacTepu3a-
LUH SKCIIEPTHBIX KPUTEPHEB OLICHKH KaueCTBEHHBIX
XapaKTEPUCTHK B YCIOBUSX Z-WH(POPMALUHU, MIPE-
CTaBJICHHON MOJIHBIMH OPTOTOHAJILHBIMU CEMaHTHYe-
CKUMH IPOCTPAHCTBAMU C ONPEAETICHHBIM YPOBHEM
Ha/JeKHOCTH. PazpaboTka Takoro MeToja mo3BOJIUT
YMEHBUIUTH CyOBEKTUBHBIN (DAKTOP ¥ PUCKH OLIOOK
B 3a7ia4yax MPUHATHS PELICHUH.

OCHOBHbI€ MOHATUSA
N onpepeneHus

JIuHrBuCTHUECKON IEPEeMEHHON HA3BIBACTCS IIsI-
tepka [2] — {X, T(X), U, V, S},
rae X — Ha3BaHUE NEPEMEHHOI;

T(X) =1X,,i=1, m} — TepPM-MHOXKECTBO TIepe-
MEHHOH X

V' — cuHTaKCcH4YeCKOe MPAaBUIIO, TTOPOKIAIOIIEE
Ha3BaHUs 3HAYECHUM JIMHTBUCTUYECKOU Iie-
peMeHHOM X;

S — CeMaHTHYeCKOe IIPABUIIO, KOTOPOE CTaBUT
B COOTBETCTBUE KaXKIOU HEYETKOU MepeMeH-
HOM ¢ Ha3BaHueM U3 T(X) HeueTKoe MOAMHO-
’KECTBO YHUBEPCAIBLHOTO MHOXKecTBa U.

CeMaHTHUYEeCKUM MPOCTPAHCTBOM HA3bIBACTCS
JUHTBUCTUYECKAS TICPEMEHHAsl ¢ (PUKCHPOBAHHBIM
TEPM-MHOKECTBOM [2].

JIMHrBUCTUYECKUE NIEPEMEHHBIE, PYHKIMH TTPU-
HAJJICKHOCTH ( x), | =1, m KOTOPBIX yIOBIETBOPSI-
0T c(hOPMYTHPOBAHHBIM HIDKE TPEOOBAHUSIM, TIOJTY-
YUIM HAa3BAaHUE MOJTHBIX OPTOrOHATIBHBIX CEMaHTH-
YECKHUX MPOCTPAHCTB [5]. o

1. Jns kaxxgoro nouarus X, [ =1, m cymecrByer

(7 # J, The 0[ :{er;ul(x)zl} — TOYKa WU
OTpe30K
2. HyCTBU {er u,(x)—l} Torna

w (x ), [ =1, m He yObIBaeT ciesa OT U, v He BO3-
pacraer cipasa ot U,

3., (x), /=1, m umetor He Goiee ABYX TOUEK
pa3pbiBa IEPBOTO POAA.

m
4. s kaxporo x e U 2“1 (x)=1L
I=1
Z-41CIIOM Ha3bIBAETCS YNOPANOUEHHAS Mapa He-
yetkux uncen Z = A4, R), rae A — HeYeTKoE YUCiIo
¢ dynkuuei mpunaanexnocty w,(x): X —>[0,1],
KOTOPOE SIBJISICTCSI HEUCTKUM PACHIMPCHUEM 3Haue-
HUIi ICHCTBUTEIIBLHOM IIEpeMEeHHO# X, a R — HeueT-
KO€ 4YHCciI0 ¢ (YHKIHMEH MPUHAIICKHOCTH
My (x) : [0,1] — [0,1], KOTOPOE SIBJISIETCS HEYCTKUM
pacIIMpeHUeM 3HAUCHUI MEPbI HAJIS)KHOCTH TTEPBOT
KOMITOHEHTHI A, TAKOH, KaK JJOCTOBEPHOCTD, YPOBEHD
JIOBEPHsI, BEPOSITHOCTh, BOBMOXKHOCTD [26].

Hnst HeueTkoro yncia

B= (bl,bz,bL,bR )
OIIPEJICIICH arperupyromuii oTpe3ok [, B,] u arpe-
rupyromui nokasarens 3[30]:

1 1
Blzbl_gbL’ Bzzbz"'gbm (1)

b +b, (by—0,)

9="1—24 % L2
2 12 @)

OmnpenenuM, Uctonb3ys Beipakenus (1) u (2),

o 1 2 o

arperupyoumit orpesok | B,, B, |1 arperupyrommit
roKasarensb 3, i Z-4ucia

,Rz(rl,rz,rL,rR);
. 1 1 1
BZzri(al_gaL)_rL(gal_EaLj9
) 1 1 1
BZ=r2(a2+gakj+rk[ga2+EaRj,
1 1 1 1
BZZE rl(al—gaLj—rL(gal—EaL) +

1 1 1 1
+5 nia, +g(1R +VR g(lz +EaR

OHpC,E[CJ'II/IM paCCTOHHI/Ie MEXAy Z-4HhCIaMUu
Z = A R Z, = Az, Rz)carpempy}omnMM MoKa-
3aTesIMu BZ, 132 U arperupyronymMy oka3areasMH

9,, 3, uncen Al, Az'

=(A.R). A=(a.a,.a,.a,)

3)

d(2,2)=(B, B, ) +(8,-8.). @)

PaccTosinue mexny Z-uuciiamu B CIEIYIOUIEM
pazzaene OyaeT MUCIOIb30BaThCS ISl OMPEIEICHUS
HWHJIEKCOB Pa3JIMYUsl U CXOJICTBA IKCIIEPTHBIX KpPUTE-
pHUEB OLIEHKH Kau€CTBEHHBIX XapaKTEPUCTHK.

MocTaHOBKa 3aga4u U ee pelueHue

[Ipeanonoxxum, 4To 7 HKCIEPTOB OLICHUBAIOT
HEKOTOPYIO KQYECTBEHHYIO (HEUHUCIOBYIO) XapaKTe-
PUCTHKY U HCIIONB3YIOT IIKAJTY C JINHIBUCTUYECKH-
MU YpOBHSIMHM (3HaueHusMmu) B,/ =1, m.

B nensix yMeHbIICHHs PUCKOB OMIMOOK MPH NPH-
HSITHH PEUICHUI Ha OCHOBE MOCTYTMAIOUICH OT JKC-
MepToB HH(OPMAIIMH SKCTICPTHI MPEIOCTABIISIIOT CBOH
JIAHHBIE C OTNPECICHHBIMU YPOBHIMH HACKHOCTH
(YBepeHHOCTH), a TSI OLIEHKH 3THX YPOBHEH HCIIONb-
3YIOT IIKaJIy ¢ JUHTBUCTHUYCCKUMH 3HAYCHUSMU
R, j=1k.

Jus hopManuzanuy UCMONB3YEMBIX KAl HC-
MOJIB3YIOTCSI METOZBl HA OCHOBE TIOJHBIX OPTOTO-
HaJIbHBIX CEMaHTHUYECKUX TPOCTpaHcTB [7, 23].
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[lycTh pe3ynbTarhl OIIEHKH i-TO AKCIepTa Mpe/l-
CTaBJICHBI TIOJIHBIM OPTOTOHAJILHBIM CEMaHTHYECKUM
QpOCTplaHCZTBOM RB i =1, n C HCUECTKUMHU 3HAYCHUSIMU

(bﬂ,bl,,b b, ) [ =1, m,i=1, nlllxana 11 oneH-
KI/I HAJI©KHOCTH PE3YIILTaTOB (POPMATTUIYETCS TAKKE
B BH/IE MTOJIHOTO OPTOTOHAJIBHOTO CEMaHTHYECKOTO
npOCTpaHCTBa R ¢ HE4YeTKUMH 3HAYECHUSIMHU
Rj (r r r Ny ),]—1k _

KpI/ITepI/II/I oLleHKN Z,,i=1, ni-ro skcnepra npen-
CTaBJSICTCS B BHJIC MHOYKECTBA Z-UHCEIT —

Z, )((Bl,,R ), [= l,mP), =1, n, TA€ HEYETKOE YHCIIO

R, =( BTy 2 Z—l m, 1—1 7 PaBHO OJTHOMY W3
HEUCTKHUX YHCEI ],j,],j ),]—1 k.
O06o3Hauum a _gemp_uoume MoKa3aTenu JJis
(B,nR,z) B,,l=1,m,i=1,nuepes
B, b, = 1 m,i=1,n.
I/Icnonb3y51 arperupyronme nokasareiu, onpe-
nenuM paccrosuue d(Z;, Z;) MeXIy KpUTEPUIMU

OLICHKH [-TO j—ro 3KCH€pTOB

1(2.2)= 5B B, +-.) s )
,:7,,-:7
Iycte d —maxd(Z Z) =_n,j=7

Tor/:[a HWHACKC pas3jiniyus KpUTECPUCB ABYX SKCIICP-
TOB ONPEICIIUM CIIEAYIONIIM 00pa3oM

d(z,.2;)

ij = d ‘ > l = 1’ n > J

max

=1,n. (6)

Hcnonb3ys Beipaxkenue (6), ONpeaeinM UHICKC

CXOJICTBA KPUTEPUEB JIBYX IKCIIEPTOB
p, =1-0,,i=1n,j=1n @)

Torya HeueTkoe MHOKeCTBO \P ¢ (pyHKIMEH TIpu-
HAJUIKHOCTH Wy ( Z;,Z; | = p,; Onpe/ersieT HedeTkoe
OMHapHOE OTHOILIEHHE CXOJCTBA HA MHQXKECTBE JIKC-
neprHsix kputepues Z, = ((B,, R, ) [= l,mj, i=1,n.
Jlokaxxem, 9T0 3TO IEHCTBUTEIILHO TAK, IPOBEPUB IS
P CBOMCTBA CHMMETPUIHOCTH U PEPICKCUBHOCTH.

TToxkaxkem, uTo

”"P(Zi’zj):”"l‘(zj’zi)’izla_n’jzla_n
My (Z,.2,)=p, =1-5, =
lZm:\/(Bil_[3/'1)2_"(bz'l_bjl)2
—1-2x -
dmax
i (®)
%Z\/(le_BiI)Z_l_(bﬂ_bﬂ)z
=1- =1 —
dmax
=1-8,=p,=p,(Z2,.2,).

CaoiictBo cumMmeTrpuuHoctu W nokazaHo.
JlokaxkeM CBOMCTBO peQIeKCUBHOCTHU, TO €CTh,
arop, (Z,,Z,)=1i=1n

Ky (Zt’Zi):pii 21_6;',' =
%i\/([‘)’tl _Bil )2 +(bil _bil )2 )
1— =1

d

max

CBOHICTBO pe(ueKCUBHOCTH IS ‘iﬁ JI0Ka3aHo.
Takum 00pazom, HeueTkoe MHOXKeCTBO YV ¢ pyHKIH-
el IPHHAUICKHOCTU Wy, | Z,, Z; | = p,; ICHCTBUTENBHO
ompeieNiieT HeueTkoe OMHApHOE OTHOIIEHHE CXOJ-
CTBa Ha MHOYECTBE JKCIEPTHBIX KPUTEPHUEB
Z,=((B),R,), 1=1,m),i=1,n.

OcHoBHas MpobIeMa Npu MOCTPOSHUH OTHOLIE-
HHS TI000MS COCTOMT B TOM, 4TO B O0ILEM ClTydae
Y He sABNsAeTCA TPAaH3UTUBHBIM OTHOLIEHUEM, TO €CTh

B 00ILIEM ciIy4ae He BBIIOJIHSIETCS, YTO

we(2.2,)2 mzaxmin{uq, (2:2),14(2,,2,)},
1

i=1,n,j=1n,l=1,n Cnenars ¥ TPaH3UTUBHBIM

HEYETKUM OMHAPHLIM OTHOLIEHUEM MOJ00HS MOXKHO

Ha OCHOBE oObeAuHeHus1 Komno3uuuii W ¢ coboii,

T e. ¥ =9 [1].

DKCIEPTHBIE KPUTEPUH Z,, Zs,..., Z,, p < 1 OyzieM
CYMTATh NMOAOOHBIMU ¢ ypoBHeM nosepust o € (0, 1),
ecIm (ZJ.,ZJ.) > i Beex Z,Z,,i=1, p, j=1, p.

Torna V¥ MOXHO IPEICTaBUTh CIIEAYIOIMM 00pa-
som: ¥ = max {a¥,},0 < a <1, tre ¥, aBnsercs or-
HOLICHUEM “IKBUBAJICHTHOCTH B CMbICIIC OOBIYHOMN
TEOPUU MHOXKECTB.

Pa3paborannast Mozenb KJIacTEpHOTO aHalM3a
Z-unpopmanuy Mo3BoJsIET aHATM3UPOBATH HKCIIEPT-
HbIE KPUTEPHHU OLICHKH KaUeCTBECHHBIX (HEUHCIIOBBIX )
XapaKTePHUCTHK C ONpe/IeICHHBIM YPOBHEM HAICK-
HOCTH, (OpMaNIU30BaHHbIE C TIOMOIBIO Z-YHUCEl,
TaKXe pa3duBaTh MHO)KECTBO KPUTEPHEB Ha KIlacTe-
Pl TOJOOHBIX. BO3MOKHOCTB KIaCTEPHOTO aHaIM3a
9KCIIEPTHBIX KPUTEPHEB YMEHbBIIACT HE TOIBKO CYyOb-
EKTHUBHYIO COCTABJISFOLIYIO B OLIEHKAX SKCIIEPTOB, HO
1 PUCKH OLIMOOK B MPOLIEAYpaxX NPUHATHUS PEILICHUH.

BbiBOA,bI

[Tockonbky mpobiema KJIacTepHOTO aHaJIN3a He-
YeTKOW MH(POPMAIUK, 3aJaHHON C OTIPE/ICIICHHBIM
YPOBHEM JIOCTOBEPHOCTH (Z-UHPOpMAIINN), aKTy-
anbHa U TpeOyeT pelIeHus, TO B cTaThe pa3pado-
TaH METOJ, KJIACTEPU3ALUU IKCIIEPTHBIX KPUTEPUEB
OILIEHKM Ka4eCTBEHHBIX XapaKTEPUCTHK B YCIOBUSX
Z-uHpopMaluu, NpeACcTaBICHHOW MOJIHBIMH OPTO-
TOHAJIBHBIMHM CEMAaHTHYECKUMHU TPOCTPAHCTBAMH.

OKcnepTHbIE KPUTEPUU TIPECTABICHBl MHOXe-
CTBaMU Z-uucesl. YUUcio 31eMEHTOB 3TUX MHOXKECTB
COBNAJAET C YUCIOM YPOBHEU JIMHIBUCTUYECKUX
IIKaJI, UCIIOJIb3YEMBIX /ISl OLIEHKH XapaKTEPUCTHUK.
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dopManuzanuy ypoBHEH IIKal, a TakKe YpOoBHEH
LIKAJIbl U1 OLEHKH JOCTOBEPHOCTH HKCIEPTHON
HHGOPMALMH SIBISIOTCS 3HAYCHUSIMH HIOJIHBIX OPTO-
TOHAJILHBIX CEMaHTHYECKUX IPOCTPAHCTB.

OnpeneneHs! HHIEKCHI pa3Indys U CXOCTBA IBYX
9KCIEPTHBIX KPUTEPHEB HA OCHOBE PACCTOSIHUSI MEXITY
HUMH. Mcnonb3yst HHIEKC CXOICTBA, IOCTPOEHO He-
yeTKoe OMHApHOE OTHOIICHUE CXOJICTBA HA MHOKECTBE
JKCIEPTHBIX KpUTepueB. C MOMOIIBIO TPaH3UTHB-
HOTO 3aMbIKaHUsI HEYETKOIO OMHAPHOTO OTHOLICHHMS
CXOJICTBA NOCTPOEHO HEYETKOE OMHAPHOE OTHOLIICHHE
10100151, KOTOPOE MOKHO Pa3JIOKUTh Ha OTHOLICHHS
9KBUBAJICHTHOCTH B CMBICJIE OOBIYHOM TEOPUH MHO-
JKECTB. DTO MO3BOJISIET aHAJIM3UPOBATH SKCIEPTHHIE
KPUTEPHUH C KOHKPETHBIM YPOBHEM HAJIEKHOCTH U
OIIPENIEIISITh KIIACTEPHI MOJJOOHBIX KPUTEPHUEB.

Bo03MOXHOCTB Takoro aHajau3a akTyajbHa IS
pelIeHns 3aad, B KOTOPBIX JOCTYIHA TOJIBKO 3KC-
neptHas uHPopMauus, a OT €€ JOCTOBEPHOCTHU
CYILIECTBEHHO 3aBHCAT KOHEUHBIE PE3YJIBTAThI U MPH-
HUMAaeMbl€ Ha X OCHOBE PEILICHUS.
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The paper developed a model of cluster analysis of expert criteria for assessing qualitative (non-numerical)
characteristics with a certain level of reliability. To formalize individual criteria, Z-numbers are used, which are
ordered pairs of ordinary fuzzy numbers. The first number is an estimate of the characteristic, and the second
number is its reliability. For Z-numbers and their first components the aggregating indicators was defined based on
a-cuts of fuzzy numbers. Aggregating indicators are used to determine the pairwise difference indexes of expert
criteria and pairwise similarity indexes. Based on pairwise similarity indexes of expert criteria, a fuzzy binary
relation of analogy is determined on the set of all criteria. A fuzzy similarity relation on a set of criteria is built
using the transitive closure of a fuzzy relation of analogy. The constructed fuzzy similarity relation is decomposed
into equivalence relations. Depending on the levels of values of the fuzzy similarity relation, all individual expert
criteria are divided into clusters of similar criteria with o-levels of reliability.

Keywords: Z-number, expert criterion, reliability

Suggested citation: Poleshchuk O.M. Klasternyy analiz ekspertnoy informatsii na osnove Z-chisel [ Cluster analysis
of expert information based on Z-numbers]. Lesnoy vestnik / Forestry Bulletin, 2022, vol. 26, no. 1, pp. 143-148.
DOI: 10.18698/2542-1468-2022-1-143-148

References

[1] Poleshchuk O., Komarov E. Expert Fuzzy Information Processing // Studies in Fuzziness and Soft Computing, 2011, v. 268,
pp. 1-239.

[2] Zadeh L.A. Fuzzy logic and approximate reasoning // Synthese, 1975, v. 80, pp. 407—428.

[3] Hwang C.L., Lin N.J. Group decision making under multiple criteria. Berlin: Springer, 1987, 400 p.

[4] Borisov A.N., Krumberg O.A., Fedorov I.P. Decision making on the basis of fuzzy models: Examples of use. Riga: Zinatne,
1990, 184 p.

[51 Ryjov A.P. The Concept of a Full Orthogonal Semantic Scope and the Measuring of Semantic Uncertainty // Fifth International
Conference Information Processing and Management of Uncertainty in Knowledge-Based Systems, Berlin, 8-11 June 1994.
Berlin, 1994, pp. 33-34.

[6] Ryjov A. Fuzzy Linguistic Scales: Definition, Properties and Applications. Eds Reznik L., Kreinovich V. Soft Computing in
Measurement and Information Acquisition // Studies in Fuzziness and Soft Computing, 2003, v. 127, pp. 21-27.

[7] Poleshchuk O.M. Creation of linguistic scales for expert evaluation of parameters of complex objects based on semantic
scopes // International Russian Automation Conference (RusAutoCon -2018), Sochi, 6-10 September 2018. Munchen, 2018,
pp. 1-6.

[8] Bezdek J.C. Selected applications in classifier design // Pattern recognition with fuzzy objective function algorithms, 1981,
v. 2, pp. 203-239.

[9] Bezdek J.C., Hathaway R.J. Optimization of fuzzy clustering criteria using genetic algorithm // Proceedings of the IEEE
Conference on Evolutionary Computation, Vienna, 21-26 December 1994. — Vienna, 1994, v. 2, pp. 589-594.

[10] Runkler T.A., Katz C. Fuzzy clustering by particle swarm optimization // Proceedings of the IEEE International Conference
on Fuzzy Systems, Oslo, 1-4 November, 2006. Berlin, 2006, pp. 34—41.

[11] Liu H.C., Yih J.M., Wu D.B., Liu S.W. Fuzzy c-mean clustering algorithms based on Picard iteration and particle swarm
optimization // Proceedings of the International Workshop on Geoscience and Remote Sensing (ETT and GRS-2008), Paris,
2008, pp. 75-84.

[12] Kennedy J., Eberhart R.C. Particle swarm optimization // Proceedings of the IEEE International Joint Conference on Neural
Networks, New York, 2—6 July, 1995. New York, 1995, v. 4, pp 1942—-1948.

[13] Mehdizadeh E., Tavakkoli Moghaddam R. Fuzzy particle swarm optimization algorithm for a supplier clustering problem //
J. of Industrial Engineering, 2008, v. 1, pp. 17-24.

[14] Melin P., Olivas F., Castillo O., Valdez F., Soria J., Valdez M. Optimal design of fuzzy classification systems using PSO with
dynamic parameter adaptation through fuzzy logic // Expert Systems with Applications, 2013, v. 40, no. 8, pp. 3196-3206.

JlecHow BecTHUK / Forestry Bulletin, 2022, Tom 26, Ne 1 147



Math modeling Cluster analysis of expert information...

[15] Chen M., Ludwig A. Particle swarm optimization based fuzzy clustering approach to identify optimal number of clusters //
J. of Artificial Intelligence and Soft Computing Research, 2014, v. 4, no. 1, pp. 43-56.

[16] Phyo O., Chaw E. Comparative Study of Fuzzy PSO (FPSO) Clustering Algorithm and Fuzzy C-Means (FCM) Clustering
Algorithm // National J. of Parallel and Soft Computing, 2019, v. 1, no. 1, pp. 62—67.

[17] Ruspini E.H. A new approach to clustering // Information and Control, 1969, v. 15, pp. 22-32.

[18] Ruspini E.H. Numerical methods for fuzzy clustering // Information Sciences, 1970, v. 2, pp. 319-350.

[19] Tamura S., Higuchi S., Tanaka, K.: Pattern classification based on fuzzy relations // IEEE Transactions on Systems, Man and
Cybernetics, 1971, v. 1, pp. 61-66.

[20] Zadeh L.A. Similarity relations and fuzzy orderings // Information Sciences, 1971, v. 3, pp. 177-200.

[21] DunnJ.C. A fuzzy relative of the ISODATA process and its use in detecting compact well-separated clusters // J. of Cybernatics,
1973, v. 3, pp. 32-57.

[22] Ruspini E.H. Recent developments in fuzzy clustering // Fuzzy Set and Possibility Theory. N.Y.: Pergamon Press, 1982,
pp. 133-146.

[23] Poleshchuk O, Komarov E. The determination of rating points of objects with qualitative characteristics and their usage in
decision making problems // International J. of Computational and Mathematical Sciences, 2009, v. 3, no. 7, pp. 360-364.

[24] Darwish A., Poleshchuk O. New models for monitoring and clustering of the state of plant species based on sematic spaces //
J. of Intelligent and Fuzzy Systems, 2014, v. 3, no. 26, pp. 1089—-1094.

[25] Poleshchuk O.M., Komarov E.G., Darwish A. Assessment of the state of plant species in urban environment based on
fuzzy information of the expert group // Proceedings of the XX IEEE International Conference on Soft Computing and
Measurements, (SCM-2017), Saint Petersburg, 23-25 May, 2017. Saint Petersburg, 2017, pp. 651-654.

[26] Zadeh L.A. A Note on Z-numbers // Information Sciences, 2011, v. 14, no. 181, pp. 2923-2932.

[27] Jamal M., Khalif K., Mohamad S. The implementation of Z-numbers in fuzzy clustering algorithm for wellness of chronic
kidney disease patients // J. of Physics: Conference Series, 2018, v. 1366, pp. 201-209..

[28] Aliev R.A., Pedrycz W., Guirimov B.G., Huseynov O.H. Clustering method for production of Z-numbers based if-then rules //
Information Sciences, 2020, v. 520, pp. 155-176.

[29] Aliev R., Guirimov B.: Z-number clustering based on general Type-II fuzzy sets // Advances in Intelligent Systems and
Computing, 2018, v. 896, pp. 270-278.

[30] Poleshchuk O.M. Object monitoring under Z-information based on rating points // Advances in Intelligent Systems and
Computing, 2021, v. 1197, pp. 1191-1198. DOI:10.1007/978-3-030-51156-2_139.

Author’s information

Poleshchuk Ol’ga Mitrofanovna — Dr. Sci. (Tech.), Professor, Head of Higher Mathematics and Physics
Department of BMSTU (Mytishchi branch), poleshchuk@mgul.ac.ru

Received 20.09.2021.
Approved after review 21.09.2021.
Accepted for publication 06.12.2021.

148 Lesnoy vestnik / Forestry Bulletin, 2022, vol. 26, no. 1



