WORLD SCIENCE ISSN 2413-1032

COMPUTER SCIENCE

MO/JAE/JINPOBAHUE JIMHTBUCTUYECKOU
HEOIIPEAEJIEHHOCTHN HA OCHOBE Z-4YlCEJI B
CUCTEMAX MHOT'OKPUTEPHUAJIBHOI'O
INPUHATNA PEHHIEHNUA

k.m.n., Canumoe Bazugh I'acan oznvi,
Azepbationcanckas Pecnyonuxa, baxy, Azepbaiioscanckuii ynueepcumem Hegmu u
npoMbluLIeHHOCIU, doyeHm Kageopuvl « Komnviomepnoii unoicenepusy

DOI: https://doi.org/10.31435/rsglobal_ws/31032020/6969

ARTICLE INFO ABSTRACT
Received: 19 January 2020 The article is devoted to the problem of multi criteria decision making
Accepted: 21 March 2020 under linguistic uncertainty. Information of different approaches for
Published: 31 March 2020 modelling linguistic uncertainty have been analyzed. The concept of z-
numbers proposed by L.Zadeh have been presented. Z-number is
KEYWORDS presented as cortege of two fuzzy number A and B, where A is analyzed
PR ; factor, B is reliability of an assessment. The method of conversion z-
gggil;:gr']cﬁgﬁﬂéa}mty’ numbers into generalized fuzzy numbers have been applied. As test
membership function, problem have been used supplier selection problem. As decision making
fuzzy z-numbers, model have been used group weighted average method. All calculations
generalized fuzzy numbers. and results were presented.

Citation: Camumos B. I'. (2020) Modelirovanie Lingvisticheskoj Neopredelennosti na Osnove Z-Chisel v
Sistemah ~ Mnogokriterial'nogo  Prinyatiya ~ Reshenij.  World  Science.  3(65), Vol.1l.  doi:
10.31435/rsglobal_ws/31032020/6969

Copyright: © 2020 Caaumos B.I'. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Beenenmne. [Ipobnema npuHATHS pEIIEHUH B YCIOBHUSIX HEONPEICICHHOCTH M, B YaCTHOCTH,
JIMHIBUCTUYECKOW HEOIPENENICHHOCTH SIBIISETCS OAHOW W3 aKTyaJbHBIX B 0Omel mnpoOnemaTHke,
CBA3aHHOM ¢ ympaBineHneM. O4ueHb 4acTO NP PEIIeHNH 33Ja4 MPUHATHS PEIIeHU, MbI BHIHYKECHbI
JIOBOJILCTBOBATHCS TOJIBKO HMH(OpMaIneil, JOCTaBIIeMoil sKcrepTaMu B (opMe JTMHTBUCTUYECKHX
OLIEHOK. B 3TuX ycnoBusix pa3paboTka MopeJell MpUHSATHSA pelieHHHd TpeOyeT aJeKBaTHOro ydeTa
HEOTIPeIeTICHHOCTH MPHUCYIIEH JINHTBUCTHYECKUM OIIEHKaM.

OnauM u3 3PQPEKTUBHBIX METOJOB MOJICIHPOBAHMS JIMHTBUCTHUYECKON HEOIPE/IeICHHOCTH
ABJISIETCSl TOJAXOJ, OCHOBaHHBIM Ha HEYeTKHX MHOXecTBax. CymiecTByeT Oonblioe 4HCiIO padoT
MOCBSIIIEHHBIX MCIIOJIb30BAaHUIO KIACCHYECKON TEOPUH HEUETKHX MHOXKECTB U MOJyYHBIIETO Ha3BaHUE
fuzzy type-1. Drot momxox 6su1 ipemmoxen JI. 3ame B 1965 roay B padote [1]. B 1975 roxy JI. 3ane
OBl TIpemIoKeH Oosee OOMIMI TMOAXOJ, MONYyYMBIIMKM Ha3zBaHue fuzzy type-2 W TO3BOJSIONIUI
YUYUTBIBaTh HETOYHOCTh HANIMX 3HaHMW O (GyHKiuu npuHamiexHoctd [2]. C.Yen B 1985 ronmy
NPE/NIONKUIT KOHIICTIIIMIO aJbTepPHATHBHYIO fuzzy type-2 ¥ MOJyYUBINYIO Ha3BaHUE OOOOIEHHBIX
HeueTKuX MHoxecTB (generalized fuzzy set) m KoTopas Takxe TO3BOJISET YUECTh HETOUHBIX HAIIHX
3HaHu# 0 pyHkuK npuHamieskHoctu [3]. B 2011 roxy JI. 3ane npemioxkun KOHIENIMIO HeYeTKUX Z-
yrcen (z-numbers), MO3BOJISIIONIMKA TakkKe YYWUTHIBATH HETOYHOCTh HAIMX 3HAHUA O (QYHKIUH
IPUHAUIEKHOCTH HCIOJIB3Ysl COBMECTHO IOAXOJ C IO3ULIMNA TEOpUU BEPOATHOCTH U TEOPUHU
BO3MOKHOCTH [4]. KoHuenmws z-ymcen CBsi3aHa C TE€M, 4YTO OYCHb YacTO CTEICHb YBEPCHHOCTH
JKCIIepTa B OLIEHKE 3HAUYCHHWH Pa3IMYHBIX (PaKTOPOB BBIPAXKAECTCS B TEPMUHAX TEOPUU BEPOSTHOCTH
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(«Majo BEpOSTHO», OYCHb BEPOSTHOY», «HEBEPOATHON). JI. 3a/ie MPpeUI0kKII HCIOJIb30BATh IS ATOTO
HOBBI THIT HEYETKHUX JAHHBIX Z-YUCIA, COCTOSIINE W3 JIBYX HEUETKHX YHCEN, MEePBOE M3 KOTOPHIX
npescTaBiseT co00i HEUeTKYyIo OIEHKY (akTopa, BTOpOE CTENEHb YBEPCHHOCTH B 3TOH OIICHKE,
BBIPAKCHHYIO B TEPMUHAX TEOpUH BeposTHOCTH. JI. 3ame MpemayioKuil aarOpuTM  BBIOJTHEHHS
orepalnuii ¢ z-4uciIaMd Ha OCHOBE MpuHIHMMNA pacuupenus [4]. Bce ykazaHHbIC MOIXOIBI MIHPOKO
UCTIONIB3YIOTCS TPH  pa3paboTKe MoJeNiell TPWHITUS PENICHUS B YCIOBHSAX JIMHTBUCTHYECKON
HeomnpezeneHuocTd. [5-17]. B mamHOW paGoTe paccMaTpuBaeTCs MOJIXOM, OCHOBAaHHBIM Ha
NPUMEHEHUH HEYEeTKUX Z-uncen (z-numbers).

OcHOBHBIC IOHATHS.

B nmaHHO# cTaThe pacCMOTPEHBI BOMPOCH NMPUMEHEHHS HEUCTKHX Z-4Hcell (z-numbers) s
MOJICIIMPOBAHUS JIMHIBUCTHYECKOW HEOIPE/ICICHHOCTH B 3a/1a4aX MHOTOKPUTEPUAIBHOTO TPHHSATHS
pemrenuit — Multi-Criteria Decision Making (MCDM) [6]. PaccMOTpHM OCHOBHBIC TOHSATHS TCOPUH
HEYETKUX Z-YUCEl.

Onpenenenne: Heuerkoe Z-uncio.

HeueTkoe Z-4nCrIo TIPEICTaBIseT CO00H KOPTEX COCTOsIIeH u3 ABYX HeueTkux uncen Z= (A , B),
rie A — HedeTKoe YHCIIO, IPEACTABICHHOE SKCIIEPTOM JIsl OLIEHKH HCCIIeayeMOro (hakTopa;

B — HeueTkoe 4KCII0, OMUCHIBAIONIEE CTENEHb YBEPEHHOCTH B OIIEHKE DKCIIEPTa;

pa(x) Z = (A,B) 1(x)
F 3 F 3
1 1
i B
0 0 x
> X >
a; a, as Qy by by by by

Puc. 1. I'paguueckoe npedcmasnenue Heuemrkoeo z-4ucia

Onpenenenne. OGodIIenHoe HeueTKoe uncao. Hederkoe MHOXkecTBO A, ompe/eneHHoe Ha
YHHUBEPCAJIbHOM MHOXCCTBE BCHICCTBCHHBLIX YHCEII R, Ha3bIBACTCA O606HI€HHBIM HCYCTKHUM YHCIIOM,
eciu ero (QYHKIHS TPHHAUICKHOCTH 00J1a/IaeT CIESYIOINMH CBOHCTBAMU:

l. i R — [0,1] sBsieTcst HempepbIBHOM

. ui(x) = 0 mns Bcex x (—oo, a]u[d, ©)
Il uzi(x) crporo Bo3pacraet Ha [a, b] u cTporo yosiBaeT Ha [c, d]
\VA wi(x) =w, nasaBcex xelb,c], rnre0 <w <1

OG6o0IIenHoe HewyeTKoe TpameneuaanbHoe uucio A = (a,b,c,d,w) wumeer ¢yHKIHIO
IMPUHAIJIC)KHOCTU B BUC

0 x<a
xX—a <y <h
b—a a=x=
Ue(X) =< w b<x<c
x—c <y<d
d—c c=x=
0 x>d

3/1ech W UrpaeT poiib YPOBHS JOCTOBEPHOCTH HAIINX 3HAHWHN O (DYHKITUH ITPHHAIEKHOCTH.
PaccMoTpuM MOpSAOK  BBIMOJHEHUS apUQMETHUECKHX OmNepanuid Hajx 00O0OIEHHBIMU
HEUETKUMH TparenenfanbHeiMu unciamu. Janst 18a GTFN uncna A; u Ay:
A = (ay, by, c1,dq, we) Ay = (az, by, €3, d3, ;)
Cnowxenne. A; @ A, = (a; + ay, by + by, ¢; + ¢3,d; + dy; min(wy, w,))
Borunranue. A; © A, = (a; — ay, by — by, ¢ — ¢3,d; — dy; min(wy, wy))
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CkansipHoe YMHOKeHMe.
i =

@YHKIUSA PAHKAPOBAHMS
JUuist paH)KAPOBAHUS aJbTEPHATHB ObLI HUCIIOB30BAH IEHTPOUIHBIM METO, TPEIOKEHHBIN B
pab6ore [6]

(Aa, Ab, Ac, Ad; w) 1> 0
(Ad, Ac, Ab, Aa ;w) A< 0

dc—ab w c—b
@ -+ 3t @ro—w@+n
®ynkuus pamkuposanns R(4) = /%2 + 32
Ecm A; n A; na GTFN uucna, To umeem
(i) R(4;) > R(4;) Torma 4; > 4;
(ii)R(/L-) < R(Aj) torga 4; < Aj
(iii) R(A;) = R(4;) Torma 4; = 4;
Omnpenesienue: BeposiTHOCTh HEYETKOT0 COOBLITHS
BeposITHOCTBIO HEUETKOTrO COOBITHSI Ha3bIBACTCS BEIMYMHA ONPEICIsieMast Kak

P(A) = [ pa CORAGx
A
C IIOMOLIBIO 3TOT'O IMOHATUA YCTAHABIMBACTCA CBA3b MCXKAY KOMIIOHCHTAMU AuB.
Beluncnenus ¢ Z-yuciamMd MOTYT OBITh peajM30BaHbl MyTEM MPSMOTO HCHOJIB30BAHUS
NPUHIMIA paclipeHus 3aje, 4yTo TpeOyeT OueHb TPOMO3JKHX BBIYUCICHHH M KpalHe 3aTpyIHEHO
NIPY PEUICHUH CIIOXKHBIX MPUKIIAIHBIX 3a/1ad. AJIbTepHATUBHBINA MyTh — 3TO NMPeoOpa3oBaHKe Z-4ucel
B japyrue GopMmatsl, MOICPKUBAIONIME HEONPEICICHHOCTh (DYHKIMH NPUHAMICKHOCTH M JUIS
KOTOPBIX pa3pabOTaHbl aJrOPUTMbI BBHIUMCICHUI YMEPEHHON CIOXHOCTH. B pabote [7] mpemioxken
MeToz rpeoOpa3oBaHus Z-yrced B 0000UIeHHBIe HeueTkrue Yncia. @akTHYecKH CTENeHb YBEPEHHOCTH
B tpanchopMHUpyeTCsl B ypOBEHb HEUSTKOCTH (.

(3?5,375)=<a+b+c+d— )

L
Jus(x)dx
Hanee Z — uucno Tpanchopmupyercs: B 0000IIEHHOE HEYETKOE YHCIO (X, Uy (X))
Ha(x)
rF 3
A
1
@
Ax
0
> X
a, a, a; a

Puc 2. I'paghuneckoe npedcmasienue 0000WeHHO20 HeUemKo20 YUCA.

IMocTaHoBKa 3a1a4U U METO] pellIeHN.

[IpumeHeHne HEYETKMX Z-4Mcel PacCMOTPUM Ha MpUMeEpe 3aJadd BbIOOpA IOCTaBIIMKA
(supplier selection). Dta 3amaua ¢opmanuzyercss kak 3agada MCDM ¢ rpymmoBsIM METOIOM
npuHATHA pemennid. MiMeercs 3 moTeHIManbHbIX noctaBmmka A; (i = 1,2,3), nesTenbHOCTh KOTOPBIX
onuceiBaeTcsa 4 aTpuOyTamu:

C1- xauecTBO TOBapa, C, — hakTop pucka, C3 —ypoBeHb 0OcmyxuBanus, €, — MPpo(UIHL KOMIAHHH.

Taxxe umeercs 3 akeniepra Ej, (k = 1,2,3) ¢ COOTBETCTBYIOLIIMME BECOBBIME KO3 HUITMEHTaMH

A= (0.3 0.450.25)
s Bcex atpudyToB C; (i = 1,2,3,4) Takxe onpeiesieHbl BECOBbIE KO PHUINEHTHI BaXKHOCTH
w = (0.3 0.15 0.2 0.35)
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B tabnuie 1 npeacraBieHbl JUHTBUCTHUECKUAE TEPMbI, KOTOPBIC UCIOJIB3YIOTCS JIJISl OIICHKH
anpTepHaTHB pemeHnit — «Ouens HU3Kku» (VL), «Huskuity (L), «Cpenuauit» (M), «Breicokuin» (H),

«Ouenp Beicokmit»y (VH).

Tabmuna 1.
JIMHTBUCTHYECKHE TEPMBI DyHKIUS TPUHAICKHOCTH
¢dakTopa A Ua
Ouens Huskuii (VLK) (0,0.1,0.2.0.3)
Huszkuii (L) (0.1,0.3,0.45,0.7)
Cpemuuii (M) (0.4,0.5,0.7,0.8;)
Beicokuii (H) (0.5,0.6,0.75,0.85)
Ovuens Beicokuii (VH) (0.6,0.7,0.8,0.9)

JIMHTBUCTHYECKHE TEPMbI UCIIOJIB3YEMBIC JId OLCHKH CTCIICHU YBEPECHHOCTU NMPEACTABIICHBI B

Tadue 2.

Tabnuma 2.

JIuHrBHCTHYECKHE TEPMBI CTETIEHH YBEPEHHOCTH B

3HaueHUs PYHKIMU TPUHAIISKHOCTH Up

HeBo3mosxkno (impossible) IM

(0.0, 0.01, 0.02. 0.05)

Ouenb manoseposaTHo (Very unlikely) VU

(0.02, 0.15, 0.20, 0.25)

Bepostho (Likely) LK

(0.20, 0.30, 0.50, 0.65)

Ouens BepositHo (Very likely) VLK

(0.50, 0.60, 0.70, 0.80)

Onpenenennsiii (Certain) C

(0.70, 0.85, 0.95, 0.99)

BKCHepTBI, HCIOJIB3YS YKA3aHHBIC TCPMbI

BBIIIOJIHAKOT OLICHKY BCEX IMOTCHIHAJIBHBIX

MOCTABIIIUKOB 0 BCEM aTpUOyTaM M pe3yibTaThl MPeJICTaBICHbI B Tabnuiax 3-5

Ta0muua 3.

Cy C, Cs Cy
Aq (M,LK) (H,LK) (VH,VU) (VH,LK)
A, (H,LK) (M, VLK) (H, VU) (H,LK)
A (VH,VLK) VH (VU) (M,VLK) (H, VU)
Tabnuna 4.

Cy G Cs Ca
Ay (H,vU) (VH,LK) (H,vU) (H,LK)
A, (M,VLK) (H,LK) (VH,VLK) (VH,VU)
As (H,LK) (VH,VU) (M,VU) (VH,VLK)
Tabnuua 5.

Cy C, Cs Cy
Ay (M,VU) (H,LK) (H,vVU) (H,VLK)
A, (H,VLK) (VH,LK) (VH,VLK) (H,VU)
A (M,LK) (H,LK) (M, VU) (VH,VLK)
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PaccunTbiBaeM 3HaueHHE O JUTs1 Pa3IUYHBIX 3HAUCHUH CTETIEHH YBEPEHHOCTH
a(VU) =0.1
a(LK) =0.4
a(VLK) =0.6
a(VLK) =0.86
Jlamee BBINONHSAETCS arperamys yKa3aHHBIX pE3yJbTaToB II0 BCEM OKCIEpTaM ¢
HCTIOIb30BaHUEM (hOPMYJIBI
Tk 3 &y
Aij = eak:1(7bkAij )
[TpoBens pacuetsl B MS Excel monyunm ciepyromye pe3yibTaThl:
A, =1(0.46,0.57,0.75,0,86;0,1)
A, =(0.55,0.65,0.77, 0.87;0.4)
A3 =(0.53,0.63,0.77,0.87;0.1)
A4 =(0.53,0.63,0.77,0.87;0.4)
A,; =(0.46,0.56,0.73,0.83;0.4)
A,, = (0.50,0.60,0.75,0.85;0.4)
A,; =(0.57,0.67,0.79,0.89;0.1)
A,, =(0.55,0.65,0.77,0.87;0.1)
A5, =(0.73,0.79,0.87,0.92;0.1)
A5, =(0.58,0.68,0.79,0.89;0.1)
A5 = (0.40,0.50,0.70,0.80;0.1)
A5, = (0.57,0.67,0.79,0.89;0.1)
JlaHHBIE pe3yIbTaThl MOTYT OBITh NIPECTABICHBI B BH/E KOJUICKTUBHON MaTPHIIBI
A11A12A13A14
R={ Az1A22A23A,4
A31A32A33A3,
Ha crieryromieM mare BBITIOJHSETCS arperanus 1o aTpuoyTaM ¢ TOMOIIBI0 GopMyJIs!
A = O (04y))
B pesynbraTe nomydaem riobaibHble OIIEHKH ajJbTepHATUB (Talauma 6)

Tabnuua 6.

AnbTepHATHBEI GTFN 3HaueHus
Aq (0.51,0.61,0.76,0.87;0,1)
A, (0.52,0.62,0.76,0.86;0.1)
A (0.58,0.67,0.79,0.88;0,1)

JJ1s cpaBHEHUS aIbTEPHATUB UCTIONB3YS (DYHKITUIO paH)XKUPOBAHUS UMEEM:
Rank(A4,)=3.52> Rank(43)=3.49> Rank(4,)=3.45

Haunyumum siBasieTCst NOCTaBIIUK Aj.

BLIBOIIBI. B HaHHOﬁ CTaThe 6LIJ'Ia HCCJICAOBAaHa r[po6neMa TIOCTPOCHM MHOFOKpHTCpHaﬂBHOﬁ MOACIIUu
npunsitis perennii (MCDM) B ycoBHSIX JIMHIBUCTHYECKON HEONpEEIeHHOCTH. B KauecTBe MOjeny NpUHSATHS
peIHeHI/Iﬁ 6])1.]1& HMCII0JIb30BaHa MOJCIIb T'PYIIIIOBOIO INPUHATHA peIHCHI/Iﬁ, a B Ka4eCTBC MOJCIN HCONPCACICHHOCTH
HEUYETKHE Z-4YucJia. B Ka4yeCTBE TeCTOBOﬁ 3a1a4n 6I)IJ'Ia HCIIOJIb30BaHa 3a1a4a BI)I60pa IIOCTaBIIMWKa.
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