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ISIN UMUMI XARAKTERISTIKASI

Moévzunun aktualli@i vo islonmo doracasi. Dovriimiizdo Siini
Intellekt (SI) hoyatimizin biitiin saholorinds genis totbiq olunmaga
baslamigdir. SI nozeriyyasinin fundamental osaslarinin, o ciimlodon
onun miixtolif miirokkabolorinin aragdirilmasi miiasir elmin garsisinda
duran osas mosalolordon biridir. SI nozeriyyasinin ssasinda dayanan
va demok olar ki, dominantliq togkil edon miirokkobalordon biri geyri-
miioyyon miihitdo gorar gobuletmo vo belo miihitdo dyronmo elmi
problemlorinin  6no ¢ixmasidir. Dissertasiyada osason bu iki
problemlorin elmi arasdirilmasi vo miiasir yanagsmalardan Z vo U-
ododlor asasinda ¢oxmoqsadli vo coxatributlu qorar gobuletmo
tisullarinin, eyni zamanda bimodal miihitds Oyronma prinsiplori
aragdirilir. Bu baximdan togdim olunan dissertasiya isinin miiasir elmi
aktual problemlors hosr olunmasi ortaya ¢ixir.

Isdo Z-odadli miivafiq informasiya ilo xarakterizo olunan meyarlar
vo mohdudiyyatlor olan gorar gobuletmo masalalori tigiin tisullar toklif
olunur. Ekspert biliklorin tosviri liglin istifado olunan ©gor-Onda
qaydalarda Z-odadli antesedent vo konsekvent hali iigiin hesablama
tisulu iglonib. Z-adadli informasiya miihiti {ig¢lin dyronmo yanagmasi
toklif olunur. Toklif olunan iisullar hom geyri-solis, hom do ehtimal
tipli informasiyan1 nozors alaraq (yoni bimodal informasiyan1 yalniz
daqiq vo ya geyri-salis halina ¢evirmodon) miixtalif totbiq masalolordo
istifado oluna bilor.

Tadqgiqatin obyekti va predmeti. Dissertasiyanin todqiqat obyekti
SI problemlori, predmeti iso bimodal informasiya soraitindo qorar
gobuletms vo dyronmo masalaloridir.

Dissertasiya isinin moqsad va vazifalori. Dissertasiya isinin
mogsadi Siini Intellektin osas saholorindon biri olan gorarlarin
analizinin vo dyronmo prinsipinin yeni miistavido aragdirilmasidir.
Bununla yanags1 Z vo U-adadlor nozoriyyalorini totbiq etmoklo qorar
gabuletms iisullarinin yaradilmasi, Z-informasiya soraitindo dyronma
prinsipinin taklif olunmasidir.

Tadqiqat metodlari. Todqiqat metodlar1 kimi geyri-solis mantiq
nozoriyyosi, onun genislondirilmosi olan Z vo U odadlor
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konsepsiyalar;, Sl-in osas1 olan Oyronmo nozoriyyosi, xotti
programlasdirma nozoriyyasi istifado olunmusdur.

Miidafioya c¢ixarilan asas miiddaalar. Dissertasiya isindo
asagidaki miiddealar miidafioye toqdim olunur:

- Bimodal miihitdo xotti proqramlagdirma metodunun yaradilmasi
va gorar gobuletmaya totbiqi;

- Z vo U informasiya soraitindo ¢oxmeyarli gorar gobuletmo
nozoriyyasinin genislondirilmasi;

- Z-informasiya miihitinds iyerarxik sistemlords gorar gobuletmao
konsepsiyasinin toklifi vo islonmasi;

- Qeyri-solis vo ehtimal geyri-miioyyonliyi soraitindo Syronmao
konsepsiyasinin yaradilmasi.

Tadqigatin elmi yeniliyi. Isin noticolorinin elmi yeniliyi
asagidakilardir:

- Mogsad funksiyast vo mohdudiyyatlori Z-adodlorls verilmis xatti
programlasdirma tisulu toklif olunmusdur. Elmi adobiyyatlarda on gox
istinad olunan va istifads olunan tisul kimi qiymotlondirilir;

- Z-ododli “Ogor-Onda” qaydalar bazasina osaslanan qorar
gabuletma masalasinin hallindos interpolyasiya tisulu istifade olunmus
vo yeni yanagma toklif edilmisdir;

- Qeyri-miioyyonliklo xarakterizo olunan iyerarxik sistemlords Z-
informasiya osasl qorar gobuletms tisulu toklif olunmusdur;

- Z vo U odadlor osasinda olverigli qorar gobuletmo {isullari
1slonmisdir;

- Bimodal informasiya soraitindo tosdigqloms ilo dyronmo iisulu
islonmisdir.

Tadqgiqatin nazari va praktiki shamiyyati. Todqiqatin nozori
ohomiyyoati Si-in osas miirokkabalori olan gorar gobuletma vo yronma
problemlarinin dorin geyri-solis miihit {igiin, yoni Z vo U miihit {igiin
genislondirilmasidir. Praktiki ohomiyyati isa derin geyri-miisyyanlik
soraiti liclin faydali iisullar kimi istifado olunmasidir.

Dissertasiya isinin aprobasiyasi va tatbiqi. Dissertasiyanin asas
elmi vo praktiki noticolori Azorbaycan Dovlot Neft vo Sonaye
Universitetinin “Sonayeds va iqtisadiyyatda intellektual idaroetmo vo
gorar gobuletma sistemlori” elmi-todqiqat laboratoriyasinda, eloco do
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beynolxalq konfranslarda toskil olunmus elmi seminarlarda miizakiro
edilmisdir:

— Eighth International Conference on Soft Computing, Computing
with Words and Perceptions in System Analysis, Decision and
Control. 3-4 September, 2015Antalya, Turkey;

— Ninth World Conference “Intelligent Systems for Industrial
Automation”, WCIS-2016, 25-27 October 2016, Tashkent,
Uzbekistan,;

— Tenth World Conference “Intelligent Systems for Industrial
Automation”, WCIS-2018, 25-26 October 2018, Tashkent,
Uzbekistan;

— 11th World Conference on Intelligent systems for industrial
automation — WCIS-2020, 26-28 November, Tashkent, Uzbekistan;

— 12th World Conference on Intelligent systems for industrial
automation — WCIS-2022, 25-26 November, Tashkent, Uzbekistan;

— Sumgqay1t Dovlst Universiteti, Beynolxalq Konfrans - 2023, 25-
26 Aprel;

— 13th World Conference on Intelligent systems for industrial
automation — WCIS-2024, 24-25 October, Tashkent, Uzbekistan.

Dissertasiya isinin yerina yetirildiyi toskilatin adi. Azorbaycan
Dovlot Neft vo Sonaye Universiteti, “Sonayedo vo iqtisadiyyatda
intellektual idaroetmo vo qorar gobuletmo sistemlori” elmi-tadqiqat
laboratoriyasi.

Dissertasiya isinin torkibi. Dissertasiya isi girisdon, 7 fosildon,
noticadon vo istifads edilmis odobiyyat siyahisindan ibarstdir.

Nasrlor. Dissertasiya movzusu ilo olagodar 34 elmi is (9 moqalo
WOS vo 7 maqalo SCOPUS), habelo Ali Attestasiya Komissiyasi
torafindon tovsiyos olunan jurnallarda dorc edilmisdir.

ISIN 9SAS MOZMUNU

Giris hissosindo mdvzunun aktualligi, todqigatin mogsod vo
vozifolori, miidafioyo c¢ixarilan osas miiddoalar, istifado edilmis
todqgiqat metodlari, eloco do igin nozori, hom do praktiki ohomiyyati
otrafl1 sokilds toqdim olunmusdur.
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Birinci fasil qeyri-miioyyonlik soraitindo qorar qobuletma
tsullarmin  tohliline hosr olunmusdur. Movcud todqgigatlarin
aragdirilmasi naticasinda bir sira ¢atismazliglar miisyyon edilmisdir.
Bu catismazliglar asagidakilardan ibaratdir:

1. lyerarxik ¢oxmeyarli gorar qobuletma mosalolorinin yetarinco
arasdirilmamasi;

2. Optimallasdirma masalalorinin, xtisusilo doyisonlorin, moagsad
funksiyalarinin vo mohdudiyyatlorin Z-odadlorlo tosvir edildiyi
hallarin yetorincs islonmomasi;

3. Z-molumat soraitinde masin dyronmosi masololorinin elmi
odabiyyatda kifayot qador yer almamasi;

4. Qorar gobuletmo maosalolorinin kompleks sokildo, yuxarida
geyd olunan aspektlori nozors almagqla arasdirilmamasi.

Bu fasildo homginin Z-adadlor vo U-adadlor nozariyyssinin
miixtolif saholordo qorar gobuletmo  problemlorine  totbiqi
aragdirtlmigdir.

Ikinci fosilda qgeyri-solis adadlor hagqinda ilkin informasiya vo
geyri-salis adadlor iizorindo hesabi omollor 6z oksini tapir. Eloco do
Nisbi Mosafa Olgiisii interval cobrinin miixtolif riyazi omoliyyatlari,
intervallarin Ustiinliiyli, intervallarin spesifiklik 6l¢iisii arasdilmigdir.
Z-adadlor haqqinda informasiya, diskret Z-odod vo onlar iizorindo
riyazi omoliyyatlar, Z-ododlor arasinda mosafs, Z-ododlorin
miigayisosi do bu fasildo tohlil olunmusdur. Z-adadlorin xiisusi hali
olan U-adadlor haqqinda molumatlar vo U-adadlar {izorindo hesablama
tisullar1 da bu fasilds verilib.

Torif 1. Diskret Z-adad'?3. Diskret Z-odod Z = (4, B) soklindo
nizamlanmig citlik  kimi  tosvir  edilir. Burada A
komponenti X tosadiifi doyisoninin ala bilacoyi qiymaetlora geyri-

' Aliev, R. A., Alizadeh A. V., Huseynov O. H. The arithmetic of discrete Z-numbers
// Information Sciences, - 2015. 290(1), - p. 134-155.

2 Aliev, R.A., Huseynov O.H. Decision theory with imperfect information.
Singapoure: World Scientific, - 2014, 444 p.

3 Aliev, R. A. The Arithmetic of Z-numbers / R.A. Aliev, O.H. Huseynov, R.R.
Aliyev [et al.]. Theory and Applications. New York, London, Singapore: World
Scientific, - 2015.
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solis mohdudiyyat rolunu oynayan diskret qeyri-solis adoddir: yoni X
A -dir soklindo miilahizo ilo ifado olunur. B komponenti iso A-nin
ehtimal Slgiisiine qoyulan geyri-salis mohdudiyyst rolunu oynayir vo

monsubiyyat funksiyast g :{b,....0,} =>[0,1], {by,..., by} € [0,1]

diskret geyri-solis odaddir:
P(A) = ¥izq ua (x)p(x;) is B. (1)
Torif 2. U-adadlor®. Farz edok ki, X tosadiifi doyisondir vo A X
tosadiifi doyisonino qoyulan geyri-salis mohdudiyyatlo ifads olunur: X
A-dir. X-in p(x;) ehtimal paylanmalarindan alinan A-in adaton
(usual) gqiymati asagidak: kimi ifads oluna bilor:
usually(X is A) = Umose (B P (x)pta(x;)) (2)
Burada, adotonlik 0l¢iisii adatan (usually) vo oksoron (most)
termlori vasitosi il verilib.
U-adadlorlo verilmis “adoton professorun goliri ortadir” ifadosi
Sokil 1-do gostoarilib.

Sakil 1. U-odods aid misal

“Adostonlik” homisa (always), adoton (usually), tez-tez (often),
hordonbir (seldom) demok olar ki, homiso (almost always), he¢ vaxt
(never), nadir hallarda (rarely) linqvistik termlori ilo xarakterizo
olunur.

4Aliev, R.A. Approximate arithmetic operations of U-numbers // Procedia Computer
Science, - 2016. 102, - p. 378 — 384.
5> Aliev, R. A.Introduction To U-Number Calculus // Intelligent Automation and
Soft Computing. — 2017. — p. 1-6.
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Sakil 2. “Adostonlik (usuality) geyri-salis komiyyatlori {i¢iin
codebook

Torif 3. Z-odadlorin Qeyri-salis Pareto optimalhq (FPO)
prinsipi ssasinda miiqayisasi®. Qeyri-salis Pareto optimalliq (FPO)
prinsipi ¢oxmeyarl alternativlorin Pareto optimalliq derocosini
giymatlondirmays imkan verir. Bu moagsadls Z-adadlorin miiqayisosi
aparilir vo do(Z,), do(Z,) gostaricilori onlarin optimalliginin timumi
doracasini oks etdirir. Bu doracalor 0—1 intervalinda doyisir vo naticado
bir Z-adod digorinden {istlin ola biler; ogor do(Z,) > do(Z,) serti
O0donorso, Z; istiin hesab olunur.

Toarif 4. Z-adadlor arasindaki moasafo’. Z-odod geyri-solis A-
adadi va geyri-salis B-adadi vo G ehtimal paylanmalar1 ¢oxluglar ilo
xarakterizo olundugu iiclin Z-odadleri arasindaki D (Z4, Z,) masafoni
asagidaki kimi tayin etmak olar.

A; vo A, arasindaki mosafo

D(As, A7) = SUbac(o D (A%, AD), 3)
D(AS, AG) = |l _ dait @

¢ Aliev, R.A.; Huseynov, O.H.; Serdaroglu, R. Ranking of Z-Numbers and Its
Application in Decision Makin // International Journal of Information Technology
& Decision Making,- 2019. 15(6), - p. 1503-1519.

7 Aliev, R.A. Z-relation equation-based decision making / Guirimov, B. G. ,
Huseynov, O. H. Aliyev, R. R. // Expert System with Applications, - 2021. 184, - p.
115387.
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kimi toyin olunur. AY vo A uygun olaraq A; vo A, -nin miivafiq « -
kosikloridir, Z; vo Z, -yo uygun p; vo p, ehtimal paylanmalarina
miivafiq G, vo G, ¢oxluglar1 arasinda mosafo toyin olunur. p; vo p,
arasindaki mosafo agsagidaki kimi ifads olunur:

1 1
D(Gy,G2) = infy,cq, prec, {(1 = [L(p1p2)7dx)E}  (5)
D(A4,4;), D(B4,B3) vo D(G4,G,) molum olsa, Z;, Z, Z-adadlor
arasindaki mosafa

D(Zy,Z;) = BD(A4,Az) + (1 — B) Dymumi (B1, B2). (6)
kimi miioyyan edilir.
Dimumi(B1, Bz) = wD(By, B;) + (1 —w)D (G, G3), (7

kimi miioyyan edilir.

Uciincii  fasilda  xotti proqramlasdirmada alman  hallorin
etibarliligin1 nozoro alan Z-odod osashi xotti proqramlagdirma
maosalasinin qoyulusu, eloco do global hallin tapilmasina imkan veran
Diferensial tokamiil (DT) optimallasdirma tisulu vasitosilo hall
algoritmi verilmisdir.

Z-informasiya asasinda xatti programlagdirma masalosinin timumi
qoyulusu asagidaki kimi ifado olunur®:

Ze(Zyy ZoyreoorZny)) = Ze Zyy + 2oy 2y A2 Zyy, > min (8)

Mohdudiyyat sortlori
Zay Lo, ¥ 2o 2oyt . H2y 2y < Zp,
Zay Lo, ¥ 2oy Zxy*eo ot 2y, Zy < Zp,, ©)
Zapi L, ¥ 2a,2x, et Ly X7y,
ZoirZoyronor L, > 07 (10)

Z-barabarsizliklari (8)-(10) ifadaloring asason asagidaki masalaya
gatirilo bilor:

8 Aliev, R. A. Z-number based Linear Programming / R.A.Aliev, Alizadeh, A. V.,
Jabbarova, K.I. [et al.] // International Journal Of Intelligent Systems, - 2015. 30, -
p. 563-589.
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Zi(Zoys Zogr w1 Zny) = ZoyZogy + ZoyZoyFe o 420, 2y, — max (1)

Mohdudiyyat sortlori
Zay Lo, ¥ 2o, 2oy 2 2y <Zp,
Loy, ¥ 2oy 2yt Zg, Zy < Zp,, (12)
Zapilx, ¥ Zap,2xy et g, 2y < Zp ,
ZorZyrovor Lo, = 07, (13)

Burada gorar doyigenlori vo parametrlori Z-adadlarls ifads olunur:
in = (Axp Bxi): ZCi = (ACil BCi)7 Zaij = (Aaijr Baij)9
Zb]' = (AijBbj)ﬂ i = 1,...,n,j = 1,...,m.

Bu optimallasdirma mosolosini hall etmok tiglin Diferensial
Tokamiil Optimallagdirma alqoritmindan istifads edirik.

Optimallagdirma mosalosini hall etmayo baglamazdan avval biitiin
gorar doyisonlori Zy [-1,1] intervalindan tosadiifi qiymotlor secilorok
ilkin qgiymatlondirilmisdir. Optimallagdirmaya baslamazdan ovval
Diferensial Tokamiil Optimallagsdirmanin (DTO) parametrlori toyin
edilir, Z ymagsad funksiyasi (11) olan DTO yararliliq funksiyasi toyin
edilir vo populyasiya 0lgiisii secilir (bir qayda olaraq optimallasdirma
parametrlorindon 10 dofs artiq olur, yoni /0N,). Sonra Diferensial
Tokamiil Optimallagdirma prosesi baslayir.

ovvolco gorar doyisonlorini (Zx) bilmok iiclin 6lgmonin (Npar)
sablon parametrlorini (Z,) toyin edilir.

Sonra alqoritmin parametrlorini toyin edirik: mutasiya normasin
(F), calama normasini (CR) vo populyasiya ol¢iisiinti (PN). Yararliliq
funksiyasin1 moagsad funksiyasi kimi hesablayiriq.

Tasadiifi olaraq PN parametr vektorlar: generasiya edilir (masalan,
uygun parametrlor fozasindan [-1, 1]) vo populyasiya yaradilir :
P={Zx,, Zx, 1 Zx,,}-

Sonda natico (ya tayin olunmus generasiyalarin say1 alinmali ya da
tolob olunan xota soviyyosi oldo olunmalidir) gézlodiyimiz kimi
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olmasa yeni parametrlor ¢oxlugu generasiya olunmalidir. Novbati
vektor segilir: Zy, (i=1,...,PopSize). Sonra P:Zy_,Zx ,,Zx,, -don 3
forqli sinaq vektoru gotiirtiliir ki, onlarin har biri cari Zy, vektorundan
forgli olsun. Sinaq vektorunu generasiya edilir: Zy, = Zy  +F -
(Zx,, — Zx,,).Zx,. Sinaq vektorundan yeni vektor generasiya edilir.
Zx,—nin fordi vektor parametrlari calama normasinin ehtimali ilo birgo
Zy,yeni vektora gevrilir. 9gor Zy  -nun qiymsat yararliliq funksiyasi
Zy,~in minimallagdirma meyarindan daha yaxsi (vo ya daha asagi)
olarsa, cari Zy,, funksiyasiZy , .—nun P populyasiya ilo ovoz olunur.
Sonra P populyasiyadan an yaxsi Zy, . yararliliq funksiyasi (moagsad
funksiyasi) olan parametr vektoru segilir. Sonra Zy,  —don qarar
dayisonlarinin vektorlarini ayiririq.

Sonra Z; sinaq vektorundan yeni vektor generasiya edilir. Z,—nin
fordi vektor parametrlori calama normasinin ehtimali ilo birgs varis
olur vo Z,.,, vektoruna aid edilir. Z,,,,—nun yararliliq funksiyas1 Z;-
nin yararliliq funksiyasindan daha yaxs1 (vo ya daha asagi) olarsa, cari
Z;yeniZy,,, —nun P populyasiyast ilo ovoz olunur. Sonra P
populyasiyadan yiiksok yararliliq funksiyasi (Zf) olan Zj,.s; parametr
vektoru (an yaxs1 qorar doyisonlorini) segilir. Indi is9 Z,.4;—don biitiin
qorar dayisonlarini ayiririq.

9dadi misal

Iki gorar doyisoni olan xotti programlasdirma mosalosine baxaq:
Magsad funksiyasi

Ze Ly +Zo,Zy, > min

Mohdudiyyat sortlori
Zay Zo. ¥ Za 2o, < Zy,
Zay Zo, + Zay, 2y < Zy,,
Zy1 Zy, = 07,
burada Z,, = ( x1' x1) Zy, = (sz'sz) Vo lZ. = (Acl,Bcl) Ze, =
(Acz’gcz ’ a11 = (Aan'Ban) Za12 - (Aa12’Ba12) ’ Zaz1 =
(‘4021’3‘121)’2022 = (Aazz’ Qaz2 /)’

Zy, = (Ap,, By,), Zp, = (Ap,, By,).
11



Parametrlorin qiymotlori asagida verilmisdir.
Z-oded Z., = (4., B.):
- 0.01 0.13 0. 61 1 0.61 0.14 001 O

A, = —
@ 0 + 0.1 0.2 030 0.% + 0.5 + 0.6 +0.7
+_8+@+?
0 0 0.01 0.14 0.60 1 0.61

0.1 0.2 03+04+0.5+0.6+0.7

Z-oded Z,,, = (4., B.,):

- 0 001 0.14 0.61 0.61 0.14 0.01

1

A

e 0+01 0.2 03 004+ 0.5+0.6+0.7+
+

N 0 N 0
08 09 1
5 —0+ 0 +o.01 014+061+ 1 +0.61 0.14
270 01 02 03 04 05 0 7
01 0 0
08 091
Z-3dad Z,,, = (Aq,,» Bayy):
5 _0.14+0.61+ 1 +061+O.14+0.01+ 0 N 0
11 = 0.1 0.

2 030 04 05 06 0.7

+

f 200
8 09 1
_0,0 0 0, /0 0 001 014 061
“170'01 02 03 10.406015 06 07 08
R i
0.9

Z-odod Z,, = (A,,,, Ba,,):
- O.61+ 1 +0.61+0.14+0.01+ 0 N 0 4
0.5 0.6

0
A = —
az21 0 0.1 0.2 0 0.30 0.4

0.7

+

0 0' 0 0.01 0.14 0.61

01 02 03 04 05+O.6+0.7+0.8+



1 0.61
oot o
Sadolik iigiin, Z,,, = (44, Bs,) Vo Za,, =(4a,, Ba,,)
smqltonlar kimi secilib:
A, =1,B, =1;
Aa22 1, Ba22 =1.

ZQdeZb _(AblﬁBbl)
014 061 1 0.61 0.14 001 0 0

a2 a2

A - —_
n="9 T o102zt 03 02 05 Tostor T
+O+O+0
08 09 1
5 _O+0+0+0+O+0+0.01+0.14+0.61
b» 70701 02 03 04 05 06 07 ' 08
+1+0.61
09 1 °

Z-adad sz = (Abz' Ebz):

014 061 1 061 014 001 O 0

Ay =y
b7 " 01 02zt 0302t 05 ToeTort
+0+0+0
0.8 ' 0.9
5 _o+0+0+0+0 0 001 0.14+0.61+
=o%t01 oz o3 oatTos ™ 0.7 = 0.8
+1+0.6
09 1 °

Z-qiymatli fiktiv (komoke¢i dayisonlor-slack) dayisonlori slave
etmaklo biz asagidakini alirq:
Ze Ly +Zo,Zy, > min
Zay 2o, ¥ 2o, 2x, 2y, =Zp,,

agg ais
YARVANE ARVARE Z = Zp,,
Zyir Ly Zxy L, 2 Zo.
Sonra biz ekvivalent formani alda edirik:
Lo, 2y, + 71,24, + (Zb1 — (Za11Zx1 + 24,2, + Ly, + ZX4)) +

+(Zp, = (Zay, Zx, + Za,, 2y, + 72y, +Zy,)) > min
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Zoys Znyr Znyr 2oy 2% Zo.

Bu mosoaloni holl etmok diglin biz Diferensial Tokamiil

Optimallagdirma alqoritmini totbiq etdik. Diferensial Tokamiil
Optimallagdirma alqoritminin bu parametrlorinin giymotlorindon
istifado olundu: calama ehtimali CR=0.7, Diferensial Tokamiiliin (DT)
addim 6l¢iisii 0.8 vo populyasiya say1 iso NP=20. Masolonin optimal

halli vo moqgsad funksiyasinin optimal qiymati asagida verilmisdir.

Birinci gorar doyigoni Z,, = (A, Y B, -

i _0.01+O.14+0.61+ 1 +0.61+0.14+0.01+ 0 N
T 0 01 02 03 04 05 06 07
f 220

08 09 1
5 _O+ 0 N 0 N 0 +0.01+O.14+0.61+ 1 N
70 01 02 03 0.4 0.5 0.6 0.7
N 0.61 N 0.14 N 0.01
) 08 09 1
Ikinci qarar dayison Z,, = (Ay,, By,):
- 1 061 014 001 O 0 0 0 0
=t —t -t ——t—F—t—F+—+—

A
270 01 0.2 0.30 0
+_
0.9 +
_ 0 N 0.01 N 0.14 N 0.61 N 1 061 N 0.14 N 0.01 N
270 01 02 00.3 04 05 06 0.7

Ucgiincii komakei qorar deylisgni sz = (Ay,, By,):
0 O 0 0 0 001 0.14 0.61

Ay =—+—+—+—+—+ + + +
* 0 01 02 03 04 05 06 07
+1 +0.61+0.14
08 09 1’

5 _0+0+0+0+0+0+0+0.01 0.14
¥ 70 01 02 03 04 05 06 07 0
+0.61+1

09 1



Dérdiincti kdmokei garar dayiseni Z,, = (4, " B, Wk
i ~ 001 014 061 1 061 014 0.01 0

=70 To1 T 02 ;ﬁ; 0.4(1) t 05 Toe To7 T

tos oot T
N 0 4 0 +0.01+0.14+0.61+ 1 +0.61+
0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.14 0.01 0

0.8 * 0.9 * 1
Mbogsad  funksiyasimin  optimal — qiymoti  Zf(Zy,Zy,) =

T
Il
ol o

X4

(Azf(le,zxz); Bzf(le,zxz))3

- 0 0 0.01 014 0.61 1 0.61

A -t —
21z %) = 0 T 0.0 T 004 T 021 T 044 T 0.60 T 071
014 001 0 0

* 1.09 * 1.55 * 2.12 * 2.80’
0 0 0 0 0.01

B = +—+ + + +
ZrZxZx2) ~ 0,015 ' 0.02 ' 0.025 ' 0.030 ' 0.035
0.14 0.61 1 0.61 0.14 0.01

* 0.040 * 0.045 * 0.051 * 0.055 * 0.17 * 0.32°

Noticolorin miiqayisoli analiz edilmoasi iigiin istifado olunan Z-
giymatlondirmays osaslanan xatti proqramlasdirma mosalosi® verilmis
timumilasdirilmis geyri-salis adad {izro baxilan xotti proqramlasdirma
problemi ils eynidir.

Doérdiincii fasilda geyri-salis gaydalar {i¢lin imumi interpolyasiya
tisulunun Z-adadli qaydalara genislondirilmosing baxilmisdir!'®!!,

9 Kumar, A., Singh, P., Kaur, J. Generalized Simplex Algorithm to Solve Fuzzy
Linear Programming Problems with Ranking of Generalized Fuzzy Numbers // An
Official Journal of Turkish Fuzzy Systems Association, - 2010. 1(2), - p. 80-103.
10 Huang, Z. Rule Model Simplification / Doctor of Philosophy thesis / - University
of Edinburgh, UK, - 2006. —221 p.
1 Jabbarova K.I, Rzayeva U., Jabbarova A.I. Development of the method of general
interpolation for Z-number-valued if-then rules // Mathematics and Cybernetics,
2023. 4(124), - p.10-26.
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Toklif olunan yanagma cari miisahido vektoru ilo ovvalki
gaydalarin vektorlar1 arasindaki mosafonin miioyyonlogdirilmasine
osaslanir. Notico qaydalarin naticolorinin ¢okili comi kimi hesablanir.
Interpolyasiya ¢okilori gostorilon masafo dqiymotlorine osason
miuoyyen edilir.

Masalanin qoyulusu

Z-qaydalarmin interpolyasiyasi problemi asagidaki kimi tortib
edilmisdir.

Asagidaki Z qaydalar1 nazors alinmagqla:

Qayda 1: OGOR X, Zy = (Ax, 1,Bx,1) -dirsa va,...,vo X,
Zx 1= (Ax, 1, Bx, 1) -dirss ONDA Y Zy = (Ay1, By,) -dir

Qayda 2: OGOR X, Zx, , = (Ax, 2, Bx,2) -dirsa va,..., vo X,
Zx, 2 = (Ax,, 2, Bx,, 2) -ditss ONDA'Y Zy = (Ay ,, By,) -dir

Qayda n: OGOR X, Zx n = (Ax,n Bx,n) -dirss vo,..., va Xp,
ZXm,Tl = (AXm,TU BXm,Tl) -diI‘SQ ONDA Y ZY = (AY,TU BY,Tl) -dil‘

va cari giriglor

X, Zy, = (Ax,, By,) -dir v, ...,va X,y Zy = (A, By, ) -dir,
Y -in Z-qiymatini tapin.

Osas ideya eyni olaraq qalr: ogor cari Z' = (Zx,...Zx )
miisahido vektorunun komponentlori ovvalki Z, =
(Zx, 100 1Zx,1) 22 = (Zx,20-+-,Zx,,2) 1ki qaydanin vektorlarinin
komponentlori “arasindadirsa”, onda miivafiq natico ardicilligin xatti
kombinasiyas1 kimi hesablanir. Bu birlosmonin omsallar1 hor bir
sonraki qaydanin noticoya tosirini oks etdirir.

Z-adadli qaydalar {igiin toklif olunan timumi interpolyasiya tisulu
asagida tosvir olunan addimlari ohato edir:
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Morhalo 1. Z" = (Zy,, ... Zx, ) cari miisahide vo avvalki qaydalarin
Z1=x 101 2x,1) » Z2 = (Zx,2,--+,2x,2) vektorlar1 ligiin
sortlorin yerina yetirildiyi yoxlanilir:

Zy1<Zx, <Zx,(voyaZy ,<Zy <Zx 1)slx,1=<Zx, <
Zy, 2 (VoyaZy ,<Zy <Zyx 1)

Bu sortlor asagidaki kimi tosvir edilir:

D(Zx,1,2,") = D(Z},,Z,") = D(Zx, 2, Z,") (va ya
D(Zx,1,2,") < D(24,,2,") < D(Zx,2,Z,")),....D(Zx, 1, Zm") =
D(Zy ,Zw") = D(Zx, 2. Zm") (voyaD(Zyx, 1,Zp") <
D(Zx,Zm) < D(Zxy20Zm")) (14)
belo ki, Z;",...,Z,," ideal Z-adadlordir.

Morholo 2. Ogor (14)-do verilon sortlor 6donirso, onda Z’ cari
miisahido vektoru vo ovvolki iki gaydanin vektorlari arasindaki
D,(Z',Zy) vo D,(Z',Z,) mosafalorinin qiymotlori asagidaki kimi
hesablanir:

DU(ZII Zl) = \/DZ(Z)I(liZXLl)-'-' e +D2(Z,m’Zer1)’

D,(Z',Z,) =\/DZ(Z,'Q,ZXLZ)+...+DZ(z'm,sz,2) (15)
belo ki, D Z-odadlor arasindaki masafadir (Torif 4).

Moarhalo 3. Morholo 2-do verilmis vo hesablanmis D,(Z',Z;) va
D,(Z',Z,) w;,j = 1,2 interpolyasiya omsallarin1  (gokilari)
hesablamaq {i¢iin lazimdir. Z’ cari miisahido vektorunun Z; avvalki
miusahido vektoruna olan masafosi no qoador az olarsa, wy,j = 1,2
¢okisi bir o qgodar boyiikdir. Eyni zamanda, wj,j = 1,2 cakilari
wy,w, € [0,1] vo wy +w, = 1 sortlorini 6domalidir. Bunu nazors
alaraq asagidaki diisturdan istifads etmok olar:

Dy(Z' Z;) .
DV(Z'rZ1)+Dv(Z’122)'] =12 (16)

Stibhosiz ki, wy, w, € [0,1] vow; + w, = 1.
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Morhalo 4. Yekun c¢ixis 1-ci vo 2-ci qaydalarin ¢ixislarinin
(consequance) cokili comi kim hesablanir:

Z'=wZy +wyZy,, (17)
belaki, Zy ; j-cu qaydanin Z-qiymatli ¢ixis1, wy, j = 1,2 Marhals 3-do
hesablanmig xatti interpolyasiyanin ¢okiloridir.

Toklif olunan yanagmani sorh etmok {i¢iin misallart nozordon
kegirak.

Misal 1. Asagidaki Z-qaydalar nazarden kegirilir:

Qayda I: OGOR X; Zx, 1 = (A T) -dirso vo X, Zy,; = (4,A) -
dirsovo X3 Zy, 1 = (Y, T) -dirss ONDA Y Zy ; = (A, A) -dir;

Qayda 2: OGOR X; Zyx, , = (0,A) -dirss vo X; Zy,, = (Y,H) -
dirsa vo X3Zx. , = (A, A) -dirss ONDA Y Zy , = (CY, T) -dir.

Ugbucagsakilli geyri-salis adadlor (TFN) ila tasvir edilon lingvistik
termlorin codebbook-u (momnunlugun soviyyesi — linqvistik
giymatlor) asagida verilmisdir:

Z-3dadin A hissasi tiglin linqvistik termlor:

COX Asagl (CA) - (13152)5

Asagi (A) - (1,2,3),

Orta (0)- (2,3,4),

Yiiksak (Y)- (3,4,5),

Cox Yiiksok (CY)- (4,5,5).

Z-adadin B hissosi ti¢lin linqvistik termlor (Etibarliliq):

Hordonbir (H) — (0.05, 0.25, 0,5),

Tez-tez (T) — (0.25, 0.5, 0,85),

Adaton (A) — (0.5, 0.85, 1).

Cari giriglor tigbucaqsokilli geyri-salis adadlora (TFN) osaslanan
hissalordan ibarat olan Z -adadlor ilo tosvir olunur:

Xy - Zy, = ((1.5,2.5.3.5)(0.35,0.65,0.95)),

Xp-Zy, = ((2.5,3.5,4.5)(0.2,0.4,0.6)) ,

X3- Zy, = ((2.5,3.5,4.5)(0.35,0.65,0.95)) -dir.

Har bir gaydada olan girislor vektoru asagida verilmisdir:
Zl = (ZX1,1 = (A' T)'ZXz,l = (A' A)'ZX3,1 = (Y' H))a
Zy = (ZX1,2 = (0, A):sz,z =(, H)'ZX3,2 = (4,4)).
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Y -in Z-qiymatini tapin.

Moarhala 1-0 asasan, sortlor ardicilliginin yerina yetirilmasi (14)-don
istifade etmokls yoxlanilir:
D(Zx,2,Z *) =117 < D(Zx,,Z *) = 1.6 < D(Zx,1,Z *) = 1.99
D(Zx,; Z ) =0.69 < D(Zx,,Z x) = 1.6 < D(Zx,,,Z *) = 1.87,
D(Zx,1,Z *) =0.59 < D(Zy,,Z *) = 0.9 < D(Zy,,,Z *) = 1.87.

Beloliklo, sortlor ardicillig1 6donilir.

Morhalo  2-do, (15)-0 osason D,(Z',Z,) va D,(Z',Z,)
mosafalorinin qiymatlori hesablanir:

D,(Z',7,) = JD(Z’,ZXl_l)Z +D(Z},Z}, )% + D(Zh, Zxy1)? =

=+/0.432 + 1.242 4+ 0.43%2 = 1.38
D(Z'2) = D@12y, 207 + D (B 2,20 + D2 By ) =

=./0.43%2 + 0.45 + 1.132 = 1.29
3-cli Marhalads (16) vasitasila interpolyasiya ¢okilari tapilir:

Dy(Z'z 1.38
wy=1———2x®2) g _ = 0.48,
Dy(Z',Z1)+Dy(Z',Z5) 1.38+1.29
D,(Z' Z 1.29
wy,=1———2 %) _q_ = 0.52.
Dy(Z',21)+Dy(Z',Z,) 1.38+1.29

Moarhals 4-da, (17)-don istifads edarok yekun ¢ixis tapilir:
Zy =wiZ, +wyZ, =048+ (4,A)+0.52=«(CY,T) =
= 0.48 * ((1,2,3)(0.5,0.85,1) + 0.52 * ((4,5,5)(0.25,0.5,0.85)) =
= (0.48,0.96,1.44)(0.5,0.85,1) + (2.08,2.6,2.6)(0.25,0.5,0.85) =
= (2.56,3.56,4.04)(0.43,0.7,0.79).
Bu linqvistik Z-adad olaraq (O, A) kimi gdstorilo bilar.

Misal 2. Z-odad asaslh qaydalar agagidaki kimi olsun:

OGOR X; Zy, 1 = (0,A) -dirsa va X, Zx, 1 = (Y, H) -dirso vo X5
Zx,1 = (A/A)-dirso ONDAY; Zy ; = (CY, T) -dir;

OGOR X, Zy,, = (Y,A) -dirsa vo X, Zy, , = (A, A) -dirss vo X
Zx,2 = (0,A) -dirss ONDA Y, Zy, = (0,A) -dir.

Linqgvistik termlorin codebook-u yuxarida verilmisdir (Misal 1).
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Cari girislor:

X1 — Zy, = ((2.5,3.5,4.5)(0.5,0.85,1));

X, —Z, = ((2,3,4)(0.2,0.4,0.6));

X3 —Zy, = ((1.5,2.5,3.5)(0.5,0.85,1))
kimi olsun.

Onda Y -in Z-qiymatini tapagq.

Misal 1-do yerino yetirilon ardicilliga uygun olaraq, sortlor
ardicilligr (14)-o asason yoxlanilir (Morhala 1), cari girsler vektoru ilo
hor bir qaydanin girislori arasindaki mosafo hesablanir (Marhals 2) vo
interpolyasiya ¢akilori tapilir (Moarhalo 3):

wy; = 0.52, w, = 0.48.

Morhalos 4-da, (17)-ya asason yekun ¢ixis hesablanir:

Z, =wyZy, +wyZ,, = 0.52=x(CY,H)+0.48 = (0,A) =
= (3.04,4.04,4.52)(0.44,0.7,0.79)

Alinmis Z-adadi linqvistik olaraq (Y, A) kimi gostormak olar.

Misal 3. Toklif olunan yanasmanin is momnunlugunun
giymaotlondirilmasi masalasina tatbiqi.

Is momnunlugunun giymsatlondirilmasi vacib bir masalodir. Umumi
1$ mamnuniyyati saviyyasi ilo onun aspektlori arasindaki asililiq ilo
olagali geyri-doqiq vo qismon etibarli informasiyalarla xarakterizo
olunur. Problem ondadir ki, molumat psixoloji aspektlori, qavrayisi vo
digor aspektlori oks etdirir. Naticads, bu ciir molumatlar imumiyyatlo
linqvistik olaraq tosvir olunur. 20 amilin i momnuniyyatino tasirini
izah edon Z-adod qiymotli “OGOR...ONDA...” qaydalarma baxaq'?!3.
Z-qiymotli “OGOR...ONDA...” qaydalar1 bazasinin qurulmasi {i¢iin
monbo kimi ekspertlor torafindon doldurulmus anketlorden istifads
olunur.

12 Aliev, R.A. Approximate Reasoning on a Basis of Z-Number-Valued If-Then
Rules / Pedrycz W., Huseynov O.H., Eyupoglu S.Z. //IEEE Transactions on Fuzzy
Systems, - 2017. 25(6), -p. 1589-1600.

13 Jabbarova, K.I., Eyupoglu, S.Z., Aliyeva, K.R. The Identification of Job
Satisfaction under Z-Information // Intelligent Automation & Soft Computing, -
2017. Ne24, - p.1-5.
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l-ci qayda: ©OGOR X; (Faaliyyat) Zx ;= (CM,Y),X,
(Miistaqillik) Zy,; = (M,Y), X5 (Miixtaliflik) Zy, ; = (CM,Y), X,
(Sosial mdvqe) Zy,; = (CM,Y) , Xs (Insan olaqolorine nozarat)
Zy.1=(CM,Y), X¢ (Texniki nozarat) Zy_; = (M,Y), X; (Monavi
doyar) Zx,, = (OM,Y) , Xg (Tohliikesizlik) Zy, ; = (CM,Y) , Xq
(Sosial xidmat) Zy, 1 = (CM,Y), X1, (Salahiyyat) Z;0, = (M,Y), X1,
(Qabiliyyat) Zx,. 1 = (CM,Y), X;, (Sirkot siyasotlori vo tocriibolori)
Zy,,1 = (OM,Y), X5 (Kompensasiya) Zx .1 = (M,Y), X4 (Inkisaf)
Zx,,a=CMY) , X5 (MQSUhY}’Qt) Zy,s1 = (CMY) , X6
(Yaradiciliq) Zy, 1 = (CM,Y), Xq7 (Is sortlori) Zy _; = (M,Y), Xqg
(Birgo is) Zx,,1 = (OM,Y), X19 (Tamma) Zy 1 = (CM,Y), X5
(Nailiyyat) Zy, 1 = (CM,Y)ONDA Y, (Umumi memnunluq) Zy ; =
(CY,T) -dir;

2-ci qayda: ©GOR X; (Fealiyyat) Zy ; = (M,Y), X, (Miistoqillik)
Zy,1 = (M,Y), X3 (Miixtoliflik) Zy, ; = (M,Y), X, (Sosial mdvqe)
Zx,1 = (M,Y), X5 (Insan olagolorino nozarot) Zx 1 = (OM,Y), X
(Texniki nozarot) Zy 1 = (OM,Y) , X; (Monovi doyar) Zy 1 =
(OM,Y) , Xg (Tohliikesizlik) Zy, ; = (OM,Y), Xy (Sosial xidmot)
Zy,1 = (M,Y), Xq0 (Solahiyyot) Z1p; = (M,Y), X;; (Qabiliyyat)
Zy,1=MY), X, (Sirkot siyasotlori vo tocriibolori) Z_X12r1 =
(AM,0) , X;3 (Kompensasiya) Zy ., = (AM,0) , X;, (Inkisaf)
Zx,,1 = (OMY) , X;5 (Mosuliyyat) Zy,.1=MY) , X
(Yaradicihq) Zy, 1 = (M, Y), X7 (Is sortlori) Zy,,1 = (AM,0), Xqg
(Birga is) Zx,,10 = (MY), Xp9 (Tanm?a) Zx,o1 = (OM,Y) , X9
(Nailiyyat) Zy, 1 = (OM,Y) ONDA Y; (Umumi momnunluq) Zy; =
(OM,Y) -dir;

3-ci gqayda: ©OGOR X; (Fealiyyat) Zy ;= (0M,Y),X,
(Miistoqillik) Zy,; = (M,Y), X3 (Miixtoliflik) Zy,; = (M,Y), X,
(Sosial movqe) Zx,, = (OM,Y) , Xs (Insan olagolorino nozarat)
Zy.,1=M,Y), X¢ (Texniki nozarot) Zy_; = (M,Y), X; (Monavi
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doyar) Zy,, = (M,Y) , Xg (Tohliikesizlik) Zy ; = (OM,Y) , X,
(Sosial xidmot) Zy, ; = (M,Y), X1 (Selahiyyat) Z;o, = (OM,Y),
Xi1 (Qabiliyyst) Zy,,1=(OMY), Xp, (Sirket siyasstlsri Vo
tocriibolori) Zy , ; = (OM,Y), X;3 (Kompensasiya) Zx . 1 = (OM,Y),
X14 (Inkisaf) ZX141 (OM,Y), X;s (Moasuliyyat) ZX151 (OM,Y),
X16 (Yaradiciliq) Zy .1 = (M,Y), Xy7 (Is sortlori) Zx,,1 = (OM,Y),
X1g (Birgo is) Zx, .1 = (OM,Y), X;9 (Tanima) Zy ;1 = (M,Y), X5
(Nailiyyat) Zx, ; = (OM,Y) ONDA Y; (Umumi mamnunluq) Zy, =
(OM,Y) -dir;

4-cii qayda: OGOR X, (Faaliyyat) Zy ; = (M, Y), X, (Miistoqillik)
Zy,1 = (M, Y), X5 (Miixtoliflik) Zy, ; = (AM, 0), X, (Sosial mdvqe)
Zy,1 = M,Y), X5 (Insan olagoloring nozarat) Z xs1 = (CAM, 0), X
(Texniki nozarot) Zy, , = (CAM,0), X; (Monovi doyer) Zy ; =
(CAM,0) , Xg (Tohliikesizlik) Zy ; = (M,Y), Xy (Sosial xidmot)
Zx,1 = (OMY) , Xjo (Solahiyyat) Zjo; = (CAM,0) , X4
(Qabiliyyat) Zx . 1 = (AM, 0), X;, (Sirket siyasatlori vo tacriibolori)
Zy,1=(AM,0) , X;3 (Kompensasiya) Zy.; = (OM,Y) , X
(Inkisaf) Zy ,1 = (M,Y), X;5 (Mosuliyyat) Zx, 1 = (AM,0), X1
(Yaradicihq) Zy 1 = (AM,0), Xy, (Is sortlori) Zy..1=(OM,Y),
X1g (Birgo 1) Zy, 1 = =(M,Y), X19 (Tamma) Zyig1 = = (CM,Y), X3
(Nailiyyat) Zy, ; = (M,Y) ONDA Y; (Umumi momnunluq) Zy; =
(AM, O) -dur;

5-ci qayda: ©OGOR X; (Faaliyyot) Zx ;= (0M,Y),X;
(Miistaqillik) Zy, ; = (OM,Y), X3 (Miixtaliflik) Zy, ; = (OM,Y), X,
(Sosial mdvqe) Zx,, = (OM,Y) , Xs (Insan olagolorino nozarat)
Zy.1 = (M,Y), X¢ (Texniki nozarot) Zy _; = (M,Y), X; (Monovi
doyor) Zy ; = (OM,Y) , Xg (Tohliikesizlik) Zy ; = (OM,Y) , X
(Sosial xidmot) Zy, 1 = (OM,Y), X1, (Solahiyyot) Z;5; = (OM,Y),
X11 (Qabiliyyat) Zy, ;= (OM,Y), X;, (Sirket siyasotlori va
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tocriibolori) Zy ,1 = (AM,0) , X;3 (Kompensasiya) Zx . i =
(AM, 0), Xy, (Inkisaf) Zy ,; = (OM,Y), X35 (Mosuliyyat) Zx 1 =
(M, Y), X;6 (Yaradiciliq) Zy 1 = (OM,Y), X, (Is sortlori) Zx,,1=
(AM,0) , X5 (Birgo is) Zx, .1 = (M,Y), X;9 (Tanima) Z‘)_(19,1 =
(OM,Y) , Xpo (Nailiyyat) Zy, ; = (OM,Y) ONDA Y; (Umumi
momnunluq) Zy ; = (OM,Y) -dir;

6-c1 qayda: ©GOR X; (Fealiyyat) Zy, ; = (M, Y), X, (Miistoqillik)
Zy,1 = (OM,Y), X; (Mixtoliflik) Zy,, = (AM,0), X, (Sosial
movqe) Zy, 1 = (M, Y), Xs (insan slagoloring nozarat) Z xs1 = (M, Y),
Xe (Texniki nozarat) Zy 1 =(M,Y), X; (Monovi doyor) Zy ; =
(AM,0), Xg (Tohliikesizlik) Zy, ; = (AM,0), Xy (Sosial xidmot)
Zy,1 = (M,Y), Xqo (Solahiyyat) Z1p;, = (M,Y), X1 (Qabiliyyat)
Zy,1=M,Y), X, (Sirkot siyasotlori vo tocriibolori) Zx 1 =
(M,Y), X153 (Kompensasiya) Zy , 1 = (AM, 0), X4 (Inkisaf) Zx,i1=
(OM,Y) , X;5 (Mosuliyyat) Zx 1 =(M,Y) , Xi¢ (Yaradiciliq)
Zy,1=MY), X7 (Is sortlori) Zy,,1 = (OM,Y), X;g (Birgo is)
Zy o1 = MY), X9 (Tamma) Zy ;= (M,Y), X;o (Nailiyyot)
Zx,,1 = (M,Y) ONDA Y; (Umumi momnunluq) Zy; = (M,Y) -dir;

Qaydalarda istifado olunan termlorin codebook-u asagida
verilmisdir (Momnunlugun saviyyasi — Lingvistik qiymat):

Z-adadin A hissasi tigiin lingvistik termlor

Cox az Momnun (CAM)- (1,1,2),

Az Momnun(AM)- (1,2,3),

Orta Momnun (OM)- (2,3,4),

Momnun(M)- (3.4,5),

Cox Momnun(CM)- (4,5,5).

Z-adadin B hissasi tigiin lingvistik termlor

Asagi (A)- (0.05,0.25,0.5),

Orta (0)- (0.25,0.5,0.75),

Yiiksak (Y) - (0.5,0.75,1).
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Forz edok ki, amillarin asagidaki miisahidolori verilmisdir:
X, Zy, = ((3.545,5)(0.50.75,1)) — dir;

X, Zx, =((345)(0.5,0.75,1)) — dir;

X; Zy, = ((3.54.5,5)(0.5,0.75,1)) — dir;

X, Zx, =((3.54.5,5)(0.5,0.75,1)) — duj;

Xs Zy =((2.53.5,4.5)(0.5,0.75,1)) — dir;

Xs Zy, = ((2.53.5,4.5)(0.5,0.75,1)) — dir;

X, Zy, =((234)(0.5,0.751)) — dir;

Xs Zy, = ((2,3,4)(0.5,0.75,1)) — dir;

Xy Zy, = ((3.54.5,5)(0.5,0.75,1)) — dir;

X1 Zx,, = ((34,5)(0.5,0.75,1)) — dir;

X1 Zy,, = ((3.54.5,5)(0.5,0.75,1)) — dir;

X2 Zy,, = ((1.5,2.5,3.5)(0.35,0.65,0.95)) — dir;
Xi3 Zy,, = ((2.5,3.5,4.5)(0.35,0.65,0.95)) — dir;
Xy Zy, = ((2.5,3.54.5)(0.5,0.75,1)) — dir;
X5 Zj, =((2.5,3.54.5)(0.5,0.75,1)) — dir;
X6 Zy,, = ((2.5,3.54.5)(0.5,0.75,1)) — dir;
Xy, Zy, = ((2.53.54.5)(0.35,0.65,0.95)) — dir;
Xis Z1s = ((2,3,4)(0.5,0.75,1)) — dir;

X9 Zx,, = ((2.5,3.5,4.5)(0.5,0.75,1)) — dir;
X20 Zy,, = ((2.5,3.5,4.5)(0.5,0.75,1)) — dir.

Yuxarida tosvir olunan {isuldan istifads etmaklo is momnunlugunun
miivafiq qiymatini hesablayaq. Morholo 1-do (14)-0 osason sortlor
yoxlanilir. Naticalor gdstarir ki, 1 va 2-ci qaydalar interpolyasiya {igiin
istifado edilo bilor. Moarholo 2-do hesablanmis maosafolor asagidaki
kimidir.

Dy (Z',Z;) = J D(Z}, Zog, 1)? + D(Z, Zog, 1)% + ++ + D(Zho Zog,, 1)

= \/0.232 +0.232 4 0.232+...40.432 = 1.93,
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DU(Z,,Zz) = \/D(Z,,ZXLZ)Z + D(ZIIZXZ‘Z)Z-I_"' +D(Z£OIZX20,2)2

= \/0.232 +0.232 + 0.232+...4+1.152 = 1.96.

Moarhalos 3-do hesablanmis miivafiq interpolyasiya ¢okilori wy =
0.5, w, = 0.5.

Morhalo 4-do is momnunlugunun iimumi soviyyasi (17)-don
istifado etmokls hesablanir:

Zy =wyZy, +wyZ, =0.5x(MY)+0.5x*(0M,Y)=
= 0.5 * ((3/4,5)(0.5,0.75,1) + 0.5 * ((2,3,4)(0.5,0.75,1)) =
= (1.5,2,2.5)(0.5,0.75,1) + (1,1.5,2)(0.5,0.75,1) =
= (2.5,3.5,4.5)(0.36,0.62,0.96)

Codebook-a osason limumi is momnunlugu soviyyassi (OM,Y)
uygundur.

Amillarls slagali bagqa bir malumat niimunasini nazardon kecirak:

X1 Zx,=((3,4,5)(0.5,0.75,1))-dir;

X, Zx,=((3,4,5)(0.5,0.75,1)-dir;

X3 Zx,=((2.5,3.5,4,5)(0.35,0.65,0.95))-dir;

Xy Zx,=((3,4,5)(0.5,0.75,1))-dir;

Xs Zy.=((1.5,2.5,3.5)(0.35,0.65,0.95))-dir;

Xe Zx,=((1.5,2.5,3.5)(0.35,0.65,0.95)-dir;

X7 Zy,=((1.5,2.5,3.5)(0.35,0.65,0.95))-dir;

Xg Zx,=((2.5,3.5,4.5)(0.5,0.75,1))-dir;

Xy Zx,=((2.5,3.5,4.5)(0.5,0.75,1))-dir;

X10 Zx,,=((2.5,3.5,4.5)(0.35,0.65,0.95))-dir;

X11 Z,'(11=((2.5,3.5,4.5)(0.35,0.65,0.95))-dir;

X1z Zyx,, = ((1,2,3)(0.25,0.5,0.75))-dir;

X135 Zx,,=((1.5,2.5,3.5)(0.35,0.65,0.95))-dir;

X1a Zx,,=((2.5,3.5,4.5)(0.5,0.75,1))-dir;

Xi5 Zy, . ~((2.5,3.5,4.5)(0.35,0.65,0.95)-dir;

X16 Zx,,~((2.5,3.5,4.5)(0.35,0.65,0.95))-dir;
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X17 Zx,,=((1.5,2.5,3.5)(0.35,0.65,0.95))-dir;

X1s Zx,,=((3,4,5)(0.5,0.75,1)-dir;

X19 Zx, ,=(2.5,3.5,4.5)(0.5,0.75,1))-dir;

X0 Zy,,=((2.5,3.5,4.5)(0.5,0.75,1))-dir.

(14) sorting asason qayda 2 vo 4 interpolyasiya ti¢iin istifado edilo
bilor. Masafo doyarlori:

D,(Z',Z)) =1.58,D,(Z',Z,) = 3.76

Interpolyasiya gokilori:

wy; = 0.7, w, = 0.3.

Is momnunlugunun iimumi soviyyasi:

Zy =wiZ, +wyZ, =0.7*(OM,Y)+0.3*(AM,0)=

0.7*((2,3,4)(0.5,0.75,1))+0.3*((1,2,3)(0.25,0.5,0.75))=

=((1.4,2.1,2.8)(0.5,0.75,1))+((0.3,0.6,0.9)(0.25,0.5,0.75))=
=((1.7,2.7,3.7)(0.19,0.41,0.73)).

Codebook-a osason limumi iy momnuniyyati (OM, O) kimi toyin
edilo bilor. Bu halda i3 momnuniyyatinin birincidon (OM,Y) asagi
oldugunu gérmok olar.

Bu fasilda homginin Z-informasiya soraitinds iyerarxik struktura
malik qorar qobuletmo masolosinin halli {iglin yeni tdisul toklif
olunmusdur. Asagida bu tip masalalorin qoyulusu vo hall alqoritmi
verilmisdir.

Bildiyimiz kimi, iyerarxik ¢ox atributlu qorar modellori atribut-
giymot oblastinda miioyyon edilmis obyektlorin tosnifatina vo/va ya
qiymatlondirilmosino ydnoldilmisdir '* . Onlar miirokkob qorar
probleminin daha ki¢ik vo daha az miirokkob alt problemlora
ayrilmasina asaslanir.

Mosalanin qoyulusu
Forz edok ki, {Cy,...,C,} meyarlar1 osasinda qgiymotlondirilon
{f1, ... fm} alternativlor ¢oxlugu verilir. Hoar bir C,j=1,..,n

14Bohanec, M., Zupan, B., Rajkovic V. Hierarchical Multi-Attribute Decision
Models and Their Application in Health Care // Studies in Health Technology and
Informatics, - 1999. 68, - p. 670-675.
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meyarlari {Ch, ,Cjn} altmeyarlar1 ilo verilir, harada ki, n; - G
J

meyarina uygun altmeyarlarin  sayidir. Belalikls, Cj,j =1,...,n
meyarina uygun hor bir f;,i = 1,...,m alternativi {i¢iin ovvaldon

{C] ey Cjn,-} altmeyarlarinin
(Xij, ---:Xijn].)a
vektor qiymatlari toyin olunur. Bels ki, X;j , ..., X;j, —{le, s Cjnj}
]

meyarlarina  osason f; alternativinin  qiymatloridir.  Miivafiq
molumatlarin  qeyri-daqiqliyi vo qismon etibarliligt sobabindon,
X; , X in, ~ Z-odadlarls tosvir olunur:

ijgr
(Alh’ ij1 Un (A

Qarsiya qoyulan masalo {Cl, e n} meyarlar coxluguna osason f™*

optimal alternativi miioyyan etmokdir:
fre€{fvfud f¥>fii=1..m

Belalikla, masalo iyerarxik qurulusa malikdir: birinci soviyyado
alternativlar, ikinci soviyyads altmeyarlar, ti¢lincii soviyyodo meyarlar
var. Bu problemi hor bir f; alternativi {iciin imumi meyar
qiymatlondirmasini Z -adadli Y; soklinds hesablamaq va Y; -nin hor bir
giymotlorinin miigayiso etmokls hall etmok toklif olunur. Belslikls,
iyerarxiyanin dordiincli soviyyosindo meyarlarin comino goro
alternativlorin ~ iimumi  Z-qiymotli Y; qiymotlori  tapilacaq.
Hesablamalar vo miiqayisolor Z-adadlor hesabi asasinda aparilacagq.

Masals asagidaki ardicilligla hall olunur:

1. Birinci moarhalads har bir (j,j =1,...,n meyarna asason

Y;j = (A;j, Bij)-nin Z-qiymatli skalyar qiymatinin alinmasi l¢iin har
bir  alternativi tigtin X;; = (4ij,, Bij,), - Xij, = (4yj, B
altmeyarlarinin uygun qiymetlermln aqreqasiyasi hoyata kegcirilir.
Burada ¢akili orta aqreqasiyasi totbiq oluna bilor:

ij1’ U1 '

Yij = wy; Xij,

+ -+ Wijan'

ljnj'
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Burada Wi, ...,anj uygun olaraq Cipy - G altmeyarlarinin

mj
vaciblik ¢okiloridir. Belalikls, Y;; - C;,j = 1,...,n altmeyarlarina
osason f; alternativlorinin skalyar qiymotidir. Noticodo meyar

qiymatlondirmalarinin matrisini (qorar cadvali) aliriq:

Cy Cn
fi Y11 Yin
fm le e Y11

2. Hor bir f; Ugiin ovvalki morhalodo Y;; Ugiin alinmig
giymotlorin skalyar meyar qiymatlondirmolorinin aqreqasiyasi
aparilir. Noticado meyarlarin Z-adad osash Y; = (4;, B;) ¢oxluguna
asasan f; -in imumi skalyar qiymati hesablanir. Burada da ¢okili orta
aqreqasiyasi totbiq oluna bilor:

Vi = wiYy, + o oY
Burada wy, ...,w, uygun olaraq Cj, ..., C, altmeyarlarinin vaciblik
¢okiloridir.

3. f; alternativlorinin siralanmast tigiin avvalki morhslado alinmis
alternativlorin -~ imumi  Z-odadli  Y; = (4;,B;) qiymatlorinin
miigayisosi yerino yetirilir. Miiqayiso Torif 3-0 osason aparilir.
Beloaliklo,

Y*>2Y,i=1,..,m
sortini 6doyon f* € {fi, ..., f,n} alternativi optimal say1lir.

Besinci fasildo klassik vo qeyri-salis miihitde tosdiqlome ilo
Oyronmo masoalolorine hosr olunmus islorin icmali aparilmis, Z-
informasiya goraitindo yeni lisul olan tosdiglomo ilo Oyronmo
masalasinin iimumi qoyulusu, hall alqoritmi vo eloco do real masoloya
tatbiqi verilmisdir.

Masin yronmasi Siini Intellektin osas komponentlorindon biri olub
genis totbiq olunmagqdadir. Bugiinkii Siini Intellekt sistemlorinin osas
catismazligi alinan naticolorin izah oluna bilmomaosidir. Ciinki klassik
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magin Oyronmosi, eloco do dorin dyronmo neyron sobokolorino
osaslanir. Bunlar1 nozore alaraq, qeyri-salis informasiya goraitinds Q-
Oyronma masalasinin Z-informasiya halina geniglondirilasina baxagq.

Moasalonin qoyulusu va halli

Mogsad vo mohdudiyyetlorinin  Z-adadlo ifado olundugu Q-
Oyronmo tisulunu nozordon kegirok. Miivafiq olaraq, a horokatinin x
vaziyyatindo ZQ (x, a) qiymati do Z-adadls ifads edilir. a harokatinin
x voziyyatindo mohdudiyyoti var vo bu da ZQ(x,a) ilo tasvir
olunuris.

A Qt+1 (x! a) =

=(1=B)ZQ:(x,a) + Bl(Z1es1 + YZV (M) A ZQc(x, a)] (18)
Burada ZQ.,1(x,a) - a -horoktinin x -voziyystindoki Z-qiymatli
faydaliligidir, Zry,, -mikafatin Z-qiymetidir, ZQ¢(x,a) - x
vaziyyatinds a harokstindon Z -qiymatli imtina, A-Z-adadlar lizorindo
minimum omoliyyatin1 gostorir'®, y endirim faktorudur, 8 dyronmo
stirotidir.

ZV(y) an yaxs1 harokot-vaziyyat ciitiiniin Z- qiymatidir:

ZV(y) =Vaea ZQ:+1(y, a) (19)

Burada v Z-adadlor tizerindo maksimum omoliyytini gostarir.
Belalikls, on yaxs1 horokat asagidaki kimi miisyyon edilir:

a=argmaxV ZQ(x,a) (20)
a€eA

(18)-(20) asagidaki marhaloalorls hall olunur:

15 Berenji, H. R. Fuzzy Reinforcement Learning and Dynamic Programming //
Lecture Notes in Computer Science, -1994. 1-9.
16 Aliev, R.A. Approximate Reasoning on a Basis of Z-Number-Valued If-Then

Rules / Pedrycz W., Huseynov O.H., Eyupoglu S.Z. //IEEE Transactions on Fuzzy
Systems, - 2017. 25(6), -p. 1589-1600.
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Addimm 1:y, f vo yaxinlagsmani gostoron daqiqilik haddi € toyin
edilir.

EPiZOD t-do t=0 tayin edin.

Addim 2. (18)-don istifads edorok ZQ,(x, a) -ni hesablayin.

Addim 3. (19)-(20) vasitasi ilo har bir x {i¢iin a horokatini tapin vo
(18)-don istifado edorak ZQ,4 (X, a)-nin yeni qiymatini hesablayin.

Addim 4. (ZQt+1(X, a),ZQ.(x, a)) > € 0donsa onda 2-ci addima,
oks halda 5-ci addima kegin.

Addim 5. 3-cii addimda tapilan hor bir x iigiin optimal a horakotini
geyd edin.

Son.

Misal. Qeyri-solis informasiya soraitindo Q-0yronmo masalosini
nozordon kegcirilir '7!'® . Homin mosolonin Z-informasiya halna
genislonmasini nozoardon kegirok. Masalo Sakil 3-do verilmisdir.

Bu moasalada {as, a,} harokatlor coxlugu,
{01,0,,03,04,05} voziyyatlor ¢oxlugudur. Horokotlora qoyulan
mohdudiyyatlor asagida verilmisdir:

Z0c (a1, 21) = ((0.5,0.6,0.7)(0.8,0.9,1))
ZQc (a1, @) = ((0.9,1,1)(0.8,0.9,1))
Z0c(05,0,) = ((0.9,1,1)(0.8,0.9,1))
Z0c (05, ay) = ((0.7,0.8,0.9)(0.8,0.9,1))
ZQc (05, @) = ((0.9,1,1)(0.8,0.9,1))
ZQc (03, a;) = ((0.6,0.7,0.8)(0.8,0.9,1))
Z0.(0,) = ((0.9,1,1)(0.8,0.9,1))
Z0Q¢(o5) = ((0.7,0.8,0.9)(0.8,0.9,1))

17 Berenji, H. R. Fuzzy Reinforcement Learning and Dynamic Programming //
Lecture Notes in Computer Science, -1994. 1-9.
18 jabbarova, K.IL, Huseynov, O.H., Jabbarova, A.L.Toward Z-number valued
reinforcement learning problem // Proceedings of the 12th World Conference on
Intelligent System for Industrial Automation (WCIS-2022). Tashkent, Uzbekistan, -
2024, - p. 352-360.
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Zg( 64)

(o 4]

ZQc (o1, a4)

ZQc(0z, az)

ZQc(0y, a3) ZQc(0z, ay)

Qa2

ZQc (03, a3)

Za( ©5)

GO

04}

04}

ZQc (03, a4)

Sakil 3. Z-informaisya soraitindo ¢oxmorhalali gorar gobuletmo

masalasi

Cadval 1-do Z1;, 4 biitiin miikafatlar gostorilmisdir.

Cadval 1 . Miikafat cadvali

1 2 3 4 5
((-0.2,-0.1,0) | ((0,0,0.1) ((-0.2,-0.1,0) | ((0,0.1,0.2) | ((-0.2,0.1,0)
0.8,0.9,1) |(0.8,0.9,1) |(0.8,09,1) |(0.8,09,1) | (0.8,0.9,1)
((-0.2,-0.1,0) | ((0,0,0.1) ((0,0,0.1) ((-0.2,-0.1,0) | ((-0.2,-0.1,0)
0.8,0.9,1) |(0.8,0.9,1) |(0.8,09,1) |(0.8,0.9,1) | (0.8,0.9,1)
((0,0,0.1) ((-0.2,-0.1,0) | ((-0.2,-0.1,0) | (-0.2,-0.1,0) | ((0,0.1,0.2)
(0.8,0.9.1) | (0.8,0.9,1) | (0.8,0.9,1)) | (0.8,0.9,1)) | (0.8,0.9,1))
((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0)
(0.8,0.9.1) | (0.8,0.9,1) | (0.8,0.9,1)) | (0.8,0.9,1)) | (0.8,0.9,1))
((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0) | ((-0.2,-0.1,0)
(0.8,0.9.1) | (0.8,0.9,1) | (0.8,0.9,1)) | (0.8,0.9,1)) | (0.8,0.9,1))

y = 0.9, f = 0.9 va yaxinlagmani1 gdstaran daqiqlik haddi € = 0.02
olsun. Hall algoritmina goro mosalo asagidaki kimi hall edilir:
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EPIZOD I

ZV(0,) = max (ZQ(4,4)) = ((0.9,1,1) (0.8,0.9,1));

Zre41 +vZV(a,) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -

((0.9,1,1)(0.8,0.9,1)) = ((0,0.1,0.2)(0.8,0.9,1)) +

+((0.81,0.9,0.9)(0.8,0.9,1)) = ((0.81,1.1)(0.8,0.9,1));

Bl(Z1e41 +vZV(04)) AZQc(01, a1)] = 0.9

-((0.81,1.1)(0.8,0.9,1)) A ((0.5,0.6,0.7)(0.8,0.9,1) )=

=0.9-((0.5,0.6,0.7)(0.8,0.9,1)) = ((0.45,0.54,0.63)(0.8,0.9,1);

(1-8)ZQ(0y,@;) = 0.1-((0,0,0.1)(0.8,0.9,1)) =

= (0,0,0.01)(0.8,0.9,1);

((0.45,0.54,0.63)(0.8,0.9,1)) + ((0,0,0.01)(0.8,0.9,1)) =

= ((0.45,0.54,0.73)(0.8,0.9,1)).

ZQc(04, ;) = ((0.45,0.54,0.73)(0.8,0.9,1))

7V (03) = max(ZQ(2,2),2Q(2,3)) = max(((0,0,0.1)(0.8,0.9,1)) ;

((0,0,0.1)(0.8,0.9,1))) = ((0,0,0.1)(0.8,0.9,1));

Zri41 +vZV(03) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -

((0,0,0.1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +

+((0,0,0.09)(0.8,0.9,1)) = ((0,0,0.19)(0.8,0.9,1));

Bl(Zree1 +vZV(02)) AZQc (01, )]

=0.9-((0,0,0.19)(0.8,0.9,1)) A ((0.9,1,1)(0.8,0.9,1)) =

=0.9-((0,0,0.19)(0.8,0.9,1)) = ((0,0,0.171)(0.8,0.9,1);

(1-B)ZQ.(0y,@5) = 0.1-((0,0,0.1)(0.8,0.9,1)) =

= (0,0,0.01)(0.8,0.9,1);

((0,0,0.01)(0.8,0.9,1)) + ((0,0,0.171)(0.8,0.9,1)) =

= ((0,0,0.181)(0.8,0.9,1)).

ZQc (04, a3) = ((0,0,0.181)(0.8,0.9,1))

ZV (03) = max(ZQ(3,5),2Q(3,1)) = max(((0,0,0.1)(0.8,0.9,1)) ;

((0,0,0.1)(0.8,0.9,1))) = ((0,0,0.1)(0.8,0.9,1));

Zri1 +vZV(03) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -

((0,0,0.1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +

+((0,0,0.09)(0.8,0.9,1)) = ((0,0,0.19)(0.8,0.9,1));
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Bl(Z7e41 +vZV(03)) AZQc (07, a1)] =
=0.9-((0,0,0.19)(0.8,0.9,1)) A ((0.7,0.8,0.9)(0.8,0.9,1)) =
=0.9-((0,0,0.19)(0.8,0.9,1)) = ((0,0,0.171)(0.8,0.9,1);
(1-B)ZQ.(03,a;) = 0.1-((0,0,0.1)(0.8,0.9,1))=

= (0,0,0.01)(0.8,0.9,1);

((0,0,0.01)(0.8,0.9,1)) + ((0,0,0.171)(0.8,0.9,1)) =

= ((0,0,0.181)(0.8,0.9,1)).

ZQc (03, ay) = ((0,0,0.181)(0.8,0.9,1))

ZV(0y) = max(ZQ(1,4),2Q(1,4)) = max (((0,0,0.1)(0.8,0.9,1)),
((0,0,0.1)(0.8,0.9,1));

Z1e41 +¥ZV(01) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -
((0,0,0.1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0,0,0.9)(0.8,0.9,1)) = ((0,0,1.0.19)(0.8,0.9,1));

Bl(Zress +vZV(y01)) A ZQc (03, a2)] =
=0.9-[((0,0,1.0.19)(0.8,0.9,1)) A ((0.6,0.7,0.8)(0.8,0.9,1))] =
=0.9-((0,0,1.0.19)(0.8,0.9,1)) =

(1-B)ZQ.(03,a;) = 0.1-((0,0,0.1)(0.8,0.9,1)) =

= (0,0,0.01)(0.8,0.9,1);

((0,0,0.01)(0.8,0.9,1)) + ((0,0,0.171)(0.8,0.9,1)) =

= ((0,0,0.181)(0.8,0.9,1))

ZQc (03, a;) = ((0,0,0.181)(0.8,0.9,1))

ZV (0s) = max(ZQ(5,5)) = ((0.7,0.8,0.9)(0.8,0.9,1));

Zri4 +yZV(0s) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -
((0.7,0.8,0.9)(0.8,0.9,1)) = ((0,0.1,0.2)(0.8,0.9,1)) +
+((0.63,0.72,0.81)(0.8,0.9,1)) = ((0.63,0.82,1.01)(0.8,0.9,1));
Bl(Zres1 +vZV(05)) AZQc(03,21)] = 0.9

- [(€0.63,0.82,1.01)(0.8,0.9,1)) A ((0.9,1,1)(0.8,0.9,1))] =
=0.9-((0.63,0.82,1.01)(0.8,0.9,1)) =

= ((0.57,0.738,0.91)(0.8,0.9,1));

(1-B)ZQ.(03,a;) = 0.1-((0,0,0.1)(0.8,0.9,1)) =
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= (0,0,0.01)(0.8,0.9,1);

((0,0,0.01)(0.8,0.9,1)) + ((0.57,0.738,0.91)(0.8,0.9,1)) =
= ((0.57,0.738,0.92)(0.8,0.9,1))

ZQc(03, a;) = ((0.57,0.738,0.92)(0.8,0.9,1))

7V (03) = max(ZQ(2,2),2Q(2,3)) = max (((0,0,0.1)(0.8,0.9,1))
((0,0,0.1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1));

Zre41 +vZV(0,) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -

- ((0,0,0.1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0,0,0.9)(0.8,0.9,1)) = ((0,0,0.19)(0.8,0.9,1));

Bl(Zres1 +vZV(02)) AZQc (02 ) |=
=0.9-[((0,0,1.0.19)(0.8,0.9,1)) A ((0.9,1,1)(0.8,0.9,1))] =
=0.9-((0,0,0.19)(0.8,0.9,1)) = ((0,0,0.171)(0.8,0.9,1));
(1-B)ZQ.(03,a;) = 0.1-((0,0,0.1)(0.8,0.9,1))

= (0,0,0.01)(0.8,0.9,1);

((0,0,0.01)(0.8,0.9,1)) + ((0,0,0.171)(0.8,0.9,1)) =

= ((0,0,0.181)(0.8,0.9,1))

ZQc (05, a3) = ((0,0,0.181)(0.8,0.9,1));

EPiZOD VII

ZV(0,) = max (ZQ(4,4)) = ((0.9,1,1) (0.8,0.9,1));

Zri44 +vZV(a,) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -
((0.9,1,1)(0.8,0.9,1)) = ((0,0.1,0.2)(0.8,0.9,1)) +
+((0.81,0.9,0.9)(0.8,0.9,1)) = ((0.81,1.1)(0.8,0.9,1));
Bl(Zress +vZV(02)) AZQc (01, a1)] =
=0.9-((0.81,1.1)(0.8,0.9,1)) A ((0.5,0.6,0.7)(0.8,0.9,1)) =
=0.9-((0.5,0.6,0.7)(0.8,0.9,1)) = ((0.45,0.54,0.63)(0.8,0.9,1));
(1-B)ZQ.(0y, ;) = 0.1-((0.5,0.6,0.7)(0.8,0.9,1)) =

= ((0.05,0.06,0.07)(0.8,0.9,1));

((0.05,0.06,0.07)(0.8,0.9,1)) + ((0.45,0.54,0.63)(0.8,0.9,1)) =
= ((0.5,0.6,0.7)(0.8,0.9,1)).

ZQc(o4, 1) = ((0.5,0.6,0.7)(0.8,0.9,1));
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ZV(0,) = max(ZQ(2,2),2Q(2,3)) =

= max(((0.57,0.74,1)(0.8,0.9,1)),

((0.57,0.74,1)(0.8,0.9,1))) = ((0.57,0.74,1)(0.8,0.9,1));

Zre41 +vZV(03) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -
((0.57,0.74,1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0.51,0.67,1)(0.8,0.9,1)) = ((0.51,0.67,1)(0.8,0.9,1));
ﬁ[(zrtﬂ + VZV(Uz)) ANZQc (0, az)]=
=0.9-((0.51,0.67,1)(0.9,1,1)) A ((0.9,1,1)(0.8,0.9,1)) =
=0.9-((0.51,0.67,1)(0.9,1,1)) = ((0.46,0.6,0.9)(0.8,0.9,1));
(1-8)ZQ.(0y, @;) = 0.1-((0.51,0.67,1)(0.8,0.9,1))=

= ((0.051,0.067,0.1)(0.8,0.9,1));

((0.46,0.6,0.9)(0.8,0.9,1)) + ((0.051,0.067,0.1)(0.8,0.9,1)) =
= ((0.51,0.67,1)(0.8,0.9,1));

ZQc (01, az) = ((0.51,0.67,1)(0.9,1,1));

ZV(03) = max(ZQ(3,5),ZQ(3,1)) =

= max((0.46,0.59,1)(0.8,0.9,1)), ((0.63,0.82,1.01)(0.8,0.9,1)))
= ((0,63,0.82,1.01)(0.8,0.9,1.01));

Zri41 +yZV(03) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -
((0,63,0.82,1.01)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0.57,0.74,0.9)(0.8,0.9,1)) = ((0.57,0.74,1)(0.8,0.9,1));
Bl(Zree1 +vZV(03)) AZQc(02,@1)] = 0.9
-[((0.57,0.74,1)(0.8,0.9,1)) A ((0.7,0.8,0.9)(0.8,0.9,1))] =
=0.9-((0.57,0.74,1)(0.8,0.9,1)) = ((0.51,0.67,0.9)(0.8,0.9,1));
(1-B)ZQ.(03,a;) = 0.1-((0.57,0.74,1)(0.8,0.9,1)) =

= ((0.057,0.074,0.1)(0.8,0.9,1));
((0.057,0.074,0.1)(0.8,0.9,1)) + ((0.51,0.67,0.9)(0.8,0.9,1)) =
=((0.57,0.74,1)(0.8,0.9,1))

ZQc(0,, a1) = ((0.57,0.74,1)(0.8,0.9,1));

ZV(oy) = max(ZQ(1,4),2Q(1,2)) =

— max (((0.51,0.67,1)(0.8,0.9,1)), ((0.5,0.6,0.7)(0.8,0.9,1))) -
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= ((0.51,0.67,1)(0.8,0.9,1));

Zri44 +yZV(0y) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -
-((0.51,0.67,1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0.46,0.6,0.9)(0.8,0.9,1)) = ((0.46,0.6,1)(0.8,0.9,1));
Bl(Zress +vZV(y01)) A ZQc (03, @3)] =
=0.9-[((0.46,0.6.1)(0.8,0.9,1)) A ((0.6,0.7,0.8)(0.8,0.9,1))] =
=0.9-((0.46,0.6,1)(0.8,0.9,1)) = ((0.41,0.54,0.9)(0.8,0.9,1));
(1-B)ZQ.(03,a;) = 0.1-((0.46,0.6,1)(0.8,0.9,1)) =

= ((0.046,0.06,0.1)(0.8,0.9,1));

((0.41,0.54,0.9)(0.8,0.9,1)) + ((0.046,0.06,0.1)(0.8,0.9,1)) =
= ((0.46,0.6,1)(0.8,0.9,1));

ZQc(03,a3) = ((0.46,0.6,1)(0.8,0.9,1));

ZV(0s) = max(ZQ(5,5)) = ((0.7,0.8,0.9)(0.8,0.9,1));
Z1e41 +¥ZV(0s) = ((0,0.1,0.2)(0.8,0.9,1)) + 0.9 -
((0.7,0.8,0.9)(0.8,0.9,1)) = ((0,0.1,0.2)(0.8,0.9,1)) +

+((0.63,0.72,0.81)(0.8,0.9,1)) = ((0.63,0.82,1.01)(0.8,0.9,1));
Bl(Zres1 +vZV(05)) A ZQc (03, ay)]
=0.9-[((0.63,0.82,1.01)(0.8,0.9,1)) A ((0.9,1,1)(0.8,0.9,1))] =
=0.9-((0.63,0.82,1.01)(0.8,0.9,1)) =
=((0.57,0.74,0.91)(0.8,0.9,1));
(1-8)ZQ.(03,a;) = 0.1-((0.63,0.82,1.01)(0.8,0.9,1)) =
= ((0.063,0.082,0.1)(0.8,0.9,1));
((0.063,0.082,0.1)(0.8,0.9,1)) + ((0.57,0.74,0.91)(0.8,0.9,1)) =
= ((0.63,0.82,1.01)(0.8,0.9,1));
ZQc(03,a;1) = ((0.63,0.82,1.01)(0.8,0.9,1));
ZV(0;) = max(ZQ(2,2),2Q(2,3)) =
= max (((0.57,0.74,1)(0.8,0.9,1)),
((0.51,0.67,1)(0.8,0.9,1))) = ((0.57,0.74,1)(0.8,0.9,1));
Zri1 +vZV(03) = ((0,0,0.1)(0.8,0.9,1)) + 0.9 -
-((0.57,0.74,1)(0.8,0.9,1)) = ((0,0,0.1)(0.8,0.9,1)) +
+((0.51,0.67,0.9)(0.8,0.9,1)) = ((0.51,0.67,1)(0.8,0.9,1));
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Bl(Zres1 +vZV(02)) AZQc (07, a2)] = 0.9 -
-[(€0.51,0.67,1)(0.8,0.9,1)) A ((0.9,1,1)(0.8,0.9,1))] =
=0.9-((0.51,0.67,1)(0.8,0.9,1)) = ((0.46,0.6,0.9)(0.8,0.9,1));
(1-B)ZQ.(03,a;) = 0.1-((0.51,0.65,1)(0.8,0.9,1)) =

= ((0.051,0.065,0.1)(0.8,0.9,1));
(0.051,0.065,0.1)(0.8,0.9,1)) + ((0.46,0.6,0.9)(0.8,0.9,1)) =
= ((0.51,0.67,1)(0.8,0.9,1));

ZQ¢(02,az) = ((0.51,0.67,1)(0.8,0.9,1));

Alinan naticalor ardicil olaraq aagida bir daha gostorilib.
EPIZOD 1

ZQc (01, @1) = ((0.45,0.54,0.73)(0.8,0.9,1))
ZQc(oy, @) = ((0,0,0.181)(0.8,0.9,1))
ZQc(02,a1) =((0,0,0.181)(0.8,0.9,1))
ZQc(03,a1) = ((0.57,0.738,0.92)(0.8,0.9,1))
ZQc(03,3) =((0,0,0.181)(0.8,0.9,1))

ZQc (02, ay) =((0,0,0.181)(0.8,0.9,1))
EPIZOD 11

ZQc (01, @1) = ((0.495,0.594,0.693)(0.8,0.9,1))
ZQc (01, @) =((0,0,0.231)(0.8,0.9,1))
ZQc(02,21) =((0.46,0.59,0.86)(0.8,0.9,1))
ZQc(03,21) = ((0.63,0.81,1)(0.8,0.9,1))
ZQc(03,3) =((0.37,0.44,0.69)(0.8,0.9,1))
ZQc (02, ay) =((0,0,0.255)(0.8,0.9,1))

EPiZOD VI

ZQc (o1, @) = ((0.5,0.6,0.7)(0.8,0.9,1))
Z0c (a1, a5) = ((0.51,0.67,1)(0.8,0.9,1))
ZQc (05, ay) = ((0.57,0.74,1)(0.8,0.9,1))
ZQc (03, a1) = ((0.63,0.82,1.01)(0.8,0.9,1))
Z0c (03, a;) = ((0.46,0.6,1)(0.8,0.9,1))
Z0c (05, a;) = ((0.51,0.67,1)(0.8,0.9,1))
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EPIZOD VII

ZQc (o1, a7) = ((0.5,0.6,0.7)(0.8,0.9,1))
ZQc (01, a3) = ((0.51,0.67,1)(0.8,0.9,1))
ZQc (05, 1) = ((0.57,0.74,1)(0.8,0.9,1))
ZQc(03,a1) = ((0.63,0.82,1.01)(0.8,0.9,1))
ZQc (03, a3) = ((0.46,0.6,1)(0.8,0.9,1))
ZQc (05, a5) = ((0.51,0.67,1)(0.8,0.9,1))

Belaliklo, D (Z Qir1(x,a),ZQ.(x, a)) > € sorti 0danir. Hall Cadval
2-da tosvir edilib.

Cadval 2. Masalonin halli

Vaziyyot Horakat
01 ar
02 a
03 a

Altincr fasil Z vo U adadlorin biznes miihitindo gorar gobuletma
masalalaring totbiqi vo kompiiter simulyasiyalarini ohats edir:

Z-adadli coxmeyarl investisiya masalasinda qarar qabuletma

Investisiya sirkotinin qarsisinda duran osas vozifalordon biri
movcud alternativlor arasindan on uygun investisiya obyektini
segmokdir " Forz edok ki, sirkotin se¢im imkanlari
aq, ay, s, a4, V9 as alternativlori ilo mohdudlagir. Bu alternativlorin
miigayisoli qiymatlondirilmasi ii¢lin bir sira meyarlar nozors alinir.

Qiymaotlondirmo prosesindo dord osas meyar secilmisdir:

C;-risk soviyyasi,

C,-artim potensiali,

C3-xidmat saviyyasi,

C,-otraf miihito tosir.

19 Aliyev, Rafig R. Similarity based multi-attribute decision making under z-
information / Proceedings 8th International Conference on Soft Computing,
Computing with Words and Perceptions in System Analysis, Decision and Control.
Antalya, Turkey. — 2015. - p. 33-38.
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Beloliklo, investisiya sirkoti alternativlorin hor birini bu meyarlar
lizra qiymatlondirorok on mogsadouygun varianti segmayo ¢alisir.

Z-odadli atributlar {igiin linqvistik termlorin codebook-u asagida
verilmisdir (Meyarlarin saviyyasi- Lingvistik qiymat)*:

Z-odadin A hissasi ligiin linqvistik termlor:

Cox asag1 (CA) (0,0.1,0.2,0.3)

Asagl (A) (0.2,0.3,0.4,0.5)
Orta (O) (0.4,0.5,0.6,0.7)
Yiiksok (Y) (0.6,0.7,0.8,0.9)

Cox yiiksok (CY)  (0.8,0.9,1,1)

Z-3dadin B hissoasi {igiin linqvistik termlor:

Asagl (A) (0.05,0.05,0.25,0.45)
Orta (O) (0.25,0.45,0.65,0.85)
Yiiksok (Y) (0.65,0.85,1,1)

Baxilan ¢oxmeyarli qorar qobuletma masalasi ligiin Dy, hallor
matrisi asagida verilmisdir:

Gy Gy Cs Ca
a; (CAaA) (CY,O) (O’Y) (A,O)
ay (CY,0) (CY,A) (AA) (Y,0)
as (Y,0) (CY,0) (Y,0) (AA)
ay (CYsY) (Y,O) (OsA) (A,O)
as (CY5O) (Y’A) (Y’O) (Y’O)

Meyarlar {i¢ilin ¢okilor:
wy =0.35 w, =0.3 w3 =0.2 w, =0.15

20 Jabbarova, K.I. Multi-attribute decision making for investment problem under Z-
number valued information // Proceedings of the 9th World Conference on
Intelligent Systems for Industrial Automation (WCIS-2016). Tashkent, Uzbekistan,
—2016. - p. 106-109.
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Qarstya qoyulan mosolonin holli asagidaki ardicilligla yerino
yetirilir:
1-ci morhalodo miisboat ideal alternativ tapilir®!:
ay' = ((CY,Y), (Y, 0), (Y,0), (Y, 0))

2-ci morhoalodo alternativin hor bir komponentinin ideal noqte ilo
arasindaki mosafa tapilir®%:

d(Z11, Z}1) = 1.6;

d(Z43,Z}) = 0.6;

d(Zy1, 254 = 0.4;

d(Zy3,Z54) = 0.8;

d(Z31,Z}1) = 0.6;

d(Z33, 214 = 0;

3

d(Z13,Z)%) = 0;

2

d(Z14, ZJ2) = 0.4;
d(Zy2, 251 = 0.4;

2

d(Zy4, Z)%) = 0.

4
d(Z32, 231 = 0;
d(Z34,Z51) = 0.8;

4

d(Z41»Z;;(f) =0;
d(Z43,Z}1) = 0.6;
d(Zs1, Zp;) = 04
d(Zs3,Z}1) = 0;

d(Z42, 251 = 0.2;
d(Z44, Z51) = 0.4;
d(Zsz, Z54) = 0.6;
d(ZS4,Z;;Z) =0;

Sonra har bir a; alternativi {igiin D (a;, aé,d = Xi=1 W;D(Z;, Zzi)?)
hesablanilir.

D(ay, al) = 0.74;
D(as,ait) = 0.33;
D(as,ait) = 0.32

D(a,, ait) = 0.42;
D(ay, at) = 0.24;

3-cii morholoado a, -lin on yaxsi alternativ olmasi naticosi aldo
olunur.

21 Hwang C.L., Yoon K. Multiple attribute decision making methods and
applications. Springer: Berlin Heidelberg, -1981.
22 Aliev, R.,, Memmedova, K. Application of Z-Number Based Modeling in
Psychological Research // Computational Intelligence and Neuroscience, - 2015.
2015(6), — p. 1-7.
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Is momnunlugu saviyyasinin hesablanmasinda Z-adadli qorar
qabuletma

Minnesota Momnunluq Sorgu Voragino (MMSV) osason is
momnunlugunun qiymotlondirilmosindo istifado olunan amillor
asagida gostorilmisdir:

Faaliyyat (x4), Miistaqillik (x,), Miixtaliflik (x3), Sosial movqe
(x,), Insan olagolorina nozarat (xs), Texniki-nozarat (x¢), Maonovi
dayarlar (x), Tohliikesizlik (xg), Sosial xidmat (xg), Solahiyyat (x49),
Qabiliyyat (x41), Sirkat siyasatlori va tacriibalari (x4, ), Kompensasiya
(X13), Inkisaf (x;4), Masuliyyat (xy5), Yaradiciliq (x4¢), Is sortlori
(X17), Birga is (X15), Tanima (X4), Nailiyyat (x,4)>>*.

Amillor ti¢lin lingvistik termlorin codebook-u asagida verilib:
Z-adadin A hissasi ligiin linqvistik termlor:
Momnunlugun saviyyasi  Lingvistik giymatlar

Cox az Momnun (1,1,1,2)
Az Momnun (1,2,2.5,3)
Orta Momnun (2.5,3,3.54)
Momnun (3.5,4,4.5.5)
Cox Momnun (4.5,5.,5)
Z-adadin B hissosi tigilin linqvistik termlor (etibarliliq):
Asagi (0,0,0.3,0.4)
Orta (0.3,0.4,0.6,0.7)
Yiiksok (0.6,0.7,1,1)

Amillarin linqvistik adlar1 asagida gostorilib?*%,

23 Weiss, D.J., Manual for the Minnesota Satisfaction Questionnaire / Dawis, R.V.,
England, G.W.Lofquist, L.H. // Minneapolis MN: The University of Minnesota
Press, - 1967.2.

24 Cabbarova, K.1. Z-informasiya soraitinds i momnunlugunun giymatlondirilmasi
/I -Sumqayit: Sumqayit Dévlot Universitetinin Elmi Xoborlori, - 2018. Ne4, -s.78-83.
% Eyupoglu, S.Z., Jabbarova K.I., Aliyeva, K.R. The Identification of Job
Satisfaction under Z-Information // Intelligent Automation & Soft Computing, -
2017. Ne24, - p. 1-5.
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Meyarlar/Amillor  Lingqvistik ifada

Foaliyyot Cox Momnun, Momnun, Orta Momnun,
Az Momnun, Cox az Momnun

Miistoqillik Momnun, Orta Momnun, Az Mamnun

Miixtaliflik Cox momnun, Momnun, Orta Momnun,
Az Momnun, Cox az Momnun

Sosial movqe Cox momnun, Momnun, Orta Maomnun,

Az Momnun
Insan  olagolorino Cox Momnun, Momnun, Orta Momnun,

nazarat Cox az Momnun

Texniki-nazarat Cox Momnun, Momnun, Orta Momnun,
Az Momnun, Cox az Momnun

Monovi dayarlor Cox Mamnun, Mamnun, Orta Momnun

Tohliikasizlik Cox Momnun, Momnun, Orta Momnun,
Az Momnun, Cox az Momnun

Sosial xidmat Cox Momnun, Momnun, Az Momnun

Solahiyyat Cox Momnun, Momnun, Orta Momnun

Qabiliyyot Cox Momnun, Momnun, Orta Momnun

Sirkot siyasotlori vo Momnun, Orta Momnun, Az Momnun,

tocriibalori Cox az Momnun

Kompensasiya Cox Momnun, Momnun, Orta Maomnun,
Az Momnun, Cox az Momnun

Inkisaf Cox Momnun, Momnun, Orta Momnun,
Az Momnun, Cox az Momnun

Mosuliyyat Cox Momnun, Momnun, Orta Maomnun,
Az Momnun

Yaradiciliq Cox Momnun, Momnun

Is sortlori Momnun, Orta Momnun, Az Momnun

Birgo is Cox Momnun, Momnun, Orta Momnun

Tanima Cox Momnun, Momnun, Az Momnun,
Cox az Mamnun

Nailiyyot Cox Momnun, Momnun, Orta Momnun

Z-qaydalar asagidaki kimi olar:
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1-ci qayda

OGOR Xi (CM)Y) , Xz (CM,Y), X3 (OM,Y), X4 (CAM,0), Xs
(OM,Y), X6 (OM,Y), X7 (CM,Y), Xs (M,Y), Xo (CM,Y), X10 (OM,Y),
X11 (CM,Y),X12 (M,Y), Xi13 (CM,Y), Xi14 (CM,Y), Xi5 (CM.,Y), Xis
(CM,Y), X17 (CM,Y), X158 (OM,Y), X19(M,Y), X20 (CM,Y) -so ONDA
Y (M,Y)-dir;

2-ci qayda

OGOR X (CM,Y), Xa(M,Y), X5(CM,Y), X4 (CM,Y), X5(CM,Y), X
M)Y), X7 (OMY), Xz (OM)Y), Xo (CM,Y), Xio (M,Y), Xii
(CM,Y),X12 (OM,Y), X135 (M,Y), X1s (CM,Y), Xis (CM,Y), X
(CM,Y), X17(M,Y),Xi18 (OM,Y), X19 (CM,Y), X20 (CM,Y) -so ONDA
Y (M,Y)-dir;

3-cli qayda

BGOR Xi (M,Y) , X2 (M,Y), X3 (M,Y), Xa (M,Y), X5 (OM,Y), Xs
(OM,Y), X7 (OM,Y), X5 (OM,Y), Xo (M,Y), Xi0 (M,Y), X11 (M,Y),
X12 (AM,0), X13 (AM,0), X14 (OM,Y), Xis (M,Y), X16 (M,Y), X17
(AM,0), X18(M,Y), X19(OM,Y), X20 (OM,Y) -so ONDA Y (OM,Y)-
dir;

4-cii qayda

OGOR X; (AM,0) , X2 (M,Y), X3 (AM,0), X4 (OM,Y), X5 (CM,Y),
X6(M,Y), X7(M,Y), Xs(M,Y), Xo (M,Y), X10(M,Y), X11 (CM,Y), X12
(MY), X135 (AM,0), Xis (M,Y), Xis (M,Y), Xis (OM,0), Xi7
(M,Y),X1s(M,Y), X19 (M,Y), X20 (CM,Y) -so ONDA Y (OM,Y)-dir;
5-ci qayda

BGOR X1 (M,Y) , X2 (OM,Y), X3 (AM,0), X4 (M,Y), X5 (M,Y), Xs
(M,Y), X7(AM,0), X5 (AM,0), X9 (M,Y), X10 M,Y), X11 (M,Y), Xi2
M)Y), Xi3 (AM,0), X4 (OMY), Xis MY), Xie (MY), Xi7
(OM,Y),X15 (M,Y), X19 (M,Y), X20 (M,Y) -s0 ONDA Y (M,Y)-dir;
6-c1 qayda

9GOR X; (OM,Y) , X2 (M,Y), X3 (M,Y), X4 (OM,Y), X5 (M,Y), Xs
M,Y), X7 (M,Y), X5 (OM,0), X9 (M,Y), X10(OM,Y), X11 (M,Y), X12
(OM,Y), X135 (OM,Y), X1s (OM,Y), Xis (OM,Y), X16 (M,Y), Xi7
(OM,Y),X15 (OM,Y), X10 (M,Y), X20 (OM,Y) -s0 ONDA Y (OM,Y)-
dir;
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7-c1 qayda

OGOR X1 (M,Y) , X2 (M,Y), X3 (AM,0), X4(M,Y), X5 (CAM,0), Xs
(CAM,0), X7 (CAM,0), Xz (M,Y), Xo (OM,Y), Xi0 (CAM,0), Xii
(AM,0),X12 (AM,0), X3 (OM,Y), Xis (MY), Xi5s (AM,0), Xis
(AM,0), X17 (OM,Y),X1s (M,Y), X19 (CM,Y), X20 (M,Y) -so ONDA
Y (AM,0)-dr;

8-c1 gayda

OGOR X; (M,Y) , Xo MY), X5 (M,Y), X4 (OM,Y), X5 (M,Y),Xe
M)Y), X7 (OM,Y), Xz (OM,Y), Xo (OM,Y), Xio (OM,Y), Xii
(M,Y).X12 (OM,Y), Xi3 (AM,0), Xi4 (OM,Y), Xi5s (OM,Y), Xis
(M,Y), X17(AM,0),X15 (M,Y), Xi9 (OM,Y), X20 (M,Y) -so ONDA Y
(M,Y)-dir;

9-cu qayda

OGOR X; (M)Y) , Xa (M,Y), X3 (M,Y), X4 (OM,Y), X5 (M,Y), Xs
M)Y), X7 (OM,Y), Xz (OM,Y), Xo (OM,Y), Xio (OM,Y), Xii
(M,Y).X12 (OM,Y), Xi3 (AM,0), Xis (AM,0), Xi5 (OM,Y), Xis
(OM,Y), X17(OM,Y),Xi18(M,Y), X19(OM,Y), X20 (OM,Y) -so ONDA
Y (OM,Y)-dir;

10-cu qayda

OGOR X (OM,Y), X2(OM,Y), X3 (OM,Y), X4(OM,Y), X5 (M,Y), Xs
M)Y), X7 (OM,Y), Xg (OM,Y), Xo (OM,Y), Xio (OM,Y), X
(OM,Y).X12 (AM,0), Xi3 (OM,0), Xis (OM,Y), Xi5s (M,Y), Xis
(OM,Y), X17(AM,0),X15s(M,Y), X19 (OM,Y), X20(OM,Y) -so ONDA
Y (OM,Y)-dir;

Cari girislor agagidaki kimidir:

OGOR X1 (M,Y), X2 (CAM,0), X3 (CM,Y), Xa M,Y), X5 (CAM,0),
X6 (AM,0), X7 (M,Y), X5 (CM,Y), Xo (CAM,0), Xi0 (CM,Y), Xi1
(AM,0),X12 (CAM,0), X3 (M,Y), Xis M,Y), Xis (CM,Y), Xis
(M,Y),X17 (CM,Y),X]S (OM,Y), X9 (CAM,O), X20 (OM,Y) -S9

Bu girislor iiclin Z-qiymatli imumi i momnunlugu indeksini
hesablamaq lazzimdir. Qarsiya qoyulan masalo asagidaki kimi hall
olunur.

Birinci addimda biz, X;, doyisonlorinin cari Z-qiymatlondirmo
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vektoru Z; , j=1,...,20 ilo miivafiq gaydanin Z-qiymotli Z;;
antesedenti arasindaki oxsarliq osasinda i-ci qaydanin A; aktivlogsmo
doracosini hesablayiriq:

Ai = min S(Z],ZU)
j=1,-,20
Oxsarliq olgtisti kimi S(Zj, Z;;) funksiyasim Jaccard oxsarliq 6lgiisii
vasitosilo hesablamag: toklif edirik?¢:

S(2;,Z;) =

1 Y1 Ma, (X1 * ay; (%10

2 G 000)” + 28 (i 090)” = o b (%) - i, (52
1 izt He; (%10 + gy; (%10

25 (g, 060) 2 (g 000) = Ty gy (00 - g ()

Mosalon, cari girig ilo 3-cii qaydanin antesedenti arasinda S(Z;, Z;;)
qiymati asagidaki kimi hesablanib: S(Z,,Z3;) =
S((CAM, 0), (M, Y)) = 0.54, .S(Zg, Z3) = S((CM,Y), (OM,Y)) =
= 0.5.5(Z,,Z,,) -nin verilmis qiymatino goro 3-cii gaydanin
hesablanmis aktivlosmo doracasi A3 = 0.014 olur.

Ikinci addimda, Y;, i = 1,...,10 konsekventlorino Zy, Z-3dad

osaslt qgiymotlorini aqreqasiya etmoklo iimumi Z-ododli is
momnuniyyati qiymatlondirilmasi Zy-ni asagidaki kimi hesablayiriq:

10 10
Zy = ZAiZYi/ZAi
i=1 i=1

Umumi is memnunlugunun hesablanmis Z-odadli qiymati Sokil 4-

26 Aliev, R. A. Approximate Reasoning on a Basis of Z-number valued If-Then
Rules / R. A. Aliev, W. Pedrycz, O.H. Huseynov [et al. / IEEE Transactions on
Fuzzy Systems, - 2017. 25(6), - p. 1589-1600.
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do verilmigdir.

1 1
0,5 0,5
0 T T T 1 0 T T 1
0 2 4 6 0 0,5 1
A B

Sakil 4.Umumi is momnunlugunun Z-ododli qiymaoti

Alinmis naticolora osason cari qaydanin c¢ixist (Zy) (Momnun,
Yiiksok)-dir.

Istehsalin planlasdirilmasinda U-adadli garar gabuletma

Biznes miihitinds tez-tez rast golinon miihiim masalolordon biri do
diizgiin qorar qobuletmo prosesidir. Bu mossloni izah etmok {i¢iin
talvar istehsali ilo mosgul olan bir firmanin voziyystini nazorden
kegirok ?7 . Firma hoyotlordo saxlanma ii¢iin nozordo tutulmus
talvarlarin istehsali ilo mosguldur vo rohborlik qarsisinda osas
suallardan  biri istehsalin  genislondirilmasinin no  deracads
mogsadouygun oldugudur.

Insaat firmasinin meneceri miixtolif alternativ  variantlari
doyarlondirmoklo optimal gorar vermoys c¢alisir. Onun nozorden
kegirdiyi alternativlor asagidakilardir?®:

a; - talvar istehsali ii¢iin boyiik zavodun insasi;
a,- talvar istehsali iigiin kisik zavodun insasi;
az- moveud vaziyyati saxlamaq vo heg bir doyisiklik etmomok.

27 Jabbarova, K.I. Decision making on planning construction of plants under u-
number-valued information // Proceedings of the 10th World Conference on
Intelligent Systems for Industrial Automation (WCIS-2018). Tashkent, Uzbekistan,
- 2018, - p. 159-162.

28 Cabbarova K.I. U-informasiya soraitinds tikintinin planlasdirilmas1 mosolesinin
halli // - Sumgqayit: Sumqayit Dovlat Universitetinin Elmi Xabarleri, - 2024. Nel,
s.78-81.
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Menecerin hansi qorari segocoyi iso osason bazar soraitindon
asilidir. Burada iki miimkiin tobiot voziyyati forglondirilir:

S; - alverisli bazar soraiti;

S, .-alverissiz bazar soraiti.

Beloliklo, qorar qobuletmo prosesi menecerin alternativlor
arasindan se¢im etmasi ilo baghdir.

Tobiot voziyyatinin alternativlori vo ehtimallar1 U-adadlorlo tosvir
olunur:

Tobiot voziyyatlori
Alternativlor Olverisli bazar, s; Olverissiz bazar, s>
P(s1)=(CO,A) P(s2)=(COO0,A)
ay (CY,T) (CALA)
a; (YaT) (O:A)
as 0 0

Osas mosolo ondan ibarotdir ki, alternativler iiglin miioyyon
olunmus U-adad qiymatli qiymotlondirms funksiyasinin (GF)
naticalori asasinda onlarin miiqayisasi aparilsin vo bu miigayisenin
noticasindo on alverigli gostoricilora malik olan on {istiin alternativ
secilsin.

GF(a*) = max GF (a;) malik a* tapmag.
i=1,..,4
Mbasalanin halli
Alternativlorin va ehtimallarin linqvistik termlorinin codebook-u

asagida verilib:

U-odad-qiymatli alternativlorin A hisssasi ligiin linqvistik termlor
(Lingvistik giymat -Qeyri-salis qgiymatlor):

Cox asag1 (CA) (-267, 233, -167, -133)
Asagl (A) (-167,-133, -67, -33)
Orta (O) (-67,-33, 33, 67)
Yiiksok (Y) (33, 67, 133, 167)

Cox yiiksok (CY) (133, 167, 233, 267)
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Ehtimallarin A hissasinin U-adadli linqvistik termlori:

Oxsar olmayan (OO) (0.15,0.15,0.15,0.25)
Cox oxsar olmayan (COO) (0.15,0.25,0.35,0.45)
Oxsar (O) (0.35,0.45,0.55,0.65)
Cox oxsar (CO) (0.55,0.65,0.75,0.85)
Hoadsiz oxsar (HO) (0.75,0.85,1,,1)

U-odod-qiymatli alternativlorin vo ehtimallarin B hissasi {igiin
linqvistik termlorin codebook-u (Lingvistik gqiymat -Qeyri-salis
qiymatlor):

Nadir hallarda (N) (0,0,0.1,0.5)
Hordonbir (H) (0,0,0.3,0.9)
Tez-tez (T) (0.1,0.4, 0.6, 0.9)
Adoton (A) (0.1,0.7, 1, 1)

Baxilan mosolonin analizindo vo qorar gobuletmo prosesindo
gozlonilon faydaliliq (GF) modelindon istifado edilocok:

GF(a;) = xi1p(s1) + xi2p(s2),

burada x;; = a;(51), Xi2 = ai(s,),i = 1,2, alternativlorin  tobiot
vaziyyatlorindoki U-adadli naticoloridir, p(s;), p(s;) ehtimallarin U-
odadli qiymatloridir.

Alternativlorin hesablanmis GF qiymatlori asagidaki kimidir:

(1) ai alternativino uygun GF-in U-adadli qiymati:
GF(a1)=(CY,T) (CO,A)HCO,A) (COO,A)=
=((133,167,233,267)(0.1,0.4,0.6,0.9))

((0.55,0.65,0.75,0.85)(0.1,0.7,1,1))+
((-267,-233,-167,- 133)(0.1,0.7,1,1)
((0.15,0.25,0.35,0.45)(0.1,0.7,1,1))=
=(-47,27,133,207)(0.0004,0.995,0.995,0.995);

a; alternativi tiglin GF-1in U-adadli qiymati:

GF(a2)=(Y,T) (CO,A)+(0,A) (COO,A)=
=((33,67,133,167)(0.1,0.4,0.6,0.9))
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((0.55,0.65,0.75,0.85)(0.1,0.7,1,1))+
+((-67,-33,33,67)(0.1,0.7,1,1)
((0.15,0.25,0.35,0.45)(0.1,0.7,1,1))=
=((-12,32,111,172.1)(0.0003,0.994,0.994,0.994));
(2) Siibhasiz ki, a3 alternativi GF-in U-odadli qiymoti asagidaki
kimi olacaq:
GF(a3)=((0,0,0,0),(1,1,1,1)).

Bu, he¢ bir monfaat vo heg¢ bir zororin aldo olunmamasini nazordo
tutur.

GF naticalorinin miiqayisasi QSPO prinsipine osason aparilir
(Torif 3) vo naticalor asagidaki kimidir:

do(a1)=0.016, do(a2)=1,

do(ai)=1, do(a3z)=0,

do(a2)=1, do(a3)=0.

Miigayisonin naticolori a, -nin an yaxst alternativ oldugunun
gostorir.

U-informasiyaya asaslanan biznes qararlarinin qabul edilmasina
gozlonilan faydalihigin tatbiqi

Bir istehsal miiossisosinin foaliyystindo qarsiya ¢ixan osas
mosalalordan birt do diizgiin biznes qorarlarinin qobul edilmasidir.
Golin, bir illik dovr orzindo miisssisonin gorar qobuletma prosesini
nazardon kegirak. Forz edok ki, movcud istehsal giicii bazardaki cari
talobat1 6domokds aciz qalir vo bu sabobdan istehsal templori méveud
tolobdon xeyli asagidir. Bu voziyyst rohbarliyi istehsal giiclorinin
artirllmasi istigamatindo miixtolif alternativlori qiymatlondirmoya
macbur edir?**°.

29 Jabbarova K.1. Application of expected utility to business decision making under
U-number valued information // Advances in Intelligent Systems and Computing, -
2018. 896, - p. 716-723.

30 Cabbarova K.I., Hiiseynov, O.H. U-adadlor nozoriyyesinin biznes qorar gobuletmo
maosolasing totbigi.// - Sumqayit: Sumqayit Dévlot Universitetinin Elmi Xoborlori, -
2024. Ne3, 5.75-78.
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Miiassiso rohborliyi agagidaki miimkiin gorar variantlarini nozordon
kegirir:

Alternativ 1-istehsal giiciiniin nisboton asag1 soviyyado artirilmasi;
Alternativ 2—yeni zavodun qurasdirilmasi hesabina istehsal
giiclorinin orta soviyyado artirilmast;

Alternativ. 3—yeni mohsul xottinin yaradilmas1t vo olave
texnologiyalarin totbiqi vasitosilo istehsal giiclorinin yiiksok
soviyyads artirilmast;

Alternativ 4-mdvcud voziyysti qoruyub saxlamaq, yoni heg¢ bir
olavo todbir gérmomak.

Eyni zamanda, miiassisonin alds edacayi naticalor bazar soraitindon
— basqa sozlo, “tobiotin voziyyatlorindon” — asilidir. Burada dérd
miimkiin ssenari forqlondirilir:
S:1 — asagi tolab;
S2 — orta talab;
Ss — yiiksok tolab;
S4 — ¢ox yiiksok tolab.

Golocok  tolobatin  soviyyoesi  ovvelcadon  doqiq  molum
olmadigindan, miisssisonin garsisinda duran asas ¢otinliklordon biri
geyri-miioyyanlik soraitindo diizgiin qorar qobul etmokdir. Galocok
tolobatin  geyri-miioyyanliyi sobabindon alternativlorin - miimkiin
monfaati barado melumatlar geyri-deqiqlik va gismen etibarliliq ilo
xarakterizo olunur. Bu sobobdon, qorar gobuletmo mosalosi U-adodli
haller matrisinin qurulmasi ils ifads edilir:

S, S, S, S,

a, (0,A) (Yu0,A)  (YO,A) (HO,H)
a, (A,A) (0,T) (HO,T) (CY,T)
as (HA,H)  (AO,A) (YuO,A)  (HY,A)
a, (0,A) (0,A) (0,A) (0,A)
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Burada osas mogsad hor bir U(a)) alternativi iiglin U-adad qiymatli
gozlonilon faydaliliglar1 (GF) hesablamaq vo maksimum U-qiymatino
malik alternativi optimal se¢im kimi miioyyonlosdirmokdir:

Elo a” tapmali ki, do(GF (a*)) = max d o(GF(a;)) olsun.

Mosalanin holli

i=1,..,4

Istifada olunan U-adodlorin lingvistik termlorinin codebook-u
asagidaki kimidir (Lingvistik giymat — Qeyri-salis qiymat):
U-adadin A hissasi li¢iin linqvistik termlor

Hodsiz asagi (HA) (-92,-83,-67,-58)
Cox asag1 (CA) (-67,-58,-42,-33)
Asagi (A) (-42,-33,-17,-8)
Zoif Orta (ZO) (-17,-8,8,17)
Asagi Orta (AO) (8,17,33,42)

Orta (O) (33,42,58,67)
Yuxar1 Orta (YuO) (58,67,83,92)
Yiiksok Orta (YUO) (83,92,108,117)
Hadsiz Orta (OO) (108,117,133,142)
Yiiksok (Y) (133,142,158,167)
Cox Yiiksok (CY) (158,167,183,192)
Hadsiz Yiiksok (HY) (183,192,200)

U-adadin B hissasi {igiin linqvistik termlor

Nadir hallarda (N) (0,0,0.1,0.5)
Hordonbir (H) (0,0,0.3,0.9)
Tez-tez (T) (0.1,0.4,0.6,0.9)
Adoton (A) (0.1,0.7,1,1)

Tobiat voziyyatlorinin ehtimallar1 haqqinda molumat da qeyri-
doqiqglik vo gismon diizgiinliik ilo xarakterizo olunur. Bununla bels,
aparilan hesablamalarin sadolosdirilmasi mogsadilo bu morhalada
tobiot voziyyatlorinin U-odadli ehtimallarini nozordon
kegirmoyacayik. Iralido aparilan tohlildo hom odadi, hom do geyri-
solis ehtimal hallarina baxilacaqdir.

I hal. Bu halda, ehtimallar1 P(S1)=0.3, P(S2)=0.25, P(S3)=0.35,
P(S4)=0.1 kimi gotiirok. Bu ehtimallar osasinda alternativlorin U-
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qiymatlori ilo gozloenilon faydaliliqlar1 (GF) hesablanir. Hor bir
alternativ ii¢lin miivafiq doyorlor istifado edilorok GF noticalori aldo
edilir:

GF(a,)=P(S1)-(0,A)+P(S2)-(YuO,A)+P(S3)-(YO,A)+P(Ss) - (HO,H)=
=0.3+((33,42,58,67)(0.1,0.7,1,1))+0.25-

1(58,67,83,92) (58,67,83,92))+ 0.35-((83,92,108,117) (0.1,0.7,1,1))+
+0.1 - ((108,117,133,142)(0,0,0.3,0.9))=
=((62.4,69.6,82.9,90.1)(0,0.0007,0.299,0.897));

GF(a,)=P(S1)- (A,A)+P(S2) - (O, T)+P(S3). (HO,T)+P(Ss) . (CY,T)=
=0.3-((-42,-33,-17.-8) (0.1,0.7,1,1))+ 0.35-

1((33,42,58,67) (0.1,0.4,0.6,0.9))+0.35

{((108,117,133,142) (0.1,0.4,0.6,0.9))+0.1-
{((158,167,183,192)(0.1,0.4,0.6,0.9))=
=((48.95,57.55,72.95,81.55)(0.0004,0.089,0.286,0.74));

GF( az )=P(S1) - (HA,H)+P(S2) - (AO,A}+P(S3) - (YuO,A)+P(Ss)
(HY,A)= 0.3 . ((-92,-83,-67,-58)( (0,0,0.3,0.9))+0.25-

{((8,17,33,42) (0.1,0.7,1,1))+0.35 ((58,67,83,92) (0.1,0.7,1,1))+
+0.1-((183,192,200) (0.1,0.7,1,1))=

= ((12.25,20.25,33.95,41.05)(0.0002,0.226,0.599,0.897));
GF(a,)=P(S1) - (0,A)+P(S2). (O,A)+P(S3)(0,A)+P(S4). (O,A)=

=0.3 - ((33,42,58,67) (0.1,0.7,1,1))+ 0.25-
{((33,42,58,67)(0.1,0.7,1,1))+0.35-((33,42,58,67)(0.1,0.7,1,1)+0.1-
{((33,42,58,67)(0.1,0.7,1,1))=
=((33.42,58,67)(0.0004,0.994,0.994,0.994)).

Sonra on optimal alternativi miioyyan etmok mogsodilo U-adadlori
Qeyri-salis Pareto Optimalliq prinsipi (FRO) osasinda miigayiso
edocayik (Torif 3). Naticolor asagida gostorilmisdir:
do(GF(a;)) = 1,do(GF(a,)) = 0.59, do(GF(ay)) =1,
do(GF(a3)) =0,
do(GF(a;)) = 1,do(GF(a3)) = 0.49, do(GF(ay)) =1,
do(GF(ay)) = 0.67,
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do(GF(a;)) = 0.9,do(GF(ay)) = 1, do(GF(ay)) =1,
do(GF(a3)) = 0.5.

Gordiiyiinliz kimi a, on yaxsi alternativdir .

IT hal. Indi ehtimallar1 geyri-solis gotiirok. Molumdur ki, geyri-
solis ehtimallar yalniz tobistin n-1 vaziyyatina verils bilar, qalani iso
hesablanmalidir?’.

Tutaq ki, P(S1)=(0.285,0.3,0.315), P(S2)=(0.2375,0.25,0.2625),
P(S3)=(0.3325,0.35,0.3675) V) P(S4) namslumdur.
P(S4)=(0.055,0.1,0.145) tapiriq. Sonra, alternativlorin U-qiymatli
Go6zlonilon Faydaliliglar: (GF) tapilir:

GF(a;)=P(S1)-(0,A)+P(S2)-(YuO,A)+P(S3)-(YO,A)+P(S4) (HO,H)=
=(0.285,0.3,0.315) ((33,42,58,67)(0.1,0.7,1,1))+(0.2375,0.25,0.2625)
((83,92,108,117) (0.1,0.7,1,1))+(0.3325,0.35,0.3675)
((83,92,108,117) (0.1,0.7,1,1))+(0.055,0.1,0.145) .

- ((108,117,133,142) (0,0,0.3,0.9))=
=((55.28,69.6,82.9,99.4)(0,0.0008,0.299,0.895));

GF(a,)=P(S1) (A,A)+P(S,) (O,T)+P(S3) (HO,T)+P(S4) (CY,T)=
=(0.285,0.3,0.315) - ((-42,-33,-17,-8)(0.1,0.7,1,1))+
+(0.2375,0.25,0.2625) ((33,42,58,67) (0.1,0.4,0.6,0.9))+
+(0.3325,0.35,0.3675) ((108,117,133,142) (0.1,0.4,0.6,0.9))+
+(0.055,0.1,0.145) ((158,167,183,192) (0.1,0.4,0.6,0.9))=

= ((40.3,57.55,72.95,92.63)(0.0004,0.089,0.286,0.59));
GF(a3)=P(S1) (HA,H)+P(S2) (AO,A)+P(S3) (YuO,A)+P(Ss) (HY,A)=
=(0.285,0.3,0.315) ((-92,-83,-67.- 58)(0,0,0.3,0.9))+
+(0.2375,0.25,0.2625) ((8,17,33,42)(0.1,0.7,1,1))+
+(0.3325,0.35,0.3675) ((83,92,108,117) (0.1,0.7,1,1))+
+(0.055,0.1,0.145) ((183,192,200) (0.1,0.7,1,1))=
=((4.32,20.25,33.95,51.1)(0.0001,0.0002,0.299,0.89));

GF(a,)=P(S1) (0,A)+P(S:) (O,A)+P(S3) (O,A)+P(S4) (0,A)=

31 Zadeh, L.A., Generalized theory of uncertainty (GTU) — principal concepts and
ideas // Computational Statistics & Data Analysis, - 2006, 51, - p. 15-46.
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=(0.285,0.3,0.315) ((33,42,58,67)(0.1,0.7,1,1))+(0.2375,0.25,0.2625)
((33,42,58,67) (0.1,0.7,1,1))+(0.3325,0.35,0.3675)
((33,42,58,67) (0.1,0.7,1,1))+(0.055,0.1,0.145)
((33,42,58,67) (0.1,0.7,1,1))=
=((30.03,42,58,73)(0.0004,0.32,0.99,0.99)).

Alinan faydaliliq giymotlorine goro alternativlorin miiqayisasinin
naticolori agsagidaki kimi olacaq (Torif 3):

do(GF(a;)) = 1,do(GF(a,)) = 0.6,
do(GF(a,)) = 1,do(GF(a3)) =0,
do(GF(a;)) = 1,do(GF(a3)) =0,
do(GF(ay)) = 1,do(GF(a;)) = 0.6,
do(GF(a;)) = 0.9,do(GF(ay)) =1,
do(GF(ay)) = 1,do(GF(a3)) = 0.

2-ci halda alinan gorarin hassasligini, agsagidaki hoallor cadvalinds
gostarilon alternativlorin naticolorinin totbiq olunmasi baximindan
tohlil edok. Adatonliyin (usality) soviyyasi asagi olan hallarda no bag
verdiyini tohlil etmok {igiin iki tocriibs aparilir.

1) Noticalorin faydaliligi soviyyesi "adoton" ilo "hordonbir"
azalir.

Naticolorin adatonliyin (usuality) asagi soviyyesi tg¢iin hollor
cadvali asagidaki kimidir:

S, S, Ss S,
a, (O,H) (YuO,H) (YO,H) (HO,H)
a; (A')H) (O’T) (HO,T) (CYaT)
as (HA,H) (AO,T) (YuO,H) (HY,H)
ay (OaH) (OeT) (OsH) (OaH)

GF-1n hesablanmis qiymetlori asagidaki kimidir:
GF(a1)=P(S1)- (O,H)+P(S2)-(YuO,H)+P(S3)-(YO,H)+P(S4)
-(HO,H)=(0.285,0.3,0.315)-((33,42,58,67)(0,0,0.3,0.9))+
+(0.2375,0.25,0.2625)-((58,67,83,92) (0,0,0.3,0.9))+
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+(0.3325,0.35,0.3675)-((58,67,83,92)(0,0,0.3,0.9))+
+(0.055,0.1,0.145)-(108,117,133,142)(0,0,0.3,0.9)=
=((55.28,69.6,82.9,99.4)(0,0,0.02,0.7));
GF(a,)=P(S1)(A,H)+P(S2) . (O, T)+P(S3). (HO,T)+P(S4). (CY,T)=
=(0.285,0.3,0.315) ((-42,-33,-17.-8) (0,0,0.3,0.9))+
+(0.2375,0.25,0.2625)((33,42,58,67) (0.1,0.4,0.6,0.9))+
+(0.3325,0.35,0.3675) ((83,92,108,117) (0.1,0.4,0.6,0.9))+
+(0.055,0.1,0.145) ((158,167,183,192) (0.1,0.4,0.6,0.9))=

= ((40.3,57.55,72.95,92.63)(0.0002,0.001,0.115,0.678));
GF(a3)=P(S1) (HA,H)+P(S2) (AO,H)+P(S3) (YuO,H)+P(S4) (HY,H)=
=(0.285,0.3,0.315) ((-92,-83,-67,-58)(0,0,0.3,0.9))+
+(0.2375,0.25,0.2625) ((8,17,33,42)(0,0,0.3,0.9))+
+(0.3325,0.35,0.3675) . ((58,67,83,92)(0,0,0.3,0.9))+
+(0.055,0.1,0.145).. ((183,192,200)(0,0,0.3,0.9))=
=((4.32,20.25,33.95,51.1)(0,0,0.02,0.68));

GF(a,)=P(S1) (O,H)+P(S,) (O,H)+P(S3) (O,H)+P(S4) (O,H)=
=(0.285,0.3,0.315) ((33,42,58,67) (0,0,0.3,0.9))+
+(0.2375,0.25,0.2625) ((33,42,58,67) (0,0,0.3,0.9))+
+(0.3325,0.35,0.3675) ((33,42,58,67) (0,0,0.3,0.9))+
+(0.055,0.1,0.145) (33,42,58,67) (0,0,0.3,0.9))=
=((30.03,42,58,73)(0,0,0.02,0.68)).

Alternativlorin  GF qiymatlorine goro miiqayisenin naticalori
asagidaki gostorildiyi kimidir:

do(GF(ay)) = 0.5, do(GF(ay)) = 1,
do(GF(a,)) = 1,do(GF(a3)) =0,
do(GF(a,)) = 1,do(GF(a3)) =0,
do(GF(ay,)) = 0,do(GF(ay)) =1,
do(GF(al)) =1, do(GF(a4)) =0,
do(GF(a,)) = 1,do(GF(a3)) =0,

Goriindiiyli kimi, noticolor adotonliyin (usuality) soviyyosinin
doyisikliyino hassasdir, belo ki, a, ovozino a, on yaxsi alternativ olur.
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Sobob ondan ibaratdir ki, bu alternativ naticolorin etibarliliginin
nisbaton yiiksok saviyyasi ilo xarakterizo olunur.

2) Noticolorin adotonliyin (usuality) soviyyosi “tez-tez”-don
“hordonbir”-o azalir. Gozlonilon faydaliligin hesablanmis qiymaotlori
asagidaki kimidir:

GF(a,)=P(S1) (O,A)+P(S2) (YO,A)+P(S3) (YuO,A)+P(S4) (YuO,H)=
=(0.285,0.3,0.315) ((33,42,58,67)(0.1,0.7,1,1))+(0.2375,0.25,0.2625)
((58,67,83,92) (0.1,0.7,1,1))+(0.3325,0.35,0.3675)

((83,92,108,117) (0.1,0.7,1,1))+(0.055,0.1,0.145)

((83,92,108,117) (0,0,0.3,0.9))=
=(55.28,69.6,82.9,99.4)(0,0.0008,0.299,0.895));

GF(a;)=P(S1) (A,A)+P(S2) (O,T)+P(S3) (OO,H)+P(S4) (CY,H)=
=(0.285,0.3,0.315) ((-42,-33,-17,-8)(0.1,0.7,1,1))+
+(0.2375,0.25,0.2625) ((33,42,58,67)(0.1,0.4,0.6,0.9))+
+((0.3325,0.35,0.3675) ((108,117,133,142) (0,0,0.3,0.9))+
+(0.055,0.1,0.145) ((158,167,183,192) (0,0,0.3,0.9))=
=((40.3,57.55,72.95,92.63)(0,0,0.05,0.74));

GF(a3)=P(S1) (OA,H)+P(S2) (AO,A)+P(S3) (YO,A)+P(S4) (OY,A)=
=(0.285,0.3,0.315) ((-92,-83,-67,-58)(0,0,0.3,0.9))+
+(0.2375,0.25,0.2625) - ((8,17,33,42) (0.1,0.7,1,1))+
(0.3325,0.35,0.3675) - ((58,67,83,92) (0.1,0.7,1,1))+
+(0.055,0.1,0.145) . ((183,192,200) (0.1,0.7,1,1))=
=((4.32,20.25,33.95,51.1)(0.0001,0.0002,0.299, 0.89));
GF(a,)=P(S1)- (0,A)+P(S2) - (O,A)+P(S3)- (O,A)+P(S4)- (O,A)=
=(0.285,0.3,0.315) ((33,42,58,67) (0.1,0.7,1,1))+
+(0.2375,0.25,0.2625) ((33,42,58,67) (0.1,0.7,1,1))+
+(0.3325,0.35,0.3675) - ((33,42,58,67) (0.1,0.7,1,1))+
+((0.3325,0.35,0.3675) ((33,42,58,67) (0.1,0.7,1,1))=
=((30.03,42,58,73)(0.0004,0.32,0.99,0.99)).

Alinan qiymatlors gors alternativlorin miiqayisasinin naticalori
asagida verilib (Torif 3):

do(GF(a;)) = 1,do(GF(ay)) =0,
do(GF(a,)) = 1,do(GF(a3)) =0,
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do(GF(a;)) = 1,do(GF(a3)) =0,
do(GF(ay)) = 1, do(GF(ay)) = 0.4,
do(GF(a;)) = 0.9, do(GF(a,)) = 1,
do(GF(a;)) = 1,do(GF(a3)) = 0.5,

Goriindiiyli kimi, a, -on yaxst alternativ olaraq qalir. Lakin
optimalliq onun noticalorinin faydaliligi soviyyasinin azalmasi
sobabinden azalir.

Belo natico ¢ixarmaq olar ki, baxilan hall naticolorin faydalilig
saviyyalorinin doyismosino hassasdir. Qarar gobul edon ilk se¢ilmis
alternativin etibarlilig1 azaldiqda naticalorin daha yiiksok etibarliligi
ilo alternativ segordi.

U-informasiyaya asaslanan layiha secimi masalasinin halli

Indi iso U-informasiyaya osaslanan layiho segimi mosolosini
nozordan kegirak.

Burada, P1, P2, P3 layiholori maya doyori (C1), keyfiyyat (C2),
podratei texnologiyast (C3) vo podratginin igtisadi voziyyati (C4) ilo
qiymatlondirilir3?**. Meyarlarin qiymatlori vo vaciblik gokilori U =
(A, B) U-odadlarls xarakterizo olunur:

Alternativlorin U-adod qiymatli meyarlar iizro qiymatlori:

(1 G,
£, (0.55,0.61,0.67)(0.5,0.7,0.9) (0.44,0.48,0.53)(0.3,0.5,0.7)
£, (0.39,0.43,0.48)(0.5,0.7,0.9) (0.53,0.59,0.65)(0.3,0.5,0.7)
£ (0.6,0.66,0.73)(0.5,0.7,0.9) (0.58,0.65,0.71)(0.3,0.5,0.7)
C3 Ca
£, (0.52,0.57,0.63)(0.5,0.7,0.9) (0.50,0.56,0.61)(0.5,0.7,0.9)
£, (0.44,0.49,0.54)(0.5,0.7,0.9) (0.46,0.51,0.56)(0.5,0.7,0.9)
£ (0.6,0.66,0.72)(0.5,0.7,0.9) (0.59,0.65,0.72)(0.5,0.7,0.9)

32ZRouyendegh, B.D., Erol, S. Selecting the Best Project Using the Fuzzy ELECTRE
Method // Mathematical Problems in Engineering, - 2012. Article ID 790142, -12 p.
33 Jabbarova, K.I. Project selection under U-number-valued information // Lecture
Notes in Networks and Systems, -2022, 362, - p. 286-293.
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Meyarlarin vaciblik ¢okilari:

" (0.16,0.25,0.38)(0.5,0.7,0.9)
" (0.16,0.24,0.36)(0.5,0.7,0.9)
ws (0.15,0.23,0.35)(0.5,0.7,0.9)

(0.18,0.28,0.42)(0.5,0.7,0.9)

Bu mosoloni U-adod qiymotli informasiyaya osaslanan
PROMETHEE iisulunun alqoritmi vasitasilo hall edok>*.

1) Hoar bir meyarin vaciblik ¢akilori meyarin qiymatine vurulmasi
osasinda ¢okili normallagdirilmis qorar matrisi qurulur:

€1 C;
£ ((0.09,0.15,0.25)(0.3,0.52,0.82)) ((0.07,0.12,0.19)(0.19,0.39,0.64))
£, ((0.06,0.11,0.18)(0.3,0.53,0.82)) ((0.08,0.14,0.23)(0.19,0.39,0.64))
£ ((0.1,0.17,0.23)(0.3,0.53,0.82)) ((0.09,0.16,0.26)(0.19,0.39,0.64))
Cs C,
£, ((0.08,0.13,0.22)(0.3,0.53,0.82)) ((0.09,0.16,0.26)(0.3,0.53,0.82))
£, ((0.07,0.11,0.19)(0.3,0.53,0.82)) ((0.08,0.14,0.24)(0.3,0.53,0.82))
£ ((0.09,0.15,0.25)(0.3,0.53,0.82)) ((0.11,0.18,0.3)(0.3,0.53,0.82))

2) Hoar bir meyar iizro iki alternativ g vo f-1 miigayiso etmok ii¢lin
masafo qiymatlori

D (Ug(a,B), ((09,1,1)(0.9,1,1)), (U5(a,B), ((0.9,1,1)(0.9,1,1)))
D (Ug(A,B), Ug(A, B) ) hesablar.
Burada ((0.9,1,1)(0.9,1,1))- ideal holdir.

Ogor D(Ug;i(A,B), ((0.9,1,1)(0.9,1,1)) <
D(Ur;(4, B),((0.9,1,1)(0.9,1,1)) olarsa
Ugi (A, B) = Ug(A, B) olar.

34Jabbarova, K. 1., Jabbarova, A. 1. Z-information Based PROMETHEE Method //
Advances in Intelligent Systems and Computing, -2021. 1323, - p. 287-293.
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Onda iistiinliik funksiyas1 asagidaki kimi toyin olunar:

P (Uy;(4.B), Z;;(A,B)) =
0,U,;(A,B) < Us;(A,B)

|2 (Ug;(4, B), Up (A, B)), Uy (4, B) > Uy (A, B).
Alinan naticolor asagida verilmisdir.

e2y)

C, C, Cs C,
P(1,2) 008 0 0.03  0.03
P(13) 0 0 0 0
P(21) 0 0.04 0 0
P(23) 0 0 0 0

P(3,1) 0.03 0.07 0.03 0.04

3) Ustiinliik miinasibotinin qiymotini hesablamagq ii¢iin U-odod
qiymatli iistiinliik indeksi hesablanir (j = 1,2, ..., n):

(g, f) = Zj-1|w;Pi (9. )]- (22)

Alinan naticolor asagidaki kimi olacaq:

fi f2 f3
fi - (0.023,0.035,0.054) -
(0.22,0.43,0.76)
£, (0.006,0.01,0.014), - -
(0.5,0.7,0.9)
fi (0.0282,0.043,0.0634),  (0.042,0.066,0.099), -
(0.15,0.35,0.71) (0.18,0.37,71)

4) Cixis vo girig axinlart alternativlori siralamagq ti¢iin hesablanir.

¢(9) = Xregm(9. ), ¢ (9) = Xregn(f,9) (23)
f=1 f=1
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fi
f2

(23)-0 asason alinan naticolor agsagida verilmisdir:

Gedon axinlar Golon axinlar
(0.0115,0.0175,0.027) (0.017,0.0265,0.0385)
(0.22,0.43,0.76) (0.15,0.35,0.73)
(0.003,0.005,0.007) (0.0325,0.0505,0.0765)
(0.5,0.7,0.9) (0.18,0.37,0.73)
(0.035,0.055,0.08) -

f3 (0.15,0.35,0.73)

5) Xalis axin asagidaki kimi hesablanir:

$(@) =¢"(9) - (9) (24)

(24)-2 asason alinan naticolor asagida verilmisdir:

d(g)
fi (-0.006,-0.009,-0.012)(0.19,0.35,0.62)
f (-0.03,-0.05,-0.07)(0.21,0.4,0.62)
fs (0.04,0.06,0.08),(0.15,0.35,0.73)

Sonda Tarif 3-dan istifada etmokla alternativlor siralanir:

fz = f2 - f1.
Notcadon f3 alternativinin tistiinliik toskil etdiyi goriiniir.

Yeddinci fasil Z-informasiya soraitinds iyerarxik struktura malik

gorar gobuletmo masalolori ii¢ilin toklif olunmus tisulun optimal liman
secimind va texniki sistemlorin qiymatlondirilmosina totbiqina hasr
olunmusdur. Iyerarxik struktura malik (iki soviyyali) bu iki masalo
hom Z-adadlor nozariyyasinin vo Nisbi Masafa Olgiisiino asaslanan
interval cabrinin totbiqi ilo holl olunmus vo alinan naticalorin
miiqayisali tohlili aparilmisdir.
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Z-adadlor nazoriyyasinin tatbiqi ilo liman segciminda qoarar
qabuletma

Doniz limaninin se¢ilmosi nozori vo praktik maraq doguran
taninmis iyerarxik (iki soviyyoli) c¢oxmeyarli gorar gobuletmo
masalalorindon  biridir.  Mdvcud odabiyyatlarda liman secimi
todqgiqatina tosir gostoron bir ¢ox osas faktorlar 6z oksini tapib. Liman
secimina tasir gostoran asas faktorlarin tayin olunmasi adobiyyatlarda
daha aydin gostorilmisdir’>**". Beloliklo, hor bir liman Cj,j = 1,...,7
meyara malikdir: C;-sahil zonasi, C, -liman xidmatlori , C3-daginma
xarclori, Cg4-slagoalilik, C5 -miinasiblik, Cg -yararliliq, C, -regional
morkoz. Hor bir meyar iizro qiymatlondirms altmeyarlar iizro slagoali
qiymotlondirmalerin macmusudur. Har bir Cj,j =1,...,7 meyarin
Ci,i=1,...,n; altmeyar1 var. Masalon, C;: “sahil zonas1” {i¢iin 3
altmeyar var: C;4 -limanda xidmot gostoron professional vo ixtisasl
kasdrlar, C;,-liman sahilindo beynolxalq iqtisadi ticaratin hacmi vo
aktivliyi, C;3-konteyner yiikiiniin imumi comi. Bu sahads movcud
olan vacib odobiyyatlarin todqiqindon sonra se¢ilmis ekspertlor liman
secimindo osas meyarlar toyin edirlor. Hor bir meyar vo altmeyar 6z
vaciblik ¢akisi ilo xarakterizo olunur. Meyarlar vo altmeyarlar agagida
verilmisdir:

C1: SAHIL ZONASI

1. Limanda xidmat gdstoron professional va ixtisasli kadrlar

2. Liman sahilinds beynalxalq iqtisadi ticaratin hacmi vo aktivliyi
3. Konteyner yiikiinlin imumi comi

% Bird, J, Bland, G. Freight forwarders speak : the Perception of Route Competition
via Seaports in the European Communities Research Project // Maritime Policy &
Management, - 1988. 15(1), - p. 35-55.

%6 De Langen, P. Port competition and selection in contestable hinterlands ; the case
of Austria // European Journal of Transport and Infrastructure Research, - 2007. 7,
-p. 1-14.

37 Sharghi, P., Jabbarova, K 1., Aliyeva K.R. Decision Making On An Optimal Port
Choice Under Z-Information // Procedia Computer Science, -2016. 102, - p. 378 —
384.
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C2: LIMAN XIDMOTLORI:
1. Siiratli reaksiya

2. 24 saat/7 giin xidmaot

3. Sifir gozlomo vaxti

C3: DASINMA XORCLORI

1. Daxili daginma xorclari

2. Gomi vao yiik ilo alagali xarclor
3. Terminalda dayanma xarclori

C4:9LAQOLILIK
1. Osas tochizat¢inin quru ilo mosafasi va slagosi
2. Somarali daxili naqliyyat sobokasi

C5:MUNASIBLIK

1. Yanasilacaq vo gominin Ortiilocayi kanalin dorinliyi

2. Liman informasiyas1 vo onun tatbiq sahalorinin incaliyi saviyyasi
3.Limanin isinin sabitliyi

C6: YARARLILIQ
1. Lovbar yerinin yararhiligi
2. Yiklonma liman

C7: REGIONAL MORKOZ
1. Olverislilik limani
2.9sas magistral marsrutdan uzaqlagsma

Qorar gobul edon yuxarida verilon meyar vo alt meyarlardan

istifado edorok on yaxsi limani se¢molidir. Baxilan alternativlor
bunlardir: Busan limani, Tokyo limani, Hong Kong limani, Qingdao
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iman1 , Shanghai limam, Kaohsiung limani, Shenzhen limam %%,

Movcud informasiyalar geyri-miioyyonlik vo qismon etibarliligla
xarakterizo olunur. Biitiin bunlar1 nazars alaraq meyarlarin qiymatlori
va vaciblik ¢akilari Z-adadlarls tasvir olunub.

Z-ododlorin A vo B geyri-solis komponentlorinin codebook-u
asagidaki kimidir (Saviyya - Lingvistik qgiymat ):

Z-adadlorin A komponentinin lingvistik termlor

Cox asag1 (CA) (1,1,2)

Asagi (A) (1,2,3)
Orta (O) (2,3.4)
Yiiksok (Y) (3,4,5)

Cox yliksak (CY) (4,5.5)
Z-adadlorin B komponenti linqvistik termlor
Saviyya  Lingvistik qiymat

Oxsar olmayan (OO) (0.05, 0.05, 0.25)
Cox oxsar olmayan (COO) (0.05, 0.25, 0.5)
Oxsar (O) (0.25, 0.5, 0.75)
Cox oxsar (CO) (0.5,0.75, 1)
Hadsiz oxsar (HO) (0.75,1, 1)

Z-adadlarla alinnug naticalar:
Hong-Kong-(0.89,3.9,9.5)(0.85,0.98,0.99)
Busan (0.8,3.5,10.7)(0.5,0.7,0.8)
Tokyo-(0.71,3.54,13.6)(0.4,0.6,0.7)
Shanghai-(0.5,3.32,12.9)(0.48,0.81,0.82)
Shenzen-(0.71,3.54,13.6)(0.4,0.6,0.7)
Kaohsiung-(0.62,2.98,10.3)(0.48,0.7,0.72)
Qingdao-(0.7,3.5,13.4)(0.66,0.96,0.97)

38 Sharghi, P., Jabbarova, K.I. Hierarchical decision making on port selection in Z-
environment // Eighth International Conference on Soft Computing, Computing with
Words and Perceptions in System Analysis, Decision and Control. Antalya, Turkey,
-2015, - p. 93-104.

¥ Yeo, G-T, Adolf, K.Y. Ng, Lee, P. T-W, Yang, Z. Modelling port choice in an
uncertain environment. Maritime Policy & Management, - 2014. 41, - p. 251-267.
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Z-adadlarlo alinmig naticalor Torif 3-a asason miiqgayisa edilorak,
siralanmusdir:

Hong-Kong-1

Qingdao -2

Shanghai-3

Shenzen-4

Busan-6

Tokyo-5

Kaohsiung-7

OSAS ELMIi NOTICOLOR

1. Isdo ilk dafa olaraq Z-adadli Xotti Programlasdirma mosalosing
baxilmis vo holl tsulu toklif edilmisdir. Méveud geyri-miioyyon
parametrli XP mosolorindon forqli olaraq, alinan hollorin
etibarliliginin nozoro alinmasi toklif olunan itisulun osas forqli
cohatidir. Bu masalalorin hollinds adston istifado olunan qradiyent
tisullarindan forqli olaraq optimallasdirma moqsadilo Diferensial
Tokamiil alqoritmindon istifads olunmusdur ki, bu da global hallin
tapilmasina imkan verir.

2. Klassik geyri-solis montiqin mitkommal genislondirilmiasi olan
Z-adadlor konsepsiyasmin totbiqi ilo qorar gobuletmo maosolosi
formallagmis, klassik hallar ii¢ilin istifado olunan interpolyasiya tisulu
Z-informasiya soraitindo qorar analizizno geniglondirilmisdir. Bu
yanasma, gorar gqobuletmonin qismon etibarliliqla xarakterizo olunan
vo “Ogor... Onda” qaydalar1 soklinds ifads edilon ekspert biliklorino
osaslandigr masalalor tigiin islonib hazirlanmisdir. Belo biliklorin
nozora alinmasi mogsadilo, antesedentlori vo konsekventlori Z-
ododlorlo  tosvir olunan “Ogor...Onda” qaydalarina osaslanan
hesablama mexanizmi toklif edilmisdir.

3. Z-ododlor konsepsiyasmnin  xiisusi  hali olan U-adodlor
konsepsiyasi qorar gobuletmods tokrar olunan situasiyalar {i¢iin totbiq
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edilmisdir. Alinan naticalor bu ciir situasiyalar {i¢iin daha sado vo
olverisli gorar gobuletmoys imkan verir.

4. Z-informasiya soraitinde iyerarxik qorarlar analizino
baxilmisidir. Toklif olunmus hall tisulunda meyar vo alt meyarlarin Z-
ododli giymsotlorinin  aqqreqasiyast Z-adodloro osaslanan hesab
omollorine sdykanir.

5. Z-informasiya soraitindo tosdigqlomo osasinda dyronma iisulu
toklif olunmusdur. Bu {isulda qgorar gobuletmonin moqsad vo
mohdiidiyyatloring aid informasiyanin qisman etibarliligi Z-odadlor ilo
tosvir olunr. Toklif olunan tisul Z-odadlar iizorinds hesab omolloring
osaslanir.

6. Baxilan elmi isdo toklif olunmus nozori elmi naticolor liman
secimi, texniki sistemlorin identifikasiyasi, ¢oxmeyarli  qorar
gobuletms osasinda avtomobil se¢imi vo digor dissertasiyaya daxil
edilmomis masalalors totbiq edilmisdir. Totbiq naticolori alinan elmi
naticalorin diiriistliiylinii ehtiva edir.
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Miistorak ¢ap olunmus islords miisllifin saxsi rolu:

[1]- Kompiiter simulyasiyasi vo naticalorin tohlili;

[2]- Masalonin hall iisulu, kompiiter simulyasiyast vo naticolorin
tohlili;

[3]-Ideya miiallifi, masalonin qoyulusu, mosslonin hall {isulu,
naticalorin tohlili;

[4]- Masalonin hall tisulu, kompiiter simulyasiyast va naticalorin
tohlili;

[8]- Masalonin hall iisulu, kompiiter simulyasiyast va naticalorin
tohlili;

[9]- Masalonin hall tisulu, kompiiter simulyasiyast va naticalorin
tohlili;

[11]-ideya miiollifi, mosalonin qoyulusu vo  kompiiter
simulyasiyas1 vo naticalorin tohlili;

[12]- Masalonin hall {isulu, kompiiter simulyasiyas1 vo naticalorin
tohlili;

[15]- Ideya miiallifi, masalonin qoyulusu vo naticalorin tohlili;

[18]-Ideya miiollifi, mosolonin  qoyulusu, vo kompiiter
simulyasiyasi; naticolorin tohlili;

[21]-Ideya miiollifi, mosalonin holl iisulu vo kompiiter
simulyasiyast;

[22]-Ideya miiollifi, mosalonin  holl iisulu vo kompiiter
simulyasiyasi,
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[23]-Ideya miiollifi, mosolonin  qoyulusu vo  kompiiter

simulyasiyasi,

[27]-Ideya miiollifi, mosolonin  qoyulusu vo  kompiiter
simulyasiyasi,

[28]-Ideya miiallifi, moasolonin  qoyulusu, vo kompiiter
simulyasiyasi,

[32]-Ideya miiallifi, masalonin hall iisulu, kompiiter simulyasiyas,
qsticslsrin tohlili;
[34]-1deya miisllifi, masalonin hall {isulu, naticalorin tohlili.
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