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Extended Abstract

The issue of choosing stock portfolio has always been one of the concerns of stock
market activists. Optimizing the stock portfolio can create more financial benefits
for investors and bring them a safer investment. Therefore, in this research, in
order to present the optimization model of the stock portfolio by considering the
uncertainty, the fuzzy multi-objective ideal programming method was used. To
achieve this goal, listed companies were first selected for investment. Then, 6
indicators were considered to form the portfolio, which are price-to-earnings ratio
(P/E), volume, return on equity (ROE), B coefficient, return on capital, and
liquidity rating. The weight of these indicators was obtained using the Fuzzy
Hierarchical Analysis Process (FAHP) method. Also, the values of these
indicators were extracted for the considered companies. Then, each of these
indicators was considered as an ideal goal, and its desirable and undesirable values
were extracted, and based on that, a fuzzy membership function was obtained for
each goal. Finally, a fuzzy ideal planning model was designed. By solving this
model, it was determined how much the share of each company should be in
forming the portfolio. The research findings showed that from the experts' point
of view, P/E ratio, B coefficient, and liquidity rank are the most important
indicators for portfolio formation. In addition, the research findings showed that
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only two companies out of the six companies considered should participate in
portfolio formation in order to maximize the overall satisfaction achieved.

Introduction

Investment in the stock exchange has attracted the attention of many investors.
Constructing a portfolio in this market provides greater financial benefits and
ensures a more secure investment for them.

Literature Review

Numerous studies have been conducted to present portfolio optimization models.
This study also adopts a hybrid approach, with the main objective of determining
the share of each selected company in portfolio construction.

Research Methodology

Given that the primary approach of this research is based on mathematical models,
the study can be categorized as descriptive-analytical. The approach comprises
two main phases. Phase one includes three steps: initially, portfolio selection
indicators were extracted from the literature, including various financial ratios,
profitability ratios, operational ratios, trading volume, return on assets, and others.
These indicators were then presented to investors, who selected six key indicators
for portfolio construction: Price-to-Earnings Ratio (P/E), Volume, Liquidity
Rank, Return on Equity (ROE), Beta Coefficient (), and Return on Capital.
Finally, the weights of these indicators were determined by experts using the
Fuzzy Analytic Hierarchy Process (FAHP).

Results

The results of the first phase indicated that the most important indicators according
to experts were P/E ratio, B coefficient, and liquidity rank, with respective weights
of 0.365, 0.221, and 0.212. Assigning weights to these indicators was essential
due to the differing importance attributed to them by experts. The fuzzy version
of AHP was used in this study because the experts preferred to express
approximate rather than precise judgments. Therefore, to handle the uncertainty
stemming from these approximate judgments, the fuzzy AHP method was

employed. The second phase of the study, comprising four steps, focuses on
determining the optimal share of six companies in the portfolio.

Discussion and Conclusion
The optimal companies, identified by their stock symbols (Khazin, Abad, Abada,
Pelask, Kodma, and Ghargji), were selected based on investors’ opinions.
Initially, model requirements and assumptions were defined. The assumptions
include:

e The proposed model is a multi-asset, single-period, multi-objective

portfolio optimization model.
e The model includes six objectives for optimizing the portfolio.
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e The weights of the objectives are different and are derived using expert
judgment and the FAHP method.

Next, membership functions for the six selected indicators were developed using
real-world data. Each fuzzy goal's membership function was based on the best and
worst values of its corresponding indicator, assigned degrees of membership 1 and
0, respectively. A weighted relationship was then derived to construct the
membership function for each indicator across all companies. These membership
functions formed the basis for designing the fuzzy objective functions of the multi-
objective optimization model. Ultimately, a weighted fuzzy multi-objective
optimization model was designed, through which the weight and share of each
company in the portfolio were determined. The Max-Min approach was used to
solve this model.
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1. Fuzzy Geometric Mean Method



V¥ ¥ )LQ(V/ \ o)LA.«ﬁ/ L)"9" Copdo (owdige Y-

b, = (I;,m,

ij ij?

), i, j=L...,n.

uij) =6ji‘l :(i’i’i
up my I

Py ge dlbre pj Gygody e ple jlHlaw o s (0le (g
1 1 1 1
(Y) kel M, = (HIUJ ,[Hmij) (Hm,’JJ ,[Hu"} , i=L..,n.
i L 4 i1

aaldl )3 sl B gle am N g1 o 15 tlie (656 Gl 5 owitine 55ike M, ] 3 &S

Db Jloy 5 ©ygots M

() aaf, S, = —12 = = :
j=1

S B Oygots |y ol plgien g ol T cd) b Blite yate (656 s 01jg S ol 3 oS
3 gy onl 0 ilosil oo Gl 88 i o S = (1M, Up) ©)gos e (556 2ue
sl i dlal) Spgoty Si e dae (ol Jge b oS 2900 o3litl B S ye g,
_LAmi 4y
3
1 s V b gl Log) oalcanndy claST gos sl pl 1 puaic o (55lad 59,55k Si a8
2983 bl ol gen U g0 Jloy 105 Jgos 5l oolizl L

=
I S
LN

(£) abal, S,

ik.)‘) Wi = fi ' |=1,...,n
t:lSt
(o)

ol ol paie 585 59,500 W oS
ol sl 3o plow b SIS )0 S8 3 48 ok Gliee e 4 Balos ol poo 1Y 5
9039 ol J> b aS 23,5 o (b (eige 556 iz (siluding Jie S B cpl 3 polate
el b bl (Jue ool clo sl 03,5 (0 pasetie ploew dow S5 53 CS 0 b ot
)5 el Bl @l g codgie dajiel)ly (erenal glayiie (Dlus ) yeomen o la



Nl Gl sl g 658 (ol il a8 Gleds) p (e S Jde Sy o)

Gin b Cogae @l (i ol e Cundd 5 Bun b bl Cogae @b up
b bl el by 93,5 oo Pl Ban pa b jblie adld jlade it 5 (it ol 56
2 Cugas @i e § 93,5 gl o)y cod e h 5l Sy el bpasls ol
&l ol 22,5 gl sgse sloosly 1 ol e i g st 8,5, L el
e ST cplply 85,5 oo )l dBansin (sludisny Joe 5 B @y (b lue 355 Sua
Gy (x), =1, ..., M @ jgo Gua M by oris sl oo b ML ply b a3ls
) seolie i g coyige bl (=1, .0, M) Gaa b blie cogie 2l gl sl 4l .ol
a5 amd L5 ¢ g ) Cogae @l b ooyl Cand dgge (slmodly o 5l padls ol el
2y i) 28L dgumg | Ban S g e 03 e ZY, 9 2 ot kel gty
2] o Conddy g5 o yguods Z]-O, 9Zj1 poolie o ey yidi
(Vabal Z} =max a;, [=1,...,n, if jis a benefit—type goal
(V)akal Z](-) =min a;, i=1,...,n, if jis a benefit—type goal

1 . ol - . PR z
5 Soson 2 5 Zf polie (g S 4 ) AL OG5 - g 5] Sas ST

..L\.JL;O Cewd
(A)abasl Z} =min a;, i =1,...,n, if j is a cost—type goal
Q) akl, Z](-) =max a;, L=1,...,n, if jis a cost—type goal

Ol e g VY o V) S el | Ban T an3S asl jlude @j g a5 sl N &S
2l 450695 5l b dgu—g g | Bam pl 51 At | G Cuguae @b osimd

Mg (x) HGJ' (%)

A A

> Gi(x)
1 0 ]
Zj Zj

(2.2)

obimes il 5 s Jl Slaal gl | Ban cogas al Sl (Y) JSo

2] oo Candty o dlaily 5l o] Coguae @b sb dgw — g4 5] Ban 3]



Vo F lao /) oyladds [ (g8 Co e (wdins Y

1 if Gi(x) > Z]
G; (0)-2° .
S0kl g (9 = ]Z(f_)zoj if 20<Gi(x)<Z}
J J
lo if Gi(x)<Z)
ol Cowsty s dlal 5l o o @b sl b - g9 5] Saa
(1 if Gi(x) <Z
29-G;(%) .
g, () = L= if Z} <Gi(x)<Z)
] ]
Lo if Gi(x) > Z]

(VV)akatly
bl 09jge B Buarix (giludine Jre (B Slual gl Cogas ply gl I e
A5 3l 1 S o (Sib 9o dllae S (sl 1) 19590 FMODM  Jao 35 cpl 35,5 oo
09592 FMODM e (ogas £y «lxdgi ol olol o it pl oo b Slaal ()55 olaiiisd
il j ©ygots 3ol 5 0ad Sk

Optimize {w1.G1(x), wz.G2(X), ..., Wi Gp(%)}

S.t.
(W)l (Ax), <b;, Vi

x=0
Wi g el ] gjlb am b jblie ol um ol saimd o lis Gj(x), j =1,...,m, o] p &
Jie o (el aio ol 5 ol odalcewday FAHP i, 5l oslitul b a5 cowl ol ] Ban 39
Dgb oo o3latwl (LiN, 2004) ] Lwgs odisddl)] 5jee mesio—mesjSle 3,50, 5l ol &l)b

D9 i 23 b Jao 4 35 045 b FMODM Jso eyl ol
max A
S.t. ‘
W]}\ < UG].(X): V]

(Ax), < b; Vi
A€ [0,1], x>0
P ik e Bl ] Ban Cagae ol 5 IS colsy Sl cipa g (X) 5 A ol 0 &8
bl sty Jao ool Jo b plows dw S0t p> e85

Losly Julowgay 350 —F

(V7)alka]



Wl Gl iyt g 5B (ol el il a8 Gleds) p (e S Jde Sy o)

Cool g (jg s | Slosle o5 Ned o Bl e 6 95 3 Guiod ul @l JuloSen o0
o785 ey bl > 5 55 ol plaes o oS5 13 IS5 S 0 ot (e 5 sl
W25 o
L yadls (59 dmwlxe

Olysas padls & Bdod cpl 3 bl Canday olituldyge (slapadls (5 5B cpl
(PIE) 033 &y Cuogd Cupnas 3 Wl los 8" 25 e plaes s LSS slyr s (oL
ol (3 e 035l 5 B wps (ROE) plow plolo Gois o33l ( SH9b15 45) o2
FGMM g, 3l oo cal 5o dl oligh s sl g ol oled (3 i 1 la sl
O)ygods badld (9] Cuerl jogad 3 Gl (65 o bl olate cul (sl 9 se o2lizul
ks e 636 sluel a4 a8 e ol V gl edlatel b e g 33 SL5 (sl e
bl Bl lal da sl e cpad 51 S ccaslondosly (L ¥ Jods 0 Juols pls a3
oz Wl (6)5Leb £ 5 olly (295 Cluglia Jghia (oLL 0,8 )18 b5l 5550 Jgio o]
alyly 5l oolasiol b baodly cpl o] cdizuss (656 &jgods Jado cpl (slaodls aSil &y s i b dgus o0
Bl £y Sul 4 drg b el sty Jgdr ool B 5 e g 833 (5l ()
039 903,851 Jgas ol (sboodly a4y lg5 oo 1) il o+, 3l jiaS g 0 pe AL pl 0l daslro
Dyglcansdy Bodld pl 4 asgi b1y b sl

loadls (295 Slulie Jo> (V) Jgio

Cond

o yas L P/E P> Seeiadas,  ROE Poors  alopmadl
PIE cews (V00)  (VAR) (Vovey) (o) (Vo) (vay)
(\ \ \) (5’/\V “/Y’ (v/\“\“ A\ (A’/\V “/Y’ (n/&~ c\
~ o -/\¥) AI¥-) -/\¥) -¥Y)
o (100) (\¥d) (100) (\xa)
S Vg
(e/ry o
ROE \s\s\ \6\6\
O N (AR
B cuys (10a) (v£0)
lo yuw 033 (Vo)

il epghaia ol (sl bl oo o 38 FGMM g, 31 o3liso 11 (V) Joi 5l lapaslis s
abasl, 5l ooli b slael ol bl o cow 3 (V) abasly 5l o3l 1L o ya slael oo sin 1 S5kio



V¥ ¥ )LQ(V/ \ o)LA.«ﬁ/ L)"9" Copdo (owdige ¥

Silossosls (Y’) J9.\;-
FGMM s, b leas L 59 anlxe (Y) Joa

bpmls b i Sl dunlors A 039
| ' (Y) Jﬂ )5 (%) Jserd b silo o b 5l b ol
5 . .
(F) Joes  (0) Jgerb
— V340 /- ¥V ¥/ava VA XYY VYA AJFYA Y50
P/E
N (-I¥¥Y o /YAR o [FYY) (- /Y5 o/ -VY) RS AJoYA
s
- (VAR ANVYY /¥50) (+/+4% «/TYE (- /EYY) AIYEA Y
S5
ROE (-/EYY e [5YY /-AR) (+/-¥A /-VA -/1aR) V-0 VEY
e (VYA DAY X/¥50) (VYA /YYD (- EYY) -IYOA AT
B
o3l
7 (- /EYY [0 (e /AYY) (+/-YA o/ -Y+ /N0Y) oA R%;
oy
o> (B/A A-AR V] -0¥) — VAVY \

PIE s slopadld (533 3 j1 o adld (e 203000l (V) Ja & jobolon
o IV g < IYYY 5 IYRO Ll e gl el &S s (SWgas 45, 9 P
sl
Silwaings Joo J> g (21,0
Olie om0l S b g 4y (950 FMODM Jao o (b 4 3aoS (nl pgo 56 )
D310 plows dow JoSUIS )3 S 55 pb e
Je s gkl (o
oo s oen Jio slasaiejls 1l Il (Baios cpl ooloiin Jto (b ol
D)5 Al ly Jie Baa s 5 acadgaoe plgi Wl bl 2 B 033)5 (e o il 5 opana
Do go 431y Jdo mrenal (sl yiie g dayial)ly (lud b iy a4 iS50 ol
e Olus,d
sl ABamA> g (sloy9d ST ¢ goge 1 (5585 (Silwalne Jao S ool Jao —
il o8y (95 (Gilwdie Holaieds Bua £ (gl (oolpidy Jdo -



Yo sl Gl a5 658 (ol pealades il a3 Sleds) p (e o 3o Sy o)

x|

f‘ K Gun é:la Ay )L\.S.n :Fk

el K Gan cygae a5 g, (Fy)

) USRI OP AR PR ISUIRWARS ¢

Cogas @y gl sl

sloled b Sy ol &S sl (698 S St )3 €858 5 o (e e eSS (] S
&S Cuwl 5518 Bun £ gilwaige JWidd Cpicren a0 Cpl (sl 03 bgiye et (65 <l jlas
PG L blie Cogas B (i3 cpl ) Blendald S I ) Glads (63 )l bl
ot 1l glaie cpl (gl e sty B o b jblite (el ik (5 g e el
Cogae Sla b g o3y9] Cama |y S b plow sloodld oy 5l 23ls o gl polis p 5 g
zl el sl Lgd e 03l Lisles Z]-O 9Zj1 O ygods (p3led Gyguods &S pudd o LS ¢ g )
G B S Ojgody (adls &) b adls 1olie 4 by (claodly Ll o gie milgi oyl
b adls pl b lagye glbodly juis &S] das gl 10,5 gl sl (Cavlodd 48,5 a5 )
sodly cyslaie pl (gl WS by Gaiod cpl cedly plpls wdg sReal 5 glate
o3> Ui ¥ Jgdn 50 )] doedi 45 b muandi a3l )] ke Sy p yedls e b e

Caolodds
o33l o po a3)
oSy slos P/E e ROE o .
lo poo B S Ny
ol Ll o Y. \ RS RYAN S SRR 7A v 4 NANA
oLl Gy [N A AL ST AVS YA AV \ -[o¥.
Lol )9S o AL A TRYAY- VAL YA AV VARE At
lé . . ;
G 3 ey S va Vo AVEeY Vo
el oSl
Sglod Sz loss’ ) -00 - [OYS /MM LBV -5

S CosSam ESE AR LYYe R s /YA )




V¥ ¥ )LQ(V/ \ o)LA.«ﬁ/ L)"9" Copdo (owdige \rg

Jile VAL S SRV AL v EAR JJexE =YISES AR

Sl ) ) ) ) ) )

o o5 S8 b ly s Slepas s ol Jloy slaodls (F) Joio

Wby i nl Slewadld (lp cogas @l glganl 4 (VW) 5 (V1) Lailgy (olol 2 b

0 71 . . g c e T
Zi 92 pie e yubar 20 (s) 23 dgumgsi 3l Hid)50 Ban 5145 095 a2 8 29 e
e plie ool Bl (e S 420 () Oljmeg J ST g (V) 5 (F)ladls) Sl i
> (PIE) 033b 4 Caosd s (slopadlis (5 15 a5 ol sl o candas (1) 4 (A)Lly,
St 4 ) S99 ) Slopasls oy 035l 5 P oy (ROE) plows (ol ggi> o35
a3 Lo Lol ] o ey (V- )abasly 51 onlil b bl coguae pli 1 g x5gu o0 43,5 ,as > (g
I ol agds @13 5 55 0B S i (e yooS a2 0) pbimgsh il paslS (Swgdaii a5,
53,5 oo gl b el cpl Cogae @le ashl p3 ] o consas (V) )abasl,
S g slaosls aas 5l ((PIE) 835 dy Cuond Comnd ot bt Cuguae U &l S
el sty o5 alally 5l ooy ol ln PIE asls a5 o St d9250 places | 58
F1: 0.310 W1 + 0.626 W2 + 0.331 W3 + 0.299 W4 + W5 + 0.824 W;
O 9 o yieS sl (G985 Gl PIE cons FL g (o9 S ) pl T o )59 Wi oS
F1 &lp ) g0 casllas gl s gas V5 +/YAR 0lis oS Cowl dme ()l cp) oGl dae g0 o]
&b IV s a)S e 1 dgw—ge I G5 S ads gl G ) 0 PIE Caws alil e
1l o Canddy 1) gty (V4 daly 5l edlazul b ] coguas

_ 1-F _
e, (F1) = 1-0.299
1— (0.310x;+0.626x5+0.331x3+0.299x,+x5+0.824x5)
1-0.299

(V8 )adasl

Slaplows 5 o985y ST(F) Jgio sloosly aar il qpoes ad b Coguas &b gl yocuw!

il o Caddy 5 dlal) 5l gt ol (gl o (AL G 35 o LSS 35350
F2: W1+ 0.094 W, + 0.150 W3 + 0.035 W4 + 0.055 W5 + 0.370 Ws

4 9290 ploew (2 )3 @2 R3S )M (0 yides 9 (eSSl 985 1 PIE s F2 oS
&S Cunl gme s cpl il das 93 cpl oo F2 jlade (ol plo e Y g /oYL ply cui s
o e sl Cod bl o F2 gl ) g ¢ cagllas sl cus g Y g /YD Lolhe
bl 5l ool b ol Cogae ol 1 s 48,5 a5 )5 squ—ggs 5 G5 s S sl s

2] oo Canddy 05 & g0y (V)



Wl Gl sl g 58 (ol el il a3 Sleds) p (e S Jde Sy o)

(F ) _ 1—F2 _ 1-— (x1+0094x2+0150x3+0035x4+0055x5+0370x6)
Me,F2) = 15035 = 1-0.035

(10)akal

3 i STF) Jos sloodls e gl salo w0331 pad L Cugaas @b gl !
o Cooddy pjdaly ooy ool sl leyw 0djl padls W3S o LSS 35290 slaplew
x|

F3:0.091 W; + 0.181 W + 0.136 W3 + W4 + 0.536 W5 + 0.019 W

ol e Vg [N ply C 5 39290 plow (o 53 ileju 03l ylde (i g (12 yieS
Casgllan (ghyld cusias Vg o[V pdlde &S Cunl dme ol (ol Gl dae 9> pl o FD luie
a5l oslitul b o coguae @b 11 .ol dguw g95 5 a3l o 033b bl o Fs (glp Y g -
bl o Canddy 1) g0t (V)

W (Fs) = 1-F3 _ 1— (0.091%;+0.181x,+0.136x3+x4+0.536x5+0.019x5)
G3\'3 1-0.019 1-0.019

N\ Vaal,

sleodls aas il :(ROE) ploaw ylalo Gods 035U Ladlh Cogas U gl s
I ss8n ool sly ROE (adls a3 )S oo oSt 39250 slaplew 5l (2580 ST (Y) Joio
1] oo Cawnddy ;5 dlail,

F4:0.144 W1+ 0.216 W2 4+ 0.216 W3 + W4 + 0.888 W5 + 0.026 W;

s Vg VE L plp o a d92ge plow (w2 ROE (el jlde (it 5 0 a8
b Caipas Vg +/oVF polie &S Cunl dxe b cpl il das 93 (ol o F3 lde (ol sl
2 d9w—gg | B s el s gl s pl 0 ROE Cowd il o Fagly V g+ Cunsllas
1] o Canddy ) Oyguods (Vo) dal,y 5l ool b )] Cogae ol 1 .0b a3 3 L

_ 1-F, _ 1— (0.144x;+0.216x5+0.216x3+x,+0.888x5+0.026x)
(V)b “64(1:4) ~ 120026 1-0.026

o 3 iz, 51 F) Uiz csloosls aptn gy P pd> Lab b S i g i

alien Cowday 5 dlaly 5l o5yl sl By Jlake w5 S o ST 39290 o
Fs: -2.466 W1 + W2 -1.909 W3 -1.602 W4 + 0.511 Ws + 0.398 W,

ol A VAR 5 VWY L il o 54 9290 plasw (o 03 B pd o oyt g (%05
Casgllae (6> i s A% 5 WY polie a5 Cawl dxe b (pl il dae 93 oyl o Fa jlie
)5 o )3 39w g5 5l G 3 el el oS () 13 PIE Cons il e Fa sl )

tlie Canddy pj Sygots (Vo) sl jloalil L o] Cogae 613005



Vo F lao /) oyladds [ (g8 Co e (wdins YA

_ 1-Fy
Mg (Fs) = 1=rzueg) =
1—(—~2.466x;+x,—~1.909x3—1.602x,+0.511x5 +0.398x4)
1—(—2.466)

29955 STF) Jodo slaodly aan g5l 1 Siguindi and y (el Cuguas &b ] S
Cuwddy pj Al Sl 595 ol Sl (SNgbAE 4y Al W3S (o SIS 35290 slaplew |l
(\A) akasl,Fe: 0.129 W1 + 0.540 W2 + 0.467 W3 + 0.755 W, + 0.688 W5 + We

Vg VAL ply i s 90 ploew G 53 (SWigdE 45) yadld Hlade oy g (eS8
aoie—ge il jadlh  SNadas ad) aSol wds gl .l dae 9> oyl e Fe lais o s At
5 0l Cagas @l Wil Fo cly v ) Casllas )l capar V5 -/ IR ppolie W e

e Canddy 5 g0 (Ve) da jl odlizal L

W (Fg) = Fg—1 _ (0.129x1+0.540x,+0.467x3+0.755x4+0.688x5+xs)—1
G\ 6 0.129—-1 0.129—-1

(Y4)adasl

2 dbe (b

A e S e obul ) IS ol ailey Sl 4y ojlwdiny Jie SO dlsye o]
50 Syleds 3yl (Soas (V) B (VF) &Voleo 1 stelcawsdy Cun ol b 5l colsy wls o
Solite slayie sy CGun wlgs cpl g yiiw Ban wlg Cogae Sl 5l Ll e A i
Al 4 AL S o 2l (W) daly ol sloatae Jro o Lo ol ply iz
1wl 5 Gygot Jao ool eslop

Max A

S.t.

0.365 x A

- 1— (0.310x; + 0.626x, + 0.331x3 + 0.299x, + x5 + 0.824x,)
- 1-—0.299

0.038 x A

- 1— (xq +0.094x;, + 0.150x3 + 0.035x, + 0.055x5 + 0.370x,)
- 1-0.035

0.090 x A

_ 1 (0144x; +0.216x, + 0.216x; + x, + 0.888; + 0.026x,)
= 1—0.026




el Gl sl g 658 (ol il a8 Gleds) p (e S Jde Sy o)

0.221 X A
- 1— (—2.466x; + x, — 1.909x; — 1.602x, + 0.511x5 + 0.398x)

= 1— (—2.466)

0.074 x A

_ 1— (0.091x, +0.181x, + 0.136x; + X, + 0.536x5 + 0.019x)
- 1-0.019

0.212 x A

_ (0129%; +0.540x, + 0.467x; + 0.755x, + 0.688xs + xo) — 1
- 0.129 -1

xl +x2 +X3 +X4+XS+X6 =1

Xi = O,l = 1, .. 6.

P9 (gl ) Cogot (b iyl pauye Jho S Ojgon Sl Jio ol
Max A
s.t.
0.365A + 0.442x; + 0.893x, + 0.472x5 + 0.427x, + 1.427x5
+1.175x, < 1.427

0.038A + 1.036x; + 0.097x, + 0.155x5 + 0.036x, + 0.057x5
+0.383x, < 1.036

0.090A + 0.148x; + 0.222x, + 0.222x5 + 1.027x, + 0.912x<
+0.027x¢ < 1.027

0.221A — 0.711x; + 0.289x, — 0.551x5 — 0.462x, + 0.147x5
+0.115x4 < 0.289

0.074A + 0.093x; + 0.185x, + 0.139x3 + 1.019x, + 0.546x5
+ 0.019x¢ < 1.019

0.212A + 0.148x; + 0.620x, + 0.536x3 + 0.867x, + 0.790x5

+1.148x, < 1.148
xl +X2 +X3 +X4+x5+x6 =1
x;i=0,i=1,..6.

oxdodly Ui (B) Jgdo p a5 sl o camdts Jao ol o b anensd (gla it digy pdlie
SISl b ydlie pl &8ss oyl 1) Bun &l id ol as > uisred Jodo (ol .l
Sloselcwsds (V) B (VF) Voleo 13 puenad (slos puite dings polio
ool Syl Al i (0) Jgior
x; = 0412, x, =0, x3 =0, x, = 0.588, xs =0, Xe =0




V¥ ¥ )LQ(V/ \ o)LA.«ﬁ/ L)"9" Copdo (owdige Y.

Hg,(F)) =0.994 ug,(Fy) = 0.588 i, (F3) = 0.382
g, (F) = 0.362 Mg, (Fs) = 0.853 Hg, (Fe) = 0.577

S 53 Bl JOM 5 VY s b p)le g gl wrew 93 e & amd el (0) Jgi

5ol colsy wimmen Joda ol 33,5 meujSlo odelcunda IS cols, b aus oS 0h (o985
b (035b 4 cuosd ) Jgl CBin )] bl 5 oS dmd ol S8 4 i 1y a5 Lid Gl
i VY Colsy a0 b (Pl plale gai> 0d5L) £l Ban 5 +/AAF ol 4

S 75 4o 9 Cou -0

Ll anl s T iS5 5 gy €5l 51 S0 5 2y3 s 2 (sl o oS5
Olidos dige & Sl (tller 215 185 plaw S JoSui5 )3 oS placs 1 Sy o0 Al 20> (s
o3laiwld yg0 Hlems yokaie pl (gl a8 Lol (o ,Sg) 5l (SOl 0dly olaisl dgs a1y (goaxie
2 odlawlyyae (sl jiol)b B wemg cpl bl (gilwaine o s | eolawl ol 485 1,8
pas b aalge sl (siloaie SewdS sl e I (lgies 10 g 0355 (A pdlie bnJae (]
Sl cilise 103,515, 3 e ol agalyn (sl 3905 o3l n bl 3] g
pie b dazlge ey 5 3wl 53l (6516 welie (65,4 o (5 Jglute oS 5 Soslinl
iy Jao Sy ooty 53 S5 (sl csiloinge Jbo Je by ) ol el
Sy ide goyg sLeSys bal Jao gl 3 S Sl b dueir bl <)
5 > o5y IS5 (el a3 B g 3,5 ] s 55 3o o5 IS tlo s
oanls ya wubdll) (gilwags Jde yd el Cuwddy FAHP g, 5l oolatwl b gl 59 9 05
gl 55 ol Gl cagas @b g 0 aB)S i o b Gl Ban S g paen
P periSle ol Ban &S 13,5 (2lb 950 G5B Syl 552000l Jd0 Sy e 25
01580, (g5 Glual 51 Sy b culs, 5l Wlgi e JS ol ko 45 gligSa cul S culs,

a8l juiy
i b ool o bewls )b e glhais I (gbos opl )0 oad &l o
S98 JSt slyr g 0392 5995 )le e g (e S92 90 S S (B Al 05 )l 39250
S Jol plows g 531000 (llg= (Sl Jio) Sy 9 035k (Slpad Lt (gilo g & Ladd
Je oleie 4 (Shen et al., 2022) 5,5 o a5 )3 dlo o Lanass oS gocius (5 1) s
oo dds (Jad o5540lp Jde Sl edlasl L (Ricca & Scozzari, 2024) (¢ )l568uwl 5 S,
o IS 1y ypo cdls cp i Ll Jae oS Jlsyd d3g 365 sl )90 035 4 (ol Jlida
A5 e 45 03 48,5 )3 o3y S (sl dinge Je 2 ol i o3850 gl o el 8




M Gl el g 58 (lheabuds Ll w08 lods 2 (e (oS Jao S )

35 a5 3 Jae 3 1) S ale s Sl a5 3 (o)l 3wl S Sls sdaiye
sl Cunnl g s (sl dinge sl e 5551 &S ol Jl 3 o) (Mandal et al., 2024)

oLzl b Lo ¢ 355 )y 0, sl 5 8 ks L Log) el cslacilon 1) 5 15,8 pod Sai 3 1,
J3o 53 1y il cnl g conygl Camdey 5 3 5l 3o |y B b (slauas s (59 FAHP i, |
Oe 3 g3 sluel glis j Ygame (558 (g3l alte (sloJuo ogMedy 20,8 Jlos] (gl dipe
(Borovicka, K g5y ¢ Jlo lgicds .2yl sollas a8lg slis b L”'J 4 X558 o S 005 puans
Lo 3aid ol )0 Lol 00,8 oolatuwl gdati y JSis (gly lio (656 slael jl o5 Baiss > 2020)
300 Oliedy (3 zlpmeinl Ban mle 51 S gl 1) Cogas B D g0 sodld ululy
Ol Coguae mlgi & g A (Blg slaodld e BaioS Cpl )0 ol gl yin] Coguias miley
SiSS jl eoliiel L (Deng & Chen, 2022) ) Ken 5 55 (ygored (piioee (S 005 yuas

3 lasly y plow Ol 4 (556 bae )3 TOPSIS (oomod dadls Lo (65 paonal o
o) Ll (Lakshmi & Kumara, 2024) cusloss asby plews s 45, 4 g3 TOPSIS

22 Oig O 4 gl 1 elital L g5 e g 255 on o3lial plas (g 45 (sl Byo bn S
O Sl 423l i (6525 el G SSS 1 B0 395 30 )3 Lo By (5985 5 e
S8 (il diuge Jo ool b 1y plows duw 53 €838 2 59 9 w2l03,S odlaiwl o sl e
o2lo3 9] Cauwdds i ol 4D odd &5l
Glp loss] Wlgs o LT 5l plaS” y2 &) &S Cuwl 039y axlge 35 obacudgiome b Baisd oy
opl el V=g 65 (s oyl yd odlatwldyge (o3 dsgerme (Jlolgieds il ST Clidss
asgosxo 3l 500 Elgil b cunl (Koo )00 Jlus pd o yiolyly cuslad pas 5 plool &5 cunl Jbs o
Gilbs Sdgug g 531 b 350 (536 ed9rd 3B sl il Y-y il ozmen il sl
5 3B sbasgerme cnl lp G0 (nl 3 008l (Giludinge Juo drwgs aBbansly (i
Col 55 2 p3¥ sl Gl i gl (gge Wl el olsl 2 plaw ds JiSt3
o slaahls Gy e Sl Gres 6xh gen (was aSLS | Clids Sy
G5 pl 30 b sl olyls (59 &Sl 4 a5 L L(Qiu et al., 2024) covlods odlis] calise

Socin g e FAHP g, 3l osliul b b jadls 59 ¢ canl ool Camdsay (gjlo atpg Jdo |

ol o) Lo g 0359] Cawnddsy s (sloaSids 5l odlaznl b 1) laadls g (ST clisdiss a8 sl
Sladss 33,5 o dlpguiin S0 Oyl WS Jlasl g9y Sl (il de Jbo o 1)



Vo F lao /) oyladds [ (g8 Co e (wdins Y

2550 ) & ooy S5t gl |y (63 il e g e loaSi sla e 3l oS5
P9 pade (e iplw dow SIS lp oS cpl 53 00 ] 3,9, Canlis inen
CS 5 e 3eS ol 3 R )l sl 039y (IS el s gy QLIS Ayle pus Jlaine slacS
P S i i w305 (pl Baa g Wdg pasudie (S wleyw sl Hise (sl
Sl e 355 4 Nt Lymdio SIS dyle s a3 5l S 15 oyl ol Lol sl 039 plaes sws
SoSSS oozl b Izl 1 Sligios 2,5 oo ey 13 3L plows s S5 5> )l
ool by Jdod gzmen (g3l aige Slo ST L TOPSIS L AHP (gman (65 waouad
@yl 3,9, 5 odlatul b ¢ 4S8 JUye |y Ll op 5l g adlyy clacS ps oab 45, 4
W51y plow S 53 005 JUpe CS 8 b o (s 4 (B85l 53 00
&8l 2,5 -F
sl 0385 olar S b L gilin 25 B n

References:

Abolmakarem, S., Abdi, F., Khalili-Damghani, K., & Didehkhani, H. (2024). Futuristic portfolio
optimization problem: wavelet based long short-term memory. Journal of Modelling in
Management, 19(2), 523-555. https://doi.org/10.1108/JM2-09-2022-0232

Akbay, M. A., Kalayci, C. B., & Polat, O. (2020). A parallel variable neighborhood search algorithm
with quadratic programming for cardinality constrained portfolio optimization. Knowledge-Based
Systems, 198, 105944. https://doi.org/10.1016/j.knosys.2020.105944

Alexander, G. J., Baptista, A. M., & Yan, S. (2017). Portfolio selection with mental accounts and
estimation risk. Journal of Empirical Finance, 41, 161-186.
https://doi.org/10.1016/j.jempfin.2016.07.012

Amiri, M., Vanani, I. R., Hossein, S., & Agha, R. H. (2021). Development of Fuzzy Artificial
Intelligence and Multi-Objective Planning Model to Optimize the Portfolio of Investment
Companies. Journal Of Business Intelligence Management Studies, 9(36), 243-302.
https://doi.org/10.22054/ims.2021.53443.1754

Arman, H., Hadi-Vencheh, A., Arman, A., & Moslehi, A. (2021). Revisiting the approximated
weight extraction methods in fuzzy analytic hierarchy process. International Journal of Intelligent
Systems, 36(4), 1644-1667. _https://doi.org/10.1002/int.22355

Barbati, M., Figueira, J. R., Greco, S., Ishizaka, A., & Panaro, S. (2023). A multiple criteria
methodology for priority based portfolio selection. Socio-Economic Planning Sciences, 88, 101595.
https://doi.org/10.1016/j.seps.2023.101595

Behera, J., Pasayat, A. K., Behera, H., & Kumar, P. (2023). Prediction based mean-value-at-risk
portfolio optimization using machine learning regression algorithms for multi-national stock
markets.  Engineering  Applications  of  Atrtificial Intelligence, 120,  105843.
https://doi.org/10.1016/j.engappai.2023.105843

Borovicka, A. (2020). New complex fuzzy multiple objective programming procedure for a portfolio
making under uncertainty. Applied Soft Computing, 96, 106607.
https://doi.org/10.1016/j.as0c.2020.106607

Chen, Y., Zhao, X., & Hao, J. (2023). A novel MOPSO-SODE algorithm for solving three-objective
SR-ES-TR portfolio optimization problem. Expert Systems with Applications, 233, 120742.
https://doi.org/10.1016/j.eswa.2023.120742



https://doi.org/10.1108/JM2-09-2022-0232
https://doi.org/10.1016/j.knosys.2020.105944
https://doi.org/10.1016/j.jempfin.2016.07.012
https://doi.org/10.22054/ims.2021.53443.1754
https://doi.org/10.1002/int.22355
https://doi.org/10.1016/j.seps.2023.101595
https://doi.org/10.1016/j.engappai.2023.105843
https://doi.org/10.1016/j.asoc.2020.106607
https://doi.org/10.1016/j.eswa.2023.120742

e Gl el g 5 (lheabuds ko 308 lods (e (oS Jao S )

Cui, T, Du, N,, Yang, X., & Ding, S. (2024). Multi-period portfolio optimization using a deep
reinforcement learning hyper-heuristic approach. Technological Forecasting and Social Change,
198, 122944, https://doi.org/10.1016/j.techfore.2023.122944

De, M., Mangaraj, B. K., & Das, K. B. (2018). A fuzzy goal programming model in portfolio
selection under competitive-cum-compensatory decision strategies. Applied Soft Computing, 73,
635-646. https://doi.org/10.1016/j.as0c.2018.09.006

Deep, K., Singh, K. P., Kansal, M. L., & Mohan, C. (2009). A fuzzy interactive approach for optimal
portfolio management. Opsearch, 46, 69-88. https://doi.org/10.1007/s12597-009-0005-2

Deng, X., & Chen, C. (2022). Novel linear programming models based on distance measure of IFSs
and modified TOPSIS method for portfolio selection. Egyptian Informatics Journal, 23(4), 13-31.
https://doi.org/10.1016/j.€ij.2022.06.002

Deng, X., He, X., & Huang, C. (2021). A new fuzzy random multi-objective portfolio model with
different entropy measures using fuzzy programming based on artificial bee colony algorithm.
Engineering Computations, 39(2), 627—-649. https://doi.org/10.1108/EC-11-2020-0654

Deng, X., & Pan, X. (2018). The research and comparison of multi-objective portfolio based on
intuitionistic fuzzy optimization. Computers & Industrial Engineering, 124, 411-421.
https://doi.org/10.1016/j.cie.2018.07.044

Didekhani, H., & Hojatiostani, S. (2017). Presenting a multi-objective planning model for stock
selection considering the fuzzy value at risk, fuzzy credit theory approach. Financial Engineering
and Portfolio Management, 32(8), 239-268.

El Kharrim, M. (2023). Multi-period fuzzy portfolio optimization model subject to real constraints.
EURO Journal on Decision Processes, 11, 100041. https://doi.org/10.1016/j.ejdp.2023.100041
Farid, D., Dehghani Firizabadi, A., Andalib Ardakani, D., & Mirzaei, H. (2021). Analysis of the
factors affecting the selection of the stock portfolio using the logarithmic fuzzy preference planning
approach. Farda Management Journal, 66.

Fu, T.-C., Chung, C.-P., & Chung, F.-L. (2013). Adopting genetic algorithms for technical analysis
and portfolio management. Computers & Mathematics with Applications, 66(10), 1743-1757.
https://doi.org/10.1016/j.camwa.2013.08.012

Guo, S., Yu, L., Li, X., & Kar, S. (2016). Fuzzy multi-period portfolio selection with different
investment horizons. European Journal of Operational Research, 254(3), 1026-1035.
https://doi.org/10.1016/j.ejor.2016.04.055

Gupta, P., Mehlawat, M. K., Yadav, S., & Kumar, A. (2019). A polynomial goal programming
approach for intuitionistic fuzzy portfolio optimization using entropy and higher moments. Applied
Soft Computing, 85, 105781. https://doi.org/10.1016/j.as0c.2019.105781

Jalota, H., Mandal, P. K., Thakur, M., & Mittal, G. (2023). A novel approach to incorporate
investor’s preference in fuzzy multi-objective portfolio selection problem using credibility measure.
Expert Systems with Applications, 212, 118583. https://doi.org/10.1016/j.eswa.2022.118583

Jiang, M., Liu, W., Xu, W., & Chen, W. (2021). Improved multiobjective bat algorithm for the
credibilistic multiperiod mean-VaR portfolio optimization problem. Soft Computing, 25, 6445—
6467. https://doi.org/10.1007/s00500-021-05638-z

Khanjani Shiraz, R., Tavana, M., & Fukuyama, H. (2020). A random-fuzzy portfolio selection DEA
model using value-at-risk and conditional value-at-risk. Soft Computing, 24, 17167-17186.
https://doi.org/10.1007/s00500-020-05010-7

Koratamaddi, P., Wadhwani, K., Gupta, M., & Sanjeevi, S. G. (2021). Market sentiment-aware deep
reinforcement learning approach for stock portfolio allocation. Engineering Science and
Technology, an International Journal, 24(4), 848-859. https://doi.org/10.1016/j.jestch.2021.01.007
kumar, A., & Mishra, B. (2024). Nonlinear fuzzy chance constrained approach for multi-objective
mixed  fuzzy-stochastic  optimization ~ problem. = OPSEARCH,  61(1), 121-136.
https://doi.org/10.1007/s12597-023-00699-0

Lakshmi, K. V., & Kumara, K. N. U. (2024). A novel randomized weighted fuzzy AHP by using
modified normalization with the TOPSIS for optimal stock portfolio selection model integrated with
an effective sensitive analysis. Expert Systems with Applications, 243, 122770.
https://doi.org/10.1016/j.eswa.2023.122770



https://doi.org/10.1016/j.techfore.2023.122944
https://doi.org/10.1016/j.asoc.2018.09.006
https://doi.org/10.1007/s12597-009-0005-2
https://doi.org/10.1016/j.eij.2022.06.002
https://doi.org/10.1108/EC-11-2020-0654
https://doi.org/10.1016/j.cie.2018.07.044
https://doi.org/10.1016/j.ejdp.2023.100041
http://modiriyatfarda.ir/en/Article/26394
http://modiriyatfarda.ir/en/Article/26394
http://modiriyatfarda.ir/en/Article/26394
https://doi.org/10.1016/j.camwa.2013.08.012
https://doi.org/10.1016/j.ejor.2016.04.055
https://doi.org/10.1016/j.asoc.2019.105781
https://doi.org/10.1016/j.eswa.2022.118583
https://doi.org/10.1007/s00500-021-05638-z
https://doi.org/10.1007/s00500-020-05010-7
https://doi.org/10.1016/j.jestch.2021.01.007
https://doi.org/10.1007/s12597-023-00699-0
https://doi.org/10.1016/j.eswa.2023.122770
https://doi.org/10.1016/j.eswa.2023.122770

V¥ ¥ )LQ(V/ \ o)l.o.«f’/ L)"?" Copdo (owdige Y¥

Li, Y., Wang, B., Fu, A., & Watada, J. (2020). Fuzzy portfolio optimization for time-inconsistent
investors: a multi-objective dynamic approach. Soft Computing, 24, 9927-9941.
https://doi.org/10.1007/s00500-019-04504-3

Liesid, J., Salo, A., Keisler, J. M., & Morton, A. (2021). Portfolio decision analysis: Recent
developments and future prospects. European Journal of Operational Research, 293(3), 811-825.
https://doi.org/10.1016/j.ejor.2020.12.015

Lin, C.-C. (2004). A weighted max—min model for fuzzy goal programming. Fuzzy Sets and Systems,
142(3), 407-420. https://doi.org/10.1016/S0165-0114(03)00092-7

Liu, Y.-J., & Zhang, W.-G. (2021). Fuzzy multi-period portfolio selection model with time-varying
loss aversion. Journal of the Operational Research Society, 72(4), 935-949.
https://doi.org/10.1080/01605682.2019.1705191

Lorenzo, L., & Arroyo, J. (2023). Online risk-based portfolio allocation on subsets of crypto assets
applying a prototype-based clustering algorithm. Financial Innovation, 9(1), 25.
https://doi.org/10.1186/s40854-022-00438-2

Lv, W,, Pang, T., Xia, X., & Yan, J. (2023). Dynamic portfolio choice with uncertain rare-events
risk in stock and cryptocurrency markets. Financial Innovation, 9(1), 73.
https://doi.org/10.1186/s40854-023-00472-8

Ma, X., Chen, J., Sun, Y., & Zhu, Z. (2021). Assistant reference point guided evolutionary algorithm
for many-objective fuzzy portfolio selection. Swarm and Evolutionary Computation, 62, 100862.
https://doi.org/10.1016/j.swevo.2021.100862

Ma, Y., Mao, R., Lin, Q., Wu, P., & Cambria, E. (2024). Quantitative stock portfolio optimization
by multi-task learning risk and return. Information  Fusion, 104, 102165.
https://doi.org//10.1016/j.inffus.2023.102165

Mandal, P. K., Thakur, M., & Mittal, G. (2024). Credibilistic portfolio optimization with higher-
order moments using coherent triangular fuzzy numbers. Applied Soft Computing, 151, 111155.
https://doi.org/10.1016/j.as0c.2023.111155

Markowitz, H. M. (1999). The early history of portfolio theory: 1600-1960. Financial Analysts
Journal, 55(4), 5-16. https://doi.org/10.2469/faj.v55.n4.2281

Mehlawat, M. K., Kumar, A., Yadav, S., & Chen, W. (2018). Data envelopment analysis based fuzzy
multi-objective portfolio selection model involving higher moments. Information Sciences, 460,
128-150. https://doi.org/10.1016/j.ins.2018.05.043

Nayebpur, H., & Nazem Bokaei, M. (2017). Portfolio selection with fuzzy synthetic evaluation and
genetic algorithm. Engineering Computations, 34(7), 2422-2434. https://doi.org/10.1108/EC-03-
2017-0084

Puerto, J., Rodriguez-Madrena, M., & Scozzari, A. (2020). Clustering and portfolio selection
problems: A unified framework. Computers & Operations Research, 117, 104891.
https://doi.org/10.1016/j.cor.2020.104891

Qiu, Y., Liu, R., & Lee, R. S. T. (2024). The design and implementation of a deep reinforcement
learning and quantum finance theory-inspired portfolio investment management system. Expert
Systems with Applications, 238, 122243. https://doi.org/10.1016/j.eswa.2023.122243

Ricca, F., & Scozzari, A. (2024). Portfolio optimization through a network approach: Network
assortative mixing and portfolio diversification. European Journal of Operational Research, 312(2),
700-717. https://doi.org/10.1016/j.ejor.2023.07.010

Shen, K.-Y., Lo, H.-W., & Tzeng, G.-H. (2022). Interactive portfolio optimization model based on
rough fundamental analysis and rational fuzzy constraints. Applied Soft Computing, 125, 109158.
https://doi.org/10.1016/j.as0c.2022.109158

Sun, Q., Wei, X., & Yang, X. (2024). GraphSAGE with deep reinforcement learning for financial
portfolio optimization. Expert Systems with Applications, 238, 122027.
https://doi.org/10.1016/j.eswa.2023.122027

Tsaur, R.-C., Chiu, C.-L., & Huang, Y.-Y. (2021). Guaranteed rate of return for excess investment
in a fuzzy portfolio analysis. International Journal of Fuzzy Systems, 23, 94-106.
https://doi.org/10.1007/s40815-020-00990-y



https://doi.org/10.1007/s00500-019-04504-3
https://doi.org/10.1016/j.ejor.2020.12.015
https://doi.org/10.1016/S0165-0114(03)00092-7
https://doi.org/10.1080/01605682.2019.1705191
https://doi.org/10.1186/s40854-022-00438-2
https://doi.org/10.1186/s40854-023-00472-8
https://doi.org/10.1186/s40854-023-00472-8
https://doi.org/10.1016/j.swevo.2021.100862
https://doi.org/10.1016/j.inffus.2023.102165
https://doi.org/10.1016/j.asoc.2023.111155
https://doi.org/10.2469/faj.v55.n4.2281
https://doi.org/10.1016/j.ins.2018.05.043
https://doi.org/10.1108/EC-03-2017-0084
https://doi.org/10.1108/EC-03-2017-0084
https://doi.org/10.1016/j.cor.2020.104891
https://doi.org/10.1016/j.eswa.2023.122243
https://doi.org/10.1016/j.ejor.2023.07.010
https://doi.org/10.1016/j.asoc.2022.109158
https://doi.org/10.1016/j.eswa.2023.122027
https://doi.org/10.1007/s40815-020-00990-y

Y0 il Syl iyl 5 (63 (ol pedlad ot w18 Slade) e (S 5 Jde K )

Wang, B., Li, Y., & Watada, J. (2017). Multi-period portfolio selection with dynamic risk/expected-
return level under fuzzy random uncertainty. Information Sciences, 385, 1-18.
https://doi.org/10.1016/j.ins.2016.12.033

Wang, H., Feng, Y., & Fei, L. (2024). Uncertain linear programming with cloud set constraints
integrating  fuzziness and randomness. Applied Soft Computing, 151, 111157,
https://doi.org/10.1016/j.as0¢.2023.111157

Wang, Y., & Aste, T. (2023). Dynamic portfolio optimization with inverse covariance clustering.
Expert Systems with Applications, 213, 118739. https://doi.org/10.1016/j.eswa.2022.118739
Witkowska, D., Kompa, K., & Staszak, M. (2021). Indicators for the efficient portfolio construction.
The case of Poland. Procedia Computer Science, 192, 2022-2031.
https://doi.org/10.1016/j.procs.2021.08.208

Xiao, H., Ren, T., & Ren, T. (2020). Estimation of fuzzy portfolio efficiency via an improved DEA
approach. INFOR: Information Systems and Operational Research, 58(3), 478-510.
https://doi.org/10.1080/03155986.2020.1734904

Xu, J., & Li, B. (2024). Multiple-factor optimistic value based model and parameter estimation for
uncertain  portfolio optimization. Expert Systems with Applications, 238, 122059.
https://doi.org/10.1016/j.eswa.2023.122059

Yadav, S., Kumar, A., Mehlawat, M. K., Gupta, P., & Charles, V. (2023). A multi-objective
sustainable financial portfolio selection approach under an intuitionistic fuzzy framework.
Information Sciences, 646, 119379. https://doi.org/10.1016/j.ins.2023.119379

Yurtsal, A., Karadmer, Y., & Benzer, A. 1. (2022). A Swarm Intelligence Optimization Algorithm
for Cryptocurrency Portfolio Optimization. Anemon Mus Alparsian Universitesi Sosyal Bilimler
Dergisi, 10(1), 347-363._https://doi.org/10.18506/anemon.975505

Zare Mehrjerdi, Y., Shahmohammadi, M., & emami Maibodi, L. (2013). A Hybrid Intelligent
Algorithm for Portfolio Selection using Fuzzy Mean-Variance-Skewness TT. IUST, 23(4), 447-458.
Zhang, H., Watada, J., & Wang, B. (2019). Sensitivity-based fuzzy multi-objective portfolio model
with Value-at-Risk. IEEJ Transactions on Electrical and Electronic Engineering, 14(11), 1639—
1651. https://doi.org/10.1002/tee.22986

Zhou, J., & Li, X. (2021). Multi-period mean-semi-entropy portfolio management with transaction
costs and bankruptcy control. Journal of Ambient Intelligence and Humanized Computing, 12(1),
705-715. https://doi.org/10.1007/s12652-020-02053-4

Zhou, W., & Xu, Z. (2019). Hesitant fuzzy linguistic portfolio model with variable risk appetite and
its application in the investment ratio calculation. Applied Soft Computing, 84, 105719.
https://doi.org/10.1016/j.as0¢.2019.105719

Zhou, X., Wang, J., Yang, X., Lev, B., Tu, Y., & Wang, S. (2018). Portfolio selection under different
attitudes in fuzzy environment. Information Sciences, 462, 278-289.
https://doi.org/10.1016/j.ins.2018.06.013

COPYRIGHTS

© 2023 by the authors. Licensee Modern Management Engineering Journal.
This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution 4.0 International (CC BY
4.0) (http://creativecommons.org/licenses/by/4.0/).



https://doi.org/10.1016/j.ins.2016.12.033
https://doi.org/10.1016/j.asoc.2023.111157
https://doi.org/10.1016/j.eswa.2022.118739
https://doi.org/10.1016/j.procs.2021.08.208
https://doi.org/10.1080/03155986.2020.1734904
https://doi.org/10.1016/j.eswa.2023.122059
https://doi.org/10.1016/j.ins.2023.119379
https://doi.org/10.18506/anemon.975505
https://ijiepm.iust.ac.ir/article-1-395-en.pdf
https://ijiepm.iust.ac.ir/article-1-395-en.pdf
https://doi.org/10.1007/s12652-020-02053-4
https://doi.org/10.1016/j.asoc.2019.105719
https://doi.org/10.1016/j.ins.2018.06.013
http://creativecommons.org/licenses/by/4.0/

