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An investor in the financial market aims to achieve a return with minimal risk, as is § Received

typically the case under conditions of certainty. However, under uncertainty, 17/06/2025
diversifying the investment portfolio can lead to an acceptable return with lower risk, || Accepted

considering other influencing factors. 22/10/2025
This study aims to select the optimal portfolio in the U.S. financial market —

specifically the New York Stock, Exchange — using an applied approach that LK epwords:
accounts for uncertainty in the .cons.tructiqn. of the investmen.t portfolio. The metﬁod’ V' Optimal Portfolios

used is Fuzzy Goal Programming, in addition to the Exclusive OR, (XOR) selection v

technique. Fuzzy Goal
Amonyg the results obtained, it was found that the investor is satisfied with a return Programming:
level of 80.91% and with a risk, level of 99.99%. The investments are distributed f§ Uncertainty:
among 9 out of 10 selected companies in the market, with varying allocation values.
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LTty
23 700 20 o ST =) 0w 55
(o B aeel) Glallods Lo dorgd g 3l AU 1) 25 0 cogdl B lidl) Ol o A3 50 LEsE (B <

(o i o5 (LB (gl (o0 L ST

o) slen ¥ A Jag 1 108y S

> (dx);
1 (4X), <b,

w(AX), = 1—% b, <(AX), <b, + A} i=1,..,0,
0 (AX), > b, + A"

»

> (AX);
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(4X); 2 b,
— (4X);
4

(AX); <b; - AL

aalls sl W Jag 3 03, JSC2N

(AX);

b sl s s 4 0, I3

bl -4 b b b+ 4]

H(AX); =1
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(AX);

(4X), <b —A;
bl — AL <(AX); <Bb]
b} <(AX) < B!
b <(AX); <b' + Af

(AX); 2 b + AF
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b —A; <(AX); <b, i=iy+1.., o

b, — A <(AX), <b, 1= jo+1...k

0 (AX), <b, — A%
bi_(AX)i
=7
1= E0h ), <4
Ai
0 (AX); 2 b, + AF

i= ko +1,...,K




iy 75005 e} p ks (5 (5 (S el kot £

sagall Cingl) Aa s 2-4

5 9ol Bulad) B L) o leTgr m3led) s Wiz S50 IS8 oSN el bl iz 1 S5l e ) i
g paslal s me ) sbes¥) dlgs on e g8 o oladl o e ol s B il sl s 6,6 pie
Db o A gl de el b (S G S il A s O 358 e sl Sl
sl Jlgs el 0 Vamtus dogdl bl iy ISLis > 3 adsd Y1 g @las S 0s 55 Yaghoobi et al. (2008)
QWIS 3sad) Vb Bl ) 2200 26“ ik Jd) 3 ala)l oYU e Wl LT

Min a=3w Ler S, T z( J

i=1 i i=iy+1 i=j,+1
S.t.
(4X), — p, <b, i=1,...,1
M‘"%—l i=1,...,1,
(4X), +n, 2b i=iy+1,...,J,
,u,+Z—i:1 i=iy,+L..,J,
(4X), +n, — p, =b, i=j,+L..k,
ﬂﬁJﬁ% 1 i=jo+1l..K
(AX), —p; <b! i=ky+1,...,K
(AX), +n, = b] i=ky+1,..,K
M,n,p, =20 i=1.,K
XeC,
Q.cs)t,_cnq qu Cages JJ.A 3 elazsNI dis ujsuﬁj«xw‘u Wu,ua 3 alzadl u\)j)f\ Lq de

D e 2Ll anl A e

dodpdas dy3—5

i VAA\ Oy Ldd Al (3 Aol ISLel) ae s G ki) ¢ a5l (3 Markowitz dexgee O Watada (1997 sl
28 ol 3 e e o AKal sds skas @ s e e L3RS pf b8 WSS g A dsuas dolh) i) dls
oo 8 Blal Led sy &) OV B 0é (3 or Bdo Raglll 25301 O Perezeetal. (2007 ) 286 G 225NN vl
el gl Slaslally UL Bl  yeslly JS

-Yaghoobi et al. (2008) z35el e slazeVL PS aJW dlads) cLiz) i i dd Jandl a3 gl

oda (3 ,LasVI & Eu> New York Stock Exchange &5 ss &oys o0 ks aamts 3> Slly e gudod] 1 (3 deamins
9 ) BNEL s By e UL (552 . 2022 wd 2 Y Y e r Aol Belal SISl ST akis
gl Bl Jlasy sy (ST 35l Al e 2 Jgudl Bl B Ll psl G jae e el e 2 ) B
o e by SIS al ada 3 jlaa V) ks psii
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O JI e Culudc prad) dat B0 sy b (Y g

maximizing return Sl oloxs Ja¥l bl e
.minimizing risk 3| 4545 1 Wl SAdl e
.Exchange New York Stock 555 &oys 0 2022 dad 5, bl 9 W) & Jgidt 2. J g3

SIS,adl sl Aygl) Al 8 Wl Ayl Al At 3 bl
(Return) (Risk)

AT & T 0,15 11,42

Walmart 0,01 3,49

Exxon Mobil 0,11 8,44

General Electric 0,02 3,58
Bank of America 0,05 6,93
Ford Motor Company 0,01 9,36
Hewlett- Packard 0,16 9,32
McKesson Corporation 0,01 4,57
J. P. Morgan Chase 0,08 6,58
Proctor & Gamble 0,04 5,15

2022 8555 doys bl e slazeVL oUW slael ot el

AW ) e 1 e 358 IS e el pgiin Al A0 0 e
J 55 ol 3 Bl JIged) 257X,

AT&T 1

2

=

a5
Sk il j =

Walmart

Proctor & Gamble #5-5 _[j = 10
PSSl g adkir lelld B (3 ety OF Ay LA e OF o
AW plal 3 Ve 35.000.00 Y1 Je ey 0Ty e
Wy bl gl 3 Y55 15.000.00 BY) Jo sy OF o
35000.00 jlezo¥i acs jslns ¥ O Jo odolli glas 3 Y95 10.000.00 Y1 Jo ey 0T o @
Y
Proctor & s McKesson Corporation «General Electric «Walmart :\S3all 3 Lz ¥ i 045 0F bos sy
Li ¥ 20000.00 5 17000.00 cn b 3522 Gamble

P K 3y bl a5y Wlsal) aaes Jlas (3352022 and B dlaid) (i) i di K6

MaxNA, = 1.0015X; + 1.0001X, + 1.0011X; + 1.0002X, + 1.0005Xs + 1.0001X; + 1.00I6X,
+0.9999X; + 1.0008Xy + 1.0004X;,,
MinNA, = 1.1142X, + 1.0349X, + 1.0844X; + 1.0358X, + 1.0693Xs + 1.0936X, + 1.0932X,
+1.0475Xg + 1.0658X¢ + 1.0515X,,,

subject to
X1+ Xy + X3+ X, + X5 + Xg + X7 +Xg + X9 + X9 = 100,000.00,
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ol 73005 (il ke 5 b (o LS8 A Mot S0

Xs + Xo > 35,000.00,

X5 = 15,000.00,

10000.00 < X, < 35,000.00,

17000 < X, + X, + Xg + X10 < 20000
X1, X5, X3, X4, Xs, Xg, X7, Xg, Xo, X10 = 0

skl 38 A ook .10aY 4..Jb aspiration levels CUQ"J\ Ol grad d230) ol e 2She e LA A OF 40
106200.00 5> (3 Ly ol bkl Cua Lo ;Y55 125001.00 5 102000.00 35> (3 ol 545 Wlall b 2l (rgen
s [S30.5 w2891 (3 Obglet o) OF (g I LA wiliad C1aaY1 01sY 2l Y53 110000.00 of
HELEICE PR s b Tolérances Zlomad) o 2 LA Az Of SIS™ 2,4

10000 st Ceudi

50000 s bl Coudl

51 debos SlaneS Ny, Mg, P P2 iy = 0 9 it Sliite = 1,10/ X 2 0 Sl S

a";w‘ Q‘jﬁ"’:’u gh bllb_ll bZIE € {Oll}

S S et M 1 Laf e
S o ksl s slas YL Yaghoobi er al (2008)" et psgie pldsisl 9 ¢ XOR 29l e dazmy ()

P JUS abad las] (i add S (Bl
Objective function:
min 0.5 * (ny/ 10000) + 0.5 % (p, / 50000)

subject to:

Logical constraints: o
b1 + bi = 1
bz + bz = 1

Conditional constraints:
Sci* X;+ ng — py = 102000 — M(1 — by)
Scx X;+ ny — py < 125001 — M(1 — by)
py + (ng /10000) = 1
Td;* X;+ ny, — py, = 106200 + M(1 — b,)
Sdi* X+ n, — p, < 110000 + M(1 — by)
H2 + (pz /50000) =1

with :

¢ = (1.0015,1.0001,1.0011,1.0002, 1.0005, 1.0001, 1.0016, 0.9999, 1.0008, 1.0004)
d = (1.1142,1.0349,1.0844,1.0358, 1.0693, 1.0936, 1.0932, 1.0475, 1.0658, 1.0515)

Additional constraints :
2 X; = 100000
X: + X9 = 35000
X3 = 15000
10000 < X< 35000
17000 < X, + X, + Xg+ X190 < 20000
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O JI e Culudc prad) dat B0 sy b (Y g

Non-negativity constraints:
X; = 0 foreachi

Ny, Ny, P1, P2, 1, Uz = 0
Binary variables:

bll b_lr bz,b_z € {011}

3 dgd) ) Sl Jo Jgad) (SELINGO B gy Jlenzal
Aads o) AUSCin > W 3. Jgd

Weighted additive fuzzy goal programming (Yaghoobi ez al. 2008) with XOR optimization
X, 31500.00 ng 1909.075
X, 4249.907 ;1 _ 2 0.000000
X ;P ® »
Xi 15000.00 3 5= N2 0.000000
- 4250.093 = 52 P2 1234315
5 19249.72 4%s
= Xe g R
= X 0.000000 3
% = 7
1, '5 X 1500.000
s 8
J X 4249.536
= 5 Ag g
% :g X1 15750.28 g 7 0.8091
2 4250.464 :-) fg 1y 0.9999753
5‘4- E
9%
bg
b
g
a
LINGO by b sl yhall
Kh W 9 @\w .

U LU (3 3 Jgud e dabiald) il L Sk
%099.99 iy L 2 LAl ds of Fldl JY 0 > Degree of satisfaction A e oy iy L
oLy p5 paly b Aend) oding 28221 ilid) e 080,91 iy )y 5gb Wl Bad 2l (S b Bl
gl i (3 0L Pyt g miie Wl Y 09 Y ) et 38 e als
PEETREIF Csu;ﬂ om AW abes) o Jrail\ SOLRt d=oly g3 b7 Decision vaviable )\,33\ O e 2
‘. AT&T&}\}:}\ e B ol 3l javes J szb X e L Xpp dl Xy LA ol 3 Eadts s
J. (McKesson Corporation «Hewlett-Packard «Bank of America «General Electric <Exxon Mobil «Walmart
Procter & Gamble. s (P. Morgan Chase
iS5 3 ke Yes 31,500 o)l Gl ewes ezl OF (Yaghoobi et al., 2008) 358 ek JU fo b
¢ Bank of America2 ,N¥s> 19,249.72 5 < Exxon Mobils ,¥s> 15,0005 « Walmarts Ns> 4,249.91 5 (AT&T
Tosed Gy olSal i e cojy ai olawsl 4a Wl J P, Morgan Chase. 3 ,¥s> 15,750.28 1) Loy
oS s wlSiasMeKesson Corporation s Hewlett-Packard (3 & lie Bl jemedl jezmal G lazmatl

83421 bl Wl Glial we iz U 22421 Ojls x99 Sl
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by alazd| Wlsally cAadgdl Bpandl oLy s I absll bl JAE e o S3daze ules ) ajsd) Ma iz
alacd) 55l Jlae¥1 3 ds Y1 e (Ol Oleiad el ST Llally Ll 590l e 2356 508 el ¢ LS. 25100 L

(Fuzzy Goal Zegdl Gl a2, o () Slosl b me Bbl)) 22500 28 23sad) oy (I3 e 39De
(Logical &ikaie by aliscnl il () Gblsdly Slsall wlpals 3 i) e 3blk mend &) Programming)

oyl e iy dhs ylaiie] OE Olea) OlaaYl jam o (XOR) et jlasY) 2.4 Constraints)

Bl o USales Gl 3agg I aladst) ST n Sim (JooS ool anad 332 e 2390l 805 Sy Jonadd) mjsd) s

pieg ddane ylaal azy b 3 bl

[E—6
bl bl (3 (Sl 89 U ilgal) 322 (o peads Badize S gl BIU Ladlt) )15 e (ol Lzl Ll 3
spolall W Blend) 18 ) k) pae b b (3 Lols
Pl LS we lgall wlaas L) Bud ) cBudl a2 23U e oty S0 St 2 B1 Y1 abis Lol OIS BulEs
PR b agy Ofy Bols @By L) Lum 35S obad erly k) sld laall ekl OF V) LS8 s gl )
ol Lanll 8311 50 000 S Y Lo gag (pkd) pe ol et Bsl
Jolisg Wl olows A JE (3 ni) poe ol es IV a Ballid) bl 23U Bl e 5 ] Lomer iyl 0da (3
S 8150y SV QW Gad) e 3l guas e S35 bl
080.91 wlall s e oLy iy Lo bl s s 2 9699.99 sy U oy A dze OF el oy
ool 38 ad nphia B QWAL (58 et o W e wiie Wl 3 e il o S R
)
Al SIS U U janad & as cohlazad Leadd) misd) G o Ll

CAT&T 55 & ;Y55 31500.00

. Walmart & Y5> 4249.907

. Exxon Mobil ¢ ,¥s> 15000.00 -

. General Electric 3 ,¥s> 4250.093 .

Bank of America. & Vs> 19249.72
Hewlett-Packard. 3 ,¥s> 0 o
Hewlett-Packard. ¢ ,Ys> 1500.00

. McKesson Corporation (3 ,Ys> 4249.536
. J. P. Morgan Chase 3 ,¥s> 15750.28
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.Proctor & Gamble & Vs> 4250.464

Aids O3 S e amad) 88 (o) 23U WSy (Wlsally bl Ol il mt Al el e Say
BUSEe by e e Bty e Djlsiey

Aol ol ol sy cpdadl) el oo Jlae VI G J5B Radize laizal 23U slazel 89,0 e Al oda uSE
Badald I Y o) 051 52y ay)laza V) LA 339a spad (Ailgally
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1970 & die Bl iy dlavlp L) daidt slis) Ko e @ Aol JsS 1 03 aoull

L) oW sl Gudl iz w3o Aoty LI i) olis!
1973 Lee& Lerro LGP (PS for Mutual Funds)
1975  Stone & Reback Other Variant (Nonlinear GP)
1977 Booth & Dash Other Variant (Nonlinear GP- Bank Portfolio)
1978 Kumar,Philippatos&Ezzell LGP (Dual-Purpose Funds)
Muhlemann,Lockett & Gear LGP (Portfolio Modelling)
1979 Kumar& Philippatos LGP (Dual-Purpose Funds)
1980 Lee & Chesser LGP (PS)
1984  Levary& Avery LGP (Weighting Equities in a Portfolio)
1985 Alexander & Resnich LGP (Bond Portfolios)
1991 Konno & Yamazaki MAD, PS
1994 Byrne & Lee Spreadsheet Optimizer (RE Portfolio)
1996  Tamiz, Hasham & Jones Two Staged GP Model for Portfolio Selection
1997  Tamiz, Hasham, Fargher &jones Comparison between GP and regression analysis for PS
Watada Fuzzy Portfolio Selection
1998  Kooros & McManis Multi attribute Optimisation for Strategic Investment Decisions
2000 DengWang& Xia Criteria, Models & Strategies in Portfolio Selection
Inuiguchi & Ramik Fuzzy GP and Other Variant
Ogryczak Linear Programming Model for PS
2001  Jobst, Horniman, Lucas &Mitra Other Variant (Alternative Portfolio Selection Models)
Parra, Terol & Uria FGP (Portfolio Selection)
2002 Wang& Zhu Fuzzy Portfolio Selection
Allen, Bhattacharya & Smarandache Other Variant- Portfolio Optimisation
Prakash, Chang & Pactwa Other Variant- Polynomial GP (Selecting Portfolio with Skewness)
Rostamy, Azar & Hossei Other Variant
Sun & Other Variant- Skewness & Optimal Portfolio Selection
2004  Kosmidou & Zopounidis GP, Simulation Analysis & Bank Asset Liability Management
Pendaraki, Doumpos & Zopounidis GP(Equity Mutual Fund Portfolios)
2005 Dash & Kajjji Other Variant (Nonlinear GP for Asset Liability Management)
Davies, Kat & L Other Variant (Polynomial GP- Fund of Hedge Funds PS)
Deng, Li & Wang Minimax Portfolio Selection
Pendaraki, Zopounidis &Doumpos GP- Construction of Mutual Funds Portfolios
Tektas, Ozkan-Gunay & Gunay GP- Asset & Liability Management
2006 Bilbao et al. GP- Portfolio Selection with Expert Betas
Sharma & Sharma LGP for Mutual Funds
2007  Abdelaziz, Aouni & ElFayedh Other Variant
Bilbao, Arenas, Rodriguez & Antomil Goal Programming
Gladish, Jones, Tamiz & Terol Interactive Three-Stage Model- Mutual Funds Portfolio Selection
Li & Xu Other Variant (Nonlinear GP-Portfolio Selection)
Sharma, Ghosh & Sharma Other Variant (Credit Union Portfolio Management)
Wu, Chou, Yang & Ong GP- Index Investing
2008 Huang Fuzzy GP for PS
2009 Fulga Multistage Portfolio Optimisation
2010 Garcia, Guijarro & Moya Goal Programming for estimating performance weights
Azmi and Tamiz Review of GP for portfolio selection
Tamiz and Azmi Mutual funds PS for emerging market
2011 Azmi Investment portfolio selection using GP
2011  Tamiz, Azmi & Jones Selecting Portfolio based on Sharpe, Treynor and GP Methodologies
2013 Tamiz, Azmi & Jones On Selecting Portfolio of international MFs using GP with extended factors
Azmi Investment portfolio selection using goal programming
2015 Kocadagli and Keskin* A novel portfolio selection model based on fuzzy goal programming with different importance and priorities
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