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Abstract

This article considers a stochastic multi-objective linear programming problem in a neutrosophic framework. The right-
hand sides of the constraints are random variables associated with their means and variances, and the single-valued
trapezoidal neutrosophic numbers are included in the coefficients of the objective functions to investigate the problem.
The problem is successfully converted into the related deterministic programming model based on the formulation of the
scoring function and several distributions, such as the Uniform, Exponential, and Gama distributions. Applying fuzzy
goal programming, the deterministic problem is solved. An example is then solved to demonstrate the solution
methodology.

Keywords: Optimization; Optimization problems; Multi-objective stochastic linear programming; Neutrosophic
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1. Introduction

The fact that the coefficients in the formulation are not constants but instead fluctuate and are unpredictable is one of the
challenges that arise in the applications of mathematical programming. Several writers [1-3] have explored this problem.
Charnes et al. [3] first presented the idea of probabilistic constraints for handling uncertain situations. In [4] non-linear
conditions equivalent to probabilistic constraints were introduced.

Stochastic programming is the theory and methods for adding stochastic variations into a mathematical programming
problem [5]. Risk programming in linear programming (LP) models with chance constraints is one of the three major
stochastic programming approaches [3]. Methods for interactive stochastic programming have been created by Teghem
et al. [7] and Leclercq et al. [6]. A review article on stochastic linear programming with a single objective function is
introduced in [8]. Dantzig [9] suggested a two-step method for translating stochastic programming models into their
deterministic counterparts. In his article on single-objective chance constrained programming with joint constraints,
Jagannathan [10] addressed this problem. Biswal et al. [11] used an exponential distribution to calculate the deterministic

311
Dot: https://doi.org/10.54216/1JNS.230126
Received: June 16, 2023 Revised: August 21, 2023 Accepted: December 03, 2023



https://doi.org/10.54216/IJNS.230126
mailto:Saedalatpanah@gmail.com
mailto:Ha.Ahmed@qu.edu.sa/
mailto:hamiden@cu.edu.eg
mailto:aalquran@kfu.edu.sa
mailto:faisal.ghazi@uoanbar.edu.iq
mailto:zahari@uitm.edu.my

International Journal of Neutrosophic Science (IINS) Vol 23, No. 01, PP. 311-322, 2024

equivalent of the goal function and the left-side constraint coefficients. Using a linear optimization setting, the authors of
[12] provide a modern overview of how concepts from optimization, probability theory, and multicriteria decision analysis
are intertwined to deal with situations involving the presence of multiple objective functions and the stochastic nature of
data. Fuzzy random coefficients for multiobjective linear programming were the subject of research by Li and coworkers
[13]. Fuzzy random simulation was utilized for this purpose. Zimmermann [14] tackled the first LP problem with
competing goals by using appropriate membership functions. Leberling [15] used a special set of non-linear membership
functions to solve the vector maximum LP models. It was his use of the fuzzy min-operator in conjunction with both
linear and non-linear membership functions that demonstrated that the best answers to issues with multiple objectives
usually include some kind of compromise. Many authors investigated various optimization techniques for goal
programming problems [16-22].

The earliest description of fuzzy multiobjective linear programming (MOLP) problems appears in [21]. Different methods
for addressing MOLP problems under uncertainty are presented in [22- 26]. In their analysis of multiple multiobjective
linear programming problems, Othman and Zainuddin [25] included fully fuzzy stochastic problems as well as a
comprehensive discussion of fuzziness and/or randomness in the goals and/or constraints. The probabilistic fuzzy goal
multi-objective for supply chain networks is stated in [26] and solved using three distinct approaches. Karakutuk and
Ornek [27] suggested a goal-programming model that was solved using many goal-programming models and the
normalization method. A stochastic multi-objective mixed-integer optimization model [28] has been designed to
guarantee production efficiency under uncertainty. In [29] Vidhya et al. resolved the neutrosophic MOLP. In [30]
Pramanik and Banerjee proposed goal programming strategy to multi-objective linear programming problem with
neutrosophic numbers, where the coefficients of objective functions and the constraints are considered as neutrosophic
numbers. In [31] Maiti et al. presented an algorithm for solving the neutrosophic bi-level decentralised MOLP problem.

The remainder of the article is laid out as follows: In Section 2, essential preliminary information is presented. Using
random variables as constraints and neutrosophic numbers as objective function coefficients, Section 3 describes a MOLP
problem. The problem is handled using fuzzy goal programming in Section 4. Using the method described in Section 5,
the neutrosophic optimum compromise solution is determined. A numerical example is presented for explanation in
Section 6. Section 7 concludes with some findings and ideas for further work.

2. PRLIMINARIES

In order to identify our problem in a more effective manner, we recollect fundamental concepts and conclusions regarding
intuitionistic trapezoidal fuzzy numbers (ITFN), trapezoidal fuzzy numbers (TFN), and the neutrosophic set (NS).

Definition 1. (TFNs, [32]). A fuzzy number F = (ry,r,,13,1,). Isa TFN where ry, 1, 13,1, € R and has membership
function (MF) defined as:

X~TIn
rz—ry

W00 =4 iy 2 XS
rg—T3
0, otherwise,

Definition 2. (Intuitionistic fuzzy set, [33]). A fuzzy set F is an intuitionistic fuzzy set F™Nof a non-empty
set Z if F'™N ={(x, ppn, ppin):x € Z}, where pgn , and pmn are the MF and the non-MF functions where
Mg, ppiNiZ — [0,1] and O < ppint ppin <1, VX E Z.
Definition 3. (Intuitionistic fuzzy number, [34]). An intuitionistic fuzzy set F™Non R is called an
Intuitionistic fuzzy number if each of the following conditions valid:

1. Ju€eR:pgn(u) =1, and pan(u) =0,

2. pgn:R - [0,1] iscontinuousand 0 < ppin + pan <1, VX EZ,

3. pmn , and ppn are

, I < X<y

, I3 S X STy,

0, Xx<r; 0, x<r;
HGO, r<Xsr F(0, I SX<1,
kN Q) =4 1 x=r12 and ppn() =4 1, X=T2
100, r, <X<r; GOO, r, < X<r;3
0, Iy <X 0, ry, <X

312
Doi: https://doi.org/10.54216/1]NS.230126
Received: June 16, 2023 Revised: August 21, 2023 Accepted: December 03, 2023



https://doi.org/10.54216/IJNS.230126

International Journal of Neutrosophic Science (IINS) Vol 23, No. 01, PP. 311-322, 2024

Where H,I,F,G:R - [0,1], H and G are monotonic increasing functions, I and F are monotonic decreasing
functions and satisfy 0 < H(}) + F() < 1,and 0 < I()) + G(¥) < 1.

Definition 4. (Trapezoidal intuitionistic fuzzy number, [35]).

A trapezoidal intuitionistic fuzzy number is denoted by FN = (rj,r,,r3,1,),(r';, 15, 13,1,), Where r'; <
r; <r, <r; <r, <r', with defined as

X—TI1
, I SX<r,,
(rz—n 1=X 2 (

X1’y

ry-rry’

1, r,<x<r; 1, r,<x<r;3

HEFINT (X) =\ ra—x and p?INT(X) =3 rry—x
, I3 S XS 1y,

ry—T3 I7y4—r3
0, otherwise, 0, otherwise,

Definition 5. (Neutrosophic set, [36-38]). A NS FN of non-empty set Z is described as
FN = {(z, Iz (2), Jin (2), Ven (2)): 2 € Z,Ten (2), Jan (2), Van (2) € (0, 1)}, where Ien (2), Jpn (z),and Ve (z) are the
truth, the indeterminacy, and the falsity membership functions, 7 any restrictions on, 0~ < Ipn(2z) + Jen(z) + Van(z) <
3%, (0_,1%) is a non-standard unit interval.
Definition 6. (Single-valued neutrosophic set, [39]). A Single-valued neutrosophic set FSVN of a set Z,Z #
@ is defined as

FSVN = {(z,Ien(2), Jpn(2), Van (2)): 2 € Z},  where  Ien(2),Jsn(z),and  Ven(z) €[0,1] Vz€Z and 0<
IFN (Z) + IFN (Z) + VﬁN (Z) <3.

r'y <x<r,

!
, T3 S X STy,

Definition 7. (Single-valued neutrosophic number, [40]). Let t; ¢z w; € [0,1] and 14,1, 13,1, € Rand has (MF)
defined as and. Then fN = ((ry, 5, 13, 14): T5 @f wz ) is a specific NS on R, whose truth, indeterminacy, and falsity MFs
are

z-1q r2=2+@eN(2-11)
% rn<z<r — rn<z<r
TN (rz—rl)' 1S2<T; ( rp—rp ! 1S2Z<1
TN r,<z<r3 QN r, <z<r3
N (z) = = Lo (z) = = ,and
ry=z z-r3+@N(ra—2)
TN , rs <zZ<r, ——)—, 113<z<r,
Z-T3 Iry—r3
0, otherwise, k 1, otherwise,
r,—z+ o (z—ry)
, ri<z<r,
I —Ip
N
N _ g, r,<zZ<rj;
wi (2) = N
Z—r3+ w; (ry —z)
, 3<SZSTy
1‘4 - 1‘3
1, otherwise.

A single- valued trapezoidal neutrosophic number (SVTNN) N = ((ry,r,,13,1,): TN, N, WN ) May
represented in ill- defined quantity about f, which is nearly equal to [r,, r5].
Definition 8. Let N =((ry,ryrs ) T, @, o ), and 8N = ((r'y, 'y, 5, 1'y): TN, PN, OGN ) be two
SVTNNS, the arithmetic operations on N, and gNare:

1L N@eN=((ry+r',r+1 5+, + 1) T A TN, QN V QN WiN V 0N )

2. NEgN=((;—r,r—r5ry =1, —r'); ™ ATeN, @ V PN, OfN V WyN),

. y ((ryr'y, ror'y, 131’3, 141" y); TN A TN, PN V QgN, 0N V N »ry>0,1r,>0
oN = ’ ' ' ' ’
3. I"®8 N ((rir 4, o135, 1315, 101 1); TiN A TN, N V QgN, W V N »r, <0, 1, >0

! ! ! 7! !
((rar'4,r3r'3, 1515, 111" ); T A TN, @ V N, 0N V wan ), T4 < 0, Ty <0,

((ry /14,1 /13,13 /15, 10 /T1); TN A TN, PN V @gN, N V (L)gN), r, >0,1r,>0

4. Nogh= ((ra/t' 4, 13/1'3, 12 /12,11 /1'1); Tin A TN, @ V @gn, win V N ), 14 < 0, T4 > 0
L((r4/r’1, r3/1'y, 1 /13,11 /T'4); TN A TN, PN V QgN, 0N V 0N »r, <0, r', <o,
N ((ary, ary, ars, ary); ey Py Oy ), a >0,
>t = {((0{1‘4, ars, ary, ary); ey Py Oy ),a <0,

O 7
6. fN = ((1/r4: 1/r3l 1/r21 1/r1)l TTFN’ (prN’ (DTFN )' fN * 0
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Definition 9. (Score and Accuracy functions of SVTNN). Any two SVTNNs f, andg can be ordered
according to their score and accuracy functions as:

1. Accuracy function AC(fN) ( ) [ry + 1, + 13 +71,] * [TTTN + (1 ~ Pry (z)) + (1 + Wy (z))],

2. Score function SC(fN) = ( ) [ry + 1, + 13 +1,] * [TTfN + (1 ~ Qo (z)) + ( — 0oy (z))]

Definition 10. Based on the accuracy and the score functions the order relations between fN and gN are:
If SC(fN) < sc V), = N < gV

If SC(fN) = sc &V), = N =gV,

If AC(fN) < AC &M), = N < gV,

If AC(fN) > AC (8V), = N < gN,

If AC(fN) = AC &"), = TN =gN.

a s wd e

To illustrate the basic properties, let fN = ((4,8,10,16): .5, .3 ,.6 )and
((3,7,11,14): 4, .5,.6 ) be two single valued trapezoidal neutrosophic numbers, then

N gN =((7,15,21,30): 4, .5,.6 ),

fNo gN =((-10,-3,3,13): 4, 5,6 ),

fN® gN =((12,56,110,224): 4, .5,.6 ),

N 4 8 10 16\,

f @g ((14 1’7’ 3)' 4.5 ,.6 ),

4fN = ((16,32,40,64): 4, .5,.6 ),

FNTL (L L Lr,

N =((2.222): 4 5,6),

SC(fV) = (£) (4 +8+10+16) x (.5+ (1—.3) + (1 —.6)) = 38,

AC(FY) = (Z) (4 +8+ 10+ 16) X (.5+ (1 - 3) + (1 +.6)) = 6.65.
3. Problem formulation and solution concepts

© N oo s~ wNe

A stochastic MOLP problem in a neutrosophic setting is characterized as follows in chance-
constrained programming.

~N(k)

&)
max ZN —Z, 15K, k=1,.., K 1)
Subject to
PIX ihyxj<p|=1-vy,i=1,..,1
j=0,j=1:]

Where, & ~N( )( j=1,..J;k=1,..,K) are SVTNNs, h;; € R”*J,and p;,i = 1,2,...,1 are random variables, y; €

(0,1) are specified probabllltles and xj,j = 1,2,...,] are deterministic decision variables.
Definition 11. A point x is referred to be a stochastlc neutrosophic feasible point if it satisfies the requirements in the
problem (1).
Definition 12. A stochastic neutrosophic feasible point x°is called stochastic single-valued trapezoidal
neutrosophic efficient solution to problem (1) if f there does not exists an another x such that:
Z~N(k)( ’NjN(k)) > Z~N(k)( o ~_N(k)) and ZN(k)(x ~N(k)) - Z~N(k)(x°, EjN(k)).
Based on the score function in definition 9, problem (1) is transformed to the following stochastic problem
—vJ —
max Z® = Zj=1 cj(k) x;, k=1,..,K (2)

Subject to
J

PZhl]X]Spl Zl—Yp 1=1,,I

j=1

>0,j=1,..,].
The right-hand side values, p;'s are now considered random variables with the following known distributions:
Q) Uniform distribution,
(i) Exponential distribution, and

(iii) Gamma distribution.
Firstly, let us consider p;'s are uniformly distributed. Then,
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1
g(pi) =3 — Bi’
0, otherwise

Bi<pi<q

; ai+Bi ; a2 B’
With mean equal to E(p;) =——— and variance equal to V(p¢)=T-

stochastic problem becomes

o 1 pi 041
f dp121—Yi=( ) =21-vy,

oy hij x5 01 Bi i—Bi 2_]]-=1hij X;

So, the constrain (2) of the

J
or Z hji x; < B + iy — By).
=1

Hence, the stochastic problem (2) is converted into the corresponding deterministic problem as

max Z® = ZLI ®x, k=1:K 3)
Subject to

J
zhii i <Bitvilei—B), i=1..,1
=1

=0 j=1,.,]
Secondly, let p;'s be exponential distributed random variables. Then, g(p;) = & exp(—¢; p;), with mean equal to (&)

and variance equal to (5)2. So, the constraint of the stochastic problem (2) becomes
1

J
f} gexp(—&pj)dp; =1—v;=exp siZhij xj |, i=1:],
Zj— hij =1

J
In(1-vy;
=1

&
Hence, the stochastic problem (2) represented in the deterministic form become

max Z® = ZLl cj(k) x;, k=1,..,K €))
Subject to

Yo hyx < -

x=0,j=1,..,].
Finally, let p;'s be Gamma distributed random variables. Then,
&) exp(-zipi)p} "

g(pi) = { Gamma(d)
0, otherwise

With mean is b/ and variance is d/<2. Then, the constraint of problem (1) becomes

® gexp(-gp)p!
by Gamma(d )

In(1-v;)
€j ’

i=1,..,1

,0<p1<00

dp;=>1-v,i=1,..,L

So,
] b—1 ] b—2
& exp(—g;p) p;~ " ] g ) hyix -1 -5 Y hyx
o i iPi) Di —¢. X —(b— —¢. X
dp: = (=1)° _.zh... ‘Z ij 4 ‘Z ij ,
| Gamma(b) Pi ( ) exp & - ij X] =1 =
b =
2= i +o+ (DT -1D(®d-2)..21
i=1,..,1
Thus, the stochastic problem (2) is converted into the corresponding crisp form
_ v -
max Z® = Yio, ®x, k=1,..,K (5)
Subject to
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b—1 b2

J
(1P
Gamma(s) Z hyj X [1{ & Z hij x; ®-1 Z hyx |+
=1

+ (D" -0 -2)..21],i=1,..,L

4. Fuzzy goal programming approach

Based on the three terms fuzzy goals (G), fuzzy constraints (C), and fuzzy decision (D) established by
Bellman and Zadeh [32], the fuzzy decision is described as

D=CNG (6)
The following membership function is characterized the problem:
up (x) = min(pc(x), pg(x)) @

With the following membership function, let us describe the problem's fuzzy gools. The linear membership
function (MP) [14] is given by
0, 2® <m,,

20—,
k(Z(k)) —, my < Z(k) < Mk' (8)
k
1, Z(k) > myg
Where, my , and M, represents the lower and upper bounds of Z®, m, # M,, and can be calculated as
my = min Z® and M, = maxZ(k) k=1,..,K 9

Using the MP deflned in (8), problems (3) (4), and (5), respectlvely are rewritten as
max mkm( u(z®), k=1,..,K

Subject to
J

Zhii X < PBitvilog—B),  i=1,..,L

X20,j=1,..J,
max mkin( uk(Z(k))), k=1,..,K (11)
Subject to
Shyx < — 20 o,

ij Xj = o

x;=0,j=1,..J,and

max mkin( uk(2)), k=1,..,K (12)
Subject to
p—1 b—2
O e[ - Zh % o-1f - Zh x| At (CD = DB —2) . 21) i
Gamma($) ! 7 i ’
=1,.
Xj > 0,] J

By introducing the auxiliary variables 9,06 and & problems (10), (11) and (12) can be formed the following
problems

max Y (13)
Subject to
@ _
19 S —rrlki
My — my

Z{:l hjjx; < Bi +vilog —By), i=1,..1
x>0j=1.350< 9<1,
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max 0 (14)
Subject to
@ _
6< 7”“‘
My -
In(1 1)
Z] 1hl]x]_—%, i=1,..1.
x,=20,j=1,..,;0=0<1, and
max € (15)
Subject to
g® _
My —

b-2

J
(-1°
Gamma(b) Z h‘l j Z hl] i —-1| —¢ Z hij Xj + ..

+ (1Dt -0 —-2)..21],i=1,..,],

X20j=1.,];0<e<L

As a goal programming, problems (13), (14) and (15) can be reformulated. So, let us consider the negative
and positive deviational variables:

Zz® — gk + gk =skKk=1,..,K
Where, $¥ is the aspiration level of the k™ objective function.

Hence, problem (13) may be transformed into

max 9 (16)
Subject to
Z(k) — My
9 ———
My —

Z]!zl hyix; < Bi +vilog —B,i=1,..,1
Z20 gk + dk =skk=1,..,K
x;,d5,df>0,j=1,..,;k=1,..,K0< 9<1.

Similarly, Problems (14), and (15) can be rewritten as (16).
5. SOLUTION PROCEDURE

This approach for solving problem (1) may be structured as follows:

Step 1: Convert the neutrosophic stochastic problem (1) into the related stochastic problem (2) based on the
score function in definition 9, and thus into the deterministic problem by using the chance restricted
programming approach previously stated,

Step 2: Determine the solution to the first objective function of the deterministic problem obtained from
stepl. Continue this process k times. If all solutions are identical, choose one of them as the optimal
compromise solution, continue to Step 7. Otherwise, go to step3,

Step 3: Determine the optimal lower limit my, the worst possible upper bound M,, and the objective
function's value at the k solution,

Step 4: Construct the membership function of each objective function based on the relationship (8) and the
initial goal level,

Step 5: Develop problem (16) and its the similar equations,

Step 7: Stop.
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6. NUMERICAL EXAMPLES

Example [1]
Take into consideration the following problem with p;'s are exponential random variables

max ZN(l) _ E{I(l)xl + Eg{(l)xz

max ZN(Z) _ Ei\J(Z)Xl + Eg{(z)xz

Subject to
P(x; +X, < p;) =094;  P(4x; + 3x, < p,) = 0.93;

P(2x;, + 5%, <p;) = 091;  x,=0,j=1,2.
Where,
eN® = ((5,8,10,14);0.3,0.6, 0.6), ¥ = ((4,8,11,15); 0.6,0.3,0.2),
N = ((14,17,21,28); 0.8,0.2,0.6), NP = ((12, 15,19, 22); 0.6, 0.4, 0.5),
E(p,) =7,E(py) =9,E(p3) = 8,y; = 0.06,y, = 0.07,y; = 0.09.

Step 1: Using the score function of the SVTNN, and the chance constrained discussed as before, the above

problem become
maxZ® = 10x,; + 5x,
maxZ® = 3x, + 7x,
Subject to
X, + X, < 0433,
4x, + 3%, < 0.653,
2x; + 5%, < 0.755,
x=0j=12

Step 2: The solution of each single objective function with respect to the constraints is
X = (x,,%,) = (0.16325, 0), and Y = (x4,%,) = (071536, 0.122286).
Step 3: The objective values corresponding toX, and Y.
ZW(X) = 1.6325,2M(Y) = 1.3268,Z2@(X) = 0.4898,Z2¥(Y) = 1.07061.
The lower and upper bounds of each objective function are:
1.32679 < Z™ < 1.6325, and 0.48975 < Z® < 1.070607.
Step 4: The MFs of the first and second objective functions are:
7.53699 x, + 3.76849 x, — 0.2304136 > 1,
5.16478 x; + 12.051159x, — 0.8431516 > 1.
Step 5: Formulate the above problem corresponding to the problem (16) as
max6  Subject to
7.53699 x, + 3.76849 x, — 0.2304136 > 1,
5.16478 x; + 12.051159x, — 0.84315160 > 1,
X1 + X, < 0.433,
4x, + 3x, < 0.653,
2x4 + 5x, < 0.755,
10x; + 5x, —dl +dl = 1.6325,
3%, + 7x,—d2 4+ d% = 1.070607,
0<06<1,d.,d}, d?3,d3,x4,%, = 0.
The problem is solved using the Lingo package, and the solution is

Table 1: The optimal compromise solution of examplel

Variables Objective
x; = 0.1135, x5 = 0.0663 9* =0.45, 70" = 1.4665,
dl =0,d} =0.3649, d2=0,d} =0.2657 7@ _ (.8046

Table 2: The optimal compromise neutrosophic solution examplel

Variables Objective
Xj = g-(l)égg 7N® — ((1.855,0.72495,3.115,4.1755 ); 0.6,0.3,0.6 )
Xz = 7N® _ ((1.3655,1.9055,2.3985, 3.052); 0.3, 0.6, 0.6)
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Example [2]
Consider the following problem when b;'s are uniformly distributed
maxZ® = g Vx, + gy Vx,
maxZ® = g Px, + §Px,

Subject to
P(2x; +x, <7.6) =1 —v,,
P(5x; +3x, <7.8) =1 -y,
P(x, +4x, <72)=21—v,,
x=0j=12
Where, 3% = ((0,1,3,6);0.7,0.5,0.3), " = ((5,7,9,11); 0.9,0.7, 0.5),
A ® =((0,1,3,6);0.7,0.5,0.3), 8 ® = ((4,8,11,15); 0.6,0.3, 0.2),
E(b;) = 6,V(b;) = 4,y; = 0.9,y, = 0.95,y; = 0.8.
Step 1: Using the score function and the chance constrained programming, the problem can be
stated as
maxZ® = x; + 3x,
maxZ® = x,; + 5x,
Subject to
2x; +x, < 0.76,
5x; + 3x, < 0.78,
X1 +4x, < 0.72,
x=0,j=12
Step 2: The solution of each single objective function is
X = (0.564706, 1.658823),and ¥ = (x1,%,) = (0, 1.8).
Step 3: The objective values corresponding to X, and Y.
ZW(X) = 5.542276,2V(Y) = 9,2@(X) = 8.858821,2@(Y) = 9.
5.542276 <ZM <9, and 8.858821 < 7@ < 9.
Step 4: The MFs of the first and second objective functions are
7.53699 x; + 3.76849 x, — 0.2304139 > 1,
5.16478 x; + 12.051159x, — 0.8431519 > 1.

Step 5: Formulate the above problem corresponding to the problem (16) as
max9

Subject to
7.53699 x; + 3.76849 x, — 0.2304139 > 1,
5.16478 x; + 12.051159%, — 0.8431519 > 1
2%, + X, < 0.76,
5x; + 3x, < 0.78,
X1 +4x, < 0.72,
X, +3x, —dt +dl =9,
X1 + 5x,—d% +d2 =9,
0<9<1,d:d}, d?,d3,x4,%, = 0.

In this example, the Lingo computer package is used to provide a solution that is

Table 3: The optimal compromise solution of example 2

Variables Obijective
x; = 0.1131, x; =0.0715 9* =0.5289, ZW" = 0.3276,

Table 4: The optimal compromise neutrosophic solution example 2

Variables Objective
. XIOZO;’fSBl 7N _ ((0.3575,0.6136,0.9828,1.465 ); 0.7,0.7,0.5 )
2 =0 ZN® — ((0.286,0.6851,1.1258,1.7511); 0.6, 0.5, 0.3)
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7. Concluding Remarks And Future Works

In this study, a fuzzy goal programming technique for addressing a probabilistic MOLP problem in a neutrosophic
environment has developed. The methodology is implemented by establishing the membership function and aspirational
level. The benefit of this technique is that it is more flexible, and the resulting solution presents a preferable compromise
solution that is more realistic than the standpoint for the decision maker. The proposed technique can be extended to
multi-objective nonlinear programming problems, priority based-goal programming involving neutrosophic parameters
or other uncertainty settings. In the Future work might contain the additional extension of this study to other fuzzy-like
structure (i. e., Neutrosophic set, interval-valued fuzzy set, Spherical fuzzy set, Pythagorean fuzzy set etc. In addition,
one can consider new fuzzy systems such as interval type-2, interval type-3, Possibility Interval-valued Intuitionistic
fuzzy set, Possibility Neutrosophic set, Possibility Interval-valued Neutrosophic set, Possibility Interval-valued fuzzy set,
Possibility fuzzy expert set etc., with applications in decision-making.

Acknowledgments: This work was supported by the Deanship of Scientific Research, Vice Presidency for
Graduate Studies and Scientific Research, King Faisal University, Saudi Arabia [Grant No. GRANT5249].

Funding: This support was instrumental in the realization of our research. This work was supported by the
Deanship of Scientific Research, Vice Presidency for Graduate Studies and Scientific Research, King Faisal
University, Saudi Arabia [Grant No. GRANT5249].

References

[1] F. Z. Montazeri. "An overview of data envelopment analysis models in fuzzy stochastic
environments". Journal of Fuzzy Extension and Applications, vol.1, no. 4, pp. 272-278, 2020. doi:
10.22105/jfea.2020.258330.1030

[2] B.C. Giriand S. Dey, "Game theoretic models for a closed-loop supply chain with stochastic demand
and backup supplier under dual channel recycling, " Decision Making: Applications in Management
and Engineering, vol. 3, no. 1, pp. 108-12, 2020.

[3] A. Charnes, W.W. Cooper, and G.H. Symonds, "Cost horizon and certainty equivalents: An approach tc
stochastic programming of heating oil,” vol. 4, no. 3, pp235- 263, 1958.

[4] A. Charnes, W.W. Cooper, "Chance constrained programming,” Management Science, vol. 6, no. 1, pf
73-79, 1959.

[5] J.K.Sengupta. Stochastic Programming: Methods and Applications, North Holland Publishing Company
1972,

[6] J.P. Leclercq,"Stochastic Programming: An interactive multi- criteria approach,” European Journal o
Operational Research,vol. 10,no. 1,pp 33- 41, 1982.

[7] J.J. Teghem, D. Dufrance, M. Thauvoye, and P. Kunch, "An interactive method for multiobjectve lineai
programming under uncertainty," European Journal of Operations Research, vol. 26, no., 1, pp 65
82,1986.

[8] M. Stancu- Minasian, M.J. Wets, "A research bibliography in stochastic programming,”, Operation:
Research, vol. 24, no. 6, pp 1078- 1119, 1976.

[9] G.B. Dantzig, "Linear programming under uncertainty,” Management Science, vol.1, no. 3, pp, 197- 206
1955.

[10]R. Jagannathan, "Chance-Constrained Programming with Joint Constraints,” Operations Research," vol
22, no. 2 ,pp 358-372, 1974.

[11]M.P. Biswal, N.P. Biswal, D. Li, "Probabilistic linear programming problems with exponential randonr
variables: A technical note, "European Journal of Operational Research, vol. 111, no 1, pp 589- 597
1998.

320
Dot: https://doi.org/10.54216/1JNS.230126
Received: June 16, 2023 Revised: August 21, 2023 Accepted: December 03, 2023



https://doi.org/10.54216/IJNS.230126

International Journal of Neutrosophic Science (IINS) Vol 23, No. 01, PP. 311-322, 2024

[12]A.A. Segun, K.L. Monga, "Multiobjective stochastic linear programming: An overview", Americar
Journal of Operations Research, vol. 1, no. 4, pp 203- 213, 2011.

[13]J. Li, J. Xu, M. Gen, "A class of multiobjective linear programming model with fuzzy random
coefficients," Mathematical and Computer Modelling, vol. 44 no. 11, pp 1097- 1113, 2006.

[14]H.J. Zimmermann, "Fuzzy programming and linear programming with several objective functions," Fuzzy
Sets and Systems, vol. 1, no. 1, pp 45- 66, 1978.

[15] H. Leberling, "On finding compromise solution in multicriteria problems using the min- operator," Fuzzy
Sets and Systems, vol. 6, no. 2, pp 105- 118, 1981.

[16] A. A. Makki, H. F. Sindi, H. Brdesee, W. Alsaggaf, A. Al-Hayani, and A. O. Al-Youbi, "Goal
programming and mathematical modelling for developing a capacity planning decision support system-
based framework in higher education institutions,” Applied Sciences, vol. 12, no. 3, pp. 1702, 2022.
doi: 10.3390/app12031702.

[17]1H.A. Khalifa, "On solving fully fuzzy multi-criteria De Novo programming via fuzzy goal
programming approach,” Journal of Applied Research on Industrial Engineering, vol. 5, no. 3, pp. 239-
252, 2018. doi: 10.22105/jarie.2018.148642.1054

[18] B. Sahin, D. Yazir, A. A. Hamid, and N. S. F. Abdul Rahman, "Maritime Supply Chain Optimization by
Using Fuzzy Goal Programming,” Algorithms, vol. 14, no. 8, p. 234, 2021. doi: 10.3390/a14080234.

[19]P. Biswas and B. B. Pal, "A fuzzy goal programming method to solve Congestion, management problen
using genetic algorithm,” Decision Making: Applications in Management and Engineering, vol. 2 .no 2
pp.36-53, 2019.

[20]H. M., Seyed, "Ranking aggregation of preferences with common set of weights using goal programming
method," Journal of Applied Research on Industrial Engineering, vol. 6, no. 4, pp. 283-293, 2019. doi
10.22105/jarie.2020.210568.1113

[21] Al-Quran, A., Al-Shargi, F., Ullah, K., Romdhini, M. U., Balti, M. & Alomai, M., Bipolar fuzzy
hypersoft set and its application in decision making. International Journal of Neutrosophic
Science, 20, 65-77. 2023

[22] A. Al Quran, A. G. Ahmad, F. Al-Sharqi, A. Lutfi, Q-Complex Neutrosophic Set, International
Journal of Neutrosophic Science, vol. 20(2), pp.08-19, 2023.

[23]A. Al Quran, A. G. Ahmad, F. Al-Sharqi, A. Lutfi, Q-Complex Neutrosophic Set, International
Journal of Neutrosophic Science, vol. 20(2), pp.08-19, 2023.

[24]

[25]T. Alam, "Modeling and Analyzing a Multi-Objective Financial Planning Model Using Goa
Programming," Applied System Innovation, vol. 5, no. 6, pp. 128, 2022. doi: 10.3390/asi5060128.

[26] E.L. Hanan, "On fuzzy goal programming," Decision Science, vol.12, no. 3, pp 522- 531, 1981.
[27]F. Al-Shargi, M. U. Romdhini, A. Al-Quran, Group decision-making based on aggregation operator anc
score function of Q-neutrosophic soft matrix, Journal of Intelligent and Fuzzy Systems, vol. 45, pp.305-

321, 2023.

[28]F. Al-Sharqi, Y. Al-Qudah and N. Alotaibi, Decision-making techniques based on similarity measures of
possibility neutrosophic soft expert sets. Neutrosophic Sets and Systems, 55(1), 358--382, 2023.

Doi: https://doi.org/10.54216/1]NS.230126
Received: June 16, 2023 Revised: August 21, 2023 Accepted: December 03, 2023

321


https://doi.org/10.54216/IJNS.230126

International Journal of Neutrosophic Science (IINS) Vol 23, No. 01, PP. 311-322, 2024

[29]F. Al-Shargi, A. Al-Quran, M. U. Romdhini, Decision-making techniques based on similarity measures
of possibility interval fuzzy soft environment, Iragi Journal for Computer Science and Mathematics, vol
4, pp.18-29, 2023.

[30] A. Othman, Z.M. Zainuddin, "Multiobjective fuzzy stochastic linear programming problems in the 21
century, "Life Science Journal, vol. 10, no. 4, pp 616- 647, 2013.

[31]C. Vincent, G. Srikant, A. Irfan, "A Fuzzy Goal Programming Approach for Solving Multi-Objective
Supply Chain Network Problems with Pareto-Distributed Random Variables, ", International Journal of
Uncertainty, Fuzziness and Knowledge-Based Systems, vol. 27, no.4, pp 559-593, 2019.

[32]S.S. Karakutuk, M.A. Ornek, "A goal programming approach to lean production system implementation,’
Journal of the Operational Research Society, pp 1-14, 2022.

[33]C.N. Wang, N.L. Nhieu, T.T. Tran, "Stochastic Chebyshev Goal Programming Mixed Integer Lineal
Model for Sustainable Global Production Planning," Mathematics, vol. 9, no.5, pp 483-504 ,2021.

[34]R. Vidhya, I. Hepzibah, N. Gani, "Neutrosophic multi-objective linear programming problems," Globa
Journal of Pure and Applied Mathematics, vol. 13, no.2, pp 265-280, 2017.

[35]1. Maiti, T. Mandal, S. Pramanik, "A goal programming strategy for bi-level decentralised multi-
objective linear programming problem with neutrosophic numbers,” International Journal of Applied
Management Science, vol. 15, no. 1, pp. 57-72, 2023. https://doi.org/10.1504/IJAMS.2023.128294

[36]A. Kumar, A. Gupta, "Methods for solving fuzzy assignment problems and fuzzy travelling salesmar

problems with different membership functions,” Fuzzy Information and Engineering vol. 3, no.1, pp 3:
21,2011.

[37]K.T. Atanason, "Intuitionistic fuzzy sets", Fuzzy Sets and Systems, vol. 20, no.1, pp 87- 96, 1986.

[38] K.T. Atanason, Intuitionistic fuzzy sets. Fuzzy Sets and Systems: Theory and Applications, Physics
Heidelberg, Germany, 1999.

[39]W. Jiangiang, Z. Zhong, "Aggregation operators on intuitionistic trapezoidal fuzzy number and its
application to multi-criteria decision problems," Journal of Systems Engineering and Electronics, vol. 20
no.2, pp 321- 326, 2009

[40]F. Smarandache, A Unifying Field in Logics. Neutrosophy: Neutrosophic Probability, Set and Logic,
American Research Press, Rehoboth, NM, USA,1998.

[41]S., Adebisi, F., Smarandache, " On the Introduction to neutrosophic statistics and neutrosophic algebraic
structures (involving the fuzziness, similarity and the symmetry properties on the neutrosophic interval
probability)  (1)," Journal of Fuzzy Extension and Applications, in press. doi:
10.22105/jfea.2022.366160.1235

[42] M.R. Razdan, S., Aghasi, S. M. R., Davoodi, " Ranking Factors Affecting Supply Chain Risk with a
Combined Approach of Neutrosophic analytical hierarchy process and TOPSIS, " Journal of Applied
Research on Industrial Engineering, In press. doi: 10.22105/jarie.2021.303869.1379

[43]1H. Wang, F. Smarandache, Y.Q. Zhang, R. Sunderraman, "Single valued neutrosophic sets,"
Multistructure, vol. 4, no.1, pp 410- 413, 2010.

[44] A. Thamaraiselvi, R. Santhi, "A new approach for optimization of real- life transportation problem ir
neutrosophic environment", Mathematical Problems in Engineering, Article ID 5950747, 9 pages, 2016

322
Dot: https://doi.org/10.54216/1JNS.230126
Received: June 16, 2023 Revised: August 21, 2023 Accepted: December 03, 2023



https://doi.org/10.54216/IJNS.230126

