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In the field of operation research, linear programming (LP) is the most utilized apparatus for genuine application in various scales.
In our genuine circumstances, the manager/decision-makers (DM) face problems to get the optimal solutions and it even
sometimes becomes impossible. To overcome these limitations, neutrosophic set theory is presented, which can handle all types of
decision, that is, concur, not certain, and differ, which is common in real-world situations. By thinking about these conditions, in
this work, we introduced a method for solving neutrosophic multiobjective LP (NMOLP) problems having triangular neu-
trosophic numbers. In the literature study, there is no method for solving NMOLP problem. Therefore, here we consider a
NMOLP problem with mixed constraints, where the parameters are assumed to be triangular neutrosophic numbers (TNNs). So,
we propose a method for solving NMOLP problem with the help of linear membership function. After utilizing membership
function, the problem is converted into equivalent crisp LP (CrLP) problem and solved by any suitable method which is readily
available. To demonstrate the efficiency and accuracy of the proposed method, we consider one classical MOLP problem and solve
it. Finally, we conclude that the proposed approach also helps decision-makers to not only know and optimize the most likely
situation but also realize the outcomes in the optimistic and pessimistic business situations, so that decision-makers can prepare
and take necessary actions for future uncertainty.

1. Introduction

Linear programming (LP) problem has an important ap-
plication in various sectors of our daily life. The major
drawback faced by manager or decision-makers (DM) in
daily-life application is to determine the parameters. Because
of several factors in real-life problems, the real-life problems
are very complex. Due to uncertainty, the decision-makers
cannot always formulate the problem in a well-defined and
exact manner, nor can they always precisely predict the
outcome of viable decisions. To overcome these uncertainty
complex problems, we take more realistic descriptive
knowledge of experts, which can be represented as fuzzy

data. Firstly, the basic concept of fuzzy set theory was
proposed by Zadeh [1]. Further, the basic concept of fuzzy
decision-making was proposed by Bellman and Zadeh [2].
Thus, linear programming (LP) problem with fuzzy envi-
ronment would be very effective in solving real-life prob-
lems. If the parameters of LP problem are considered as
fuzzy, then it is called fuzzy linear programming (FLP)
problem. The concepts of the feasible solution and aefficient
solutions of the FLP problem were proposed by Ramik [3].
Maleki et al. introduced the idea of using the ranking
function for solving the FLP problem [4]. The concept of
sensitivity analysis for solving the FLP problem was pro-
posed by Ebrahimnejad [5]. A trapezoidal fuzzy number was
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considered by Wan and Dong [6] for solving LP problems
using multiobjective programming and membership func-
tion. Ganesan and Veeramani [7] also considered a new
fuzzy symmetric trapezoidal fuzzy number and solved it.
Another type of problem was considered by Lotfi et al. [8],
where all the parameters, variables, and constraints are
chosen as fully fuzzy LP (FFLP) problem and solved by
lexicographic method. Kumar et al. [9] also proposed a
method for solving FFLP problem with equality constraints
by using ranking function. Najafi and Edalatpanah [10] have
suggested some modifications of paper [9]. Many re-
searchers [11-13] considered the lexicographic technique to
apply in various problems like FFLP problem with triangular
numbers and FFLP problem with trapezoidal fuzzy
numbers.

After successful application of fuzzy sets in real-life
application, decision-makers (DM) want a more realistic
approach to handle the uncertainty in real-world prob-
lems. Thus, Atanassov [14] proposed the concept of a new
set which is combined with both membership functions
and nonmembership functions and the set was called
intuitionistic fuzzy set (IFS). IFS is an extension version of
fuzzy set. Singh and Yadav [15] proposed intuitionistic
fuzzy multiobjective linear programming problem with
various membership functions. Singh and Yadav [16]
proposed transportation problem with intuitionistic fuzzy
type-2 problem. Some of researchers [17-22] focused on
solving multiobjective LP (MOLP) problem and LP
problems with intuitionistic fuzzy numbers. Till now,
several works have been pioneered in both FS and IFS.
Afterwards, Smarandache [23] introduced the structure of
neutrosophic set (NS) for developing the solution of any
kind of real-world problem in a reasonable way. After
Smarandache, Wang et al. [24] disclosed the establish-
ment of single-typed neutrosophic set, which demands a
crucial position in NS theory. The notion of single-valued
neutrosophic set was more suitable for solving many real-
life problems like image processing, medical diagnosis,
decision-making, water resource management, and sup-
ply chain management. To reflect the decision-making
information in an objective way, the triangular neu-
trosophic numbers (TNN) can be used in real-life
problems to express the attribute value. This can not only
maintain the variables but also highlight the possibility of
various values within this interval. Of late, Abdel-Basset
et al. [25] solved LP problems under neutrosophic tri-
angular numbers by using ranking functions. An integer
programming problem with triangular neutrosophic
numbers was developed by Das and Edalatpanah [26]. For
the first time in neutrosophic sets, Das and Chakraborty
[27] proposed a model for solving LP problem in pen-
tagonal numbers. Ye et al. [28] introduced the idea of
finding the optimal solution of the LP problem in NNs
environment. Das [29] also used pentagonal neutrosophic
numbers in transportation problem. Pythagorean fuzzy
numbers also can handle the uncertainly problem. Wang
and Li [30] proposed a Pythagorean fuzzy number in
decision-making problem; for more details about the
applications of fuzzy extension sets, see [31-34].
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Our contribution, motivation, and novelties are as
follows.

1.1. Contribution. In this article, we mainly focused on
neutrosophic multiobjective linear programming (NMOLP)
problem with mixed constraints under triangular neu-
trosophic numbers. Several factors are also involved in our
day-to-day life; therefore, DM choose the neutrosophic
numbers for better results. In neutrosophic numbers, DM
always choose any membership function as per the problem.
Some basic operational laws of triangular neutrosophic
numbers are demonstrated to enhance the pertinence of our
proposed theory. With the progression of the study, a newly
conceptualized ranking function is established under tri-
angular neutrosophic number background. Utilizing this
constructive tool, the NMOLP problem is transformed into
crisp MOLP problem. Notably, the well-known various
membership functions are used for conversion into an
equivalent crisp convex programming problem.

1.2. Motivation. Neutrosophic sets play an important role in
uncertainty modelling. The development of uncertainty
theory plays a fundamental role in formulation of real-life
scientific mathematical model, structural modelling in en-
gineering field, medical diagnosis problem, and so forth.
How can we solve multiobjective linear programming based
triangular neutrosophic numbers? Is it possible to apply in
real-life problem? Still there is no method for application in
multiobjective linear programming problem having trian-
gular neutrosophic numbers. From this aspect, we try to
extend this research paper.

1.3. Novelties. A linear membership function is usually very
comfortable in real-life situations. It is defined by two points,
that is, the upper levels and lower levels of acceptability. A
numerical problem related real mathematical problem is set
forth to validate our anticipated hypothesis. Lastly, the
comparison work involving the ranking system of the al-
ternatives uplifted the superiority of our proposed suppo-
sition. To the best of our knowledge, no method is available
for solving NMOLP problem. Therefore, we attempt to
establish a new strategy to solve this problem.

The rest of the paper is organized as follows: Some basic
definitions and preliminaries are presented in Section 2. In
Section 3, the classical MOLP problem and membership
functions are presented. The proposed method is discussed
in Section 4. In Section 5, we present a numerical example,
and a real-life problem is discussed. The analysis of the result
is also discussed is Section 6. Finally, the conclusion is
discussed in Section 7.

2. Preliminaries

In this segment, we establish some fundamental mathe-
matical operations and definition which is required
throughout the paper.
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Definition 1 (see [31]). Consider that V in all-inclusive
discourse X, which is meant conventionally by x, is supposed
to be a single-valued neutrosophic (SVN) set if
V= {{x: [a? (x), a9 (x),a" (x)]): x € X}. The set is de-
scribed by a reality enrollment work, level of certainty:
af (x): X — [0,1]; an indeterminacy enrollment work,
level of vulnerability: a(x): X — [0,1]; and a false en-
rollment work, level of falsity: a" (x): X — [0, 1]. Also, a
SVN set satisfies the condition 0 < a? (x) + a4 (x) +a (x) < 3.

Definition 2 (see [30]). A triangular neutrosophic number
(TNN) is denoted by V = {(p', p"p"), (af,ad,a")) whose
three membership functions for the truth, indeterminacy,
and falsity of x can be defined as follows:

[
(x—p) P 1 m
W(X N <x< 5
T P
of, x=pl,
(xp(x):<
(pn_x) P m n
7 o, <x<p,
G F P
0, otherwise,
(Pm_x) q 4 m
7 D <x<p,
- P P
ol x=p",
al(x) = 3 (D
(x_Pn) q m n
7 s <x<p,
G- P P
L 1, otherwise,
( [
(P —X) r [ m
% <x< 5
T P
o, x=p",
a (x) =4
(x_pn) r m n
R R <x<p,
- P P
| 1 otherwise,

where 0<a?(x)+ al(x)+a (x)<3, x € R. Additionally,
when p' >0, Ris called a nonnegative TNN. Similarly, when
p' <0,R becomes a negative TNN.

Definition 3 (see[30]). LetA, = {(p', p™, p"), (a®, a4, a"))
and A, = (g, q". q"), (B, p%, B'))be two TNNs. Then the
arithmetic relations are defined as follows:

M) A@A, =((p'+q,p"+  q" p"+p"), (P AP,
alABL o AST)).
(i) A - A, = <(Pl -q,p"-q" p" - ql), (a? /\ﬁp, al
ABLa" AB)).
(i) A, ®A, = (plql,pmq’”,p”q”), (o AP, gﬂ/\ﬁq,cxr
ARV ifp >0, 9 >0,{(pq" p"q". p"q), (aF A

B ol AP o "ABY, if p' <0, 4 >0,(p"q",
pq", pq), (@ ABP AT AR " AR, if p' <0,
q <0.

(iv) A4, = {(Ap,Ap™ Ap"), (o o, a")),if A >
0, {(Ap", Ap™ A p)), (&, a’,a")),if A <0.

(v) A/A, = {((pl/q”,pm/qm, p"/ql); of ABEL o A B,
o AR (P'>0,q">0),Ap" g p" " plId);
o ABP AT ABL, AP (P <0,9">0),{(p"/q,
Pm/qm’ pl/qn);
o NBP,aABL " ABTY (" <0,9" <0).

Definition 4 (see [30]). Ranking neutrosophic numbers is
consistently assumed as a fundamental function in phonetic
dynamic and some other neutrosophic application frame-
works, which has been concentrated by numerous mathe-
maticians. Separation measure between two neutrosophic
numbers is firmly identified with the idea of neutrosophic
numbers which is closely related to the concept of ranking
neutrosophic numbers. Let A, = (p', p, p"); (af, a, &) be
a TNN. The ranking function for triangular neutrosophic
number A, is denoted by R(A;) and defined by
R(A) = (p'+ p™ + p"/9) (e + (1 — ) + (1 —a")).

Definition 5 (see [29]). Let A; and A, be two TNNs. Let
A =(ph P p™), (@b, ad,a7))
andA, = {(¢.q". q"), (B*, L ")) be two TNNs. Then, we
have the following:
D RAD<R(A) = A <A,

(i) R(AD=2R(A) = A=A,

(iii) R(A) =R(4,) = A, =4,

(iv) min (A, A,) = A, if Ay<A,orA, > A,

Definition 6. Let A, = {(p', p", p"), (&P, a4, a")) and
Ay = (g g™, g, (BF, B, B"))be two TNNs; then A, = A,
if and only if p'=¢., pm=q" p =q, af = P, a1 = B9,
and o = .

3. Classical Problem of MOLP

The popular multiobjective linear programming (MOLP)
issue with blended requirements is portrayed by



MinZ=[Zl,Zz,...,ZL]

o
Y bgyizd, g=12,...,n,
h=1

o
Y bgynsdy g=12...,m, )
st. o

o
Zbghyh zdg, g= 1,2,...,7’13
h=1

y,=20,h=12,...... ,0.

Definition 7. Let T, be the doable district for (2). A point y
is supposed to be productive or pareto ideal arrangement
solution of (2) if there does not survive any y € T, with
end goal thatZ (y)>Z,(y)Vw and Z, (y)>Z,(y) for
any w.

Definition 8. A point y € T, is supposed to be feeble pareto
ideal arrangement of (2) if there does not survive any y € T,
with end goal Z,,(¥) > Z,, (y) Vw, where w = 1,2,...... ,L.

3.1. Membership Functions. There are different techniques to
take care of a MOLP issue. These strategies are arranged into
two general classes: scalarization techniques and non-
scalarization techniques. These methodologies convert the
MOLP issue into a solitary target programming problem. In
the above literature study, we found that two types of
membership functions are used for solving MOLP problem.
Linear membership function is an emerging technique to
solve fuzzy linear programming problem. Linear function is
based on two points only, that is, upper level and lower level
of acceptability of the decision variable. In uncertainty
circumstances, this type of function is not fixed for all
conditions. Therefore, here we considered both linear and
nonlinear membership functions.

3.1.1. Linear Membership Functions. A linear membership
function p;); can be defined as follows:

(1, if Z,, < Lp,
U,-Z2 .
v (Zp (%)) = 1 UD —LD> if Lp<Zp<Up, (3)
p~Lp

3.1.2. Parabolic Membership Function. The parabolic
membership function pp); can be defined as follows:
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(1, if Zp, <Lp,
(Zp-Lp)* .
Zr(x)=41-—=— fL,<Z,<Up,
#PM( D ) (UD_ LD)Z D D D

(4)

Corollary 1 (see [17]). The following sets where A >0 are
convex sets:

[X:p(2,(0) 2,
{X:yH(ZI;(X))z)L,ZI;(X)s%(UP+Lp)}, (5)

{X: “P(Z}; (X)) 2/1}.

Proof. The proof is straightforward. O

4. Proposed Method

In this section, by using a new ranking function, we suggest a
new method for solving NMOLP problems. The main work
will be presented as follows:

Step 1: consider problem (2) of classical MOLP
problem.

Step 2: on the off chance that the coefficients of the goal
capacities, choice factors, and right-hand sides of re-
quirements are dubious, which are spoken with by
three-sided neutrosophic numbers, at that point
problem (2) becomes NMOLP problem and the
problem might be composed as

o
-N
Ybyyizdy, g=12...... 1y
h=1
> 5y < (6)
zbgh)’hﬁd ,g=12,...... 1y,
s.t. k=1
o N N
Zbghyh:dg>g:1;2, ...... » M3,
h=1

Step 3: utilizing the ranking function which is linear,
problem (7) is changed to the accompanying crisp
MOLP problem.
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MinZ=[Z\7,... 7"

Zgghyh Zag’ g=12,...... .

h=1

Zgghyh Sag, g= 1,2,...... » My, (7)
st 1o

Zgghyh:dg)g—l,z, ...... ,}’13,

h=1

}’h>0,h—1,2, ...... , 0.

Step 4: determine the goal programming as follows:
Find{y,, h=1,2,...,0}

Zp~Lp, D=1,2,...,L,

[
Zbghyhzdg,gz 1,2,...,1’[1,

h=1
o _ - (8)
s.t. Zbghyhﬁdg,g=l,2,...,n2,
h=1
0 o~ —_~
Z bghyh = dg, g= 1,2,. .5 N3,
h=1
thO,h—l,Z, ...... ,0
In problem (8), the symbol “ = ” is used to denote that

some deviation ought to be permitted while exacting
objective. To change the model in (8) into a crisp
programming model, we already discussed the above
linear and nonlinear membership functions.

Step 5: use appropriate enrollment works and change
the GP model into crisp programming model.

Step 6: solve the crisp programming problem using any
suitable technique or LINGO or MATLAB.

Theorem 1. An effective solution for (7) is a proficient so-
lution for (6).

Proof. The proof is straightforward.
So, from the above theorem, NMOLP problem (6) is
equal to settling crisp model (7).

5. Numerical Experiments

In this section, some numerical examples are given below to

illustrate the new model.

Example 1. Let us consider the following NMOLP problem:
Min Z;\, =541 +3xV2
Min Zif =2u)1 +7n ¥ 9)
st 20y +4y, 2253y 45y, <50V, T y,

+1Vy, 2107, 5,5, 20,

where the parameters are as follows:

5
3
2
7
2
4
1
1

= (4,5,6;0.8,0.6,0.4),
=(2.5,3,4;0.75,0.5,0.3),
=(2,2,3;1,0.5,0),
=(7,7,7.5;0.8,0.6,0.4),
=(1.5,2,2;0.9,0.6,0.2),
=(3,4,4;1,0.5,0), (10)
=(0.5,1,1;1,0.2,0.2),

=(1,1,1;1,0,0.5),

25 =(22,25,25;0.8,0.6,0.4),
10 = (9,10, 10; 1, 0.5,0),
50 = (50, 50, 55;0.75,0.5,0.3).

As Step 3, we use ranking function of Definition 5; the
above problem is equivalent to the following crisp MOLP

problem:

1
MinZ =3.001y, +2.058y,

_2
Min Z =194y, +4.3y,

s.t

1.283y, +3.05y, > 14.4, (11)
3.05y, +3.001y, <30.14,
0.723y, + 0.86y, > 8.05,

V1> ¥220.

Solving problem (11) as per Step 4, we have the following

solutions:

y, = (0,8.721),

y, = (11.53,0.08),

L, = 30.06, 1)
U, = 63.29,

L, = 31.26,

U, = 51.14,

where L;, U; are deviation points of membership functions.
Now, applying Step 5, problem (11) is equal to the ac-
companying GP model as follows:

Find{y,: h = 1,2}

s.t.

3.001y, +2.058y, ~ 30.06,

1.94y, + 4.3y, ~ 31.26,

1.283y, +3.05y, > 14.4, (13)
3.05y, +3.001y, < 30.14,

0.723y, + 0.86, > 8.05,

Y192 20.

Applying the membership functions and solving by
LINGO 18.0, the solution of (13) is reported in Table 1.
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TABLE 1: Result discussion of Example 2.

Membership functions

Solutions

Objective values

Linear
Parabolic

Y, = 4.24,y, = 3.97
¥, =532y, = 4.07

(20.89, 25.29; 0.8, 0.6, 0.4)
(24.14, 27.82; 0.8, 0.4, 0.2)

Example 2. Let us consider the following NMOLP problem:
Max Z;\, = ZNyl + lﬁNy2
Max Z?\, = iNyl + §Ny2
Ny +y, <50, (14)
s.t. iNyl + §Ny2 <10V,

Y1, ¥220.

Problem (14) can be modelled as a multiobjective
neutrosophic linear programming problem with single-
valued triangular neutrosophic numbers.

Max Zy, = (3,4,5;0.5,0.5,0.6)y, + (9,10, 11;0.5,0.7,0.4) y,

Max Z3 = (1,2,3;0.5,0.5,0.5)y, + (4,5,6;0.5,0.7,0.4) y,

(1,2,3;0.5,0.4,0.8)y, + (1,1,1;0.5,0.3,0.5), < (4,5,6;0.5,0.6,0.5), (15)

st (1,2,3;0.5,0.4,0.8)y, +(4,5,6;0.5,0.7,0.4)y, < (9,10,11;0.5,0.7,0.4)",

V1> Y2 20.

By utilizing our Step 3 to Step 6, the optimal solution of
the above problem is reported in Table 2.

5.1. Real-Life Application: Diet Problem. In this section, to
show the application of the proposed method, the real-life
problem is solved by the proposed method, and it is con-
cluded that the proposed method can be applied in any real-
life problem. For a very simple diet problem in which the
nutrients are starch and protein as a group, the two types of
foods with data are given in Table 3.

The activities and their levels in the model are given as
follows: activity j: to include 1kg of food type j in the diet,
associated level y., for j=1, 2. The various nutrients in the
model lead to different constraints. For example, the amount
of starch contained in the diet is 5y, + 2y,, which must
be>5 for feasibility. Similarly, y, +2y,>6. In this diet
problem, the total cost of food and the procurement cost of
food should be minimized. Since the cost coefficients and all
other coefficients are indecisive and also contain the inde-
terminacy part, the problem is modelled as a bilevel mul-
tiobjective linear programming problem.

The formulation of the above problem is given as follows:

MinZy, = (2,3,4,;0.6,0.5,0.5)y, +(1,1,1;0.5,0.7,0.5)y,

Min Z3, = (1,2,3;0.6,0.5,0.5)y, +(2,3,4;0.6,0.5,0.5)y,

(4,5,6;0.6,0.5,0.5)y, +(1,2,3;0.5,0.7,0.5)y, > (4,5,6;0.6,0.5,0.5)", (16)

st (1,1,1;0.5,0.7,0.5)y, +(1,2,3;0.5,0.7,0.5)y, > (5,6,7;0.5,0.6,0.5)",

V1> ¥220.



Journal of Mathematics

TABLE 2: Result discussion of Example 2.

Membership functions Solutions

Objective values

(18.26, 19.98, 25.43; 0.5, 0.7, 0.6)
(54, 8.5, 13; 0.5, 0.7, 0.6)

Linear y, =187,y, =125
Parabolic y; = 1.58,y, = 1.52
TaBLE 3: Data considered by the manager.
) Nutrient units/kg of food type
Nutrients .
Food 1 Food 2 Minimum requirements
Starch 5 1 5
Protein 2 2 6
Cost/kg 3 1
Procurement cost/kg 2 3

TABLE 4: Results of diet problem.

Membershlp Solutions Objective values
functions

Linear ¥, =05,y, =25 (3.5,4,4.5;0.6,0.5,0.5)
Parabolic Yy =3,9,=0 (3,6,9; 0.5, 0.7, 0.5)

TaBLE 5: Comparison of the proposed method with the existing
method [17].

Membership functions Proposed method Existing method [17]

Linear 4 4.8
Parabolic 6 7

Using our method, the above problem is solved using our
Step 3 to Step 5, and the above optimal solution is obtained
in Table 4.

6. Result Analysis

In the above literature study, we found that there is no
method for solving multiobjective linear programming
problem in neutrosophic environment. Therefore, for ra-
tionality and effectiveness of the proposed method, we
consider another uncertainty problem, that is, intuitionistic
fuzzy numbers. Singh and Yadav [17] considered the same
problem and solved it with various membership functions.
Here, we consider the diet problem for comparison of our
proposed method with the existing method.

From Table 5, we get that our result is better than the
existing results. Since the object of the problem is mini-
mization, so based on this point of view, our results are
better than the existing approach under both linear and
parabolic membership functions. Therefore, we can con-
clude that our proposed algorithm is a new way to handle the
uncertainty in real-life problems.

7. Conclusions

In this paper, we develop a new method for solving neu-
trosophic multiobjective LP (NMOLP) problems, and the
model is transformed into a MOLP problem by using

ranking function. After successful application in ranking
function, we use scalarization technique to convert the goal
programming (GP) problem. We also investigated various
membership functions to solve the GP model. As per our
discussion, the DM choose the membership functions in-
dependently which fit the model. From the obtained results,
we conclude that the nonlinear membership functions, that
is, parabolic functions, are always better than linear mem-
bership functions (parabolic > linear). To the best of our
knowledge, there is no method in literature for solving
NMOLP problem by using membership functions. We also
used our proposed method to demonstrate a numerical
example. Our proposed method is a new way in neu-
trosophic environment to handle multiobjective program-
ming problem. There are various scopes in the future to
develop our algorithm, like application in real-life problem
from industrial sector, transportation problem, and as-
signment problem.
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