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Abstract: The aim of this paper is to introduce a simplified presentation of a new
computing procedure for solving trapezoidal neutrosophic linear programming (TrNLP)
problem under uncertainties. Therefore, we firstly define the concept of single valued
neutrosophic (SVN) numbers and ranking functions. A new strategy is planned for solving
the NLP problem without any ranking function. The planned strategy is depends on
multi-objective LP (MOLP) issue and lexicographic order (LO). By following the means of
planned strategy, the problem is changed into crisp LP (CLP) problem. In addition to this, a
theoretical analysis is provided. Numerical examples are illustrated the proposed method and
the consequences are in contrast with the distinct choice methods. The outcome shows that
the proposed technique defeats the deficiencies and constraints of the existing method.
Keywords: Neutrosophic trapezoidal numbers; lexicographic method; linear programming,
multi-objective linear programming

1. Introduction

Over the last few decades, LP has found numerous successful applications in diverse
fields, including Operation Research (O.R), manufacturing, information technology, big
science data, energy optimization, and the list goes on. LP has strongly influenced the
mathematicians to develop various methods to handle this.

In traditional LP, all the parameters and decision variables are expected to take on

exact numerical values. In actuality circumstances, the information is conflicting and
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undetermined. Due to uncertainty, the decision-maker cannot generally detail the issue in an
all around characterized way and careful, nor can they in every case unequivocally anticipate
the result of practical choices. For Example: In India, there are three candidates A, B, and C
for M.P (Member of Parliament) contested in the election. If the probability is applied for the
possible outcome, then the uncertainty can be known. Suppose that A wins is 45%, then there
is a chance for loosing 55% too. In case of B, we say that 33% of winning chance, it does not
mean that the probability that C wins is 22%, since there may be some NOTA votes (voters
reject both all candidates) or not choosing any candidate. However, there is a chance of some
error when calculating the possibility. From the above real examples, one may clear that the
decision-makers (voters) cannot decide the outcome of the result accurately or precisely,
because all the parameters are uncertain and imprecision. Therefore, the fuzzy set principle
used to be delivered to handle such type of parameters by decision-makers. Firstly, the fuzzy
set was once added by means of Zadeh[31]. The idea of selection making in fuzzy
surrounding was proposed by Bellman and Zadeh[32]. Numerous researchers received this
idea and stretched out it to take care of the linear programming issue. This problem is called
fuzzy linear programming (FLP) problem.

There are two types of problems in the LP problem under a fuzzy environment: (i) symmetric
(i) non-symmetric, which was proposed by Zimmermann [1]. Many researchers
[2,9,11-18,33-34] considered the problem of FLP and proposed various methods. The
conception of the practical solution and o« methodical solutions of the FLP problem was
proposed by Ramik [19]. Ghanbari et al. [29] introduced a technique for tackling fuzzy LP
issues with crisp formulations of the fuzzy problem. Using the ranking function for tackling
the FLP issue was established by Maleki et al. [20]. In the study, Mahadevi-Amiri and Nasiri
[13] introduced the duality approach for solving the FLP problem. The concept of sensitivity
analysis for solving the FLP problem was proposed by Ebrahimnejad [35]. Jimenez et al. [30]
considered the problem of FLP using a ranking function to rank with fuzzy in objectives and

to deal with inequality constraints. Wan and Dong [22] considered the possibility of LP
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issues having trapezoidal fuzzy numbers using multi-objective programming problems and
using membership function. A new type of fuzzy symmetric trapezoidal fuzzy number was
considered by Ganesan, and Veeramani [21], and the technique was solved in absence of
changing to crisp LP problems. Ebrahimnejad and Tavana [4] introduce another technique
for tackling FLP issues, and the authors convert the problem into a parallel crisp LP issue and
the issue was solved by primal simplex method.

If the parameters, variables, and constraints are taken fuzzy numbers, then it is called fully
fuzzy problems, and the linear programming is known as a fully fuzzy LP (FFLP) problem.
Lotfi et al. (7) considered an FFLP problem with equality constraints and solved by using
lexicographic order (Lo) for ranking symmetric triangular fuzzy numbers. A problem of
FFLP with equality constraints and gives a unique solution based on ranking function was
proposed by Kumar et al. [6]. Followed by the method [6], a few revisions to make the model
well, when all is said in done, was proposed by Najafi and Edalatpanah [8]. In the study,
Khan et al. [5] proposed a technique for solving the FFLP problem with triangular fuzzy
numbers, and the authors give a solution without transforming them into a classical problem.
Dehghan et al. [3] introduced some realistic technique to understand a FF linear system
(FFLS) that are related to the common techniques. At that point they broadened another
strategy utilizing Linear Programming (LP) for illuminating close and non-close fuzzy
frameworks. Veeramani and Duraisamy [10] proposed another methodology of taking care
of the FFLP issue utilizing the idea of closest symmetric triangular fuzzy number estimate
with save anticipated interim. Ezati et al. [14] put in lexicographic method on fuzzy
triangular numbers, and the MOLP issue acquainted another calculation with illuminate
FFLP. Das et al. [25] proposed a lexicographic strategy for taking care of FFLP issues with
equality and inequality constraints having trapezoidal fuzzy numbers. Das [26] proposed
another method for solving the FFLP problem having triangular fuzzy numbers by using
lexicographic order (Lo). Ozkok et al. [36] presented a strategy for solving the FFLP problem

having mixed constraints.
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Due to some drawbacks of the fuzzy set, they can handle only membership function and
cannot handle other parameters of vagueness. Therefore, Atanassov [39] established the
concept of intuitionistic fuzzy sets (IFS), which is a hybrid of fuzzy sets. They considered
both membership and non-membership functions. Here also, some researchers focusing on
the use of IFSs in the LP problem; see [53-57].

Still, in practical conditions, it is facing some difficulty in case of decision making due to
incomplete information. Therefore, a new set theory was introduced, which contains
incomplete, inconsistent, and indeterminate information. This tool is called the neutrosophic
set (NS). Neutrosophy was presented by Smarandache [58] as another speculation of fuzzy
sets and IFSs. Neutrosophy set might be described by three autonomous degrees, i.e. (i)
truth-membership degree (T), (ii) indeterminacy membership degree (1), (iii) falsity
membership degree (F).

Wang et al., [52] introduced a single value neutrosophic set (SVNS) problem for solving a
practical problem. There are also some scholars [43-46,59] considered the problem of SVNS
and applied it in practical problems like the educational and social sectors. The basic
definitions and notion of neutrosophic number (NN) was introduced by Samarandache [50].
Some researchers [37,40-42] considered various problems like optimization problems and
gave some strategy to solve them. Recently, Abdel-Basset et al. [38] using some ranking
functions for the trapezoidal neutrosophic numbers, presented a novel technique for
neutrosophic LP. Currently, a direct model for solving the LP problem having triangular
neutrosophic numbers was proposed by Edalatpanah [49]. Ye et al. [51] introduced to find
the optimal solution of the LP problem in NNs environment.

For the best of our mind, fewer studies have used trapezoidal neutrosophic numbers
in LP problems. Recently, an exciting method was proposed by Abdel-Basset et al. [38] for
solving neutrosophic LP (NLP) having parameters are represented trapezoidal neutrosophic
numbers. Following the method of [38], some modifications was suggested by Singh et al.

[60]. The authors have used two ranking functions for both maximization and minimization
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separately. Now the problem of NP is transformed into a CLP problem and solved by the
simplex method.

Using a ranking function in the solution strategies is a weak spot as the use of
different ranking functions in a solution method might also result in obtaining different
solutions. This weak spot is an inspiration for this investigation to present a solution method
that is now not based on any ranking function. For this point, the LP with trapezoidal
neutrosophic parameters is converted to a MOLP in which considering all the objective
functions together gives an neutrosophic objective function value. By using the LO method,
the obtained multi-objective crisp linear programming is changed into single CLP problem.
As a preferred position of such methodology, it offers greater flexibility to decision maker.
The obtained outcomes from the computational trials of the investigation exhibit the
prevalence of the proposed multi-objective optimization method comparing to these of
literature.

Contribution:

The main advantage of neutrosophic set is that it’s help the decision-makers making by
considering truth degree, falsity degree and indeterminacy degree. Here indeterminacy
degree is for the most part considered as a free factor which has a significant commitment
in decision-making. Due to some uncertainty in real world problem, it is better to use
TrNLP problem instead of classical LP problem. For avoiding the unrealistic modeling we
used TrNLP model in practical situations. In this article, a TrLP issue is thought of, where
all the coefficients are thought to be a trapezoidal neutrosophic numbers. Along these lines,
we are proposing a calculation for taking care of TrNLP issue with the assistance of the
newly developed LO. To best of our knowledge, it would be the first method to solve the
TrNLP problem with help of LO. Thus, for the approval of created technique, direct
correlation with relative strategies doesn’t emerge. Another Diet outline issue is delineated

to show the effectiveness and utilization of our technique, in actuality, issue.

Motivation
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Neutrosophic sets plays an important role in uncertainty modeling. The development of
uncertainty theory plays a fundamental role in formulation of real-life scientific
mathematical model, structural modeling in engineering field, medical diagnoses problem
etc. Recently, some of researchers have introduced their model to solve TrNLP problem by
using ranking function. How can we implement it in a linear programming based operation
research problem? Is it possible to apply in real life problem? Still there is no method for
applying LO technique in TrNLP problem. From this aspect we try to extend this research

article.
Novelties

In this current decade, researchers have exposed their considerations to make progress with
the theories related to neutrosophic area and constantly try to endorse its sufficient scope
applications in dissimilar branches of neutrosophic domain. However, justifying all the
views connecting to TrNLP theory our main objective is to support the theory efficiently
with these following points.
1. Introduced LO function and its efficiency.
2. Application of TrNLP problem.
3. Compared the results with previous established results.
1.1 The rest of the paper is orchestrated in the accompanying way. Some basic definitions
and notations are present in Section 2. In Section 3, the general form of FFLP with new
method is presented. To show the applications of the proposed method, some real life
problem and comparison analysis are discussed in Section 4. In Section 5, advantages of the
proposed method over some existing methods are discussed. Finally, the conclusion is been
drawn in the last section.

2. Preliminaries

In this area, we present some fundamental definitions and arithmetic operations

on neutrosophic sets.
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Definition 1 [28]. A set Ene in the universal discourse X, which is denoted generically by

X, is said to be a neutrosophic set ifEne:{<x:[ocE (X), Bz (X),0: (X)]>xe X}.Thesetis
characterized by a truth-membership function i.e. degree of confidence:

ae (x):X —[0,1], an indeterminacy membership function i.e. degree of uncertainty:
P (X):X —>[01] and a falsity-membership function: degree of falsity:

O (x): X —[0,1] . SVN satisfies the condition:

OSaEne(x )—Fﬂéne X 4)5Ene X(<3B.

Definition 2 [28]. For SVNSs A and B, A < B if and only if

e A(X)<ag 5(X), B A(X)=B: 5(x) and 6 ,(X) =6 5 (x)forevery xin X.

Definition 3 [38]. A trapezoidal neutrosophic number (TrNNs) is denoted by
M, =<(p'.q'.r',s"), (uV, @) >Whose the three membership functions for the truth,

indeterminacy, and falsity of x can be defined as follows:

(X_pl) I I
u p'<x<q
(o' = p')
u q<x<r
a (x)=

. (SI_X)’U P <y<s

(s'—r') o
0 otherwise.
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ﬁMne (X) = (S' —X)
(I |)V' r'<x<s',
s'—r
1, otherwise.
g —x
((q' : p')) oorEed
5 =1 @ q <x<r',

1, otherwise.

Where, 0<a,. (X)+8: (X)+3: (x)<3,xeM,,. Additionally, when p'>0, M, is
called a nonnegative TrNN. Similarly, when p' <0, M __becomes a negative TrNN.
Definition 4 [38]. Suppose M., =<(p2 o, r,8%), (14, v,, @) > and

N,, =< (p2,q3,r2,s%), (1s,v,, »,) >be two TNNs. Then the arithmetic relations are defined as:

(i)Mne®N~ne :<(pf+p;‘,qf+q§‘,rla+rza,Sla+S§),(M/\/12,vlvv2,a)lva)2)>
(ii)Mne_Nne :<(pf_S;7qf_r2a7ria_q;VSf_p;)l(/'t_l/\/uZ’VlVVZ’a)lva)Z)>
(iii)Mne®Nne :<(pfp2a’qfq§7r.jl.arZa’Slasg)l(/u.L/\IuZ’VIVVZ’a).lVa)Z)>7 If pf>0’q|.a>0’

()N, = <(Apf AQR, AR ASY), (1, vy, @) >, if A>0
© < (A8H, A5, 208, Ap%), (1, vy, @) >, if A <0
pa qa ra Sa
<(= o ) (A v VYV, o v @,) > i (s7 > 0,55 >0)
SZ r2 2 2
M st r gt p :
(v) NJ“* = <(ia,%,q—la,p—la);(ﬂl/\,uz,vlvvz,a)lva)z)> if (s <0,s; >0)
ne SZ rZ 2 2
Sa ra qa pa
(L2 S D) A v vy, o v e,) > if (sf <0,s; <0)
P, Q2 I, S

Definition 5. [38] A ranking function of neutrosophic numbers is a function R:N(R) - R,
where N(R) is a set of neutrosophic numbers characterized on set of real numbers, which

convert each neutrosophic number into the real line.
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Let I\7Ine =<(pf,qf,lf,sf),(ﬂl,vl,a)l)> and N~ne =<(p§,qza,rza,sg),(yz,vz,a)z)> be tWO
trapezoidal neutrosophic numbers (TrNN), at that point:

1. If R(M,)>R(N,,) then M_>N__.
2. If R(M,,)<R(N,,) then M_<N.,..

3. If R(M,)=R(N,,) then M_ =N,_.

Definition 6 Let M_ =<(p® of,r*,5%), (1. v,, @) >aNd N =< (p2,q3,r2,52), (15,v,,@,) > De

any two neutrosophic trapezoidal numbers, then p?=p, o'=q¢, *=r, s'=s,
W=,V =V,, and o, = w,.

3. Proposed method
Consider the standard form of neutrosophic linear programming (NLP) problem with m
constraints and n variables having all coefficients and resources are represented trapezoidal
neutrosophic numbers as follows:

maximize (minimize) (€'y)

s.t
(1.1)

IA

Dy <h,
y=>0.

v

After all D=[d, | is the coefficient matrix, h:[ﬁl,hz,ﬁy...,ﬁm}t is the trapezoidal

neutrosophic available resource vector, ¢=[¢,,¢,,C,,...,¢, ]t is the target coefficient and y

is the selection variable vector.

Let f,y" be a possible location and an actual most effective answer of issue (1.1),
individually. In the event that there existan y e so as to fulfils the constraint Dy <h , then,

¢y >¢"y" then y is also an novel optimal solution of problem (1.1) and is called an

substitute exact optimal solution.
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The  objective  function  of  model (1.1) iIs a TrNN as
7 =((c'1)T y.(ch )T y.(ch )T y.(ch )T y;,uly,vly,a)ly) . This objective function should be maximized
as a TrNN. The constraints of model (1.1) is a TrNN consider as:

D = (dj,d3, d3,dj; g4y, Vg, @), = (0], 15, 15, 0 1,0, )

The steps of the proposed method are as follows:
Step 1: By utilizing definition 3 and 4, the issue (1.1) might be composed as by the
accompanying multi-objective structure for example

maximize (minimize) {(c))'y,(€)'y, ()Y, (€)' v; (1) Y, (W)Y, (@y)} (22)
S.t
{(@)y, (@)Y, (@)Y, (DY ()Y, (V) Vs (@) <L)y, () Y, () Y, ()Y (14) Y, (V) Y. (@) v

y>0.

Step-2. Now the issue (2.2) is changed into the accompanying MOLP issue:
minimize (maximize) Z, =(c, )T y—(c'l)T y
. .. T
maximize (minimize) Z, =(c}) y
max imize (minimize) Z, =%((c'2 )T y+(c'3)T y)
max imize (minimize) Z, =(c'4)T y—(c'3)T y
maximize (minimize) Z, =(z4)y + ()Y

maximize (minimize) Z; = (v, )y

minimize (maximize)Z, = (@, )y —(14)Yy
Subject to (3.3)
diy<h

dy<h

dyy<h
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d,y<h,
HaY <ty

VY <V,

@4y < @,

y>0.
Step-3. Presently the issue (3.3) is likewise a MOLP issue. In objective functions, the
lexicographic technique will be utilized to get lexicographic optimal solution of issue (3.3),
we have:
minimize (maximize) Z, =(c} )T y—(c'l)T y (4.4)
Subject to
dy<h
dy<h
d;y<h
d,y<h,
Y < iy,

VY <V,

@4y < @,

y>0.

If (4.4) has a special best solution, at that point it is an ideal arrangement of (2.2). Else
ourselves continue to following pace.

Step-4. Tackle the accompanying issue above ideal arrangement that is discovered in step-3
as succeed:

.. - e T
maximize (minimize) Z, =(c}) y (5.5)

Subject to
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(@) y—(c) y=2
all constraints of problem (4.4).
Where J is the optimal value of the Problem (4.4). In the event that (5.5) has a novel optimal
result, at that point it is an ideal result of (2.2) and stop. In any case go to the following step.
Step-5. Tackle the accompanying issue above the ideal results that are observed in step-4 as
succeed:
max imize (min imize)l((c'z)t y+(c)'y)

2 (6.6)

Subject to
() y=K
() y-(c) y=1
all constraints of problem (4.4).

where K is the optimal value of the problem (5.5). If (6.6) has a novel optimal solution, at
that point it is an ideal result of (2.2) and stop. In any case go to the following step.

Step-6. Tackle the accompanying issue above the ideal results that are resolved in step-5 as
succeed:
max imize (minimize) (c})"y —(c)"y (7.7)

Subject to

@y ey -L

(c)'y=K

(@) y-(c) y=2

all constraintsof problem(4.4).
where L is the optimal value of the problem (6.6). If (7.7) has a novel optimal solution, at
that point it is an ideal result of (2.2) and end. Else go to following step.
Step-7. Tackle the accompanying issue above the ideal results that are resolved in step-6 as

succeed:
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max imize (minimize) (t4)y + (@)Y (8.8)
Subject to
(€)' y-(c)'y=M
@)y ey -L
(c)'y=K
(ch) y=(c) y=3
all constraintsof problem(4.4).

where M is the optimal value of issue (7.7). If (8.8) has novel optimal solution, at that point
it is ideal result of (2.2) and end. In any case go to following step.
Step-8. Tackle the accompanying issue above the ideal solutions that are resolved in step-7 as
succeed:
maxmize(minimizg (v (9.9)
Subject to
(4)y+(@)y =N
(€)' y-(c)'y=M
@y ey -L
() y=K
() y-(t) x=3
all constraintsof problem(4.4).
where N is the optimal value of issue (8.8). If (9.9) has a novel optimal solution, at that
point it is an ideal result of (2.2) and end. In other case go to the following step.
Step-9. Tackle the accompanying issue above the ideal solutions that are resolved in step-8 as

succeed:
minimize (maximize) (o,)y — ()Y (10.10)

Subject to
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(Vl)y =0
(1)y+(a)y =N
) y-(c)'y=M
1
S(@y+@)'y)=L
(©;)'y=K
T T
(cy) y=(cl) y=3
all constraintsof problem(4.4).
where O is the ideal value of issue (9.9).
In Step-9, we get an precise ideal solution which is equal to the issue (2.2).

The stream outline depicts the technique of the proposed strategy as appeared in Fig. 1.
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Convert NLP problem into MOLP

Convert constraints into

ax<hb... Ly X <b,, X< 1 XSV, o X < @,

YES

Is it unique
ontimal

A 4

Get optimal solution of problem (4)

NO

ES

Get antimal solution of nrohlem (/)

—

o

Get optimal solution of problem (7) YES

Get optimal solution of (10) and

the problem is equivalent to (2)

<

Get optimal solution of Problem (8)/

lYES NO
YES
NO

ES
Cetopimat sttt proiem 9)

Fig-1. Flowchart depicting the proposed solution method
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4. Numerical example

In this area, to demonstrate the pertinence and efficiency of our proposed model of NLP
problems, we tackled the issue where the decision-makers always think the truth degree,
indeterminacy, and falsity degree. Here the managers not fixed the conformation degree, and
the confirmation degree may change as per real-life situation.

Example-1:

The information gathered from a proprietor of a provincial Electrical Cable maker
(information is furnished with a legitimate understanding that the title of the organization
won't occur unveiled) arranged with Bhubaneswar do appeared in desk-1.

An Electrical Cable maker makes two sorts of cable p1 and p2. These cable comprises of
Metal and Plastic (R1, R2) utilized in per unit of cable. The accessibility of cables relies upon
its creation however creation relies upon men, machine and so forth of cables are not known
precisely because of electricity-failure, employment extra effort, surprising disappointments
during instrument and so on. The shipping value of every day provide Metal with Plastic isn't
familiar precisely because of varieties in paces of fuel, traffic issues and so on. In this way, all
the parameters of the creation organization are unsure amounts with faltering. As per old
incident of the proprietor the day by day provides of load is spoken to trapezoidal
neutrosophic numbers in desk-1. The normal expense of per meter of pl and p2 are
(1,3,4,7;.8,0.2,0.4) and (4,6,8,10;0.9,0.3,0.5) units, individually. The most extreme every day
supplies metals R1 and R2 are around (10,15,20,25;0.6,0.0,0.5) and
(10,20,25,300.9,0.45,0.3) units individually. The maker needs to know so as to maximize the
expense of Metal and Plastic what number of meters of Cables P1 and p2 he should deliver

every day?

Table-1: The statistics of day to day provides of Metal along with Plastic

Outcomes
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Load Metal (pl) Plastic (p2)
R1 (2,4,6,8;0.8,0.2,0.4) (3,5,9,12,0.7,0.2,0.1)
R2 (4,7,10,13;0.7,0.4,0.2) | (3,6,9,14;0.8,0.5,0.3)

Now the issue might be rewritten as
maxZ =(1,3,4,7;0.8,0.2,0.4)x, +(4,6,8,10;0.9,0.3,0.5)x,
St.
(2,4,6,8;0.6,0.1,0.3)x, +(3,5,9,12;0.7,0.2,0.1)x, < (10,15, 20, 25;0.6,0.0,0.5)
(4,7,10,13;0.7,0.4,0.2)x, +(3,6,9,14,0.8,0.5,0.3)x, < (10, 20, 25,3;0.9,0.45,0.3)
X, X, > 0.

By sing Step-1, the problem may be rewritten as;
max Z = (X, 3%,,4x,,7x%;0.8x,0.2x,,0.4x, ) + (4X,,6X,,8X,,10x,,0.9X%,,0.3X,,0.5X%, )
s.t.
(2x,,4x,,6X%,,8%;;0.6x;,0.1x,,0.3x,) + (3X,,5X,,9X%,,12X,;0.7X,,0.2X,,0.1X,) X,
<(10,15, 20, 25;0.6,0.0,0.5)

(4x,,7x%,10x,,13x,;0.7x,,0.4x%,,0.2%,) + (3X,,6X,,9X,,14Xx,;0.8x,,0.5x%,,0.3x,)
<(10,20,25,30;0.9,0.45,0.3)

X, X, = 0.

Found on Step-2, the above model may be changed into MOLP model
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minZ, = 2x, +2X,
max Z, = 3x, +6X,
max Z, = 5.5x, +9x,
max Z, = 3%, +2X,
max Z, = 0.8x,
max Z, = 0.8x, —0.4x,
minZ, =0.8x, +0.4x,
s.t.
2%, +3x, <10
4x, +5X%, <15
6x, +9x, <20
8%, + 25X, <25
0.6x,<0.6
0.2x,<0
0.3x, <05
4x,+3x, <10
7% +6X, <20
10x, +9x, <25
13x, +14x, <30 (11)
0.7x,<0.9
0.5x, <0.45
0.3x,<0.3
X, X, 2 0.

Using step3 to Step-9, the ideal answer of the problem is done as follows:

As a multi-objective formulation, the model (11) was solved by the proposed solution
approach (steps 3-9). The obtained results are as : x, =1.25,x, =0 and the objective
solution is: Z=3.

The below table express the quality phase of our proposed method is that it off
ers new perfect cost regards as differentiated and the present existing system.

This is showed up in Table 2(Numerical assessment with existing procedures) exc

lusively.

Table-2. Comparison of the proposed method with existing methods [38]
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Approach Optimal solution | Crisp  objective | Neutrosophic optimal value
value

Proposed x =125x,=0 |Z =3 (1.25,3.75,5,8.75;0.8,0.2,0.4)

Method

Existing x,=1.523,x,=0 | Z=275 (1.523,4.569,6.092,10.661;1,0,0)

Method [38]

Example-2

In this section, we consider the symmetric trapezoidal numbers in form of (a',a",«,a).

Where (a',a",a,a) represented the lower, upper bound and first, second median value of

trapezoidal number respectively. Additionally, here we consider the confirmation degree is
(1,0,0). We shows the applicability of our proposed method, we consider the problem of Das

et al. [25], Ganesan and Veeramani [21].

max Z = (13,15,2,2)x, +(12,14,3,3)x, + (15,17, 2, 2) X,
st.
(11,13,2,2)x, + (12,14,1,1)x, + (11,13, 2, 2)x, < (475,505, 6, 6)
(12,16,1,1)x, +(12,14,1,1)x, < (460, 480,8,8)
(11,13,2,2)x, + (14,16, 3,3)x, < (465,495,5,5)
X, %,, X3 2 0.

By using our proposed method (Steps 1 to 9), we get the results of Table-3.
Table-3. Comparison of the proposed method with existing methods [21,25,38]

Approach | Optimal solution Crisp Neutrosophic optimal value
objective

value

Proposed x, =0,X, = 4.44,x, =37.29 Z =838.21 (612.63,696.09,87.9,87.9;1,0,0)
Method

Existing x, =0,%, =4.11,x, =37.38 Z=825.71 (610.02,693,87.09,87.09;1,0,0)
Method
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[38]

Existing x, =0,x, =4.23,x, =34.28 | £=622.97 (564.96,680.98,80.98,80.98)

method

[25]

4.

Result Analysis

At first, we examined the example-1, we compare our result with existing method

Abdel-Basset[38], we conclude that,

1.

For

In our method, the objective values equal to 3 and the existing method [38], the
optimal value s 2.75. As the problem is maximization, therefore, our problem is better
than the other method.

In our method, we do not use the slack variables in constraints. However, the existing
method the authors have used the slack variables and solved in the simplex method.

example-2, we consider the problem which was proposed by Das et al. [25] on the

trapezoidal fuzzy number and Abdel-basset [38], and we compare it with our proposed

method having trapezoidal neutrosophic numbers.

3.

From table-3, it is clear that our objective values is maximized and equal to 838.21 as

the problem is maximized given. In our comparison, neutrosophic is better handling

than fuzzy in real-life situations.

In our lexicographic method is better than the ranking function of Abdel-Basset [38]

method.The results are supported by the fact that the existing method [38]
use a single ranking function, in this case the optimization criterion, whi

ch can not guarantee the feasibility of the solution. However, proposed me

thod in this paper is more concentrate regarding the indeterminacy and co

nvert to MOLP problem by utilizing the LO.

In the existing method [38], the authors considered two types of ranking functions for

handling different types of NLP problems. However, in our proposed method, we
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propose only one type of method called the lexicographic method and that method
can handle any type of NLP problem.
From the above Table-2 and Table-3, one can conclude that the optimum value of NLP
problem is higher side of the present methods. Therefore, we can conclude that our proposed
algorithmis a new way to handle the problem and its more effective.
All the problems are solved by LINGO version 18.0. Therefore, from the above
real-life problem and the above discussion, we can conclude that our proposed m
ethod ismore robust than the method proposed in [21,25,38].

4.1 Advantages and limitations of the proposed method

Here, in this paper, we proposed a new technique for trapezoidal neutrosophic fuzzy
numbers based on lexicographic technique orders and the significant advantages of the
proposed measure are given as follows.

» Trapezoidal fuzzy neutrosophic number is a simple design of arithmetic operations
and easy and perceptive interpretation as well. Therefore the proposed measure is an
easy and effective one under neutrosophic environment.

» Lexicographic Orders can be estimated with simple algorithm and significant level
of accuracy can be acquired as well.

» While taking the inequality constraints convert to equality constraints we used LO
technique instead of any slack variables.

> Also it can be applied in location planning, operations management, Neutrosophic
Statistics,clustering, medical diagnosis, Optimization and image processing to get
more accurate results without any computational complexity.

Limitations

» While used LO technique to convert multi-objective LP problem the numbers of
constraints are bigger than original LP problem.

> Very slow response while applied in linear fractional problem and quadratic

programming problem.
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5.Conclusion
In a real-world environment, we handle imprecise, vague, and insufficient information by
using the neutrosophic set. In this paper, we considered an NLP problem having trapezoidal
neutrosophic numbers and transformed it into a MOLP problem. Based on the LO method,
we solve the MOLP problem corresponding to the linear programming problem. It is
believed that our method for the solution of NLP problem in the application of practical issue
along with the simple issue might be adopted by scholars who are working in this field.
Meantime, a numerical example was provided to show the efficiency of the proposed method
and illustrate the solution process. The new model not only richens uncertain linear
programming methods but also provides a new effective way for handling indeterminate
optimization problems. Further, comparative analysis has been done with the existing
methods to show the potential of the proposed LO method and various forms of trapezoidal
fuzzy neutrosophic number have been listed and shown the uniqueness of the proposed
tabular representation. Furthermore, advantages of the proposed measure are given. In
future, the present work may be extended to other special types of neutrosophic set like
pentagonal neutrosophic set, neutrosophic rough set, interval valued neutrosophic set and
plithogeneic environments.
References
[1]. Zimmermann, H.-J., Fuzzy set theory and its applications, 2011:Springer Science
& Business Media.
[2]. Baykasoglu, A. and K. Subulan, An analysis of fully fuzzy linear programmi
ng with fuzzy decision variables through logistics network design problem.
Knowledge-Based Systems, 2015. 90: p. 165-184.
[3]. Dehghan, M., B. Hashemi, and M. Ghatee, Computational methods for solvin
g fully fuzzy linear systems. Applied Mathematics and Computation, 2006.
179(1): p. 328-343.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 173

[4]. Ebrahimnejad, A. and M. Tavana, A novel method for solving linear progra
mming problems with symmetric trapezoidal fuzzy numbers. Applied Mathe
matical Modelling, 2014. 38(17): p. 4388-4395.

[5]. Khan, LU, T. Ahmad, and N. Maan, A simplified novel technique for solvi
ng fully fuzzy linear programming problems. Journal of Optimization Theor
y and Applications, 2013. 159(2): p. 536-546.

[6]. Kumar, A., J. Kaur, and P. Singh, A new method for solving fully fuzzy li
near programming problems. Applied Mathematical Modelling, 2011. 35(2):

p. 817-823.

[7]. Lotfi, F.H., et al., Solving a full fuzzy linear programming using lexicograph

y method and fuzzy approximate solution. Applied Mathematical Modelling,
2009. 33(7): p. 3151-3156.

[8]. Saberi Najafi, H. and S.A. Edalatpanah, A Note on “A new method for sol
ving fully fuzzy linear programming problems”. Applied Mathematical Mod
elling, 2013. 37(14): p. 7865-7867.

[9]. Shamooshaki, M., A. Hosseinzadeh, and S.A. Edalatpanah, A New Method f
or Solving Fully Fuzzy Linear Programming with LR-type Fuzzy Numbers.

International Journal of Data Envelopment Analysis and* Operations Resea
rch*, 2014. 1(3): p. 53-55.

[10]. Veeramani, C. and C. Duraisamy, Solving fuzzy linear programming proble
m using symmetric fuzzy number approximation. International Journal of O
perational Research, 2012. 15(3): p. 321-336.

[11]. Wu, H.-C., Using the technique of scalarization to solve the multiobjective
programming problems with fuzzy coefficients. Mathematical and Computer

Modelling, 2008. 48(1): p. 232-248.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 174

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

Iskander, M., Using different dominance criteria in stochastic fuzzy linear m
ultiobjective programming: A case of fuzzy weighted objective function. M
athematical and computer modelling, 2003. 37(1): p. 167-176.

Mahdavi-Amiri, N. and S. Nasseri, Duality in fuzzy number linear program
ming by use of a certain linear ranking function. Applied Mathematics and
Computation, 2006. 180(1): p. 206-216.

Ezzati, R., E. Khorram, and R. Enayati, A new algorithm to solve fully fu
zzy linear programming problems using the MOLP problem. Applied Math
ematical Modelling, 2015. 39(12): p. 3183-3193.

Dubois, D.J., Fuzzy sets and systems: theory and applications. Vol. 144. 19
80: Academic press.

Kauffman, A. and M.M. Gupta, Introduction to fuzzy arithmetic: theory and
application. VanNostrand Reinhold, New York, 1991.

Liou, T.-S. and M.J.J. Wang, Ranking fuzzy numbers with integral value. F
uzzy sets and systems, 1992. 50(3): p. 247-255.

S. Das and T. Mandal, A single stage single constraints linear fractional pr
ogramming problem: An approach,Opera. Rese. and Appl.: An Inter. J. 2 (
2015) 1-5.

Ramik J (2005) Duality in fuzzy linear programming: some new concepts a
nd results. Fuzzy Optim Decis Making 4:25-39

Maleki HR, Tata M, Mashinchi M (2000) Linear programming with fuzzy
variables. Fuzzy Sets Syst 109:21-33

Ganesan K, Veeramani P (2006) Fuzzy linear programs with trapezoidal fuz
zy numbers. Ann Oper Res 143:305-315.

Wan SP, Dong JY (2014) Possibility linear programming with trapezoidal f
uzzy numbers. Appl Math Model 38:1660-1672.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 175

[23]

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].
[32].

J.J. Buckley, T. Feuring, Evolutionary algorithm solution to fuzzy problems:
fuzzy linear programming, Fuzzy Sets and Systems, 2000, 109,35-53.

S Das, S.A. Edalatpanah and T. Mandal, A New Approach For Solving Fu
Ily Fuzzy Linear Fractional Programming Problems Using The Multi-Objecti
ve Linear Programming, RAIRO-Operation Research, 2017, 51, 285-297.

S. Das, T. Mandal, S.A. Edalatpanah,A mathematical model for solving full
y fuzzy linear programming problem with trapezoidal fuzzy numbers, Appli
ed Intelligence, 2016, 46,509- 519.

S. Das, Modified method for solving fully fuzzy linear programming proble
m with triangular fuzzy numbers, International Journal of research in indus
trial engineering, 6 (2017), 293-311.

S. Das, T. Mandal, D. Behera, A new approach for solving fully fuzzy lin
ear programming problem, International journal of mathematics in operation
research, 15(2019), 296-309.

S. Das, J. K. Dash, Modified solution for Neutrosophic Linear Programming
Problems with mixed constraints, International Journal of Research in Ind
ustrial Engineering. 9(2020), 13-24.

R. Ghanbari, K. Ghorbani-Moghadam, N. Mahdavi

Amiri, B. De Baets, Fuzzy linear programming problems: models and solut
ions, Soft Computing, doi.org/10.1007/s00500-019-04519-w.

Jiménez, M., Arenas, M., Bilbao, A. and Rodriguez, M.V. (2007) ‘Linear p
rogramming with fuzzy parameters: an interactive method resolution’, Europ
ean Journal of Operational Research, Vol. 177, No. 3, pp.1599-1609.

L.A.Zadeh, Fuzzy Sets, Inf. And Cont., 1965, 8, 338-353.

R.E.Bellman, L.A. Zadeh, Decision making in a fuzzy environment, Manag.

Sci. 17(1970) 141-164.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 176

[33]. Edalatpanah, S. A., and S. Shahabi. "A new twophase method for the fuzz
y primal simplex algorithm." International Review of Pure and Applied Ma
thematics 8, no. 2 (2012): 157-164.

[34]. N. MahdaviAmiri, S.H. Nasseri, Duality in fuzzy number linear programmin
g by use of a certain linear ranking function, Appl. Math. Comput. 180(2
006) 206-216.

[35]. A. Ebrahimnejad, Sensitivity analysis in fuzzy number linear programming p
roblems,Math. Comput. Model. 53 (2011) 1878-1888.

[36]. B.A. Ozkok, I. Albayrak, H.G. Kocken and M. Ahlatcioglu, An approach f
or finding fuzzy optimal and approximate fuzzy optimal solution of fully f
uzzy linear programming problems with mixed constraints, Journal of Intell
igent & Fuzzy Systems 31(1) (2016), 623-632.

[37]. I. Maiti, T. Mandal, S. Pramanik, Neutrosophic goal programming strategy f
or multi-level multi-objective linear programming problem, Journal of Ambi
ent Intelligence and Humanized Computing, 2019, 1-12.

[38]. M. AbdelBasset, M. Gunasekaran, M. Mohamed, & F. Smarandache, A nov
el method for solving the fully neutrosophic linear programming problems.

Neural Computi and Applications, 2019, 31, 1595-1605.

[39]. KT. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets Syst, 1986, 20, 87-96.

[40] S. Pramanik, PP Dey, Multi-level
linear programming problem with neutrosophic numbers: A goal programmi
ng strategy, Neutrosophic Sets Syst., 2019,29.

[41] S. Pramanik,PP. Dey, Bilevel linear programming problem with neutrosophic
numbers, Neutrosophic Sets Syst, 2018, 21, 110-121.

[42] S. Pramanik, D. Banerjee, Neutrosophic number goal programming for multi-
objective linear programming problem in neutrosophic number environment,

MOJ Res Rev,2018, 1, 135-141.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 177

[43] P. Biswas, S. Pramanik, BC Giri, Entropy based grey relational analysis met
hod for multiattribute decision making under single valued neutrosophic ass
essments, Neutrosophic Sets System, 2014, 2, 105-113.

[44] P. Biswas, S. Pramanik, BC Giri, A new methodology for neutrosophic mul
ti-attribute decision making with unknown weight information, Neutrosophic

Sets System, 2014, 3, 42-50.

[45] S. Broumi, F. Smarandache, Single valued neutrosophic trapezoid linguistic a
ggregation operators based multiattibute decision making, Bull PurApplSci
Math Stat, 2014, 33, 135-155

[46] P.Biswas,S.Pramanik & B.C. Giri, TOPSIS method for multiattribute group d
ecision making under singlevalued neutrosophic environment, Neural comput
ing and Applications, 2018, 27,727-737.

[47]. M. Darehmiraki, A solution for the neutrosophic linear programming proble
m with a new ranking function, Optimization theory based on Neutrosophi
¢ and Plithogenic Sets,(2020).

[48]. A. Nafei et al, A new method for solving interval neutrosophic linear prog
ramming problems,ActaPolytechnica Hungarica,2020, 1-17.

[49]. S.A.Edalatpanah, A Direct Model for Triangular Neutrosophic Linear Progra
mming. International Journal of Neutrosophic Science,2020, 1, 15-24.

[50]. F. Smarandache, Introduction of neutrosophic statistics, Sitech and Education

Publisher, Craivoa 2013.

[51]. J.Ye, Neutrosophic number linear programming method and its application u
nder neutrosophic number environments, Soft Computing, 2018,22, 4639-464
6.

[52]. H. wang, F. Smarandache, YQ Zhang, R. Sunderraman, Single valued neutr

osophic sets, Multispace and Multistruct, 2010,4, 410-413.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 178

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

Parvathi, R., Malathi, C. (2012.a). Intuitionistic fuzzy linear optimization. No
tes on Intuitionistic Fuzzy Sets, 18, 48-56.

Parvathi, R., Malathi, C. (2012.b). Intuitionistic fuzzy linear programming pr
oblems. World applied Sciences Journal, 17, 1802-1807.

Dubey, D., Mehra, A. (2011). Linear programming with triangular intuitionis
tic fuzzy numbers. Advances in Intelligent Systems Research, 1, 563-5609.

Bharati SK, Singh SR (2015) A note on solving a fully intuitionistic fuzzy
linear programming problem based on sign distance. Int J Comput Appl
119:30-35.

Bharati SK, Singh SR (2014) Solving multi objective linear programming pr
oblems using intuitionistic fuzzy optimization method: a comparative study.
Int J Model Optim 4:10.

Smarandache, F.(1998). Neutrosophy: Neutrosophic Probability, Set, and Logi
c; American Research Press: Rehoboth, MA, USA.

Ji, P, Wang, J. Q.,, & Zhang, H. Y. (2018). Frank prioritized Bonferroni
mean operator with

single-valued neutrosophic sets and its application in selecting third-party lo
gistics providers. Neural Computing and Applications, 30(3), 799-823.

Singh, A., Kumar, A., & Appadoo, S. S. A novel method for solving the
fully neutrosophic linear programming problems: Suggested modifications. Jo
urnal of Intelligent & Fuzzy Systems, (Preprint), 1-12.

Wei Yang, Lulu Cai, S.A. Edalatpanah and F. Smarandache,(2020) Triangula
r single neutrosophic data envelopment analysis: Application to hospital per
formance management, Symmetry, 12,588-601.

S.Das, S.A.Edalatpanah,T.Mandal,(2020) Application of linear fractional

programming problem with fuzzy nature in industry sector. FILOMAT, 34, 1-16.

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



Neutrosophic Sets and Systems, Vol. 46, 2021 179

[63] S. Das, (2020) Application of transportation problem under pentagonal

neutrosophic environment, 1, 27-41.

Received: May 7, 2021. Accepted: October 3, 2021

Sapan Kumar Das, S. A. Edalatpanah and Jatindra Kumar Dash, A novel lexicographical-based method for trapezoidal
neutrosophic linear programming problem



	A novel lexicographical-based method for trapezoidal neutrosophic linear programming problem
	Recommended Citation

	tmp.1639173243.pdf.E2Qn1

