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Abstract

Linear programming is an effective way in mathematical programming for solving optimization problems with
linear objectives and linear constraints. There is determinant and indeterminant information in the actual world.
As a result, the indeterminate problem is veritable and must be considered in the optimization problem,To
handle this situation the neutrosophic theory is formed from extension of fuzzy set theory and is a helpful
tool for dealing with inconsistent, indeterminate, and incomplete information.In this paper, we examine the
coefficient of single valued triangular neutrosophic numbers to solve the neutrosophic integer programming
problem.The neutrosophic integer programming problem are formulated with highest truth membership (T),
indeterminancy membership and falsity membership function. The neutrosophic objective function involving
a neutrosophic number, and then constructs a neutrosophic integer programming problem technique to handle
neutrosophic optimization.In this paper we propose a strategy by using lexicographic approach in fractional
dual algorthim to obtaining the basic solution and optimal solution as single valued neutrosophic triangular
numbers.To gauge the efficacy of the model we solved few examples.

Keywords: Fractional Dual Algorthim; Lexicographic Technique; Neutrosophic Integer Programming; Neu-
trosophic Optimal Solution; Single Valued Neutrosophic Triangular fuzzy Numbers

1 Introduction

Neutrosophic Integer programming formulations of situations in which variables are inherently discrete in
nature do not pose any problem. there are, many circumstances in which the variables are not uncertainity.
With some variation, these problems nevertheless fit within the neutrosophic linear programming environment.
Additionally, current methods for uncertain integer programming are not really significant indeterminate pro-
gramming since they typically aim to convert optimization techniques into crisp objective models in order to
find distinct crisp optimal solutions instead of indeterminate solutions in uncertain conditions. Fortunately,
there are certain formulation options available for substantially avoiding some of these discrepancies. These
imply the establishment of a one or more artificial variables that are restricted to be integers.As progress in the
creation of dual fractional algorithms develops, this technique is becoming more viable. Some of the problems
discussed by this method are now outlined.

Elhadidi? proposed method to solve neutrosophic linear programming problem under trapezoidal neutroshopic
number. Abdefattah! suggested parametric approach to neutrosophic linear programming problem with coeffi-
cients are triangular neutroshopic number. Nafei*” investegated the interval neutrosophic linear programming
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problem model with triangular interval neutroshopic number converted into crisp model by ranking function.
Eldredge et al'l® used lexicographic order for primal and dual bounds to find optimal for bounded integer
program. Edalpattanah® proposed direct method to solve the neutrosophic linear programming, with the tri-
angularneutroshopic number by componentwise. Das and Edalpattanah® developed new ranking method for
neutrosophic integer programming along with its application with coefficients of triangular neutroshopic num-
ber. Khalifa et al’> suggested pentagonal neutroshopic integer programming problem with stock portfolio
problem. Ferber et.al'® suggested a cutting plane solution for iteratively tightens fractional solution to mixed
integer programming problem.

Monali?® solved goal programming problem by modified gomory constraint technique. Barmann® approached
exact generic method for branch and bound column search. Akay et al.? used Artificial bee colony for 0-
1 integer and mixed integer programing problem to solve discrete numeric optimization problem. Burachik
et all¥ solved multi-objective mixed integer programming problems by certain algorithm and also solved a
problem of rocket injector design with discrete variable . Allaviranloo et al”® developed optimum investment
on port which is formulated as integer programming model. Brown et al? introduced parametric integer
programming was solving through Glimore- Gomory approach through find optimal solution.

Chernov et al 12 described discrete optimization solving by first algorithm of gomoryconvergence. Cococaine
et al“Z explained lexicographic multi-objective linear programming problem using gorosone method. Huang
et al ™ described petri net models solving through lexicographic multi objective integer programming problem.

Ignizo and Daniel?!' developed a generalized network concept with fuzzy parameters for multi objective zero
-one integer programming problem. Ignizo and Thomas®® described the lexicographic multiobjective prob-
lem into an equal single objective programming problem. Kumar et.al’* defined Acquiring non-linear model
approach for integer programming problem with suitable examples. Canedo and Veredegay!' used a lexi-
cographic method to found optimal fuzzy objective values, also dissusced application in time-cost trade off
problem under fuzzy environment. Rasekhipour et.al’! applied the lexicographic optimization to avoid obsta-
cles via prioritizing the constraints in carsimvechicle model.

Basset et alZ discussed the neutrosophic linear programming problem with the parameters are trapezoidal neu-
trosophic number into crisp linear programming problem. Anderson et al# described mixed integer program-
ming for high dimensional piecewise linear function is used in neural networks. Dash et al*! explained the
chvatal -gomory inequalities using bound on the variable where 0-1 problems have upper and lower bounds are
unbounded. Maiti et al 2% suggested goal programming to solve multi objective linear programming problem
where parameters are neutrosophic numbers. Bera et al >/ applied post sensitive analysis to solve neutrohopic
linear programming along with real life problem. Singh and Mark®? introduced multi-objective mixed integer
programming under intutionistic fuzzy environment into single objective problem. Huda and Essa?’ developed
duality in neutrosophic linear programming with application hybrid renewable energy production. Demir!' in-
vestigated lexicographic in multi objective genetic algorithm which transformed into single objective generic
algorithm. Das’ explained new ranking function for triangular neutroshopic number in integer programming
problem.

Mai® defined ranking for interval neutroshopic number in integer programming problem. Nafei and Nasseri*"
used ranking function to solve triangular neutrosophic number in Integer Praogramming problem. Sahin et
al*? proposed neutrosophic integer programming problem under triangular neutroshopic number into crisp
linear programming problem using ranking function. Jun** explained interval neutrosophic linear program-
ming problem obtained neutrosophic optimal solution by using parametric form.

Optimization problems that involve uncertain and imprecise conditions have recently been of great concern to
experts. The integrative principles behind neutrosophy, fuzzy logic, and intuitionistic fuzzy sets have devel-
oped the theory of Neutrosophic Fuzzy (NF) sets and turned out to be an effective tool for managing these
uncertainties. In this research, a new lexicographic method to handle Integer Programming under the Neu-
trosophic Fuzzy environment is presented. Our novelty is in developing and applying a novel lexicographic
algorithm especially tailored for the NF-IP problems. Integer programming is a widely used method for solving
optimization problems that involve discrete decision variables. However, when neutrosophic fuzzy elements
are introduced into these problems, they bring unique challenges due to the complex nature of neutrosophic
fuzzy sets.

Our contribution is primarily in the design and application of a lexicographic method especially designed for
NF-IP problems. Integer programming is one of the most well-established techniques to solve optimization
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problems with discrete decision variables. However, incorporating neutrosophic fuzzy elements into IP prob-
lems presents challenges unique to neutrosophic fuzzy sets.

These are the key contributions of our research:

Formalization of Neutrosophic Fuzzy Integer Programming (NF-IP): We have formally defined the NF-IP
problem, which gives a clear mathematical representation that includes neutrosophic fuzzy sets and integer
decision variables.This formalization serves as the foundation for our proposed approach.

Lexicographic Objective Function Transformation: To solve NF-IP problems, we propose a lexicographic
transformation technique. This approach allows us to maintain the lexicographic order while handling the
neutrosophic fuzzy elements.

Algorithm Development: We have developed an efficient algorithm based on the lexicographic transformation
for solving NF-IP problems. This algorithm provides a systematic and step-by-step procedure to obtain the
lexicographically optimal solution while considering the uncertainties represented by neutrosophic fuzzy sets.
Numerical Experiments: To validate the effectiveness of our approach, we have conducted extensive numerical
experiments using real-world data and benchmark Neutrosophic Integer Programming problem instanceprob-
lems compared to existing techniques.

Practical Applications: We show the practical applicability of our approach by presenting it in different real-
world scenarios, such as supply chain optimization, project scheduling, and decision-making under uncertainty.
Our method is a useful tool for decision-makers to make the right choices in complex uncertain environments.
Theoretical Advancements: Our research contributes to the theoretical foundation of neutrosophic fuzzy op-
timization, advancing the understanding of how to effectively integrate neutrosophic fuzzy sets into integer
programming problems.

In this research paper consist of ten sections , section 2 is discussion about basic definitions and also with estab-
lished theorem.section 3 presents the formulation of neutroshopic Integer Praogramming problem. Section 4
illustrates the Neutrosophic Optimization Model of integer programming problem . Section 5 demonstrate the
proposed stragey for NIPP. By utilization of proposed method section 5 states the suitable numerical example
in section 6. Section 7 is demonstrated the application in hospital . section 8 explains the comparability anal-
ysis .Section 9 states the advangatages and Section 9 describes the limitations for proposed stragedy. Finally
section 10 has reached its conclusion.

2 Preliminaries

Definition 2.1. Let X be a space of points (objects) and z € A. A neutrosophic set A in X is defined by a
truth-membership function (7’4 (x)), an indeterminacy-membership function (4 (x)) and a falsity-membership
function F4(z).T(x), I(x) and F(x) are real standard or real nonstandard subsets of J0—,1 + [. That is
Ta(x) : X =)0—,14+ [, Ta(z) : X =]0—,1+ [and F4(x) : X —]0—,1 + [. There is no restriction on the
sum of (z), x and F4(x), s0 0— < supTa(z) < supla(x) < sup Fa(z) < 3+.

Definition 2.2. > Let X be a universe of discourse. A single valued neutrosophic set A over X is an object
having the form A = (x,T4(x), [a(x), Fa(z)) : x € X, A = {{z,T(z),[4(x), Fa(x)) : © € X} where
Ty(z) : X = [0,1],1a(z) : X — [0,1] and Fa(z) : X — [0,1] with 0 < T4(z) + La(z) + Fa(z) < 3
for all z € X. The intervals T'(x), I(x) and Fa(z) denote the truth-membership degree, the indeterminacy-
membership degree and the falsity membership degree of = to A, respectively. In the following, we write
SVN numbers instead of single valued neutrosophic numbers. For convenience, a SVN number is denoted by
A = (a,b,c) where a,b,c € [0,1]and a + b+ ¢ < 3.

Definition 2.3. Let Ay = (N, pY, PV ta, ata, Ba) be a single triangular valued neutrosophic number on
the real number set R, is a unique neutrosophic set whose member functions are denoted as truth-membership
degree, the indeterminacy-membership degree and the falsity membership degree are defined as

(z — ﬁ{\[)/‘a SN =N
——— 1 v <py)
Py — by ' ?
UN = (P — x)pa SN SN
TN AN (P <x<p3)
ps — D3
0, otherwise
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N =N
Py — T+ aa(r—py) Y <N
—— ; <z <py)
pév_pjlv 1 2
~N
wy =4 @—py)toalpy —z) _
N LML) , () <z <py)
P3 — Py
0, otherwise
SN ~N
Py — 2+ Ba(z —py) _ <
2 - e (Y <a<ph)
Py —Dn1
=< (—p)) +Balpy —x) _
I 2 (B <@ <pY)
P3 — Do
0, otherwise

2.1 Ordering Function®’

A ordering function R on N(R) is a map from N(R) to the real numbers line, where the natural ordering
there exists. Consider two triangular neutrosophic numbers as: N = [(a!,a™, a™, un,vn,yn)] and M =
[(al,a™, a", war, var, Yar)]. Then, the ranking

i) f R(N) > R(M) then N > M.

e~

ii) f R(N) < R(M) then N < M.

iii) If R(N) = R(M) then N = M.

2.2 Score Function

Let us consider a single valued triangular neutrosophic number as Ay = (BN, pY, PY pa, ata, Ba) the score
1

function of Sr -TNN is defined as composition of 1 (Y + pY + p2') and score value of membership function

is (2 4+ po — aq — Ba). .

Thus the score function is Sy = 1(15{\7 + P 4+ pY) X (24 pg — @ — Ba)

2.3 Arithmetic Operations

Let Ay = (BN, oY, PV ta, ava, Ba) and By = (G, ¢, G, iy, c, Bp) be two single valued triangular neu-
trosophic numbers and A # 0 be any real number. Then,
An+ By = (0Y + G, 0 + @, 05 + @), tta A iy, o V o, Ba V By
Ay =By =) — @5y — @3 — G5 )s ta A b, 00 V i, Ba V By

(B a, Y a5 Y @5 ), tha A i, e V i, Ba V B) (B3 > 0,35 > 0)
AnBy = (Y@ Y @ BY ), tta A v, 00V a, Ba V By) (BY < 0,3 > 0)

(5 38, Py G, Y @t ), a A by e V o, Ba V By (B3 < 0,5 < 0)
(R B e 00V, BV B) (> 0.3 > 0)
An/Bn = (Y /@83 /@), BY /41 ); tra A s a V a, Ba V By) (P < 0,65 > 0)

(@ /oy 05 /35 ), DY /@3 )s tta A iy e V o, Ba V Bo) (Y < 0,3 < 0)

Theorem 2.4. The fractional dual Algorithm under neutrosophic environment concludes in a finite number of
steps.
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Proof:

ad . . . . ad . ~NS
Let Ty represent the optiaml tableau under neutrosophic environment with columns Tj\g,j and entries 7Y

ij
. NS . . . . . .
after the rth cut has been added. Since 7)) is non-increasing because the optimal cost is non-decreasing.

Furthermore, the tableau’s bottom is always added with cuts. Therefore, Tj, -~ L, T f, — L, ...
0 0

. ~NS ~NS ~ . .
Now consider 7{}}” to be bound below. Then 7, converges to some %(),. Assume that k iterations later,
~ ~ ~ . ~ ~ ~Nk . . . .
N =< [ad)] + 1, where 0 < oy < 1, write 7 = | @] + G0} - The row i = 0 will be picked in the
following iteration, and the cut is appended.
~N* ZN* ~N*
Z(Voo J =700 )%j + Zprs1 = —Joo
i¢B

Let p be the first column of the first pivot while performing dual simplex. As a result of this,

~NF
LNRFL NE TOp ~NE
Too  =Too T Tzyr; =nFJ00
LTOP J —'op
=N : . : th oni SNF =NF
Note that Top = 0 (since is a reduced cost in the k*"* optimal tableau), and hence 0 < Top | < Top - Thus
~NF
T < —1, and wherefore
C .
Op Op k k k
SNkt =N ~N*
Too  <Too — 900
~N - . ~NEFL o ~NS . . . ~N
We know that % is an integer and that 7, = g as of 7y 1S non-increasing and converges to Ugy.

Additionally, for all iterations of s > k + 1, hence Fé\(])s = ). The same technique is applied to F{\BS, f%s
EN . . NS . N
and so on. Tx is’ Oth column is lex-decreasing, therefore we know that 7%, is convergent to some @y, (if
bounded from below). However, we require that f{\; > 0 in order to apply the technique. Because F(%k is
fixed at @), f&ck is equal to 0. However, the dual simplex lexicographic anti-cycling rule makes sure that &f}[:

Nk'

remains lex-positive, signifying that 7'y},

greater then equal to 0.

We repeated this until we get an integral solution for every row that corresponds to a variable in the original
neutrosophic integer programming.

3 Neutrosophic Integer Programing Problem®

Integer programming problem with neutrosophic coefficients (NIPP) is defined as the following:

n
Maximize Z = g Cjx;

j=1
Subject to

- (1)
> atw; <bii=1,2,--,m

j=1
€5 207]:1727 T
x; are integer j € {0,1,--- ,n}

where ¢;, a;'; are neutrosophic numbres.
The single valued neutrosophic number (a7};) is denoted by A = (a, b, c) where a, b, c € [0, 1] and a, b,c < 3.
The truth- membership function of neutrosophic number a;’; is defined as:

Mj (a1 < 2 < ag)
as —a
Taj(e) = (222) o0 <o &)
asz — az
0, otherwise
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The indeterminacy- membership function of neutrosophic number a;’; is defined as:

(x—b1)7 (b1 <z <bg)
) by — by

by — by’ -~

0, otherwise

And its falsity membership function of neutrosophic number a;; is defined as:

(x—c1)

, (b << by)
Cy — C1
Faj(x) = M7 (by < z < bs) “)
C3 — C2
0, otherwise

Then we find the maximum and minimum values of the objective function for truth-membership, indetermi-
nacy and falsity membership.
fmax = max{f(z})} and f™" = min{f(z})} where 1 <i < k.

F

_ £T F _ §T T T
r}lin - rr,zljn and mIax - njl_'ax - R( %w‘x - frjgin)
max — Jmax and fmin = Jmin — S( max min)

Where R, S are predetermined real number in (0, 1). The truth membership, indeterminacy membership, fal-
sity membership of objective function as follows:

1 iff < fmin

JEN e (RS 5
0 if f(z) = fmox
0 lff < fmin

I(x) = ;Eﬁ_];min if fin < f(x) < fme ©6)
0 1ff(x) — fmax
0 lff < fmin

F(z) = ffnx)_icmn if < f ) < e @
1 if f(x) > fmox

The neutrosophic set of the JT' decision variable z ; is defined as:

1 ifz; <0
(z) dj — Ty .
TP (@) =q =~ if0<z;<d; (®)
J
0 lf.’E] - dj
0 ifx; <0
xT; .
Féj’)(m) — T —lib if0 < z; <d, 9)
J j
1 ifz; = dj
7(®) (z) = M if0 < x; < d; (10)
" dj +b; N
0 ifJUj - dj

where d;, b; are integer numbers.
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4 Neutrosophic Optimization Model of Integer Programming Problem®

In our neutrosophic model we want to maximize the degree of acceptance and minimize the degree of rejection
and indeterminacy of the neutrosophic objective function and constraints. Neutrosophic optimization model
can be defined as:

max Tz
min Fiy)
min /)
Subject to
T2y = Fo (11)
Ty 2 1w
0= Ty + Fla) + L)
Ty Fiwyo () 2 0
x > (are integers.
where T(,), Fi), I(;) denotes the degree of acceptance, rejection and indeterminacy of x respectively.
The above problem is equivalent to the following:
max «, min 4, min
Subject to
@ < Tia)
B < Flay
0 < I(I) (12)
a>f
a>0
0<a+B8+6<3
x > (are integers.
Where a denotes the minimal acceptable degree, 5 denote the maximal degree of rejection and 6 denote
maximal degree of indeterminacy. The neutrosophic optimization model can be changed into the following
optimization model:
max(a — 8 —0)
Subject to
o < Tiw)
B < Fo)
0 < I 13)
a>f
a>0
0<a+p+60<3
x > (are integers.

The previous model can be written as:
min(1 — «)p0
Subject to
@ < T
B < Fla
0 < I(r) (14)
a>p
a>0
0<a+B8+6<3

x > (are integers.
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5 Proposed Strategy

Step 1: Formulate the problem as (1).
Step 2: Let ;; be an m x n matrix with SYTNN’s are (57, 55 , 3, fta; (a; Ba) and taken into consideration
the following neutrosophlc integer program is formulated as

NIP Max Zy = ) &N,
j=1
Subject to

>l <

x; > 0,x; is integers

5)

Considering NLP be the neutrosophic linear programming relaxation, where NLP to be optimally solved and
yielding an neutrosophic optimal basis as well as an associated with neutrosophic optimal table T . Let V"
represent the optimal solution of the NLP relaxation.

Step 3: Let 7Y ;; represent the entry of the neutrosophic optimal table in the ith row and jth column. We may

determine the valid equality from the ith row, where 1 = 1,2,--- ,m.
e |7 (16)
j¢B

Since all of the z; of p’ are nonnegative, so we have that is an appropriate inequality for NIP.

Fae + ) 7] @ <7l a17)

j¢B

Therefore, the right side of the inequality is an integer since all of the x; of p3’ are integers in NIP. Hence

xB(z Z = %J

j¢B

is also a valid inequality for NIP. Subtracting (1) from (2), we obtain the appropriate inequality

S| - iy < 7] -7

j¢B

By adding the slack variable x,, 1, In the optimal table we adding the constraints and G, to the basis

SN =)z + 2 < PN -7 (18)
j¢B

Since the table is set to progress. Where |7} | — 74 < 0 and the decreased costs remain non-negative for p5',
we proceed with the dual simplex algorithm.

Step 4: Notice that zV~ does not satisfy (2), so by introducing the inequality, the feasible region of the neutro-
sophic linear programming relaxation is reduced. These cuts are added repeatedly until an integral solution is
found using the Fractional Dual Algorithm (also known as the The Gomory Cutting Plane Algorithm). Since
(2) is satisfied by each and every feasible integral solution to NIP, no integral solutions are lost.

Step 5: We insist that the dual simplex method make use of lexicographic anticycling rules for p3' in order to
demonstrate that the Fractional Dual Algorithm concludes after a finite number of steps. Thus, we provide an
overview of a Fractional Dual Algorithm iteration:

1. Select the highest (i.e. first) row where 77% is not integral. (Note that this includes the zeroth row.)
2. Add the cut ; (m]}’ | - PRy + ang1 < |75 | = 7 to the bottom of the optimal tableau, and add
j¢B
G 41 to the basis BN.
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3. Apply the lexicographic anticycling criteria for p3’ to the dual simplex algorithm as follows:
(a) Begin by making all columns j

=1,2,---,n+ 1 lex-positive.
(b) Select any row m where N

0 0 seems to be the pivot row Choose the pivot column j that
maximixes the index

lex—max

L 1 ~ 4.
J: 7’%0 <0 [fN BNlag]

mO0

19)

observe that the lexicographic anticycling rule for p ensures that all columns j = 1,--- , n continue lexico-
graphically positive.

\

FORMULATION OF NIPH

CONVERSION OF NIPP TO Sv-TNIPP

APPLYING PROPOSED STRATEGY

NO

D.M.
SATISFIED

OPTIMAL SOLUTION

YES

END

Figure 1: Overview of Proposed Method
6 Numerical Example
The numerical example is illustrate with example and followed with application
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6.1 Numerical Example 1°°
Max Z ~ 41371 + 33:2
subject to
21961 + ng <12
f’)xl + 61’2 < 5
r1,x2 >0

where x1, xo are integers.

Step 1:
Max Z = [(2,4,6),0.8,0.6,0.4]z1 + [(1,3,5),0.75,0.5,0.3]z2
subject to
[(0,4,8),1,0.0,0.5]x1 +[(1,2,3),1,0.5,0.5]x2 < [(5,12,19),1,0.25,0.25]
[(1,3,5),0.75,0.0,0.25])x1 + [(1,6,11),1,0,0]z2 < [(3,5,7),0.8,0.6,0.4]
z1,2 >0
where x1, xo are integers.

Step 2:

The iterations utilising proposed strategy gives in the table [T]and table 2]

Step 3:
By following step 3 of proposed stragegy, formulating the cut

2 -1
§,7,7 ,0.75,0.6,0.4| = | (0, —=,0],0,0,0.25| z4 + G
53 3
Step 4:

The iterations utilising proposed strategy gives in the table [3]and table 4]

Tables Step 5:
The feasible solution is z; = Kg, 1, 7> ,0.0,0.6, 0.4] and z5 = (0,0,0),0,0,0 and the optimal solution is

6
Max Z = 5 4,42),0.0,0.6,0.4| It is quite obvious from the following comparison table with existing

methods that our technique is always maximizing the desired result for the decision maker.

Table 1: Represents Iteration 1

o (2,4,6); (1,3,5): (0,1,0); (0,1,0);
i 0.8,0.6,0.4 0.75, o 5.03 (0,0,0) (0,0,0
Cn, Xn, Y, ' zf zy On
(0,0,0); . (5,12,19); (0,4,8) ; 1,2,3); (0,1,0); (0,0,0); (g,s,());
(0,0,0) s (1,0.25,0.25) (1,0.0,0.5) (1,0.5,0.5) (0,0,0) (0,0,0) (1.0.25.05)
(0,0,0); . (3,5,7): 1,3,5); (1,6,11) (0,0,0); (0,1,0); (3,5,7):
(0,0,0) = (0.8,0.6,0.4) (0.75,0.0,0.25) (1,0, o) (0,0,0) (0,0,0) (0.8,0.6,0.4)
P (2,4,6); (1,3,5); (0,0,0); (0,0,0);
Ny =N 0.8,0.6,0.4 (0.75,0.0,0.25) (0,0,0) (0,0,0)
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Table 2: Represents Iteration 2

C (2,4,6); (1,3,5); (0,1,0); (0,1,0);
N 0.8,0.6,0.4 0.75, 0 5,0.3 (0,0,0) (0,0,0)

¢ > =N -N =N
Xng Yng, z T3 Ty

Cny
1
<<0,0.0>;) v (—51, fg) ; ((740,0.,8>; ) ( —87-6,3); ) <<0, . >;) ( % ,0);
T3
(0,0,0) 0.75.0.6.05 0.75,0.0,0.5 0.75,0.5,0.5 (0,0,0) 0,005
3 =
<(2,4., 6); > . g.%,?); 21,5); 2.2,11); ((0,0,0);) (o.é,o);
K31
0.8,0.6,0.4 0.75.0.6.0.4 0. 75 0,025 0. 75 0,0.25 (0,0,0) (0,0,0)
2
: 9 J 42 ( ) ( =5, 65 ((0,0,0)) (oé,o);
~Cy,
075 0.6, 04 0.8,0.6,0.4 0.75, 0.6, 04 (0,0,0) 0,0.6,0.4
Table 3: Represents Iteration 3
) (2,4,6); (1,3,5); (0,0,0); (0,0,0);
ON; (n.s,o.s,o /1) (o 75,0.5,0.3) ((0 0,0) ) ((n,n,n) )
Cnp YN g XNng V a :’3\’ 2N
(0,0,0); N (—51, E,g). (—40,0,8); (—87 — 6, 3); (n,—i ,0); (0,0,0);
((uuo)) 3 0.75.0 :n s <0 75A0‘0A0.5> (0.75,0,5,0,5) 00 035 ((0,0,0) )
(0 ) ((7 ). ) (<;,1,5>, ) (gl,s); ) <’<;.ofo);) (m, g,m:)
0-8,0.6,0.4 ! n.?s.lo 6,0.4 n.o75. 0,0.25 0:75. 0,0.25 (0,0,0) (0, 0 0)
3

((010,0):) <(0.0.0);> ((0,0,0);) ((o,i,u):>
3
(0,0,0) (0,0,0) (0,0,0) (0,0,0)

(0,0,0); , )
(((L(L(J)) 61 ( ‘)( N
( ’ <;25,0,i>; ((—ﬁ.s.es) ;) ((u.u.o),) ((o.i.n):)
5 5 5 3
0.8,0.6,0.4 0.75,0.6,0.4 (0,0,0) 0,0.6,0.4

Zn, —C
N N;

Table 4: Represents Iteration 4

. (2,4,6); (1,3,5); (0,0,0); (0,0,0); (0,0,0);
N 0.8,0.6,0.4 0.75,0.5,0.3 (0,0,0) (0,0,0) (0,0,0)
. )

Cnp Yy, XNy W Zy 7 ol Gn,
(0,0,0); . (51, 8,9); (=40,0,8); (=87 — 6,3); (0,1,0); (0,0,0); (0,0,0);
<(0,0.0)) 3 <0.75,0.6,0.5> (0.75,0.0, 0.5) (0.75,0.5,0.5) ((0,0,0) ) ((0,0,0.5)) <(0,0.0))
<(2,476); ) oy ((in) ) ((;q,s); ) ((;,2,11): ) ((o,o,o);) (0,0,0); ) ((07 1,0); >
0.8,0.6,0.4 ! 0.75.0.6.0.4 0.75,0.0.25 0.75,0.0.25 (0,0,0) (0,0,0.25) 0.0,0.25,0.0
(0,0,0); N (0, 2,0); (0,0,0); (0,0,0); (0,0,0); (0, 1,0); (0, 3,0);
<(0,0,0)) 1 <0.0,0.6.0.4> <(0,0, 0)) ((0.0,0)) <(0,0, 0)) (0.0,0.25.0.0) (0.0,0.25,0.0)
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7 Application in Hospital®

In a real-life scenario, consider a hospital’s resource problem where the hospital needs to optimize the surg-
eries for patients while considering uncertain and imprecise factors under a triangular neutrosophic Fuzzy
environment. A hospital has a limited number of operating rooms, surgeons,for surgeries. Patients require
surgical procedures but the precise duration of each surgery and the patients’ medical conditions are uncertain
and can be described using Neutrosophic Fuzzy sets. Additionally, the availability of medical personnel varies
due to factors like emergencies and sick leaves. NF Parameters: Let’s represent the uncertainty in surgical
durations like (Organ Transplantation,Craniofacial Reconstruction, Vascular Reconstructions,Neurosurgical
Procedures,Orthopedic Reconstructions ) and patient conditions using Triangular Neutrosophic Fuzzy sets.
Surgical Duration : The sugergion duration takes place for 5 hours and Patient Condition The pateint condition
is stable for 3 hours.

Objective: Optimize the scheduling of surgeries to maximize the utilization of operating rooms and medical
personnel while considering the Neutrosophic Fuzzy surgical durations and patient conditions. Constraints:
Operating Rooms: The hospital has 12 operating rooms available. Surgeons: There are 6 surgeons with vary-
ing availability. Surgery Start Times: Surgeries must start at specified times during the day. Non-negativity:
The number of surgeries scheduled must be non-negative.

Triangular Neutrosophic Fuzzy number 5 representing the surgical duration uncertainty for surgery.
Triangular Neutrosophic Fuzzy number 3 representing the patient condition uncertainty for surgery.
Objective Function: Maximize the objective function, which represents the utilization of resources while ac-
commodating uncertainty:

Maximize Z = surgical duration (Organ Transplantation,Craniofacial Reconstruction, Vascular Reconstruc-
tions,Neurosurgical Procedures,Orthopedic Reconstructions ) + patient condition

Constraints:

Subject to constraints ensuring that the resources are utilized efficiently and that scheduling decisions align
with the available resources, including operating room capacity, surgeon availability.

Operating Room Constraints:

the surgery having a particular surgical duration in operating room < Operating Room Capacity Surgeon
Availability Constraints:

Reperesents the surgery having a particular patient condition in operating room < Surgeon Availability

In the above formulation: The objective function maximizes the total number of surgeries scheduled, which
represents resource utilization. The constraints ensure that the scheduling decisions comply with the available
resources and accommodate the Neutrosophic Fuzzy uncertainty in surgical durations and patient conditions.

Step 1:
Max Z ~ 5951 + 3:102
subject to
21561 + QIQ S 12
ixl + 3562 S 6
x1,72 >0
where 1, zo are integers.
Step 2:
Max Z = [(4,5,6),0.8,0.6,0.4]z1 + [(2.5,3,3.5),0.75,0.5,0.3]x2
subject to
[(3.5,4,4.1),1,0.5,0.0]z1 + [(2.5,3,3.5),0.75,0.5,0.25]z2 < [(11,12,13),1,0.5,0.0]
[(0,1,2),1,0.5,0.0]z1 + [(2.8,3,3.2),0.75,0.5,0.0]z2 < [(5.5,6,7.5),0.8,0.6,0.4]
z1,m2 >0
where 1,9 are integers.
Step 3:

The iterations utilising proposed strategy gives in the table [5|and table|[6]
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Table 5: Represents Iteration 2

. (4.5.6); (2.5.33.5); (0,1,0); (0,1,0);
J 0.8,0.6,0.4 075,0.5,0.25 (0,0,0) (0,0,0)

Cns Xy Vive Y zy zy On
(0,0,0); N (11,12,13); (3.5,4,4.1); (2.5,3,3.5); (0,1,0) (41*13 ;i) ’
(0,0,0) s 1,0.5,0.0 1,0.5,0.0 0.75,0.5,0.25 (0,0,0) L 05.0.0
(0,0,0); . (5.5,6,7.5); (0,1,2); (2.8,3,3.2) (0,0,0); (0,1,0) (%60)
(0,0,0) o 0.8,0.6,0.4 1,0.5,0 0.75,0.5,0.25 (0,0,0) (0,0,0) 0506 04

I (4,5,6) ; (2.5,3,3.5) (0,0,0); (0,0,0); '
Ny NG ~10.58,0.6,0.4 0.75,0.5,0.25 (0,0,0) (0,0,0)
Table 6: Represents Iteration 1
((456) ) <(2.5,3,3.5) ) <(0,1.0) ;) ((0,1,0) >
Cn
i 0.8,0.6,0.4 0.75,0.5,0.25 (0,0,0) (0,0,0)
C' XNB ?NB z1 lz 531;\1 ii\’
113 35 41 25 2 1

<<456> > & (5312, g) (55 135) (G352 (0, 3 0) <<0,0.,0>;)
080604 1,0.5,0.0 1,05,0.0 0.75,0.5,0.25 0,0,0 (0,0,0)

< ) o <(6.75,3,7.5) ;) <(0.55,2,0); ) ((86, %,0) ;) - ((0, io) ) ((0, , :>

0.8,0.6,0.4 0.75,0.5,0.25 0.75,0.5,0.25 0.0.0 (0,0,0)
5 3. 5 - 5 : H
G, ((—8,0,‘20.6) ;) ((6.0, Z’“") ) ((0 Z’O> ) <(0, ),)
0.8,0.6,04 0.75,0.5,0.25 0,0.5,0 (0,0,0)

Step 4:

The above problem had integer optimal solution found after O-cuts.

Step 5:

. . 11 13 .

Hence the feasible solution is z; = R 3, — 35 ,1,0.5,0.0 and zo2 = (0,0,0),0,0,0 and the optimal

44 78
solution is Max Z = K , 15, 35> 0.8,0.6, 04]
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Optimal solution Optimal solution
15 125 » 21.0645
20 17.0625
10
15
4.2 10
5
5
1] 0
B proposed method M Existing method B proposed method M Existing method

(a) (b)

Figure 2: (a) Graphical representation of comparision work for example 1; (b) Graphical representation of
comparision work for Application in Hospital

8 Comparability Analysis:

In this part, the suggested algorithm and the current approach to single valued neutrosophic integer program-
ming problems are compared. Table[/|exhibit a comparison of the outcomes using current strategies and novel
ones. When we compared our suggested technique to the other existing ways in Figs[2] (Graphical compari-
son with current methods), The comparison for crisp values of produced optimal values and optimal solution
by utilising the provided scoring function is shown below. we observed that, when compared to the other
approaches, our suggested method had the highest objective value.

Researchers have discussed their efforts to advance theories relating to the neutrosophic domain in the recent
years and continuously work to support their sufficient scope applications in many parts of the neutrosophic
domain. However, while defending every argument in favour of the SvtNN theory, our major goal is to effec-
tively support the theory with the arguments that follow. Since optamility in a neutroshopic environment led
to the conversion of a crisp model with crisp values, in our opinion, no research has demonstrated the outcome
of optimality under neutrosophic conditions. Provided that our strategy produces the best result optimality in
the neutrosophic domain.

Table 7: Camporision with existing method

Solution Proposed method  Existing method
Optimal solution for exam- Z =12.5 Z =42
ple 120

Optimal solution for Appli- Z = 21.0645 Z =17.0625
cation®

9 Advantages

In summary, the research paper’s advantages lie in its innovative approach, effective handling of uncertainty,
clarity in algorithmic presentation, empirical validation, broad applicability, theoretical contributions, and its
potential to enhance decision-making in various domains. These advantages collectively position the paper as
a significant contribution to the field of optimization under uncertain conditions.

Introduces a novel lexicographic method for solving Integer Programming in Neutrosophic Fuzzy settings,
revolutionizing uncertain problem-solving.

Skillfully incorporates Neutrosophic fuzzy sets, aiding robust decision-making in real-world scenarios plagued
by vagueness and uncertainty.

Establishes a clear foundation for understanding complex optimization problems, paving the way for future
theoretical advancements.

Demonstrates practical viability through extensive numerical experiments, bolstering confidence in real-world
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applicability.

Expands theoretical boundaries by integrating neutrosophic fuzzy sets into integer programming, enriching
academic discourse.

Empowers decision-makers in uncertain environments, offering informed choices with far-reaching implica-
tions for various industries.

Bridges optimization, fuzzy logic, and neutrosophy, encouraging collaboration and knowledge exchange across
diverse disciplines.

10 Limitations

The innovative lexicographic approach may face heightened computational demands for large-scale NF-IP
problems, potentially limiting its practicality due to resource and time requirements.

Scalability concerns: While demonstrating effectiveness on small to medium-sized instances, the approach’s
adaptability to handle more extensive problems remains uncertain and necessitates further exploration.
Defining Neutrosophic Fuzzy sets accurately often demands substantial data input, posing challenges in data
gathering and validation, especially concerning real-world data quality limitations.

The success of the approach may hinge on specific parameter choices, potentially introducing subjectivity and
requiring meticulous tuning.

Dealing with intricate constraints like non-linearity or dynamics within the NF-IP framework poses unad-
dressed challenges warranting future exploration for incorporation into the approach.

Primarily designed for single-objective NF-IP problems, extending the approach to handle multi-objective sce-
narios common in real-world applications remains an important avenue for future research.

Despite advancements, recognizing and addressing these limitations through refined research efforts are cru-
cial to enhance the approach’s practicality and impact in solving Neutrosophic Fuzzy Integer Programming
problems.

11 Conclusion and Future Scope

Decision makers have wider choice when expressing their preference information by using neutrosophic num-
bers ,represented by SvITNN.This paper introduces a pioneering lexicographic approach for solving Integer
Programming problems in the Neutrosophic Fuzzy environment. Our contributions encompass problem for-
malization, algorithm development, practical applications, and theoretical advancements, making this research
valuable not only to the academic community but also to practitioners seeking robust solutions for decision-
making under uncertainty. Our approach opens up new avenues for addressing complex optimization problems
with neutrosophic fuzzy elements, facilitating more informed and reliable decision-making processes in var-
ious domains. This paper demonstrates the lexicographic anti -cyclic rules in dual fractional algorithm for
neutrosophic integer programming . Meanwhile, based on the dual fractional algorithm is defined using oper-
ational laws of Neutrosophic numbers . Moreover, neutrosophic integer programming model was constructed
to obtain the acceptably no integral solutions are lost. Through analyzing the optimality function of DMs,
Some examples were to illustrate the feasibility and effectiveness of the proposed method. The dual fractional
algorithm not only keeps the integrity of information, but also enriches the operational laws of NN .Due to
uncertainty across every environment and the fact that more researchers are turning the original fuzzy prob-
lems into crisp values, our technique creates the answer to the problem. Also the proposed method executed
without changing the nature of problem and it shows the best optimality solution along which establishes its
superiority over the state of the art through comparison.

Future Research Directions

Enhance the lexicographic approach’s scalability for larger Neutrosophic Fuzzy Integer Programming (NF-IP)
problems by exploring parallel computing, heuristic algorithms, and hybrid methods.

Extend the approach to handle multi-objective NF-IP scenarios, aiming to find Pareto-optimal solutions amidst
conflicting objectives in real-world decision-making.

Investigate integrating and solving NF-IP problems with non-linear constraints, developing optimization tech-
niques within the Neutrosophic Fuzzy framework.
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Adapt the approach for swift decision-making in dynamic settings like supply chain management, creating
algorithms for near-optimal solutions in time-sensitive situations.

Integrate the approach with other optimization and Al techniques to create hybrid models for more effective
handling of NF-IP problems.

Develop precise methodologies to model Neutrosophic Fuzzy parameter uncertainties, enhancing solution re-
liability.

Validate the approach through diverse industry case studies, identifying strengths and areas needing refine-
ment.

Foster collaboration between optimization, fuzzy logic, and neutrosophy experts to innovate complex decision-
making under uncertainty.

By pursuing these paths, the lexicographic approach for Neutrosophic Fuzzy Integer Programming can evolve,
offering robust solutions for varied real-world applications.
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