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Abstract: In this paper, we introduce a new solution technique for resolving the neutrosophic linear fractional programming problem,
where the objective function’s coefficients are neutrosophic trapezoidal-numbers. We convert the problem into a crisp multi-objective
linear fractional programming. The transformed multi-objective linear fractional programming problem is reduced to a single-objective
linear programming problem (LP) by using the proposed approach, which can be easily solved by suitable algorithm. A numerical
example is given to verify the proposed method.

Keywords: Multi Objective Programming, Trapezoidal Neutrosophic Number, Linear Fractional programming, Neutrosophic Set.

1 Introduction

Linear Fractional Programming (LFP) is a generalization
of LP, whereas in a linear-fractional programming the
objective function is a ratio of two linear functions. The
highest profit/cost ratio, inventory/sale, real
costs/standard costs, performance/employee, etc., is used
in linear fractional programming. Decision makers may
be unable, due to incomplete and imprecise information
tending to be provided in real-life situations to indicate
the coefficients (some or all), of the LFP problem. Often,
objective function aspiration level and parameter of the
problems are uncertain decision makers. The
neutrosophical environment can effectively model these
situations. Neutrosophy is an exploration of dialectic
neutrality as an extension.

Neutrosophic is the neutrosophy derivative which
contains neutrosophic set, neutrosophic probability, and
neutrosophic logic. Neutrosophical theory means
neutrosophy used in many areas of science to solve
indeterminacy-related issues. While intuitionistic fuzzy
sets can process incomplete information not
indeterminate, information can be treated by the
neutrosophical set both incomplete and indeterminate.
Smarandache, Florentin. [1,2] introduce Neutrosophic

sets characterized by three separate degrees namely truth
(T), indeterminacy (I), and falsity memberships degrees
(F), in which the T,I,F are standard or non-standard
subsets of ]70,17[. The neutrosophical decision makers
want to maximize the degree of truthiness and to
minimize the degree of indeterminacy and falsity
membership. The article has the following structure: in
the next section we discuss a preliminary; in the third
section  presents  neutrosophic linear  fractional
programming problem with solution procedure; the fourth
section provides a numerical example to put on view how
the approach can be applied; finally, the fifth section
provides the conclusion. Also A. M. ElHadidi, O. E.
Emam, A. M. Abdelfadel [3] use ranking to optimize the
fully neutrosophic.

2 Preliminaries

In this section, some of the fundamental concepts in
neutrosophic set theory and Neutrosophic linear fractional
programming (NLFP) problem are introduced:

Definition 1 [4] The neutrosophical trapezoidal number is
defined as a set in R with the following truth,
indeterminacy and falsity memberships functions:
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ou(x—ay)

o=a, a1 <x<ap
T ( ) (07 ray <x<aj
A X) = ajs—Xx
o (a47a3) a3 <x<ay
0 otherwise
—x+0,4 (x—d|
ATy A(f ) tdy <x<ap
azfal
I(x) GA 202§x§a3
A = _ 04(d —
Ll gy <x<d
a47a3
otherwise
a27x+ﬁA(ffa 1) ‘< x<a
a—aq
A tay <x<as
Fax) = Ba
x—a3+Pa(a’4—x) . »
Y a @ <x<a’y
otherwise

where oy, 604,84 € [0,1] are represent the maximum
degree of truthiness, minimum degree of indeterminacy
and minimum degree of falsity, respectively. The
membership functions of trapezoidal neutrosophic
number are presented in Fig. 1. It is clear that
A’y <ay<dy<ay<az<dy<as<da’s.

()0 ()5, o]

Fig. 1: Truth, indeterminacy and falsity memberships functions
of trapezoidal neutrosophic numbers

Definition 2 [5] A single valued trapezoidal neutrosophic
number (SVTN-number), denoted by

A~ = ((a,b,c,d), 0,64, B4) is a special neutrosophic set

on the real number set R, whose truth, indeterminacy, and
falsity memberships functions are given as follows:

o(x—a) .
“h—a .a§x§b

oy b<x<c
Ty(x) = 1
A() oy (4=£) e<x<d M
0 otherwise
%W:agxﬁb
04 bh<x<c
Iy(x) = - = 2
A( ) xfc+d6f£d7x) ce<x<d )
1 otherwise
boxtbilbea) g <x<b
—a . J— —
Ba h<x<c
Fy(x) = 3
A () % e<x<d (3)
1 otherwise

Definition 3 [6] The algebraic operations on two
trapezoidal neutrosophic numbers

A~ =((a1,b1,c1,d1), 04,04, Ba) and
B~ = ((az,b3,c2,d>) , 0, Op, Bp) are as follows:

A~ + B~ = <(a1 +ax,by+by,c1+cr,d) +do) 00 N OB,
64V 6g, A \/ﬁ3>

A~ =B~ = ((a1 —ds,b1 —c2,c1 — by, di —a2) , 04 N\ O,
04V 6g,BaV Br)

. R B
(A ) 1:<(d_]7c_l7b_]aa_l)7aA76AaBA> where A 7&0

’)/ANZ <(Ya177b1,70177d1)aOCA79A,BA> lfy>0
((vdy1,yc1,yb1,yar), 04,04, Ba) if Y<O

<(%7%7Z_]2)%) ,(XA/\(XB,GA\/GB,ﬁA\/ﬁB>
ifdi>0,dy>0

Iﬁi <(%7%7%7%);aA/\aBaeA\/erﬁA\/ﬁB>
ifdl <0,d, >0

<(%7Z_|27i_2|5%) 7aA/\aB;9A\/eB;BA\/BB>
ifdy <0,d, <0

((araz,biby,cic2,d1dy), 004 N, 04V OB, Bs V Bp)
ifdy>0,d», >0

((arda,bicy,c1by,dyaz), o4 Nap,04V 6, Bs V Bp)
ifdy <0,dr >0

((dida,crc,b1by,a1az) 04 N, 04V O, Ba V Bp)
ifd] <0,dr <0

ATB™ =
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Definition 4 [6] The Neutrosophic linear fractional
programming (NLFP) problem can be written as:

n
.Z] C]-NvaLpN

J N(x

a

D(x

T =

Maximize 77 ~ 5——
_Zldj”x]-w”
j=

Kay

4
Subject to @)

n
.Zlaiijj <b7i=12,....m, x;>o.
j=

In this type of problem, c7,p~,d7,q~,ai”j and b are
trapezoidal neutrosophic numbers. For convenience here,
we consider D(x) > 0. In reality, every manager or
decision-maker needs to achieve the best solution to the
problem by considering ambiguous, imprecise and
inconsistent information when describing the problem.

2.1 Proposed MOLFP Method

In this section, the general form of MOLFP problem is
discussed and the procedure for converting MOLFP
problem into MOLP problem is illustrated.

The MOLFP problem can be written as follows:

Max z(x) = [z1(x),22(x), ..., zx(x)]
Sub ject to (®)]
x€eQ={x:Ax<b,x>0}

With b € R",A € R™", and z; = 2 = %,ci,di cR"
and pj,qi€R,i=1,2,... k.

Let I be the index set such that I = {i : N;(x) > 0 for x €
Q} and I = {i : Ni(x) < 0 for x € Q}, where IJI° =
{1,2,...,k}, Dj(x) is positive on Q, which is non-empty

and bounded. For simplicity, let t = m fori €I and
_ 1 ;
t= W fori eI

To illustrate the method, we propose a procedure for
solving neutrosophic linear fractional programming
problem where the cost of the objective function, the
resources, and the technological coefficients are
trapezoidal neutrosophic numbers.

Let us consider the NLFP problem:
- Y xj4+p™"
Max 2(x™") = S
Subject to (6)
Za;;”xj < biNHai =1,2,....m,
x;>0,j=1,2,...,n.

We assume that 07”, p”",df",qN”,a;” and b} are
trapezoidal neutrosophic numbers for each i = 1,2,...,m
and j = 1,2,...,n therefore, the problem (6) can be

written as:

~ Y(€)1:€/2,¢)3:¢ 430,00 Be)Xj+(P1,P2:P3:P430p:0pBp)

M ny _ LlGj1,Cj2:Cj3:C; J p:Op:Py
ax z(x™") Y.(dj1.dj2.,dj3.dja304,04,Ba)xj+(q1,92.q3.94304,64.B4)
(7

Subject to
Y.(aij1,aij2,aij3,aij4; Ca;s Oa, Ba)Xj <
(bjlaij;bj37bj4;ab79b7ﬁb)ai = ]727' -y m,
x;<0,j=12,...,n.
Where ,0,8 € [0,1] and stand for truth-membership,
indeterminacy and falsity-membership function of each
neutrosophic number.

In this situation the decision maker desires to improve the
degree of truthfulness and to reduce the degree of
indeterminacy and falsity membership.

Using the concept of component wise optimization, the
problem (7) reduces to an equivalent MOLFP as follows:

Maxz) = %
Maxz; = %
Maxzs = %ﬁgz
Maxzg =1 — %
Maxz7 =1— %
Subject to

Laijixj <bji,

Yaijpxj <bj,

Yajjzxj <bjs,

Y.aijaxj < bja,

Y oux; < oy,

Zeaxj < 6,

Zﬁaxj < Bb,

x;>0,i=12,....mj=12,... . n.

Using Charnes and Cooper’s linear transformation y = tx
[7], where ¢ = ﬁ,D(x) > 0, the previous MOLFP
problem is equivalent to the following MOLP problem:
Maxzy =Y cj1y;+ Pt

Maxz =Y .cjpy;+ Pt

Maxzz =Y cj3y;+ Pst

Maxzg =Y cjayj+ Pyt

Maxzs =Y acy;+ oyt

Maxzg =1—Y 6.y;+ Ot

Maxzy =1 =Y Beyj+ Byt

Subject to

Ydjyj+qar <1

Ydpyj+qst <1

Ydpyj+aqru <1

Ydjyj+qit <1

Zﬁcyj +ﬁqt <1

Y0y +6, <1
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Yoy +our <1

Yainyj+bjyt <0,

Yaipyj+bpt <0,

Yaijzyj+bjt <0,

Yaijayj+bjat <0,

Yoty +opt <0,

Y 0.y + 6t <0,

Zﬁa)’j +ﬁbt <0,

t,y;>0,i=1,2,....m,j=12,....,n.

Solving the transformed MOLP problem for each
objective function, we obtain zj,z5,23,2),25,% and z7.
Using Zimmermann’s min operator [8], the above model
transformed to the following crisp model as:

Max A,
Subject to

repyj+pit—z5A =0
Yecjpyj+pat—234 =0
Ycpyj+pst—ziA >0
):cj4yj+p4t—zjk >0
Yoy +oput —zEA <0
1—(X0:yj+6pt) —zgA <0
1= (EBeyj+Bpt) —5A <0
Ydjayj+qat <1
Ydpyj+qst <1
Ydpyj+aqrt <1
Ydpyj+aqit <1

Zﬁc)’j +ﬁqt <1

Y0y +6, <1

Yooy +our <1
Yainy;—bjut <0,
Yaijpy;j—bpt <0,
Yaijzyj—bjt <0,

Y aijay;—bjat <0,
Yauyj—opt <0,

Zeayj — 0, <0,

Y Bayj— Bt <0,
t,y;>0,i=1,2,....m,j=12,...,n.

2.2 Algorithm

The proposed approach for solving NLFP problem can be
summarized as follows:

Step 1. The NLFP problem is transformed into MOLFP
problem using component wise optimization.

Step 2. The MOLFP problem is converted into MOLP
problem using Charnes and Cooper method.

Step 3. Solve each objective function subject to the given
set of constraints.

Step 4. Use Zimmermann’s operator to obtain crisp model,
then solve this crisp model.

3 Numerical Example

In this section, we try to prove the applicability of the
proposed method, we solved the same problem which
introduced by (M. Mohamed, M. Abdel-Baset, F.
Smarandache) [9].

Let x;,x; and x3 units be the amount of I, II and III,
respectively to be produced. After prediction of estimated
parameters, the above problem can be formulated as the
following NLFPP:

M ( ~rz) 8™ x1 + T xy +9™"x3
axz\x =
< 8~x; 1 9~x; + 6~z 4 1.5°"

Subject to

Ay + 37"y 4 57" < 2877,
5™x1 43 +37"x3 <2077, 8)
x1,Xx2,x3 >0

with

8" =(7,8,9,10;0.5,0.8,0.3)

7" =(6,7,8,9;0.2,0.6,0.5)

9~"=(8,9,10,11;0.8,0.1,0.4)

6~" = (4,5,6,7,0.75,0.25,0.1)

1.5~"=(0.5,1,1.5,2;0.75,0.5,0.25)

4~" = (3,4,5,6,0.4,0.6,0.5)

37" =(2,3,4,5;1,0.25,0.3)

5~ =(4,5,6,7;0.3,0.4,0.8)

28~ = (24,26,28,30;04,0.25,0.5)

20~" = (18,19,20,21;0.9,0.2,0.6)

This problem is equivalent to the following MOLFPP:
7x1+6x248x3

MaX 21 = T0x, + 1T 1723 12
max zp = %
max z; = geltatlon,
max 24 — 10x; +9x%p+11x3

Tx;+8xp+4x3+1.5

__ 0.5x;40.2x+0.8x3
Max z5 = 53y, +0.4x,+0.1x3 1025

_ 0.8x1+0.6x+0.1x3
Max Z6 = §8x,10.1x, 102553405

_ 0.3x14+0.5x+0.4x3
Max 27 = §35x,10.8x2+0.75x3+0.75

Subject to

3x1 + 2x0 +4x3 < 24,
4x1 4 3xp 4 Sx3 < 26,
Sxy +4xp 4 6x3 < 28,
6x1 4 Sx2 + 7x3 < 30,
4xy +2xp 4+ 2x3 < 18,
Sxi1+ 3xp 4+ 3x3 < 19,
6x1 + 4xp + 4x3 < 20,
Tx1 + 5xp 4+ 5x3 < 21,

@© 2021 NSP
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0.4x1 +x +0.3x3 < 0.4,
0.6x1 4 0.25x2 4 0.4x3 < 0.25,
0.5x1 +0.3x, 4+ 0.8x3 < 0.5,
0.3x1 +x2 +x3 <0.9,

0.4x; +0.25x7 + 0.25x3 < 0.2,
0.8x1 +0.3x, 4+ 0.3x3 < 0.6,
Xx1,X2,x3 >0

Using the transformation, the problem is equivalent to the
following MOLPP:

Max z; =Ty + 6y2 + 8y3

Max 7o =8y + Ty, +9y3

Max z3 = 9y1 + 8y, + 10y3

Max z4 = 10y; +9y> + 11y3

Max z5 = 0.5y; + 0.2y, +0.8y3
Max z6 = 0.5y, +0.15y3 +0.5
Max z7 =0.2y; + 0.3y, +0.35y3 + 0.75
Subject to

10y + 1y, +7ys +21 < 1,

9y; + 10y, + 6y3 + 1.5t < 1,
8y1+9y2+Sy3+1 <1,

Ty1+ 8y +4y3+0.5: < 1,

0.3y1 + 0.4y, +0.1y3 +0.25¢ < 1,
0.8y +0.1y2 +0.25y3 +0.5¢ < 1,
0.5y1 +0.8y2 +0.75y3 +0.75¢ < 1,
3y1+2y2+4y3 —24t <0,

4y| + 3y, +5y3 — 26t <0,

Sy +4yz +6y3; —28t <0,

6y1 + 5y2 + 7y3 — 30t <0,

4y; +2y,4+2y;— 181 <0,
5y1+3y2+3y3— 19t <0,

6y1 +4ys +4y; —20r <0,

7y1 45y, +5y3 — 21t <0,

0.4y; 4y, +0.3y3 — 0.4 < 0,
0.6y1 4 0.25y; +0.4y; — 0.25t < 0,
0.5y; +0.3y2+0.8y3 — 0.5t <0,
0.3y 4+y2+y3— 0.9t <0,

0.4y1 +0.25y2 +0.25y; — 0.2 < 0,
0.8y1 +0.3y2+0.3y; — 0.6 < 0,
£,y1,Y2,y3 >0

Solving each objective at a time we get

71 =10.7843,zp = 0.8824,23 = 0.9804,z4 = 1.0784,z5 =
0.0784,z6 = 0.5147,z7 = 0.7843
Now the previous problem can be reduced to the following
LPP:
Max A,
Subject to

Ty1+6y2+8y3 —0.7843A1 >0

8y1+7y2+9y; —0.8824A1 >0

9y1 + 8y, + 10y;3 —0.9804 4 >0

10y; 4+ 9ys + 11y3 — 1.0784 1 > 0

0.5y1+0.2y,+0.8y; —0.07841 >0

—0.5y,+0.15y3 +0.5—0.51474 >0

0.2y; + 0.3y, +0.35y3+0.75—0.78431 > 0

10y + 11y, +7y3+2t < 1,

9y1 +10y2 +6y3 +1.5¢ < 1,

8y1+ 92 +5y3+1<1,

Ty1+ 8y +4y;+0.5r < 1,

0.3y; +0.4y,+0.1y3 +0.25: < 1,

0.8y; + 0.1y, +0.25y3 +0.75¢ < 1,

3y1 +2yr +4ys — 24t <0,

4y + 3y, 4+ 5y3 — 26t <0,

Sy1+4yr+ 6y3 — 28 <0,

6y1 + 5y, +7y3 — 30t <0,

4y1 +2y2+2y3 — 181 <0,

Sy1+3y2+3y3 19t <0,

6y1 +4y2+4y; —20t <0,

Ty1+5y2+5y3 =21t <0,

0.4y +y,+0.3y3 — 0.4t <0,

0.6y, +0.25y, +0.4y3 — 0.251 < 0,

0.5y; + 0.3y, +0.8y3 — 0.5 < 0,

0.3y1 +y24+y3—0.9r <0,

0.4y; +0.25y, +0.25y; — 0.2t < 0,

0.8y; + 0.3y, +0.3y3 — 0.6 < 0,

At y1,y2,y3 >0

Solving by Maple we have

A=1,t=0.1569,y; = 0,y, = 0,y3 = 0.09804

= x; =0,x =0,x3 =0.625
(0.625)9™"

Z(x™) = 0.625)611.5~7
= (0.7843,1.0714,1.5152,2.2917;0.75,0.5,0.4)

4 Conclusion

We introduced a new approach to  solve
trapezoidal-neutrosophic linear fractional programming
models. A comparison between the fuzzy approach and
the neutrosophic approach is given. We illustrated the
importance of neutrosophic approach than used fuzzy
approach. Finally, to obtain a neutrosophic basic possible
optimal solution to a somewhat modified set of
constraints, the suggested technique proposed a
neutrosophic approach involving neutrosophic artificial
variables. The neutrosophic simplex technique is then
used to remove the artificial neutrosophic variables and to
resolve the original problem. We plan to extend this
approach to solve multi-level multi-objective fully
neutrosophic linear fractional programming problems in
the next work.
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