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SOLVING LFPP BY CONVERSION TECHNIQUE IN NEUTROSOPHIC ENVIRONMENT
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AsstrACT. In this paper, we present a new technique for resolving the Neutrosophic Linear Fractional
Programming Problem (NLFPP) by converting it into a Neutrosophic Linear Programming Problem
(NLPP). An algorithm is proposed for the conversion. We used simplex method in neutrosophic
environment to generate the optimal solution. Numerical examples are illustrated.
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1. INTRODUCTION

Linear programming is a method for achieving the best outcome (such as maximum profit or
minimum cost) in a mathematical model represented by linear relationships. Linear fractional
programming (LFP) deals with that class of mathematical programming problems in which the
relations among the variables are linear: the constraint relations must be in linear form and the objective
function to be optimized must be a ratio of two linear functions. Nowadays linear fractional criterion
is frequently encountered in business and economics such as: debt-to-equity ratio[Min], return on
investment[ Max ], Risk asset to Capital[Min], Actual capital to required capital[Max] etc. So, the
importance of LFP problems is evident.

Linear Fractional Programming Problem was first introduced by Charnes and Cooper [3] and
subsequently developed by Bitrand and Navaes [2], Hasan and Acharjee [6]. Abdel-Baset, Hezam
and Smarandache [ 1] introduced neutrosophy which is the study of neutralities as an extension of
dialectics. Neutrosophic is the derivative of neutrosophy and it includes neutrosophic set, neutrosophic

probability, neutrosophic statistics and neutrosophic logic.
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Neutrosophic theory applied in many branches of science, in order to solve problems related
to indeterminacy. Although intuitionistic fuzzy sets can only handle incomplete information not
indeterminate, the neutrosophic set can handle both incomplete and indeterminate information.
Neutrosophic sets are characterized by three independent degrees namely truth membership degree
(T), indeterminacy-membership degree (I), and falsity membership degree (F), where T, I and F are
standard or non-standard subsets of |0, 1*[. The decision makers in neutrosophic set want to increase
the degree of truth-membership and decrease the degree of indeterminacy and falsity membership.

In this paper, we develop a technique to solve Neutrosophic Linear Fractional Programming Problem
by converting it into a Neutrosophic Linear Programming Problem. The rest of the paper is structured
as follows; In section 2, preliminaries are given. In section 3, standard form of NLPP and NLFPP
are given. In section 4, conversion procedure is explained in detail. In section 5, algorithm is given.

Numerical examples are included in section 6. Finally conclusion is given in section 7.

2. PRELIMINARIES

In this section we recall some definitions and results, which are necessary for our discussion.

Definition 2.1. Single Valued Triangular Neutrosophic Number (SVTNN) In the following a', b, ct

(i = 1,2,..) are real numbers. A SVTNN is defined by a" = {(al, b, ¢});tq, iq, wa} (refer figure 1)

whose three membership functions for the truth, indeterminacy, and a falsity of x are given by

Ty li

ly

We

0 Tan
ap b o

\4

Ficure 1. a" = {(all, by, c”f) itas Ta, wa} SVTNN

l
W (a} <z < b7
fan (1) = ta (x = bY")
=Dt gn< < o)
ct — by b !
0 Otherwise,
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(b7 — ) iq "
71)1771_@[ (aﬁ§x<bl)
1 1
_ la (x = b7")
ign (x) = (2 — ) dg - ’
Ty (O <z <cf)
1 Otherwise,
(b7 — ) wq m
711)771_&1 (allgx<b1)
1 1
_ Wa (x =)
wan (x) = (@ — ) wa - .
Ty (O <z <cf)
1
\ 1 Otherwise,

where 0 < tzn (7) + ign (7) + wan (z) < 3, x € @". Additionally, when a} > 0, @" is called a positive

SVTNN. Similarly, when al1 < 0, a" becomes a negative SVTNN.

Definition 2.2. Let a"and b" be two SVTNN’s and v # 0. Here a" =
" = { (b, b, %) ;ty, ip, wp}. Then
(a) Addition
a4+ b = {(all +ab, BT 4 b, czl‘—i—cqj) ita ANty iq V iy, we V wp}

(b) Subtraction

l l . . .
a" —bv = {(al —cy, b* — by, cf —a2> sta Aty iq V iy, We V wpt
(c) Multiplication
dn . b’n
= {(Min (allaé, a ey, cial, clchg) , b0y, Max (allaé, abc¥, ctal, 011‘012‘)) it Aty g V iy, We V Wh}

(d) Division

~ l l U U m l l U U

a” . fay ay ¢ Y\ b ay ay cf o L

Bﬂ:{(l\/hn <al,cu,al,cu ,b—m,MaX al,cu,aT,cu ,ta/\tb, Za\/lb, UJa\/CL)b
2 2 2 2 2 2 2

2 &
(e) Scalar Multiplication

(vab, v, et st das wa}, (7> 0)

{
{(vet, v, val) sta, ia, wa}, (¥ <0).

{(al, b, ¢¥) tay iay wa} and
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3. MataemarticaL ForMm orF NLPP anp NLFPP
The standard form of the NLPP is

Max(or)Min 2(%) = ¢;2; +

joN
<
I
\.H
N
E

subject to
Az <b; Yji=1,2,...,m
and j:l 2 {(07070)71>070}

and that of an NLFPP is

Max(or)Min 2(z) = M Vi=1,2,...,n (1)

diz; + 8
subject to
A]ZQ?ZSB] Vj:1,2,,m (2)

and #; > {(0,0,0);1,0,0}

wherei=1,2,...,nand j =1,2,...,m; &;, ¢; and d; € R™; bj € R™; flji is a m x n-SVINN coefficient

matrix; & and 3 are neutrosophic constants.

4. ConversioN From NLFPP to NLPP

In this conversion we are going to deal with two cases, (i) is in objective function (1) we going to

consider @ is positive and 3 is negative and in case (ii) we going to consider both & and /3 are negative.
4.1. Case- (i).

4.1.1. Conversion of objective function. Now (1) will be changed into
CiTi +
Max (or) Min 2(2) = ————, 3
(o) Min 2(2) =~ 3)

where & is positive and f3 is negative.

(4)

Whereéi:5i+di; bizéi*d;' 5\:5(*5 ﬂ:d‘FB
In Equation (4), Multiply & divide by fi, and simplify it.

Now, we get the new objective function,



Asia Pac. ]J. Math. 2024 11:4 50f 13

Z(9) = Eigii + p. (5)
G- D : A
where E; = LNZ; Ui = * and p = —.
M D;z; + [ T
4.1.2. Conwversion of the constraints (2).
Ajilfi < ~J
We shall now determine the value of z;.
Here
_ Z;
Yi = = =
" DiEi+ i

Z; (1— 2]1 i) = gz/]
. it
T — . 6
© o 1-gDi (©)
Further substituting Z; in
AjiTi < b;
i Yilt 7 Yifl
< b, where &; = =
ﬂ(l—y,»Di) - ' — uiD;
Az < by (1= 5:D;)
A]zgz/j’/ < ~] - glbll;j
Ajigifi + 3:Dib; < b
(AJZ/]’ + B] Nz gz < ~]
~]zgi S B]a
where Bji = Ajiﬂ + I;jDi and ; = — in ~
Diz; +
We get the new constraint
Bjigi < b;. (7)

4.1.3. Calculation of unknown variables. After solving the converted NLPP, we obtain the values of y;.
Then find z; using
- _ i
Co1-giDy
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On substituting the values of Z; in the objective function, in
Max (or) Min 2(z) = M
i —
We get the optimal solution.
4.2. Case - (ii).
4.2.1. Objective function for this case is.
Max (or) Min 2(z) = Cfgfz —“
i — B
where & and 3 are negative.
We can also consider,
Max (or) Min 2(z) = M (8)
—diTi +
Substituting él = —Ei; [)z = —Ji 5\ = /] = B
> CiFi + A
2@y = 202
Diz; + 1
In Equation (8), Multiply & divide by fi, and simplify it.
Now, we get the new objective function,
Z(j) = Egji + p )

- Ciji— D\ o A
where E; = /i~ TS f? —and p = —.
H —D;z; + [ H

4.2.2. Conversion of the constraints (2).

—Di; + [i
Ti = Yi <_Difi'i + ~)

& = —Dikifii + it

8
S
I
2
2
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Further substituting Z; in

Bjiti < bj,
where B; = A;ii — b;D; and §j; = %
Ji jikk — 0540 Yi " Didi + i
We get the new constraint
Bjigi < bj. (10)

4.2.3. Calculation of unknown variables. After solving the converted NLPP, we obtain the values of y;.
Then find Z; using
- Wit
Ty = = — = -
L+u:D;
On substituting the values of Z; in the objective function, in

o™
2
S,

Max (or) Min £() = ———

i —

§

o &

We get the optimal solution.

5. TRANSFORMATION PROCEDURE

We now present the algorithm for finding the solution of a NLFPP. Consider the NLFPP

Max (or) Min 2 (2) = M Vi=1,2,...,n
diZi +
subject to
Ajij'i < i)j
and # > {(0,0,0);1,0,0}.
Step 1. Calculate E;, p from the values of C;, D;, A, fi.
Step 2. Form the new objective function as Z (j) = E;fj; +

!

Step 3. Calculate Bji from the values of flﬂ, i, bj, D;. This yields Bjigi < Bj; is the new constraints for
the above objective function obtained at step 2.

Step 4. Solve the above NLP problem obtained from steps 2 and 3 by Neutrosophic simplex algorithm.
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Step 5. The y; values are obtained from the simplex table.
Step 6. Using the values of y;, [, D;, calculate #; and Max (or) Min Z(z), which is the final Optimal

Neutrosophic Solution.

6. NumericaL ExampLE

Example 1. Consider the NLFPP.

{(3,4,5):.3,.4,.6} 1 + {(5,6,7); 4, .6,.5} 2 + {(0, 0, 0);1,0,0}
{(1,1,2);.4,5,.3 31 +{(1,2,3);.5,.3, 2} &2 — {(2, 3, 4); .5, 4, .3}

Max z =
subject to
{(1,2,3);.2,.4,.3} @1 + {(2,4,6);.3,.5,.7} i < {(14, 15, 16);.7,.5,.3}
{(1,2,4); 4, .6,.2} &1 + {(1,4,8);.6,.5, 4} 5o < {(18, 19, 20);.6, .4, .2}
and Z;, 22 > {(0,0,0);1, 0, 0}.

Solution. Here

&1 =1(3,4,5);.3, .4,.6}, ey =1{(5,6,7);.4,.6,.5},
a=1{(0, 0, 0);1,0,0}, dy ={(1,1,2); 4,.5,.3},
dy = {(1,2,3):.5,.3,.2}, B ={(—4, -3, —=2);.5, .4,.3},
Ay =1{(1,2,3);.2, 4,8}, A1 = {(2,4,6):.3,.5,.7},
by = {(14, 15, 16);.7, .5, .3}, Ay ={(1,2,4); 4,.6,.2},
Ay ={(1,4,8);.6,.5,.4}, by = {(18, 19, 20);.6,.4,.2},

where A1, A15 and by are the coefficients of the first constraint and As1, Ass and by are the coefficients
of the second constraint.

We now calculate

Cr=é+d ={(3,4,5);.3,.4,.6} + {(1,1,2); .4, .5, .3}
={(4,5,7);.3,.5,.6}

Cy =& +do ={(5,6,7);.4,.6,.5} +{(1,2,3); .5,.3,.2}
={(6,8,10); .4,.6,.5}

Dy =¢é —d ={(3,4,5);.3,.4,.6} —{(1,1,2); 4, .5,.3}
={(1,3,4);.3,.5,.6}

Dy = &5 — ds ={(5,6,7);.4,.6,.5} — {(1,2,3);.5,.3, .2}

={(2,4,6); 4, .6,.5}



Asia Pac. ]J. Math. 2024 11:4

90f 13

A=a-5
ii=a+p
A
p==
m
. i—A\D
E1:C’1M~)\ 1
m

_ i—A\D
EQZM

i

={(0, 0, 0);1,0,0} — {(—4, -3,

={(2,3,4); .5, 4, .3}

—2):.5,.4,.3}

={(0, 0, 0);1,0,0} + {(—4, =3, —2);.5, .4,.3}

={(-4,-3,-2); 5, 4,.3}
{(2,3,4): .5, 4, .3}

“TC4 -3 -2),5 4,3 (2

=Cy — pD;

Dy =Cy — pDs

The new objective function is Z (9) = Egi +p

Max Z (§) = Er1ii + Eajja + p

Again Bj;

~1,-0.5);.5,.4,.3}

—{(4.5,8,15);.3,.5,.6}

={(7,12,22); 4, .6,.5}

={(4.5,8,15);.3,.5,.6} 51 + {(7,12,22) ; 4,.6,.5} 72

+{(-2,-1,-0.5); .5, 4, .3} .

By = Anji+ 01Dy = {(2, 39,
Blg = Alzﬂ + Elf)g = {(4, 48,
Boy = Ag1fi + oDy = {(2, 57,

Bag = Agafi 4 byDy = {(4, 64,

We now find the transformed constraints le-gji < l;j

62);.2,.5,.6}
92);.3,.6,.7}
78);.3,.6,.6}

118);.4,.6,.5} .

{(2, 39, 62);.2,.5,.6} 51 + {(4, 48, 92);.3,.6,.7} > < {(14, 15, 16);.7,.5, .3}

{(2, 57, 78);.3,.6,.6} 51 + {(4, 64, 118);.4,.6, .5} > < {(18, 19, 20);.6, .4, .2}

The standard form of NLPP

and gla QQ > {(O’ 0) 0)717070}

Max Z () = {(4.5,8,15);.3,.5,.6} 41 + {(7,12,22); .4, .6,.5} 7o

+{(-2,-1,-0.5); .5, 4, .3}
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subject to
{(2, 39, 62):.2,.5,.6} 51 + {(4, 48, 92);.3,.6,.7}i» < {(14, 15, 16);.7,.5,.3}
{(2, 57, 78);.3,.6,.6} §i1 + {(4, 64, 118);.4,.6, .5} § < {(18, 19, 20); .6, .4, .2}
and g1, 92 = {(0, 0, 0);1,0,0}

Using Neutrosophic Simplex algorithm, we solve this problem and obtain the values of g; as

E‘,‘ {(4.5.8,15);.3..5..6} {(7.12,22); 4. .6,.5} {(0,0,0): 1,0,0} {(0,0,0); 1.0,0}
g5 -
& iz 7 ¥ b 72 i & Ratio
b
{(0,0,0); 1,003 ¥a {(2,39,62);.2, 5,.6} {(44892); 3,6,.7} {(1.1,1): 1,003 {(0,0,0);1,0,03 {(14,15,16); 7..5,.3} | {(0.15,0.31,4);.3,.6,.7}
{(0,0,0); 1,003 — ¥y {(2,57.78); .3, 6,.6} {(4.64,118); 4..6,.5} {(0,0,0);1,0,03 {(1.1,1); 1,0,03 {(18,19,20); 6,.4,.2} | {(0.15,0.29,5); 4., .6,.5}
CJ' = Zf —E"J; {(-15,-8,-4.5);.3,.3,.6} {(-22,-12,-7); 4,.6,.5} {(0,0,0);1,0,03 {(0,0,0);1,0,03
{(7.1222): 4.6.5} | {(0.04,0.81.15.5):.2..6..7} {(0.04.1.23): 3..6..7} {(0.01.0.02,0.25):.3..6..7} | {(0.0.0):.3..6..7} | {(0.15.0.31.4): .3..6.7} -
{(0.0.0): 1.0.0} A {(-990.5.76.61):.2,.6..7} {(—1468.0,115.22):.3..6..7} {(0.0.0):.3,.6..7} {(11.1):.3..6..7} | {(0.15.0.29.5): 4..6..5} -
C}I = ZJ, - f_; {(—14.84.1.75.336.5):.2,.6..7} | {(—21.69.0.499): 3..6..7} {(0.07.0.24.5.5):.3..6..7} | {(0.0,0):.3..6..7}

FiGure 2. Neutrosophic Simplex Table

gl = {(0’ 07 0) ; 17070}>
72 = {(0.15, 0.31, 4);.3,.6,.7} .

From the values of §;, we find the values of Z;

B=- 100, 0):.3,6.7)
1 —11dy

o= P (1882, —1.02, 0.02):.3,.6,.7}.
1 — godo

On substituting these values in the given objective function, we obtain

{(3,4,5):.3,.4, 6} @ + {(5,6,7); 4, .6,.5} & + {(0, 0, 0);1,0,0}
{(1,1,2);.4,5, 3V, + {(1,2,3):.5,.3, .2} &2 — {(2, 3, 4); 5, 4, .3}

= {(—0.0023, 1.2142, 67.9072);.3,.6,.7}

Max z =

The optimal solution is
Max z = {(—0.0023, 1.2142, 67.9072);.3,.6,.7}
z1=4(0, 0, 0);.3,.6,.7}

Zo = {(—18.82, —1.02, 0.02);.3,.6,.7}.
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Example 2. Consider the NLFPP

Max 5 — {(1,2,3);.3,.4,.6} 21 + {(1,2,3); 4,.6,.5} 32 — {(6, 7, 8);.2,.5,.3}
- 4

{(5,6,7);.4,.5,.3Y i1 + {(4,5,6);.5,.3, 2} &2 — {(3, 4, 5); .5, .4, .3}

subject to

{(6,7,8):.2, .4, 3Yi1 + {(2,3,4):.3,5,.T} & < {(11, 12, 13);.7,.5, .3}
{(2,4,5);.4,.6,.2} & + {(1,2,3):.6,.5,.4Y @ < {(6, 8, 10):.6, .4,.2}

and .’Z‘l, ig > {(0,0,0);l, 0, 0}

Solution. Here

c1 =1(1,2,3);.3, 4,.6}, ¢ =1{(1,2,3); 4,.6,.5},
a={(-8, -7, —6);.2,.5,.3}, d, ={(5,6,7);.4,.5,.3},
d> = {(4,5,6);.5, .3, .2}, B ={(~5—4,-3);.5, 4,3},
Ay ={(6,7,8):.2,.4,.3}, A =1{(2,3,4);.3,.5,.7},
b = {(11, 12, 13);.7,.5, .3}, Ay ={(2,4,5); 4, .6,.2},
Asy = {(1,2,3);.6, .5, .4}, by = {(6, 8, 10);.6,.4,.2}

where flu, Ay and by are the coefficients of the first constraint and Agl, Ay and by are the coefficients
of the second constraint.

We now calculate

Ci={(-3,-2,-1);.3,.4,.6}, Co={(~3,-2,-1);.4,.6, .5},
A={(6, 7, 8);.2,.5,.3}, Dy = {(~7,-6,-5);.4,.5,.3},
Dy ={(—6,-5,-4);.5,.3, .2}, i ={(3,4,5);.5,.4,.3},

= {(3,8.5,17.67);.2, .6,.7}

_ 0 — \D _ A - - .
EzzczuﬂMzcz—<)~\>D2202—ﬁD2

=

= {(1.8,6.75,15);.2,.6,.5}
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Again Bji
Bi1 = Ayfi+ b1 Dy = {(—73,—44, —15); .2, .5, .3}
Biy = Ajoji+ b1 Dy = {(—=72,—48,—24); .3, .5,.7}
Boy = Agji+ byDy = {(—64,—32,—5); 4,.6,.3}
By = Agafi + byDy = {(—57,-32,-9): .5, .5, .4} .

So, we have the new objective function Z(@H) =Edgi+p
Max Z (9) = Eii + Ealjo +p
={(3,8.5,17.67);.2,.6, .7} y1 + {(1.8,6.75,15);.2,.6, .5} yo
+{(1.2,1.75,2.67); .2, .5, .3}
Now we get the new constraint Eﬂgj@ < Ej
{(=73,—44,-15);.2, .5, 3} i + {(—72,—48,—24); 3, 5, .7} > < {(11,12,13); .7, .5, .3}
{(—64,—-32,—5); .4,.6,.3} 1 + {(—57,—32,-9); .5, .5, .4} > < {(6,8,10);.6, .4, .2}
y1, ¥2 = {(0,0,0); 1,0,0}

Using Neutrosophic Simplex algorithm,

{(3,8.5,17.67);.2,.6,.7} {(1.8,6.75,15);.2,.6,.5} | {(0,0,0); 1,0,0} | {(0,0,0); 1,0,0}

o

o
]

Basic
Variables

o
s

oF
=
o

=

]

{(0,0,0); 1,0,0}

2
o

{(~73,—-44,-15);.2,.5,.3}

{(~72,—48,-24);.3,.5,.7}

{(1,1,1);1,0,0}

{(0,0,0); 1,0,0}

{(11,12,13);.7,.5,.3}

{(0,0,0); 1,0,0}

St
=

{(—64,-32,-5); 4,.6,.3}

{(=57,-32,-9); 5,.5,.4}

{(0,0,0);1,0,0}

{(1,1,1);1,0,0

{(6,8,10);.6,.4,.2}

{(~17.67,-85,-3);.2, 6,.7}

{(~15,-6.75,-1.8);.2,.6,.7)

{(0,0,0):1,0,0}

{(0,0,0); 1,0,0}

AV o =t
G =Z-¢

Ficure 3. Neutrosophic Simplex Table

We cannot solve this problem. Because of the constraints are negative. Therefore the problem is

unbounded solution.

7. CONCLUSIONS

In this paper, a new technique for solving the NLFPP has been proposed. We have suggested the
methodology that efficiently addresses the problem. In the proposed technique, we transform NLFPP’s
into NLPP by a processing technique and then resolve them using the simplex method in Neutrosophic

environment. We illustrate with a numerical example to demonstrate our method.
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