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Abstract
In this paper a fractional linear programming problem is solved in
Neutrosophic Environment. The proposed method for solving is based on modified
simplex procedure for fractional function. This method is explained details with
the help of Numerical illustration.
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1. Introduction

Fractional programming problem is that in which the objective function is the ratio
of numerator and denominator. These types of problems have attracted considerable
research and interest. Since these are useful in production planning, financial and
corporate planning, health care and hospital planning etc.

Algorithms for solving linear fractional programming problems are well known by
many. Charnes and Copper [1] replaces a linear fractional program by one equivalent
linear fractional program, in which one extra constraint and one extra variable has been
added. The usual simplex algorithm computes the optimum solution. Chadha-Caldile
[2] solves a system of linear of inequalities in which the objective function is expressed
as one of the constraint along with the given set of linear constraints of the problem.
Resently Tantawy [7] has suggested a feasible direction approach and a duality approach
to solve a linear fractional programming problem. Here our aim is to find the solution of
fractional programming problems in Neutrosophic environment (i.e. objective function
is the ratio of numerator and denominator of linear functions). For it, we use modified
simplex method. These methods are very easy to understand and apply.

Preliminaries are given in the next section. The steps of the proposed Modified
Simplex Algorithm in Neutrosophic Environment are presented. Numerical illustration
have been worked out in the paper and finally we present the references.
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2. Preliminaries

Definition 2.1 (Single Valued Neutrosophic Number). Let w,, u,,y, € [0, 1] be any
real numbers. A single valued neutrosophic number a = {< ay, by, cy >;Wa, Ug, Yo} is
defined as a special neutrosophic set on the real number set R, Whose truth-membership,

indeterminacy-membership, and a flasty-membership are given as follows:-

( (x — a)w,

b —a, (a1<x<b1)
w, (x =by)
Ha(X) = 4 (c) — X)wa (b < x <)
c —d] 15X C1
0 Otherwise
by —x+ux—a
( 1 a a( )) ( l<x<bl)
1 — a1
Uy, (x =by)
Ha(x) = 3 xX—b; +u,c —x
1 Otherwise
b - + a -
( 1 ); ya(x a)) (al <x< bl)
1 — i
Ya ()C = bl)
Ha(x) = 3 x—Dbyy,(c; —x
( Cllya_(dll )) (bl <x< Cl)
1 Otherwise

respectively.
If a; = 0 and at least ¢; > 0, then @ =< (ay, by, ¢1); Wa, Ug, Yo > is called a positive
single valued triangular neutrosophic number, denoted by a > 0.

Similarly, If ¢c; < 0 and at least a; < 0, then @ =< (ay, by, ¢1); Wy, Ug, Yo > is called
a negative single valued triangular neutrosophic number, denoted by a < 0.

An ill-known quantity of the range, which is approximately equal to b,

may be represented by a single valued triangular neutrosophic number a =

{{ar, by, c1) s Wa,s tay Ya -

Definition 2.2. Let &" = {{ai,bi,c1); Wa, ttg, Yo} and b" = {{az, by, c2) ; Wy, t, Y3} be

two single valued triangular neutrosophic numbers and y # 0. Then

1. &"+ 0" = {a; + ay, by + by, c1 + C2) s Wa A Wpy Uy N Upy Yo V Vi)
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2. @ —b" = {{a; — c2, b1 — by, c1 — @2) s Wy A Wy, Uy \ Up, Yo N Vi)
{{ar1a, b1ba, c1C2) s Wo A Whytty v Up, Yo N Vi), (€1 > 0,2 > 0)
3. @b =5 {{aic2,biba, €1a2) s Wa A Wiy N U, Yo v Yo} s (1 < 0,02 > 0)

{(Clcz,blbz,alaz> sWa AN Wp, Ug NV Up, Vg V )’b} ) (Cl <0,00 < 0)

b
{<a1 - Cl> Wa A Wp,yUg N Up, Vg V yb} ,(c1 > 0,c, > 0)
ay b2 C
a 611 b] Cl
4, — = SWa A Wp, Ul NV Up, Yo NV Yy ¢ (€1 < 0,00 > 0)
b (o)) bz a
Cl bl 611
s Wa A Wp,y Ut NV Up,Ya V Y ¢ (€1 < 0,0 < 0)
(&%) bz a
{(yal,ybm,yc Vs Ta A Thylag V i, Wa V Wy}, (y > 0)
5. ya" =
{(ycl, ybm,yal) Ty A Thylg V iy, Wy V Wy}, (¥ < 0).

2.1. Neutrosophic Linear Fractional Programming Problem
A maximization linear fractional programming problem may be stated as:

X'+ a
dx"+

Max.7" = (2.1)

wl

n

s.t AX" <
=

—~~—

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

Where ¥, 7", B" are Neutrosophic Single Valued Triangular Number.

3. Modified Simplex Algorithm in Neutrosophic Environment

Step: 1. Converts the inequality constraints to equations by introducing the non-
negative slack or surplus variables. The coefficients of slack or surplus variables are

always taken zero in the objective function.

Step: 2. Constructs the simplex table by using the following notations. Let X be the

initial basic feasible solution of the given problem such that

Ay =B"
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X,% _ EnA_l
Where B" =< (a,b, ¢); Wa, Uay Ya >,
Zl = CB)~CB + a

Z, = dpig + 8

where cg and dg are the vectors having their components as the coefficients associated
with the basic variables in the numerator and denominator of the objective function

respectively.

Step: 3. First we compute the values for 71,7, and z. Where

2= Z{(co — ef ficientofc;) x B"} + «
D= Z{(co — ef ficientofd;) x B"} + B
_a

22

Step: 4. To calculate A} row is cj — ZCB)?;; for each variable x;. In this way we

calculate the values 0fA§ rowisd;— Z dpXy for each variable x;.

Step: S. Now, compute the evaluation A; for each variable x; (column vector x;) by the

Aj = Zg (Cj —ZCBJ?%) —Zl (dJ —ng)?%)

Step: 6. To find the Entering variable, in the most positive value of A

formula

%)
Step: 7. Next we find the Minimum ratio column —.
Yij
Step: 8. Then we find the Leaving variable, to select the least positive value of the
Xii
Minimum ratio =~ column.
Yij
Step: 9. If all A; less than (or) equal to {(0,0,0);1,0,0}, the optimal solution is

obtained. Then we get the required solution. Finally stop the iteration.

Step: 10. Otherwise, continued in Step-(3) to Step-(9).
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4. Numerical Example

Problem 4.1. Find the solution of following linear fractional programming problem

5_ _Tit2h
max.t = ———<

2% — % +2
st — % +2% < {(1,2,3);0.6,0.5,0.3}

<
X1+ % <{(2,4,6);0.2,0.6,0.5}
X1, % = {(0,0,0);1,0,0}
Solution: The Objective function is,

X +2%+0x+0x%,+0
2% — X% + 0% + 0%y +2

max.Z =

After adding slack variables, X3 and X4, the constraints become
—X + 2% + % = {(1,2,3);0.6,0.5,0.3}

B4+ H = {(2,4,6):0.2,06,0.5)
X1, %2, %3, X4 = {(0,0,0); 1,0, 0}

Table:1.1
a=0 |c¢ j 1 2 0 0 Min.Ratio
BV | g=2 |d 2 | 1] 0] 0 il
_ Yij

)?B dB Cp B 551 )~CQ 5(?3 554

. {<1,2,3 >

50000 o6 0.5,0.3} Lpzp b0

. {i2,4,6{;

00 go060s | PO
Z O T A T AD T AD m
- S
2 Ay LA Ay | Ay Aj
z AL A | Ay | A A

In table 1.2 calculations are given below.
Zo= Y.efp+a=(0)({<1,2,3>:06,0503>})
+(0)({< 2,4,6 >:0.2,0.6,0.5}) + 0
— {<0,0,0>;0.2,0.6,0.5}
Z o= Y dp¥+pB=(0)({<1,2,3>:06,05,03})
+(0)({< 2,4,6 >;0.2,0.6,0.5}) + 2
= {<2,2,2>;0.2,0.6,0.5}
Z {<0,0,0>;0.2,0.6,0.5}

- U — {<0,0,0 >;0.2,0.6,0.5
¢ % {<2,2,2>;02,06,05} { }
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AE.I) zcj—ZcB)?B

AV =1 [(0)(~1) + (0)(1)] =1
Ay = z ~[(0)(2) + (0)()] =2
AV =0—[(0)(1) + (0)(0)] =0
Al =0-[(0)(0) + (0)(1)] =0
A _dj—ZdeB

AY =2 —[(0)(~1) + (0)(1)] =
A = =1 [(0)(2) + (0)(1)] =
A =0~ [(0)(1) + (0)(0)] = 0
A5 —o [(0)(0 >+<o>§)1>]=o

A; _ZZXAS.)—Zl XAJ
A =({<2,2,2>;0.2,0.6,0.5})(1) —
={<2,2,2>;0.2,0.6,0.5}
= ({<2,2,2>;0.2,0.6,0.5})(2) —
= {<4,4,4>;0.2,0.6,0.5}

({<0,0,0 >;0.2,0.6,0.5})(2)

({<0,0,0 >;0.2,0.6,0.5})(—1)

Ay = ({<2,2,2>;0.2,0.6,0.5})(0) — ({< 0,0,0 >;0.2,0.6,0.5})(0)
= {<0,0,0>;0.2,0.6,0.5}
Ay = ({<2,2,2>;02,0.6,0.5})(0) — ({< 0,0,0 >;0.2,0.6,0.5})(0)
= {<0,0,0>;0.2,0.6,0.5}
Table:1.2
a=0 cj 1 2 0 0 Min.Ratio
BV| p=2 | 4 2 . 0 0 :l
1]
ig | dp| cp| B X % i3 i -
{(1,2,3); {< 5.1, >
: 10 0.6,0.5,0.3} ! : : 0 046,20.54,0243}
~ {<2.4,6>; {(2,4,6);
o oo 0.2,0.6,0.5} ! ! 0 ! 02,0.6,0.5}
- o ' : ; ;
R S EN CR DR T
z= {(0,0,0); {2,2,2); {(4,4,4); {(0,0,0); {(0,0,0); N
0.2,0.6,0.5} 0.2,0.6,0.5} 0.2,0.6,0.5} 0.2,0.6,0.5} 0.2,0.6,0.5} J

Since 7, = {(0,0,0);0.2,0.6,0.5},
% = {(2,2,2);0.2,0.6,0.5}
and % = {(0,0,0);0.2,0.6,0.5} .

Therefore A; = ({(2,2,2);0.2,0.6,0.5}) x AEI) as shown in table 1.2. Entering
variable is ¥, and Leaving variable is X3. in table 1.2 Go to next table.

In table 1.3 calculations are given below.



82

= [00(3) 0 ()]
=—1—j[< (1) + (0)(0)] = =0
o) o)
—0—[(=1)(0) + (0)(1)] =0
~XA51) Z1><A()

3

2
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Cpip+

13 .
(2) ({< 515 >;0.6,0.5,0.3}) +(0) ({< —3.59/2>:02,06. 0.5}) +0

< 1,2,3>;02,0.6,0.5)
> dpis+B(-1)

1.3 -3
<{< 513 >;0.6,0.5,0.3}) + (0) ({< 7,3,%9/2 >:0.2,0.6, 0.5}) +2

3 1
< E, 1, 5 >,O.2, 06, 0.5

{<1,2,3>;0.2,0.6,0.5}

[Gllli‘\ll(--/\—\

—1, _77 >;0.2,0.6,0.5

|
)

B 3 1
{< L 1’5 >,0.2,0.6,0.5}

_ {< %,2,6 >30.2,0.6, 0.5}

x (0) -

({< 1,2,3 >;0.2,0.6,0.5}) x

3

1
L5 >;0.2,0.6,0.5}> x (2) — ({< 1,2,3 >:0.2,0.6,0.5}) x <-

2

(0)

)
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1
Ay = ({< %1% >;0.2,0.6,0.5}> x (=1) = ({< 1,2,3 >;0.2,0.6,0.5}) x <—)

2
={< -2,-2,-2>;0.2,0.6,0.5}

3 1
Ay = ({< S01,3 >02,06,05 ) x (0) = ({< 1,2.3 >:0.2.0.6,0.5}) x (0)
— {<0,0,0 >;0.2,0.6,0.5)
Table:1.3
a=0 | ¢ 1 2 0 0 Min_Ratio
BV| p=2 | q 2 1 0 0 i
~ Jij
is | dg | c5| B B rx S A
N {< 1,1,E >; —1 1
s 0.6,20,5,02.3} 2 ' 2 0
—3 .9
|0 0 {<T’3’5>; 3 0 -t 1
0.2,0.6,0.5} 2 2
71 = {(1,2,3); 2 0 0 0 AD
0.2,06,0.5} i
Z= {<%1%> 3 0 1 0 AP
0.2,0.6,0.5} 2 2 j
z={<§,2,6>; {<%,71,%7>; {0.0.0): {(—2. -2, -2 £0.0,09; N
02,06,05} 02,06,05} 02,06,0.5} 0.2,06,0.5} 02,0.6,0.5} J

Here X ={(0,0,0);1,0,0},

) 13\
Xy = {<§, 1, §>,06,05,03}

3 2
and 7= 21— { 22,6 ;0.2,0.6,0.5}.
22 3

Since all A; < {(0,0,0);1,0,0}.
.. The solution is the optimal basic feasible solution.

Problem 4.2. Find the solution of following linear fractional programming problem:

S_ 30 t%
max.t = ——
3%+ % +6
st 5% + 3% < {(5,6,7):0.2,0.7,0.5}
7% + % < {(3,6,9):0.4,0.6,0.3}

X1, % = {(0,0,0);1,0,0}
Solution: After adding slack variables, X3 and X4, the constraints become

5% + 3% + % = {(5,6,7):0.2,0.7,0.5}
T8 + % + % = {(3,6,9);0.4,0.6,03}
)’21, X‘27 5635 j4 = {<O, 0’ O> > la Oa O}
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Table:2.1
a=0 Ccj 2 1 0 0 | Min.Ratio

BV | g=2 d, 301100 al
Yij

)~CB dB Cp B )~Cl )~Cz )~C3 554

- {(5,6,7);

B 010 050705 |2 ]3]0

- {(3,6,9);

00 640, 0.3} T o

2 M A [ AT T AD m

Z‘ el K L &

) A21 Azz A23 A24 Aj

Z A] Az A3 A4 Aj

Similarly we find the value of the Table:2.2 (In the Problem 4.1 calculation as well
as).

Table:2.2

a=0 [ ¢ 2 1 0 0 Min.Ratio
=
BV| g=2 | 4 3 1 0 0 il
Yij
ip | dg| cg| B il i i3 iy
56 7
| 0] o0 0{;50:(7))5 5 3 1 0 {<§’§‘§>’
2,0.7,0.5} 0.2,0.7,0.5}
36 9
—| oo oi(%:?é 7 1 0 1 {(7’?‘7>’
i 4,06,03} 0.4,0.6,0.3}
7 = {(0,0,0); ) : 0 0 AD
0.2,0.7,0.5} j
2 = {(6:6.6); 3 1 0 0 AP
0.2,0.7,0.5} J
z={(0.0,0); {(12,12,12); {46.,6,06); {(0,0,0); {(0,0,0); N
0.2,0.7,0.5} 0.2,0.7,0.5} 0.2,0.7,0.5} 0.2,0.7,0.5} 0.2,0.7,0.5} J

Since 7 = {(0,0,0);0.2,0.7,0.5} ,
% = {(6,6,6);0.2,0.7,0.5} ,
and z = {(0,0,0);0.2,0.7,0.5} .

“ A= [{(6, 6,6):0.2,0.7,0.5} x Aﬁ.”] as shown in table 2.2.
Entering variable is X; and Leaving variable is %4. in table 2.2 Go to next table.
Similarly we find the value of the Table:2.3 (In the Problem 4.1 calculation as well as).

Table:2.3
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a=0 cj 2 1 0 0 Min.Ratio
BV| =6 | ¢ 3 1 0 0 T
Jij
ip | dp| cg| B i o i iy
10 12 34 —5 3 17
—lolo {<7’7’7>; 0 16 i = {<s*z §>
i 02,0.7,05} 7 7 0.2,0.7,0.5}
369
~ =, =,=); 1 1 {(3,&,9);
o) iz<170. JOZ}) ! 7 0 7 0.4,0.6,0.3}
6 12 18
a= <7‘7’7> 0 3 0 =2 Ah
0A2,0,7{,05} 7 7 !
_ _ []51 60 69 3
=={(7.9.9) 0 : 0 - Ay
02,0.7,0.5} 7 7
~ 6 1 18 183 252 321 —12 —12 —12
Z={<§~§ ) 10,0.0; {<E’E‘T9>; 10,0.0; {(TTT) Y
0.2,0.7,0.5} 02,0.7,0.5} 0.2,0.7,0.5} 02,07,0.5} 0.2,0.7,0.5}
. N 6 12 18
SinceZ; = <(=,—,—):;0.2,0.7,0.5
7777
51 60 69
Zr=<K{—,—,—1};0.2,0.7,0.5
{< 77777
6 1 18
andZ=<(—,-,—):;0.2,0.7,0.5
51’5769

<{<51 60 69> 0.2,0.7, 05}) % AD
DAL= 7°7° 17 J
A 6 12 18 @

— 2.0.7 % AL
({577 ):020705}) <45

Entering variable is X, and Leaving variable is X3. in table:2.3 Go to next table.
Similarly we find the value of the Table:2.4 (In the Problem 4.1 calculation as well as).

as shown in table:2.3.

Table:2.4

=0 | ¢ 2 1 0 0 Min.Ratio
X[/
BV| g=6 | ¢ 3 1 0 0 )
Vij
XB dg| cg| B X X X3 X4
53 17\,
Hol 1] {<T’Z‘§>’ 0 1 % 765
02,0.7,0.5}
13 11
ool 32 {<§"Z’§> 1 0 %1 %
0.2,0.7,0.5}
(/=3 9 3\
a= {(T’Z’?) 0 0 = " AD
0.2,0.7,0.5}
~ 16 _ o8
2 {<§’9 §> 0 0 -1 =1 AD
02,0.7,0.5} 4 4 !
. —3 1 39 —53 —9 —167 —29 29
"_{<K’Z’§> 10.0.0; 10.0.0; {(?TT:) {<T‘0‘7>‘ N
0.2,0.7,0.5} 02,07,05} 02,07,05} 02,0.7,0.5} 02,07,0.5}

1 11
Here %, = {<§,% §> 0.2,0.7, 05}
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Since all A; < {(0,0,0);1,0,0}.
.. The current solution is the optimal basic feasible solution.

5. Conclusion

In this work, we have presented the simplex algorithm method for solving Neutrosophic
linear fractional programming problem.
The solution of the given Problem (1) is

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

13
H=1{(-,1,2):06,05,03
we ) ososos)

3 2
andz = 2L — {<—,2, 6>;0.2,0.6,0.5}

. 13 11
17
—);0.2,0.7,0.5
. 2 -3 1 39
= -_—— — — — 2
and 7 ) {<46 498>0 0705}
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