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An Average Method for Solving MOLPP Using Different
Kind of Mean Techniques in Neutrosophic Environment
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Abstract: This research article proposed three distinct Average Methods with various mean technique is
used to determine a solution of the Multi-Objective Linear Programming Problem (MOLPP) in
Neutrosophic environment. A Numerical illustration is given to explain the effectiveness of the methods.

Keywords: Multi-objective Linear programming, Simplex technique, Neutrosophic Triangular Number

INTRODUCTION

Zimmerman [17] first applied fuzzy programming to MOLPP. A MOLPP was solved by Chandra
Sen [2] by using Mean technique. Mohamed Assarudeen and Junaid Basha [7] solved the Fuzzy
MOLPP using various kind of fuzzy mean techniques. The outline of the paper is as follows: The next
section is basic tools. The third section is Chandra Sen’s method in Neutrosophic environment. The
fourth section involves average method for Neutrosophic MOLPP using different kind of mean
technique. The fifth section describes the algorithm of Average method for Neutrosophic MOLPP. The
sixth section presents some illustrative examples to put on view, how the approach can be applied. The
last section summarizes the conclusions.

BASIC TOOLS

Were call some necessary definitions and results to make out the main thought.

Definition A Neutrosophic set (A) on an initial universe X is presented by three characterizations namely true
value(zz+), in-determinant value (iz+) and false value (wg-) so that 74+, iz, wgz+ : X »]~0,1%[. Thus X can be
designed as : ({x, 75 (%), i3 (%), w5z (x)}: x € X) with —0 < sup t4+(x) + sup iz=(x) + sup wz+(x) < 3 +. Here
1t =1+ & where 1 is standard part and d is non-standard part. Similarly,0” =0 — &, Then on-standard set
170,17 js basically practiced in philosophical ground and because of the difficulty to adopt it in real field, the
standard subset of 1 0,1*[ i.e., [0,1] is applicable in real neutrosophic environment.

Definition A Neutrosophic set (A) over X is called a single valued triangular neutrosophic set when
Ti (), i (s gng @i () gre real standard elements of [0.1] only for X €X. Thus, a single valued
triangular neutrosophic set X is defined as (fera (0, 13- (0, 0z (D}x €X) iy T (O, 1 (G0,

andwg*(X) €[0,1] 0< supti (%) + supij(x) + supwj(x) <3

Definition A Single Valued Triangular Neutrosophic Number (SVTNN) is defined by

i ={(q i . i . .
A" ={(ak, bY, ¢)i70 iay @a} whose three membership functions for the truth, indeterminacy,
and a falsity of X are given by
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Figure 1: SVTNN
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et — pm
1 1
1 otherwise,

where, 0S 7T+ i+ wj <3,x€A4” Additionally, when ai>0,4" js called a non-negative
SVTNN. Similarly, when @1 < 0, A" becomes a negative SVTNN.

Definition Let & = {(ak, b7, c¥)ita, i, o} gng B" ={(ak b, ¥)its, in, @1} be two SVTNN's
and? # 0. Then

bn = {(al + az, bnl + bm’ Cl + Cz) T(l/\Tb: IUVI},, w V(U};}

1. @"
~ n T -
at—b" = {(al —c3, bT'— b7, cf — az).fa/\fb. i Vip, (UaVCUb}
ar.h" = {Mm(alaz,aﬁCz,claé,ciclﬁ),bﬁnbm,Max (a.lla’z,allciz‘,c‘fa’lg,c’fc%);rﬂ/\rb, iVip, coachb}
ar ah ab of of) bY' ai aj of of
— Min|—, - ,: Max | —, — [, o iTa\T, 1V, w NV wy
4. b ab’'c4’ab 4 b3 ab’ ¢4 ab’ ¢y
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~n {(Vall 1 ’ ycllt);‘rcu I.ru (Uﬂ}, (}’ > O)
5. {(ycl ybT, ya-ﬂ);ra, Lo wa}, (y <0).

Neutrosophic Multi-Objective Linear Programming Problem

The following Neutrosophic MOLPP with ™ constraints and 7 variables is given as follows:
Max(Min)Z; = (€%), Vi=12,.n (1)

Subject to; AX¥ < b,

where * is the non-negative SVTNN,
A= L] is the co-efficient matrix,

i i t

b=1[byby,...bu| is the neutrosophic available resource vector,
o e o ~ t. . . ..

&= 2182858 is the objective coefficient vector and

~o_ ~ ~ ~ ~ t . . .. .
& = [®,%2, %3, %0l is the neutrosophic decision variable vector.

CHANDRA SEN’S METHOD IN NEUTROSOPHIC ENVIRONMENT

In this section, first all the objective need to be maximized or minimized individually by simplex method in
Neutrosophic environment are given. All objective functions are solved then we obtained following equations:

MaxZ, =&,
Max 7, = ¢,
Max Z, = @,

Max ZT+1 = Pre1
Max ZT+2 = Priz

Max 7, =

where P1P2Ps gre the optimal value of the objective function. These functions are used to form single objective

using the form
Max 7 = Z Z
2

i—r+

\1

‘1

|l

]

-Qz

where @ is the non-negative SVNN subject to the constraints which remain same as in equation (1). Then this
single objective linear programming problem is to be optimized.

AVERAGE METHOD FOR NEUTROSOPHIC MOLPP
Here we discussing about the various mean techniques

5 Different Kind of Mean Techniques:
Let Mi = max(l@]), i=1,2,..r aqnd M2 = min(l@:]), i=r + 1,r+2,...5
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I Neutrosophic Contra-harmonic Mean (NCHM) Technique:
S, 7, ¥ z M712 H‘472?
e PP =14y — Zi=r+1 4] _ -
MEI)C/—W, WhereNCHM—ﬁfT_
2

Il. Neutrosophic Arithmetic Mean (NAM) Technique:
Max 2 — E;;l 2: - E?:r+1 Z(
NAM

: where NAM = @
I1. Neutrosophic Harmonic Mean (NHM) Technique:

2
, where NHM = <+ T

My M,

Max 7 = Tim1Z; — Bier+1Z;
NHM

ALGORITHM OF AVERAGE FOR NEUTROSOPHIC MOLPP

The Algorithm for Neutrosophic MOLPP for Average Method is constructed as explained below:

Step 1:  Using simplex table find the initial basic feasible solution.

Step 2: If feasibility obtained in step 1 then go to step 3, other wise use dual simplex method to remove in-
feasibility and go to step 2.

Step 3: Solve the simplex iterations to get the optimal value.

Step 4: Each optimal values of a function should assign with a name, say ((Pi), where { = 1.2,...7 for Maximization
objective function and { =7 + Lr + 2,...5 for Minimization objective function.

Step5: Calculate M1 and Mz, where M1 = max(1¢il), i = 1.2,...r and M2 = min(|@l), i=7+1r+2..5,

Step 6: Calculate the values NCHM, NAM and NHM as defined in Section (4).

Step 7:  Using the Mean technique, determine the combined objective function for each technique.
Step 8:  Now using Simplex method solve the each new objective functions using given constraints.

Max 7 _ E?:l Zf _Ef=r+lzi
T NCHM '
& 2171 ~E_E?:r+lzi
Max 72 = NAM ,
= 2?:1 Zf _2?=r+lzf
Max 7 = N .

Step 9:  Then find the optimal solution for the newly formed objective functions.
NUMERICAL ILLUSTRATION

Example: Solve the following Neutrosophic MOLPP

Max Z, = {(1,1,1);.2,4,4}%, + {(1,2,3);.5,.3,2}%;
Max 7, = {(1,1,1);.3,.5,.2}%,
Max Z;={(—3,—2,—1);.4,.3,3}%; + {( —4, — 3, — 2);.2,.5,3}%;
Max Z,={(—1,—1,— 1);.6,.2,2}%,
subject to6¥; + 8%, < {(46,47,48);.3,.2,.5}
¥1+ % = {(1,3,5);.4,.4,2}
%1 <{(3,4,5);.6,2,2}
¥, <{(2,34);.4,3,3}

030010-4
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¥1, %, = {(0,0,0);1,0,0}
Objective function 1:
Max Z, = {(1,1,1);.2,4,4}%, + {(1,2,3);.5,.3,2}%;
subject to 6X; + 8%, < {(46,47,48);.3,.2,.5}
¥1 4 % = {(1,3,5);.4,.4,2}
%1 <{(3,4,5);.6,.2,2}
¥, < {(2,34);.4,.3,3}
¥1, ¥, = {(0,0,0);1,0,0}
Then Max 71 = {(1,1,1);.2,.4,4}% +{(1,2,3);.5,.3,2}% + {(0,0,0);1,0,0%3 + {(0,0,0);1,0,0},
+{(0,0,0);1,0,03%5 + {(0,0,0);1,0,0} .
subject to6¥, + 8%, + ¥3 = {(46,47,48);.3,.2,.5}
— R — X4 Fy = {(—5,—3,—1);.4,4,2}
#1 + %5 ={(3,4,5):.6,.2,2}
¥y + X6 = {(2,3,4);.4,.3,3}
Xq, ¥p,%3,%4, ¥5,%¢ = {(0,0,0);1,0,01.
The detailed computation is given in Table 1 and Table 2.
Table 1: Objective function — 1 — Iteration - 1

L¥:6L:L) €202 Joquisides €2

) {4 a2 | S | (90 | (G| ()
B.V. 2 %l %3 X, X5 Xs Solution
% 6 8 1 0 0 0 (9
3y -1 ~1 0 1 0 0 {( 5f4 iz 1)]
b4 1 0 0 0 1 0 {(; zg
% 0 1 0 0 0 1 {(i 241}
o [ | o " B | o || o)
BV. # %) %3 ®al X5 X6 Solution
% 2 0 1 8 0 0 R
% 1 1 0 -1 0 0 {(}liflr}%]
s 1 0 0 0 1 0 (&5
s -1 0 0 1 0 1 (o
-6 | {SE) (o2} | (85 | (s V| {BS) (B52)
B.V. %l % %3 X, X5 Xs Solution
% 6 0 1 0 0 | {(REY)
%2 0 1 0 0 0 1 {( 42433)]
%5 1 0 0 0 1 0 (&5
%6 -1 0 0 1 0 1 el
2= {( b 1);] {(2 D-}Dg] {(20503] {(20503] {(20303] {UGZ:%]
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Table 2: Objective function — 1 — Iteration — 2

N o N 5 I N N G RN G
B.V. % % X3 4 X5 %e Solution
% ; 0 % o . 2 {( 3':?':;,;31',5_3_'510'5);]
e T e e e [ @
o : R R
%4 0 0 % 1 0 % {( .4?.'40,'.::?;]
_ (0,0,0); (0,0,0) (% % %) (0,0,0) (0,0,0) (3, %,E)
i~ G { '3,.3,.2] { Gaz] ey { '3,.3,.2] { '3,.3,.2] 353335

The optimal solution as
% ={(-3,3.8,10.6);.2,.4,4}
¥ ={(—2,3,8);.4,.4,3}
Max Z, = {(—5,9.8,34.6);.2,.4,4}.

Objective function 2: }
Max 7, = {(1,1,1);.3,.5,2}%;
subject to6¥; + 8%, < {(46,47,48);.3,.2,.5}
®1 + %, = {(1,3,5);-4,4,2)
%1 < {(3,4,5);.6,.2,2}
¥, <{(2,34);.4,.3,3}
®1, ¥, = {(0,0,0);1,0,0}
Then Max Z; = {(1,1,1);.3,.2,5}% + {(0,0,0);1,0,03%; + {(0,0,0);1,0,0}%; + {(0,0,0);1,0,0},
+{00,0,0);1,0,0}%5 + {(0,0,0);1,0,0} .
subject to 6X; + 8%; + ¥3 = {(46,47,48),.3,.2,.5}
— R — X4 Fy = {(—5,—3,—1);.4,4,2}
#1 + %5 = {(3,4,5);-6,.2,2}
¥3 + ¥ = {(2,3,4);.4,.3,3)
¥y, Xp,%3,%4, ¥5,%6 = {(0,0,0);1,0,0}.
After solving it, we get the optimal solution as
¥ ={(—1,49);.4,4,2}
Max Z, = {( —1,4,9);.3,.5,2}.

Objective function 3: ;
Max 73 ={(—=3,—2,—1);4,.3,3}% + {( —4, — 3, — 2);.2,.5,3}#>
Subject to 6%1 + 8%2 < {(46,47,48);,.3,2,5}
¥1 4 % = {(1,3,5);.4,.4,2}
%1 < {(3,4,5);.6,.2,2}
¥, < {(2,34);.4,.3,3}

030010-6
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¥1, %, = {(0,0,0);1,0,0}
ThenMax Z3 = {( —3,— 2,— 1);4,.3,3}%; + {(—4, — 3,— 2);.2,.5,3}%; + {(0,0,0);1,0,0}%5
+{(0,0,0);1,0,0}%, + {(0,0,0);1,0,0}%s + {(0,0,0);1,0,0}%.
6% + 8%, + ¥3 = {(46,47,48);.3,.2,.5}
— X — &y 4 % ={(—5,—3,—1);.4,4,2}
%1+ %5 ={(3,4,5):.6,.2,2}
Xy + % =1{(2,3,4);4,.3,3}
¥q, &, 3,44, ¥5,%6 = {(0,0,0);1,0,0}.
After solving it, we get the optimal solution as
%1 ={(—3,3.8,10.6);.3,.4,5)
¥, = {(—2,3,8);.4,.4,.3}
Max Z3 = {( —7,16.6,63.8);.2,.5,5}.

Subject to

Objective function 4: _
Max Z,={(—1,—1,— 1);.6,.2,2}%,
Subject to 6%, + 8%; < {(46,47,48);.3,.2,.5}
¥1 4 %, = {(1,3,5);.4,.4,2}
%1 <{(3,4,5);.6,.2,2}
%, <{(2,34);.4,3,3}
%1, %, 2 {(0,0,0);1,0,0}
Then Max Z, = {(0,0,0);1,0,0}%; + {(1,1,1);.6,.2,2}%; + {(0,0,0);1,0,0}%3 + {(0,0,0);1,0,0} %,
+ {(0,0,0);1,0,0}%s + {(0,0,0);1,0,0}%s.
6% + 8%, + ¥3 = {(46,47,48);.3,.2,.5}
— F— R+ Xy ={(—=5—3,—1);.4,4,2}
¥1 4+ %5 = {(3,4,5);.6,.2,2}
¥y + X6 = {(2,3,4);.4,.3,3}
¥q, &g, 3,54, ¥5,% = {(0,0,0);1,0,0}.
After solving it, we get the optimal solution as
¥, =1{(-2,38);4,3,3},
Max Zy = {( —1,3,7);.4,.3,3}.

Subject to

After solving the objective functions, we get the optimal solutions. And then take absolute values of the
each objective functions. Next, we find the value of M1 is the maximum value of the two maximum objective

function, and we find the value of Mz is the minimum value of the two minimum objective function. Finally, we
formed the combined solution table.

Table 3: Combined Solution Table

i Pi o Values of M1 and M-
1 | ((=59.8346);2,4,4) ((5,9.8,34.6);.2,4,4} _

M, = {(5,9.8,34.6);.2,.5,4)
3 | {(=7,16.6,638);.2,5,5) ((7,16.6,638);.2,.5,5) _

M, = {(1,3,7);2,5,5}
4 | {(—1,3,7);.4,4,3} {(1,3,7);4,.4,3}

030010-7
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Type 1: Neutrosophic Contra-Harmonic Mean Technique

2 2
ML+ M,
[ E—
My +My |,

2

w7 Di=1Z —Ziere1 7 NCHM =
Max 7 = Wu Where

My" + M," = {(26,105.04,1246.16);.2,.5,5}, M, + M, = {(6,12.8,41.6);.2,.5,5}

~ 2 -~ 2
NCHM = |——2—| = 22 72 — ((0.6,8.2,207.6);.2,5,5)
Ml + Mz Ml + Mz
7
T 8
7 z 7, = {(3,45):2,5,5)% + ((4,6,8).2,.5,5}%,
i=1 i=r+1

e Y Zi=Y_ 1 Zi [(34)5):2,5,5)% + {(4,68);2,5,5)%
we= NCHM = 7(0.6,8.2,207.6);.2,5,5)

={(0.01,0.48,8.33);.2,.5,5}%; + {(0.01,0.73,13.33);.2,.5,5} %,

={(0.01,0.48,8.33);.2,.5,5}%; + {(0.01,0.73,13.33);.2,.5,55}&%> + {(0,0,0);1,0,0}%5
+{(0,0,0);1,0,0}, + {(0,0,0);1,0,0}%5 + {(0,0,0);1,0,0}%.
6%, + 8%, + ¥3 = {(46,47,48);.3,.2,.5}
— ¥ — ¥+ % ={(=5,—3,— 1);.4,.4,2}
%1+ %5 = {(3,4,5);.6,.2,2}
%y + %6 = {(2,3,4);.4,.3,3}
Ry, Xp,%3,%4, ¥5,% = {(0,0,0);1,0,0}.

Subject to

After solving it, we get the optimal solution as
%1 =1{(-3,3.8,10.6);.3,.4,.5}
¥ ={(—2,3,8);.4,.4,3}
Max 7 = {( —0.05,4.014,194.938);.2,.5,.5}

Type 2: Neutrosophic Arithmetic Mean Technique

5 _ Di=1Z,— Xi—r+1Z M+ M
Max 7 =="—"" =="7- 7! NAM ="1"72,
NAM , where 5

M, + My ={(5,9.8,34.6);.2,.5,4} + {(1,3,7);:2,.5,5} = {(6,12.841.6);.2,.5,.5}

{(6,12.8,41.6);.2,.5,5}

NAM = 5 ={(3,4.26,20.8);.2,.5,5}
Z,— Z Z; ={(3,4,5);:2,5,5}%; + {(4,6,8);.2,.5,5}%,
i=1 i=r+1
X Zi=% Zi [(3,45):2,5,5)% + {(4,68);2,5,5)%
Max 7 = =

NAM {(3,4.26,20.8);.2,5,5)

={(0.1,0.9,1.6);.2,.5,5}%; + {(0.1,1.4,2.6);.2,.5,5}%;

030010-8
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={(0.1,0.9,1.6);.2,.5,5}%; + {(0.1,1.4,2.6);.2,.5,5}%, + {(0,0,0);1,0,0} %5
+{(0,0,0);1,0,0}%, + {(0,0,0);1,0,0}%s + {(0,0,0);1,0,0}%.
63, + 8%, + ¥3 = {(46,47,48);.3,.2,.5}
— R — X+ ¥ ={(—5—3,—1);.4,4,2}
%1+ %5 = {(3,4,5);.6,.2,2}
%y + %o ={(2,34);-4,.3,3}
¥, ¥, %3,%4, ¥5,%6 = {(0,0,0);1,0,0}.
After solving it, we get the optimal solution as
%1 ={(—3,3.8,10.6);.3,.4,5}
¥, = {(—2,3,8);.4,.4,3}
Max 7 = {( —0.5,7.62,37.76);.2,.5,5}

Subject to

Type 3: Neutrosophic Harmonic Mean Technique

2 2M M
where NHM = T5 T = ——

Max 7 = Ti=1Z, — Zi=r+1Z
My My  My+ My

NHM

’

M, + M, ={(6,12.8416);.2,5,5}, 2M,M, = {(10,58.8,484.4);.2,.5,5}

{(10,58.8,484.4);.2,.5,.5}
NHM = = oy 5.5y~ (0:245807).2.5.5)

r s
Zi— Z Z; ={(3,45);.2,5,5}%, + {(4,6,8);.2,.5,5}%,
i=1 i=r+1
o s Y Zi= X 1 2 [((345):2.5,5)% +{(4,68);.2.5,5)%,

‘T NAM - {(0.2,4.5,80.7);.2,.5,5}
={(0.03,0.8,25);.2,.5,5}%; + {(0.04,1.3,40);.2,.5,5}%;
={(0.03,0.8,25);.2,.5,5}%; + {(0.04,1.3,40);.2,.5,5}%, + {(0,0,0);1,0,0}%;
+ {(0,0,0);1,0,0}%4 + {(0,0,0);1,0,0}%;5 + {(0,0,0);1,0,0}%.

Subject to 6%, + 8%, + ¥3 = {(46,47,48);.3,.2,.5)

— R — X4 Fy = {(—5,—3,—1);.4,4,2}
#1 + %5 = {(3,4,5);-6,.2,2}
¥y + X6 = {(2,3,4);.4,.3,3}
Xq, ¥p,%3,%4, ¥5,%¢ = {(0,0,0);1,0,01.
After solving it, we get the optimal solution as
¥, =1{(-3,3.8,10.6);.3,.4,5}
¥, ={(—2,3,8);.4,.4,3}
Max 7 = {( —0.17,6.94,583):.2,.5,5}

The optimal value Max Z for different mean techniques are given below:
Table 4: Final Table

TeCMhﬁ?(;‘ueS % Vi=1.2. Values of Max Z
NCHM | ({( —3,3.8,10.6);.3,4,5},{( —2,3,8);.4,4,3)) {(—0.05,4.014,194.938);.2,5,5}.
NAM | ({(=3.3.8,10.6);3,4,5},{( —2,38);4,4,3}) ((—0.5,7.62,37.76);.2,.5,5}.
NHM | ({(—=3.3.8,10.6);3,4,5},{( —2,38);4,4,3}) {(—0.17,6.94,583);.2,5,5}.
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CONCLUSION

In this article, we have introduced three distinct average methods to obtain a solution to the Neutrosophic
MOLPP. The Simplex Algorithm in Neutrosophic Environment is approached for determining the optimal value of a
LPP. Here we obtain the optimal solution to satisfy the given constraints. Numerical examples are given to illustrate
different types of mean techniques.
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