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On solving neutrosophic linear complementarity
Problem without introducing artificial variables
N. Sudha' and R. Irene Hepzibah?

Abstract

In this paper, we present a new approach to solve the Neutrosophic linear complementarity problem based
on principal pivot method. The special feature of this method is that the linear complementarity problem with
Neutrosophic Triangular fuzzy numbers is solved without introducing artificial variables. The effectiveness of
the proposed method is illustrated by means of a numerical example. This problem finds many applications in

several areas of science, engineering and economics.
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1. Introduction

The linear complementarity problem (LCP) is a well-known
problem in mathematical programming and it has been stud-
ied by many researchers. LCP is a general problem that uni-
fies linear, quadratic programs and bimatrix games. In 1968,
Lemke [7] proposed a complementary pivoting algorithm for
solving linear complementarity problem and Katta.G.Murthy
[6]. Fuzzy systems and Intuitionistic fuzzy systems cannot
successfully deal with a situation where the conclusion is
adequate, unacceptable and decision maker declaration is un-
certain et al [8, 9]. Therefore, some novel theories are manda-

tory for solving the problem with uncertainty and see also
[1-3]. The neutrosophic sets reflect on the truth membership,
indeterminacy membership and falsity membership concur-
rently, which is more practical and adequate than Fuzzy sets
and Intuitionistic fuzzy sets. Single valued neutrosophic sets
are an extension of neutrosophic sets which were introduced
by Wang et al.[4], Ye[10,11] introduced simplified neutro-
sophic sets and Peng et al.[5] defined their novel operations
as aggregation operators.

Although many researchers and scientists have worked in
the recently developed neutrosophic sets and applied it in the
field of decision making, there is, however, still some view-
points regarding defining neutrosophic numbers in different
forms, and their corresponding de-impreciseness is very im-
portant. This paper provides a new technique for solving linear
complementarity problems with fuzzy numbers. The paper
is organized as follows. In Section 2, Single Valued Triangu-
lar Neutrosophic numbers (SVTN) and the fuzzy arithmetical
operators are provided. In Section 3, Fuzzy linear complemen-
tarity problem without introducing artificial variables and an
algorithm for solving a Principal of pivoting method of Neutro-
sophic Linear Complementary Problem (g, M) are described.
In Section 4, the effectiveness of the proposed method is il-
lustrated by means of an example. Finally, section 5 contains
some concluding remarks.
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2. Preliminaries

2.1 Triangular Fuzzy Numbers
A Triangular fuzzy number is denoted as A= (a1,a2,a3) and
is defined by the membership function as

(x—ap)

(ar—a;) N <x<a
Ha¥) =9 220 g <x<a
0 , otherwise

Definition 2.1. Let E be a universe. A neutrosophic set A
over E is defined by

A = {(x, (Ta(x), s (x), Fa(x))) - x € E}

Where Ty (x),14(x), F4(x) are called the truth — membership
function, indeterminacy membership function and falsity mem-
bership function respectively. They are respectively defined
by

Ty:E—]"0,17 s :E—] 0,17 [[Fy:E -] 0,17]
Such that 0~ < Ty (x) 4+ Ia(x) + Fa(x) < 3T

Definition 2.2. A Single Valued Triangular Neutrosophic
number (SVIN) A = ((a,b,c);wa,uz,ya) is a special neutro-
sophic set on the real number set R, whose truth - member-
ship, indeterminacy membership and a falsity membership are
given as follows:

(b—a) asxsbh
Wa X = b
Ha(x) = (c=x)wa
T psrse
0 , otherwise
(b—x+uz(x—a))
T mw . AS¥Sh
U x=b
Val¥) =4 (rmbrugle—) h<x<c
(c—D) ==
0 , otherwise
(b—x+ya(x—a))
g esxs<h
_ Ya xX=b
Aa(x) = bebhaled)  p<x<e
0 , otherwise

2.2 Arithmetic Operations on Triangular Neutrosophic

Numbers

Leta= <(Cl1,b1,C1) ;Wdaudayd> andE: <(a2,b2,C2) ,WE,M}'),y}']>

be two single valued trapezoidal neutrosophic numbers and

vY#0.
Addition:

i+b= <(a1 +az,by1 + by, ¢y +cz);wd/\w5,u5\/ul;,yd\/yl;>
Subtraction:

a—b= <(a1 —c¢3,b1 — by, —az);wd/\WB,ug\/ul;,yd\/yl;>
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Multiplication:

<(a102,b1b2,clc‘2) sWa Awp,ugV up, ya \/y;7>,
(Cl >0,cp > 0)
((ar1c2,b1by,c1a2) s wa Awp,ugV ujy, ya V' yp)

b = (Cl <0,c2 > 0)
<(clcz,b1b2,a1a2);wa/\wlg,ud\/u;,yg\/y;>,
(Cl <0, < 0)
Division:
((a1/c2,b1/by,cr/az) s wa Awg,ua Vg, yaV yp)
(dy >0,d, >0)
a/h— ((c1/c2,b1/ba,a1/az) swa Awp,uaV ug,ya V' yp) ,

(dy <0,d, >0)
((c1/az,b1 /by, a1/c2) s wa Awpy,uaV ug,yaVyp) ,
(dy <0,dy <0)

Scalar Multiplication:

=

Inverse:

_ 1 1 1 .
a 1:<<Clablval);Wd;udvyﬁ>a(a7é0)

3. Principal Pivoting Methods for
Neutrosophic Linear Complementarity
Problem
Consider the Neutrosophic Linear Complementarity Problem

(g, M) of order n. The original table for this version of the
algorithm is:

((7611’719177’01) §Wd>ua"7)’a">,(7> 0)
<(70177b177a1) ;Wﬁauﬁ7yﬁ>?(,y< 0)

w z
i | -M

0

WZ>0,w'z=0 (3.1)

This method is most useful for solving Neutrosophic Lin-
earComplementary Problem (g, M) in which M is a P-matrix.
It only moves among complementary basic vectors for (6)
which are infeasible, and terminates when a complementary
feasible basic vector is obtained. It employs only single prin-
cipal pivot steps. The initial complementary basic vector for
starting the method is w = (W1, Wp, ..., Wy).

In this method, the variables may change signs several
times during the algorithm, before a complementary solution
is obtained in the final step.

Let g = (G1,....-- ,cjn)T be the updated right hand side
constants vector in the present canonical tableau of (i).

If g > 0, the present complementary basic vector is feasi-
ble and the present BFS of (6) is a solution of the LCP(g, M),
terminate.
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If G # 0. Let

r = Maximum {i: i such that §; < 0} (3.2)

Make a single principal pivot step in position r, that is,
replace the present basic variable in the complementary pair
(W, %) by its complement.

If this pivot step cannot be carried out because the pivot
element is zero, the method is unable to continue further, and
it terminates without being able to solve this NLCP. Otherwise
the pivot step is carried out and then the method moves to the
next step.

4. Conclusion

In this paper, a new approach for solving a linear complemen-
tarity problem without introducing artificial variables with
neutrosophic fuzzy parameters is suggested. Even though we
are considering for solving Linear Complementarity Problem
(g, M) Principal of Pivoting method with Single Valued Tri-
angular Neutrosophic numbers (SVTN), this method can also
be extended to non-linear and multi objective programming
with neutrosophic fuzzy coefficients.

References

11 R.E. Bellman and L.A. Zadeh, Decision making in a fuzzy
environment, Management Science, 17(1970), 141-164.

(2] Deli.Y.Subas., A ranking method of single valued neu-
trosophic numbers and its applications to multi-attribute
decision making problems, (2015).

131 Trene Hepzibah.R, Sudha.N ,0On Solving Neutrosophic
Linear Complementarity Problem, Bulletin Of Pure And
Applied Sciences, 38e(Math &Stat), 1(2019), 336-341.

[41' Irene Hepzibah.R, Sudha.N , On Solving Single Valued
Triangular Neutrosophic Linear Complementarity Prob-
lem, the international journal of analytical and experi-
mental modal analysis, (2020).

51" Jian-qiangWang., Jing Wang., Simplified Neutrosophic
sets and their applications in Multi-Criteria group
decision-Making problems, International journal of sys-
tems science, 42-58, (2016).

(6] Juan-Peng, Jian-qiang Wang, Multi valued Neutrosophic
sets and power Aggregation operators with their applica-
tions in Multi-Criteria Group decision making problems,
International journal of computational intelligence sys-
tems, 45-63, (2015).

[7] Katta.G.Murthy.,Linear ~Complementarity, — Linear
and Nonlinear Programming, Internet Edition,
http://www.personal.engin.umich.edu/ murty, 254-

273, (1997).

8] C.E. Lemke, On complementary pivot theory, Mathemat-
ics of the Decision Sciences, G.B.Danting and A.F.Veioff,
Eds, (1968).

B R. SophiaPorchelvi , M. Umamaheswari , A study on
Intuitionistic Fuzzy Multi Objective LPP into LCP with

345

Neutrosophic Triangular Numbers Approach, Journal of
applied science and computations, 570-576, (2018).

(101 J. Ye, Multi criteria decision making method using the
correlation coefficient under single valued neutrosophic
environment, international journal of general systems,
86-94, (2013).

ok ok ok ok ok ok ok k
ISSN(P):2319 — 3786
Malaya Journal of Matematik
ISSN(0):2321 — 5666
kK ok Kk kK kK


http://www.malayajournal.org

	Introduction
	Preliminaries
	Triangular Fuzzy Numbers
	Arithmetic Operations on Triangular Neutrosophic Numbers

	Principal Pivoting Methods for Neutrosophic Linear Complementarity Problem
	Conclusion
	References



