Annals of Pure and Applied Mathematics Annals of
Voal. 8, No. 2, 2014, 193-199

ISSN: 2279-087X (P), 2279-0888(online) Pure and App'l@d
Published on 17 December 2014 .
Wl\jvml/ rese%?chmaﬁe:(:i.org Mathematlcs

A New and Simple Method of Solving Fully Fuzzy Linar
System
S. Radhakrishnan®, P. Gajivaradhan?and R. Govindarajan®

Department of Mathematics, D.G. Vaishnav College
Chennai — 600 106, Tamil Nadu, India. E-madithyakrish18@gmail.com

’Department of Mathematics, Pachaiyappa’s College
Chennai — 600 030, Tamil Nadu, India. E-mdipgajivaradhan@gamil.com

®Department of Mathematics, D.G. Vaishanv College
Chennai — 600 106, Tamil Nadu, India. E-mgdvindarajan.babu57@gmail.com

Received 23 October 2014; accepted 21 November 2014

Abstract. The objective of this paper to find the positivéution of the fully fuzzy linear
system of the form ® X = b, whereA is a n x n fuzzy matrix consisting of positive
fuzzy numbers, the unknown vecfolis a vector consisting of n positive fuzzy numbers
and the constanb is a vector consisting of n positive fuzzy numbetsing Cramer’s
rule along with Dodgson’s Condensation.
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1. Introduction

System of simultaneous linear equations plays @ vitle in mathematics, Operations
Research, Statistics, Physics, Engineering andaBSciences etc. In many applications
at least some of the system’s parameters and negasuats are represented by fuzzy
numbers rather than crisp numbers. Therefore imnjerative to develop mathematical
models and numerical procedures to solve suchzy fuzear system. The general model
of a fuzzy linear system whose coefficient matsixciisp and the right hand side column
is an arbitrary fuzzy vector. In the fully fuzzyndar system all the parameters are
considered to be fuzzy numbers. Dehghan et Bhdte solved n x n fully fuzzy linear
system with triangular fuzzy numbers using Crametke, Gauss Elimination, LU
decomposition method and linear programming appro&asseri et al. [2] proposed LU
decomposition method for fully fuzzy linear systeuith triangular fuzzy numbers. The
Concept of fuzzy numbers and fuzzy arithmetic of@na were first introduced by
Zadeh [4, 5]. In this paper we considered squaltg fuzzy linear system of the form
A ®% = b with triangular fuzzy numbers which are non-negatiThe main aim of this
paper is to solve large scale of fully fuzzy linegistems using Dodgson’s condensation
method. Instead of using calculators, computersadiner electronic modes we can solve
the large scale linear systems manually by thishotet
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The Paper organized as follows. In section 2,giv& some basic concepts of fuzzy
sets theory and then define a fully fuzzy lineastesns of equations. In section 3, we
give the procedures for Dodgson’s Condensation odednd also Cramer’s rule by
employing Dodgson’s Condensation method. The metifi@dlving the n x n fully fuzzy
linear system based on Cramer’s rule along withd3od’'s Condensation method is
discussed in section 4. Some numerical examplethéoifully fuzzy linear system are
designed in section 5. Section 6 contains Conatusio

2. Preliminaries
Definition 2.1. A fuzzy subsef of R is defined by its membership functippr R —

[0,1], which assigns a real numhey in the interval [0, 1], to each elementR, Where
the value ofu; at x shows the grade of membership of Ain

Definition 2.2. A fuzzy number = (m, a, B) is said to be a triangular fuzzy number if
its membership function is given by

a<x<p

0, x>8

Definition 2.3. A triangular fuzzy numbed is called positive (negative), denoted Ay>
0 (A < 0), ifits membership functionuz(x) satisfies uz(x) = 0,0 x < 0 ([ x=0).

Definition 2.4. Two triangular fuzzy numberd = (m,a, B) and B = (ny, d) are said to
be equal if and only if m=ng =y andp =o.

Definition 2.5. A Triangular fuzzy numberd = (m, a, B) is said to be zero triangular
fuzzy number if and onlyifm=0 =0, =0.

Definition 2.6. LetA = (dij) andB = (Eij) be two m x n and n x p fuzzy matrices.

We defined ®B = C = (¢;) Which is the m x p matrix where
@

Cij = Z dik ®Ek]

k=1,2..n

2.7. Arithmetic operations on triangular fuzzy numbers
LetA; = (m, o f) andA, = (n, ) be two triangular fuzzy numbers then

(I) Al 0 AZ = (m' a)ﬂ) U (Tl, 7 é) = (m+nﬂ +y! B+6)

(i) A; =0 and4, = o then
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Alm AZ: (mlalﬂ) D (n'%b)
= (mn, ny + na, md + nB)

(i) 4,0 A= (Mmo,P)O (n,7,8)=(m-35a—7v,p—n)

Definition 2.8. A matrix A = (d@;;) is called a fuzzy matrix, if each element/ofs a
fuzzy number. A fuzzy matrid will be positive and denoted by > 0, if each element
of A be positive. ~We may represent n x n fuzzy madrix (d@;;)nmn Such that
a;; = (a;;, myj, ny;) ,with the new notatiod = (4, M,N), where A Ha;;), M=
(my;), N = (n;;) are three n x n crisp matrices.

Definition 2.9. Consider the n x n fuzzy linear system of equmstio

GE1®%)® (A, 0%) D e . ® (3, ®%,) = by
(521 ® 3~(1) ® (522 ® iz) (I | (aZn ®xn) = 62
(8n1 ®%1) ® (B2 ® %) @ oo ® (A ®Ky) = by

The matrix form of the above equationf\i® ¥ = b,
where the coefficient matrig = @), 1<, j <nis an xn fuzzy matrix and

i,-B]- e F(R). This system is called a fully fuzzy linear system

3. Dodgson’s Condensation method [3]
3.1. Dodgson’s condensation of determinants conssif the following steps

1. Employ the elementary row and column operatimnsearrange. If necessary, the
given nth order determinant such that there areemos in its interior. The interior of a
determinant is the minor formed after the first dadt rows and columns of the
determinant have been deleted.

2. Evaluate every"@order determinant formed by four adjacent elemeffitse values of
the determinants form the (n-1)st order determinant

3. Condense the (n-1)st order determinant in threesaanner, dividing each entry by the
corresponding element in the interior of the nitheordeterminant.

4. Repeat the condensation process until a singtear is obtained. This number is the
value of the nth order determinant.

3.2. The following are the steps for solving lineasystem Ax = b based on Well
known Cramer’s rule along with Dodgson’s condensatin.
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1. Form the n x 2n matrix
Ri=[A b A']
whereA’ is the array of numbers left when the last colwhA is deleted.

2. Use Dodgson’s condensation to condedséo R,, R,t0 R;, and so on until the
following row matrix is obtained.

Rn = [A Al AZ A3 A4 ...... ATL]

The valuesA, A1, A,, A3, Ay, ... ... A,, are the elements df,.

. . . A A A
If n is even, then the solutionis = —71 Xy = —72, ...... g =~
. . . A A A
If nis odd, then the solutionig = 71 Xy = —72, ...... Xy =8

4. Solving the fully fuzzy linear system based on r@mer's rule along with
Dodgson’s condensation

The n x n fully fuzzy linear system converted ithicee different linear systems and each
linear system solved by this method.
Consider the fully fuzzy linear systends®x = b,

whereA = (A, M,N), % = (x, y, z),b= (b, g ,h)> 0 and A is a full rank crisp matrix.
(ALM,N) O (x,y,2)= (b, g, h)
(AX, Ay + Mx, Az + Nx) = (b, g, h) [by 2.7. (ii)]

Using 2.4 we have

Ax=Dhb
Ay + Mx =g
Az +Nx =h

The above three linear systems are solved by tiseéngbove section 3.

5. Numerical Examples
5.1 Solve the following 2x2 fully fuzzy linear sysim

(2,3,4)'] (Xl,yl, ZI)D(6,7,8)D (Xz, Yo, Zz) = (26,65,78)

(1,3,50 (x4,¥1,21)0(2,4,6)0 (X5,¥2,2,) = (9,31,44)
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Solution:

=B G-

=t SB[ 2

Now, Ax=Db

2 6 26 2]. _ , .
Al: 1 2 9 1]’A2:[_2 2 8],X1=—_—2=1, xZ:___2=4
Now, Ay + Mx = g= Ay = g — MXx

_[34
g_MX_[lz]

_[2 6 34 21., _ 4 w0
Al_l 2 12 1],/12—[—2 4 10]; x, _2_2, ; _2_5
Now, Az + Nx = h= Ay = h — Nx

_[42
h—Nx—[15

_[2 6 42 21., _ e .
M=l 2 s 1]"‘2—[—2 6 12lixm=-7=3x=-7,=6

il = (112;3)1 )’22 = (41516)

5.2.3. Solve the following 3x3 fully fuzzy linearystem

(7,8,9)0(x1,y1,21)0(4,5,6)] (X2,¥2,22))0(2,7,9)0 (x3,y3,23)= (13,46,63)

(6,718)D(X1:Y1:21)5(3,619)] (Xz,Yz,Zz)D(l,4,7)D (X3:Y3:Z3)= (10137’54)

(2,5,8)0 (x41,¥1,21)0(2,4,6)0 (x5,¥2,22)0(1,5,9)0 (x3,¥3,23) = (5,24,38)

Solution:

7 4 2
6 3 1[\M=

2 21

A=

8
7
5

7 4 2 13 7
6 3 1 10 6
2 2 1 5 2

Now, Ax =b

A1=

5 7 9 6 9 13 46 63
6 4[,N=(8 9 7],b=[10‘,g=[37],h=[54‘
4 5 8 6 9 5 24 38
4

|

2
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_[-3 -2 7 8 -3
AZ_[6 1 -5 -10 6]
9 3 -30 18
A= 1% 5=B 3 -3 3l
x1=§=1; x2=—(_3_3)=1;X3=§=1

Now, Ay + Mx = g= Ay = g — Mx

26
g - Mx=|20
10
7 4 2 26 7 4
Ai=16 3 1 20 6 3
2 2 1 10 2 2
_1-3 -2 14 16 —
AZ‘[e 1 —-10 =20 6]
9 6 -—120 36
A=l 3 = 5=B 6 6 d
6 -6 6

Now, Az + Nx = h= Ay = h — Nx

39
30
15

h—Nx=

6 3 1 30 6 3

[7423974]
2 2 1 15 2 2

=6 7 5 0 d

9 9 =270 54
A3_[§ 1 30 ?]_[3 9 -9 9]
21=§=3; Z2=_(_T9)=3;Z3=§=3

%, = (1,2,3), %, = (1,2,3),%3 = (1,2,3)
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6. Conclusion

In this paper, the n x n fully fuzzy linear systeomverted into three different n x n crisp
linear system then we solved each system by Cranrefe along with Dodgson’s
Condensation method. In this method it is necgdbat the given nth order determinant
such that there are no zeros in its interior.
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