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1. Introduction

The concepts of fuzzy numbers and fuzzy arithmetice introduced by Zadeh. Fuzzy
systems are used to solve fuzzy metric spacesy fulifferential equations, fuzzy linear
and non linear system etc. A major application wd#zfy number arithmetic is to solve
fully fuzzy linear systems. Problems under Physispnomics and Engineering should
be represented by fuzzy rather than crisp numNéesdevelop numerical procedures that
would treat fully fuzzy linear system and solverthesolving fuzzy n x n linear system
whose coefficient matrix is crisp and the right thaside column is an arbitrary fuzzy
number vector was introduced by Friedman et al Mpsleh [8] introduced LU
decomposition method for solving fuzzy linear syste Muzziloi [9] developed fully
fuzzy linear system of the forayx + b; = A,x + b,whereA,, A, are square matrices
of fuzzy coefficientsh,, b, are fuzzy numbers. Dehgan et al. [2] considerdyg fuzzy
linear system of the form Ax = b where A is a fuzmgtrix, x is a fuzzy vector, and the
constant b are vectors.

The formation of this paper is organized as follows section 2, preliminary
concepts of trapezoidal fuzzy number matrices Hmen discussed. In section 3, a new
algorithm to solve fuzzy linear system in the fopfmtrapezoidal fuzzy number matrices
is proposed. In section 4 numerical example haea léscussed to solve a solution using
Cholesky decomposition method. In section 5, caicluabout the results is established.
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2. Preliminaries

Definition 2.1. The characteristic functiqn; of a crisp set A of X assigns a value either
0 or 1 to each member in X. This function can beegalized to a function; such that
the value assigned to the element of the univesestaK fall within a specified range i.e.
Uz : X—=[0,1]. The assigned value indicate the membership gratieeatlement in the
set A. The functiom; is called the membership function and thedsd{(x, uz (x)); x €

X} is called fuzzy set.

Definition 2.2. A fuzzy numbed = (a, b, c,d) is said to be a trapezoidal fuzzy number
if its membership function is given by

xX—a

(3= ifasx<b

Ualx) =<1 ifb<x<c
d—x ]

d—c’ ifc<x<d

Definition 2.3. Two fuzzy numberd = (a, b,c,d) and B = (e, f,g,h) are said to be
equal ifandifa =e,b = f,c = g andd = h.

2.4. Arithmetic operation on trapezoidal numbers
LetA = (a,b,c,d) andB = (e, f, g,h) are two trapezoidal fuzzy numbers then
0] A® B = (ab,c,d)®(ef,g,h)
fa+eb+f,c+gd+h)
(ii) —-A=—(a,b,c,d) = (=b,—a,d,c)
(iii) If A>0andB = 0the®B = (a,b,c,d)®(e, f,g,h)
= (ae, bf,ag + ce,bh + df)

Definition 2.5. A matrix A = (a;;) is called a fuzzy matrix if each elementdis afuzzy
number. A fuzzy matrid is positive denoted 4>0 if each element ot be positive.
To represent x n fuzzy matrix4A = (@ij)nxn SUCh that matri@ ;= (a;j, b;j, myj, nyj)
with the new notatiod = (A, B, M,N whereA = (aij), B = (bj;), M = (m;;), N = (n;)
arefourn x ncrisp matrices.

befinition 2.6. Consider then x nfuzzy linear systems of equations
(@ 119X 1)B(T 120X 2)D ... ... ... (T 1,®% ) = 21
(@ 219X ))B(@ 29X ,)D ... ... ... B@,,®x ) =b,

(@11 ®X 1)D(T QX 2)D ... ... ... O(@ 1 ®X ,) = En

The matrix of the above equationd®% = bwhere the coefficientmatrid = (a;j), 1<

i, j <nis an x nfuzzy matrix andt,b €F(R).This system is called fully fuzzy linear
system (FFLS).

3. Proposed method

Consider the crisp linear system of equat@®x = b
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Whered = (4,B,M,N) and% = (x,y,z,w) = 0andb = (b,g,h,k) =0
Then(4,B,M,N)®(x,y,z,w) = (b, g,h, k)

Using (2.4)
(Ax,By,Az + Mx,Bw + Ny) = (b, g, h, k)
Again using (2.3)
Ax=D»b
By=g
Az+Mx=h
Bw+ Ny =k
Assuming that A and B are non-singular matriceene
x=A"1b
y=BTlg
z=A"1(h— Mx)
w = B~1(k — Ny)

3.1. Cholesky decomposition method
Given any fuzzy linear system of equations in threnf of trapezoidal fuzzy matrices that
can be decomposed into the form such #atLL", where A is the symmetric and
positive definite and. is lower triangular matrix.
Assume tha#l = (A, B,M,N) where A and B are the full rank crisgatrices
Then if we letLLT = A
(L1, Ly, L3, L4)®(L1T: LzT:L3T: L4T) = (A,B,M,N)

Using (2.4)

(LiLy" LoLy " Ly Ls™ 4+ LaLy ", LyLy" + LyL,") = (A, B, M, N)

Consider the fully fuzzy linear systeA®x = b
Whered = (4,B,M,N),% = (x,y,z,w) = 0 andb = (b,g,h,k) > 0.

(A,B,M,N)®(x,y,z,w) = (b,g,h, k)
(LyLy" Lol LyLs™ + LgLy ", Lyl + Lyl " )®(x, y, z,w) = (b, g, h, k)
Using (2.4)
(LiLy % oLy Ty, Ly "z + (LyLs" + LaLy")x, LyLy"w + (LoLy" + LyL,")y)

= (b, g,h, k)
The current system by use of definition (2.3) isntten as
LL,"x=b
LszTy =8

Lily"z+ (LiLs" + LsLy)x =h
LyLy"w+ (LyLy" + LyL, )y =k
Therefore
x =117

-1, _
y= LE Lzlg
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2 =15 L7 h = (LyLsT + LsLyT)x]
z = LT ' L71[h — Mx]
-1._
w =LY L7 [k — (LyLy" + LyLy")y]
w =L} L3 [k — Ny]
3.2. Algorithm
Step 1:
Assume tha#l = (A,B,M,N where A and B are the full rank crisp matrices.
Compute by Choesky decompositién= L,L;" and B = L,L,".

Step 2:
Compute M =L, L7 + LyL; " and N =L,L," + L,L,".

Step 3:
C(‘)arﬁ)ﬂgute the solution of the fully fuzzy systdm= (4, B, M, N) and% = (x,y,z,w) = 0
Andb = (b, g,h, k) as follows
x=LT""17th
y=15"13'g
z= LT L7 [h — Mx]
w =L} L3 [k — Ny]
4. Numerical example
Consider the following fully fuzzy linear system
(16,6,2,2)Q (X1, V1,21, W1 )B(4,6,1,2) (X5, V2, 22, W2) = (27,66,26,58)

(4,51,1)®(x41,¥1,21, W1 )B(6,8,1,2)R(X3, V2,72, W, ) = (35,70,25,55)
with entries as trapezoidal fuzzy numbers.
Solution: The given fully fuzzy linear system camwiritten as
(16,6,2,2) (4,6,1,2)]1[(X1,y1,Z1,W1) (X2,¥2,22,W2)] _ [(27,66,26,58)
[ (4,5,1,1) (6,8,1,2)] X1, Y120, W1) (X2, V2,22, W)l [(35,70,25,55)]

where
a=[y =g ghr=[ In=[i 3

_[271 . _[66], _ [26], _ [58
b= [35 9= [70]’h - [25]”‘ - 55]
By applying the above algorithm usingCholesky degosition,

el i
s=tat=[8 2% V)
) x=L§_1§]1b
_ 27
r=rz 8 -Oggg][ﬁ Rl

N §i65
y=L% Ly'g

X
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Nt N Rt A N
Y= [2]
7= Lg_lLI(;.[s}; — Mx]
Z= 2.82]
w= LT [k — Ny]

.

Therefore the solution to the given system is
%1 = (0.28,9,0.53,3) and%, = (5.65, 2,2.82,3).

5. Conclusion
In this article, a new methodology is applied todfithe solution of fully fuzzy linear
systems in the form of trapezoidal fuzzy matrices.
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