15

FUZZY EQUATION SOLVING

Wang Aimin Wang Qingyin  Yu Wanzhenh Zhao Hanging
Hebei Coal Mining and Civil engineering College.Handam City.
Hebei Prov,,China

(Abstract).This article covers three parts;(1)the solution
of the special fuzzy equation;(2)the solution of the general
fuzzy equationj(3)the solution of equation (R)e(X)=(S) The
aim is to seek the generally simple solution of fuzzy equa—

tion

Keywordss Fuzzy equation,Comprehensive judgements,the

smallest matrix

The solution of the comprehensive judgements of the con-
verse pfoblems often consist in the solution of the fuzzy
equation as follows.

() gn® (R p=(S) i (1)

The givzn solution of this problem has been more comple-
cated,so in this article we shall give a few new solving
methods to the different forms of the equationin so that
we can find a simple method of solving this fuzzy equation,

meking a trial for this purpose.
I. The solution of the special fuzzy equation

In equation (1),if
(R)nxk=(s)mxk
then (1) is called special fuzzy equation,suppose
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in it rijeCo,1],at this time the equation is
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To equation (2) we have following theorems
Theorem 1.
L v T 0y AT,.] Oy AT,.]
(Y T1y0 1] Br ATqglees [o5 ATy
R Th. VB ses [0y A Ts.
- (0> AT25. 1 WFoy0 1300 (O A Tp5]
X = e * s eve see » & * LR eee

O N Y O )

b,

is the solution of the equation(2)

2,the smallest solution of the equation (2) is
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Proof:first tesify 1 ,take any line i in (X)

( [0, J/=\lr13] XX [J\Z_lrij,1] ...[O, J/,‘;lrl‘]] )

and column j in (R)[r1j JT237 ***9Tnj ]T; j=1,240..n,accord—
ding to the combining method ,then have
(Co, ;/Lrij) coe (J\élrij,ﬂ .ss [0y ATii] e

T_
°[r1j, rzj, .oo’rmj] —rij
from the arbitrary property of i and j ,it is known

(x) » (R)=(R)
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that . (X)is the solution of (2) and since any element in
(x)'belongs to the corresponding field of (x),thus (x)'
ﬁeing obviously the solution of the equation(2).

Further prove (x)'is the smallest solution.Besides some
on the diagonal,the others have been the smallest if there
exists a fuzzy matrix

d11

» d22
(%)~ .
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In it there at least exists a element—dii, which is small-

er thancorresponding elementj§H rij,in (X)'"ythen there must
exist a j and make d;.<d;,in (X)*take out line i

(o o eeed;; O )]
and take out colume j in (R) (T . Iy ,-+- fm; 37
at this time tp
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therefore have
(x)"e (R) =(R) |
means that (X)*is not the solution of (2),thus having proved
(X)' is the smallest solution of (2),also because to any
given

11 1‘12 cee I‘1nw

R= (3)

t rm1 rmz ...rm )
(X),(X)! can be identified all the time,This indicates
that equation (2) has the solution of identity.

In a lot of practical problems,solutions are often required

(R) o (X)=(5)
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to solve this kind of fuzzy equation.Now let's discuss when
(R)=(S8),that is equation-solving of the equation like this,

(r)- (x) =(R)

Suppose (R)formula(3) then the equation is

[T19 Ty #+eTqp) T19 T12 **Tqp )
To1 T2 ***Ton| o (X)= Toq Top eeeTpy (4)
‘rm1 Tm2 ***Tmn | | Tn1 Tn2 "'rmn)

The proving method is the same as that of theorem 1,then we
cantestify that equation (4) can satisfy the following

theorems,
Theoremf,
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is the solution of eguation(4)

2, The smallest solution of equation (4) is

(x)'= VTio

Appearently we have just given the form of the solution of the
above special fuzzy equation,but in fact we have given the
solution,too,because the corresponding elements to any fuzzy

matrix (rij),(x)' énd(X) can be obtained directly according to
the law of "A”and V.

1T The solution of the general fuzzy equation
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Now let's study the solution of the equation like thiss

.0 Xy seeS

11712 Yk T11%12 ***T4n (841912 1n
X21X22 ...X2k , I‘21I‘22 ...I'2n 821522 ‘...szn (5)
xm1xm2 -..ka I‘k1I'k2 ...rkm s g —
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Since (5) can be always be changed into the solution of the

following equations.

T11%92 *** Ty

T21T22 =+ Top (s. s )
(xl1xi2 ...Xik) ° .o .e .o .o = i1 12 ...Sin

rk1rk2 ...rlm
J=1,2y eeey m . The following is the discussion just

according to this egquation.

1192 =+ T1y
(x4%, ...xk) o | T21%o2 ***Top =(s,8, eee8) (6)

Tk1Tk2 ***Tin
In accordance with relational combining law,it is easy to
know that the necessary conditions of the solution of
equation (6) is ma}c(rij)gs:j . J=1425 e ki;j=1,2, ceeyll
In the following discussion,we ,suppose the equation satis-
this condition.

Tirst difine a few operation.
(-) U, operation

Let A.B be dimensional vector ofgeneral n composed by
regarding some closed-intevals and points as elementé,then

A, If X entirely includes into B

»

B . If B entirely includes into A ;
AU B= X or B. If neither of them canbe included by

each other.

(=) § operation
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I‘ZJ. 8 ij
rk,] I‘kJ
in it
5 i3> %
fig = Tagm 0 L myy- sy
(o,11 , rij < sj

i=142y +..k5 j=1,2, ...n. knows from § operation ’;ij must
be one of s _, (sj, 13, Co,1] . ‘

(=) loperation and [“operation

Definitiong
[0,8.] r..=8., .
- roooa RIS It I
Tij3 —= . .={lo,1 1, T =(s8,,11;
ij ij ij7"i

lo,11, rij=ro,11 .

To all the appeared s'j or(sj,Uof‘(r1 T

j’r2j’ "'rkj]reSPective
ly fix once,and making [operation of the rest elements,znd
further making" Y. operation of all the results,and all the
operations here is written as I .
For example.

T13 T3l e o fF15 (B)
r, L UlE (t)
23 1=1] 2]

~

25—

Tk 5 T Ty (t)
Eere k'represents the appeared sj or the total number of
(sJ.,1 Jafter § operation of ( r1j’r23".°ri(j 77
Now let's give the solution of (6),write out the matrix corr—

esponding to (6)

81 82 PRPE Sn
(711 Tioees Ty
{F21 Toove. T

2n

‘rk1 Tk2... rkn.

make operation of j=1,2, ...n
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23 § 2j r T ?J
. . =
erj4 erj‘ k rkj(t)

- — — T
. . . .
Here k'<n,t is a fixed row coordinate of (r1j,r23, ...rkj]

we have
Theorem III.
From tI'Z[z‘Tij(t),J?QJ.(t), ..°,§kj(’t)]T stake out all the
possible combination of n elements different from j(j=1,2,
«..n),and respectively operate'A” and make operation of all
the results,the final result just being the solution of (6/

For example . The solving of the eguation

0.8 0.5 0.5
0.6 0.6 0.7

(x1x2x3x4) o 0.7 0.3 0.6 =(0.8 0.6 0.6)
0.5 0.7 0.9

To explain the given solution,we carry it out in a few
steps as follow.

(1)First solve the equation

0.8
0.6
(x, X5 Xy X,) 0 {07 ==(0.8)
1727374 0.5
0.8 :
008 (00'8, 1 » (008,1
0.6 ....._..‘.g..._.y. (o, 1] ..__r_.‘.. o, 11
0.7 (0, 1) Lo, 13
0.5 Lo, 1JJ(1) to, 1Jj(2)
(2)solve the equation 5
0.6
(x1x2x3x4) o 03 =(0.6)
0.7
0.6 : ]
045 (0,1 CIL (0,13
0.6 |__§ (otéyﬂ _rr Lo:%,ﬂ a (°9q3
0.3 lo,113 (0,11 [oy11]
0.7 061 B) (050.6|(4) [(0.61)(5)
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(3) Solve the equation

0.5 )
0.7
X, X X X ° 0.6 =(0.6
(xy2p%5%,) o8| (o0
0.6
0.5 [0,1] 'L0,1] lo,1] {0,1)
0.7 _§_’ 0.6 F* 0.6 u [ogooslu [0,006]
0.6 [ 0.6,1 Lo,1] " (0e6,1" lo,1
0.9 0.6 |(6) t(o,o.6] (7) [ Loy0.6]|(Boe6’ )

Thus the solution of the original equation can be gotten
in the following method

0.8 0.6 0.6
068 0.5 065 § r* o
0.6 0.6 0.7|= ((1)(3)(6)FEEXD) WCPB)uLWG) 1B
0.7 0.3 0.6 O [[0,8,1)
0e3  0eT 043 ) 0.6 (0,046
AD) U (@54 8) U (@AGAR)=]Ho,1] Ue {{0,1 3
0,0.6] 0.6

III The solution of the equation (R) e (X)=(S)
Generally speaking

T14T12 ***Tap X49%90 oooXqy $11%92 *°°84n]
r21r22 ...rzm . 121x22 .00x2n = 321s22 ..tszn (7)

Ta1Tn2 **°Tnn X X X s .S s
: m1 " m2 *°°*"m nin2 ***“nn
can always be converted into the problems of equation-solv-

ing of a few equation like this.

T11%12 °**T1p %13 ®13
T21T22 > Tom | o |®23| = | %23 (8)
Tn1™n2 **Tum *nj ®nj

(3=132500e9n)e Consequently the solution required of

(7) only need finding out the solution of (8),then ranging it
into matrix according to the order of the magnituts of j.
And formula (8) can be converted into the following form.
Ty Toq *eoTpy
TyoTop eeeT o

T

(xiaxzj ...Imj)° =(S1js2.j Q..snj)

mrzm ® 0 .rnm
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This eguation is the form of equation‘6),then can be solved
in the following method.
For example., Iiquation

0e3 005 0.2

r11x12"13l s |0.2 o 0sd | = [0e2 004 0.2]
x21x22x23 o 006 001 002 004 OQZ
can be solved in the above method to be

0e2 (040427 !

(0,042) U 0.2

c.4 0.4

(0350e2) 0.2

0.2 Ue (0,002)

0.4 0.4
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