Study of the Solvability of the Fuzzy Error
Matrix Set Equation in Connotative Form
of Type II 4

Kai-zhong Guo, Ran Li and Jian-xin Li

Abstract The concept of error matrix is presented in this paper, and the types of
the fuzzy error matrix equation are presented too. The paper especially researches
about the error matrix that consists of general set relations, and the solvability and
solutions to it. And theorems about the necessary condition and the necessary and
sufficient condition for the solvability of the error matrix equation XA’ = B are
obtained in the paper. An example of solving this equation would be given in the
last part of the paper.
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1 Introduction

Errors always happen in our life, work and study, sometimes with huge destructive
effect, so it is necessary to study how to avoid and eliminate errors. And in order to
avoid and eliminate errors, we have to study causes and laws of errors. And this
paper discusses how to utilize the error matrix equation to eliminate errors.
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2 The Concept of Error Matrix

Definition 1 Let

(U U - Uw), xn) - (Un
(U Uy - Ux), x21) - (Un
(( Uml Um2 Um )s -xml) ((Uml

be an m X n error matrix of K elements.

Definition 2 Let

U S0 P Tw L Yo
Ut Sa1 Pu Tar Lo yu

Uy Sy Py Ty Ly Yot
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Upyp - Uk), x1n)
Up - Ux), xo)
Um2 Um )’ xmn)

Guoo
Gu21

GuZZ

be a (t + 1) X 7 or m X 7 error matrix. Each element of this kind of error matrix is

called a set.

Definition 3 The set relationship containing unknown sets is called set equations.

Definition 4 Let X, A’ and B be m X 7 error matrixes, so XA’ D (or other relational

operators) B is named as set (matrix) equations.

3 Error Matrix Equation

Error matrix equation:

Type IAXDBA-X2BAAXDBAVX2BAAX 2B
Type I XADBX-ADBXAADBXVADBXAADB
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4 The Solution of Error Matrix Equation
The solution of Type I 1 XA =B
Uiox St Piox Tiox Lior Xx10x  Giox
o Ui Sie Pix Tie Lie xie G
Xz(u,v)z(U1,S1,P1,T1,L1,x)= 11x 11x 11x 11x 11x 11x 11x
—
Ultx Sltx Pltx Tltx thx Xl Gltx
Uy S0 Py T Ly yo Guo
= U Su Py Tu Ly yn Ga
A=(Uz,82,P2, T, Ly, x2) = Y
Uy Sy Py Ty Ly y» G
Voot Sy201 P01 T\o01 L0 »201 G201
Uz Sya1j Py Ty Lypij Y21 Gayj
U2m2m1 Sv2m2m1 P v2m2m1 Tv2m2m1 Lv2m2m1 Yv2m2m1 Gv2m2ml
(bi,yn) (b2, yi2) (DimsYim)
B (ba1,y21)  (b21,y21) (bam, y2m)
(bml’yml) (bml’yml) (bmmsymm>
Definition 5 Let
(W117Z11) (le,mz) (Wlm,ZLm)
XA'D= (wat,z21)  (W22,222) (Wams 2om)
(Wml > Zml ) (WmZ9 Zm2) (Wmm’ me)
—
Vao1 S1201 P 201 Ty201 Ly201 »201 G201
—
| Vay Si21j P 5 T2y L,y »2lj Goij
—
V2m2ml Sv2m2m1 P v2m2ml Tv2m2m1 Lv2m2m1 Yv2m2m1 Gv2m2m1
and,

— —
(Wij’zij)=<U1ix/\U2j S1c ASyj Pric APy T ATy Lin ALy X1ix Ayoj GUlix/\GU2j>

So the following equation is hold.
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— —

Uiox AU S10xAS20  ProxA P2 Tiox AT Liox AL  Xx10:AY20 Guiox AGuoo
— —

Uiix AUy S1xAS21 PrixAPor T ATar Lux ALy x1iixAyzr Guie AGuar

— —
Ui AUy SinASyy Pic APy Tin ATy LinALy  x1uAYy  Guin AGuy
—
Vaor Si201 P 201 Tyo01 Lo Y201 Gyio1

N

Vaij Si21j Py T\215 L,y M2tj Gy
—

V2m2ml Sv2m2ml Pv2n12m1 Tv2m2ml L\72m2ml Yvam2mi1 lem2ml

By the definition of equal matrices:if two matrices contain each other,so cor-
responding elements in both matrices contain each other. So (wy, z;j)2 (b, vi).

— —
Ulix AUy S1cASyp ProAPoj Tic ATy Lin ALy X1 Ay Guiin AGuaj 2(bij, vi)

R
= (VZij Swi Pwi T Log o Gv2ij)

So the following set equations are obtained:

Uiox A U22Vi20
S10x AS202S8120
— — —
Piox A P22 P oo
T10x A T202T20
Liox ALy02L20
X10x A Y202Y120
Guiox A Gy202G20
Uiix A U2V ;)
Stix A 822812
— - =
Piix A P2 P
Tix NT2;2T 5
Lyjx ALy DLy,
X1ix A Y2j2Vv2j
Guiix A Gy2j2G,;
Uttx A UZZQVV2[
Sttx A SZIQSVZZ
— —= _ =
Pttx A P2t2 Pv2t
Tyx N2 2T,
Lttx A Lzl 2I‘Vzt
Xitx N Y2 Vv
Guux A Guau2Gyo,
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About the operation symbol “A”, if both sides of the equation are sets, then it
means ‘“‘intersection”, if both sides of the equation are numbers, then it means
“minimum”.

— —

As for (Uyix A Uj) hy (S1ix AS 25y ho (P 1ix A P2j) V hz (Thix A Tog) hy (Liix A L)
hs (x1ix A ¥2)) hs (Guiix A Guj), with “h;, i =1, 2, ...6”, means that elements have
been computed could “compose” a complete matrix element (proposition). The
mode of combination depends on different situations. One way is to constitute a
new set of error elements or error logic proposition by parameter. And this way is
called the multiplication of m X 7 error matrix.

Since what we required in solving practical problems is not X;A’ = B, but X;A
" 2 B, So we find a more general model of error matrix equation, that is to find out
the solution of type II 1 equation XA’ D B.

Theorem 1 The sufficient and necessary condition for the solvability of error
matrix equation XA 2 B is the solvability of XA 2 B; i = (1, 2, ...... , m2).

Proof Suppose XA’ D B has solvability, it is can be known by the definitions of
XA’2Band X;A' 2 B;,i=(1, 2, ..., m2) that they are the equivalent equations, so
it is necessary for X;A’ D B, 1 = (1, 2, ..., m2) has solvability; Otherwise, if the
solvability of X;A’ D B;, i = (1, 2, ..., m2) exists, similarly it does for XA’ 2 B.

Thereout, we use the method of discussing the solvability of X;A’ =B;, 1= (0, 1,
2, ..., m2) to discuss the solution of XA’ = B.

Then in X;A’ D B;, we can get

_ ,
(Ulix Sie Pix T Lix Vi Gulix)AQ

— —
(Uiin AU20) V (S1ix AS20) V <P1ix/\ on) V (Thix AT2) V (Liix A Lao)

V (X1 Ax20) V (Guiix A Guao)

(Ulix A Ugj) \'% (Slix/\S2j) \% (F)lix A F)zj) \% (Tlix A sz) \% (LUX/\ZQJ')

V (x1c Ax2j) V (Guiix A Guy)

— —
(Utix AUzm1) V (S1ix ASom1) V (Pm/\ PZmI) V (T1ix ATom1)

V (L1 ALam1) V (X106 AXom1) V (Guiix A Guami)
2((bi,yir) (b2, yi2) o (DimtsYim1) )
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Namely,

— —
(Uiix A Uxg) V (S1ix A S20) V (Plix A on) V (Tiix A Ta)

(
V (Lix A L) V (x1ix A x20) V (Guiie A Guoo) 2

—

(Vzo S0 Pwo Two Lo Y20 szo)

— —
(Ulix A Uzj) \% (Sllx A Szj) \% (Plix A P2j> \% (Tlix A sz)
V (x1e A x2) V (Guiie A Guaj) 2

_
(sz S Puwj T Lo ywj Gv2j)

— —
(Ultx A U2ml V Sltx A S2ml) \ (Pltx A P2ml) \% (T]tx A TZml)

(
V (X1 A Xom1) V (Guie A Guomi)2

N
(V2t S Puwr Tvy Loy o szz)

A series of set equations be obtained:

(Uiix A Uag) 2 Vg
(S1ix A S20) 2 Si20
— — —
P A on) 2 Py
(Thix A Ta0) 2T 20
(L A Lno) 2 Lino
(*1ie A X20) 2 Y20
(Gutix A Guao) 2 Gio
(Uiix A Uyj) 2V
(Stix A S2) 2 Sy
— — —
(Plix A P2j> 2 Py
(Tiix A Ty) 2 Ty
(Llix A le) 2 Lij
(Xm-/\xzj) 2 Wy
(Guiix A Guz) 26y
(Uix A Uzy1) 2 Vs
(Slrx A S2ml 2 St2t
N
(Pm A szl) D Py
(Tiex A Tom1) 2T
(Lige A Lom1) 2 Ly

(xltx A x2m1) 2 Vv
(GUltx A GUZmI) 2 Gv21

K. Guo et al.

\% (L],'x A sz)

\ (thx A L2ml)
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Theorem 2 The sufficient and necessary condition for the solvability of XA 2 B;
is,
Uxo 2 Vo
$20 2 Si20
— —
Py 2 P
Ty 2 Th2o
Loo 2 Lyno

X20 2 Y20
Gy 2 Gio

U1 2 Vo
S2ml 2 Sv2t
— —
Pom1 2 Py
T2ml 2 Tv2[
Lywi 2 Ly

Xom1 2 Yot
Guom 2 G

Proof 1 1f one of the conditions above is not satisfied, for example suppose S »;
® 2 § () is not satisfied, so in the (Six(®) A S 2 () = S (), no
mater what value S;;,(?) is, we can not get (S1ix(f) A S 25 (1) = S ().

Proof 2 Since we could only take union operation between the corresponding
element of A and X; in the X;A’ 2 B, that is

Uiix=Uy U Uy U Uy U -+ U Uy
St =580V S21 U 83 U +-- U Sy
— — — — —
Piax=Py U Py U Py U - U Py
Tiw=Ty U Ty U Ty U - U Ty
Lip=1Ly U Ly U -Lpj U -+ U Ly
Xiix=X20 U X1 U +2xp; U ++o U X
Guin=Guao U Gya1 U ---Gyoj U+ U Gy

Then we discuss all the solutions of X;A’ D B; and XA’ D B.
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When X(x;, X», X,) are obtained, we take intersection operation between
X 5 Kg, 1w, xq, so we can get X'(x', X', ..., X'n) € X',

5 Examples of Error Matrix Equation

Suppose A = (a” alz), and

a ax
_ —

an=\ Uy S0 P Toor Lo Y01 Guon
_ —

an=\ Uy S P T L Yy Guon
_ —

1=\ U Som1 Poau Ton L ya11 Guon
_ —

an =\ Uy Sz Paz Toz Loz yu2 Guonz

When n = 11, we get the following equations:

Uso1 = {u201, U202, - - -, U0 }

S201 = {5201, 52025 - - - » S20n }
P = { P01 Pooas -+ Paon}

Tr01 = {t201, 2025 - - -, t2on }

Loor ={bo1. bozs - - - on}

Y201 = {y201, Y2025 - - - » Y200 }
Guo1 = {8201 8202 - - - » 20n }

When n = 9, we get the following equations:

Usoz = {u201, 4202, - - -, Uo0n }
S202 = {5201, 82025 - - - » S20n }
P = {P 201> Paoas > Paon}
T202 = {t201, 2025 - - - » t2on }
Looz ={bo1. bozs - - - on}
Y202 = {y201, Y2025 - - - » Y200 }
Guao2 = {8201, 82025 - - -» &20n}
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When n = 10, we get the following equations:

Uaiy ={u211, U212, - - -, U21n }

So11 ={s211, 82125 - - -, 8210}
Po ={P21:Panz> > Poin}

Do ={tu1, 12, - -, i}

Loy ={bi. b2, -  bin}

yar1 ={y211. 212> - - -» 21}
Guaii ={g211, 8212 - - -» Q21n}

When n = 15, we get the following equations:

Uzio ={u211, U212, - - -, U1 }

Sa1o={8211, 8212, - - > 5210}

Pon= {P211: Pz -+ > P}
Ty ={ta1, 12, - - - s t21a}
Ly ={bi1, b2, - .-, bin}
Y212 = {y211, Y2125 + - > Y210}
Gy ={g211,8212, - -, 821}

And suppose X =(x; x, ), where

_
=<U10x Stox  Piox Tior Liox Xiox

-
_<U11x Siix Py Tie Lie Xinx

by b

, where
by by

And suppose B = <

by = (VZOI Sy201

b= ( Vaoz  Sv202

wot  Twor  Lyot  Yw2o1
w2 Two2 Lo Yoo

wit Do Lo yoei

S ST T el

wiz T Lo Yo

by = (VZII Sio11
(V212 Sy212

597
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And when k = 7, we get the following equations:

Vaor = {u201, U202, - . ., U0k }

Sw201 = {5201, 52025 - - - » 20k }

- — — —
Pv201={P201,P202’ ~--’P20k}

Ti201 = {t201, 202 - - - » L0k }
Liso1 = {bo1, hoa, - - -, bok }
Y201 = {¥2015 Y2025 - - - » Y20k }
G201 = {g201, 82025 - - - » 20k }

And when k = 8, we get the following equations:

Voo = {u201, o2, - - -, Uook }

Sy202 = {5201, 5202, - - -, 20k }

? e — —
vzoz—{onh P 202> - onk}

T202 = {1201, 1202, - - - » taok }
Loz ={hot, hoas - - -» ot}
Y202 = {¥2015 Y2025 - - » Y20k }
G0z =1{g201, 82025 - - -, 820k }

And when k = 2, we get the following equations:

Vo ={uz11, w212, - .., U1k}

Swai1 = {8211, 8212, - - -, 21k}

- — — —
Pv211={P211,P212’ ~--’P21k}

Toii ={t211, 2125 - - -, 021k }
Lo ={bi1, b, - ... b}
Y211 = Y211, Y2125 + - > Y21k}
G ={g21, 8212 - - -, 821k}

K. Guo et al.
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And when k = 3, we get the following equations:

Vo ={uai1, w212, ..., U1k}

Sz ={s211, 82125 - -, S21k }
-

Pn= {?211’?2127 ""?21/(}
T2 ={t211, 02125 - - ., 21k}
Lo ={bi, b, ..., b}

Y212 = {y211, Y2125 + - > Y21k}
G =1{g11, 8212, ---» 821k}

By the Theorem 2, when n = 11, we get the solution of XA’ D B, which is

Uiox = {201, U202, - - -, t20n }

S1ox = {5201, 5202, - - -, 8200 }

P 10x = {1’ 201> P 202s - - '7?20}1}
Liox={bo1, boz, - - - » oon}
X100 = {201, Y2025 - - - » Y200}

Guiox=1{g201- 82025 - - - » §20n }

Similarly when n = 8 we get the following equations:

Uiix={uz11, U212, . .., t20n }

Stix = {5201, 5202, - - - S20n}

P11x={17201 Pa02s - Paon}

Ty ={t01. 1202, - - - t20n}

X11x = {)’211,}72127 e ,)’21,1}
Guix={g211,8212, - - -» 8210}

6 Conclusion

We get the necessary and sufficient condition for the solvability of the error matrix
equation XA’ = B, and they are also can be proved by the case studies.
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