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Membership Surface and Arithmetic Operations of
Imprecise Matrix

Dhruba Das

Abstract—In this paper, a method has been developed to
construct the membership surfaces of row and column vectors and
arithmetic operations of imprecise matrix. A matrix with imprecise
elements would be called an imprecise matrix. The membership
surface of imprecise vector has been already shown based on
Randomness-Impreciseness Consistency Principle. The Randomness-
Impreciseness Consistency Principle leads to defining a normal law
of impreciseness using two different laws of randomness. In this
paper, the author has shown row and column membership surfaces
and arithmetic operations of imprecise matrix and demonstrated with
the help of numerical example.
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I. INTRODUCTION

ARUAH ([1]-[4]) has defined an imprecise number X =
[a, b, ¢] with membership function

R(z) b<az<cp<y<r

Lz) a<az<bp<y<r
MX\Y(JJ-,Z/) =
0 otherwise.

L(z) being a continuous non-decreasing function in the
interval [a,b], and R(z) being a continuous non-increasing
function in the interval [b,¢], with L(a) = R(c) = 0 and
L(b) = R(b) = 1. A continuous non-decreasing function of
this type is also called a distribution function with reference
to Lebesgue-Stieltjes measure ([5]). Das and Baruah ([6]-[8])
have shown the construction method of the membership
surface of imprecise vector. If (X,Y’) is an imprecise vector,
where X and Y both are imprecise numbers represented
by X = [a,b,c] and Y = [p,q,r] respectively and if the
membership function of X and Y be

Lz) a<z<bp<y<r
pxiy(z,y) =4 R(x) b<z<ep<y<r

0 otherwise.

R(y) a<z<c,gq<y<r,

Ly) a<z<cp<y<g
py|x(z,y) =
0 otherwise.

Then the membership surface of the imprecise vector (X,Y)
can be obtained [3] as:

L(z)L(y) a<az<bp<y<yqg
L(z)R(y) a<x<bg<ly<r

ux,y(z,y) = R(x)L(y) b<z<e,p<y<gqg
R(z)R(y) b<x<c,qly<r
0 otherwise.
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Here it is assumed that X and Y are independently distributed.
In a matrix all rows and columns are nothing but row vectors
and column vectors. So, we may obtain the row membership
surfaces and column membership surfaces of an imprecise
matrix. If the elements of the matrix are imprecise then we can
construct the membership surfaces of row vectors and column
vectors of that matrix.

II. MEMBERSHIP SURFACES OF ROW AND COLUMN
VECTORS OF AN IMPRECISE MATRIX

Consider a 2 x 2 matrix

(> w)

where all the elements of the matrix X,Y,Z and W
are imprecise. Assume that all the elements X,Y,Z
and W are triangular imprecise numbers represented
by  [z1,29, %3], [y1, Y2, 3], [21, 22, 23] and  [wy,wa, ws]
respectively. We may consider (X,Y) and (Z,W) as row
vectors and (X,Z) and (Y,W) as column vectors. The
membership functions of X, Y, Z and W for row vectors are
as:

T —
1 <z <z
To — T
y1 <y <wys
_ T — x:
HX\Y(JU,.U)— 3 ro < x < x3,
Tro — I3
Yy1 <y <ys
0 otherwise.
v —
YTU L <a<as,
Y2 — Y1
y1 <y <y2
py|x(z,y)=q Y Y3 1 <z < w3,
Y2 — Y3
Y2 Sy < ys
0 otherwise.
zZ—z1
wy < w < ws,
Z2 — 21
z1 <z < 22
nziw(zw) =4 272 < ws,
zo — 23
22 <z < 23
0 otherwise.
w — wi
— wi; < w < way,
wy — Wi
z1 <z< 23
) — w— w
pwiz(z,w) =4 W W3 wy < w < ws,
w2 — w3
z1 < z< 23
0 otherwise.

Now the membership surfaces of row vectors of the imprecise
matrix will be as:
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(z —=1)(y —y1)

1<x<z2,y1 Sy < y2
(2 — 171)2?12 —y1)
xr — T -
w z1 <z <z2,y2 <y < ys
(12—11;('!/2—93)
- T —x —
pr@y) =9 @=2)W=y) e
(w2 — I:sg(yz - y1)
T — I3 — Yz
(oo o =ws) g <y <
(z2 — @3)(y2 — y3)
0 otherwise.
z—z1)(w—w
( 1)( vV z1 <z < zo,wp S w < wa
(Z2 = 21) (w2 — wy)
z—z1) w — w3)
z1 <z < 2z, w2 S w < ws
(zz—Zl)éwz—ws)
— (z — z3)(w —w
nr (2 w) 3) v zo <z < zz,wp S w < wa
(22 — z3) (w2 — wy)
(z — 23)(w — w3)

IN

w < ws

— " z5 < 2z < z3,wa
(22 — 23) (w2 — w3) ’
otherwise.

Again, the membership functions of X,Y,Z and W for
column vectors are as:

xr —x
—— T s <e<m,m<z<z
xTo — X1
— T — I3
bxiz(@,2) =9 LT3 o <x<wz,z1 <z< 23
To — T3
0 otherwise.
Yy —
At y1 <y <y2, w1 < w < wg
Y2 — Y1
_ -4
by w(yw) =9 Y79 <y < w < ws
Y2 — Y3
0 otherwise.
zZ—Zz
S s <a<wsz<z<zm
zZ2 — 21
") — z— z
pzix(z,2)=q 2" %8 1 <z <wg,290 <2< 23
zo — 23
0 otherwise.
w — w
— L w <w<wy <y <ys
wo — Wi
_ ) v—w
pwiy (wy) =9 W =W <w<ws,y1 Sy<uys
wo — w3
0 otherwise.

Therefore, the membership surfaces of column vectors of the
imprecise matrix will be as:

r —xT zZ—Zz
(—zi)(z— =) w1 <2< e,z <2< 2
(22 — x1)(22 — 21) (Z2—Zl)
(@ —m)(2 — z3)
1 <z <xa,22 <2< 23
(w2 — x1) (22 — 23) ;EZQ*Z;)
nol@z)=q @zea)lzzz) o <<
(ng Zz*zl)
(z—w3)(2 — 23)
o <z <x3,20 <2< 23
(1‘2 — Tg)(Zz — z3)
0 otherwise.

(y—y1)(w —w1)

y1 Sy <y, w1 S w < wa
(y2 — ylggwa — wy)

Yy — w — w
- w)lw —ws) y1 Sy <y, w2 S w < wg
(y2 — 1/1;5“72 — w3)
= y —y3)(w —w
ne(y, w) My Zys)(w —wn) y2 Sy < ys,wr S w < wa
(y2 — yg;ng — wy)
— w — w,
v 3 <y < g we S w < ws

(y2 — y3) (w2 — ws)
0 otherwise.

In the same way, for a 3 x 3 matrix

X
Z
M

zZs=
20O

where all the elements of the matrix X, Y, P, Z, W, Q, M, N
and R are imprecise. Assume that all the elements
X Y,P,ZW,Q,M,N and R are triangular imprecise
numbers represented by [x1,z2, 3], [y1, Y2, ys).[p1, D2, D3],
[21, 22, 23], (w1, wa, wa), [q1, g2, 3], [m1, M2, m3], [n1,n2, N3]
and [r1,re,73] respectively. We may consider as
(X,Y,P),(Z,W,Q) and (M,N,R) as row vectors and
(X,Z,M),(Y,W,N) and (P,Q, R) as column vectors. The
membership functions of XY, P,Z, W, Q,M,N and R for
row vectors are as:

r —x
STl gy <w<aay <y <y,
To — X1
p1 <p<p3
— Tr — T
pxpyp(@y,p) = E20 ) <0 < gy <y < s,
xTo — T3
p1 < p<ps
0 otherwise.
— 1
g z1 <z <z3,y1 Sy < y2,
Y2 — Y1
p1 <p<ps
pyixp(@yp) =\ LTV o cp < gy gy <y <y,
Y2 — Y3
p1 < p < ps
0 otherwise.
PP <o <asyn <y <,
P2 —P1
p1 < p < p2
bpixy(@y,p) =9 LTS cp g <y <y,
P2 — P3
p2 < p < p3
0 otherwise.
zZ—z
Zoe z1 <z < zo,w1 < w < ws,
zZ2 — 21
g1 <q<gq3
rziw,q(z,w,q) = ¢ 27 *3 zo <z < z3,w; <w < ws,
zo — 23 -~ -
71 <q<gs
0 otherwise.
w — w
———— s <z<zw <w<wy,
wo — Wi
91 <q<gs
— ) w— w:
bwi.z(zw,q) = LW o e < w < ws,
wo — w3
a1 <q<gqs
0 otherwise.
a-n z1 <z < z3, w1 S w < ws,
q2 — q1
@< 9= g2
nezw(zw,q) =4 4798 oo < w < ws,
g2 — g3
92 < q<gqs
0 otherwise.
m —m
S my <m < mayng <n < ng,
mo — MM
ri <r<rg
pmN (M) =9 MTMs < ms,n1 < n < ns,
mo — mg - - -
ri <r<r3
0 otherwise.
n-—n
LM mip <m<mzg,n <n<ng,
nz2 —ni
re <r<rsg
N, R(M N, ) = TN mi; <m < m3z,ne <n < mng,
ng —ng - o
r <r <73
0 otherwise.
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T =171
—— m1 <m<mg,n1 <n<ng,
T2 =Tl
1 <r <o
) ) — T —T3
pripay (manr) =9 D715 o <y ng <on <o,
Ty — T3
rg <r <73
0 otherwise.

nr(z,y

(z —=1)(y —y1)(p — pP1)

(w2 — 1) (y2 — v1)(p2 — P1)

(z —=1)(y —y3)(p — p1)

(2 —@1)(y2 — y3)(P2 — P1)

(z —23)(y —y1)(p — P1)

(2 —@3)(y2 — y1)(p2 — P1)

(z — =3)(y — y3)(p — P1)

(wg —x3)(y2 — y3) (P2 — P1)

(z —z1)(y —y1)(p — P3)

(2 —x1)(y2 — y1)(p2 — P3)

(z —x1)(y — y3)(p — p3)

(w2 —1)(y2 — y3) (P2 — P3)

(z — x3)(y — y1)(p — p3)

(w2 — @3)(y2 — v1)(p2 — P3)

(z —23)(y — y3)(p — P3)

(2 — x3)(y2 — y3) (P2 — P3)

0
Rz, w

(z = z1)(w —wy)(g — q1)

(z2 — z1)(wg — wy)(a2 — a1)

(z — z1)(w —w3)(qg — q1)

(22 — z1) (w2 — w3)(a2 — q1)

(z — z3)(w — wy)(qg — q1)

(22 — 23)(wg — wy)(a2 — q1)

(z — z3)(w — w3)(qg — q1)

(22 — 23)(wg — w3)(a2 — a1)

(2 —z1)(w —wy)(a — q3)

(22 — z1) (w2 — w1)(a2 — a3)

(z = z1)(w — w3)(a — g3)

(22 — z1)(wg — w3)(a2 — 43)

(z — z3)(w — wy)(qg — q3)

(z2 — 23) (w2 — w1)(a2 — a3)

(z — z3)(w — w3)(a — q3)

(22 — 23) (w2 — w3) (92 — 43)

0

nR(m, n,

(m —mq)(n —ng)(r—r1)

(mg —my)(ng —ny)(re —r1)

(m — mq)(n —ng)(r — )

(mg —my)(ng — n3)(rg — r1)

(m —mg)(n —ny)(r —r1)

(mg — mg)(ng —ny)(ry —r1)

(m — mg)(n — ng)(r = r1)

(mg —m3)(ng —nz)(rg —r1)

(m — mq)(n —ny)(r — r3)

(mg = mq)(ng — ny)(rg — r3)

(m —my)(n —ng)(r —r3)

(mg — m1)(ng — ng)(rz — r3)

(m —mg)(n —ny)(r —r3)

(mg —mg)(ng —ny1)(ra2 —r3)

(m — m3)(n — n3)(r — r3)

(mg = mg)(ng — ng)(rg — r3)

0

Then the membership surfaces of row vectors of the imprecise
matrix will be as:

»p) =

y2 Sy <y3,p1 <P < p2
rg S @ < wg,
v1 S v <wy2,p1 <P <Dp2
zp <z < @y,
y2 Sy <wy3,p1 <P < p2
2, <z <z,
y1 Sy <wy2,p2 SpSp3
z1 <@ <z,
yo <y <wy3,p2 <p < p3y
zp <@ < @y,
y1 Sy <y2,p2 <P <p3
zg <@ < wg,

y2 Sy < y3,p2 S P <Pp3
otherwise.

»a) =

<z < zg,

wy S w < wy,q1 S g

IN

a2
21 <2 < 5,

wy < w < wz,q1 < g

IN

a2
22 < z < 23,

wp S w < wg,q1 g < a2
29 < 2z < 23,

wy < w < wg,q; < g

IN

a2
z1 <z < 22,
wp S w < wy,q93 < g < g3
z1 <z < 22,

wy < w < wy, g2

IN
Q
IN

a3
29 < 2 < 23,
wp S w < wp,q93 < g <43
zg < z < 23,

wy S w < wg,q3 < g <93
otherwise.

r) =

my < m < mg,

np <n<ng,rp ST ST
my < m < mo,
ng <n<ng,r <r<ry
mg < m < m3,
ny <n<ng,r <r<ry
my < m < mg,
ng Sn<ng,rp ST ST
my < m < mo,
ny <n<ng,rg <r<ry

my < m < mg,

ny<n<ng,rg <1

IN

r3
mg < m < mg,

ng <n<ng,rp ST

IN

T3
otherwise.
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The membership functions of X, Z, M, Y, W, N, P, and R

for column vectors are as:

N'X\JW,Z(Iymvz) =

pzx,m(x,m,z) =

/”M|X,Z(<75a'n7’7 z) =

py | Nw (Y, n,w) =

pw N,y (W, n,y) =

NN\M,Y("lJ%y) =

npiQr(P g T) =

rqpr(P g, 7T) =

ILR\P,Q(P, q,7) =

The membership surfaces of column vectors of the imprecise

matrix will be as:

T — T
——— = <z <,
To — X1
mp <m <mgz,z1 <2< 23
T — x3
— x2 <z < a3,
xro — T3
myp <m<mg,z1 <2< 23
0 otherwise.
z— 21
— 21 <z < 29,
2o — 21
z1 <z <xz,mi <m < mg
z — 23
— 23 < z< 23,
Z2 — 23
z1 <z <axz,mi <m<mg
0 otherwise.
m o — mi
—— m1 <m < ma,
ma — my
z1 <z <z3,21 <2< 23
m — ms
— ma <m < mgs,
mo — ms
1 <z <w3,21 <z< 23
0 otherwise.
Yy—un
—— Y1 <y < Y2,
Y2 — Y1
ny <n<nzg,w <w< ws
Y—Ys
—— Y2 <y < s,
Y2 —Ys
ny <n<ng,w Sw S ws
0 otherwise.
w — wi
— n1 <n < ng,
wo — w1y
wy Sw < wa,y1 < g < g3
w — w3
——— n1 <n<ns,
wo — W3
w2 < w < ws,y1 < g < g3
0 otherwise.
n—mni
—— m1 <m < mg,
ny —ny
ny <n<nzy <y <ys
n —ns
Sy <m < ma,
nz —ng
ng <n<n3, Y1 <Y<y
0 otherwise.
P—P1
——— p1 < p < pa,
b2 —Pp1
g1 <q<gqzr1 <r<rs
pP—Dp3
—— p2<p<ps
b2 — P3
g1 <q<gqzr1 <r<rs,
0 otherwise.
q9—aq1
—— p1<p<ps
92 — q1
g1 <g<gz,m1 <r<rs,
q—4as
— p1 <p<ps,
92 — g3
g2 <qg<gq3r <r <73
0 otherwise.
r—1ry
—— p1 < p<ps,
T2 —T1
g1 <qg<gq3,r1 <r<r
T —7T3
—— p1<p<ps,
T2 — T3
g1 <qg<gq3r2<r<rs3
0 otherwise.
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e (@, 2 m) =

(z —21)(z = 21)(m — mq)

21 <z < g, Bz(g g)
(v —@1)(22 — 21)(mg —mq)
21 <z < z,mp <m < mg .
@or)Gom—m) where the row membership surfaces of A and B are as:
(wg — @1)(22 — 23)(mg — mq) o
( y § ) 29 <2< 23,mp <m < moy
2 — 23)(z — 21)(m — m
zp <@ < w3, T —x _
(2 — z3)(22 — 21)(m2 — m1) Le—m)W =) 1S@ < @2,y SY S Y2
( y § ) 21 <2< 29,m1 <m < mo (9(62 - z1§Ey2 - yi)
= 23)(2 — 23)(m —m _ _
)= U oy <asas, TV T <e < <y<us
(mg — ®3)(22 — 23)(ma — m1) e (562*11%‘/2*3/3)
29 <2< 23,mp <m < mg _ T —x —y1)
@-enGomomy) T pap (@ y) (( SRV Y j 2 S@<Ey <y <u
21 <@ < wg, T2 — T — 1
(g — 21)(22 — 21)(mg — m3) 2 3;Ey2, u
<z< <m< (r—w3)(y —ys)
21 <2< z29,mg <m < mg o <z <w3,y2 <y < y3
(@ — @1)(z — 23)(m — m3) e (rrm(yrw) - o
(22 — o) (23 — 2g)(mg —mg) 2 otherwise.
29 < 2 < 23, mg < m < mg
(¢ —23)(z — z1)(m — mg) — —
zp <z < wg, (Z 21)(w —w1) z1 <z < 2zo,w; S w < wy
(wg — @3)(22 — 21)(mg — m3) (Z2721 wy — wy)
21 <z <z, my S m < mg (zle w — wz)
(z —23)(z — 23)(m — m3) oy < o < vy z1 <z<z,we <w < ws
(22 — 23)(22 — 23)(mg — m3) - (? B zlg§w277 w§>
29 <z < 23, mg <m < mg pap(z,w) = z —z3)(w — wy 20 < 2 < 2z, w1 < w < wa
0 otherwise. (22 — 23) (w2 — w1) Zzgng - “11) o o
- —w
no(y, w,n) = (2 Z3)(w s) 2o <2< z3,ws < w < ws
(22 — 23) (w2 — w3)
(y —y1)(w —wy)(n —ny) L <y < e, 0 otherwise.
(y2 —y1)(wg — wy)(ng — ny)
w) S w < wy,ny < n < ong — —q1
(v — y1)(w — w3g)(n — ny) pop)la—a) p1 <p<p2,91 <qg< g2
y1 Sy < y2, (p2 — p1)(g2 — q1)
(y2 — y1)(wp — w3)(ngz —ny) (p—p1)(qd — g3
wg Sw < wg,ny S n<ng ———— p1 <p<p2,¢<qg<gqs
e Sei B SVEw oy = | o= m e
(v2 — y3)(wa — w1)(ng —ny) weR(P @) =4 (P—p3)(a—a)
wy < w < wy,ny <n < ng R P2 —ps)(aa — a1) P2 <P<ps,q1<q<q2
oyl -wld)nmm) oy, (p —p3)(a — as)
(v2 — wg)(wg —wg)(ng —n1) 2 P2 <p<p3,q2 <q=<qs
wy < w < wg,ny <n < ng (p2 — p3)(q2 — q3) ]
(y — y1)(w — wy)(n — ng) < 0 otherwise.
1Y =v2,
(y2 — y1)(wz — wy)(ng — ng) (r—r1)(s — s1)
(0= 41w = wg)n —ng) LS USMEm2ERInS ST < r<ro,s <5< s
— oy LSVS %’7:13222 7983)
Yo — y1)(woy — w3)(ng — ng —7r1)(s — s3
wy < w < wg,ng < n < ng (rs = r1)(53 — 53) r1 <r<rg,s0 <s<s3
W ey (r,5) H T;ﬁ?ﬁ 1)
2 <y <ysg, r,s) = - -
(y2 — y3) (w2 — wy)(ng — n3z) HBR (T —= 712 <1 <713,51 <5< 52
wy < w < woy,ng <n < ng (Tz—nggsz—Sl)
(y — y3)(w — w3)(n — nzg) R r—r3)(s — s3) 2 <7 <1y 50 <5< ss
(y2 — y3)(wg — w3)(nz — n3) (rz —r3)(s2 — s3)
wy < w < wg,ny <n<ng 0 otherwise.
0 otherwise.
s (pr @, 7) = Similarly, the column membership surfaces of A and B are
ne(p,a,r)
_ _ _ as:
(p—p1)(a — q1)(r — 1) o1 <P <o
(p2 —p1)(a2 —a1)(r2 — 71)
91 < qg<aqz,7m1 ST <Tg
(p—p1)(ad —a3)(r —71) _ —
- - W <<, oe)Eoa) <<
p2 —p1)(a2 —a3)(r2 — 1) (w2 — 1) (22 — 21)
92 £ g < g3, ST <72 (x —x1)(z — 23)
(p—p3)(@d —a1)(r —ry) b < b < 3 — " ry <z<x2,20<2< 23
(p2 — p3)(a2 — q1)(r2 — 1) - Gz Tl;(ZZ P
g1 <qg<qz,rp <r <y pag(z,z) = @ —zs)(z—21) 2o <z < w3,z <2< 29
(p — p3)(a — az)(r — r1) P2 < 5 < 3, (zz—mgggzz—m) - -
(p2 — p3)(a2 —a3)(r2 — 1) (z —x3)(2 — z3) <4< <<
a2 <q<g3,rp ST <72 m T2 ST ST3,225 25 28
(» = p1)(a = a1)(r = r3) T2 = w3)(F2 = 23 .
r1 < p < p2, 0 otherwise.
(P2 = p1)(92 — q1)(r2 — 73)
91 £ g<qz,mp ST <7y (y y1)(w — w1)
- - r - -y — wi
(p—p1)(a — a3)(r — r3) b1 <5< pos y1 <y <ys,w <w< ws
(P2 —p1)(a2 —a3)(r2 — T3) (yz - ylgEMQ - wi)
92 < ¢ <gq3,m2 ST <73 (y —y1)(w — w3
(p — p3)(a — a1)(r — r3) s <5 < pa (yz—y1) ws — ws) y1 <y <y2, w2 < w < wsg
(p2 = p3)(a2 — a1)(rz — r3) o = - Ew —w
a1 <a<ayry<r<ry rac (y;w) ol zw) ) < w < ws
(p —p3)(a — q3)(r — r3) pe<p<p (yZ*yngWZ*wl)
2 < p<p3, _ _
(p2 — p3)(a2 — a3)(r2 — 73) (y — ys)(w — ws) Yo <y < ys,we <w < ws
a3 < q<az,rp <<y (yzfys)(wszs) T o
0 otherwise.

otherwise.

III. ARITHMETIC OPERATIONS OF IMPRECISE MATRIX w pL<p<pa,r <7< 1o
. . P2—P1;£T2—T1
Consider two matrices P=p)r=ra) <<
(p2 —p1)(ra —r3) gg Ts)
o) =q wop)lrmm) <<
A:(X Y ) pzfpsgémfn)
zw Popsflr—ms) o p<psm<r<rs
(pz —p3)(r2 —r3)

and

otherwise.
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(¢ —q1)(s — s1)

V" @1 <g¢=<q2,51 <s< s
(Q2 - tI1gES2 - 51)
— s — S
M g1 < q<gq2,82 <s<s3
(g2 — q1g(52 —53)
= - s — S8
upolas) = gl mon) o c g <5<
(g2 — QSg(Sz —s1)
— s — 8
a-as)lo = 55) g2 < q<gqs,s2 <s<s3
(g2 — g3)(s2 — s3)
0 otherwise.

=3

Here, for simplicity and without any loss of generality
is assumed that X = [z1,z9,23], Y = [y1,¥2,93] » £ =
(21,22, 23], W = [wi, w2, w3] and P = [p1,p2,p3], Q =
[ql,QQ7l]3], R = [7”1,7“2,7‘3], S = [81,52,53] are triangular
imprecise numbers.

A. Addition of Imprecise Matrix

Addition of two imprecise matrices A and B will be as:

B X v P Q
avs = (7w ) (n 9)
( L M )
N K
where L = X+ P = [z1+p1, T2 +pa, 23+p3], M =Y +Q =
[y1+aq1. y2+q2, y3+q3), N = Z4+R = [z1+711, 22+72, 23473]

and K = W+ S = [wy + $1, w2 + s2, ws + s3]. Now, the row
membership surfaces of the matrix

L M
c=(v %)
will be as follows

“CR”’ m) =

{z+p) - (@1 +p)H+a9) - (y1 +91)}
{(2 +p2) — (z1 + P1)H(v2 + 92) — (v1 +q1)}

z1 +p1 <@+ p< @+ pa,
y1+a91 Sv+aqa<y2+az
{@+p) - (@1 +pr)HW+a - (y3+493)}

{(z2 +p2) — (z1 + p1)H(y2 + 92) — (3 +a3)}

z1 +p1 <@+ p< @+ pa,
yo2 +a2 S y+a<wy3z+az
{@+p) —(@ez3+r3)H{lv+a) - (v1 +91)}

{(z2 + p2) — (z3 + P3)H(v2 + q2) — (v1 +q1)}

zg +p2 < @+ p < @3 + p3,
v1+a1 Sv+a<y2+az
{(z+p) — (@3 +p3)H{lv+ 9 — (v3 +493)}

{(z2 + p2) — (z3 + p3)H{(y2 + a2) — (3 +a3)}

zg + p2 < @+ p < @3 + p3,
v2 +a2 Sy+aq<y3z+az
0 otherwise.

ucR(mk):

{(z+7) = (21 + ) H(w +s) = (wy +s51)}
{(z2 + r2) — (21 + 7)) H(wa + s2) — (w1 +s1)}

21+ 71 < z4+ 7 < zg + 7o,
wy 451 S w+s < wg + sy
{z+7) = (1 +rDH(w + ) = (w3 + s3)}

{(z2 + r2) — (z21 + 1) H{(wa + s2) — (w3 + s3)}

z1+7rm < z+7r < z9 1o,
wy + 89 < w+ s < wg + s3
{+7r) = (z3+ra) H(w+s) = (wy + 1)}

{(z2 + r2) — (23 + m3)}H{(wa + s2) — (w1 +s1)}

zg +ro < z41r < 23 + 73,
wy +51 <w+s < wy + so
{z+7) = (23 + r3) H(w + s) — (w3 + s3)}

{(z2 + r2) — (23 + m3)}H{(wa + s2) — (w3 + s3)}

zg + 1o < z+4+1r < 23 + 73,
wo +sp < wts < wg + s3
0 otherwise.

Similarly, the column membership surfaces of the matrix C
will be as:

/—"CC(LV n)=

{(z+p) — (@1 +rD)HGE+r) — (21 +71)}
{(x2 +p2) — (@1 + P1)H(z2 + r2) — (=1 + r1)}

21 +p1 <z +p< o+ Do,
2141 <z4r< 2941
{(z+p) — (@1 +p)H(z+7) — (23 +73)}

{(x2 +p2) — (@1 + P1)H(z2 + r2) — (23 + r3)}

w1 +p1 <o+p < ag+po,
2941y < z+4r<zg+rg
{(z+p) = (z3 + p3)H{(z+7) — (21 + 1)}

{(z2 +p2) — (w3 + P3)H (22 + r2) — (=1 + r1)}

zg +p2 <@+ p < x3+p3,
21411 <z+4r<zg+rg
{(z +p) — (z3 + p3){(z + ) — (23 + r3)}

{(z2 +p2) — (w3 + P3) (22 + r2) — (23 + r3)}

zg +p2 <z +p < x3 + p3,
29+ 1o < z41 < 23473
0 otherwise.

ne e (my k) =

{y+a) = (w1 +aD)H(w+s) = (wy +s1)}
{(y2 +92) — (v1 + g H (w2 + s2) — (w1 + 1)}

v1+a1 <v+a<y2+aq2,
wy 481 Sw4s < wg + sg
{y+a) = (y1 + g H{(w+5) = (wg +s3)}

{(v2 + 92) — (v1 + q1) H (w2 + s2) — (w3z +s3)}

y1+a91 <v+a<y2+a2,
wo + 89 < w4 s < wg + s3
{v+a) — (y3 + a3)H{(w 4 5) — (wy + 1)}

{(v2 + 92) — (v3 + a3) H (w2 + s2) — (w1 +s1)}

Yo +a2 <y +aq<y3z+az.
wy 4+ 51 < w+s < wg + sg
{y+a) — (y3 + a3)H{(w + 5) — (wg +s3)}

{(v2 + 92) — (v3 + a3) H (w2 + s2) — (w3g +s3)}

Yo +a2 <y +aq<y3z+az.
wg + so < w+ s < wg + s3
0 otherwise.

B. Subtraction of Imprecise Matrix

Subtraction of two imprecise matrices A and B will be

r e (3 0)(59)
(% %)

where L = X —P = [x1 —p3, 22 —p2, 23—p1], M =Y —Q =
1—a3,y2—q2,y3—q1], N = Z—R = [21—13, 22— 72, 23—71]
and K =W — S = [wy — $3, w2 — $2, w3 — $1] respectively.
Now, the row membership surfaces of the matrix

(5 ¥)

will be as follows
wog(tm) =

{(z —p) — (21 —p3)H{(y —a) — (y1 —a3)}
{(z2 = p2) — (z1 —p3)H{(v2 —a2) — (y1 —a3)}

] —p3 < —p < x2 — P2,
Y1 —43 Sy —q =< y2 — a2
{(z—p) = (21 —p3)H{(y —9) — (y3 —q1)}

{(@2 = p2) — (z1 — p3)H{(v2 —a2) — (y3 — a1}

z1 —p3 <z —p < @y — P2,
y2 —492 Sy —q<y3—4q1
{(z—p) —(z3 —pD)HW—-9a) — (vy1 —a3)}
{(z2 —p2) — (z3 —p1)H(y2 —a2) — (y1 —a3)}
Ty —p2 S @ —p< T3 — Pl
Y1 —493 <y —aqa<y2 a2

{(z—p) = (23 —p1)H(y —q) — (y3 —q1)}
{(z2 —p2) — (#3 — p1)H{(v2 —q2) — (v3 —a1)}

zg —pg S —p < @3 —Pp,
y2 —q92 Sy —q<y3—dq1
o otherwise.

and
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nog (k)=

{(z=7r) = (51 —rz)H{(w = s) = (wy —s3)}
{(zg = r2) = (21 — m3)H{(wg — s2) — (w1 — s3)}

{z-—r) —(z1 —rz3)H{(w —s) — (wg —s1)}
{(z2 = r2) = (21 — m3)H{(wa — s2) — (wg —s1)}

{(z=7r) = (23 —r))H(w —s) = (wg —s3)}
{(zg = r2) — (23 — 1) H{(wg — s2) — (w1 — s3)}

{(z=r) = (23 —rp))H(w —s) = (w3 = s1)}
{(zg = r2) — (23 — 1) H{(wg — s2) — (wg —s1)}

0

Similarly, the column membership surfaces of the matrix C

will be as:
hoe (thn) =

{(z —p) = (21 —p3)}{(z =) — (31 —r3)}
{(z2 —p2) — (=1 — p3) (22 —r2) — (21 — 73)}

{(z —p) = (1 —p3)H(z =) — (23 — 1)}
{(z2 —p2) — (21 — p3)H(z2 —r2) — (23 — 1)}

{z—-p)—(z3 —pD)H(E-7) - (51 —r3)}

{(z2 —p2) — (23 —p1)H(z2 —r2) — (21 — 73)}

{(z —p) = (23 —p)}H{(z —7r) — (23 — 1)}
{(z2 —p2) — (23 —p1)H(z2 —7m2) — (23 — 1)}

0
and
nee (m,k) =

{ly —9) = (y1 —g3)H{(w —s) — (wy — s3)}

{(v2 —a2) — (v1 — a3)}H{(wg — s2) — (w1 — s3)}

{ly —a) —(y1 —a3)}{(w —s) — (w3 — s1)}

{(v2 —a2) — (v1 — a3)}{(wg — s2) — (w3 — s1)}

{ly —a) — (yg —q)H{(w —s) — (wy —s3)}

{(v2 —a2) — (vg — 1) }H{(wg — s2) — (w1 — s3)}

{ly —a) — (yg —q)H{(w —s) — (w3 — s1)}

{(v2 —a2) — (vg — a1) }H{(wg — s2) — (wg — s1)}
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zyp —7T3 <z -1 < 2 -7,
wy —s3 < w—s < wy — sg

z1 —7T3 <z -1 < 23 -7,
wo —sg < w—s < wg — 51

zg —rg < z—1r <23 -7,
wy —s3 < w—s < wy — sy

zg —rg < z—7r <23 -7,
wy — sy < w—s < wg— sy
otherwise.

z1 —p3 <z —p< T2 — P2
21 —rg <z—-r <z -7y

z1 —p3 <z —p< T2 — P2
zg —rpg < z-r<zz T

T2 —py < —p<TZ—DPILs
21 —r3 <z—r<zp—ro

A

zp —py S @ —p < T3 — Pl
29 —rg < z—r <2z -1

otherwise.

Y1 —493 <Y —q < y2 — 492,
wy) —s3 <w—s < wy — sg

Y1 —493 <Y —a < y2 — 492,
wy —sg < w—s < w3z — s

y2 —492 <Y —q < y3 — 41,
wy —s3 <w—s < wg — sg

y2 —492 <Y —q < y3 — 41,
wg —sg < w—s < wg — s
otherwise.

C. Multiplication of imprecise matrix

Multiplication of two imprecise matrices A and B will be

as:
e (30
- (5 )

where

L=XP+YR

r S

= [z1p1, 2p2, T3P3]

M=XQ+YS

= [y191, Y292, y3q3]

N=ZP+WR

= [z171, 2272, 2373]

K=2Q+WS

= [w1s1, w2s2, w3s3]

The membership functions of L, M, N and K are as:

mpm(t,m) =

1
————{—(z1p2 — 2z1p1 + z2p1)
2(zg — x3)(P2 — P3)

1
———————{—(=#3p2 — 2@3p3 + x2p3)
2(z2 — x3)(p2 — p3)

+\/<-’1;1112 —221p1 + 22p1)? — 4(x1p1 — D(wg — 21)(p2 — P1)}

0
paryn(Lm) =
1

————{~(v192 — 2v191 + y24q1)
2(y2 — y3)(a2 — a3)

—\/(z3p2 — 223p3 + x2p3)2 — 4(z3p3 — 1)(2z2 — @3)(p2 — P3)}

1
{—(v3a2 — 2y393 + v243)

2(y2 — y3)(a2 — q3)

+V(wia2 — 2v1a1 +v2a1)? — 4(y1a1 — m)(y2 — v1)(a2 — 1)}

kN K (7 k) =

1
— {—(217r9 — 22171 + 2971)
2(z2 — 23)(rg — r3)

—/(y3a2 — 2y3a3 + y293)2 — 4(y3a3 — m)(y2 — y3) (a2 — a3)}

1
—————— {— (2379 — 22373 + z973)
2(zg — 23)(rg — r3)

+\/(21"'2 — 22171 4+ 2971)2 —4(z17r1 — n) (22 — 21)(r2 — r1)}

0

and
kKN (n k=
1

———————{—(wisy — 2wysy + wasy)
2(wg — w3)(sg — s3)

—\/(z372 — 22373 + 2273)2 — d(2373 — n)(22 — 23)(rg — r3)}

+/(wrsg — 2wys + wogs1)? — d(wysy — k) (wo — wy)(sa

1
—  {—(w3sy — 2wgs3 + wys3)
2(wg — w3)(sg — s3)

—s1)}

—/(wgsg — 2wgsz + wgs3)2 — 4(wzsz — k)(wg — w3)(sp — s3)}

0

z1p1 <1 < z2p2,
y191 < m < y34q3

zgpp <1 < x3p3,
y191 < m < y3aq3
otherwise.

Y191 < m < y242,
z1py <l < z3p3

yoa2 < m < y34q3,
z1p1 <1 < w3p3
otherwise.

z171 < n < 272,
wysy < k < wgsy

zgmp < n < 2373,
wysy < k < wgsg
otherwise.

2171 < n < 2373

wosy < k < wysg,
z171 S n < 2373
otherwise.

Now, the row and column membership surfaces of the matrix

) (
)

Z= N
xE ==

will be as shown in (1)-(4).

P
R

Q
s

)

wisy <k < wosy,
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o (l,m) =

neg(n, k) =

pee(ln) =

pep(n, k) =
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1

4(z2 — x3)(p2 — p3)(y2 — y3)(g2 — q3)
+v/(1p2 — 2z1p1 + w2p1)2 — A(z1pr — D (w2 — 1) (p2 — p1) H—(v192 — 20101 + y2q1)
+v/ (192 — 2u1q1 -‘!l-yzth)Q —4(y1q1 —m)(y2 —y1)(q2 — 1)}

{—(z1p2 — 2z1p1 + w2p1)

{—(z1p2 — 221p1 + 22p1)

A(z2 — 23)(p2 — p3)(y2 — y3)(g2 — g3)
+/(x1p2 — 2x1p1 + x2p1)? — A(z1p1 — D (w2 — 1) (p2 — p1) H— (392 — 2y3qs + y2q3)
-/ (ysq2 — 2y3q13 + y293)% — 4(yazqz — m)(y2 — y3)(a2 — q3)}

) {—(z3p2 — 2z3p3 + z2p3)

4(xe — x3)(p2 — p3)(y2 —y3)(g2 — g3
—/(w3p2 — 2wsps + w2p3)? — 4(w3ps — 1) (w2 — w3)(p2 — p3) H{—(y192 — 201q1 + y2q1)
+v/(y1q2 — 2y1<111 +y201)% — 4(y1ar — m)(y2 — y1)(a2 — a1)}
) {—(z3p2 — 2x3p3 + w2p3)

4(we — x3)(p2 — p3)(y2 — y3)(g2 — g3
—V/(x3p2 — 2@3p3 + w2p3)® — 4(z3ps — D) (w2 — @3) (P2 — p3) H—(y392 — 29343 + y243)
—/(y3q2 — 2y3q3 + y243)2 — 4(ysqs — m)(y2 — y3)(q2 — g3)}

1
4(z2 — 23)(rg — r3) (w2 — w3)(s2 — s3)
+\/(21T2 — 22171 + 2211)% — 4(2171 — n)(22 — 21)(r2 — r1) H{—(w1s2 — 2w1s1 + wasy)
+v/(wis2 — 211)11'81 + wzs1)? — 4(wisy — k) (w2 —wi)(s2 —s1)}

{—(z1r2 — 22171 + 2271)

{—(z1r2 — 22171 + 2z271)

4(z2 — 2z3)(r2 — 13) (w2 — w3)(S2 — S3)
++/(z1r2 — 22171 + 2271)% — 4(z171 — n) (22 — 21)(r2 — r1) H{—(wss2 — 2wsss + wass)
—/(wssz — 2w3133 + was3)? — 4(wzsz — k) (w2 — w3)(s2 — s3)}

4(z2 — z3)(r2 — r3)(wa — wa)(s2 — s3) {= (282 = 22375 + 2273)

—/(z3r2 — 22373 + 2073)% — 4(2373 — n)(22 — 23)(r2 — r3) H{—(w1s2 — 2w1s1 + was1)
+\/(w152 — 2w181 + was1)? — 4(wis1 — k)(wa — wy)(s2 — s1)}
1

4(z2 — z3)(rg — r3)(wa — wz)(s2 — s3) {=(zar2 = 22575 + 2275)

—+/ (2372 — 223713 + 2213)2 — 4(2373 — n)(22 — 23)(r2 — 73) }H{—(w3s2 — 2wz s3 + was3)
—/(w3sy — 2wsss + wass)? — 4(wgsz — k) (wa — ws)(s2 — s3)}

0
1

4(z2 — x3)(p2 — p3)(z2 — 23)(r2 — T3
+/(w1p2 — 2x1p1 + @2p1)? — 4(z1pr — 1) (22 — 21)(p2 — p1) H— (2172 — 22171 + 2271)
+\/(21'r2 — 22171 + 2971)% — 4(z1r1 —n)(z2 — z1)(r2 —r1)}
1

{—(z1p2 — 2z1p1 + x2p1)

){7(w1p2 — 2w1p1 + x2p1)

4(w2 — w3)(p2 — p3)(z2 — 23)(r2 — r3)
+/(z1p2 — 2x1p1 + 2p1)? — 4(w1p1 — D) (w2 — @1)(p2 — p1) H{— (2372 — 22373 + 2273)
—/(z3r2 — 223T13 + 2273)2 — 4(2373 — n)(22 — 23)(r2 — 73)}

(23 — 23) (2 — pa) (72 — 23) (15 — 7a) {—(xz3p2 — 2x3p3 + w2p3)

—V/(@3p2 — 2w3p3 + @2p3)2 — 4(z3p3 — 1) (z2 — 23)(p2 — p3) H{— (2172 — 22171 + 2271)
+y/(z172 — 2217‘11 +2271)2 —4(z1m1 — n)(22 — 21)(r2 — 1)}

{—(xz3p2 — 2x3p3 + w2p3)

4(wy — x3)(p2 — p3)(z2 — 23)(ra — r3)
—V/(3p2 — 2x3p3 + 22p3)? — 4(x3ps — 1) (w2 — 23)(p2 — p3) H{— (2372 — 22373 + 2273)
—/(z372 — 22373 + 22713)2 — 4(z373 — n) (22 — 23)(r2 — r3)}

0

1
4(y2 — y3)(g2 — g3) (w2 — w3)(s2 — s3
+v/(y1a2 = 2y1q1 + y2q1)? — 4(y1a1 — m)(y2 — y1) (g2 — q1) H—(wis2 — 2wis1 + was1)
+\/(w132 — 2wy 81 + was1)? — 4(wis1 — k) (wa — wi)(s2 — s1)}
1

){*(yuh = 2y1q1 + y2q1)

—(y192 — 2y1q1 + y2q
4(y2 — y3)(g2 — g3) (w2 — w3)(s2 —53){ (a2 11+ 32a1)

+v/(y1a2 — 201q1 + y291)% — 4(y1qr — m)(y2 — y1)(g2 — q1) }{—(was2 — 2wzs3 + was3)
7\/(u)352 — 2wss3 + wass)? — 4(wzss — k) (w2 — w3)(s2 — s3)}
1

—(y392 — 2y3qs +
4(y2 — y3)(g2 — g3) (w2 — w3)(s2 — 33){ (vs02 — 2usgs + v24s)

—/(y3q2 — 2y3q3 + v293)2 — 4(y3qs — m)(y2 — y3) (a2 — q3) H{—(w1s2 — 2wys1 + wasy)
++v/(wisy — 2wis1 +was1)? — 4(wisy — k)(wz — wi)(s2 — s1)}
1

—(y3q2 — 2y3qs + y2q
102 — 99 (@2 — 09)(wa —wg) (o3 —5g) L V292~ Pe ¥ v208)

—V/(y392 — 2y393 + y293)% — 4(y3q3 — m)(y2 — y3) (g2 — g3) }{—(wzs2 — 2wzs3 + wasy)
—V/(w3sz — 2w3ss + wass)? — 4(wsss — k) (w2 — ws)(s2 — s3)}

z1p1 <1< @op2,y1q1 < m < y2q2

z1p1 <1< w2p2iy2q2 < m < Ysqs

z2p2 <1< @3p3;yiqr < m < y2qz

zop2 <1< x3p3;y292 < m < ysqs
otherwise.

z1r1 < n < zorgjwisy <k < wass
z1r1 S n < zorgjwase <k < wsss
zar2 < n < zgrz;wisy <k < was:

zar2 < n < 23735 w2s2 < k< wgsy
otherwise.

z1p1 <1< wapa;zime

IN

n < zaro

z1p1 <1< @opaszere < n <237y

zop2 <1< @gps;zimy S n < zaro

z2p2 <1 < x3p3;zare < n < z3ry
otherwise.

y1q1 < m < y2q2;wis1 < k < wass

y1q1 < m < y2q2;w2s2 < k < wsss

Y2q2 < m < ysgziwist <k < wass

y2q2 < m < yzqz;wesz < k < wsss
otherwise.

1)

2

3)

“)
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IV. NUMERICAL EXAMPLE

Consider two matrices

X1 Xi2
A=
( X211 Xoz )

and

5=V W)
Where X11 = [1, 2, 3], X12 = [2, 3, 4], X21 = [3, 4, 5], X22 =
[5767 7] and Yll = [27374]7Y12 = [67 77 8]7}/21 =
[8,9,10], Yoy = [1,2, 3] are imprecise numbers. For simplicity
we have assumed that all are triangular imprecise numbers.

A. Addition of two imprecise matrices

Addition of two imprecise matrices A and B will be as
follows

X111 Xis Y1 Yo o Z11 2o
A+B= ( Xo1 Xz; ) + ( Ya1 YQ; > B ( Z;l Zz; )
where Z11 = [3,5,7], Zi2 = [8,10,12], Zo1 = [11,13,15]

and Zss = [6,8,10] respectively. The membership functions
of Z11, 212, Z21 and Zso for row vectors are as follows

z11 — 3

3<z
3 < z11

8 < 212
5< 211

8 < z12
0 otherwise.

ININ

7T — z11
2

HZy11Z19 (211, 212) =

ININ

z12 — 8

2 8 < z12 <10,

3< 211 <7
10 < z12 < 12,

3< 211 <7
0 otherwise.

12 — z19
2

Hzi9|21, (711, 212) =

— 11
2T 1<z <13,

6 < zo2 <10
13 < 221 < 15,
6 < 220 < 10
0 otherwise.

5 —
Ky, |2y (Z21, Z22) = 15—z

—6
2270 6 < z22 <8,

11 < 201 < 15
8 < z22 < 10,

11 < 291 <15
0 otherwise.

1290129, (Z21, Z22) = { 10— 222

Now, the row membership surfaces of the matrix

Z11 Zi2
C =
( Z21  Za2 )

will be as follows

(211 — 3)(212 — 8)

4 3 S Z11 S 5,

8< 212 <10

w 3< 21 <5,
10 < 215 < 12

wr(z11,2z12) = { (7= z11)(212 — 8) 5< 2y <7,
: 8 < 215 < 10

(-z)02-212) o

! 10<2z2<1

0 otherwise.
(221 — 11)(222 — 6)

11 < 291 <13,
6 < 220 <8

4

(221 — 11)(10 — z22)

. 11 < 29y < 13,

8 < 295 < 10
wr(z21, z22) { (15 — 221) (222 — 6)

1 13 < 297 < 15,

6 <2220 <8
(15 — 221)(10 — 222)

. 13 < 29y < 15,

8 < 235 < 10
0 otherwise.

Similarly, the column membership surfaces of the matrix C
will be as follows

(211 — 3)(221 — 11)

3< 21 <5,
4 Sz =

11 < z0; < 13
(z11 — 3)(15 — z21)

3< 21 <5,
4 Sz S

13 < 201 < 15
(7 — z11) (221 — 11)
4

po(zi1, 221) = 5< <7,

11 < z0; < 13
(7 — 211)(15 — z21)

1 5<211 <7,
13 < 201 < 15
0 otherwise.
(12 = 922 2 6) 81(222 —9 s<an<io,
6 < 222 <8
G 9U0=22) o<,
: 8 < 205 < 10

(12 — z12) (222 — 6)
4

pe(z12, 222) = 10 < 215 < 12

6 < 2220 <8
(12 — 212)(10 — z92)

10 < 210 < 12,
4 >~ <212 >

8 < 292 <10
0 otherwise.

B. Subtraction of Two Imprecise Matrices

Subtraction of two imprecise matrices A and B will be

a-e= (R ) - ) -( )
where le = [73,71,1], Z12 = [76,74, *2], Z21 =
[—7,—5,—3] and Z22 = [2,4, 6] respectively. The membership
functions of 71, Z12,Z51 and Zs5 for row vectors are as
follows

z11 + 3

B —3<z11 < -1,
—6 <212 < -2
Bz 1z (P11, 212) =4 L2 2 <1
5 < <1,
—6 < z12 < -2
0 otherwise.
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z12 +6

B —6 < z12 < —4,
—3<zn1 <1
Bzyplzy (i) = § T2 2212y ooy
: —3<zn1 <1
0 otherwise.
”17” ~7<zm < -5,
2<292<6
By | Zag (221, 222) = § Z3 =221 <221 < -3,
? 2<222<6
0 otherwise.
2222772 2 < z22 < 4,
—7< 221 < -3
Hzyo|zay (221, 222) = 6 -z 4 < 295 <6,
? —7< 221 < -3
0 otherwise.
Now, the row membership surfaces of the matrix
c=(7 Z)
will be as follows
(211 + 3)4(212 +6) 3 < < 1,
—6 < 212 < —4
(211+3)(4*2*212) 3 < < -1,
—4 <212 < -2
pr(z11,212) = § A= 211)(z12 +6) ) <o <1
! —6 <212 <-4
= zn)(22 = z12) —1<211 <1,
! —4<2z2< -2
0 otherwise.
(221 + 7) (222 — 2) 7 < 2y < -5,
! 2<222<4
(o1 + 1)(6 — 222) =7 < 221 < -5,
* 4<2220<6
nr(z21, 222) = (=3 — z21) (222 — 2) 5 < 2y < -3,
! 2< 222 <4
(3= 220)(6 — 222) 2214)(6 — #22) =5 < 21 < =3,
4<222<6
0 otherwise.

Similarly, the column membership surfaces of the matrix C

will be

(z11 +3)4(221 +7) 5 < < 1,
—7< 221 <=5
—(211+3)(4737221) —3<zn1 < -1,
=5 <291 < -3

po(z11,201) = { (1 —211)(221 +7) 1< <1
! —7< 221 <=5

(1 —211)(=3 — 2z21) 1<z <1,
! =5 < 221 < -3

0 otherwise.
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(z12 1 6)(z22 — 2) 62(222 —2) —6 < z12 < —4,
2< 222 <4
Gt 06 z2) o <y
* 4 < 290 <6
ne(ziz,222) = 4 (F2 = z12) (222 = 2) < p < -2,
! 2<222<4
(2o 2)O - 22) 2124)(6 —222) <, <o,
4<222<6
0 otherwise.

C. Multiplication of Two Imprecise Matrices

Multiplication of two imprecise matrices A and B will be

aB=( X1 X Yii Yo _ Zv1 Ziz
’ Xo1 Xo2 )7\ Y21 Yoo Za1 Zaz

where Z11 = [18,33,52], Z12 = [8, 20, 36], Z21 = [46, 66, 90]
and Zso = [23, 40, 61] respectively. The membership functions

of Z11, 212, Z21 and Zso for row vectors are as follows

~13+4 V25 + 8211 vzﬁsm 18 < 211 < 33,
8 < 215 < 36
Hapqlze (2115 212) = § 21 — /25 + 8211 33 < 21, < 52,
* 8 < z12 < 36
0 otherwise.
AT g cinsn,
18 < 211 < 52
Papglzgy (211,212) = 4 9 — VO + 2210 20 < 212 < 36,
g 18 < 211 < 52
0 otherwise.
TOEVER T 46 < <66,
23 < 295 < 61
Hagy|z9o (721, 220) = ¢ 13 — /2221 — 11 66 < 221 < 90,
2 23 < 295 < 61
0 otherwise.
ZI5+ VAL 4 8202 V:UFSZZZ 23 < 235 < 40,
46 < 231 < 90
zgy|zgy (221, 222) = ¢ 23 — VAT + 8222 10 < 295 < 61,
* 46 < 221 < 90
0 otherwise.

Now, the row membership surfaces of the matrix

_ Zy1  Zio
o= ( Zo1 Zaa )
will be as follows
KR (211, 212)=

(=13 4+ /25 + 8211)(—5 + V9 + 2212)
8

18 < z11 < 33,
8 < z12 <20

(=134 /25 +8211)(9 — V9 + 2212)
8

18 < z11 <33,
20 < z12 < 36

(21 — /25 + 8211)(—5 + V9 + 2z12)

33 < z11 <52,

8
8 < 212 <20
21 — /2548 9—-vV9+2
( V25 + 2118)( V9 + 2z12) 33 < 211 < 52,
20 < 212 < 36
0 otherwise.
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pR (221, 222)=

(=9 + /2221 — 11)(—15 + /4T + 8222)
8

46 < z21 < 66,
23 < 295 < 40

(—9 + 2221 — 11)(23 — VAT + 8222)

g 46 < 221 < 66,

40 < 299 < 61

(13 — /2221 — 11)(—15 + /41 + 8z22)

3 66 < z21 < 90,

23 < 290 < 40

(13 — /2221 — 11)(23 — /41 F 8222)

A 66 < z21 < 90,

40 < 292 < 61
0 otherwise.

Similarly, the column membership surfaces of the matrix C
will be as follows

pe(z11, 221)=

(=13 4 /25 F 8211)(—9 + /2221 — 11)

X 18 < z11 <33,
46 < 221 < 66

(13 + V25 F 8z118)(13 — Ve 1D o < 211 < 33,
66 < 221 < 90

(21 — 25 F 8211)279 + 12221 — 11) 33 < z11 <52,
46 < 221 < 66

(21 — /25 + 8211)8(13 — V2221 — 11) 33 < z11 < 52,
66 < 221 < 90

o otherwise.

po(z12, zo2)=
(=5 + VO F 2212)(—15 + VAT T Sz22) 8 < 215 < 20,

3
23 < 299 < 40

(=5 + /I F 2212)(23 — VAT F 8222)

3 8 < z12 <20,
40 < 225 < 61
(9 — V9 + 2212)(—15 4+ /41 + 8222)
3 20 < z12 < 36,

23 < 250 < 40

(9 — V9 + 2212)(23 — V41 + 8z22)

s 20 < z12 < 36,

40 < 225 < 61
0 otherwise.

V. CONCLUSION

In this article, we have shown the membership surface and
arithmetic operations of imprecise matrix. We have shown here
addition, subtraction and product of imprecise matrices. The
numerical example of arithmetic operations are given only for
2 x 2 matrices. But using this method the arithmetic operations
can be performed for n X n matrices too and it is possible to
obtain the row and column membership surfaces of the matrix.
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