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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.

Keywords—Imprecise number, Imprecise vector, Membership
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I. INTRODUCTION

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

{L(m) a<z<bp<y<r
pxjy(z,y) = R@) b<z<cp<y<r
0 otherwise.

L(x) being a continuous non-decreasing function in the
interval [a,b], and R(x) 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
pxyy(@,y) =qR@) b<az<cp<y<r
0 otherwise.

L(y) a<z<c,p<y<q
R(y) a<z<ec,q<y<r,
0 otherwise.

ILY\X(HC’Z/) =

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

L(z)L(y)
L(z)R(y)

a<z<bp<y<g
a<z<bqg<y<r
R(z)L(y) b<z<c,p<y<g
R(z)R(y) b<z<c,g<y<r
0 otherwise.

px,y(z,y) =
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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 XY, 7
and W are triangular imprecise numbers represented
by [z1, 22, 23], [y1,92,y3], [21, 22, 23] and  [wy, w2, w3

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 — T
— z1 <z <o,
o — I
y1 <y <ys
pxy(z,y)=q 273 22 <z < 3,
Ty — T3 -
y1 <y <ys
0 otherwise.
—1
S g, <z < uzs,
Y2 — Y1
y1 <y < y2
byix(@y) =9 Y7V« p <,
Y2 — Y3
y2 <y <ys
0 otherwise.
zZ—z1
wi < w < wg,
zZ2 — 21
z1 <2< 22
bziw (zw) =9 272 < < ws,
2o — 23 - - :
22 <z < z3
0 otherwise.
w — w1
—— w1 S w < wa,
w2 — w1
21 <z < z3
Itw\z(sz): w-ws wo < w < wg,
wo — w3 - = ’
21 <z < z3
0 otherwise.

Now the membership surfaces of row vectors of the imprecise
matrix will be as:
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(z —z1)(y —y1)

VY 1<z <z2,y1 SY< Y2
(mszlggygfyﬂ
r—x — Y:
(= zz)ly Zus) 1 <z <z2,y2 <y < ys
(z2 — 951;2?/2 —y3)
= r — T —
pr(@y) = @ze)l=y) <
(w2 — $3;gy2 - y1)
r — T Yy —
= @)y —ws) 2o <z <23,Y2 <Y< ys
(w2 — 23)(y2 — y3)
0 otherwise.
z—z1)(w—w
{zzz)(w—w) z1 <z < 22,w; Sw < wp
(z2 — z1) (w2 — wy)
(z — z1)(w — w3)
—— 2z < z< z3,ws < w < ws
(22 — Zlg(wZ — w3)
w) = z—z3)(w—w
pr(zw) = Eomwow) o < w <
(22 — 23) (w2 — wy)
(z — z3)(w — w3)
—————— 22 <z<z3, w2 < w< w3

(22 — 23) (w2 — ws)
0 otherwise.

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

T —x
— 1 s <w<mpz1<z<z
T2 — I
_J) -z
pxiz(e,z) =49 22, <z <a3,z1 <2< 23
xr2 — I3
0 otherwise.
LA y1 <y <yz, w1 <w< wy
Y2 — Y1
pyw(yw) =9 Y78 ) <y < w < ws
Y2 — Y3
0 otherwise.
z—z
S s <ae<agm <2< 2
zZ2 — 21
_) Zz—=z
pzix(z,x) = 27 %3 o1 <z < 3,22 <2< 23
Zo — 23 - - -
0 otherwise.
w —w
— i <w<w,y <y<ys
wo — Wi
_J) v—w
pwiy (w,y) =9 LW < < wg,yn <y < ys
w2 — W3
0 otherwise.

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

(z —21)(2 — 21)

—————— 1 <z < 72,21 <2< 2
(2 —x1)(22 — 21)
(x —z1)(z — 23)
——————— x1 <x<w2,22 <2< 23
(wz —wlggzz —ZS)
= xr — X zZ—Zz
po(@mz) = @owa)lez2) < i<
(2 — x3)(22 — 21)
(x — x3)(2 — 23)
——F——— 22 7< 73,22 <2< 23
(z2 — x3)(22 — 23)
0 otherwise.
- w — w
W y)lw —w) y1 <y <y2,wi Sw < we
oty
Yy — y1)(w — ws
——————— Y1 <y <y, w2 < w < wy
(yz—y13§w2—w3)
= Yy — 1 w — w
ne(y, w) b ys)(w —wn) y2 Sy <ys, w1 Sw < w2
(yz—ysgng—wl)
— w — w
M yZSySySaWZSLUSwJ
(y2 — y3) (w2 — ws)
0 otherwise.

In the same way, for a 3 X 3 matrix

X v P
zZ W Q
M N R
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where all the elements of the matrix X,Y, P, Z, W,Q, M, N
and R are imprecise. Assume that all the elements
XY, P, Z W Q,M,N and R are triangular imprecise
numbers represented by [z1,72, 73], [y1,Y2,y3].[p1, P2, p3].
[2’1,22723],[1111,1112,@03}, [(J1,(J2,Q3], [m1,m2,m3], [nl,nz,n?,]
and [ri,7o,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 X,Y, P, Z, W,Q, M, N and R for
row vectors are as:

r—x
——L sy <z<azay <y<ys,
xTo — Iq

p1 <p<p3
ILX\Y,P(-T’y-,P): Tr—x3 20 <z <z3,51 <y <ys,
To — T3
p1 < p < ps
0 otherwise.
I <w<as,y <y <y,
Y2 — Y1
p1 <p < p3
py|x,p(z,y,p)=q Y Y3 21 <z <as3,y2 <y < ys,
Y2 —Ys
p1 < p<ps3
0 otherwise.
Emt AN 1 <z <w3,y1 <y < ys,
P2 —Pp1
p1 < p < p2
wpix,y(z,y,p) =49 P7P3 <z <3,y <y<ys,
P2 —P3
p2 < p < p3
0 otherwise.
zZ—Zz
L s <z<zmw <w < wg,
zZ2 — 21
q1 < q<gqs
— Z — 23
pzwe(zw a) = 275 ) <o <o wn < w < ws,
zZ2 — 23
g1 <qg<g3
0 otherwise.
w — w
———— s <z<zuwn <w<w,
w2 — Wi
q1 < q<gqs
— w — ws
pwiQz(zwa) =1 28 <y < w < ws,
w2 — w3
g1 <q<gqs
0 otherwise.
4z <z<z3,wr <w < ws,
g2 — q1
91 <q<q2
pQzw(zw @) = L7965« < <w < ws,
q2 — g3
g2 < q<gqs
0 otherwise.
m—m
=L i <m<m2,m <n<ng,
mo — M1
rp <r<rs
— m — m.
parin g(man,r) = ¢ MTMS << ng,
mo — M3
r <r<rs3
0 otherwise.
n-—mn
2 i <m<ma,m <n<no,
ng — N1
ri<r<rg
— n-—n
pnivr(m,n,r)=¢ 0708 <m < ms,ne <n<ns,
n2 —n3
ri <r<rg
0 otherwise.
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T—1T1 . .
o, MiSmSmsmSnsns, The membership functions of X, Z, M, Y, W, N, P,Q and R
ry <r<ra for column vectors are as:
pri N (mn,r) =9 7T e e g < n < g,
T2 — T3
ro <r<r3 o — a1
0 otherwise. P 1 <z <z,
2 — T
: . . mi1 <m<mgz,z1 < z<z3
Then the membership surfaces of row vectors of the imprecise v === s =
. . . bximz(@m,z) =9 L7% o<p
matrix will be as: xy — w3
my <m < mg,z1 <z < 23
nRr(z,y,p) = 0 therwi
otherwise.
(x —x1)(y —y1)(p — p1) w<a
1 <@ < ag,
(2 —21)(y2 — v1)(p2 — P1) z—z1
y1 Sy <wy2,p1 <p < pa —— 21 <z < 29,
(@—e)@-w3)p—p1) 2 — 21
o z1 < a < ag, 1 <z <z3,m; <m< mg
@y — @1)(y2 — ¥3) (P2 — P1) P
y2 <y <y3.p1 <p<po pzix,m(T,m,z)=q 2~ * 20 < 2 < 23,
(z —x3)(y —y1)(p — P1) o < < 2z9 — 23 - =
2 S e <@g,
(z2 = z3)(y2 — y1)(p2 — P1) z1 <z <zz,mp <m < mg
Y1 S Y Sy2,PLSPSP2 0 otherwise.
(z —x3)(y —y3)(p — P1)
2o < o < @3,
(g — 23)(y2 — y3) (P2 — P1) m—m
va <y <yz,p1 <p<pa o <m<
m1p S m s ma,
(z —x1)(y —y1)(p — p3) o < w < ma — m1
(2 — 21)(y2 — y1)(P2 — P3) teree 1 <ax<x3,21 <2< 23
y1 Sy <v2,p2 Sp < p3 — m — ms
(@—a)w-v)p—p3) ta) X,z (2, m, 2) e <m < mg,
1 <@ < ag, 2 —mg3
(@2 —=21)(vz —v3)(P2 — P3) 1 <z <z3,21 <2< 23
y2 <y < y3,p2 < p < p3 - -
(z —x3)(y —y1)(p — P3) 0 otherwise.
29 < w < w3,
(2 — 23)(y2 — y1)(P2 — P3)
y1 Sy <y, p2 < p < p3 Yy—-—un
(z — 23)(y — y3)(P — P3) —— y1 <y < y2,
( ) ) ) T2ETsTe v2 — y1
zy — w3)(v2 — v3)(p2 — P3
yo <y <wy3,p2 < p < p3 _ n1<n<ngw S w < ws
0 otherwise. sy nw(y,nyw) = ¢ Y7 Y3 y2 <y < ys,
Y2 — Y3 -
rR(z,w,q)= ny <n<ngw <w<ws
(z = z1)(w —wy)(qg — q1) e 0 otherwise.
1 <2< 22,
(z2 = z1)(w2 — wy1)(a2 — q1)
wy S w < wy, 91 < g < g w — wi
(z — z1)(w —w3)(g — q1) <2< a m n; <n < ng,
(23 — z1)(wy — wg)(ag —a1) <w< <<
wy < w < wg,q1 < q < an _ ) w—ws w1 ws w2y =44
(2 — 23)(w — w1)(qg — a1) a5 < rs pw N,y (w,n,y) = W= W3 ni < n < ns,
(22 — z3)(wg — wi1)(a2 — a1) T W2 — w3
wy < w < wy, g1 < g < gy wo <w < ws,y1 < q¢< g3
(2 — z3)(w — w3)(qg — q1) 22 < 5 < 23 0 otherwise.
(z9 — 2z3)(wa — w3) (g2 — q1) -
wy < w < wg,q1 < q< g2 n—mn
(= =)(w = wi)la = a3) z1 < z < z9, mi < m < mg,
(z2 — z1) (w2 — w1)(a2 — a3) n2 —n1
wy £ w < wp, a2 £ g5 a3 ni <n<n2y <y<ys
Coa)wowyla—a) oo Ny (monsy) = ¢ DTS <,
(22 — z1) (w2 — w3)(a2 — a3) ne — ng - =
wy < w < wg,q3 < g < g3 b <n < <y <
(= = z3)(w — wi)(a — a3) 2SN SN YLSY S Ys
zg <z < z3, 0 otherwise.
(29 — 2z3)(wg — w1)(92 — q3)
wy < w < wy,q2 < q<4q3
(z — z3)(w — w3)(q — q3) -
e — — 29 < z < z3, R p1 < p < p2,
2 — z3) (w2 — w3)(92 — 43) P2 —p1
wy S w < wg,q3 < g < g3
o othermise. . @1 <q<gq3r1<r<T3
‘ wpiQr(P @) = L7P8 o<,
wR(m,n,r) = P2 — p3
<qg< <r<
(m —mqy)(n —ny)(r—ry) e < om < m o ll;h fq*qg"rl STSTs,
1= = 2> otherwise.
(mg —my)(ng —ny)(rg —r1)
ny <n<ng,rp Sr <o
(m = m)(n = ma)(r = 71) mi < m < mg, a-a p1 < p < ps,
(mg —mq)(ng —ng)(rg —r1) q2 — q1 -7 =
ng <m<mng,ry <<y
(m — m3)(n — ny)(r — r1) < < s . g1 <qg<gq2,m1 <r<rs,
(mg — m3)(ng — ny)(rgy — r1) - poipr(p,ayr) = 1798 p1 <p < ps,
ny<n<ng,ry <r<rg 92 — g3
(m — mg)(n — ng)(r —r1) g < m < g g2 <qg<gqz,r1 <r<rg
(mg — m3)(ng — n3)(rg — r1) - ' 0 otherwise.
ng <m<ng,r <<y
(m—m) —m)r =) r—r
(mg — my)(ng — ny)(rg — 73) —— p1 <p<ps,
ny <n<mng,rg <1<y Ty — 711
(m —myp)(n —n3)(r — r3) my < m < ma g1 <qg<g3r1<r<mr
(m2 =m)nz = n3)(r2 = r3) T pripoPqr)=q """
B, 1P ) T, PSPsp
(m —mg)(n — ny)(r —r3z) mg < m < ma, g1 <q<gqz,ra<r<rs
(mg —mg)(ng —n1)(rg — r3) :
n<n<ngry<r<rs 0 otherwise.
(m — m3)(n — n3g)(r — r3) iy < < s, ) ) ]
(mg — mg)(ng — ng)(ra — r3) The membership surfaces of column vectors of the imprecise
ng <m<mng,rg <r<org . 1 b .
0 othersise. matrix will be as:
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po(z, z,m) =

(x —x1)(z — 21)(m — mq)

(zg —z1)(22 — 21)(m2 — mq)

(@ —21)(z — z3)(m — my)

(g — 1) (22 — 23)(mg — my1)

(z —w3)(z — 21)(m — mq)

(zg — z3)(22 — 21)(m2 — mq)

(z — 3)(2 — 23)(m — mq)

(29 — 23) (29 — 23)(mg — m1)

(z —z1)(z — 21)(m — mg3)

(g — 1) (22 — 21)(mg — m3)

(z — w1)(z — 23)(m — mg)

(zg —z1)(22 — 23)(m2 — m3)

(z —z3)(z — 21)(m — mg3)

(wg — w3) (22 — 21)(mg — m3)

(z —@3)(z — 23)(m — m3)

(zg — z3)(22 — 23)(m2 — m3)

0

(y —y1)(w —wy)(n —ny)

(y2 — y1) (w2 — wyi)(ng — ny)

(y — y1)(w —wg)(n —ny)

(y2 — y1)(wa — w3)(ng — ny)

(v —y3)(w —wy)(n —nyq)

(y2 — yz)(wg — wy)(ng — ny)

(v — y3)(w — wg)(n — ny)

(y2 — y3) (w2 — w3)(ng — ny)

(y —y1)(w — wy)(n — ng)

(y2 — y1)(wg — wy)(ng — ng)

(y —y1)(w — w3)(n — n3)

(y2 — y1)(wg — w3)(ng — ng)

(y — y3)(w — wy)(n — ng)

(y2 — y3)(wg — w1)(ngy — n3)

(v —y3)(w — wzg)(n — ng)

(y2 — y3)(wg — w3)(ng — ng)

0

z1 <z < 2,
z1 <2< zg,my
z1 <@ < 2,

29 < 2z < z3,m
zg <z < w3,

21 Sz < zg,my

z2 < 2 < 23, ma
zg < < x3,

21 < 2 < zg,mg

zg < z < z3,my
otherwise.

we(y, w,n) =

y1 <y < y2,

wq

IN

w < wg, ny

Yyl S v < v2,

<

IN

wy < w < wg, g
y2 <y < y3,

wq

IN

w < wy, ny

y2 Sy <

<

3

g
¥
IN e
IA

w3z, ny

IN
<

vo,

€
=
IN <
IN

wo, ng
< v2,

<
=
IA
<

N
In
A

< wg, ng

<
N
AN
<
IN
<
w

g
-
IN

g
IA

g
¥

3
©

y2 <y < y3,

wy < w < wg, ng
otherwise.

no(p,a,r)=

(»p—p1)(a —q1)(r — 1)

(p —p1)(g —a3)(r — r1)

(p2 — p1)(a2 — q1)(r2 — 1)

(r —p3)(a—q1)(r — 1)

(p2 — p1)(a2 — a3)(r2 — 71)

(p —p3)(q — q3)(r — 71)

(p2 — p3)(a2 — q1)(r2 — 1)

(p—p1)(a—q1)(r —7r3)

(p2 —p3)(a2 — a3)(rg — 1)

(»p —p1)(a — aq3)(r — r3)

(p2 — p1)(a2 — q1)(r2 — r3)

(» —p3)(q — q1)(r — r3)

(p2 — p1)(a2 — a3)(r2 — r3)

(r — p3)(a —q3)(r —r3)

(p2 — p3)(a2 — q1)(r2 — r3)

0

III. ARITHMETIC OPERATIONS OF IMPRECISE MATRIX

Consider two matrices

and

International Scholarly and Scientific Research & Innovation 9(12) 2015

(p2 — p3)(a2 — a3)(r2 — r3)

r1 < p < p2,

a1 < a<g4q2,71 <

r1 < p < p2,

<m < mo

<m < my

<m < mog

<m < mg

<m < mg

<m < mg

5

A
3

92 < q<aq3,71 <

P2 < p < Pp3,

91 < a<gq2, 7] <7

p2 < p < Pp3;

92 < q<43,71 <

r1 < p < pa,

91 < q<aqg,72 <

r1 < p < p2,

5

3

A
3

a2 < q<4q3,72 <

r2 < p < P3,

91 < q<aqg,72 <

P2 < p < p3,

a2 < g <q3,72 <

otherwise.

==
~—

5

n < ng

n < ng

n < ng

n < ng

n < ng

n < ng

Vol:9, No:12, 2015

o

P Q
RS)

where the row membership surfaces of A and B are as:

(& —a1)(y —y1)

KR

pag(@y) = (@—ws)ly—y1)
(z2 — x3)(y2 — y1)
(w2 — x3)(y2 — y3)
0
oz o)
(z2 — z1) (w2 —wy)
M
(z2 — z1) (w2 — w3)
pag(z,w) = (z — 2332117 — wls
(22 — 23) (w2 — wy) Z3g(w2 - w1)
(z — z3)(w — w3)
(22 — 23) (w2 — w3)
0
(p=p)l@a—a)
(p2 — p1)(g2 — q1)
M
(p2 — pl;EQZ —q3)
pep(pa)=q (P=pilla—a)
(p2 — p3)(g2 — g¢3)
0
(ro —r1)(s2 — s3)
npp(rs) = (roralls=s1)
(r2 —r3)(s2 — s3)
0

Similarly, the column membership surfaces of A and B are

(z2 — x1;2y2 - y3)

IN

z < z2,y1 Sy < y2

IN
8
A

<z2,y2 <y < ys

IN
8

T2 <z3,y1 Sy < y2

IN

22 <z <23,y2 <y < ys

otherwise.

z1 < z< z0,w; <w < wy
z1 <z < zo, w2 < w < w3z
2o < z< zz,w; < w < wy
22 <z < z3, w2 <w < ws
otherwise.

P1<p<p2,q1 <q<qe
p1 <p<p2,q2<qg<gqs
P2 <p<p3,q1 <q<q2

P2 <pP<p3q<qg<g3

otherwise.

IN

ry <1 <ra,s1 <5< s

IN

ry <7 <r2,s2 <s<s3

IN

rg <r<rz,s1 <5< s

IN

rog <r <r3,s2 <5< s3

otherwise.

as:
ow)Eoz) o <<
(x2 — x1) (22 — 21)
(x —z1)(z — 23)
——F——— w1 <x<T2,22 <2< 23
(332 —$13222 —23)
= xr — X zZ—Zz
pag@ )= Eom)Emz) g <<
(z2 —x3)(22 — 21)
(x — x3)(2 — 23)
——F——— 227 < 73,22 <2< 23
(w2 — x3)(22 — 23)
0 otherwise.
— w —w
Wy Zw) < w <
(y2 *1/1)2’1112*’!1)1)
— w — w
Wz y)w —ws) y1 Sy <y, w2 Sw < ws
(y2 *ylg(WZ*'LUS)
= —y3)(w—w
pac(yw) = Wov)wow) o < w <,
(y2 *y3§(w2 — wy)
— a2V w — w-
L owe)wows) <y < w < ws
(y2 — y3) (w2 — w3)
0 otherwise.
— rT—Tr
Lop) o) <y < g
[,
p—pi){r—rs3
————————~ p1<p<p2,r2<r <73
(Pz—plggm —r3)
= — =T
#ac (P7) p=ps)lr—r1) p2 <p<p3,r1 <1<
(p2 —Paggm —7r1)
- r—r
p=pa)(r —rs) p2 <p<p3,r2<r <73
(p2 — p3)(r2 — 73)
0 otherwise.
763 1SNI1:0000000091950263
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(¢ —q1)(s — s1)

(o —a(oa —s0) 1<g<g2,51 <s< sz
2 — (g1 2 — 51
(q—q1ggs—83)
m g1 <q<gq2,52 <5< s3
2 — 12‘2_‘3
— — s—s
1Be(q:8) la—as)(s —s1) 2 < qg<qs 51 <s<sy
T e
q—q3)(s — s3
g2 < q<q3,s2 <s<s3

(g2 — q3)(s2 — s3)
0 otherwise.
Here, for simplicity and without any loss of generality it
is assumed that X = [z1,29,23], Y = [y1,y2,¥3] , Z =
[21,22,23], W = [wi,ws,w3] and P = [p1,p2,p3], Q =
[Q17q27q3}, R = [71177”277‘3}’ S = [51752753] are triangular
imprecise numbers.

A. Addition of Imprecise Matrix

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

s = (X 0)4(5 Q)

(% %)

where L = X+ P = [z1+p1,22+Dp2, 23+ps], M =Y +Q =
[W1+a1, 2+, y3+q3], N = Z+R = [z1+711, 20-+72, 23+73]
and K = W+ S = [wy + $1, w3 + S2, w3 + s3]. Now, the row
membership surfaces of the matrix

L M
o-(x ¥)
will be as follows

wog (t,m) =

{(z+p) = (z1 +PDHW+a) — (y1 +aq1)}
{(z2 + p2) = (#1 + p1)H{(v2 + a92) — (v1 +q1)}

1 +p1 Sz +p< T2+ P2,
y1+4a91 Sy+aq=<yz+az
{(z+p) = (z1 +p) (¥ +a) — (y3 +a3)}

{(z2 +p2) — (@1 + p1)H{(y2 + a92) — (y3 + a3)}

1 +py <x+p <@g+ po,
y2 +a2 <v+aqa<y3+aq3
{(z +p) = (x3 + p3)}{(y + @) — (y1 + 1)}

{(z2 +p2) — (#3 + p3) H(v2 +a2) — (v1 +q1)}

9 +py <z +p < x3 +p3,
Y1 +a1 Sv+a<vyz+a2
{(z +p) — (e3 + p3)H{(v +9) — (y3 +93)}
{(z2 + p2) — (z3 + p3)}{(y2 + a2) — (y3 +a3)}
z2 +p2 ST +p < @3+ Pp3,
y2 +a2 <y+aq<y3+aqs
0 otherwise.
nop(n, k)=

{(z+7) = (21 + r))H(w + 5) — (wy +51)}
{(z2 +7r2) = (21 + r1) H(wa + s2) — (w1 +571)}

21 4+r <z47r<zp+r0,
wy +s1 <w+s < wg + s
{(z+r) — (21 + D) H(w + 5) — (w3 + s3)}

{(z2 + 72) = (21 + r1) H(wa + s2) — (w3 +s3)}

214+ <24 < 2o+ o,
wy + 52 Sw+s < wg+ sy
{471 —(z3 +r3) H(w +s) — (wy +51)}

{(z2 + r2) = (23 + r3) H{(wa + s2) — (w1 +51)}

29419 < z 47 < 23 +73,
wy 451 < w+s < wo + 59
{(z+7) = (23 +73)H{(w + 5) — (w3 + s3)}

{(z2 + 72) = (23 + r3) H(wa + s2) — (w3 + s3)}

29419 < z+4+ 7 < 23 + 73,
wo 4 55 < w+s < wg + s3
0 otherwise.

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

International Scholarly and Scientific Research & Innovation 9(12) 2015

nog (tm)=

{(z+p) = (z1 +PDH(E+7) = (21 + 1)}
{(z2 + p2) — (z1 + P1)H(22 + 72) — (21 + r1)}
z1 +p1 ST+ p < @+ P2,
21 4r <z4r<zg+mg

{(z+p) = (z1 +PDH(+7) — (23 +73)}
{(z2 + p2) = (z1 + p1) (22 + r2) — (23 + r3)}
z1 +p1 Sz +p < @2+ P2,
Zo+ 1o <zt < z34rs

{(x+p) = (zg +p3) H{(z+ 1) — (21 + 1)}

{(z2 + p2) — (@3 + p3)H{(22 + 72) — (21 + 1)}
o +p2 < a+p < w3+ p3,
2141 <z41r <2941

{(x+p) = (23 + p3)}H{(z + ) = (23 + r3)}
{(z2 + p2) — (23 + p3)H{(22 + 72) — (23 +73)}
o +py <z +p < a3+ p3,
zg+rg < z+r < z3+rg
0 otherwise.

rog (m, k) =

{(y+a) — (vy1 +a)H{(w+s) = (wy +51)}
{(y2 +a2) — (y1 + a1) H(wa + s2) — (w1 + s1)}

v1 +a1 Sv+aq<y2+az,
wy + 51 S w4 s < wy + sy
{(v+9) — (y1 + q)H(w +5) — (w3 +s3)}

{(y2 +a2) — (y1 + q1)H{(w2 + s2) — (w3 + s3)}

v1 +491 Sv+4q<y2+a2,
wo 4+ sg < w4 s < wg + s3
{(y+9) — (y3g + a3) H(w +5) — (wy + 1)}

{(v2 +a2) — (y3 + a3) H(wa + s2) — (w1 + s1)}

v2+a92 Sy+aq=<uy3+as,
wy 451 <w+s < wg + sy
{ly+a) — (3 +a3) H{(w+s) — (w3 +s3)}

{(y2 +a2) — (yg + a3) H(wa + s2) — (w3 + s3)}

yo +a92 <y +q < y3+ a3,
wo + sg < w+s < wg + s3
otherwise..

B. Subtraction of Imprecise Matrix

Subtraction of two imprecise matrices A and B will be

X v P Q
(3 w)-(% ¢)
_ (L M>
= N K
where L = X —P = [x1—p3,x2—pa,23—p1, M =Y —-Q =
[Y1—a3,Y2—q2,Y3—q1), N = Z—R = [z1—73, 20—72, 23—7T1]

and K =W — S = [wy — s3, w2 — 2, w3 — $1] respectively.
Now, the row membership surfaces of the matrix

will be as follows

nep (Lm) =
{(@ —p) —(z1 —p3)H{(v —a) — (vy1 —a3)}
{(z2 —p2) — (1 —p3)H{(v2 —a2) — (vy1 —a3)}
z1 —p3 <@ —p< w3 — pa,
Y1 —493 <Y —q <y —q2
{(@ = p) = (x1 —p3)H{(y — ) — (y3 —a1)}
{(zg —p2) — (z1 — p3)H(y2 —a2) — (y3 —a1)}
] —p3 ST —p< Ty — P,
yg —a2 <y —q < y3 —q1
{(@z —p)—(z3 —p)H —a) — (v1 —a3)}
{(zg —p2) — (z3 — p1)H(v2 —a92) — (y1 —a3)}
Tg —p2 S @ —p< w3 — P,
Y1 — 493 <Y — g < yz — g2
{(@—p)—(z3 —p)H(w—a) — (y3 —q1)}
{(z2 —p2) — (z3 — P (v2 —a2) — (y3 — 1)}
zg —p2 <@ —p< w3 — Pl
Y2 —q2 <Y —q=<y3—ql
otherwise.

and
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nep (n. k) = K=ZQ+ WS

(== 1) = 1 — r)H(w = &) — (w1 — s3)} = [wis1, was2, wass]

{(32 — 72) — (31 — rg) H(ws — 52) — (w1 — 53)} . .
S L s <:-wr<=-r,  The membership functions of L, M, N and K are as:

wy —s3 S w—s < wy — sg

(=) = ;1 = r3)}{(w = ) = (w3 — s1)} upjar(tm) =
{(z2 —r2) — (21 — r3)H{(wa — s2) — (w3 — s1)} 1
21 —rg < z—1r< 29—y, —————{—(z1p2 — 2z1p1 + x2p7)
wg — s < w—s < wz — 1 2(zg — z3)(p2 — P3)
{(z=r) = (23 = r)H(w — s) = (wy — s3)} +y/(z1p2 — 221p1 + 22p1)2 — 4(z1p1 — D(zg — 21)(p2 — p1)} =1p1 < I < w2pg,
{(z2 = r2) = (23 — 1) H(wg — s2) — (w1 — s3)} . y191 < m < Y3493
29 —rg < z—1< 2371, _ _ 2z, .
e e — o< oy~ uy 2o — 23)(pg ps){ (z3p2 z3p3 + ®2pP3)
t=—m) = (zg = r) H(w — ) — (w3 — 1)} —\/(z3p3 — 223p3 + w2p3)? — 4(zzpg — I)(z2 — #3)(p2 — P3)} @2py < | < @3p3,
{(z2 —r2) — (23 — r1)H{(wg — s2) — (w3 — s1)} y191 < m < y3q3
zg —rg < z—1r < z3 —11, 0 otherwise.
wog —sg < w—s < wg — s
0 otherwise.. b (s m) =
- . . L
Similarly, the column membership surfaces of the matrix C' (—(1as — 29141 + vaa1)

2(y2 — y3)(a2 — a3)

will be as: +/ (w192 — 2v1a1 + v2a1)? — 4(y1a1 — m)(v2 — v1)(a2 — a1)}
nog (tn) = y191 < m < y24q2,
z1p1 <1 < 23p3
{(z —p) = (z1 —p3)}{(z =) = (31 —r3)} %{*(ysqz — 24343 + voa3)
{(zg — p3) — (x1 — p3) (22 — r2) — (21 — r3)} 2(y2 — y3)(92 — 93)
z1 —p3 <@ —p< Ty — pa, —\/(y3a2 — 2yga3 + v2a3)2 — 4(y3a3 — m)(y2 — v3)(a2 — a3)}
21 —rg<z-r<zp -1y y292 < m < y3493,
(2 = p) = (=1 = p3)}{(z = ) = (23 — 1)} crpr <1< anps
{(z2 —p2) — (z1 —p3)H{(22 —7r2) — (23 — 1)} 0 otherwise.
1 —p3 <@ —p< w3 — P,
29 —rg < z—r<zz—rp UN| K (n, k) =
{(z —p) —(z3 —p)H(z—7r) — (21 —r3)} L
{(z2 —p2) — (z3 — P H(z2 —r2) — (21 — T3)} ———————{— (2172 — 22171 + 2271)
zg —p2 <@ —p<az—pp, 2(zg = z3)(ry — 13)
" - - - L, e <z-r<azg—ry +/(z1m — 22171 + 2271)2 — 4(z171 — n)(z2 — 21)(rg — 1)} z17r1 S n < zara,
ropm s T p)ItE ) TR T wysy <k < wgsy
{(zg —p2) — (x3 — p1)H{(z2 — r2) — (23 — r1)} [ {—(2z37rg — 22373 + 2973)
zo —p2 S @ —p< w3 — P, 2(z9 — 23)(rg — r3)
22 -ry Sz-rSz3oTy —y/(z37mg — 22373 + 2973)2 — 4(2373 — n)(29 — 23)(rg — r3)} zgry < n < z3r3,
0 otherwise . wisy < k < wgsg
0 otherwise.
and
Hee (my k) = and
{(y—a) — (y1 —a3)}{(w — s) — (w1 — s3)} HE|N (7 k=
{(y2 —a2) — (y1 — a3)H{(wz — s2) — (w1 — s3)} 1
y1 —a3 Sy —q<y2 — a2, ﬁ{*(wwzfzmm + wasy)
wy — sz < w—s5 < wy — sy wgp — wz)(sg — 83 5
{(y —a) — (vy1 —a3)H(w — 5) — (wg — s1)} +y(wysy —2wysy +wgsy)® — 4(wysy — k)(wg —wy)(sg —s1)} wisy <k < wysy,
{(v2 — a2) — (y1 — a3) (w2 — s2) — (w3 — s1)} 1 FTLS S =3T3
Y1 —43 Sy —a=<y2 - a2, ————{—(wgsy — 2wgsz + wysgz)
wy —sg <w—s < wg — 51 2(wg — w3)(sg — s3)
{(v —a) = (w3 — g H(w — s) — (w1 — s3)} —\/(w3sg — 2w3s3 + wps3)? — 4(wgsz — k) (wp — w3)(sy — s3)} wasy < k < wgzsy,
{(y2 — g92) — (y3 — q1) }{(wz — s2) — (w1 — s3)} 2171 S n = 2373
yo —a2 Sy —a<wy3—ay, 0 otherwise.
wy —s3 < w—s < wy — s X .
{(v — ) = (y3 — a)H(w — 5) = (wg — s1)} Now, the row and column membership surfaces of the matrix

{(y2 —a92) — (y3 — a1) H(wz — s2) — (w3 — s71)}
y2 —q2 S Y —q < y3 — 41,
wy —sg Sw—s < wg — s
0 otherwise. c =

v) (&%)
C. Multiplication of imprecise matrix Z s
i)

Ze Nk D

Multiplication of two imprecise matrices A and B will be

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

) (& %)
)

Z~ N
g =<

where

L=XP+YR

= [z1p1, T2p2, T3p3]

M=XQ+YS
= [y191, Y292, y3493]

N =2ZP+ WR

= [z171, 2272, 2373]
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1
(w2 — w3)(p2 — p3) (Y2 — y3)(92 — g3)
+v/(@w1p2 — 2x1p1 + wap1)? — 4(zipr — D) (w2 — w1)(p2 — p1) H— (Y192 — 2y101 + y2q1)
+v(Wia2 — 2y1q1 ‘1F7J2Q1)2 —4(y1qr —m)(y2 —y1)(g2 — q1)}

{—(z1p2 — 2x1p1 + 22p1)

{—(z1p2 — 2z1p1 + 22p1)

4(w2 — x3)(p2 — p3)(y2 — y3) (g2 — q3)
+v/(@1p2 — 2@1p1 + w2p1)2 — 4(z1p1 — 1) (w2 — x1)(p2 — p1) H—(y3q2 — 2ysq3 + y2qs)
—/(y392 — 2ysqls + y2a3)% — 4(y3q3 — m)(y2 — y3)(q2 — a3)}

—(z3p2 — 223p3 + w2p:
4(z2 — x3)(p2 — p3)(y2 — y3)(q2 —qs){ (wsp2 sPs + T2ps)

—/(w3p2 — 2w3p3 + w2p3)? — 4(wzaps — 1) (w2 — x3)(p2 — p3)H{—(y1q2 — 2v101 + y2q1)
+v/ (Y192 — 2y1ql1 +y2q1)? —4(y1q1 — m)(y2 —y1)(g2 — q1)}

(w2 — x3)(p2 — p3) (Y2 — y3)(92 — g3) {~(wap2 — 2zaps + vaps)

—/(@3p2 — 2a3p3 + w2p3)? — 4(waps — D) (w2 — x3) (P2 — p3) H—(y3a2 — 2y393 + y24q3)
V(Y392 — 2y3qs + y2q3)% — 4(yzqs — m)(y2 — y3)(q2 — a3)}
0

1

4(z2 — 23)(r2 — 73) (w2 — w3)(s2 — s3)
+\/(Z1’r‘2 — 22171 + 2211)2 — 4(2171 — n)(z2 — z1)(re — r1) }H{—(w1s2 — 2wis1 + was1)
+\/(w132 — 2w1ls1 4+ was1)? — 4(wis1 — k)(we —w1)(s2 — s1)}

{—(z1r2 — 22171 + 2271)

{—(z1m2 — 22171 + z271)

4(z2 — 2z3)(r2 — 13) (w2 — w3)(s2 — S3)
+\/(Z1T2 — 22171 + 2271)2 — 4(2171 — n)(22 — z1)(re — r1) }{—(wzs2 — 2wssz + was3)
—V/(w3s2 — 2wsss + wa2s3)? — 4(wsss — k) (w2 — ws)(s2 — s3)}
1

{—(z3r2 — 22373 + 2273)

4(z2 — 2z3)(r2 — r3) (w2 — w3)(s2 — s3)
—+/(z3r2 — 22373 + 2273)% — 4(2373 — n)(22 — 23)(r2 — r3) H{—(w1s2 — 2w1s1 + wasy)
+\/(w152 — 2w1131 + w281)2 — 4(wi1s1 — k)(wa — w1)(s2 — s1)}

{—(z372 — 22373 + 2273)

4(22 — 23)(r2 — r3) (w2 — w3)(s2 — 83)
7\/(,237’2 — 2z373 + 2213)2 — 4(2373 — n) (22 — 2z3)(ro — r3) H{—(wszs2 — 2wsss + wasz)
—V/(wssz — 2wsss + was3)? — 4(wzss — k) (w2 — ws)(s2 — s3)}

0

1

4(z2 — 23)(p2 — p3)(z2 — 23)(r2 — 13)
+v/(w1p2 — 221p1 + @2p1)2 — A(z1p1 — D) (w2 — x1)(p2 — p1) H— (2172 — 22171 + 2271)
+/ (2172 — 2Z1T11 + z271)? —4(z1m1 —n)(22 — 21) (12 — 1)}

{—(z1p2 — 2x1p1 + x2p1)

{—(z1p2 — 2x1p1 + z2p1)

4(z2 — x3)(p2 — p3)(z2 — 23)(r2 — r3)
+v/(z1p2 — 2z1p1 + 22p1)2 — A(z1p1 — 1) (z2 — 21)(p2 — p1)}{— (2372 — 22373 + 2273)
—/(z37m2 — 2237"13 + zor3)2 — 4(2373 — n)(z2 — 2z3)(ro —r3)}

(w2 — m3)(p2 — p3)(z2 — 23)(ra —13) {~(wap2 — 2maps + 22ps)

—+/(z3p2 — 2z3p3 + w2p3)? — 4(z3ps — 1) (w2 — @3)(p2 — p3) H{— (2172 — 22171 + z271)
+\/(zlr2 — 22171 + 2271)2 — 4(2171 — n)(z2 — 21)(re — 1)}
1

{—(w3p2 — 2x3p3 + w2p3)

4(z2 — 23)(p2 — p3)(z2 — 2z3)(r2 — 13)
—V/(w3p2 — 2w3ps + w2p3)? — 4(wsps — 1) (w2 — w3)(p2 — p3) H{— (2372 — 22373 + 2273)
—+/(z372 — 22373 + 2273)2 — 4(z3r3 — n)(22 — 23)(r2 — 13)}
0

1

4(y2 — y3)(g2 — g3) (w2 — w3)(s2 — s3)
+vV(W1g2 —2v1q1 +vy2q1)% — 4(y1q1 — m)(y2 — v1)(g2 — q1) H{—(wisa — 2wis1 + wasy)
+\/(w152 — 2w181 + was1)? — 4(wis1 — k)(wa — wy)(s2 — s1)}
1

{—(w1q2 — 2y1q1 + y2q1)

{—(y192 — 2y191 + y2q1)

4(y2 — y3)(g2 — g3) (w2 — w3)(s2 — s3)
+v/(W1g2 — 2y1q1 + y2q1)2 — 4(y1q1 — m)(y2 — y1)(q2 — q1) H{—(wzs2 — 2w3s3 + wa2s3)
7\/(’(1)382 — 2ws3S3 + w233)2 — 4(11)353 — k)(w2 — wg)(82 — 53)}
1

- — 24, +1
4(y2 — y3)(g92 — g3) (w2 — w3)(s2 — Ss){ (Ws22 — 2325 + 1243)

—/(y3q2 — 2y3qs + y293)% — 4(ysqs — m)(y2 — y3)(q2 — g3) H{—(w1s2 — 2w1s1 + wasy)
+y/(wisz — 2wysy + was1)? — 4(wisy — k) (w2 — wi)(s2 — s1)}
1

{—(y392 — 2y3q3 + y2q3)

4(y2 — y3)(g2 — q3) (w2 — w3)(s2 — s3)
—v/(y3q2 — 2y3q3 + y2q3)2 — 4(y3qs — m)(y2 — y3) (a2 — q3) }{—(wss2 — 2wss3 + wass)
—\/(w352 — 2wss3 + wasz)? — 4(wzss — k)(wa — ws)(s2 — s3)}

0

766

z1p1 <1< xop2,y1q1 < m < y2q2

z1p1 < 1< x2p2;y2q2

zop2 <1 < z3psiyiqa

xz2p2 < 1< 23p3;592q2
otherwise.

z17m1 < zor2;wisy

IN
3

Z17m1 v < 22725 WaSs2

IN
3

Z2T2 < z37r3; w11

2212 < < z3T3; was2

otherwise.

z1p1 <1 < wapaszim
z1p1 <1 < xap2;zare
xop2 <1<

T3pP3; 2171

z2p2 < 1 < wgps; zars
otherwise.

y1q1 < m < Yagz;wisy

A
3
IN

Yi1q1 = Y2q2; W2S2

A
3
IN

Y292 = Y3qs; wWis1

Y2gq2 < m <
otherwise.

1SNI:0000000091950263

IN

IN

IN

k<

Y3q3; was2 < k <

m < y3qs

m < y2q2

< m < ysgs

w2s2

w3s3

w282

w3zs3

(e))

2

(3)

4)
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I'V. NUMERICAL EXAMPLE

Consider two matrices

and

Yii Y
p=( n)
Where X171 = [1,2,3], X12 = [2,3,4], Xo1 = [3,4,5], Xo2 =
[57677] and }/11 = [27374]7}/12 = [6777 8]7}/21 =
[8,9,10], Yoo = [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 Xio Yii Yo _ Z11  Zia
A+B= < Xo1 Xoo ) * < Ya1 Yoo ) - ( Zo1  Zao )
where Z11 [3, 5, 7], Z12 = [8, ].07 12}, ZQl = [11, 13, 15]

and Zs2 = [6,8, 10] respectively. The membership functions
of Z11, 212, Z21 and Zso for row vectors are as follows

zqui’) 3< z11 <5,
8 < 210 < 12
Bzyq1 210 (211, 212) = { T~ 211 5< 211 <7,
? 8< z12 <12
0 otherwise.
21227 8 8 < z12 <10,
3<z11 <7
Bzyg121, (11,212) = ¢ 12 = 2120 < 210 < 12,
? 3<z11 <7
0 otherwise.
a1l 11 < 291 <13,
2 6 < 290 < 10
21| Zag (D1, Z2a) = ¢ 15— 221 g < 2o1 < 15,
2 6 < 205 < 10
0 otherwise.
% 6 < 222 <8,
11 < 201 < 15
125929y (D1, Zon) = § 10— 222 ¢ < 295 < 10,
? 11 < 201 < 15
0 otherwise.

Now, the row membership surfaces of the matrix

Zv1 Zi2
C =
( Za1  Za2 )

will be as follows
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(211 — 3)(212 — 8)

1 3<z11 <5,
8 < z12 <10
—3)(12 —
(eu =32 ~ z12) 3 <211 <5,

4
10 < 212 < 12

pur(zi1,z12) = {4 (7= 211)(212 — 8)

4 5<211 <7,
8 < z12 <10
7T — 12 —
L455%4—§§ 5< 211 <7,
10 < 210 < 12
0 otherwise.
(221 — 11)(z22 — 6)

11 < 291 <13,
6 < 222 <8

4

(Z21 — 11)(10 — 222)

1 11 < 291 <13,

8 < 200 <10
(15 — Zgl)(Z22 — 6)
4

#ir (221, 722) 13 < 291 < 15,

6 < 222 <8
(15 — 221)(10 — 222)

. 13 < 291 < 15,

8 S Z22 S 10
0 otherwise.

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

(le — 3)(Z21 — 11)

L 3< 211 <5,

11 < 291 < 13
(le — 3)(15 — zzl)

4 3<z11 <5

13 S Z21 S 15
(7 — z11) (221 — 11)
4

pe(z,221) = 5< 211 <7,

11 S Z21 S 13
(7= 211)(15 — 221)

1 5<211 <7,
13 < 20, < 15
0 otherwise.
12 282 260 gL, <0,
! 6 < 222 <8
(212 — 8)5110 — 222) 8 < 215 < 10,
8 < 205 < 10

(12 — z12)(222 — 6)
4

po(z12, z22) = 10 < z12 <12,

6 < 292 <8
(12 — 212)(10 — 2’22)

1 10 < z12 <12,

8 < 220 <10
0 otherwise.

B. Subtraction of Two Imprecise Matrices

Subtraction of two imprecise matrices A and B will be

o= () -0 )= (2 2)
where Z11 = [73,7171], Zlg = [*6, 74,*2}, Zgl =
[—7,—5,—3] and Z22 = [2,4, 6] respectively. The membership
functions of 7211, 219,221 and Zs5 for row vectors are as
follows

# —3<z11 < -1,
—6 < z12 < -2
1zyq1295 (210, 212) = L= 211 <z <1,
: —6 < 212 < -2
0 otherwise.
767 1SNI1:0000000091950263
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z12 + 6 6 -2
A0 <<y, % 6< 2ys < -4,
—3<z1 <1 2< 200 < 4
_ ) —2-— _
Bzy9121, (7115 212) = — 12y <212 < -2, (212 £+ 6)(6 — z22) +6)4(6 z22) —6 < z12 < —4
—3<z11 <1 4<222<6
0 otherwise. no(z12, 222) = (=2 — 2124)(222 —2) 4< 2y <2
2< 295 < 4
zo1 + 7 = %22 =
LT 7 < 2 < -5, —2— 6 — za:
2 = Fs (226 20) oo
Zsems6 * 4< 205 <6
_J) -3-=z S 222 S
Bz, |25 (221, 222) = % —5 < z91 < =3, 0 otherwise.
2< 22256
ise. . Multiplication of Two Imprecise Matrices
0 otherwise C. Multiplicat Two I Mat
2og — 2 Multiplication of two imprecise matrices A and B will be
22 2< 209 < 4
. 22 ]
5 < 299 <
-7 S Z21 S -3
W) 7y (221, 222) = § 6 — 222 . AB=( X X2\ (Y Yo \_ [ Zu Zi
221721 ’ 2 4< 2226, X211 Xo2 Y21 Yoo Zo1r  Za2
-7 S zZ21 S -3
0 otherwise. where Z11 = [18,33,52], Z12 = [8,20, 36], Z21 = [46, 66, 90]
and Zoo = [23,40, 61] respectively. The membership functions
Now, the row membership surfaces of the matrix of Z11, 712, Z21 and Zyo for row vectors are as follows
—13 25 +8
C= Z11  Zi2 ﬂ 18 < z1; < 33,
- Za1  Za2 4
8 < 215 < 36
. Jz12) = { 21— /25 + 82
will be as follows Ha1rlm12 (211, 212) fn 33 < 211 <52,
8 < z12 < 36
0 otherwise.
(z11 + 3)(z12 + 6)
A TR T 3< s <1 —54+/9F2
1 <z < , + V9 + 2212 8 < 210 < 20,
—6 < z12 < —4 2 <
(z11 +3)(—2 — 2z12) 3 < < . 18 < z11 <52
4 TosfusTh Bziglzy (211, 212) = § 9 — V9 + 2212 20 < 212 < 36
—4< 215 < -2 2 P '
_ — 18 Z11 52
pur(z11,2z12) = { (1 — 211)(212 +6) = =
2 1<z <1, 0 otherwise.
—6< 210 < —4
_ o - —9+ 2221 — 11
1 2
( 211)(4 z12) <o <1, —— 5 46 <21 <66,
—4 < 212 < =2 23 < 292 <61
0 otherwise. iz |zgp (221, 222) = ¢ 13 — V2221 — 11 V22Z“_11 66 < z21 < 90,
23 < 29 < 61
(z21 + 71(222 —2) 7 < 21 < —5, 0 otherwise.
2 < z99 <4 —15 4+ /41 + 8292
G+ DO —222) 4 23S 222 <40,
— S z21 S 5 46 < z91 <90
4<2220<6 Hzgy|zgq (221, 222) = 4 23 — VAT + 8222 10 < 20s < 61
pr(z21, 222) = § (=3 — 221)(222 — 2) — < 222 <61,
———= =5 <291 < -3,
4 46 S Z21 S 90
) 2< 290 < 4 0 otherwise.
(—3—221)(6—222) _5< < _3
4 == Now, the row membership surfaces of the matrix
4< 29, <6
0 otherwise.

Similarly, the column membership surfaces of the matrix C'

will be

HC(Zu, 221) =

(z11 +3)(221 + 7)

4

(211 +3)(—3 — 221)

4

(1 —211)(221 +7)

4

(1 = 211)(=3 — 221)

4

_( Zu Zi2
Ci( Zo  Za2 )

will be as follows

-3 <z < -1,
—7< 221 <=5
-3 <z < -1,
—5< 221 < -3
—1<z11 <1,
—7< 221 <=5
—1<z11 <1,
=5 < 291 < =3
otherwise.
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kr(211, 212)=

(=13 + V25 +8211)(—5 + V9 + 2212)

8

(=13 + /25 + 8211)(9 — VI F 2212)

8

(21 — /25 + 8211) (=5 + V9 + 2212)
8

(21 — /25 F 8211)(9 — VI + 2212)
8

0

1SNI:0000000091950263

18 < 211 < 33,
8 < 215 < 20

18 < 211 <33,
20 < z12 < 36
33 < 211 <52,
8 < z12 <20

33 < z11 <52,

20 S zZ12 S 36
otherwise.
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HR(ZQI; 222)=

(79 + /2221 — 11)(715 + /41 + 8z22)

46 < 221 < 66,

8
23 S Z22 S 40
(=9 4+ V2291 — 11)(23 — /41 + 8z22)
) 46 < z21 < 66,
40 S Z22 S 61
(13 — /2221 = 11)(—15 + /A1 F 8222)
Py 66 < z21 < 90,
23 < z92 < 40
13 — /2 —11)(23 — /41 + 8
4 o I 8222 66 < 2y < 90,
40 < z92 < 61
0 otherwise.

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

po(z11, 221)=

(=13 4+ V25 + 8211)(—9 + V2221 — 11)

3 <
46 < 251 < 66
(—13 4+ /25 F 8211) (13 — /2221 — 11)
s 18 < z11 < 33,
66 < z21 < 90
(21 — /25 F 8211)(—9 + V2221 — 11)
3 33 < 211 <52,
46 < 201 < 66
21 — /25 4+ 8 13 — /2 — 11
( + 211)‘5 V2221 ) 33 < 211 < 52,
66 S Z21 S 90
0 otherwise.
HC (2127222)=
(75 + V9 + 2z12)(715 + /41 + 8Z22)
8 < z12 < 20,

8
23 < 290 < 40

(75 + 9+ 2212)(23 — V41 + 8222)
8

8 < z12 < 20,
4OS Z22 SGI

(9 — VI F 2212)(—15 + AT F 8222)
8

20 < z12 < 36,
23 < 295 < 40

(9 — V9 + 2212)(23 — /41 + 8z22)
8

20 < z12 < 36,

40 < z99 < 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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