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CHAPTER - VII

SOME NEW OPERATORS ON INTERVAL FUZZY NUMBERS

AND INTERVAL FUZZY NUMBER MATRICES

Definition : 7.1

Let M =[m, mg] and N = [n., ng] be two interval fuzzy numbers where

m, Mg, N, Nr € [0, 1]. Then the following operators are defined.

(1)

(2)
©)

(6)
(7)

A A
M@&N = [mL+nL—anL,mR+nR—mRnR]

Mo N = [myng, mgrng]

N AN

M v N =[m_vn, mgvng] where x v y means max {x, y}. That is,
X vy =max{X, y}.
M AN = [m_ AN, mg A NR] where x A y means min {x, y}. That is,

XAy =min{x, y}.

if
MoN =[mL@nLva@nR]Wherex@y={X’ ifx>y

0, ifx<y

N
N if m_ > n_and mgr > ng.

=> =
H v

N
N = [mg%n, mgtng]

Definition : 7.2

Let M = (Mj)ys, @and N = (Nj),., be two interval fuzzy number

matrices of the same order where Mj = [m; ,mg ] and Njj = [”L.y”R.,]- Then

the following operators are defined.

M®&N = (I\AAij(El:lij)
MoON = (I\AllijG) r/\\lij)
MvN = ('C/Iijv ':Jij)
MAN = (l\/\ﬂij/\ l/\\lij)
MoN = (I\AllijG) Klij)

M>Niff Mj > Nj Vi=1tom,j=1ton.
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Theorem : 7.3

For any interval fuzzy number matrix M.

() MeM=M
i) MoM<M

Proof

() The i" element of M ® M is M; & M; which is equal to
[mLi‘_ + My —mg.mg Mg +Mg —Mg, .mRij]
consider my, +mg —mg.mg =m_ +m_ (1 L )ZmL“_ (1)
Mg, +Mg, —Mg,.Mg, = Mg, +Mg, (1- Mg, )ZmRij (2)
From (1) and (2), we getthat M@ M > M.

(ii) The ij" element of M ® M is |<\/|ij ©) |\/>|ij which is equal to
[my, mg,, Mg, .mg, 1. Since, mfij <mg, mﬁu < mg,

=, [m{,, mg, 1 which is less than or equal to [m, ,mg_].

Therefore, M ® M <M.
Definition : 7.4
Let M = (Mj) be an n x n interval fuzzy number matrix. Then M is

nearly irreflexive iff Mi S|<\/|ij foralli,j=1,2,...,n.

Theorem : 7.5

Let M and N be two interval fuzzy number matrices, then

(i) M&N>MGN
(i) If M and N are nearly irreflexive then M @ N and M ® N are nearly
irreflexive.

Proof

Let M = (Mj) where Mj = [m_ ,mg] and N = (Nj) where

A

Nj = [n,ng, 1.
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The ij'" element of M & N is Mj @ Nj which is equal to

[mLij N, —m N, Mg +Ng, —mRij.nR”_] and that of M ©® N is

i’

N N
Mj© Nj =[m_ .n_ . mg . Ng ]

ij ij

Now consider me, +Ng, = My N

ij ij B mL

i L

|J-(1_ nLij)+nLIJ (1 - lej) 20 (SInce 0= mLiJ <1

and 0 < n, < 1)

LMy N - myng 2 mpng

Similarly, Mg, MR, — MR, -

Thus, M®N>M® N.

Since M and N are nearly irreflexive, Mii < Mj and Ni < N;j for all i, j.
s [my mg, ] < [mLij Mg, |

Lmy < my and mg < mg. (1)

U]
Similarly, [n, Ng. ] < [nLij,nR”]

LN, < nLijand NR, < Mg, (2)
Let Cj and Dj be the ii" element of M @ N and M ® N respectively.

A A
Then Cl_l b C|| = [mLij +nLij _lej nL” ,mRiJ +nR|j —mRij .nRiJ]

- [mLii + nLii - m'—ii ? nl—ii 1 mRii * nRii - mRii ' nRii ]

[mLij +N MmNy -mg - ng +m.n

mRij +nRiy —lej'nRu —mRn - an * mRn'an]

[(1-m_,).(1-n,, )—(1‘mL,J )-(1=ng ),
(1-mg, ). (1-ng, ) —(1-mg ).(1-ng )]

From (1) and (2), we get
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[(1-m_ ).(1-n_, )—(1—m,_ij )-(1‘”Li,~) >0as 1-m_ 2 1—mLij and
1-n, 21-n (3)
Similarly, (‘l—mRii ).(1-ng, )—(1—mRij )-(1_”Ri,-) >0 (4)
From (3) and (4), we get (A)q > é“

Hence, M @ N is nearly irreflexive.

Now consider,

N A
DIJ i Dii = [mL ) nLij , mRij F nRij ]'—‘ [mLii 5 nl_” 5 mR“ g nR“ ]

= [m_ N, =My N, Mg Ng, —mRn.nR“]
But my, Ny, —my Ny 20,mg, .Ng, — Mg, -Ng, >0 (By (1))
A A
. Dj = Dii

Hence, M ® N is nearly irreflexive.

Theorem : 7.6

Let M, N and Q be three interval fuzzy number matrices. If M < N, then

1) M@&N<N®Q
2) MoeQs<NoQ

Proof
Let M = (Mj) where M; = [mLij,mRij], N = (Nj) where
Nj = [nLiJ_ MR, land Q = (Qj) where Q; = [qLij,qRij L

(1) Let Dj, Ej, Fjand Gj betheij" elements of M® Q,N®Q, M ® Q

and N © Q respectively.
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But the ij" elementof M® Q. N®Q, M® Qand N©® Qis Mj & Qj,
Nij @ Qj, Mj ® Qj and Nj ® Qj. Then

A N\ VS
Mjj @ Qij = Dj = [mLij A, _mLij 'q'-u" M,

ij * quj _lei ’ quJ ]

A A A
Nj @ Qj = Ej = [nLij +q,, =N, -y r MRy TR _nRij-QR,j]

Mj © Qj=Fj=[m_.q .mg .0 ]

Ni © Qj= Gj =[n.ai, Mg, dr,]
SinceM<N, m_<n_ .
my (=g )< (1-qg,)

i My A

< =
.qLij — I"ILU +qLij nLij.qu)

LM -mp g < ng

ij

e, m +q, -m

i
Thus, we get
[mLij +Au, My, -y Mg, +Ar; —Mg, -QRU]

< [nL|j +q|_ij _nLij 'qLij’ nRij +qRij _nRij .qRIJ]

i.e., Dj< Ej foralli. j.

S M@ Qj <Nj @ Qj forallij.
Hence, M@ Q<N @ Q.

(2) Also [mLij -di, MR, - AR, 1< ["‘Lij A, MR, - AR, ]

A A

i.e., Fij < Gj forall i.j.
S My o Qj <Nj o Qj Vilj.
Hence, MG Q<N ® Q.

Theorem : 7.7

For any two interval fuzzy number matrices M and N,
(a) M'(BNszNzM@N
b) (MvN)v(IMoON)=MvN

© (MvNoMoN)<N
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d Me&N=MvN)v(MoN)
e) MeN=>2MvN)o(MoN)
Proof
@ MeN>MvN>MoN

Let Cj, Djand Ej be the if" elements of M @ N, M v N and M © N

respectively. But the ijth elements of M® N, Mv Nand M © N are

MijQ—D Ni, Mjv Nj and Mj© Nj. Then Mj @ Nj = Cj

[mLij +N, —m N Mg +Ng, —mRij.nRu]

[mLij +n, (1—mLij ),mRiJ +Ng, (1—mRU )]
& [ml_iJ MR, ]
ZI\A/lij

[nl_"- +My, (1—"‘|_ij )i NR, +Mg, (1_nRij )]

z[n, ng,]

N
> Njj

A

Mi v Nj = Dj = max {IAVI Nij}

i
< [le,» +N, —My N, Mg +Ng, —mRij.nRU]
N
= Cjj (from (1))
A A .
Thus, Cj > Dj for all i.j.

A A A

i.e., Mij® Nj > Mjv Nj V ij.
Hence, M®N>Mv N (2)

Now consider

Ej = Mij@ Nj = [ml-ij © nLu’ mRij@ nRu]



my,, M >n

ij Ljj

)

0, my, <n

where mg,on, = {
ij

e, m ©n <m <max {mL”,,nL”}

Mg, © Ng, < Mg, < max {mRij,nR”}
N
. Eij £ max {[mLiJ Mg, 1[N, . Ng, I}
N AN
< max {Mj, Nj}

< Mjjv Nj
Thus, MO N<MvVv N

From (2) and (3), wegetM®N>Mv N>Mo N.
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Let 6ij, Eij and Hj be the ij" elements of M v N, M © N and
(Mv N) v (M © N) respectively. But the ijth elements of Mv N, Mo N

A A

and (M v N) v (Mo N)is Mjv Nj, Mjo Nj and (Mjv

N N N
Then Dj = Mjv Nj = [mLiJ v, Mg v nR”]

where m, v N, = max {mLij,nL”}

N N

Ej =Mjo Nj=[m_on , mgongl

where m, on, = ! ' !
Lu L|j O’ mLii S nLij

() (MvNvMoN)=MvN

Case (i) : my, >Ny, Mg > nNg,

- Mjo Nj = [m'-u 'mRu] and Mjv Nj = [m,_ij Mg, ]

Then Hj = [mL"_ ,mRij] v [ml_ij,mR

[mLU Mg, ]

]

i

ij

Mij v N

- Hij = Dj

N

Nij) v (

MijG) Ni) .
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Case (ii) : m_ >n_, Mg <ng,

i’ i~

- Mj© Ny = [my,,0] and Myv Ny = [m,ng 1.
Then FA-IU = [m,,0] v [m . ng,]

- [mL"-’nRij]

= |O|ijv Klij

|/'\lij = 6ij

Case (iii)) : m_<n_

i

>
it MRy~ MRy

- Mjo N; = [O'mRi,-] and Mjv Nj = [nLa,-’mRu]'

Then Hj = [0,mg ]V [N, .Mg,]

= [nLij MR, ]

Mij v Nj
= DIJ

Case (iv) : m_ <n_ , Mg <ng

~. Mjj© N; =[0, 0] and Mjjv Nj = [nLu'an]'
Then H; = [0, 0] v [nLij’nRij]
= [nLij ’nRij ]

Mij v Nj

= 6ij

|/'\|ij = E)ij

. In all cases, 6ij = p'ij.
ie., '\/;lijv [/\\lij = (l(\/lijv l/\\lij) v (M,-@ rQlij)

Hence MvN=(Mv N)v (Mo N).
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) MvNyo(MoN)<N

Let Fj be the ij" elements of (M v N) © (M © N). But the ij"" element of
MvN)o Mo N)is (Mjv Nj) © (Mo Nj).

Case (i) : my, >Ny, Mg, > Ng,

ij

- Mjo Nj = [m,_“_,mRij] and Mjjv Nj = [mLij ,mRU].

Case (i) : m_ <n_, Mg > Ng,
. Mjo Nj=[0, mRij] and Mjv Nj = [nLij’mRij]'
Then Fj = [0, mRij] e [nLij,mR“]

Oon,, mg © Mg, |

[nLij’O]-

Case (iii) : my, > Ny, Mg, < Ng,

. Mjo Nj= [mLij’O] and Mjv Nj = [mLij ,nRiJ_].

[mLij ) O] © [m[_ij ) nRij ]
[mLij S my, 0o nRij]
[0, nRij]

Then Fijj

Case (iv) : m <N, Mg, < NR,
- Mjjo N;j =[0, 0] and Mjv Nj = [nLq'nRu ].
Then Fj = [0,0]0 [nLij,nRij]

Pon,, 00 ng]

[nL” ! nRu ]
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From case (i) to case (iv), we see that the ii"™ element of Iéi,- is either 0
or ltla,- according as [mLij ,mR"_] >or<to [nLij MR, ].
Thus, MvN)o (Mo N)<N

(d MeNx>MvN)v(MoN)
MvN)Vv(MeEN)=MvN<M® N (By (a))
Hence, M@ N> (M v N) v (Mo N).

(e) M@N=>MvN)eo(MoN)

It is obvious that N <M v N

. (MvN)o (Mo N)<N (by (c)
<MvVvN
<M®&N

Hence, M®N=>(Mv N)© (Mo N).



