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| INTRODUCTION

Fuzzy matrices arise in many applications, one of which
is as adjacency matrices of fuzzy relations and fuzzy
relational equations have important applications in pattern
classification and in handing fuzziness in knowledge based
systems. Several authors presented a number of results on
fuzzy matrices. In [14] Thomason initiated the study on
convergence of powers of fuzzy matrix. The theory of fuzzy
matrix was developed by Kim and Roush [2] as an extension
of Boolean matrix, with max-min operation over the fuzzy
algebra. Ragab and Emam [7] presented some properties on
determinant and adjoint of a square fuzzy matrix. Ragab and
Emam [8] presented some properties of the min-max
composition of fuzzy matrices. We deal with interval valued
fuzzy matrices (IVFM) that is, matrices whose entries are
intervals and all the intervals are subintervals of the interval
[0,1].

Recently the concept of IVFM a generalization of fuzzy
matrix was introduced and developed by shymal and pal [9],
by extending the max. min operations on fuzzy algebra
F=[0,1], for elements, @, b € F,a + b = max(a,b)
and @ — b = min(a, b). In ]3], Meenakshi and Kaliraja
have represented and IVFM as an interval matrix of its
lower and upper limit fuzzy matrices. Anita and Pal [6]
introduced intervalvalued fuzzy matrices (IVFMs) as the
generalization of interval-valued fuzzy sets. Pal [5] a new
type of interval-valued fuzzy matrices (IVFMs) are called
interval-valued fuzzy matrices with interval-valued fuzzy
rows and columns (IVFMFRCs) are defined and several
important properties are investigated. Hamacher [1]
proposed a more generalized t-norm and t-conorm.
Hamacher operation includes the Hamacher product and

Hamacher sum. In [10], we defined two new operations
called Hamacher sum and Hamacher product of fuzzy
matrices and investigate the algebraic properties. This paper
we extend Hamacher operations of interval-valued fuzzy
matrices.

The paper is organized in three sections. In section 2, the
definitions and operations on interval-valued fuzzy matrices
and Hamacher operations of fuzzy matrices. In section 3, we
introduce the Hamacher operations of interval-valued fuzzy
matrices and focusing on its properties. The De Morgan's
law for the Hamacher operations are established in section
4. In section 5, we constructed Hamacher scalar

multiplication (7., 4] and Hamacher exponentiation
(A™F™) operations of interval-valued fuzzy matrix A and
investigated their algebraic properties. Section 6 concludes
the paper with some future directions.

1. PRILIMINARIES

In this section, some basic concepts of interval-valued
fuzzy matrix and Hamacher operations of fuzzy matrix is
given below.

Definition 2.1. [9]

An interval-valued fuzzy matrix of order mxn is defined
as, A= (a;)mxn . Where a; =[a;p.a:y] is the ij"
elements of A, represents the membership value. All the
elements of an IVFM are intervals and all the intervals are
the subintervals of the interval [0,1].

In the IVFM, the elements are the membership grade of
some attributes, they not crisp number, so naturally some
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new operations are needed to handel such matrices. Before
applying binary or unary operations between IVFMs we
need clear idea about the similar operations between the
elements.

Definition 2.2. [9]

An IVFM is said to be a null IVFM if all its elements are
zero, i.e., all elements are [0,0] and the matrix is denoted by
0.

Definition 2.3. [9]

An IVFM A= (a;) of order Nxn is called unit

IVFM or identity IVFM if all the diagonal entries of A are
[1,1] and all other entries are [0,0]. It is denoted by |n .

Definition 2.4. [9]
For any two IVFMs A = (a;j;. a;5y) and B = (byjp. by )
of order mxn in the following.
(0) AvB = (max{ap, by} max{ayy, b))
(i) A A B = (min{ay;, by, } min{ayy . by })
(#£)4° = [1 - ayy. 1 — agg ]

(iv) AT = (@, ajy) (the transpose of A)

|
FT{]H = Bif and only if a;;; = by and agy = by, for all
i

Definition 2.5. [10]
For any fuzzy matrices A and B of the same size, The
Hamacher sum of A and B is defined by

A@yB= (MJThe Hamacher product of A

l—EiJ'E'l:J'

amiBsdﬁmwbyA®HB:(—¥ﬂﬂ——}

E[J'+E:',:J'—E[J'E'[J'
Lemma 2.6. [10]
ah at+ b —2ab
=
a+bh—ab™ 1—ab

For any a, b e [0,1],

I1l. SOME OPERATIONS OVER IVFMS
In this section, based on the Definition 2.5, we define some
operations for any two IVFMs A = (a;;;. a;;) and

B = (by;. byjy) of order Mxn in the following.
Definition 3.1. Let A = I:ﬂ.l'_i';__, a'l'_i'i-':] and B = ':bi_i':_,* b[_i';,-j of
same size, then the Hamacher operations of interval-valued
fuzzy matrices are defined as follows:

(i) The Hamacher sum of A and B is defined by

APz B= ':E[_i'LJ C'[_i'.-_.-:],

where {.:'l-_i-L, c[j-L.}

1, if i Cijy = LE’[_{LJEJEJ'L-' =1
=@t E;'[_i'L - zﬂ‘i_i':,b[_i':, Gijy T EJ[_i'L-' - za'l:_i'i-'h[_i'l'.-' )
. . otherwise
1- u'[_i'LEJL'_i':.. 1- il EJ[_i'L-'

(ii) The Hamacher product of A and B is defined by
A @y B = (cijCiju )

where (cijcijw)

0. if Gijpe Qijn = 0. EJ[_i'LJ EJ[_i"l.-' =0
= I'-1‘[_i'L'EJ[_i'L Gijo E;'[_i'i-' )
. . otherwise
Bij1, + EJ[_i'L - ﬂ'[_i':..b[_i'L By + ‘EJ[_i'L-' - a'[_i'i-'b[_i'i.-'

respectively.

We present some basic properties of IVFMs. The
commutative, associative and identity laws are valid for

IVFMs under the operations addition &, and
multiplication ®H . Let F;; denote the set of all IVFMs.

Property 3.2. Forany IVFMs, 4 = (a;;;. ;) and

B = (byj. byjy) of same size, then A @ B = 4 By B.

ijo

Proof. By using Lemma 2.6,

( aljbhl_u.p = al_u.p + E:Il_u.p _alJbEJl_u.p]
Bijz + by — I'J'L'_i':,‘El B

ijiL ijL 1- "-1|I_i':.,'E:I

ijiL

( I:1L'_i'i-'£'i_i'|'.-' - Bijy + b[_i'L' - Eaij'i-'hi_i'i-')
oy + EJ[_i'L-' — Gijy EJ[_i'L-' B

for all i,j.

Hence, A &y B = A Gy B,

For any IVFM A,

1 - ﬂ.[_i- u EJ[J-L.

Property 3.3.
(A, A=A,
(I)A®, A<A
Proof

.ma&Haz(

Ea[_i-;__ - EGEJ-L Eﬂ.[_i-l-__- - EQ.EJ-L.]

5 2 5
1 - ml:_i‘L 1 - gl:_i-l-.-'

28 28
=SLJL =L
= ( - — ) = {ﬂ'i_i'LJ I'J'L'_i'i-'}l = A

1+ Gij 1 + Bijy

lage 285w ..
, B = for all i j.
L+agjp 4 L+aijiy

Since a;;; =

Therefore A £y A = A

=i ﬂ'L;-'r..'
{tmﬂ@ﬁﬂ:(? S — ]
— &, —ﬂ'[_i'L' — ﬂ'"'L.'

- |-_IL LjL 7]

_ ( %L Gy ]i—i (ay.a0) = A

2 —ay, 2 - ayy
forall i,j. Therefore A & A = A,
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The operations @, and ®,, are commutative as well as Proof. ~ We prove (i) and (ii), other can be proved
analogously.

associative and identity and with respect to @,; and ®,,

are exist. (i)A(—D 0=
L 0=
Property 3.4 Forany IVFMs, 4 = (. a;y).

a; +0-2a, .0 g, +0-23,,.0
1-a,.0 '~ 1-a,.0
B = (b byjy) and £ = (cijz. €juy Jof same size, then _(a a )_ A
—\YjLr Yju ) —
()A®,B=B®, A

O+a;, —2.0a, O+a,, —20.a,
. O @ A — ijL ijL iju iju
(||)(A(‘BH B) (_BH C= A(‘BH (B (_BH C), H 1_0'aij|_ 1_O'aiju
(iA®, B=B®, A,
: " z(aijL’aijU)z A
(iV)(A®, B)®, C=A®, (B®, C). ) )
oo aIL' aIU .
Proof. We prove (i) and (iii), other can be proved (iA®, J ={ ) , : ]
analogously. " & +1-a; .1 a;, +1-a;,.1
ajp + b — 2a b ayy + by — 205 by _ L

(A8 = ( 1- I5"L’_i'L£’ijL 1- il E’i_i'i.-' ) B (aijL’aijU ) -

la. la,
_ E:'[j'L + Gijp — 2‘EJ[_i'L"J'[_i'L E:'[j'i-' + Gijnp — 25[_i'i-'ﬂ'[_i"|.-'] J ®H A= (1 ”Ll ’1 auul }
T=bypay ' 1 —bjjyaijy Ty —Lay L+ay, —Lay,
=F A, _ i
D = (aijL’aijU ) =A
I:1'1'_i':.,'5'i_i':, Bijy 'EJL'_i'L' )
(iti)d @y B = . Thus (Fpp.&x) and (Fpn.@x) forms a commutative
2y + EJI:_i'L - I'J'[_i'LEJ[_i'L @iy + EJ[_i'L-' n I'J'[_i'i-'&[_i'i.-' monoid.
b b aiju ] The operators @, and ®,; do not obey the De Morgan's
b + @ — By By + ay — by laws over transpose.
=B @, A Property 3.7 For any IVFMs, A= (aijL,aijU) and
The following properties are obvious. B = (b;.,b;,) of same size, then
Property 3.5 For any IVFMs, A= (g ,d;,) and (i)(A®,B) =A"®, B,
B =By, byy) of same size, then (i)(A®, B) =AT ®, B'. Where AT is the
(HA®, B=(AvB), transpose of A.
(ilA®, B<(AvB), Property 3.8 For any IVFMs, A= (a,,a;) and
B=(b, ,by,) of same size, if A<B , then

(iii)A®,, B> (AAB),
A®,C<B®,C
(i)A®,, B<(AAB). :

Proof. Let a, <b. and a,, <b., foralli,.
Property 3.6 For any IVFM A, B =B vy v

NA®, O A=A 8;; €8y = bycly
(I) H :O®H = Y L =L L™ LJL
.. 8z O + al'_i'L&[j'L ':'[_i'L{l - C[_i'L:] = h[j'LcEi'L + ajj; EJ[_i'L':'[_i'L':l _ ':'[_i':_.:]
(A®,J=J®, A=A,

Gjp Ol F G B Cijp — By bijpln = bypcly + o by o — ey by

("I)A@H ‘] = ‘]’ al:_i.LC[j.L{c[_i.L + 'EJL'_i'L - 'E'L'j'L ':'L'_i':.,:] = 'I':Jl:_i'Lcl:_i'L{cl:_i'L + Bifr — ﬂ'i_i'Lci_i'L:]

(ivV)A®, O=0.
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Qi CijL b

< ijLCijL
Qi + Cijp — Qi Cijp |EJL'_i'L + Cijp — bij'L Cijr

for all i j,

and similarly we prove that,
Qi Ciju E:'[j'i-' Ciju

=
Ia'i_i'i-' + Cl_||.- - Iﬂ'i_fi-' ':'L'_i'r.-' 'I-:Ji_i'r.-' + Cl:_i'l'.-' - |EJL'_i'n'.-' ':'L'_i'r.-'
for all ij.

Property 3.9 For any IVFMs,
A=(a;,a;), B=(by,by) and C=(c;,cy,) of
same size, if A<B,then A®,C<B®,C

Proof. Let a; <b, and a;, <b,, forallij.

g (1— '5'[_i':..:|: = by (1- I5'[_{:..:':

— i (1 — 2+ ) = by (1 — 20 +605)

— @y — 285, 6 + ﬂ'[j:,ﬂ'[:j:, = by — 2o + by I:"'L':J-'L
—
i — 2ag 6 + Gl + (G — G bypegy +
2agj by €80) = by — 2hyp e by el + (6 —
Qijr E’[j:,ﬂ'[j:, + zﬂ'[j:, 5[_;‘:, ﬂ'[:j:,]
N
B + |:"'L'j:,"_ 2oy O — G b — by Ci:j':, +
Eﬂ'[j:,f’[j:, Cir = hij:, + Cij — 251}:, Cijr — ”‘l’j’L‘E’l'_i'fe':"'l'iL -
i Cfje + 285 By €y
N

@ + €y — 285 Eip — bijreip (i + 6 — 28465 ) =
bip + e — 2bipeiy —agpip (b + o — 2b0 )

—
':u'[_i':., + I'*"L'_i':., - zﬂ'i_i'L':'[_i'L:]':l - b[j'L':'[_i'L:] = ':b[_i':., + ':'[_i'L -

EEJ[_i'L ':'I:_i'L:] 1- Qi I5'[_i':,:|

(aij'L + Cijn — Eai_i'L ':'i_i'LJ - (bi_i'L + Cijp — zhi_i'L':'i_i'L)
1- Oy Cifr B 1- EJ[_i':.. Cijr
for all i j.

and similarly we prove that,
(a'[j'i.-' + cijy — zﬂ.[_i-_u. ﬂ'[_i'i.-'] - (EJl'_i'l'-' + €y — EEJU-I-_,. cl:_i'i.-']

1- u’l:_i'l'.-' ':'I:_i'i-' 1- Bl:_i'i-' ':'I:_i'i-'

for all i j.

Property 3.10 For any IVFMs, A= (g, ,8;,) and
B = (b, ,b,,) of same size, then

(i) (AAB)®, (AvB)=A®, B,

(i) (AAB)®, (AvB)=A®, B,

(i)(A®, B)A(A®, B)= A®, B,

(i)(A®, B)v (A®, B)= A®,, B.

Proof. We prove (i) and (ii), other can be proved
analogously.

() (AAB)®, (AvB)
= min(ay by, ), min(ay, , by, ) @, max(ay, by, ), max(ay, by,) |

(minay, by, ) +max(ay, by ) —2min(ay, by Jmax(ay, by, )
(- min(aijL ' ble)maX(aijL ’ bijL))

(min(ayy, by, ) +max(ay, by, ) -2min(ay, , by, Jmax(ay, by, ))

(- min(aiju ’bijU )max(aiju ’bijU )

ay +by —2a; by &y, +by, —23;,by,
1_aiijijL 1_aijUbIjU

forall ij.
=A®,B.
() ANB)®, (A vE)

o m[ﬂ{ﬂi_i':,s 5[_{.‘,}: m[ﬂ{ﬂ'ijw 5[_{1.'} @
max{a[_i-L, ‘EJ[_i'L:]* mﬂx{a[_i--l_,-, ‘EJ[_i'L-':]

min(aijL ! bijL)maX(aijL ! bijL)
(min(aijL ! ble) + max(aijL ' bijL) - min(aijL | bijL)maX(aijL y bijL)) ,

min(ay, , by, Jmax(ay, by )
(min(ay, , by, ) +max(ay, by, ) -min(ay, by, Jmax(ay,, by ))

_ aiijijL iy bijU for all i

ay +hy —ay by ay, by —auby

=A®, B.

The following Properties are obvious.

Property 3.11 For any IVFMs,
A= (aijuaiju ), B= (bijL’bijU) and C = (CijLicijU ) of
same size, then
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HA®, (BvC)=(A®, B)v(A®, C),

(i)A®, (BvC) = (A®, B)v(A®, C),
(iii)(AvB)®, C = (A®, C)v (B®, C),
(iV)(AAB)®,, C=(A®, C)A(B®, C).

Property 3.12 For any IVFMs,
A=(ay,ay,), B=(by,by,) and C=(cy ,Cy,)of

same size, then

(i)A®, (BAC)=(A®, B)A(A®, C),
(il)A®, (BAC)=(A®, B)A(A®, C),
(iii)(AvB)®, C = (A®, C)v(B®, C),
(iV)(AAB)®, C =(A®, C)A(B®, C).

IV. ON COMPLEMENT OF IVFMS

In this section, The complement of on IVFM is used to
analysis the complement nature of any system. For example,
if A represents the crowdness of the roads at a particular

time period then its complement A° represents the
clearness of the roads. Using the following results we can
study the complement nature of a system with the help of
original on IVFMs. The operator complement obey the De

Morgan's law for the operator @,, and ®, . This is
established in the following property.

Property 4.1 Forany IVFMs, A= (g ,a;,) and
B =(b;_,by,) of same size, then

(i) (A®, B)° =A°®, B,

(ii))(A®, B) =A°®, B,

(i) (A®, B)° <A° @, B,

(iV)(A®, B)" > A° ®, BC.

Proof. (i) A® @y BF

= {{1 — iy 1- ﬂ'[jL] @y (1 - 5[;1.': 1- b[j'L:]}

_ ( (1 — a1 — byy) )
(1 —ayy )+ (1 — by} — (1 — a1 — byy)

_ ( 1- EJI:_i"I.-' — gy T By EJ[_i'i.-':] ]
(1= ay0) + (= bi) = (1+ by + G — G50b350)

( 1- EJL'_i'i-' — B + I:1L'_i"|.-'E:'L'j'u'.-' J
2 —ayy — by — 1+ byy + agy — Gy by

(1 + I:'[_i'i-'b[_i'i-' — Gijg — EJ[_i'L-')

1 —aiubijy
_ ({1 — @iy )(1 - g,l._i._u,])
1 —ayp by
— (1 _ ﬂ-[_i-i.' + bl:_i-i-' — 2a|:_i‘i-' EJI:_{L.']
1—ayybyy

for all ij.

Qijr+ E:'|I_||'i. -iz LjL E:'|I_||'i.

Similarly we prove that,(l - ]for all i,j.

1-qjp E'iji.

= (A ®x BY.

(i)A4° By BE = (1 — ajp. 1 — a32) Ba (1 — by 1 — by))

_ (r:l — ayp) + (1= byw) = 2(1 — @) (1 — f:l-;-u-J)

- 1 — (1 - agy)(1 - byy)

_ (2 - I5!'[_i'i-' - EJ[_i'L-' - 2{1 _ E:'[j'i-' - a'[_i'i-' + ﬂ'[_i'i-'hi_i'i-':]]

' 1= (1= byy — ayjp + i)

N (2 = 8y — by — 2+ 2byjy + 20 — zal-j-u-agu)
1-1+ E:'[j'i-' + Qijy — I'J'[_i'i.-'EJ

Lo

al (ﬂi_i'i-' + E:'[j'i-' - 2"J'[_i'i.-' EJ[_i'L-')
I'-1[_{-'.-' + 'EJL'_i'L' - Ia'i_i'i-' 'E'L'_i'i-'

Sij i
— (1 [ Ju i

Giju+biju—tijubijr

]for all ij.

Similarly we prove that,

(1 - ﬁ} for all i j.
=(A®, B)".

(iii) From Property 3.2.
A®,B>=A®, B

Then (A®,, B)° <(A®, B)° = A°®,, B°.

(iv)(A®, B)° > (A®, B)° = A°®, B°.

V. SCALAR MULTIPLICATION AND EXPONENTIATION
OPERATIONS OF IVFMS

We defined the following operations over Hamacher
operations of IVFMs . In this section, we construct

Hamacher scalar multiplication (n.hA) and Hamacher

exponentiation (A™") operations of IVFM A and
investigate their algebraic properties.
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Based on the Definition 3.1, Hamacher sum and
Hamacher product over two IVFMs A and B are further
indicated as the following operations.

Theorem 5.1 If N is any positive integer and A is a IVFM,
then the Hamacher scalar multiplication operation (h) is

A=ADy. A e Ry
1. = P - = y
" R T T - Dagz 1+ (- Dagg

n
Proof. Mathematical induction can be used to prove that the
above equation (5.1) holds for all positive integer n. The
equation (5.1) is called P(n). Using the above Definition 3.1

of Hamacher sum (i), A@,, B we have:

e + e — 2 ey agy + agy — ey agy
a'q ‘R .:'q = o

a
1- O Qi 1- Gijy Giju

1—-a%, ' 1-a&

25[_5‘:, - 2af_i-L EQEJ-L- - Eaf_i-u)
5

LjL |._| (i)

1- & 1- &y

(2 Gijr ':1 - a’l:_i-L:] Eai_i'r.-"il - E'L'_i'n'.-':])

2al:_i'i'., Eal:_i'i-' ]
1+ Bijp 1+ By

_ ( LGy L85y )
1+@2-Day, 1+ 2 - Dagy)'
since 8 = (2-Day ., ay, =(2-Day,.
P(n) holds.
Suppose that equation (5.1) holds for n=m,

m.ﬂ-[_i'L . u'l:_i.L'

f.e.,m.hﬂ =4 gl-':"'@h"q = (

Then, (M+1).,A=((m,A) S, A

L PP DU ke i MR

1+0m—1a;; 95 "1+0m—1ay Y
1— - Gije e '

T+ On—1ag, "%t
- m.a[.--l_.. + g — 2 . ﬂ[.-l-_l. g u

T+ m—Dagy T %% " 2TH n— Dayy
1- M. Qi .

LY 1 + {m - 1:]5[_{.'..' 11}

(e m+ DA —ay) ey (m+1)(1 - agy)
= ({1 + m.ﬂ.[_i-L:]I:]. - u'i_i'L:] ! {1 + m. u'l:_i'i-':]':l _ ﬂ'[_i",_.-:]]J

1+ (m—1)a; 1+ (m—1) 8y

(r:m +Day, (m+ Day )

1+may  1+magy

( (m + Day;, (m + Dagy )
T+[m+ D —Tay T+ [(m+1) - ag)

). {51)’30, when n=m+1,

N Ny )
A

wA=A$... B A= \
mrh =4 Bn B (H{n—l)am T+ (n— Dagy

n
also holds.

Using the induction hypothesis that P(n) holds for any
positive integer n.

Theorem 5.2 If N is any positive integer and A is a IVFM,
then the Hamacher exponentiation operation (/\h) is

n
n - Gy
A= 4@, @ A :( i & ] (5.2)

n—(n—1a; n—(n-1ag
Proof. Mathematical induction can be used to prove that the
above equation (5.2) holds for all positive integer n. The
equation (5.2) is called P(n). Using the above Definition 3.1

of Hamacher product (i), A®, B we have:

A ( Qi Gy ]
P — ot 2men — g )
dogg — ey 2egg — Ay

2 ( & Eji e EjL-' )
- = . - g
Qijr(2—-2ij) @ijp(I-Qijy)

( GijL Qijor J
- L. ?
I-8ijr -Gy

( GijL Qi

:-u::-i:mu;’:--::-1:-ccjujl’ since & = (2—1)81-11 '
Ay = (2_1)aijU'

AT — Gijr Gijy )
n—(n=1ag n—(n—ayy /)

P(n) holds.

Suppose that equation (5.2) holds for n=m,

M

e, A" = A@p...@pd = ( - - ] .

m—(m-1)agy | m-(m-Lagy

So, when n=m+1,

AL ( &iji Qijy )
mEl-(m+ D) —Tap m+1-[m+1)-1Tagy)/
n

AT =A@ @A = ( il fiu ] also

n—(n-tlagy n-(n-1lagy
holds.
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Using the induction hypothesis that P(n) holds for any
positive integer n.

Property 5.3 For any two IVFMs A and B of same size,
then positive integer n.

@ (n., A S, (N, A)=(n+n,)., A
(i) (n, A ®, (n,,B)=n.,(A®, B),
(iii) AP @, A" = A

(V) A" ®, B"" = (A®, B)™",
M, (n., A) =(nn,)., A

(Vi) (At = A,

Proof. The proof is follows from Theorem 5.1, 5.2 &
Definition 3.1.

Property 5.4 For any two IVFMs A and B of same size,
then positive integer n.

@iyn., (AAB) =(n, A) A(n, B),
(iiyn., (Av B) = (n,, A)v (n,, B),
(iii) (AAB)™™ = A" ABM",
(iv) (Av B)™" = A™" v B,

Proof. The proof is follows from Theorem 5.1, 52 &
Definition 2.4.

V1. CONCLUSION AND FUTURE SCOPE

The work has expanded the Hamacher operations results
under an interval-valued fuzzy matrices. In this paper, we
have developed the Hamacher operations of 1VFMs and
researched their algebraic properties. We likewise
demonstrated that the arrangement of all IVFMs concerning
Hamacher sum and Hamacher product frames a
commutative monoid. An investigation of the mathematical
structure of 1VFMs as for Hamacher activities gives us a
profound knowledge into the applications. At that point, De
Morgan's laws are checked. Besides, we developed
Hamacher  scalar ~ multiplication and  Hamacher
exponentiation operations an IVFMs and examined their
arithmetical properties. we may apply these activities in the
field of various zones, for instance, dynamic choice and
accord, business and advertising the board, structure,
designing and assembling, data innovation and systems
administration applications, HR the executives, military
applications, vitality the executives, geographic data
framework applications, and so forth. It is worth to call
attention to that the proposed Hamacher operations over
IVFMs will be applied to aggregating interval-valued fuzzy
information in the future.
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