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ABSTRACT

Zadeh have introduced fuzzy set in 1965 and Atanassov have introduced intuitionistic fuzzy set
in 1986 in theirs paper. Now, many of researcher connecting intuitionistic fuzzy set with algebra
theory. We interested to combine some concepts in references over intuitionistic fuzzy set,
module of a ring, t-norm, t-conorm, and intuitionistic anti fuzzy. In this paper, we discuss about
intuitionistic anti fuzzy module t-norm and t-conorm (IAFMTC) and their properties with
respect to module homomorphism, maps, pre-image, and anti-image from intuitionistic fuzzy
sets. We have investigated and prove all general properties of IAFMTC and properties related to
module homomorphism, maps, pre-image, and anti-image.
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INTRODUCTION

In 1965, Zadeh [1] introduced new concept about fuzzy set. This concept
highlighting the membership status of an indeterminate or fuzzy set. In this concept,
membership status is defined as a function whose value is in the interval [0, 1]. In 1986,
Atanassov [2] introduced the notion of intuitionistic fuzzy sets as generalization of fuzzy
sets, i.e. highlight membership function and non membership function which the value
sum of both functions lies in [0,1].

Today, much of the research in the field of algebra was utilised with intuitionistic
fuzzy sets on their works. As on the article which written by Isaac and John [3] they
introduce intuitionistic fuzzy module and their properties. Next, Rahman and Saikia [4]
was introduced a concept of t-norms with respect to the Intuitionistic Fuzzy Submodule,
then he describes some properties. In other side, Rasuli [5] was introduced the concepts
and properties of intuitionistic fuzzy vector space with respect to t-norm and t-conorm.
In contrast to the results above, Sharma in his article [6] introduces a submodule of the
intuitionistic anti-fuzzy module. Sharma also discusses the concept of intuitionistic anti-
fuzzy modules and the properties it gives rise to. In [7] Sharma was discussed about
several properties in maps, pre-image, and anti-image in intuitionistic fuzzy module. A
function called t-norm is studied on statistical metric [8] and both of t-norm and its dual,
i.e. t-conorm is studied on probabilistic metric spaces [9]. Before many research in
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intuitionistic fuzzy sets related with algebra, there are also many research in fuzzy sets
related with algebra. Some of them are fuzzy modules over a t-norm by Rasuli in [10]
and anti-fuzzy submodule of a module by Sharma in [11]. Some properties about
homomorphism in group algebraic structure related by intuitionistic fuzzy was
discussed by Sharma in [12].

Motivated by the results of [3-12] in this article, we introduced some relatively
new concepts on intuitionistic anti fuzzy module with respect to t-norm and t-conorm
(IAFMTC) as opposite of intuitionistic fuzzy submodule related by t-norm and t-conorm.
This concept combines some concepts from the results mentioned above as the gap of
previous research. We investigate general properties on IAFMTC and properties with
respect to module homomorphism, maps, pre-image, and anti-image from intuitionistic
fuzzy sets. We give also some examples to illustrate the main results in this article.

METHODS

We make literature review from [3-12]. Then we construct a new structure named
intuitionistic anti fuzzy module t-norm and t-conorm by modifying definition
intuitionistic anti fuzzy module (IAFM) from [6] or intuitionistic fuzzy module w.r.t t-
norm and t-conorm (IFMTC) from [4]. We have modified definition of IAFM by change
minimum value with t-norm and maximum value using t-conorm. Also, we have
modified definition of IFMTC by change “less than or equal” sign with “greater than or
equal” sign.

RESULTS AND DISCUSSION

In this paper let R denotes commutative ring with unity 1. Definition of ring see [13] or
[14]. Now, this is definition of module over R.
Definition 1. [14]
Let R be a ring with identity 1. An abelian group M said to be a module over R (denoted
by R-module) if the map

“RXM->M

(r,m) »- (r,m) =rm

satisfying the four conditions:
(1) r(my+my) =rmy+rm,,
2) (n+rpm=rm+nrm,
(3) (mr)m =r(r;m),
(4) Im=m,

forall r,ry, 7, € Rand m,m;,m, € M.

For the future, module over a ring R will be denoted by R-module. For a submodule of a
module have simple criteria as defined as below.

Definition 2. [14]

Let M be a R-module and N be a non empty subset of M. N is said to be submodule of M
if two conditions below is satisfied:

(1) N isasubgroupof M,i.e.foralla,b € Nthena—b € N.

(2) Forallne Nandr € R,rn € N.
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The homomorphism maps on the module not much different on the other algebraic
structures. For instance, homomorphism in vector spaces (we called it by linear maps,
see [15]) is relatively similar with homomorphism maps in module. Now, definition of
homomorphism maps on the module given in Definition 3.

Definition 3. [14]

Let M and N be a R-module and f:M — N is a map. f is said to be R-module
homomorphism, if for all a,b € M and r € R satisfy two conditions as follows.

(1) fla+Db)=f(a)+f(D),

(2) f@a)=rf(a).

Homomorphism f is said an epimorphism if f surjective, monomorphism if f
injective, isomorphism if f bijective. If domain and codomain of a homomorphism f are
equal, then we said f endomorphism. We called f automorphisma, if f bijective and
endomorphism.

Zadeh have introduced fuzzy sets as follows.

Definition 4. [1]

Let X be non empty set. A fuzzy set A in X is characterized by a membership function p,
which associates each point in X with a real number in the interval [0,1]. In other words,
we say the fuzzy setsisaset A = {(x, Ua (x))|x € X} which p,: X - [0,1]. The value of uy,
at x, i.e. 4 (x) representing the degree of membership of x in A.

Atanassov [2] on 1986 have introduced the concept of intuitionistic fuzzy set as follows.
This concept is considered as generalization of fuzzy sets.

Definition 5. [2]

Let X be a non empty set. An intuitionistic fuzzy set (IFS) A in X is defined as an set of
the form A = {(x, uA(x),vA(x))|x € X} which p,(x) and v,(x) are the functions defined
by us:X - [0,1] and v,: X - [0,1], which 0 < py(x) + v4(x) <1 for every x € X. The
functions pu(x) and v,(x) define the degree of membership and degree of non-
membership respectively, for every x € X.

The definition of triangular norm was introduced on [8] in 1942. In the beginning,
triangular norm used in the study of probabilistic metric spaces. In [9], triangular norm
and triangular conorm was studied more at probabilistic metric spaces. In the following,
triangular norm and triangular conorm are defined as follows.

Definition 6. [4, 5]

Let T be a function which defined as T:[0,1] X [0,1] - [0,1]. T is said to be a triangular
norm (denoted by t-norm) if for all x, y, z € [0,1], four axioms are hold:

(1) Neutral element, ie. T(x,1) = x,

(2) Monotonicity, i.e.ify < zthen T(x,y) < T(x, 2),

(3) Commutativity, i.e. T(x,y) = T(y, x),

(4) Associativity, i.e. T(x, T(y, Z)) =T(T(x,vy),2).
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Definition 7. [4, 5]

Let C be a function which defined as C:[0,1] X [0,1] - [0,1]. T is said to be a triangular
conorm (denoted by t-conorm) if for all x, y, z € [0,1], four axioms are hold:

(1) Neutral element, i.e. C(x,0) = x,

(2) Monotonicity, i.e. if y < zthen C(x,y) < C(x, z),
(3) Commutativity, i.e. C(x,y) = C(y, x),
(4) Associativity, i.e. C(x, C(y, Z)) =C(C(x,y),2).

Example 1. [5]
The examples of t-norm and t-conorm is given as follows.
Table 1. The examples of t-norm and t-conorm

Name t-norm t-conorm

Standard
intersection/ . _ c
standard m(x,y) = min{x, y} m(x,y) = max{x, y}
union
Bounded sum T, (x,y) = max{0,x +y — 1} Cp(x,y) = min{1,x + y}
Algebraic
product/ T,(x,y) = xy Cpx,y) =x+y—xy
Algebraic sum

y ifx=1 y ifx=0
Drastic Tp(x,y) =1x ify=1 Cpx,y)=3x ify=0

0 otherwise 1 otherwise
Nilpotent
minimum/ min{x,y} ifx+y>1 max{x,y} ifx+y<1

3 T ) = ! C ] = ! .
Nilpotent e (%, ) { 0 otherwise e (5,3) { 1 otherwise
maximum
Hamacher 0 ifx=y=0 X+y
— X =

produ§t/ TuoCoy) =1 XY (therwise C, (6 Y) 1+4xy
Einstein sum X+y—xy

Definition 8. [5]

Let T be a t-norm and C be a t-conorm. T is said to be idempotent t-norm and C is said to
be idempotent t-conorm if for all x € [0,1] satisfy T(x,x) =x and C(x,x) =x
respectively.

In [6], there are several corollaries of t-norm and t-conorm as follows.

Corollary 1. [5]

Let T be a t-norm, then for all x € [0,1],
(1) T(,0)=0,

(2) T(0,0) = 0.

Ongky Denny Wijaya 210



The Properties of Intuitionistic Anti Fuzzy Module t-norm and t-conorm

Corollary 2. [5]

Let C be a t-conorm, then for all x € [0,1],
1) Cl,1 =1,

(2) €(0,0)=0.

Definition 9. [7]

Let X and Y are non empty sets, f: X - Y a maps, A = (uy,v4) and B = (ug,vg) are
intuitionistic fuzzy sets on X and Y respectively.

(1) Forall y €Y, intuitionistic fuzzy sets

£ = {(y 1y 0 oy ) |y € Y}
which

-1

tray(¥) = {xer;l‘al)((y) Hate) [0 #0
0 f7f) =0
and

: -1
vy (V) = {xer’p_llr}” e S O,
1 f7f») =0

is called by image of A by f.

(2) Forall x € X, intuitionistic fuzzy sets

FABYE) = (fp-2a) (), Vi) () )
which p-15)(x) = ,uB(f(x)) and ve-1(5(x) = vB(f(x)), is called by pre-image A

by f.
(3) Forall y €Y, intuitionistic fuzzy sets

F@ = {(v. 170 O vpn ) |y € Y}
which
min pa(x) fTHO) #0
2 = Jxef1(y)
i) { . 1) =0
and

max vu(x) fTr(y)#0
. = {x€f71(¥)
Vi) { 0 ) =0

is called by anti-image of A by f.

Intuitionistic fuzzy module has discussed before in [3] by Isaac and John on 2011.
Let M be a R-module and A = (uy4,Vv,) is intuitionistic fuzzy set on M, then A is called by
intuitionistic fuzzy module if satisfy six axioms, i.e. (1) us(0) =1, (2) palx+y) =
min{p, (x), ua(¥)}, (3)  malax) = ps(x), (4) va(0) =0, (5) wvalx+y) <
max{v,(x),v,(y)}, (6) v4(ax) < v,(x), forallx € M and a € R.

Intuitionistic anti fuzzy module (abbreviated by IAFM) was discussed by Sharma
in [6]. Intuitionistic anti fuzzy module obtained by modifying p,(0) = 1 by u4(0) =0,
min by max on second and fifth axiom, sign > by < and vice versa.

In this section, we introduce intuitionistic anti fuzzy module t-norm and t-
conorm (abbreviated by IAFMTC), the example, some corollaries, and the properties
related by module homomorphism, image, pre-image, and anti-image.
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Definition 10.

Let M be R-module and A = (uy,v,) be intuitionistic fuzzy set on M. A is called by
intuitionistic anti fuzzy module t-norm and t-conorm (denoted by A € IAFMTC(M)) if
six axioms below are holds:

(1) 1a(0) =0,

(2) ualx+y) < C(pax), ua),

(3)  malax) < pa(x),

(4) va(0) =1,

(5) valx +y) = T(va(x),va(),

(6) valax) =vu(x),

forallx,y € M and a € R.
In following, we give example of intuitionistic anti fuzzy module t-norm and t-
conorm.

Example 2.
LetY isasetY = {1,2}. The power set of Y is P(Y) = {(Z), {1},{2}, {1,2}}. It is easy to check
P(Y) form a ring under the operations @ (symmetric difference) and N (intersection).
Now, also easy to check that P(Y) is a P(Y)-module. If A = (u4, v,) is intuitionistic fuzzy
set on P(Y) which
pta:P(Y) - [0,1]
0 B=90
Bw u,(B) = {0.4 B = {1} or {2}
0.5 B = {1,2}
and
v P(Y) - [0,1]
1 B=0
B~ v,(B) = { 03 B={1}or{2}
0.25 B ={1,2}
then A is intuitionistic anti fuzzy module:
(a) bounded sum t-norm and bounded sum t-conorm.

(b) algebraic product t-norm and algebraic sum t-conorm.

Proof.
To prove it, we must check all conditions on Definition 10.

]
Corollary 3.
If M is R-module and A = (uy,v,) € IAFMTC(M) then py(—x) < pus(x) and v (—x) =
v,(x), forall x € M.

Proof.
Since M is R-module then for all x € M is satisfy —x € M. Based on axiom on Definition
10, we have py(a(—x)) = ps((—a)x) < pa(x) and vy(a(—x)) = vy((—a)x) = v, (x).
Now, choose a as multiplication identity on R, i.e. a = 1. We have py(—x) < u,(x) and
Va(—x) = vy(x).

]
Corollary 4.
If M is R-module and A = (uy,v,) € IAFMTC(M) then A(x) = A(—x), forall x € M.

Ongky Denny Wijaya 212



The Properties of Intuitionistic Anti Fuzzy Module t-norm and t-conorm

Proof.
We prove based on axiom on Definition 10. Consider that p,(—x) < u,(x) =

pa(—(=x)) S pa(=x) and v, (—x) = v4(x) = vo(—=(—=x)) = v4(—x). This imply
pa(—x) = pa(x) dan va(—x) = v4(x). Now, we have A(—x) = (pa(—x),v4(—x)) =
(HA(X)»VA(X)) = A(x).
|
Next, we give lemma about idempotent t-norm and t-conorm.

Lemma 1.
T is a idempotent t-norm if and only if T (x, y) = min{x, y} forall x, y € [0,1].

Proof.
(=) Take any x,y € [0,1]. If x <y then T(x,y) <T(x,1) =x =T(x,x) < T(x,y) such
that T(x,y) =x. If x>y then T(x,y) >T(y,y)=y=T(1,y) =2T(x,y) such that
T(x,y) = y. Therefore, we have T(x,y) = min{x, y}.
(&) Given that T(x,y) = min{x,y} for all x,y € [0,1]. Let x =y, we have T(x,x) =
min{x, x} = x. Therefore, min{x, y} is idempotent t-norm.

|
Lemma 2.
C is aidempotent t-norm if and only if C(x,y) = max{x, y}for all x,y € [0,1].

Proof.
(=) Take any x,y € [0,1]. If x = y then C(x,y) = C(x,0) = x = C(x,x) < C(x,y) such
that C(x,y) =x. If x <y then C(x,y) <C(y,y) =y =C(0,y) < C(x,y) such that
C(x,y) = y. Therefore, we have C(x,y) = max{x, y}.
(&) Given that C(x,y) = max{x,y} for all x,y € [0,1]. Let x =y, we have T(x,x) =
max{x, x} = x. Therefore, max{x, y} is idempotent t-conorm.

|
Corollary 5.
If M be a R-module, A = (uy,v,) € IAFMTC(M), T and C are idempotent t-norm and t-
conorm respectively then A = (uy,v4) € IAFM(M). (IAFM denote intuitionistic anti
fuzzy module in [6]).

Proof.
According to Lemma 1 and 2, if T and C are idempotent t-norm and t-conorm
respectively then T(x,y) = min{x,y} and C(x,y) = max{x,y} for all x,y € [0,1].
Therefore, A = (uy,v,) € IAFM(M).

]

Remark 1.
Every intuitionistic anti fuzzy module with respect to idempotent t-norm and
idempotent t-conorm is intuitionistic anti fuzzy module.

The next main result is about some properties with respect to intuitionistic anti
fuzzy module t-norm and t-conorm.

Theorem 1.
If M be a R-module, a is a unit on R, and A = (uu,v,) € IAFMTC(M) then u,(ax) =
Us(x) and vy(ax) = v4(x) forall x € M.
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Proof.
Take any x € M and let a is a unit on R. Since a is a unit, then there exist b € R such that
ab =ba =1. Consider that pu(ax) < p,(x) = ua(1x) = py((ab)x) = pa((ba)x) =
pa(b(ax)) < palax) and va(ax) = vu(x) = v,(1x) = v((ab)x) = vo((ba)x) =
vA(b(ax)) > v, (ax). Therefore, py(ax) = puy(x) and vy (ax) = v,(x) forall x € M.

[ |
Theorem 2.
Let M be a R-module, N is a submodule of M, and A = (u,,v,) with degree of
membership p, and degree of non membership v, which defined as

_ (1 ifxeN _ (1 ifxeN
“A(x)_{o iferNandvA(x)_{O ifx e N

IfA" = (,uAc, vA) is intuitionistic fuzzy set, where p,c: M — {0,1} is defined by
(1 ifxgN
Hac (%) = {0 ifx €N
then A" € IAFMTC(M).

Proof.
Take any x,y € M and a € R. The proof is divided into three cases as follows.
(1) Firstcase.Ifx,y € Nthenx +y € N and ax € N such that

(@ puc(0)=0.
(B) uclx+y)=0<0=C00)=C(pel) me®)).
() pyuclax) =0<0 = pyuc(x).
(d) v,(0) =1.
(€ valx+y)=1=1=T(11) = T(va(x),va(»)).
(0 vylax) =1=21=v,(x).
(2) Secondcase.lfx € Nandy € N thenx +y € N and ax € N such that
(@) u,c(0) = 0.
(0) acCe+7) =1 < 1= C(10) = € (1ye@nge @)
(0) pyelax) =1 <1 = pyec(x).
(d)va(0) = 1.
(e)vy(x+y)=0=20=T(0,1) = T(vA(x),vA(y)).
(f) vq4lax) =0=0 =v,(x).
(3) Third case.x,y € Nthenx+y & Norx +y € N and ax € N such that
(@) uyc(0) = 0.
(b) pac(x +) < 1= C(1,1) = € (pye (), rpe ().
() pyclax) =1<1 = p,c(x).
(d)v,(0) = 1.
(€) valx +¥) 2 0 =T(0,0) = T(v4(x),va()).
(0) valax) = 0= 0 = v, (x).

Therefore, based on three cases proof above, we conclude that A" € IAFMTC(M).

Ongky Denny Wijaya 214



The Properties of Intuitionistic Anti Fuzzy Module t-norm and t-conorm

Theorem 3.
Let M be a R-module, N is a non empty set of M, and A = (uu,Vv,) is an intuitionistic
fuzzy set which degree of membership py: N — [0,1] and degree of non membership
v,: N — [0,1] defined as
0 ifxeN 1 ifxeN

Ha(x) = {cl ifx &N and v, (x) = {cz ifx & N’
for0<c;<1,0<c¢;<1,and,0<c; +¢c; <1. A= (uyvy) € IAFMTC(M) if and only
if N is a submodule of M.

Proof.

(=) Take any x,y € M and a € R which means p,(x) = u4(y) = 0 and v4(x) = v,(y) =
1. Based on given u,(x) and v,(x), we have p4(0) = 0 and v,(0) = 1 imply 0 € N. Now,
consider that

palx —y) < C(ﬂA(x)»ﬂA(_y)) = C(MA(X)'HA(J’)) =((0,00=0
and
vulx—y) = T(VA(X):VA(—Y)) = T(VA(x)’VA(y)) =T(1,1) =1,
which mean x —y € N. Consider that py(ax) < pus(x) =0 and v,(ax) = vu(x) =1,
which mean ax € N. Based on Definition 2, N is a submodule of M.
(&) The proof of A = (uy,v,) € IAFMTC (M) directly from Definition 10 as follows. Take
any x,y € M and a € R.
(1) Obviously, 0 € N imply u4(0) = 0.
(2) The proofis divided into three cases as follows.
(@) IfxeNandy € Nthenx+y € N and puy(x) = puy(y) = 0. Thus,
palx +y) =0<0=C(0,0) = C(pa(x), a()).
(b) IfxeNandy € Nthenx+y & N, u,y(x) = 0,dan uy(y) = c;. Thus,
palx+y)=c; <c; =C(0,¢c;) = C(HA(X)'MA(Y))-
(c) Ifx¢gNandy&Nthenx+y€ENorx+y &N, us(x) =cq,and uy(y) = cy.
If x +y € N then
pa(x+y) =0=C(0,0) < Clcy, 1) = Cpalx), ua®).
Ifx +y & N then
pax +y) = c1 = C(cy, 0) < Cey, ¢1) = C(ua(x), a())-
(3) The proofis divided into two cases as follows.
(@) Ifx € Nthenpu,(x) = 0andax € N. Thus,
palax) =0 <0 = py(x).
(b) Ifx & Nthenu,(x) =c,andax € Norax ¢ N.If ax € N then
palax) =0 < ¢ = py(x).
If ax € N then
palax) = c; < ¢ = py(x).
(4) Obviously, 0 € N imply v,(0) = 1.
(5) The proofis divided into three cases as follows.
(a) IfxeNandy € Nthenx+y € Nandv,(x) =v,(y) = 1. Thus,
vlx+y) =1=1=T(1,1) = T(va(x),va(»)).
(b) IfxeNandy € Nthenx +y & N,v,(x) = 1,dan v4(y) = c,. Thus,

vax+ty)=c; 2c; =T(1,cp) = T(VA(x)'VA(y))-
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(c) Ifx¢gNandy € Nthenx+y € Norx+y & N,vu(x) =cy, and vy(y) = . If
x +y € N then
valx +y) =1 =T1L1) = T(cz ¢;) = T(va (), va())
If x +y & N then
Va(x +y) = c; = T(cz 1) = T(cz,65) = T(va(x), va()).
(6) The proofis divided into two cases as follows.
(a) Ifx € Nthenv,(x) =1andax € N. Thus,
v(ax) =1=21=v,(x).
(b) Ifx & Nthenv,(x) =c,andax € N orax & N.Ifax € N then
va(ax) =1 = ¢, = vy(x).
If ax € N then
va(ax) = ¢, = ¢, = vy(x).

Therefore, A = (uy,v,) € IAFMTC(M).

Theorem 4.

If M be a R-module and A = (uy,v,) € IAFMTC (M) then the set
N ={x € M|[A(x) = (0,1)}

is a submodule of M.

Proof.
Take any x,y € N and a € R. This means pu,(x) = us(y) =0 and v (x) = v4(y) = 1.
Now, we want to show N is a submodule of M as follows.
(1) Consider that
ua(x = ¥) < C(ua(x), ua(=y)) < C(ua(x), u4(y)) = €(0,0) = 0,
va(x = y) 2 T(va(), va(=y)) 2 T(va (), va () = T(1,1) = 1.
Now, we have p,(x —y) < 0 and v4(x — y) = 1 which means u,(x —y) = 0 and
Va(x —y) =1. Thus, A(x —y) = (,uA(x — ), Va(x — y)) = (0,1) which imply x —
y € N.
(2) Consider that uy(ax) < u,(x) = 0 and v,(ax) = v,(x) = 1 which py(ax) = 0 and
v4(ax) = 1 must hold. Thus, A(ax) = (u,(ax),v,(ax)) = (0,1), which implies ax €
N.

Therefore, N is a submodule of M.

|
Theorem 5.
Let M be a R-module and A = (uy,v,) € IAFMTC(M). If A(x —y) = (0,1) then A(x) =
A(y) forallx,y € M.

Proof.
Take any x,y € M. Given py(x —y) = 0 and v,(x —y) = 1. We will show u,(x) = us(y)
and v, (x) = v4(y) directly from axiom on the Definition 10. Consider that
pa(x) = psx —y+y) < C(#A(x - }’),.UA(}’)) = C(O'.UA()’)) = pua(y)
and
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1a() = maCx = x +3) = pa(x = (x =) < € (a0, a(—(x = )

= C(pa(), alx = ¥)) = C(ua(x),0) = pp(x).
Thus, we have p,(x) < us(y) and py(y) < pu(x) or equivalently py(x) = pyu(y). Now,
consider that
va(x) =va(x =y +y) 2 T(valx =), va() = T(Lva)) = va(y)
and
va() = val =2+ ) = va(x = (x =) 2 T (vaC0), va(=(x - )))
= T(va(x), va(x = ¥)) = T(va(x), 1) = v (x).
Thus, we have v,(x) <v,(y) and v,(y) <v4(x) or equivalently v,(x) = v (y).
Therefore,
A = (a0, v () = (14 (), va () = AW).
|
In the next theorem, we discuss about properties of intuitionistic anti fuzzy
module t-norm and t-conorm with respect to module homomorphism, image, pre-image,
and anti-image.

Theorem 6.

Let M and N be a R-module, a: M — N is R-module homomorphism, and B = (ug,vg) is
intuitionistic fuzzy set on N. If B = (ugvg) € IAFMTC(N) then a 1(B)=
(Ha-1(8) Va-1(5)) € IAFMTC(M).

Proof.

Let identity element of addition on M and N is denoted by 0,, and Oy respectively. Given
B = (ug,vp) € IAFMTC(N). We will prove a~1(B) € IAFMTC(M). Take any x;,x, € M
and a € R. Consider that

(1) .“a—l(B)(OM) = #B(Q(OM)) = up(Oy) = 0.
(2)  wg1py (X +x3) = .UB(a(x1 + xz)) = Up (“(x1) + a(xz)) <
€ (1s(a(x0)), 1p(@(x2)) ) = € (115 (X0), tgm1 () (62) ).
(3) ﬂa—l(B)(ax1) = #B(a(ax1)) = #B(aa(x1)) =< llB(a(x1)) = Ha~1(B) (x1)-
(4) Va—l(B)(OM) = VB(a(OM)) =vp(0y) = 1.
(5) vg-1zy(x1 +x2) = vg (“(x1 + xz)) =Vp (“(x1) + “(xz)) =
T (va(a(rn),va(a(x2))) = T (Vas () (1), Va1 (x2) ).
(6) Va—l(B)(ax1) = VB(a(axl)) =7Vp (aa(xl)) = Vp (“(M)) = Va—l(B)(x1)-

Therefore, a™*(B) = (Ug-1(5), Va-1(s)) € IAFMTC(M).

|
Theorem 7.
Let M and N be a R-module, a: M — N is R-module epimorphism, and A = (uu,v,) is
intuitionistic fuzzy set on M. If A = (uy,v,) € IAFMTC(M) then @(4) = (M&(A)»V&(A)) €
IAFMTC(N).
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Proof.

Take any y;,y, E N and a € R. Given a is R-module epimorphism, i.e. surjective
homomorphism, obviously a™*(y; + y,) # @. Let y; = a(x;) and y, = a(x,), for all
X1,X, € M. Consider that

(1) pawOn) = xeéf_l}f(lolv) ta(x) = pa(0y) = 0.

(2)  Haey 01 +¥2) = tawy(a () + a(x) = paw(al + 1)) =
ra(0) = pa (1 +25) < C(ualr), nalan)) =

min
x€a~(a(x;+x2))

¢ (an—l(.a( o Ha(x), H‘(i;‘(xz))“fl(x)> =C (ﬂa(A)(Of(xﬂ),Ma(A) (a(xz))) =

¢ (Maw 1), acay (yz)).

(3)  Haw (ay1) = paw (aa(x;)) = pawy(alax,)) = _1((1112 HA(X) = uylaxy) <
pa(xy) = an_r{l(in( 1)),“,4(95) = ﬂam)(“@ﬁ)) = Ua(a) (1)

(4) V&(A)(ON) = mag( Va(x) = v4(0y) = 1.

(5) Va:(A)(yl +y2) = v, (A)(a(xl) + a(xz)) = Vaa) (“(x1 + xz)) =
max Va(x) = valxg +x2) = T(VA(xl):VA(xZ)) =

x€a~1(alxq+x3))

T( max v4(x), max v,(x) > =T (va(A)(a(xl)),va(A) (a(xz))) =

xea‘l(a:(xl)) xea~1(a(xz))

(va(A) ), Va(a) (yZ))'

(6) Va(A)(aJ’1) = V&(A)(aa(xl)) = Va(a) (a(axl)) = xed}}%géx ))VA(x) =w(ax;) =
Va(xy) = an[r}&X(x ))VA(x) = Va(A)(a(x1)) = Va(A)(Y1)-

Therefore, @(4) = (Kacay Vaca)) € IAFMTC(N).

CONCLUSIONS

We have define the intuitionistic anti fuzzy module t-norm and t-conorm and investigate
their general properties and properties with respect to module homomorphism, maps,
pre-image, and anti-image from intuitionistic fuzzy sets. We give some example,
corollary, and the properties. Several properties which proved are IAFMTC with respect
to idempotent t-norm and t-conorm, IAFMTC with respect to characteristic function,
submodule of a module IAFMTC, module homomorphism, maps, pre-image, and anti-
image from intuitionistic fuzzy sets.
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