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1. Introduction

The concept of fuzzy sets was introduced by Lotfi A. Zadeh in 1965 [22]. Since then tht fuzzysets and fuzzy
logic have been applied in many real life problems in uncertain, ambiguous environment. The idea of
extending the concepts of fuzzy sets to algebra dates back to the introduction in 1971 by Rosenfeld of fuzzy
subgroups of a group [11]. Later several researchers have studied fuzzy modules and then Lopez-Permouth
and Malik introduced the category of R — fz modof fuzzy left R — modules over a ring R [21]. Ameri and
Zahedi defined the concept of fuzzy exact sequence in the category of fuzzy modules, and obtained some
results related to these notions [15]. Same researchers have previously introduced the category of fuzzy chain
complexes and determined fuzzy homology functor in the category. It was proved that this functor is invariant
with respect to fuzzy homotopy given in [14]. Molodtsov [10] initiated the concept of soft set theory as a new
mathematical tool for dealing with uncertainties. Later, work on the soft set theory is progressing rapidly. Maji
et al. [8,9] have published a detailed theoretical study on soft sets. After Molodtsov's work, some different
applications of soft sets were studied in [9]. H. Aktas and N. Cagman [2] has established a connection betwen
soft sets and fuzzy sets and they introduced soft groups. At the same time, they gave a definition of soft
groups, soft rings and derived their basic properties ([1,4,7]). Qiu-Mei Sun et al. [20] defined soft modules and
investigated their basic properties.

L. Jin-Liang [7] presented fuzzy soft sets and fuzzy soft groups. C. Gunduz and S. Bayramov [5] presented fuzzy
soft and intuitionistic fuzzy soft modules. Universal coefficient theorem in the category of fuzzy and
intuitionistic fuzzy modules proved in [13,19]. Naturally , we want to investigate whether or not the universal
coefficient theorems are satisfied in category of fuzzy chain complexes. However, in the proof of these
theorems in the category of chain complexes, exact sequence of homology modules of chain complexes is
used. Generally, sequence of fuzzy homology modules is not exact in fuzzy chain complexes. Therefore, in this
study, we construct exact sequence of fuzzy homology modules under some conditions. Universal coefficients
theorem is proven by making use of this idea.

2. Preminilaries
In this section, we recall necessary information commonly used in intuitionistic fuzzy soft module.

Definition 2.1. ([17]). Let X be an initial universe set and E be a set of parameters. A pair (F,E) is called a
soft set over X if only if F is a mapping from E into the set of all subsets of the set, X i.e, F:E — P(X),
whereP(X) is the power set of X.

In other words, the soft set is a parameterized family of subsets of the set X. Every set F(e), for every e€ E
may be considered as the set of €—elements of the soft set (F,E), or as the set of e€—approximate

elements of the soft set.

According to this manner, a soft set (F, E) is given as consisting of collection of approximations:
(F,E)={F(e): ecE}.

Definition 2.2 ([4, 11]). Let 1* denote the set of all fuzzy sets on X and Ac E. A pair (f,A) is called a
fuzzy soft set over X , where f isa mapping from A into 1. Thatis, foreach ac A, f(a)=f,: X —1,

is a fuzzy seton X .

Definition 2.3 ([4, 11]). Union of two fuzzy soft sets (f,A) and (g,B) over a common universe X is the
fuzzy soft set (h,C), where C=AUB and
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f(c), if ceA-B

h(c)=<g(c), if ceB-A , VceC
f(c)vg(c), if ce ANB

It is denoted as (f,A)U(g,B) = (h,C).

Definition 2.4 ([4, 11]). Intersection of two fuzzy soft sets (f,A) and (g,B) over a common universe X is
the fuzzy soft set (h,C), where C=A[1B and h(c)= f(c) Ag(c), VceC.

It is written as (f,A)((g,B) =(h,C).

Definition 2.5 ([4, 11]). If (f,A) and (g,B) are two soft sets, then (f,A) and (g,B) is denoted as
(f,A)A(g,B). (f,A)A(g,B) is defined as (h, Ax B) where h(a,b) = f (a) A g(b), ¥ (@b) € AxB

Now, let M be a left R—module, A be any nonemply set. F: A— P(M) refer to a set-valued function
and the pair (F, A) is a soft set over M .

Definition 2.6 ([20]). Let (F,A) be a soft set over M . (F, A) is said to be a soft module over M if and
only if F(X)<M forall xe A.

Definition 2.7 ([20]). Let (F,A) and (G,B) be two soft modules over M and N respectively. Then
(F,A)x(G,B)=(H, AxB) is defined as H(X,y) = F(X) xG(y) for all (x,y) e AxB

Proposition 2.8 ([20]). Let (F,A) and (G,B) be two soft modules over M and N respectively. Then
(F,A) x (G, B) is soft module over M x N .

Definition 2.9 ([20]). Let (F,A) and (G,B) be two soft modules over M and N respectively,
f:M —>N, g:A— B be two functions. Then we say that (f, Q) is a soft homomorphism if the following
conditions are satisfied:

(1) f isahomomorphism from M onto N,
(2) g is a mapping from A onto B, and
3) f(F(x))=G(g(x)) forall xe A.

Definition 2.10 ([11)). Let (F, A) be a fuzzy soft set over M . Then (F, A) is said to be a fuzzy soft module
over M iff foreach a € A, F(a) is a fuzzy submodule of M

Definition 2.11. Let p, be a right fuzzy A - module and let vz be a left fuzzy A-module. Given a fuzzy
projective presentation

f g _

6_’H0R - Ho, = Ha— O

Of p, , we define
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F— Torg/\ (pave) =ker(f=F® T: (ny ® V)R®,\ B- (ko ® V)r®/\B)'

Thus, the fuzzy sequence

&

_ 1 fe1 _
0> F—Torg" (na,vg)— (1 ® rg, B (Mo & V)pg,s) (M@ V)agas) — 0.

is exact.
3.Chain complexes of fuzzy soft modules.
Let be for vn € Z (F,, A)- is fuzzy soft module over module M,, and
(0n, 14): (Ey, A) = (Fy_1,A) is homomorphism of fuzzy soft modules.
Definition 3.1. If foralla € A
{My, Fo(@) , 0n: (My, Fy(@)) > (M-, Fp—1 (@)}

is a chain complexes of fuzzy modules, then the following sequence is said to be a chain complex of fuzzy soft
modules

{( FnﬂA)'(an' ([A):(Fn:A) - (Fn—lA)} (1)

Definition 3.2. If the condition Jm0n = kerd,_, is satisfied at the chain complex
{M,,,E,(a),0,: (M, E,(a)) » (M,,_;, F,_1(a)}, then the sequence (1) is said to be an exact sequence of fuzzy
soft modules.

Now, let us define morphisms of the chain complexes of fuzzy soft modules.

Definition 3.3. Let {(E, 4),0,},{(G,, B),d;,} be chain complexes of soft modules over {M,} and {N,},
respectively, {f,: M, — N,}, be homomorphism of modules and g:A - B is a mapping of sets. If the
following diagram is commutative, for each a € A

My, Fy(@)) 2 (M_sy, Fo_s ()
f fn—l

(Ny, Gn(g(a)) T (Np—1, Gy (a)))

then ({f,.,}, 9): {(E, 4),0,,} - {(G,, B), 35} is said to be morphism of chain complexes of fuzzy soft modules.

Chain complexes of fuzzy soft modules and morphisms of their forms a category. This category is
denoted by CCSM.

Definition 3.4. Let ({¢,,}, 9): ({¥.}, 9): {(E, A), 3,} = {(G,, B), 3;,} be morphisms of chain complex of fuzzy soft
modules and let D = {(D,, g9): (E,, A) = (G,+1, B)} be a family of homomorphisms of fuzzy soft modules. If the
equation @, — Y, =D,_1 00, +0,,,1° D, is satisfied, then the family of homomorphisms of modules
D ={(D,,,9): M;, > Ny 41}nez is said to be a chain homotopy morphisms, ({¢,.}, 9), {¥}, g) is said to be a
chain homotopy morphisms and denoted by ({¢,}, 9)~({¥n}, 9)-

Teorem 3.5. Chain homotopy relation in the category of fuzzy soft modules is a equivalence relation and is
invariant according to composition.
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Proof. Primarily, we show that chain homotopy relation is an equivalence relation.
1) Let (o, 9) = (oo}, 9):{(E,, A), 8,3} = {(G, B), 0;,} be an arbitrary morphism. If D,, = 0 then
®n — @n = 0. That is (¢, g)~ (@, 9)
2) Let (¢, g) with (1, g) be a chain homotopy. That is,
Dy 00y + 0nsq © Dy = @ =Py,
if D,— — D, in this case
D10y + 0p41Dn = =Dy _10p — 0741 Dp = =(, Dn10p + 0541 Dp) = —(@n — P)
and then (¢, g) whit (¥, g) is a chain homotopy.

3. Let (¢, g) with (1, g) and (), g) with (y, g) be a chain homotopy. We want to show that (¢, g) with (y,g) is
a chain homotopy. If (¢, g) with (y, g) is a chain homotopy

3AD, => D,_10, + 041Dy, = Y, — v, If (¥, g) with (¥, g) is a chain homotopy,

3D, => Dy_10, + a1’1+1 Dy =Y — Vn.

Let define the homomorphism D) as D} =D, + D,
Dy0y + 0Dy =

(Dn_y +Djy_1)0n + 0541 (D, +Dp) =

Dy10n + Dpy_10y + 051Dy + 041Dy =

Dy 10y + 0p41Dn + Dpy0p + 0pyaDn =
(@n = Yn) +(Wn —vn) =

(@n = ¥n)
Now, we show the invariance of composition.
{pon}, 9)~{hon}, 9): {(Fn, A), 0,3 = {(Gp, B), 0p3] => D10y + 0541 D = @on — Yon
({1}, D~{(Y10}, B): [{(Gr, B), On} = {(Po, €), 053] => D10, +0741 D = 10 — Y1

n+1

For ({91, 1) © ({9on}, @), (10, 1) © ((Yon}, 9): [{(Fry A), 003 = {(B,, €), 03] to be a chain homotopy we have
to define a homomorphism in following the form

Dy, w): [{(Fy, A), 0n} = {(Hy, €), 053], Dyl = Dp_1(@on-1)
Dy—1(@on-1,9)0n + 0541 Dy (Qon, 9) =
D},—1(07.(@on 9)) + 0541 D5 (@0, 9) =
(Dp-10" + 0541 D0) (@on, 9) =

(@1n W) (@ons 9) =10, B) (@on, )
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Now, we show that ({t1,.},h) e {pon}, g) with ({1}, ) e ((Yon}, g) are chain homotopy. We are look at
(Y1n+1,h) © Dy: Fy(@) = Ppyy (h(g(a))).

(WY1n, W) Dy 10, + a1’1,+1(l»b1n+1' h)D, = (wln' h)D,_,0, + (wln' h)a;z+1Dn =(Dp-10p + 0p41Dy) (lpln' h) =
(((pOn' g) - (lp0n' 9))(¢1n' h) = ((pOnv g)(lpln' h) - (1p0n: g) (wln: h)

Then (qDOn' g)o(lpln' h) With (wln' g)o(¢0n: h)

is a chain homotopy. Hence, from the two equalities, ({¢1,}, ©)°{@on}, 9) With ({1}, W)°({Won}, g) is a chain
homotopy.

Let (F,A) = {(F, A), d,} be a chain complex of fuzzy soft modules over {M,,}. We obtain the homology module
H,(My, E, (@) = (kerd, / Imd,.1, F,(a) for the chain complex {(M,, F,(@)),8n: (My, Fy(@)) > (My_q, Fr_q(a))}
and Va € A. Here E,(a) degree function of quotient fuzzy modules in M, module. If the exist an one-to-one
and covered connection with every submodule of quotient module of M,, and submodule of M,,we can think
the module H,(M,, F,(a)) as a fuzzy submodule of M,,. Thus H,,(F,, —): A - P(M,,) is a fuzzy soft module.

Definition 3.6. Fuzzy soft module H, (¥, A) is said to be n-dimensional homology fuzzy soft module of chain
complexes of fuzzy soft modules {(F,, 4), 3,,}.

Now, we show that homology fuzzy soft module is functor. Let (¢ = ({p,}, 9): {(F,, A), 0,,} = {(G,, B), 05}
be morphisms of chain complexes of fuzzy soft modules. Since {¢,: (M, F,(a)) = Ny, G,(g(a))} is morphism
of chain complexes of fuzzy modules for all a € A, mapping ¢,.: H,(F,a) - H,(G, g(a)), defined by ¢,.[x] =
[, (x)] for all [x] € H,,(F,a), is a homomorphism of fuzzy modules, and the following diagram is commutative

Hp(Fp,—)
A—— P(My)

gl l

B —— P(N,
Hn(Gn,—) (V)

Then (@n., 9): Hy(Fy, =), A) = (H,(G,, —), B) is homomorphism of fuzzy soft modules.

Theorem 3.7. The corresponding (F,A) — H,(F,A), {¢,}, g9) = (¢,). is a covariant functor from category
CCSM to the category FSM.

Theorem 3.8. Homology functor of chain complexes of fuzzy soft modules is invariant according to chain
homotopy. That is, if {@,}~{,}: {(E, A4),0,} = {(G,,B),0,} then ¢, = V,, = H,(F,A) > H,(G,A)

Proof. Since {¢,} with {i,,} is a chain homotopy for all a € 4, then

AD,,: (F,, A) = (G441, B) such that the equation

D, _10, + 0541D, = @, — Yy, is satisfied.

Now, we show that ¢,, = ¥,.: H,(F,A) - H,(G,A) is satisfied. For Va € A and
V[z] =z + Imd,,, € H,(M,, F,(a)) we want to show that

Oni(Z + IM0Opi1) = Pp(z2 + IMOpyq).
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Thatis @, (z + M 0p41) = @p(2) +IM 3 4y
We show that

1pn*(z +Im an+1) = 1pn(t) +Im a\n+1

Since z € kerd,,, and from the equation

Dy,_,0, (Z) + 041 Dn(z) = a\n+1(Dn(z)) = (Pn(Z) - 1»[}n(z)

=a=¢,(2) —YPn(2) ITbED(z) 0y (b)=a
= A€ J;n0 41
= ¢n(2) = Yp(2)€/n0'n11
[0n(2)] = 9n(2) + ;0 ns1

[lpn(z)] = lpn(z) +]ma\n+1

Let (F", A) is fuzzy soft module over M and (F, A) is fuzzy soft module over M~
Definition 3.9 If for each aeA sequence of fuzzy modules
0~ (M, F (@) S (M, F(@) ™S (M, F (@) - 0
is short exact, then the sequence
0- (F,A) > (F,A) - (F,A) -0
of fuzzy soft modules is said short exact sequence
Definition 3.10 If for each aeA sequence of fuzzy modules
0- (M,F(a)) > (M,F(a)~> M ,F (a)) -0
is splitting short exact sequence then
0- (F,A) > (F,A) - (F,A) -0
is called splitting short exact sequence of fuzzy soft modules.

Teorem 3.11. /f the sequence 0 - (E, ,A) - (E, A) > (F, 4) >0 (2)

is short exact sequence of fuzzy soft chain complexes, then the following sequence of fuzzy soft homology

modules
o0 “ .
w e Hy 1 (F,A) « Hy(F, ,A) « Hy(E, A) « Hp(F,A) ...

is exact.

Proof: Firstly, we prove that the sequence of homology modules of chain complexes is exact and

homomorphism is fuzzy homomorphism. Since the homomorphism
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0.n: Hy(My, By (@) ) = Hp_y(Mj,_1, Fy_1(a@)) is not homomorphism of fuzzy modules. Sequence of fuzzy
homology modules (3) is not generally exact. Since fuzzy short exact sequence (2) is fuzzy splitting, there exist

fuzzy homomorphisms
Jnt (B, A) > (B, A),qy + (Fy, A) > (B, A),Vn € Z
such as
Jnotn = (Lgpm ) Piotn =1 apin®nti@nobn =14 4

then

dp =jp-1° Opopy: (Fn“ 'A) i (Frlz—lﬂA) Vnez

is a fuzzy soft homomorphism of fuzzy soft modules, and the family

CIn ={d,: (F,,4) - (F,A)}

is fuzzy soft homomorphism of fuzzy soft chain complexes having a degree of " -1".

homomorphisms  d,, = {d,: (F,”,A) - (E,’,A)}, the following
in—2(0"n-1dy) = (in-20"n-1) Jn-1 Onn =
On-1(in-1 Jn-1)0nqn = 0n_1(in-1 = Gn-1Pn-1)0qn =
On—-10ndn = On—1Gn-1 Pn—1 0ndn = —0n_1qn-1 Pn-10nGn =
~On-1Gn-1(Pn-1 0n)4n = ~Op_10n-1 0 Pl =
—On-1qn-10"n lon = =0n_1qp-10" "y =
~(in=3 Jn-2 + Gn-z Pn-2)On-1Gn-10, =
—ln—2(Jn-20n-19n-1)0"n — dn-2 Pn-2 0n-1)qn-10n =
—lin-2(dn-1 0"n) = Gn-2 0" n—g (Pno1 qn-1)0"n =

_in(dn—l a“n )

"

Indeed, for the

imply that 8 ,,_,d,, = d,,_, 9, is satisfied since i,_, is a monomorphism, that is , the family {d,,} is a morphism
of chain complexes [2] since d,: (F, ,A) = (F,_;" ,A) is a fuzzy soft homomorphism , d,: (E, ,A) - (F, ,A) is

fuzzy homomorphism of fuzzy chain complexes
For each [z]eH,(c")

0.n(2) = [in—l_1 °d °jn_1(z)] = [Jn-1°10n © qn(2)] = [d,(2)] = d,.(2),

These 9,:H,(M,,F (a)) » H,_1(M,",F (a)) is a fuzzy homomorphism of fuzzy modules. Therefore, the

sequence (2) is exact.

Proposition 3.12. For each split fuzzy soft short exact sequence of fuzzy soft modules
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0> EHNSPHE Q-0
over M , and each fuzzy soft module (G, B) over N the sequence
0-(FA)® (G,B) > (P,A)® (G,B) - (@A) ® (G,B) > 0
is fuzzy split short exact sequence.
Proof: In order to prove proposition, it is enough to demonstrate that the fuzzy soft homomorphism
a®1 has a left inverse. The fuzzy soft homomorphism @ has a left i‘nverse a. Hence the fuzzy
homomorphism @ ® 1 s the left inverse of the fuzzy soft homomorphism @ & 1 . Since tensor product
in category of fuzzy soft modules is a functor for each fuzzy chain complex
(%, A) = {(F, A),d,} and each fuzzy soft (G, B) over module N the family
(F, A) ® (6,B) > {(F, A) ® (G, B), 3, @ 1(¢ )}
Is a fuzzy soft chain complexes of fuzzy soft modules?

Definition 3.13. Fuzzy soft homology module H, ((F,A4) ® (G, B) is called homology module with coefficient
(G, B) of fuzzy chain complex and is represented by

H, ((F,4);(G,B)) .
From proposition 2.11, for each split short exact sequence of fuzzy chain complexs
0->(F,A) > FAH->FLA)-0
and each fuzzy soft module (G, B) , the sequence
0~ (F,A)®(GB) -~ (F,AQG,B - (F ,A)®G,B) -0

is a split fuzzy soft short exact sequence. Then by using Theorem 2.9, we can easily prove the following
theorem.

Teorem 3.14. For each split short exact sequence of fuzzy soft chain complex
0->F,AH->FA->FLA)-0
and each fuzzy module (G, B) , the sequence of fuzzy soft homology modules.
v e Hyy (P, 4): (G, B)) « Ho(F 7,4 (G, B)) « Hy((F,4); (G, B)) < Ho((F,,C); (G, B)) « -
is exact and functorial.

Let (F,A) ={(F, A),0,} be fuzzy soft chain complexes and (G, B) be fuzzy soft module. We can show that
the homomorphism of fuzzy soft module

(pn:Hn(T:A) ® (G' B) - Hn((:F:A)' (G! B)); for eaCh ae A!b € B (pn([z]:g) = [Z ® g]
is a fuzzy homomorphism.

Foreach [z]® geH,(C) QG
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((Fa(@) ® (6() (121 ® ) =V ((Fa(@)) x (G(B)) V (2], 9) ==V (@ geizivg ( Fa(@)z A (G, B)g)
(Fa(2)) ® (G(D))(pulz] ® 9) = ((Fu(a)) ® (G(b)) =
Vir g)erzeg ((Fa(@)z A (G(B)g)
Itisa[z] ® g c [z® g], then
((F(@) ® (6(1)))([2] ® 9) < (Fo(a)) ® (G(0)))((#nl2] ® 9))
and @, is a fuzzy homomorphism
Let R be a principial ideal domain and R be a commutative ring [15, 17]

Teorem 3.15. If (F,A) is a free fuzzy soft chain complex and (G, B) is a fuzzy soft module then there is a
functorial fuzzy short exact sequence

0 - H,((F,A) ® (G,b) ﬂl H, ((F,A); (G,B) » FS —Tor(H,,_,((F,A),(G,B)) » 0
and this sequence a split.
Proof. Let for V aeA
Z(My, Fy(@)) = {Ker 0, < (Mp, F,(a))
B(Mp41,Fpi1(a) = {Im 0, © (My, Fy(a))

be the subcomplex of (F,A). The operator “0” is boundary operator of these subcomplexes. Since R is a
principial ideal domain, both Z(M,, F,(a)) and B(M,, F,,(a)are free fuzzy chain complexes and there is a
fuzzy short exact sequence.

@ B
0- Z(Mn' Fn(a)) - (Mn: Fn(a)) - B(Mn+1:Fn+1(a)) -0 (4)
where the fuzzy homomorphisms

(2% ((Fn'Z(C)) - (F.Cn) r,gn: ((Fy, A) » (F,, B(n—l)(en))
are induced from the homomorphisms

an(2) =z, Bn(c) = 3,(c) for each n € Z. Since {B(Mp11, Fni1(a))} is a free fuzzy soft chain complex, the short
exact sequence (4) is split. Hence from theorem 3.11, the following fuzzy soft exact sequence is obtain

I Hn(Z(Mn; Fn(a)) ; (G, B)) - Hn((Mn; Fn(a)) ; (G, B)) d Hn(B((Mn+1, Fn+1(a)) ; (G, B))
- Hy_1(Z(My_1, Fyp_1(@)) 5 (G, B)) = - )

Since the fuzzy soft chain complex (B(M,, Fy+1(a) have trivial boundary operators, the boundary operators
of fuzzy soft chain complexes (Z(M,, F,(a)) & (G,B) and (B(M+1Fn+1(a) ® (G, B) are trivial too. Therefore,
we have

Hn(Z(Mn' Fn(a)) H (G,B)) - Hn((Mn: Fn(a)) & (G,B)
Hn(B((Mn: Fn(a)) ;(G,B)) - Hn(B(Mn—l'Fn—l(a)) ® (G,B))

hence the fuzzy soft exact sequence (5) turns into the fuzzy soft exact sequence
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oo (B(Moy1 Fas (@) ® (G, B) 2222 (7 (M, Fy(a)) ® (G, B)

- H, (Mn' (Fn (a)); @, B))

- (B(My,F(2)) ® (G.B)m Z(My_1,Fp_1(a) ® (G,B) > - (6)

Where  j,: (B(Mp41,Fni1(a)) = Z(M,, F,(a)) is fuzzy soft embedding homomorphism. From sequence (6) we
obtain the following fuzzy soft short exact sequence

0 > coker (o ® 15 = Ha (My, (Fy (@)); (6, B)) > ker(ju-y ® gy 2 0 (7)
Now, let us consider fuzzy soft short exact sequence of fuzzy modules
0= B(Mp11, Fos1(@) = (My, Fy(a)) = Ho(My, (@) - 0
Since Z(M,, F,(a))is a fuzzy soft free module, there is the following fuzzy soft exact sequence

0~ FS = TorHy(Mn, Fy(@)) 5 (6, B)) = B(Mps1, Fs1 (@) ® (G,B)) == Hy (Mo Fu(@)) ® (G, B))
-0 ®

From the sequence (8)
coker (ju ® 1(gm) = Hy (Mn, (Fy (@))) ® (G, B) = Hy(My, Fo(@)) ® (G, B)

ker (j, ® 1)) = FS — Tor(M,, F,(a)); (G, B)

Substituting these with (7), the fuzzy soft short exact sequence
0 - H,((F,A) ® (G,b) ﬁl H, ((F,A); (G,B) » FS —Tor(H,,_,((F,A),(G,B)) » 0
Can be obtained.

If 7:(F A - (F',A) is a fuzzy soft morphism of fuzzy soft chain complexes, the following commutative
diagram.

0- H,(F,4) ® (G,b) » H,((F,A); (G,B) > FS —Tor(H,_1((¥,4),(G,B)) = 0 .81 5

(t®1( 5))- l T x1p) l l

0- H,((F',A4)® (G, b) > H,((F',A); (G,B) » FS —Tor(H,_,((F',A),(G,B)) » 0

is obtained, since the fact that the operations H,, @, FS —Tor are functors. There fore it is proved that
fuzzy soft short exact sequence in the theorem in functorial.

References
1. U.Acar, F. Koyuncu, and B. Tanay, Soft sets and soft rings, Comput. Math. Appl. 59 (2010) 3458-3463.
2. H. Aktas and N. Cagman, Soft sets and soft group, Inform. Sci. 177 (2007) 2726-2735.

3. S.A. Bayramov, Fuzzy and fuzzy soft structures in algebras, Lambert Academic Publishing, 2012.

7903



4. F.Feng, Y.B.Jun and X. Zhao, Soft semirings, Comput. Math. Appl. 56 (2008) 2621-2628.
5. C. Gunduz (Aras) and S. Bayramov, Fuzzy soft modules, Int. Math. Forum 6(11) (2011) 517-527.

6. C. Gunduz (Aras), S.A. Bayramov, Intuitionistic fuzzy soft modules, Computers and Mathematics with
Application, 62 (2011) 2480-2486.

7. L. Jin-liang, Y. Rui-xia and Y. Bing-xue, Fuzzy soft sets and fuzzy soft groups, Chinese Control and Decision
Conference (2008) 2626-2629.

8. P.K. Maji, AR. Roy and R. Bismas, Fuzzy soft set, The Journal of Fuzzy Mathematics 9 (2001) 589-602.

9. P.K. Maji, AR. Roy and R. Bismas, An application of soft sets in a decision making problem, Comput. Math.
Appl. 44 (2002) 1077-1083.

10. D. Molodtsov, Soft set theory-first results, Comput. Math. Appl. 37 (1999) 19-31.
11. A. Rosenfeld, Fuzzy groups, J. Math. Anal. Appl. 35 (1971) 512-517.

12. AR. Roy and P.K. Maji, A fuzzy soft set theoretic approach to decision making problems, J. Comput. Appl.
Math. 203 (2007) 412-418.

13. Sadi Bayramov, Cigdem Gunduz (Aras) . The Universal Coefficient Theorem for Fuzzy Homology Modules,
Fuzzy sets, Rough Sets and multivalued oper. and Appl. (2011), No1, 41-50

14. R. Ameri, M.M. Zahedi, “Fuzzy Chain Complex and Fuzzy Homotopy", Fuzzy Sets and Systems, 112 (2000),
287 - 297.

15. M.M. Zahedi, R. Ameri "Fuzzy Exact Sequence in Category of Fuzzy Modules”, J. Fuzzy Math. ,3(1) (1995),
181-190

16. Taha Yasin Ozturk, Sadi Bayramov. Category of chain complexes of soft Modules International
mathematical forum 7. 2012, No 40, 981-992

17. E. Spanier, "Algebraic Topology” McGRANE, New York, 1995.

18. S.E. Abdullayev, Sadi Bayramov, Inverse system in the category of intuitionistic fuzzy soft
modules. Journal of Advances in Mathematics 18.03.2018, 7486-7502

19. C. Gunduz Aras, B.Davvaz, The Universal coefficient theorem of intuitionistic fuzzy modules, Utilitas
Mathematica 81, pp 131-156 (2010)

20. Qiu-Mei Sun, Zi-Liong Zhang and Jing Liu, Soft sets and soft modules, Lecture Notes in Comput. Sci. 5009
(2008) 403-409.

21. S.R. Lopez-Permouth, D.S. Malik, On Categories of Fuzzy Modules, Information Sciences,72, (1993), 65-82

22. L.AZadeh, Fuzzy sets, Inform.&Control, 8(1965),338-353.

7904



