ON INJECTIVE L-MODULES

PAUL ISAAC

Received 30 June 2004 and in revised form 18 November 2004

The concepts of free modules, projective modules, injective modules, and the like form
an important area in module theory. The notion of free fuzzy modules was introduced
by Muganda as an extension of free modules in the fuzzy context. Zahedi and Ameri
introduced the concept of projective and injective L-modules. In this paper, we give an
alternate definition for injective L-modules and prove that a direct sum of L-modules is
injective if and only if each L-module in the sum is injective. Also we prove that if J is an

injective module and p is an injective L-submodule of J, and if 0 — y ERNEA n—0isa
short exact sequence of L-modules, then v ~ y & 1.

1. Introduction

Though the notion of a fuzzy set was introduced by L. A. Zadeh in 1965, its application
to algebraic concepts started only in 1971 when A. Rosenfeld introduced fuzzy subgroups
of a group. Tremendous and rapid growth of fuzzy algebraic concepts resulted in a vast
literature. The book of Mordeson and Malik [7] gives an account of all these up to 1998.
The notion of L-modules as an extension of classical module theory is available in this
book. However, there are many concepts in abstract algebra which are to be analyzed
in the fuzzy context. The notion of free fuzzy modules was introduced by Muganda [8]
as an extension of free modules in the fuzzy context. The concept of a free L-module is
available in [7]. Zahedi and Ameri [9] introduced the concepts of fuzzy projective and
injective modules.

In our earlier paper [5], we introduced an alternate definition for a projective L-
module and proved some related results. In this paper, in Section 2, we give the essential
preliminaries and in Section 3, we give an alternate definition for an injective L-module
and prove some results using this definition. Throughout this paper, unless otherwise
stated, L(V, A,1,0) represents a complete Brouwerian lattice with maximal element “1”
and minimal element “0;” R a ring with unity “1” and M a left module over R. “v” de-
notes the supremum and “A” the infimum in L. We call L a regular lattice if a A b > 0 for
all a,b >0 in L. “<” denotes the inclusion and “C” the proper inclusion. The set of all
L-subsets of M, that is, the set of all functions from M to L, is denoted by M,
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For x € M, a € L, the L-subset which takes the value a at x and 0 elsewhere is denoted
by ayy;. That is,

a ify=x,
a{x}()/)=<|0 if;%x (1.1)

2. Preliminaries

In this section, we review some definitions and results which will be used later. For details,
reference may be made to Mordeson and Malik [7], for preliminaries regarding lattices
Birkhoff [1], and for theory of modules, Goodearl and Warfield [2] and Hungerford [3].

Definition 2.1 (see [7]). For y,v € LM, define y+ v and —p as follows.
Forx € M,

(p+v)(x)=Vviuy) Avz): y,ze€M, y+z=x}, (=) (x) = u(—x). (2.1)

Also for an arbitrary family y; € LM, i € I, of L-subsets of M, define

zy,-(x)=v{/\1y,-(xi):x,~eM, iel, Zx,-=x}, (2.2)
iel 1€

iel

where in the expression x = > ;;x;, at most finitely many x;’s are not equal to 0.

Definition 2.2 (see [7]). For u € LM, define the following:
(1) ux = {x € M : u(x) >0}, called the support of y,
(ii) for a € L, py = {x € M : u(x) = a}, called the a-cut or a-level subset of y, and
Us = {x € M : pu(x) > a}, called the strict a-cut or strict a-level subset of p.

Definition 2.3 (see [7]). Let f be a mapping from X into Y, and let 4 € L* and v € LY.
The L-subsets f(u) € LY and f~1(v) € L%, defined by, forall y € Y,

. _ -1
f(y)(y):{v{u(x).xeX,f(x) b # ¢ (2.3)

0 otherwise,
and forall x € X,
() =v(f(x)), (2.4)

are called, respectively, the image of y under f and the preimage of v under f.

Definition 2.4 (see [7]). Let u € L. Then u is said to be an L-submodule of M if
(i) u(0) =1,
(ii) p(x+y) = pu(x) Au(y) forallx,y € M,
(iif) u(rx) = p(x) forall r € R, for all x € M.
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Saying u is a left L-module means that y is an L-submodule of some left module M
over a ring R. The set of all L-submodules of M is denoted by L(M).

Remark 2.5. We note from [7] that if y,n € L(M), then y+n € L(M). Also if y; € L(M),
i€l then X ;c;ui € L(M). From [6], we see that y € L(M) if and only if i, is an R-module
foralla € L.

Definition 2.6 (see [7]). Let M and N be R-modules and let y € L(M) and v € L(N). An
isomorphism f of M onto N is called a weak isomorphism of y into v if f(u) € ». If f
is a weak isomorphism of y into v, then say that y is weakly isomorphic to v and write
U= .

An isomorphism f of M onto N is called an isomorphism of y onto v if f(u) = v. If f
is an isomorphism of y onto v, then say that y is isomorphic to v and write g = .

Definition 2.7 (see [4]). Let A;, i € Z, be R-modules and let y; € L(A;). Suppose that
fie1 fi fir1 fir2

- == Aj.; = A;=—Aj;; — --- is an exact sequence of R-modules. Then the se-
quence - - - S, Ui-1 5 Ui S, Uil B2 . of L-modules is said to be exact if, for all

ie Z, the set of integers,

i fz+1((flz) < [/‘zﬂa
(11 filpi-1)(x) >0 if x € Ker fiy; and fi(pi—1)(x) = 0if x & Ker fii1.
Definition 2.8 (see [4]). Let0 — A L B £ C — 0beashort exact sequence of R-modules.
Letu € L(A), n € L(B), and v € L(C). Then an exact sequence of L-modules of the form

0—u .. n %,y — 0 s called a short exact sequence of L-modules.

Definition 2.9 (see [4]). Let

A B C
N
A I B : C

be two isomorphic short exact sequences of R-modules with the given isomorphisms ¢,
y,and&. Lety € L(A),ve L(B),n € L(C), 4’ € L(A"),v € L(B'),and n’ € L(C") be such
that

0 U v n 0, (2.6)

0 74 y' n 0 (2.7)

are short exact sequences of L-modules. Then the sequence (2.6) is said to be weakly
isomorphic to the sequence (2.7) if p(u) < u', w(v) v, and &(y) =

The sequence (2.6) is said to be isomorphic to the sequence (2.7) if p(u) = ', y(v) =
v,and &(n) =4’
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Definition 2.10 (see [7]). Let y,n,v € L(M). Then y is said to be the direct sum of # and
v if
Dp=n+»
(ii) n Ny = L.
In this case, write g = 7 & .

Definition 2.11 (see [4]). Let A and B be two R-modules, y € L(A), # € L(B). Consider

the direct sum A & B. Extend the definition of gy and 7 to A ® Bto get 4’ and " in L(A & B)
as follows:

ifb=0,
i.e, u'(a,b) = {g(a) ifb L0 for (a,b) € A® B,

o ulx) ifxeA,
”(x)_{o ifx ¢ A,

ifxc B, ifa=0,
q'(x)={’7(x) e i.e.,q'(a,b)={”(b) =0 (@b cAsB.

0 ifx & B, 0 ifa#0,
(2.8)
Then y'," € L(A ® B). Moreover
1 ifx=0,
’ m ! — ! ! — 2.9
W 0n')(x) = (x) Ay (x) 10 fx L0 (2.9)

Therefore p’ +#" is in fact a direct sum and is denoted by y & #.

Remark 2.12. Note that

(uen)(a,b)
= +1)(a,b)
= V{[l,(al,bl) A 1’],((12,172) : (al,bl), (az,bz) € A®B; (al,bl) + (az,bz) = (a,b)}

=u'(a,0) Ay’ (0,b) = u(a) A 5(b).
(2.10)

Definition 2.13 (see [7]). Let y,u; € L(M), for all i € I, then y is said to be the direct sum
of {pi i €I}, denoted by @<y pis if

(1) = 2icr thi>

(ii) pj N Zia,{j}yi =1y forall j el

3. Injective L-modules

The concept of free fuzzy modules was introduced by Muganda [8], which is later gener-
alized to that of free L-modules (cf. [7]). Zahedi and Ameri [9] introduced the concepts
of fuzzy projective and injective modules. In this section, we give an alternate definition
for injective L-modules and prove that a direct sum of L-modules is injective if and only
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if each summand in the sum is injective. Also we prove that if 4 € L(J) is an injective L-

module, and if 0 — y ERVEA n — 0 is a short exact sequence of L-modules, then v ~ y & #.

Definition 3.1. Let ] be an injective R-module and let 4 € L(J). Then y is said to be an
injective L-module if for R-modules A, B, and # € L(A), v € L(B), g any monomorphism
from A to B such that g(n) = v on g(A), and f: A — J any R-module homomorphism
such that f() = p on f(A), there exists an R-module homomorphism 4 : B — J such
that hg = f and h(v) < p.

From the crisp module theory, it is known that an R-module J is injective if and only
if every short exact sequence 0 — J Lpitc-o splits so that B = ] @ C. An analogous
result exists in the case of L-modules.

To prove this we need the following theorem.

THEOREM 3.2 (see [4]). Let 0 — A, 1, B2 A, — 0 be a short exact sequence of R-modules

and let uy € L(A1), u» € L(A,), n € L(B) be such that 0 — u, L n s p2 — 0 is a short
exact sequence of L-modules. If there exists an R-module homomorphism k : B — A, with
kf = I4,, the identity map on A,, such that k(1) < w1, then the given short exact sequence
0— R n L8 p2 — 0 is weakly isomorphic to the short exact sequence 0 — p; LR @y =
pa — 0. In particular 1 = p, & ps.

TaEOREM 3.3. Let ] be an injective module and y € L(]) an injective L-module. If 0 — J ..
B % C— 0isashort exact sequence of R-modules and v € L(B) and n € L(C) are such that

0—u ERVEA n — 0 is a short exact sequence of L-modules where f(u) = v on f(]), then v is
weakly isomorphic to y @ n. Thatis, v=u&m.

Proof. Since ] is injective, it is well known that any short exact sequence 0 — J R B%
C — 0 splits and B = ] @ C, and the sequence 0 — | LB&c-ois isomorphic to 0 —
JLJeCZ C— 0. Now since p € L(J) is an injective L-module, and since f(y) = v on
f(J), from the definition, we get h(v) < u. Thus there exists a homomorphism h: B — ]
such that hf = Iy and h(v) < p. Then, by the above theorem, 0 — y LRVEA n — 0 is weakly
isomorphic to 0 — u - @y = 5 — 0, in particular v = y @ 1. O

In the crisp theory, we have the theorem that a direct sum of modules is injective if
and only if each summand is injective. The same is true in the fuzzy case.

THEOREM 3.4. Let Qq, a € I be injective R-modules and po € L(Qq), o € I. Then @ ycg pha €
L(@ac; Qu) is injective if and only if pq is injective for all o € I.

Proof. As we have already mentioned, the module @ ,c; Q, is injective if and only if Q,
is injective for all « € I. Let iy : Qq = @Pye; Qu and 71, : Pyer Qu — Qq be, respectively,
the canonical injection and projection. Obviously P ,c;pa € L(4c; Qo) and suppose
Pucrta 1s an injective L-submodule of @ c; Qa. We prove that p, is injective for all
a € I.Let A, Bbe R-modules, € L(A), v € L(B), g any monomorphism from A to B such
thatg(y) = vong(A). For o € I'if f, : A — Qg is any R-module homomorphism such that
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fa() = po on fo(A), then we have to show that there exists an R-module homomorphism
hy : B — Qq such that hyg = f, and hy(v) S pa,

0 A B
he
PN
Q. (3.1)
D Q.

Let @,c; Qu be injective. Consider iyfy : A = @ue; Qq. First of all, we show that
(ia fo) (1) = Daer pha 0N (ig fo) (A).

We have (iq fo) (1) € L(Bacr Qu), and if x = D xq € (iafu)(A) € Docr Qo where x, €
Qu (a € 1), then x = (iy fy)(a) for some a € A. That is, x = i,(fy(a)) where fy(a) € Qq.
Then

(iafa) () (x) = Vin(a'):a" € A; (iafa)(a')
=vin(a@):a €A; (infa)(a)

x}
(iafo) (@) }

3.2
:V{ﬂ(a,):a,EA; i(x(ftx(a,)) :ioc(fa(a))} ( )
=v{n(a):a €A; fu(a') = fu(a)}.
Also
@ya(x) = \/{ Aba(Xa) 1 X0 € Quy a €3 x = qu}
acl acl
= pa(fa(a))  (since the supremum is attained for the direct sum (3.3)

decompositionx =0+0+---+0+ fo(a)+0+---+0)

= fa(n)(fa(@)) = vin(a'):a" € A; fula') = fu(a)}.

From (3.2) and (3.3), we get (ix fo)(17)(x) = D yerpa(x) for all x € (iq fo)(A).

Now since @ ,c; o is injective, we get that iy fo : A — @Dyer Qo has an extension k : B—
Duer Qq satisfying kg = iy fo and k(v) S Dyer fa- Take by = mok. Then hy : B — Qq is an
extension of f, : A — Q satisfying h,g = f,. It remains to prove that s, (v) S yq.

We have k(v) € @ ,cj pha- Therefore

e (k) < na<@ya). (3.4)

acl
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Now for x, € Qq ( € 1),

(@)oo

= V{ Dualy):y € P Qus maly) = xa} (3.5)

acl acl

= pa(xy)  (since the supremum is attained for y = (0,...,0,X4,0,...,0)).

Thus 7(Pacs pa) = Ha» and so from (3.4), we get (m,k)(v) S pg. That is, ha(v) S py as
required.
Conversely, suppose that yi, is injective for all « € I. We prove that @ ,c; pq s injective,

0

(3.6)

D Qu

Since Q, is injective for all « € I, we have that @,c; Q, is injective. Let A, B be R-modules,
n € L(A), v € L(B), g any monomorphism from A to B such that g() = v on g(A), and
suppose that f: A — @,c; Qq is a module homomorphism satisfying f(#) = @ 4e; pa
on f(A). Since f(n) = @ucrfta o0 f(A), we get that (T f)(1) = M Dcr pa) = e ON
(714 f)(A). This together with the fact that each y, is injective imply that each 7, f : A —
Qq admits an extension k, : B — Qq such that 7, f = ksg. These homomorphisms kg
give k: B — @,er Qq such that muk = ky and for each x € A, (m.k)(g(x)) = ko(g(x)) =
(714 f)(x) for all « € I. Therefore k(g(x)) = f(x) for all x € A. Therefore k is an extension
of f such that kg = f and also k4(v) S . Now

ka(7) € pto = (k) (V) € pto = 710 (k) < pta = 710 ( D - (3.7)

acl
Since this is true for every a € I, it follows that k(v) € @ < pta- This completes the proof.
O
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