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Abstract. We introduce and study the concepts of weak m-injective and weak n-flat
modules in terms of super finitely presented modules whose projective dimension is at
most n, which generalize the n-FP-injective and n-flat modules. We show that the class
of all weak n-injective R-modules is injectively resolving, whereas that of weak n-flat
right R-modules is projectively resolving and the class of weak n-injective (or weak n-flat)
modules together with its left (or right) orthogonal class forms a hereditary (or perfect
hereditary) cotorsion theory.
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1. INTRODUCTION

Throughout this paper, R denotes an associative ring with identity and an
R-module will always mean a left R-module unless stated otherwise. For any
R-module N, pdpN denotes the projective dimension of N. Denote by R-Mod
(or Mod-R), the category of left (or right) R-modules and we use M to denote the
character module Homy (M, Q/7Z).

In 1970s, Stenstrom in [9] extended the injective modules to FP-injective modules
and characterized coherent rings in terms of FP-injective modules. In 2002, Lee in [7]
introduced and studied the notions of n-flat and n-FP-injective (or n-absolutely pure)
modules. Further, Yang and Liu [10] studied these modules well and gave some nice
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characterizations of n-coherent rings in terms of n-flat and n-FP-injective modules.
Recently in [6], Gao et al. introduced and studied the notions of weak injective
and weak flat modules, which are generalizations of FP-injective and flat modules,
respectively. Inspired by the above works, we introduce and study the notions of weak
n-injective and weak n-flat modules, which are generalizations of n-FP-injective and
n-flat modules, respectively. This paper is organized as follows.

In Section 2, we present some known definitions and terminologies in order to use
them in the following sections.

In Section 3, we investigate some homological properties of weak injective and
weak flat modules. Further, we prove that the class of all weak injective R-modules
is injectively resolving, whereas that of weak flat right R-modules is projectively
resolving, and we show that the class of all weak injective (or weak flat) modules
together with its left (or right) orthogonal class forms a hereditary (or perfect hered-
itary) cotorsion theory.

In the last section, we introduce and study the notions of weak n-injective and
weak n-flat modules, which are the generalizations of n-FP-injective and n-flat
modules, respectively. We see that the principal results on weak injective and weak
flat modules remain true for weak n-injective and weak n-flat modules. Further, we
show that the class of all weak n-injective (or weak n-flat) left (or right) R-modules
is closed under direct sums, direct products, direct limits, pure submodules and it
is an injectively (or a projectively) resolving class.

2. PRELIMINARIES

In this section, we first recall some known definitions and terminologies which will
be needed in the sequel.

Let C be a class of R-modules in R-Mod. By a left orthogonal class of C (denoted
by +C) we mean the class of all R-modules F' such that Ext!'(F,C) = 0 for every
C € C and by a right orthogonal class of C (denoted by C) we mean the class of
all R-modules F such that Ext'(C,F) = 0 for every C € C. A pair of classes of
R-modules (F,C) is called a cotorsion theory if F+ = C and 1C = F. A cotorsion
theory (F,C) is said to be complete if for every R-module A there is an exact sequence
0—C—F — A— 0Osuchthat F € F and C € C. A cotorsion theory (F,C) is said
to be hereditary if the following statement holds: if 0 - F' — F — F” — 0 is exact
with F, F" € F, then F' € F.

Let C be a class of R-modules in R-Mod. We say that C is projectively resolving
if it contains all projective modules and for any short exact sequence 0 - A — B —
C — 0 with C € C, the conditions A € C and B € C are equivalent. Also we say
that C is injectively resolving if it contains all injective R-modules and for any short
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exact sequence 0 > A - B — C — 0 with A € C, the conditions B € C and C € C
are equivalent.

Recall that an R-module M is called FP-injective if Extp(N, M) = 0 for every
finitely presented R-module N.

Definition 2.1 ([7]). Let n be a nonnegative integer. An R-module M is called
n-FP-injective if Extp(N, M) = 0 for every finitely presented R-module N with
pdpN < n. Aright R-module M is called n-flat if Torf (M, N) = 0 for every finitely
presented left R-module N with pdzN < n.

Definition 2.2 ([5]). An R-module M is said to be super finitely presented if
there exists an exact sequence of R-modules

=P, ... P —>F—>M-=0,

where each P; is finitely generated and projective.

Remark 2.1. (See [1].) Note that every super finitely presented R-module is
finitely presented but the converse is not true in general. Also, every finitely pre-
sented R-module is super finitely presented if and only if R is a coherent ring.

Definition 2.3 ([8], Definition 6.3.1). A cotorsion pair (A, B) in an Abelian
category C is said to be cogenerated by a set of objects S C A if B =S+ .

Theorem 2.1 ([8], Theorem 6.3.8, (Eklof and Trlifaj Theorem)). Let (A, B) be a
cotorsion pair in a Grothendieck categoty C with (functorially) enough projectives.
If (A, B) is cogenerated by a set S C A , then (A, B) is (functorially) right complete.

3. WEAK INJECTIVE AND WEAK FLAT MODULES

In this section, we investigate some homological properties of weak injective and
weak flat modules, and we show that the class of all weak injective (or weak flat)
modules together with its left (or right) orthogonal class forms a hereditary (or per-
fect hereditary) cotorsion theory.

Definition 3.1 ([6]). An R-module M is called weak injective if ExthL(N, M) = 0
for every super finitely presented R-module N. A right R-module M is called weak
flat if Torf (M, N) = 0 for every super finitely presented R-module N.

Remark 3.1 ([6]).
(1) It is clear that every FP-injective left R-module is weak injective and every flat
right R-module is weak flat. Further, over a left coherent ring R, the class of all
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weak injective modules coincides with that of FP-injective modules as well as the
class of all weak flat right R-modules coincides with that of flat right R-modules.

(2) Note that the class of all weak injective R-modules is closed under direct limits
by [6], Proposition 2.6. The fact that the class of all weak flat right R-modules
is closed under direct limits follows from the standard isomorphism:

Tory' (lim M;, N)  lim Tor{'(M;, N)

for any left R-module .

The following results have been obtained from [4], Proposition 2.6.

Proposition 3.1. Let 0 — M; — My — M3 — 0 be an exact sequence of
R-modules. Then the following hold.
(1) If M, and M, are weak injective, then My is weak injective.
(2) If M, and M3 are weak injective, then My is weak injective.

Proposition 3.2. The class of all weak injective R-modules is injectively resolving
and closed under direct summands.

Proof. Since every FP-injective R-module is weak injective by Remark 3.1, the
class of all weak injective modules contains all injective R-modules. Hence, the class
of all weak injective R-modules is injectively resolving by Proposition 3.1 and it is
closed under direct summands by the additivity of the bifunctor Extf(-,-). (]

The following results have been obtained from [4], Proposition 2.6.

Proposition 3.3. Let 0 — M; — My — Ms — 0 be an exact sequence of right
R-modules. Then the following hold.
(1) If Ms and Ms are weak flat, then so is Mj.
(2) If My and Ms are weak flat, then so is Ms.

Proposition 3.4. The class of all weak flat right R-modules is projectively re-
solving and closed under direct summands.

Proof. Since every flat right R-module is weak flat by Remark 3.1, the class of all
weak flat right R-modules is projectively resolving by Proposition 3.3. On the other
hand, it is closed under direct summands by the additivity of the bifunctor Tor{*(-,-).

O
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We denote by WF (or WI) the class of all weak flat (or weak injective) right
(or left) R-modules.

Proposition 3.5. The following statements are equivalent for any ring R.
(1) Every weak flat right R-module is flat.
(2) Every cotorsion right R-module belongs to WF L
(3) Every weak injective left R-module is FP-injective.
(4) Every finitely presented left R-module belongs to ~WZ.

Proof. (1) & (2) Suppose every weak flat right R-module is flat. Let C be
a cotorsion right R-module. Then Ext'(F,C) = 0 for all F € F, where F is the
class of all flat right R-modules, and hence Extl(F ,C) =0 for all F € WF. Thus,
C e WFL. Conversely, we suppose that F+ C WF L. Notice that the last inclusion
is an equality since F C W.F.

(1) = (3) Let M be any weak injective left R-module. Then M™T is weak flat
by [6], Proposition 2.10, and so M* is flat by (1). On the other hand, for any
finitely presented R-module IV, there is an exact sequence

Tori'(M™,N) — Extp(N, M)t =0

by [2], Lemma 2.7 (1). Thus, Extp(N, M) = 0 and hence M is FP-injective.

(3) = (1) is clear from the notion of orthogonal classes.

(3) & (4) We denote the class of all FP-injective left R-modules by FP. If
WI C FP, then we obtain that every finitely presented R-module is in “WZ. Con-
versely, if every finitely presented R-module belongs to “WZ, then by the definition
of FP-injective R-module, we deduce that WZ C FP. O

Proposition 3.6. The following statements hold for any ring R.
(1) If M is a weak injective R-module and A is any pure submodule of M, then
M/ A is weak injective.
(2) If M is a weak flat right R-module and A is any pure submodule of M, then
M/A is weak flat.

Proof. (1) Since the class of weak injective modules is closed under pure quo-
tients, the result can be obtained from [6], Proposition 2.9(2) and [4], Proposi-
tion 2.6 (1).

(2) is trivial. O

Theorem 3.1. The following statements are true for any ring R.
(1) (*WZI,WZI) is a hereditary cotorsion theory.
(2) WF,WF*) is a perfect hereditary cotorsion theory.
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Proof. (1) It follows directly from the definition of cotorsion theory and the fact
that WZ is the right orthogonal class of the super finitely presented modules.

(2) Let Card(R) < Ng and F € WF. Then we can write I’ as a union of
a continuous chain (Fy)a<x of pure submodules of F' such that Card(Fp) < Ng
and Card(Fo41/F,) < Ng whenever « + 1 < A If N is an R-module such
that Ext'(Fo, N) = 0 and Ext'(F.;i/F.,N) = 0 whenever o + 1 < A, then
Ext'(F, N) = 0 by [3], Theorem 7.3.4. Since F, is a pure submodule of F' for any
a < A, we have F,, € WF by [6], Proposition 2.9. Further, F,, is a pure submodule
of Foq1 whenever a + 1 < A, and so Foy1/F, € WF by Proposition 3.6. Let X
be a set of representatives of all modules C € WF with Card(C) < Ng. Then
X1+ =wWFL. Hence, (WF, W}'J‘) is a cotorsion theory and it is cogenerated by the
set X; see Definition 2.3. Therefore, by Theorem 2.1, (W.F, W}"L) is a complete co-
torsion theory. Since W.F is closed under direct limits by Remark 3.1, the cotorsion
pair W.JF, WF™) is perfect by [3], Theorem 7.2.6. On the other hand, (WF, WF™ )
is hereditary by Proposition 3.3. O

4. WEAK n-INJECTIVE AND WEAK N-FLAT MODULES

In this section, we introduce the notions of weak n-injective and weak n-flat mod-
ules, which are generalizations of n-FP-injective and n-flat modules. We see that
the principal results on weak injective and weak flat modules remain true for weak
n-injective and weak n-flat modules.

Definition 4.1. Let n be a nonnegative integer. An R-module M is called weak
n-injective if Extp(N, M) = 0 for any super finitely presented R-module N with
pdpN < n. A right R-module M is called weak n-flat if Tor?(M, N) = 0 for any
super finitely presented R-module N with pdzN < n.

Remark 4.1.

(1) Because every super finitely presented R-module whose projective dimension at
most n is a finitely presented R-module with projective dimension at most n,
every n-FP-injective (or n-flat right) R-module is weak n-injective (weak n-flat).

(2) Over a left coherent ring R, the class of all super finitely presented R-modules
coincides with that of finitely presented R-modules and so the class of all
weak n-injective (or weak n-flat right) R-modules coincides with that of
n-FP-injective (or n-flat right) R-modules.

From the definitions of weak n-injective and weak n-flat modules, we immediately
get the following proposition.
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Proposition 4.1. Let R be any ring and {M;};c; be any family of R-modules.
Then the following statements hold:
(1) [IM; is weak n-injective if and only if each M; is weak n-injective.
(2) @ M; is a weak n-flat right R-module if and only if each M; is a weak n-flat
right R-module.
(3) @ M; is weak n-injective if and only if each M; is weak n-injective.

Proof. (1) and (2) follows from the standard isomorphisms

Extl, (N, I1 Mi) =~ [] Exth(N,M;) and Torf (@ M;, N) ~ (B Torf (M;, N),

respectively.
(3) Since the isomorphism

Extl, (N, D Mi) =~ (D Exth(N, M;)
is true for every finitely presented R-module IV, the result follows. O

Proposition 4.2. Let n be a nonnegative integer and R be any ring. Then:
(1) The class of all weak n-injective R-modules is closed under direct limits.
(2) The class of all weak n-flat R-modules is closed under direct limits.

Proof. (1) Let {M;};er be a family of weak n-injective R-modules and N be any
super finitely presented R-module. Then by [6], Lemma 2.4, we have the following
isomorphism:

Extp (N, lim M;) 2 lim Extj, (N, M;).
Since M; is weak n-injective for every i, we have Ext}%(N ,M;) = 0 for all super
finitely presented R-modules N with pdzN < n. Hence, {M;}ics is closed under
direct limits.

(2) It follows from the isomorphism

Tory' (lim M;, N)  lim Tor{'(M;, N)
for any family of right R-modules M; and any left R-module N. O

The relationship between weak n-injective and weak n-flat modules is the

following;:

Proposition 4.3. A right R-module M is weak n-flat if and only if M is a weak
n-injective left R-module.

Proof. It follows from the standard isomorphism Ext (N, MT) = Torf(M, N)*t
for any left R-module . O
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Proposition 4.4. Let R be any ring. Then the following statements hold:
(1) The class of all weak n-injective R-modules is closed under pure submodules.
(2) The class of all weak n-flat right R-modules is closed under pure submodules.

Proof. (1) Let M be a weak n-injective R-module and M; be any pure submod-
ule of M. Then there exists a short exact sequence

0—)M1—>M—>M/M1—)0,
which induces the exact sequence:
Hompg (N, M) — Homg(N, M/M;) — Exth(N, M;) — 0

for any super finitely presented R-module N with pdz N < n. Since M; is a pure
submodule of M, we have the following exact sequence:

Hompg(N, M) — Hompg (N, M/M;) — 0.

Hence, Ext(N, M;) = 0 and hence M, is weak n-injective.
(2) Let A be any pure submodule of a weak n-flat right R-module M. Then there
exists a pure exact sequence

0—-A—- M- M/A—D0,
which induces a split exact sequence
0— (M/A)T - Mt — AT = 0.

By Proposition 4.3, M is a weak n-injective R-module. Since A™ is isomorphic to
a direct summand of M ™, AT is weak n-injective by Proposition 4.1 (2). Therefore,
A is weak n-flat by Proposition 4.3. O

Proposition 4.5. An R-module M is weak n-injective if and only if M+ is a weak
n-flat right R-module.

Proof. The proof is similar to that of [6], Theorem 2.10. O

Proposition 4.6.

(1) An R-module M is weak n-injective if and only if M is weak n-injective.
(2) A right R-module M is weak n-flat if and only if M is weak n-flat.

Proof. It follows from Propositions 4.3 and 4.5. (]

In [7], Theorem 5, it is proved that the direct product of n-flat right R-modules
is n-flat if and only if R is a left n-coherent ring. Over an arbitrary ring R, we have
the following proposition for weak n-flat right R-modules.
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Proposition 4.7. Let R be any ring. Then the following statements hold:
(1) Any direct product of weak n-flat right R-modules is weak n-flat.
(2) Any direct product of copies of R is a weak n-flat right R-module.

Proof. The proof is similar to that of [6], Theorem 2.13. O

Proposition 4.8. Let R be any ring. Then every right R-module has a weak
n-flat preenvelope.

Proof. Let M be any right R-module. By [3], Lemma 5.3.12, there is an infinite
cardinal R, such that for any R-homomorphism f: M — L with L weak n-flat, there
is a pure submodule K of L such that Card(K) < X, and f(M) C K. Since K is
weak n-flat by Proposition 4.4, M has a weak n-flat preenvelope by Proposition 6.2.1
of [3] and Proposition 4.7. O

Proposition 4.9. The following statements are equivalent for a ring R.

1) R is weak n-injective as a left R-module.

2) Every right R-module has a monic weak n-flat preenvelope.

3) Every injective right R-module is weak n-flat.
)

4) Every flat left R-module is weak n-injective.

(
(
(
(

Proof. (1) = (2) Let M be a right R-module. By Proposition 4.8, M has
a weak n-flat preenvelope f: M — L. Since (rR)™ is a cogenerator in the category
of right R-modules, there is an exact sequence 0 — M — [[(gR)". Since rR
is weak n-injective left R-module by assumption, we have that (rpR)" is a weak
n-flat right R-module by Proposition 4.5. It follows that [[(gR)" is weak n-flat by
Proposition 4.6. Thus, f is monic and hence M has a monic weak n-flat preenvelope.

(2) = (3) Let I be any injective right R-module. By (2), there exists an exact
sequence 0 - I — F — N — 0, where I — F is a weak n-flat preenvelope with F’
weak n-flat. Since I is injective, the short exact sequence splits and hence I is a direct
summand of F'. Therefore, I is weak n-flat by Proposition 4.1.

(3) = (4) Let M be a flat left R-module. Then M is an injective right R-module.
Thus M is weak n-flat by hypothesis. This implies that M is weak n-injective by
Proposition 4.5.

(4) = (1) Since gR is flat, gR is weak n-injective by hypothesis. O

Proposition 4.10.
(1) An R-module M is weak n-injective if and only if Ext's(N, M) =0 for all i > 1
and for any super finitely presented R-module N with pdpN < n.
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(2) A right R-module M is weak n-flat if and only if Tor®(M,N) = 0 for all i > 1
and for any super finitely presented R-module N with pdpN < n.

Proof. The proof is similar to that of [6], Proposition 3.1. O

The following proposition is a direct consequence of Proposition 4.10.

Proposition 4.11. Let 0 — M; — My — M3 — 0 be an exact sequence of
R-modules. Then the following statements hold.
(1) If M, and M, are weak n-injective, then Ms is weak n-injective.
(2) If M, and M3 are weak n-injective, then My is weak n-injective.

Proposition 4.12. The class of all weak n-injective R-modules is injectively re-
solving and closed under direct summands.

Proof. If we denote by A the class of super finitely presented modules with
projective dimension at most n, then we have that WZ,,, the class of weak n-injective
R-modules, is equal to

At .= {N € R-Mod: Ext‘(A,N) =0 for every A € A and every i > 0}.

Such orthogonal classes are always injectively resolving and closed under direct sum-
mands. U

Proposition 4.13. Let 0 — M; — My — M3 — 0 be an exact sequence of right
R-modules. Then the following statements hold.
(1) If My and Ms are weak n-flat, then so is M.
(2) If My and Ms are weak n-flat, then so is Mo.

Proof. (1) Suppose 0 — M; — My — M3 — 0 is an exact sequence of right
R-modules. Then for any left R-module N we have the following long exact sequence:

... = Tor®(Ms, N) — Torl* (M, N) — Tor?(M,, N) — Torf(Ms, N) — ...

Since My and Mj are weak n-flat right R-modules, by Proposition 4.10 (2), we
have that Torf(Mg,N) =0= Torf(Mg,N) for any ¢ > 1 and any super finitely
presented R-module N with pdz N < n. This implies that Tor{ (M;, N) = 0 for
any super finitely presented R-module N with pdp N < n. Therefore, M is a weak
n-flat R-module.

(2) is trivial. O

Proposition 4.14. The class of all weak n-flat right R-modules is projectively
resolving and closed under direct summands.
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Proof. Since every flat right R-module is weak n-flat by Remark 4.1, the class
of weak n-flat right R-modules is projectively resolving by Proposition 4.13. On
the other hand, it is closed under direct summands by the additivity of the bifunc-
tor Torf(-,-). O

We denote by WF,, (or WZ,,) the class of all weak n-flat (or weak n-injective)
right (or left) R-modules. Recall from [3] that an R-module M is called cotorsion if
Ext!(F, M) = 0 for all flat R-modules F.

Proposition 4.15. The following statements are equivalent for any ring R.
1) Every weak n-flat right R-module is flat.

3) Every weak n-injective left R-module is FP-injective.

(

(2) Every cotorsion right R-module belongs to WF TLL

(

(4) Every finitely presented left R-module belongs to *WZ,,.

Proof. The proof is similar to that of Proposition 3.5. (]

Proposition 4.16. The following statements hold for any ring R.
(1) If M is a weak n-injective R-module and A is any pure submodule of M, then
M/A is weak n-injective.
(2) If M is a weak n-flat right R-module and A is any pure submodule of M, then
M/A is weak n-flat.

Proof. The proof is similar to that of Proposition 3.6. (I

In [10], Theorem 2.1, it is proved that the class of all n-FP-injective modules
(or n-flat modules) together with its left (or right) orthogonal class forms a complete
cotorsion (or perfect cotorsion) theory. For the classes of weak n-injective and weak
n-flat modules we have the following theorem.

Theorem 4.1. The following statements hold for any ring R.
(1) (*WZ,,WTI,) is a hereditary cotorsion theory.
(2) (WF,,WF;) is a perfect hereditary cotorsion theory.

Proof. (1) It is clear that WZ,, € (*WZ,)*. Now let X € (*WZ,)* and N
be any super finitely presented R-module with pdzN < n. Then N € *WZ,,. This
gives that Ext}%(N, X) =0, and hence X € WZ,,. Thus, (*WZ,,,WI,) is a cotorsion
theory. On the other hand, consider the short exact sequence

0—+A—B—-C—0

with B and C in “WZ,,. Then for any R-module M we have the following long exact
sequence:

... = BxtR(C, M) — Exth(B, M) — Exth(A, M) — Ext%(C, M) — ....
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Since Extir(C,M) = 0 = Ext%(B, M) for all i > 1 and for all weak n-injective
R-modules M by Proposition 4.10, we have Ext(A, M) = 0 for all weak n-injective
R-modules M. This gives that A € ‘“WTZ,. Therefore, the cotorsion pair
(*WZ,,,WI,) is hereditary.

(2) The proof is similar to that of Theorem 3.1 (2). O

Proposition 4.17. The following conditions are equivalent:

(1) every left R-module is weak n-injective;

(2) every cotorsion left R-module is weak n-injective;
(3) every right R-module is weak n-flat;

(4) every cotorsion right R-module is weak n-flat;

(5) every right R-module in WF - is injective;

(6) every left R-module in *WZ,, is projective.

Proof. (1) = (2) and (3) = (4) are obvious.

(2) = (3) Let M be any right R-module. Then M ™ is a cotorsion left R-module
by [3], Lemma 5.3.23. Thus, M " is weak n-injective by (2). Therefore, M is weak
n-flat by Proposition 4.3.

(4) = (1) Let M be a left R-module. Then M™ is a cotorsion right R-module
by [3], Lemma 5.3.23 and so M T is weak n-flat by (4). Hence, M is weak n-injective
by Proposition 4.5.

(3) © (5) and (1) < (6) follow from Theorem 4.1 O

Acknowledgements. The authors would like to thank the referee for the helpful
suggestions and valuable comments.

References

[1] D. Bravo, J. Gillespie, M. Hovey: The stable module category of a general ring. Available
at https://arxiv.org/abs/1405.5768 (2014), 38 pages.

[2] J. Chen, N.Ding: On n-coherent rings. Commun. Algebra 24 (1996), 3211-3216. IMR]
[3] E. E. Enochs, O. M. G. Jenda: Relative Homological Algebra. De Gruyter Expositions in

Mathematics 30. Walter De Gruyter, Berlin, 2000. MR
[4] Z. Gao, Z. Huang: Weak injective covers and dimension of modules. Acta Math. Hung.

147 (2015), 135-157. MR
[5] Z. Gao, F. Wang: All Gorenstein hereditary rings are coherent. J. Algebra Appl. 13

(2014), Article ID 1350140, 5 pages. IMR]
[6] Z. Gao, F. Wang: Weak injective and weak flat modules. Commun. Algebra 43 (2015),

3857-3868. MR
[7] S.B. Lee: n-coherent rings. Commun. Algebra 30 (2002), 1119-1126. MR

[8] M. A. Pérez: Introduction to Abelian Model Structures and Gorenstein Homological
Dimensions. Monographs and Research Notes in Mathematics. CRC Press, Boca Raton,

2016. MR

924


https://zbmath.org/?q=an:0877.16010
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1402554
http://dx.doi.org/10.1080/00927879608825742
https://zbmath.org/?q=an:0952.13001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1753146
http://dx.doi.org/10.1515/9783110803662
https://zbmath.org/?q=an:1363.18011
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3391518
http://dx.doi.org/10.1007/s10474-015-0540-7
https://zbmath.org/?q=an:1300.13014
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3153875
http://dx.doi.org/10.1142/S0219498813501405
https://zbmath.org/?q=an:1334.16008
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3360853
http://dx.doi.org/10.1080/00927872.2014.924128
https://zbmath.org/?q=an:1022.16001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1892593
http://dx.doi.org/10.1080/00927870209342374
https://zbmath.org/?q=an:1350.13003
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3588011
http://dx.doi.org/10.1201/9781315370552

[9] B. Stenstrém: Coherent rings and FP-injective modules. J. Lond. Math. Soc., II. Ser. 2

(1970), 323-329. zb
[10] X. Yang, Z. Liu: n-flat and n-FP-injective modules. Czech. Math. J. 61 (2011), 359-369. E8)

l’—‘

Authors’ addresses: Umamaheswaran Arunachalam, National Institute of
Technology (NIT), Warangal-506 004, TS, India, e-mail: ruthreswaran@gmail.com; Sar-
avanan Raja, Sona College of Technology, Junction Main Road, Salem-636 005 Tamil
Nadu, India, e-mail: saravananrajalO@gmail.com; Selvaraj Chelliah (corresponding
author), Periyar University, Palkalai Nagar, Salem-636 011, Tamil Nadu, India, e-mail:
selvavlr@yahoo.com; Joseph Kennedy Annadevasahaya Mani, Pondicherry
University, Chinna Kalapet, Kalapet, Puducherry-605 014, India, e-mail: kennedy.pondi@
gmail.com.

925

oF fal

(0)
(0)

=

=


https://zbmath.org/?q=an:0194.06602
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR258888
http://dx.doi.org/10.1112/jlms/s2-2.2.323
https://zbmath.org/?q=an:1249.13011
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2905409
http://dx.doi.org/10.1007/s10587-011-0080-4
mailto:kennedy.pondi@gmail.com
mailto:kennedy.pondi@gmail.com

