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Abstract

This note contains the following results for a ring A: (1) A is von Neu-
mann regular if, and only if, every divisible singular left A-module is p-
injective and every p-injective left A-module is flat if, and only if, every
simple right A-module and every divisible singular left A-module are flat;
(2) If A is a left YJ-injective ring whose simple left modules are either YJ-
injective or projective and g: @ — M is an epimorphism of left A-modules
Q, M, where AQ is CE-injective, then Z(M), the singular submodule of M,
is a direct summand of M; (3) A is semi-simple, Artinian if, and only if,
every semi-simple left A-module is quasi-injective and p-injective; (4) If ev-
ery maximal left ideal of A is either injective or a two-sided ideal of A and
every simple left A-module is YJ-injective, then A is either strongly regular
or left self-injective regular with non-zero socle; (5) A right Noetherian,
fully left idempotent ring is biregular; (6) A is strongly regular if, and only
if, A is a reduced left p.p. ring having a classical left quotient ring such
that for every proper principal left ideal P of A, r(P)# 0; (7) A ring whose
p-injective modules are injective and flat must be quasi-Frobenius; (8) If
every essential left ideal of A is an idempotent two-sided ideal of A, then
the centre of A is von Neumann regular.
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1 Introduction

Throughout, A denotes an associative ring with identity and A-modules are uni-
tal. J, Z, Y will stand respectively for the Jacobson radical, the left singular
ideal and the right singular ideal of A. A is called semi-primitive (resp.(a) left
non-singular; (b) right non-singular) if J=0 (resp. (a) Z=0; (b) Y=0). For
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any left A-module M, Z(M)={y €M\ 1(z) is an essential left ideal of A} is the
singular submodule of M. s M is called singular (resp.non-singular) if Z(M)=M
(resp.Z(M)=0).

Thus Z= Z(sA) and Y= Z(A,). Following C.Faith [6], we write ”A is VNR”
if A is a von Neumann regular ring. It is well-known that A is VNR iff every left
(right) A-module is flat (M.Harada (1956); M.Auslander (1957)). This remains
true if ”flat” is replaced by ”p-injective” (cf. [1], [11], [16], [19]). Recall that
(a) A right A-module M is p-injective if, for every principal right ideal P of A,
any right A-homomorphism of P into M extends to one of A into M; (b) My is
YJ-injective if, for any 0 #a € A there exists a positive integer n such that a # 0
and every right A-homomorphism of a”A into M extends to one of A into M ([16],
[25], [26], [30], [32]). If Aa is p-injective (resp.YJ-injective), then A is called a
right p-injective (resp.YJ-injective) ring. Left p-injectivity and YJ-injectivity are
similarly defined. If A is right YJ-injective, then Y=J (this is the origin of our
notation) ([25], [30]). Also, A is right YJ-injective iff for every 0 #a€A, there
exists a positive integer n such that Aa™ s a non-zero left annihilator [25, Lemma
3] (cf. also [32, Corollary 2]).

Note that Harada-Auslander’s characterization of VNR rings may be weak-
ened as follows: A is VNR iff every cyclic singular left A-module is flat [21,
Theorem 5]. Of course, flatness and p-injectivity are distinct concepts. Dur-
ing the last thirty years, motivated by the study of flat modules over non-VNR
rings, various authors have studied p-injectivity and YJ-injectivity (also called
GP-injectivity) over rings not necessarily VNR.

The next result is a sequel to [30, Theorem 16]. As usual, A is called a left
(resp.right) SF-ring if every simple left (resp.right) A-module is flat.

Theorem 1. The following conditions are equivalent:
1. A is VNR;

2. Every divisible singular left A-module is p-injective and every p-injective
left A-module is flat;

3. Ewvery divisible singular left A-module is p-injective and every p-injective
right A-module is flat;

4. A is a right SF-ring whose divisible singular left modules are flat;
5. A is a left SF-ring whose divisible singular left modules are flat.

Proof: (1) implies through (5) evidently.

Assume (2). Then every finitely generated left ideal of A is a left annihilator
[9, Corollary 2.5] which implies that A is right p-injective. Then every non-
zero-divisor is invertible in A and consequently, every left (or right) A-module is
divisible [29, Proposition 1]. By hypothesis, every singular left A-module is p-
injective which implies that every singular left A-module is flat. By [21, Theorem
5], A is VNR and (2) implies (1).
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Assume (3). Then A is a left p-injective ring. For any injective left A-module
M, every submodule N of M, it is sufficient to show that M/N is a p-injective left
A-module in order that A be a left p.p.ring [20, Remark 2(iii)]. If E(N) denotes
the injective hull of AN in M, then M=E(N)® Q for some injective submodule Q of
M. Now AE(N)/N is singular, divisible and by hypothesis, E(N)/N is p-injective.
Also, (Q+N)/N ~ Q/(Q N N)=Q and therefore, M/N=E(N)/N & (Q+N)/N is
a p-injective left A-module. Consequently, every quotient of a p-injective left
A-module is p-injective [20, Remark 2(ii)]. For any cyclic left A-module C=Ac,
C =~ A/l(c) is p-injective and hence (3) implies (1) by [19, Lemma 2].

Assume (4). By [30, Proposition 4], every non-zero-divisor is invertible in A
and every left (or right) A-module is divisible. Consequently, every singular left
A-module is flat and (4) implies (1) by [21, Theorem 5].

Similarly, (5) implies (1). O

Recall the following generalization of quasi-injective modules introduced in
[24]: A left A-module M is called CE-injective if, for any left submodule C
of M containing a non-zero complement left submodule of M, every left A-
homomorphism of C into M extends to an endomorphism of s M.

Proposition 2. Let A be o left YJ-injective ring whose simple left modules are
either YJ-injective or projective. If g: @ — M is an epimorphism of left A-
modules Q, M with 4 Q CE-injective, then Z(M), the singular submodule of M, is
a direct summand of M.

Proof: Since A is left YJ-injective, then J=Z[25, p.103]. Since every simple
left A-module is either YJ-injective or projective, then J N Z=0 [26, Proposition
8]. Consequently, Z=J=0. Since g ! (Z(M))= Cl (ker g) is a complement left
submodule of Q by [18, Theorem 4(3)], then g=1(Z(M)) is a direct summand of
Q by [24, Proposition 1]. Therefore Q= g=! (Z(M))® N for some submodule N
of Q. It follows that M=g(Q)=Z(M)®g(N), where g(N)=N. O

Remark 1. Proposition 2 holds if ”left YJ-injective” is replaced by "MELT”.
Recall that A is MELT (resp.MERT) if, for any maximal essential left (resp.right)
ideal M of A (if it exists), M is an ideal of A. (An ideal of A will always mean a
two-sided ideal of A.)

Also, A is ELT (resp.ERT) if every essential left (resp.right) ideal of A is an
ideal of A.

Following Michler-Villamayor [12], a left A-module M is called semi-simple if
the intersection of all maximal submodules of M is zero. Thus A is semi-simple iff
A is semi-primitive. It is well-known that A is a left V-ring iff every left A-module
is semi-simple [12, Theorem 2.1].

The next theorem is a sequel to [26, Theorem 7] and Condition (2) slightly
weakens Condition (2) in [12, Theorem 3.2].
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Theorem 3. The following conditions are equivalent:
1. A is semi-simple Artinian;
2. Every semi-simple left A-module is quasi-injective and p-injective;

3. Every semi-simple left A-module is quasi-injective and every simple left A-
module is p-injective;

4. A is a semi-prime MERT right Goldie ring whose simple right modules are
YJ-injective or flat;

5. A is a semi-prime MERT ring with mazimum condition on left and right
annihilators such that every simple right A-module is either YJ-injective or

flat.

Proof: It is evident that (1) implies (2) and (4) while (4) implies (5). It is also
clear that (2) implies (3).

Assume (3). We first prove that every left ideal of A is semi-simple. Suppose
the contrary: Let L be a left ideal of A which is not semi-simple. Then there
exists 0 #y€L such that y belongs to every maximal left subideal of L. By Zorn’s
Lemma, the set of all left subideals K of Ay such that y¢K has a maximal member
V. Then y¢V and Ay/V is a simple left A-module and therefore p-injective. Let
g:Ay—Ay/V be the canonical homomorphism. Then g extends to f: A—Ay/V.
Restrict f to h:L—+Ay/V. Then L/ker hx Ay/V, which proves that ker h is a
maximal subideal of L. Since ker hNAy=ker g, ye Ay, y¢ker g, then y¢ker h. This
contradiction proves that every left ideal of A is semi-simple and by hypothesis,
every left ideal of A is quasi-injective. Since J=0 by [20, Lemma 1], then A
is a left and right self-injective, left and right V-ring of bounded index. By [12,
Theorem 2.1], every left A-module is semi-simple and hence quasi-injective. Thus
(3) implies (1).

Assume (5). Suppose there exists a maximal right ideal M of A which is
not a direct summand of Ay. Then M is an ideal of A (because A is MERT).
By [10, Theorem], M contains a non-zero-divisor c¢. If A/My is YJ-injective,
there exists a positive integer n such that any right A-homomorphism of c"A
into A/M extends to one of A into A/M. Define the right A-homomorphism
g:c"A—A/M by g(c"a)=a+M for all a€A. Then g(c")=yc"+M for some y€A.
But g(c®)=1+M which implies that 1-yc® €M, whence 1eM (because M is an
ideal of A), contradicting M # A. If A/M, is flat, since ceM, c=dc for some
deM [3, p.458]. Then (1-d) c=0 implies that 1=d€eM, again a contradiction! We
have proved that every maximal right ideal of A is a direct summand of Ax and
hence (5) implies (1). O

Note that in condition (5) above, the term ”semi-prime” is not superfluous,
as shown by the following example.
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Example Let A denote the 2x2 upper triangular matrix ring over a field.
Then A is a P.I. ERT (and ELT) right (and left) Artinian, hereditary ring whose
simple one-sided modules are either injective or projective. But A is not semi-
prime (J# 0 with J?2 = (). This example shows that if A is a ring whose simple
left modules are either injective or projective and every maximal left ideal of A
is either an ideal of A or an injective left A-module, then A needs not be VNR.

Proposition 4. Let A be a ring such that each mazximal left ideal is either in-
jective or an ideal of A. If every simple left A-module is YJ-injective, then A is
either strongly regular or left self-injective regular with non-zero socle.

Proof: First suppose that every maximal left ideal of A is an ideal of A. Then A
is strongly regular by [28, Theorem 1]. Now suppose there exists one maximal left
ideal M of A which is not an ideal of A. By hypothesis, oM is injective. Then A
is left self-injective by [27, Lemma 4]. Now J=0 by [28, Lemma 1] which implies
that A is VNR with non-zero socle. 0

Remark 2. Proposition 4 remains valid if we replace ”every simple left A-
module” by ”every simple right A-module”.

Recall that A is biregular if, for every acA, AaA is generated by a central
idempotent. Biregular rings generalize effectively strongly regular rings and sim-
ple rings.

Proposition 5. Let A be a right Noetherian, fully left idempotent ring. Then

every ideal of A is generated by a central idempotent. In particular, A is a
biregular ring.

Proof: Let T denote an ideal of A. If t€T, At=(At)? implies that t=dt for some
deAtACT. Therefore A/ T, is flat [3, p.458]. Since T is finitely generated, A/ T
is a finitely related flat right A-module which implies that A/ T4 is projective. It
follows that T=eA, e=e? €A. Since A is semi-prime and T is an ideal of A, e is
central in A. In particular, A is biregular. a

Applying [20, Lemma 1], we get

Corollary 5.1. A right Noetherian ring whose simple left modules are p-
injective must be biregular.

Corollary 5.2. If A is a right Noetherian ring such that for every essential
right ideal R of A which is an ideal of A, A/R, is flat, then A is biregular.

Corollary 5.3. A prime right Noetherian fully left idempotent ring is simple.
(Such rings need not be Artinian).

The proof of Proposition 5 yields

Remark 3. A is biregular iff A is a fully left idempotent ring such that for
each a€A, AaA is a finitely generated right ideal of A.
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Proposition 6. The following conditions are equivalent:

1. A is strongly regular;

2. A is a reduced left p.p.ring having a classical left quotient ring such that for
every proper principal left ideal P of A, r(P)#£ 0;

3. A is a reduced ring whose injective right modules are flat.

Proof: (1) implies (2) and (3) obviously.

Assume (2). Since A is reduced, Z=0. Let ¢ denote a non-zero-divisor of A.
Since A has a classical left quotient ring, then Ac is an essential left ideal of A.
If Ac#A, let 0 #zer(Ac). Then Ac Cl(z) implies that z€Z=0, a contradiction!
Therefore Ac= A which implies that c is left invertible and hence invertible in
A. Since A is reduced, left p.p., for every a€ A, there exists a central idempotent
e and a non-zero-divisor u such that a=eu. Therefore e=a~'u and e=e? yields
au~!=au~lau~!, whence a=au~'a, showing that A is VNR. Therefore (2) implies
(1).

Assume (3). Then A is left YJ-injective by [9, Corollary 2.5], [25, Lemma 3].
Now A is strongly regular by [25, Lemma 5]. Thus (3) implies (1). O

Corollary 6.1. A commutative p.p. ring whose proper principal ideals have
non-zero annihilators must be VNR.

Remark 4. The proof of Proposition 6 shows that strongly regular rings
must be unit-regular (cf.also the proof of [19, Proposition 1]).

Remark 5. Let A be a left p.p. ring which is left YJ-injective. For any
0 #a€A, by [25, Lemma 3], there exists a positive integer n such that a”A is
a non-zero right annihilator. Since A is left p.p., 1(a®A)=l(a") is a direct sum-
mand of A A. Consequently, a® A= r(l(a™A))=r(1(a")) is a direct summand of A, .
Therefore every right A-module is YJ-injective and by [32, Theorem 9], A is VNR.

Proposition 7. Let A be a ring whose p-injective left modules are injective and
flat. Then A is quasi-Frobenius.

Proof: Since a direct sum of left A-modules is p-injective iff every direct sum-
mand is p-injective, then any direct sum of injective left A-modules is p-injective
and, by hypothesis, is therefore injective. By [5, Theorem 20.1], A is left Noethe-
rian. Since every injective left A-module is flat, then A is quasi-Frobenius by
[17, Lemma 1.3]. Recall that a left A-module M is f-injective if, for any finitely
generated left ideal F of A, every left A-homomorphism of F into M extends to
one of A into M. 0

The proof of Proposition 7 yields
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Theorem 8. The following conditions are equivalent:

1. A is quasi-Frobenius;

2. Ewvery f-injective left A-module is injective and flat.

The following result also holds.

Theorem 9. The following conditions are equivalent:
1. A is a left and right principal ideal ring which is quasi-Frobenius;

2. A has the following properties: (a) every p-injective left A-module is in-
Jjective and flat; (b) every finitely generated one-sided ideal of A is the an-
nihilator of an element of A. (Condition 2(b) implies that every finitely
generated one-sided ideal of A is principal.)

Question 1. If A is quasi-Frobenius, (a) Are p-injective left A-modules
injective? (b) Are p-injective left A-modules flat?

Remark 6. Theorem 9 shows that ”every finitely generated left ideal of A is
a left annihilator” is not equivalent to ”every finitely generated left ideal of A is
the left annihilator of on element of A”.

An ELT ring whose simple left modules are either injective or projective needs
not be VNR as shown by the given example. We know that if every simple left
A-module is either p-injective or projective, then every essential left ideal of A is
idempotent. Consequently, the ring A considered in the next result needs not be
VNR (not even semi-prime).

Proposition 10. Let A be a ring whose essential left ideals are idempotent two-
sided ideals of A. Then the centre of A is VNR.

Proof: Let C denote the centre of A. For any ceC, let K be a complement left
ideal of A such that L=Ac @ K is an essential left ideal of A. Then c€L2=L implies

n n n
that c—Z (aict+k;) (bic+t;), a;, b; €A, k;, t; €K, whence c—z (aict+ki)bc = Z
=1
(ajctk; )t €AcnNK=0. Now k;b; € L (in as much as Lis an 1deal of A) 1mphes that
k;b;=u;c+s;, u; €A, s; € K and therefore C—E a;cb; C—Z k;b;c= E(u,c+s,)

z_l i=1 i=1

which yields C—Eaicbic—z uic2=2 sic= E cs; € AcnNK=0. Therefore

i=1 i=1 i=1 i=1

c—c(z (a;b;+u;))c, where d=3" (a;bi+u;)€A. Then c¢(c2d3)c=(cdc)dcdec=cdedc
=1 i=1

=c. Agaln c?d=dc?=cdc =c and hence, for every beA, dc?b= cb=bc=bdc?=c?bd.

Therefore d® commutes with ¢?b and we have c2d3b =d3c?b= c¢?bd®=bc?d3,

showing that ¢2d® €C. With t= ¢2d3, we get ctc=c. Therefore C is VNR. O
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Corollary 10.1. A commutative ring is VNR iff every essential ideal is
idempotent.

Question 2. If every essential left ideal of A is idempotent, is the centre of
A VNR?

The next result may be added to [1, Theorem 2.2] (cf.also[14, p.577]).

Proposition 11. The following conditions are equivalent:

1. Every simple left A-module is either injective or projective;

2. Any left A-module which contains no simple projective left submodule is
semi-simple.

Proof: Assume (1). Suppose there exists a left A-module M which contains
no simple projective submodule such that W, the intersection of all maximal
submodules of M, is non-zero. Let 0 #y€eW. By Zorn’s Lemma, the set of all
left submodules of M not containing y has a maximal member Q. Then y¢Q
and y belongs to every submodule of M which strictly contains Q. Let T denote
the intersection of all left submodules N of M such that QCN (strict inclusion).
Then yeT and AT/Q is simple which, by hypothesis, cannot be projective. Then
M/Q=T/Qa®U/Q, which implies that y¢U. Therefore U=Q and Q is a maximal
submodule of M. This contradicts the hypothesis that y belongs to every maximal
submodule of M. We have shown that (1) implies (2).

Assume (2). Let V be a simple non-projective left A-module, I a proper essen-
tial left ideal of A, g: I-V a non-zero left A-homomorphism. Then AI/K=~ AV,
where K=ker g is a maximal left submodule of I. Suppose that K#K*, where K*
denotes the intersection of all maximal left ideals of A containing K. Then 4 A/K
is not semi-simple and by hypothesis, contains a simple projective submodule
P/K. Now P=K&®U, where U is a minimal projective left ideal. Since UCI (I
being essential), I=K&®U which implies that VaU is projective, a contradiction!
Therefore K=K* and there exists a maximal left ideal M of A such that KCM
but IZM. Since AI/K is simple, then MNI=K which yields A/M=(M+I)/M=
I/(MNI)=I/K~V, showing that g may be extended to a left A-homomorphism of
A into V. This proves that oV is injective and (2) implies (1). |

Note that (a) MELT fully idempotent rings need not be VNR [31, Theorem
1]; (b) ELT fully idempotent rings are VNR, [27, Proposition 8]. (Consequently,
MELT generalizes effectively ELT.) However, we have

Proposition 12. Let A be a MELT, fully idempotent ring such that for any
mazimal essential left ideal M of A, A/Myis flat. Then A is an ELT, VNR ring.

Proof: Let M be a maximal left ideal of A which is essential in o A. By hypothe-
sis, M is an ideal of A and A/Mj, is flat. Then AA/M must be injective (cf.
the proof of [30, Theorem 8]). Therefore, every simple left A-module is either
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injective or projective which implies that every proper essential left ideal of A is
an intersection of maximal left ideals of A. Since A is MELT, then A is ELT. By
[27, Proposition 8], A is VNR. d

Recall that
1. MELT left and right V-rings are ELT, unit-regular;

2. Ais aright V-ring iff for any right ideal R of A and each maximal subideal Y
of R, there is a maximal right ideal M of A with MNR=Y(cf. [13, Theorem
22.1]);

3. A is VNR iff for any proper principal right ideal P of A, there exist an idem-
potent e and a p-injective maximal right ideal M of A such that P=eANM;

4. Every simple right A-module is p-injective iff for any principal right ideal I
of A, any maximal right subideal K of I, there exists a maximal right ideal
M of A such that K=INM [14, p.578];

5. A is unit-regular iff A is a directly finite ring such that for any 0 #a€A,
either a is right invertible or there exist a non-trivial idempotent e and a
left regular element d such that a=ed.

Finally, we note that

1. Chen, Zhou, Zhu recently showed that YJ-injectivity effectively generalizes
p-injectivity (even for rings) [4];

2. For a left uniserial ring A, the following are equivalent: (a) A is right
p-injective; (b) A is right YJ-injective; (c) J=Y (cf.W.K.Nicholson, M.F
Yousif: Bull. Austral. Math. Soc. (87(1994), 513-518).

3. More than one hundred papers have been published by various authors on
p-injectivity and YJ-injectivity (in addition to more than fifty of my own
papers).

References

[1] G.BACCELLA, Generalized V-rings and von Neumann regular rings,
Rend.Sem. Mat. Univ. Padova 72(1984), 117-133.

[2] K.BEIDAR, R.WISBAUER, Properly semi-prime self pp-modules, Comm. Al-
gebra 23 (1995), 841-861.

[3] S.U.CHASE, Direct product of modules, Trans. Amer. Math.Soc. 97(1960),
457-473.



388

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

Roger Yue Chi Ming

CHEN JIANLONG, ZHOU YIQIANG, ZHU ZHANMIN, GP-injective rings need
not be P-injective, Comm. Algebra 32(2004), 1-9.

C.FaITH, Algebra II: Ring Theory, Grundlehren 19 (1976).

C.FArTH, Rings and Things and a fine array of Twentieth Century associa-
tive algebra, AMS Math. Surveys and Monographs 65(1999).

K.R.GOODEARL, Von Neumann regular rings, Pitman, London (1979).

Y.HIrRANO, On non-singular p-injective rings, Publ. Math. 38(1994), 455-
461.

S.JaIN, Flat and FP-injectivity, Proc. Amer. Math. Soc. 41(1973), 437-442.

R.E. JoHnsON, L.S.LEvVY, Regular elements in semi-prime rings, Proc.
Amer. Math. Soc. 19(1968), 961-963.

KiM JINYONG, KIM NAMKYUN, On rings containing a p-injective maximal
left ideal, Comm. Korean Math. Soc. 18(2003), 629-633.

G.O.MIcHLER, O.E. VILLAMAYOR, On rings whose simple modules are
injective, J.Algebra 25(1973), 185-201.

A.TUuGANBAEV, Rings close to regular, Kluwer Acad. Publ. 545 (2002).

A .TUGANBAEV, Max rings and V-rings, Handbook of Algebra, Vol. 3, Else-
vier North Holland (2003).

R. WISBAUER, Foundations of module and ring theory, Gordon and Breach,
Philadelphia (1991).

XUE WEIMIN, A note on YJ-injectivity, Riv. Mat. Univ. Parma (6) 1(1998),
31-37.

XUE WEIMIN, Rings related to quasi-Frobenius rings, Algebra Colloquium
51(1998), 471-480.

R.YUECHIMING, A note on singular ideals, Thoku Math.J.21(1969) 337- 342.

R.YUECHIMING, On von Neumann regular rings, Proc. Edinburgh Math.
Soc. 19(1974), 89-91.

R.YUECHIMING, On simple p-injective modules, Math. Japonica 19(1974),
173-176.

R.YUECHIMING, On generalizations of V-rings and regular rings, Math. J.
Okayama Univ. 20(1978), 123-129.

R.YUECHIMING, On V-rings and prime rings, J.Algebra 62(1980), 13-20.



On injectivity and p-injectivity, V. 389

[23] R.YUECHIMING, On injective and p-injective modules, Riv. Mat. Univ.
Parma (4) 7 (1981), 187-197.

[24] R.YUECHIMING, On injective modules and annihilators, Ricerche di Mat.
33(1984), 147-158.

[25] R.YUECHIMING, On regular rings and Artinian rings, II, Riv. Mat. Univ.
Parma (4) 11(1985), 101-109.

[26] R.YUECHIMING, On injectivity and p-injectivity, J.Math. Kyoto Univ.
27(1987), 439-452.

[27] R.YUECHIMING, On self-injectivity and regularity, Rend. Sem. Fac. Sci.
Cagliari 64(1994), 9-24.

[28] R.YUECHIMING, On p-injectivity and generalizations, Riv. Mat. Univ.
Parma (5) 5(1996), 183-188.

[29] R.YUECHIMING, On injectivity and p-injectivity, III, Riv. Mat. Univ. Parma
(6) 4(2001), 45-50.

[30] R.YUECHIMING, On injectivity and p-injectivity, IV. Bull. Korean Math.
Soc. 40(2003), 223-234.

[31] ZHANG JULE, Fully idempotent rings whose every maximal left ideal is an
ideal, Chinese Sci-Bull. 37(1992), 1065-1068.

[32] ZuAaNG JULE, WUJUN, Generalizations of principal injectivity, Algebra Col-
loquium 6(1999), 277-282.

Received: 04.07.2005

Universite Paris VII-Denis Diderot

UFR De Mathematiques-UMR 9994 CNRS
2, Place Jussieu,

75 251 Paris CEDEX 05,

France



