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Abstract

We first prove that every countably presented module is a pure
epimorphic image of a countably generated pure-projective mod-
ule, and by using this we show that if every countably gener-
ated pure-projective module is pure-injective then every module is
pure-injective, while if in any countably generated pure-projective
module cvery countably generated pure-projective pure submod-
vle is a direct summand then every module is pure-projective.

Let R be aring. A left R-module M is called pure-projective if every
pure epimorphism onto M splits. As is well-known, M is pure-projective
if and only if M is a direct summand of a direct sum of finitely prescnted
left R-modules. On the other hand, M is called pure-injective if for any
left R-module in which M is embedded as a pure submodule M is always
a direct summand of it. We call R a left pure-semisimple ring or a ¥ing
of left pure global dimension zero if it satisfies the following obviously
equivalent conditions: (1) every left R-module is pure-projective, (2) ev-
ery left R-module is pure-injective, (3) for any left R-module M every
pure submodule of M is a direct summand of . It has been known
that every left pure-scmisimple ring is a left Artinian ring and besides
left pure-semisimple rings are characterized as those rings R for which
the following equivalent conditions hold: (4) every left B-module is a
direct sum of finitcly generated submodules, (5} every left B-modulcis a
direct sum of indecomposable submodules, (6) every indecomposable left
R-module is finitely presented {[2], [3{, [8], [10]}). The author has then
shown in [1] that even if we replace the terms every and any in (1), (2),
(3) and (6) by the terms every countably gencrated and any countably
generated respectively we still have conditions each equivalent to the left
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pure-semisimplicity of E. Now in this paper we shall give further char-
acterizations of pure-semisimple rings in terms of countably generated
pure-projective modules. In order to confirm these characterizations we
need to combine Simson’s theorem in [6] that if every countably pre-
sented left R-module is pure-projective then R is lcft pure-semisimple
with the following crucial proposition, which refines the known Watrfield’s
theorem in (7] that every module is & pure epimorphic image of a direct
sum of finitely presented inodules and where a module is called count-
ably presented if it is isomorphic to the factor module of a countably
generated free module modulo a countably gencrated submodule:

Proposition 1. Let M be a countably presented left R-module. Then
there exists a left R-module P which is o couniable direct sum of finitely
presented lefl R-modules and has a pure epimorphism P — M.

Proof: Since M is countably presented, there exist a (infinite-) count-
ably generated free left R-module F', a countably generated submod-
ule G of F and an epimorphism ¢ : F — M whose kernel is G. Let
U1, 42,43, ... be a countable free basis of I and vy, v, vs,... a count-
able generators of . For cach positive intcger n, we denote by F, the
finitely generated free submodule Ru; @ Ruz @ -+ & Ru, of F and by
G, the finitely generated submodule Bv, + Rvs + --- + Rv, of G. Then

(=] o

¢clearly we have F = z Foand G = Z Gy. Morcover, for each n, there
n=1 n=1

is an m such that G,, C F,,. Let I(n) be the least one among such m's,

and let m(n) = max(i(n},n). Then, it is obvious that Gn C Fyy,y for

every n and F = Z Fougny-

=1
(o)
Consider now countable (outer) dircct sums § = @ Fromy and T =
n=1

0o
@Gn. Then T is a submodule of §. For each n, we denote by g»,
A=l

the n-th canonical embedding Froimy — S, Le, gu{z), for 2 € Foyn,
is the element of S whose n-th entry is 2 and other cntries are all €.
Clearly the restriction of g, to the submodule G, of Frn(n) is the n-th
canonical embedding G, — 7. Now the factor modulc Fonin)/Gn 18
finitely presented for cach n. Let P = @(En(n)/Gn) be the countable
n=1
direct sum. Then the natural epimorphisms Foatny = Founy/Gr together
define an epimorphism ¢ : § -~ P whose kernel is T. If we next associate
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o0
each 5 € § with the sum Z Sn in K, where s,(€F,(5,)) is the n-th entry
n=1

of s, then we have an epimorphism f : § — F. The restriction of f
to & gives clearly an epimorphism g : T — G, and so we have that
Wl f(T)) = ¢(g(T)) = o(G) = 0. Since T is the kernel of 3, this implies
that an epimorphism & : P — M is well-defined so that hoy = wo f.

We now show that A is a pure epimorphism. Let E be a finitely
presented left B-module. Thus there exist a finitely generated free left
R-module L and an cpimorphism 7 : L — E whose kernel K is finitely
generated. Let @ : B — M be a homomorphism. Consider the product
cow: L — M. Since L is projective, there must exist a homomorphism
B:L — F such that o 3 = @ ow. From this follows that @{8(K)) =
a{a(K}} = § and so B(K) C G, the kernel of . Since both L and
K are finitely generated, their homomorphic images 8(L) and 3(K) are
finitely generated submodules of F and G respectively. Therefore we
have G(L) C Frppy and B{K) C G, for sufficiently large n. We fix such
an n, and define the homomorphism v: L — S by v = g, © 8. Then
we have foy = fog,o[, but since fog, is clearly the inclusion
map Fomy — F it follows that f oy = §. On the other hand, that
B(K) C G, implies that v(K) = ¢.(B(K)) C q.(G,) C T and therefore
P(v(K)) C #{T) =0, i.e.,, K is contained in the kernel of oy : L — P.
This shows that a homomorphism ¢ : K — P is well-defined so that
dom = tpoy. We have then hodor = hopoy = pofoy =pof =waon,
but since 7 : L — E is an epimorphism we know that hoéd = a. This is
true for cvery finitely presented module E and for every homomorphism
a: B — M, and thus it is proved that A is a pure epimorphism. B

Thecorem 2. E is lefi pure-semisimple if and only if every countably
generated pure-projective left R-module is pure-injective.

Proof: Clearly we need only prove the if part. Let A be any count-
ably presented left R-module. Then by the preceding proposition there
exist a countable direct sum P of finitely presented left R-modules and
an epimorphism h @ P — M whose kernel ¢ is a pure submodule of
P. Now the direct. sum PV}, N being the set of all natural numbers,
of the countable number of copies of P is also a countable direct sum
of finitely presented left H-modules and hence is countably generated
and pure-projective. Thus by our assumption PV} is pure-injective, or
equivalently, P is Z-purc—injective. Therefore the pure submodule @ of
P is a direct summand of P ([9, p. 1100], [1, Prop. 3.5]), which means
that M can be embedded into P as a direct summand and therefore A
is purc-projective tco. Thus it Lurns out that every countably presented
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left R-module is pure-projective. It follows from Simson [6, Th. 6.3
that R is left pure-semisimple. B

As is easily scen, cvery countable direct sum of countably presented
modules is countably presented too and so in particular every countable
direct sum of finitely presented modules is countably presented. There-
fore, from the preceding theorem we can derive the following, which is
however regarded as a dual of the above referred Simson'’s theorem:

Corollary 3. R is left pure-semisimple if and only if every countably
presented left R-module is pure-injective.

Now the following is to refine the equivalence of the conditions (2) and
{6}in [1, Th. 4.5]:

Theorem 3. R is left pure-semisimple if and only if for any count-
ably generated pure-projective left R-module P every countobly generated
pure-projective pure submodule of P is a direct summand of P.

Proof: We need only prove the if part too. Let M be a countably
presented left B-module. This means that there exist a countably gener-
ated free left R-module F' and an epimorphism  : F' — M whose kernel
G is countably generated. On the other hand, by Proposition 1, there
exist a countable direct sum P of finitely presented left R-modules and
an epimorphism h . P — M whose kernel 2 is pure in P. We shall show
that & is countably generated too. For, since F is projective there is a
homomorphism §: FF — P such that ho f = ¢. Let p be an element of
P. Then h(p) is in M and so we can find an 2 € F such that p{z) = h(p)
whence h{f(x}) = h(p), Le., h{p— f(z)} = 0. Thus we know that p— f(x)
is in @@ and therefore that P = f(F)+4 Q. On the other hand, if z isin F
then the equality A(f(x)} == p{z) implies that f{z) is in Q if and only if
% is in &, and thercfore we have f(F)NQ = f{G). Thus we know that
Q/f(G) = P/f(F). Butsince P is countably gencrated its homomorphic
image P/f(F} whence (J/f((G) is countably generated too, while since
G is countably generated its homomorphic image f{G) is also countably
generated. From this we can conclude that @ is countably generated.

Now, since P is pure-projective, the counlably generated pure submod-
ule  of PP is pure-projective according to Kiclpinski-Simson [4, Cor. 1.5].
(This can also be proved by using the netion of Mittag-Leffler modules
as follows: As is well-known, every pure submodule of a pure-projective
module is a Mittag-Leffler module, and so § is a Mittag-Leffler mod-

ule, i.e., the canonical homomorphism (H A ®Q — H(A%- ®Q) is
R R
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a monomorphism for every family {A;} of right R-modules. Since @
is countably gencrated, @ must be pure-projective by Raynand-Gruson
(5, Part II, Cor. 2.2.2].) By the assumption of our theorem, we know
that @ is a direct sunumand of P and so M can be embedded into P
as a direct summand, which implies that M is pure-projective. Thus
we have shown that every countably presented left R-module is pure-
projective, and therefore again by Simson’s theorem (|6, Th. 6.3]) R is
left pure-semisimple.

In this connection, it is to be pointed out that Theorem 2 is a di-
rect, consequence of Theorem 3. For, let P be a left R-module and @
a countably generated pure-projective pure submodule of P. Suppose
that every countably generated pure-projective left R-module is pure-
injective. Then Q is a direct surnmand of P. Thus, by Theorem 3, K is
left pure-semisimple. B

Remark. A. Abe has independently obtained Proposition 1 and The-
orem 2 too. Indeed, he proves Proposition 1 by using [6, Cor. 2.5]
that if a module M is a direct limit of modules M,'s then the canonical
epimorphism @ M, — M is pure.
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