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Abstract Let A be a commutative ring with identity, S C A a multiplicative set and «
be an infinite cardinal number. The ring A is called S-a-generated if for each ideal I of A,
sI C {ax, A € A) C I for some s € S and some subset {ax, A € A} of I with cardinality
less than .. The purpose of this paper is to introduce a new class of rings ”S-a-generated rings”
which is closely related to the concepts « generated rings and S-Noetherian rings. We prove that
the concepts ”’S-xo-generated ring” and ”’S-Noetherian ring” are the same in the power series ring
if S has a cardinality at most x( ( the smallest infinite cardinal number). But that is not true for

the polynomial ring. Indeed, the ring A is S-a-generated if and only if A[X] is a S-a-generated
+oo

ring, provided that (ﬂ S0+ SpA) ﬂ S # () for each sequence (s,,),,>0 of elements of S.

n=1

Introduction

In this paper, a ring means a commutative ring with identity and all modules considered are left
side and unitary modules. Let S be a multiplicative subset of a ring A. Recall from [1] that the
ring A is called S-Noetherian, if for each ideal I of A, sI C J C I for some s € S and some
finitely generated ideal J of A.

D. D. Anderson and T. dumitrescu in [1] have studied different properties of this notion, for
instance, the transfer of this property to the polynomial ring and the power series ring. For more
results the reader can refer to [1], [2], [3], [8] and [11]. In section 1, we start by improving
some well known results which are usful for this work. At the end of this section, we study the
S-Noetherianity of rings of the form A + X I[X], where A C B is a ring extension and I is an
ideal of B. In fact, we show that if S is a finite set then the ring A + X 1[X] is S-Noetherian if
and only if the ring A is S-Noetherian, there exists s € S such that sI C I? and the A-module [
is S-finite.

Let A be aring and « an infinite cardinal number. An ideal I of A is called a-generated if it can
be generated by a set of cardinality at most a.. We say that A is a a-generated ring if each ideal
of Ais a-generated. In [10] B. G. Kang and P. T. Toan showed that A is a a-generated ring if and
only if the polynomial ring A[X] is a-generated and the equivalence ”A[[X]] is a a-generated
ring if and only if A is Noetherian”. It clear that a Noetherian ring is both S-Noetherian ring and
a-generated ring for every multiplicative subset S of A and every infinite cardinal number «. But

the two concepts ”S-Noetherian™ rings and “«a-generated ” rings are not related to each other.
+oo

Indeed, let A = [[(Z/nZ) and § = {(1,1,1,---),(1,0,0,0,---)}. Itis easy to check that A is

n=1

S-Noetherian and S is an anti-Archemidean multiplicative subset of A. By Theorem 1.1of this
paper, the ring A[[X]] is S-Noetherian. On the other hand, A[[X]] is not xo-generated since A is
not Noetherian by [10, Theorem 13]. It is easy to see that a non-Noetherian «-generated ring A
is not S-Noetherian with S = U(A), but we give a non-trivial example. Let A = Z + XQ[X]
and S = Z \ {0}. Since Q is not an S-finite Z-module, then A is not S-Noetherian. But A is
Xo-generated because its cardinality is xo. The purpose of this paper is to generalize the concept
a-generated rings to a new concept closely related to the two concepts above.

Let A be aring, S C A a multiplicative set and « an infinite cardinal number. An ideal I of
A is called S-a-generated if there exists s € S and {ay, A € A} C I with cardinality at most
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a such that, sT C (ay, A € A). We say that A is a S — «-generated ring if each ideal of A is
S — a-generated.

The section 2 is concerned by this generalization and its consequences. It is clear that a «-
generated ring is an S-a-generated ring for every multiplicative subset S of A. We show that
the converse does not hold. Indeed, if a ring A is not Noetherian but S-Noetherian for a given
multiplicative set S of A, then the power series ring A[[X]] is S — xo-generated which is not xo-
generated. We prove that a ring A is S — a-generated if and only if the polynomial ring A[X] is
S — a-generated, but this is not true for the case of power series rings. Also, we give a sufficient
condition for a sequence A = (4,,),>0 of rings in order that the ring A[X] is S — a-generated
for a given infinite cardinal number «.

The Cohen’s theorem type is a natural question in each concept of ideal theoretic. In fact, it is an
open question in the a-generated concept. Our last goal in this paper is to give a partial answer
of this question. For instance, we give an answer in the case of S — x(-generated rings (where
Xo 1s the smallest infinite cardinal number). This result can be seen in the case of x(-generated
rings.

1 S-Noetherian rings of the form A + X J[X]

Recall that a ring A is called S-Noetherian where S C A is a given multiplicative set, if each
ideal I of A is S-finite (i.e, sI C J C I for some s € S and a finitely generated ideal J of A).
The following theorem is known in [1] : Let S be an anti-Archimedean multiplicative subset of a

ring A consisting of nonzero-divisors. If A is S-Noetherian, so is A[[X]]. In the introduction we
+oo

say that the ring (H(Z/nZ)) [[X]] is S-Noetherian where S = {(1,1,1,---),(1,0,0,0,---)}.

n=1

The problem is that in this case S does not satisfy the hypothesis of [1. Proposition 10] because
it contains a zero divisor. For this reason, we give the following result.

Theorem 1.1. Let A be a ring and S an anti-Archimedean multiplicative subset of A. If A is
S-Noetherian, so is A[[X]].

Proof. By [1, Corollary 5], it suffices to show that every prime ideal of A[[X]] is S-finite.

Let P be a prime ideal of A[[X]] and P’ = {f(0), f € P}. Since P’ is an ideal of A which is
S-Noetherian, there exist f, ..., f, € P and s € S such that sP’ C (f1(0),..., fn(0))A. If X € P
the result has been proved by D. D. Anderson and T. Demitrescu in [1]. If X ¢ P. Since S is

+o0 n

anti-Archimedean, there exists ¢ € ﬂskAﬂS. Let f € P. Then sf(0) = Zbi,o £(0) with

k=1 i=1

bio € A, 1 <i<mn. Thussf— Y biofi = Xgi € P (prime ideal). Since X ¢ P, we have
i=1

n
g1 € P. Doing the same process with g; € P instead of f, we obtain sg; — Zbi,lfi = X g, with

i=1

bi1, -+ ,bn1 € Aand g, € P. Thus

n

Szf - Z(Sbi,O + bi,lX)fi = X292-

i=1

By induction, for each k € N*,

SHUE = (Fbio 4+ M0 X 4+ b XF) i = X g

i=1
with g1 € P. For every j € N*, there exists ¢; € A such that, t = s7¢;. Let

hy, = Z(Skbi,o + 8" X A bk XF) fi

i=1



S-a-generated rings and modules 93

We have £2f — teppihe = tepn(sPf =D (sPbio + "0 X + - + bk XF) i) =
i=1

tep 1 X g € XFTTA[[X]). Thus ¢2f is the limit of the sequence (tcg+1hyg)k>1 for the

X-adic topology. Since

terpihe =t (Sbio+ "0 X 4 b XF) fi =
i—1
Z(tck+15kbi,0 +tepi18" T 0 X 4o+ teps b XP) fi =
i—1

Z(Clsck+13kbi,0 + a8 s T X - e thi XF) fi =

.
3

Z(Cltbi,o +eathi 1 X + -+ eppithi p X fi =

i=1
n

tZ(Clbi,o +eabia X + -+ b X5 £,
i—1
n “+o00
then *f = . 1iﬁ+1 tepqrhy = Z(tZCkJrlbi,ka)fi € (fi,--+, fu)A[[X]]. Thus *P C
—+00

i=1 k=0
(fi, -+, fn)A[[X]] C P. Hence P is S-finite. O

By induction we have immediately the following corollary.

Corollary 1.2. Let A be a ring and S an anti-Archimedean multiplicative subset of A. If A is
S-Noetherian, so is A[[ X1, X2, , Xn]]-

Lemma 1.3. Let A be a ring, T a multiplicative subset of A consisting of nonzero-divisors and S
an anti-Archimedean multiplicative subset of A. If A is S-Noetherian, so is Ar.

Proof. T does not contain zero-divisor, then A C Ap. Thus a prime ideal of A7 is of the form
Pr with P is a prime ideal of A disjointed of T". Since A is S-Noetherian, the ideal P of A is
S-finite. There exist s € S and a finitely generated ideal I of A such that, sP C I C P. Thus
sPr C It C Pr. Hence At is S-Noetherian. O

Proposition 1.4. Let A be a ring and S a anti-Archimedean multiplicative subset of A. If A is
S-Noetherian, so is A[[ X1, , X, ][ X7, -, X, ']

n

Proof. By Corollary 1.2, A[[X},---, X,]] is S-Noetherian. We have ‘

AlXy, - X)X X0 = A[[X, -, Xa)lr where T = {X['--- X, i; € N}
is a multiplicative subset of A[[X],---,X,]] consists of nonzero-divisors. By Lemma 1.3,
A[[Xy,- -+, Xp]]r is S-Noetherian. i

A. Faisol, B. Surodjo and S. Wahyuni in [6, Theorem 5] have shown that if A is a S-
Noetherian ring where S is a given anti-Archimedean multiplicative subset of A consisting of
nonzero-divisors, then for each finitely generated A-module M, the A[[X]]-module M [[X]] is
S-Noetherian. We improve this result as follows.

Proposition 1.5. Let A be a ring, S C A an anti-Archimedean multiplicative set and M a A-
module. If A is S-Noetherian and M is a S-finite A-module, then the A[[X]]-module M|[[X]] is
S-Noetherian.

Proof. By Theorem 1.1, the ring A[[X]] is S-Noetherian. The A-module M is S-finite, then
there exist s € .S and an A-submodule N of M such that,

sM C N.

Consequently,
ey sM[[X]] € N[[X]] € M[[X]].

Thus M[[X]] is a S-finite A[[X]]-module. Hence M[[X]] is a S-Noetherian A[[X]]-module. O
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Example 1.6. Let A be a ring, S C A an anti-Archimedean multiplicative subset additively
closed and M a A-module. If A is S-Noetherian and M is an A-module S-finite, then the A[[X]]-
module M [[X]] is S[[X]]-Noetherian. Indeed, since S is additively closed, By [5, Lemma 7],
S[[X]] is a multiplicative subset of A[[X]]. By Proposition 1.5, the A[[X]]-module M[[X]] is
S-Noetherian. Since S C S[[X]], the A[[X]]-module M [[X]] is S[[X]]-Noetherian.

Our next goal is to study the S-Noetherian property of rings of the form A + X I[X].

Proposition 1.7. Let A C B be a ring extension, S C A an anti-Archimedean multiplicative
subset, J an ideal of B and X = {X\,--- , X} a finite number of indeterminates over B. If the
ring A+ X J[X] is S-Noetherian, then the ring A is S-Noetherian. There exists s € S such that
sJ C J? and the A-module J is S-finite.

Proof. (*) Let I be an ideal of A. Then the ideal I(A+ X J[X]) of A+ X J[X]is S-finite. Hence
there exist s € Sand f1,--- , fr € [(A+ X J[X]) such that sI(A+ X J[X]) C (f1, -, fx)(A+
XJ[X]). Thus sI C {f,(0),-- , fx(0))A with f(0), - , f(0) € L. It yields that I is S-finite.
(**) The ideal I generated by {J X, JX?,---}in A+ X J[X]is S-finite. Then there exist s € S,
meN anda;; € J, 1 <i<m, 1 <5 <k such that

sI Clai; X, 1<i<m, 1<j<k)A+XJX]).

m  k;

Leta € J. Write saX"*! = Zzai,leifi,j with f; ; € A+ X J[X]. We pose f; j = b; j+gi,;
i=1 j=1

withb; ; € Aand g; ; € XJ[X],1<i<m, 1 <j <k, Hence

m k; m  k;
m+1 __ 7 i
sa X7 =" "bjai X1+ Y ai i X{gi

i=1 j=1 i=1 j=1

By identification of the coefficient of X{"*!, we obtain sa = Z Zai, jci,; where ¢; ; € J for
iog

each i, j. Thus sa € J?. Consequently, s.J C .J>.

(***) The ideal I of A + X J[X] generated by {bX,, b € J} is S-finite, then there exists s € S

and by, --- , b, € J such that

sI C (b, ,b.)(A+ XJ[X]).
Letb € J. There exist g, -+ , g» € A+ X J[X] such that

SbX] = Zgin‘Xl.
i=1

Then (sb—Zgibi)Xl = 0. Since X is a regular element, sb = Zgibi' Hence, sb = Zgi(O)bi
— i=1 i=1

i=1
with ¢;(0) € A. Thus sJ C (by,--- ,b.)A. O

Lemma 1.8. Let A be a ring, S a multiplicative subset of A and I an S-finite ideal of A. If there
exists s € S such that, sI C I?, then there existb € I andt € S such that, tI C bA and tb = b2.

Proof. Write wl C {(ay,--- ,a,) withw € Sand ay, -+ ,a, € I. We have

wsl Cwl? C Iay,-- ,a,) = Ta; + - + Iay,.

n
Then for each 1 < k < n, wsa, = Zakviai with a; € I. Hence foreach 1 < k < n,

i=1

Zékﬂlwsai = Zakﬂ-ai where dy, ; is Kronecker’s symbole. Thus Z(ék,iws—ak,i)ai =0,1<
i=1 i=1 i1
k < n. Let d be the determinent of the matrix (0x ;ws — ;) i<ik<n. Then d = (ws)™ — b with
b € I. By Cramer’s law, da; = 0 for each 1 < i < n. Then (ws)™a; = ba; foreach 1 <i < n.
Thus (ws)"I C bA C I with (ws)™ € S. Since dI = {0}, db = 0 consequently (ws)"b = b*>. O
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Proposition 1.9. Let A C B be a rings extension, S C A an anti-Archimedean multiplicative
subset, J an ideal of B and X = {X,,--- , X,,} a finite number of indeterminates over B. If the
ring A is S-Noetherian, there exists s € S such that sJ C J? and the A-module J is S-finite,
then the ring (A + X J[X])g is Noetherian.

Proof. By hypothesis, the A-module J is S-finite. Then J is an S-finite ideal of B. Since there
exists s € S such that s.J C J?, by Lemma 1.8, there exist ¢t € S and = € J such that tJ C B
and tr = 2. Let by, -~ ,b,. € J and w € S satisfying sJ C (by,--- ,b.)A. Add a family of
1ndeterm1nates Y={Y,;, 1 <i<n, 1<j<r}over B. We define the Ag-homomorphisme
of rings ¢ : A[X,Y]s = Ag[X,Y] — B[X]s = Bs[X] by ¢(X;) = 2X; and ¢(Y; ;) = b; X,.
It is clear that ¢(A[X,Y]s) C (A+ XJ[X ])

Conversely, let f € (A+ XJ[X])s, f = = a—i—Z Zba iXY)
withde€ S, a € A, a=(ay, - ,an)eN MeJanan—Xa‘~~-Xg".

Let fi =a+ Z(Zba,iXG)Xb Write Sba’i = Zaa,i,jbj with Gaij € A. Then

i=1 « j=1

Sf1 = sa + Z(Z(Z aaﬂ-yjbj)Xa)Xi = sa + Z Z(Zaa_’i’an)iji.
=1 a gj=I1

i=1 j=1 «

Since foreach 1 < j <r,th; € tJ C 2B and tz = 2%, tb; = txb;, 1 < j <r. Then

tsf) = tsa + Z Z(Zaa7i7jxX°‘)iji =tsa + Z Z(Zaa,m (xX)*)b; X; = é(9).

=1 j:] « =1 ‘7‘:1 a

with (zX)* = (zX)* -+ (2 X)* and g = tsa + ZZ Zaa i (X))Y;,; € AX,Y]. Thus
i=1 j=1 «

tsf = &f; = Lo(g). Since g € (A+ XJ[X])s, f = ¢(;:i;9). Hence ¢ is surjective.

It yields that (A + X J[X])s ~ A[X Y]s/ker(¢). The ring A is S-Noetherian and S is anti-

Archimedean, then A[X, Y] is S-Noetherian. By Lemma 1.3, (A[X,Y])g is Noetherian. Hence

(A+ XJ[X])s ~ (A[X,Y])s/ker(¢) is Noetherian. o

Let A be a ring and S be a multiplicative subset of A. Recall that for an ideal I of A the set
S(I) = ITAg () A is called the saturation of I.

Lemma 1.10. Let A be a ring and S be a finite multiplicative subset of A. Then the ring A is
S-Noetherian if and only if the ring Ag is Noetherian.

Proof. LetS = {sy, - ,sk}, s = 81825, and I an ideal of A. Forz € I : s, we have sz € I.
Then z = *£ € S(I). Conversely, let z € S(I). Write z = ¢ whith a € I. Thus sz = a € I.
Hence = € I : s. It follows that S(I) = I : s. By [1, Proposition 2], we have the result. O

Corollary 1.11. Let A C B be a ring extension, J an ideal of B, S a finite multiplicative subset
of Aand X = {Xy, -, X,,} a finite number of indeterminates over B. The following statements
are equivalent :

(i) The ring A+ X J[X] is S-Noetherian.
(ii) The ring A is S-Noetherian, and there exists s € S such that sJ C J? and the A-module J
is S-finite.

Proof. 1) = 2)" By Proposition 1.7. 2) = 1)” Since S is finite, one can check that S is
anti-Archimedean set. By Proposition 1.17, the ring (A + X J[X])s is Noetherian. By Lemma
1.10, the ring A + X J[X] is S-Noetherian. O
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2 S-a-generated rings
We start this section by the following definition.

Definition 2.1. Let A be a ring, S a multiplicative subset of A, I an ideal of A and « an infinite
cardinal number.

(1) We say that I is a S-a-generated ideal, if there exist s € S and {z), A € A} C I such that,
|A| < avand
sI C(zx, A €A).

(i) We say that A is a S-a-generated ring, if each ideal of A is S-a-generated ideal.
(iii) We say that A is a a-generated ring, if A is S-a-generated with S = {1}.

It is natural to ask when the ring A[X] is S — a-generated? The following Proposition give
an affirmative answer of this question.

Proposition 2.2. Let A be a ring, S C A multiplicative subset such that, for every sequence
+o00

(Sn)n>0 of elements of S, (ﬂ 50+ SpA) ﬂ S # () and « an infinite cardinal number. Then A is
n=0
S-a-generated ring, if and only if, the polynomial ring A[X] is S-a-generated.

Proof. " =" Let J be an ideal of A[X]. For each positive integer n, we define
I, = {a € A|a=0orais the leader coefficient of a polynomial f € J of degree n}.
It is clear that I, is an ideal of A, thus it is S-a-generated ideal. There exist s,, € S and

a set of cardinality less than «, {r,x, A € A} C I,, such that, s,I,, C (rp, A € A).
+o0

Let w € (ﬂ 50~~snA)ﬂS. Forn > 1, w = s¢---spcy, wWith ¢, € A. Then wil, =
n=0
(s0-* Sn—1¢n)Snln C (rpx, A € A). Itis clear that S is anti-Archemedien (it suffices to take

“+o00
the constant sequence s, = s,n € N where s € S), lett € (ﬂ w™A) ﬂ S. Foreveryn > 1, Let

n=1

t = w"ay with a,, € A. By the axiom of choice, we choose a set { f,,.x, n >0, A € A} C J such
that, for every n > 0 and every A € A, r, » is the leader coefficient of f,, x. Let f = ag+ a1 X +

ng nE
co- 4 ap X* € J. We have way, = Y Brirk, with Bi; € A. Then deg(wf — > Brifen,) <

i=1 i=1

Nk d
k—1. Letg =wf — Zﬁk)\ifk?’)\i = Zalijj. If deg(gl) < k-2,let ﬁkfl_’i = 0 else we
i=1 =0
ni—] N
have 1 k-1 S Ik—l- Thus woy k-1 = Z Bk—l,jrk—l,)\j' Hence, deg(wzf — ’LUZ Bk’»ifh)\i —
j=1 i=1
Nje—1 k  Mk—j )
> Br-tifr-1,) < k — 2. By induction, we find w*f = > (> " wF T B fijn,). It
i=1 j=0 i=1
k MNk—j
yields that tf = axw®f = (Y axw* 7' B jife—jn) € (far, n >0, X € A). There-
j=0 i=1
! +oo +o0
fore, t.J C (fax, n >0, A€ A) witht € Sand | J An| <D |An] < maz(xo, |Anl, n > 0) <
n=0 n=0
a. Thus A[X] is S-a-generated. i

Our next target is to show that the equivalence in the Proposition 2.2 is not true in the case of
power series rings. We start by recalling the fathomless set constructed in [8].

Let U be the collection of all subsets of N of the form {n, n+ 1, n+2,...} where n > 1. Let
s = (Sn)n>1 and t = (t,)n>1 be two strictly increasing sequences of nonzero positive integers.
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We denote s >> t (or t << s) if for every k > 1, there exists O € U such that, for every
n € 0, s, > kt,.

Let Q be the collection of all A having the following properties :

(1) A is a nonempty collection of strictly increasing sequences of nonzero positive integers.
(2)If s € A, then s >> b where b = (n),,>1.

(3) If s and ¢ are two elements of A, thens =tors << tort << s.

The sequence s = (n?),,>1 is strictly increasing. Let k € N*, for every

ne{k, k+1, k+2,..} € U, we have n?> > kn, thus Q is not empty. We order Q by set-
theoretic inclusion. By Zorn’s lemma, there exists a maximal element of Q. Let .4 be a maximal
element of Q. This choice of .4 will be fixed till the end of the next proposition. For s,t € A,
we define s<<t, if and only if, s = ¢ or s << t. Then(A, <<) becomes a totally ordered set.

Definition 2.3. A set A totally ordered is called fathomless if for every countable subset B of A,
there exists y € A such that, y << ¢, for every c € B.

Theorem 2.4. [9, Theorem 5] The set (A, <<) is fathomless.
It is clear that a fathomless set is not countably.

Lemma 2.5. Let A be a ring and S = {sy, k € N*} a multiplicative subset of A. If A is not
S-Noetherian, then there exists a sequence (a,)n>0 of elements of A such that, for every k > 1,
51 Spak & (ao,ar, -+, ap_1).

In particular, for each k > 1, sgay, ¢ {ag,- -+ ,ax—1).

Proof. Since A is not S-Noetherian, there exists an ideal I of A which is not S-finite. Let
ap € 1. Since 511 ¢ (ag), there exists a; € I such that, sja; ¢ (ag). I is not S-finite, then
s2811 j(_ (ap,a1). Hence there exists ap € I such that, spsjap ¢ (ag,a;). By induction, there
exists a sequence (a, ),>o of elements of I C A such that, s; - - - syay ¢ (ao,--- ,ar—1) for each
k> 1. O

Remark 2.6. With the same notations above, for a fixed integer k£ > 1, for every n > k, sia,, ¢
(ag,- - ,an_1) because if not, sy -+ span = (81 Sk_1Sk+1 " Sn)Skan € {(ag, - ,an_1) ab-
surd.

Theorem 2.7. Let A be a ring and S = {s;, i € N*} a multiplicative subset of A. If A is not
S-Noetherian, then A[[X]] is not S-xo-generated.

Proof. By Lemma 2.5, there exists a sequence (a,,),>0 of elements of A such that, for every

k> 1, s1--spar ¢ (ao, - ,ak—1). Asin [10], for u = (u,),>1 € A, we define F,, =
+o00

ag + ZanX“". Let I = (F,, u € A)A[[X]]. Suppose that I is S-a-generated, then there exist
n=1

i > 1and B C A such that, |B| < xo and s;I C (F,, u € B)A[[X]]. By Theorem 2.4, the set
(A, <<) is fathomless. Since |B| < xo, there exists v € A such that, v << B (i.e, v << u
for each u € B). By definition of I, F,, € I. Hence there exist u°,--- ,u™ € B such that,

s; F, = Zthuj with hg, -+ - , h,, € A[[X]]. There exists O € U such that, v,, < u/, for every
§=0

m € 0, 0 < j <n. Forafixedintegerm € 0,0 < j < nandt < v,, the coefficient of X! in F,,;

belongs to (ao, - - - , am—1)A. Then the coefficient of X ¥ in h;F,,; belongs to (ag, - - - , am—1)A.

n

Hence the coefficient of XV in Zthuj = s;F, belongs to (ag, - , am—1)A. Thus for each

=0
m € O the coefficient of X" in s;F, belongs to (ag,- - ,am,—1)A. In particular, for every
me ON{i,i+1,i+2,---}, s;am € {ag,--- ,am—1)A, which contredict Remark 2.7. Hence
the ideal I of A[[X]] is not S-a-generated. o

The following Corollary is an easy consequence of Theorem 1.1 and Theorem 2.7.

Corollary 2.8. Let A be a ring and S = {s;, i € N*} an anti-Archimedean multiplicative subset
of A. The following statements are equivalent :
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(i) The ring A is S-Noetherian.
(ii) The ring A[[X]] is S-Noetherian.
(iii) The ring A[[X]] is S-xo-generated.

Example 2.9. An a-generated ring A is S-a-generated for every multiplicative subset .S of A.
+00

But the converse is false. Let p be a prime number and A = HZ /p"Z, the product ring. It
n=1

is clear that A is not Noetherian. By Corollary 2.10, the ring A[[X]] is not xo-generated. Let

s=(1,p,5,0,0,---) € Aand S = {1, s,5%, s°}. The set S is multiplicative subset of A and by

[2, Example 2.5], A is S-Noetherian. For each n > 3, s™ = s°, then s"A = s°A C s?A C sA.
+o00

Thus forevery 0 < i < 3, 5% € m (si)”Am S, hence S is anti-Archimedean. By Theorem 1.1,
n=1
A[[X]] is S-Noetherian and by Corollary 2.8, A[[X]] is S-xo-generated.
Now, we are going to extend the concept ”S-a-generated” from rings to modules.

Definition 2.10. Let A be a ring, S a multiplicative subset of A, M an A-module, N an A-
submodule of M and « an infinite cardinal number.

(1) We say that N is S-q, if there exist s € S and {n), A € A} C N with |A| < « such that,
sN C (nx, A € A).

(i) We say that M is S-a-generated, if every submodule of M is S-a.
(iii) We say that M is a-generated, if it is S-a-generated with S = {1}.
Example 2.11. Every homomorphic image of a S-a-generated module is S-a-generated. In

particular, let A be a ring, S a multiplicative subset of A, M a A-module, N a A-submodule of
M and « an infinite cardinal number. If M is S-a-generated, so is the A-module M/N.

Lemma 2.12. Let A be a ring, S a multiplicative subset of A, M an A-module, N an A-
submodule of M and o an infinite cardinal number. The following statements are equivalent

(i) The A-module M is S-a-generated.
(ii) The A-modules N and M /N are S-a-generated.

Proof. ""1) = 2)" Clear.

"2) = 1)” Let T be a submodule of M. Denote T = {z, = € T}. It is clear that T is

a submodule of M/N, hence it is S-a. Then there exist s € S and {tx, A € A} C T with

|A| < «a such that, sT C (£y, A € A). On the other hand, T(\ N is a submodule of N,

then T\ N is S-a. Hence there exist s’ € S and {lz, 8 € A} C T with |A] < « such that,
ny

s'(TNN) C (g, BEA). Letz € T, € T. Then s = Y a;fs, withay, -+ ,an, € A. Thus
j=1

ny ny mno
ST — Zajb\j € TﬂN. Consequently, s'sx — S’Zathj = Zbilﬁi with by, -+ ,b,, € A.

1 i=1 i=1
j . . J
Hence s'sz = Zs’ajtkj + sz‘lﬁi- Thus s'sT C (ta,lg; A € A, B € A) with s's € S and
j=1 i=1
[AUA| < a. ]

Proposition 2.13. Let A be a ring, S multiplicative subset of A, M a A-module and o an infinite
cardinal number. If M is S-a-generated, so is M™ for each n > 1.

Proof. By induction, if n = 1, M is S-a-generated. Let n > 1, assume that M" is S-a-
generated. Let f : M™*!' — M the first projection. It is clear that f is a surjective homo-
morphism of A-modules and that ker(f) = {0} x M™. Since ker(f) =~ M™" is S-a-generated
and M™*! /ker(f) ~ M is S-a-generated. By Lemma 2.12, M""! is S-a-generated. ]
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Corollary 2.14. Let A be a ring, S a multiplicative subset of A, M a finitely generated A-module
and « an infinite cardinal number. If A is S-a-generated, so is M.

Proof. Let {x, - ,x,} be generating family of M and f : A™ — M the map defined by
fla) = a1y + -+ + apz, for every a = (a1, - ,a,) € A™. By Proposition 2.13, A™ is a
S-a-generated A-module. Thus M ~ A™/ker(f) is an S-a-generated A-module. O

Corollary 2.15. Let A be a ring, M a finitely generated A-module and o an infinite cardinal
number. If A is a-generated, then M is a a-generated A-module.

Corollary 2.16. Let A be a ring, S a multiplicative subset of A, M an A-module and o an
infinite cardinal number. If A is S-a-generated ring and M is a S-finite A-module, then M is a
S-a-generated A-module.

Proof. There exists s € S and a finitely generated submodule N of M such that, sM C N.
By Corollary 2.15, the A-module N is S-a-generated. Then the submodule sM of N is S-a-
generated. Hence the A-module M is S-a-generated. O

Proposition 2.17. Let A C B be an extension of rings, S C A a multiplicative set satisfying for
+o00

each sequence (s,)n>0 of elements of S, n S0+ spA m S # 0. If the ring A is S-a-generated
n=0
and B is an S-finite A-module, then the ring A + X B[X] is S-a-generated.

Proof. By Proposition 2.2, the ring A[X] is S-a-generated. Since B is an S-finite A-module,
the A[X]-module B[X] is S-finite. By Corollary ??, the A[X]-module B[X] is S-a-generated.
Hence the (A + X B[X])-module B[X] is S-a-generated. By Lemma 2.12, the (4 + X B[X])-
submodule A + X B[X] of B[X] is S-a-generated. Thus A + X B[X] is S-a-generated ring. O

Corollary 2.18. Let A C B be an extension of rings and « an infinite cardinal number. If A
is an a-generated ring and B is a finitely generated A-module, then the ring A + X B[X] is
«a-generated.

+oo
Notation. Let A = (A,,),,>0 be an increasing sequence of rings and A = U A,,. Recall that
n=0

AX]|={f= ZaiXi € A[X], a; € A;, foreach 0 < i < n}.
i=0

It is well known that A[X] is a subring of A[X].

+o00
Proposition 2.19. Ler A = (A,,),,>0 be an increasing sequence of rings, A = U A, SCAya
n=0
+o00
multiplicative set satisfying for each sequence (s,,)n>0 of elements of S, ﬂ S0 SpA ﬂ S#£0D

n=0
and o an infinite cardinal number. If the sequence A is S-stationary, for each n > 1, the Ap-
module A, is S-finite and the ring Ay is S-a-generated, then the ring A[X] is S-a-generated.

Proof. There exist s € S and N € N such that, foreachn > N, sA,, C Ay. For1 <i < N,

there exist s, € S and a;1,---,a;k € A; such that, s;4; C (a;;, 1 < j < k;j)Ap. Let
+o0

t=s1---sy. Hence tA; C (a;j, 1 < j < k;)Ag foreach 1 <i < N. Then tsA = U tsA,, C
n=0

N

U tA,, C (ai,j, 1 <i< N, 1<j<k;)Ap. Thus the Ap-module A is S-finite. It follows that

n=0

the Ag[X]-module A[X] is S-finite. By Proposition 2.2, the ring Ay[X] is S-a-generated and
by Corollary 2.16, the Ag[X]-module A[X] is S-a-generated. Then the A[X]-module A[X] is
S-a-generated. Hence the ring A[X] is S-a-generated. |
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Corollary 2.20. Ler A = (A,,),>0 an increasing sequence of rings and « an infinite cardinal
number. If A is stationary, the ring Ao is a-generated and for every n > 1, the Ag-module A, is
finitely generated, then the ring A[X] is a-generated.

Now our purpose is to give a partial answer of the Cohen’s theorem type of the S — a-
generated rings. Let A be a ring and S a multiplicative subset of A. We shall call that A satisfies
the property (x), if each increasing sequence of non-S — xo-generated ideals of A is S-stationary,
i.e, if (I,,),>1 is an increasing sequence of ideals of A such that for each n > 1, I,, is not S — xo-
generated, then there exist s € .S and k£ > 1 such that sI,, C I}, for each n > k.

Lemma 2.21. Let A be a ring, S a multiplicative subset of A and « an infinite cardinal number.
A maximal element in the set of non-S — a-generated ideals of A is a prime ideal.

Proof. Let P be a such element. It clear that P (.S = () (because in the other case sP C sA C P
for some s € P()S). Assume that P is not a prime ideal. Then there exist a,b € A\ P such
that ab € P. By maximality of P, since P C P + aA, there exist s € S and {zy, A € A} C P
such that s(P + aA) C (zx + ayx, A € A) and |A| < « where y) € A for every A € A. Let
J=(P:a)={x €A, zac P}. Since b € J and Pa C P, we have P C J. By maximality of
P, there exist t € S and {ug, 8 € I'} C JsuchthattJ C (ug, 8 €T') and [I'| < a.

Letz € P. We have sz € sP C s(P+aA). Then there existdy, -+ ,d, € Aand A\j,--- , A\, €A

such that sx = Zdi(x,\i + ayy,). Since aZdiy,\i = sz — Zdix,\i € P, then Zdiy,\i €

i—1 i=1 i=1 1=1

n k
J. Hence, there exist ¢, - ,c; € A and By, ---,08, € I such that tZdiy)\i = ZCjUﬂj.
i=1 j=1

Therefore,

n n

(ts)z = Z(tdi)x,\i + a(tZdiyAi) = Z(tdz‘)@\i + QZCj’lLﬁj = Z(tdi)x,\i + ch (aug, ).

i=I i=1 i=1 j=1 i=1 j=1

Thus (ts)z € ({zx, A € A} U{aug, B € T}) C P with [{zx, A € A} U{aug, 8 € T} <
|A| + |T'] < a. Moreover, (ts)P C ({zx, A € A} J{aug, B € T'}) C P. Cosequentely, P is
S — a-generated. Contradiction. This end the proof. O

Theorem 2.22. Let S be a multiplicative subset of a ring A such that A satisfies (x). Then the
ring A is S — xo-generated if and only if each prime ideal of A (disjoint with S) is S — xo-
generated.

Proof. Let F be the set of all ideals of A which are not S — xo-generated. Assume that A is not
an S — yo-generated ring, then F # ). Let (I, )aca be a totally ordered family of (F,C) and

1= U I,,. Suppose that I is S — yo-generated. Therefore, there exist s € S and (a,,),>1 C I

aEA
such that

sI C{ap, n>1).

Since a; € I = U I, there exists ay € A such that a; € I,,. By the same reason, there
aEA
exists ap € A such that a; € I,,,. But the set (I,,)qen is totally ordered. Hence we can assume
that I,, C I,,. By induction, let n > 2 and I,, C I,, C --- C I,  such that a; € I,, where
a; € Aand 1 < ¢ < n. Since an41 € I, there exists ay,41 € A such that a1 € I,,,,. Since
(Ia)aen is totally ordered, we have two cases, either I,,, C I, ,, or I,,,, C I,,. Inthe second
one, we change I, by I,,. Therefore, we have an increasing sequence (I, ),>1 such that
ai,--- ,an € I, forevery n > 1. By hypothesis, the exist ¢ € S and n > 1 an integer such that
tl,, C I, forall k > n. Moreover, (ts)1,, C (ts)I = t(sI) C t{a;, i > 1) CtI C I,,. Thus
I, is S — xo-generated : Absurd. Then I € F. Consequentely, (F, C) is inductive. By Zorn’s
Lemma, F has a maximal element, which is a prime ideal of A by Lemma 2.21, contradiction
with the hypothesis. Then A is an S — xo-generated ring. O

Example 2.23. Let A be a ring. If each increasing sequence of non-yo-generated ideals is sta-
tionary, then the ring A is x( generated if and only if each prime ideal of A is x(-generated.
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Let A be an integral domain. We recall the following Lemma [5, Lemma 5.5]. A right chain
domain is right isonoetherian if and only if it satisfies the ACC for infinitely generated right
ideals. It follows that if A is a valuation domain, then A is an isonoetherian domain if and only
if it satisfies the ACC on infinitely generated ideals.

Example 2.24. Let V' be an isonoetherian valuation domain, then V is a yo-generated ring if and
only if each prime ideal of V' is xo-generated.
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