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Note on the stability of a presemistar operation

AKIRA OKABE*

Abstract
In [8] Matsuda has investigated stability of a semistar operation. In this
paper we extend the notion of stability of a semistar operation to the presemistar
operation case and we shall study stability properties of presemistar operations.

1. Introduction

Throughout D will be an integral domain with quotient field K. Let IC(D)

be the set of all nonzero D-submodules of K. Each member of K(D) is called a
Kaplansky fractional ideal of D or a K-fractional ideal of D. Let F(D) be the set
of all nonzero fractional ideals of D and let F¢(D) be the set of all nonzero finitely
generated fractional ideals of D. We denote the set of all nonzero integral ideals of D
by Z(D).

First we shall recall the definition of a presemistar operation which has been
defined in [14].

Let * be a self-map of K(D). Then x is called a presemistar operation on D, if
the following three conditions are satisfied:

(E) EC E* for all E € K(D);
(OP) If E C F, then E* C F* for all E, F € K(D);
(T) (aE)*=aE*forallac K\ {0} and all E € K(D).

As in [14], we say that a self-map % of (D) has Extension Property (resp. Order
Preservation Property, Transportability Property ) if x satisfies condition (E) (resp.
(OP), (T).

A self-map * of K(D) is called a semistar operation on D, if it is a presemistar
operation on D and satisfies the following condition:

(I)  (E*)* = E* for all E € K(D).
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We say that a self-map % of (D) has Idempotence Property if x satisfies condition
D.

Here we list some representative examples of semistar operations. )

If we set B9 = E (resp. E° = K) for all E € K(D), then the map E ~ E?
(resp. E + E¥¢) is a semistar operation on D and is called the d-operation (resp. the
e-operation).

For each E € K(D), weset E=! = {r € K | *E C D} and E” = (E~1)~!. Then
the map E + E? is a semistar operation on D and is called the v-operation. Here it
is easily seen that E~1 = {0} for all E € K(D) \ F(D) and therefore E¥ = K for all
E e K(D)\ F(D).

Let * be a self-map of F(D) such that D* = D. Then « is called a star operation
on D if the conditions (E), (OP), (T), and (I) hold for all « € K \ {0} and all E, F in
F(D). Each star operation x on D can be extended to a semistar operation *° on D
as shown in [12, Proposition17].

If E € F(D), then E~! € F(D) and so E® € F(D). Hence, if we set B = E°
(resp. B4 = E?) for all E € F(D), then the self-map v ( resp. d ) of F(D) is a
star operation on D, because D® = D? = D holds. The map v (resp. d ) is called the
v-operation (resp. the d-operation ) on D.

For any E,F € K(D), the set {x € K | F C E} is denoted by F : F' and for
each E € K(D), the set D : E is also denoted by E~1L.

As in [14], the set of all presemistar operations (resp. all semistar operations ) on
D is denoted by PS(D) (resp. S(D)).

2. Definition of stability

In this paper, we denote the set of positive integers by N and the set of
non-negative integers by Nj.
In [8], the definition of stability of a semistar operation was given. We first extend
the definition of stability in [8] to the presemistar operation case.
We set X1 = Fy(D), Xo = F(D), X3 = K(D). Let a,b, c € N such that a+b+c >
2 and let x € PS(D). Assume that * satisfies the following condition

(S) (Fon---NF,NGoN---NGyNHyN---NH)*=FyN---NFXNGgN---NGEN
HiN---NH!

for all F;(0 <i<a),G;(0<j<b),H,(0<k<c)where F; € X; for i #0,G, € Xy
fOI‘j?éO,HkEXg fOI‘k#O&DngZGOZHOZK.

If * satisfies condition (S), then x is called an f{ f¢ f$-stable presemistar operation
on D or % is said to be f{ f%fs-stable.

Hereafter we set f = f1,9 = f2, and h = f3 and for simplicity, we also denote f® =
fagoho’gb — fogbho’hc — fogohc’fa b _ fagbho,gbhc — ngbhc)fahc — fag()hc. For
example, x is f2-stable, if (Fy N Fy)* = Fy N Fy for every Fy, Fy, € Xy, % is gh-
stable, if (G N H)* = G* N H* for every G € X9, H € X3 and x is h2-stable, if
(Hy N Hy)* = Hf N Hj for every Hy, Hy € X3 and so on.

For the sake of completeness, we state the definition of stability of a star operation.
Let x be a star operation on D and let a,b € N such that a +b > 2. Then x is called
an f?gP-stable star operation on D if x satisfies the following condition
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(So) (Fon---NE,NGoN---NG)* =F:N---NENGyN---NGE

for all F;(0 < i <a),G;(0 < j <b) where F; € X; for i # 0,G; € X, for j # 0 and
Fo=Go=K.

Note 2.1.  Let a,b € Ny such that a +b > 2. Then it is easy to see that the star
operation v is f%gb-stable if and only if the semistar operation @ is f*gb-stable.

If D is a Noetherian domain, then X; = X5. Hence, for a Noetherian domain, we
have f; = fy by definition and hence we have f = g.

Lemma 2.1.  (cf.[8, Lemma 2.1 (3), (4)]) Let n € N and a,b € Ny such that a +
b+mn > 2. Then we have the following implications :

(1) f2g"hb-stable = fo+1gn=1hb_stable.
(2) fogPhm-stable = fogPt1h" "1 stable.
(3) fegbhm-stable = fotlgPh"~1_stable.

Lemma 2.2.  (cf.[8, Proposition 2.2 (1), (2), (3)]) Let n € N and a,b € Ny such
that a +b+mn > 2. Then

(1) frtigenb-stable = fmg®hb-stable.
(2) fogntinb-stable = f*g"ht-stable.
(3) fogPh™ ' -stable = f@g"h"-stable.
If we take a = b = 0 in Lemma 2.2, then we have the following

Proposition 2.1.  Let x be a presemistar operation on D. If x is f*-stable (resp.
gk-stable, h*-stable ) for some integer k > 2, then * is f"-stable (resp. g"-stable,
h™-stable ) for every integer n such that 2 < n < k.

Proposition 2.2.  (cf.[8, Lemma 2.1 (1), (2)]) Let * be a presemistar operation on
D. Then

(1) If x is g"-stable for some integer n > 2, then * is g"*'-stable.
(2) If x is h™-stable for some integer n > 2, then % is h™*1-stable.

(3) If % is g"-stable for some integer n > 2, then * is f*g°-stable for all a,b € Ny
such that a +b > n.

(4) If % is h™-stable for some integer n > 2, then  is fg°h¢-stable for all a,b,c € Ny
such that a +b+ ¢ > n.

Proof.  The proofs of (1) and (2) are straightforward.
(3) This follows from Proposition 2.2 (1) and the definition of stability.
(4) This follows from Proposition 2.2 (2) and the definition of stability. O

The following implications are easily derived from the definition of stability and
the inclusion relation X; C X5 C X3.
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Note 2.2.
(1) h2-stable = gh-stable = g*-stable = fg-stable = f2-stable.
(2) h2-stable = gh-stable = fh-stable = fg-stable.

Corollary 2.1.  Let x be a presemistar operation on D.
If % is gF-stable ( resp. h¥-stable ) for some integer k > 2, then  is g"-stable (
resp. h™-stable ) for every integer n > 2.

Proof. This follows from Propositions 2.1 and 2.2. O

An integral domain D is called a coherent domain if every finitely generated ideal
of D is finitely presented (or finitely related).

Proposition 2.3.  (cf.[3, Theorem 2.2]) An integral domain D is a coherent domain
if and only if the intersection of any two finitely generated ideals of D is again finitely
generated. In particular, each Noetherian domain is a coherent domain.

Proposition 2.4.  Let D be a coherent domain and let x be a presemistar operation
on D. If x is f¥-stable for some integer k > 2, then % is also f*+1-stable.

Proof. Suppose that x is f*-stable for some integer k > 2. Then « is f™-stable for each
integer n such that 2 < n < k by Proposition 2.1 and so * is f2-stable. Now choose
arbitrary elements Fy, F, -+ , Fi, Fy11 € Fy(D). Then, since Fj, N Fyy1 € Fr(D) by
Proposition 2.3, we have (F1NFaN-- - NEyNFrp1)* = (FiNFen---N(FNFiq1))* =
Fr 0 NFe  "N(FeNEFy) = BN N E "N F" N Fy1*. Therefore f*-stable

— fk+l.stable for every integer k > 2. O
Corollary 2.2.  Let D be a coherent domain and let x be a presemistar operation
on D. Then

% is fF-stable for some integer k > 2 <= % is f"-stable for every integer n > 2.
Proof. This follows from Propositions 2.1 and 2.4. O
Proposition 2.5.  FEvery Priifer domain is a coherent domain.
Proof. This follows from [6, Proposition 25.4 (1)]. O
Corollary 2.3.  Let D be a Priifer domain and let x be a presemistar operation on
D. Then

x is fF-stable for some integer k > 2 <= % is f"-stable for every integer n > 2.

Proof. This follows from Corollary 2.2 and Proposition 2.5. O

3. Stability properties (Semistar operation case)

We recall two types of integral domains. An integral domain D is called an
essential domain if there exists a family of prime ideals {Py | A € A} of D such that
every Dp, is a valuation overring of D and D = NyDp,. Next, an integral domain D
is called a v-domain if each F' € F¢(D) is v-invertible, that is, (AA™1)? = D.
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Proposition 3.1.  ([1, Theorem 7])
(1) If D is an essential domain, then v is f™-stable for every integer n > 2,

(2) If D is an integrally closed domain such that v is f™-stable for every integer
n > 2, then D is a v-domain.

It follows from Proposition 3.1 that if D is an integrally closed domain which is
not a v-domain, then v is not f™-stable for some integer n > 2.

Proposition 3.2.  ([9, Theorem 2]) If D is a v-domain, then v is f™-stable for every
mteger n > 2.

Proposition 3.3.  Let D be a Prifer domain. Then v is f™-stable for every integer
n> 2.

Proof. By Proposition 2.5, D is a coherent domain and so by Proposition 2.4, it
suffices to show that v is f2-stable. To prove this, choose arbitrary elements A, B €
F(D). Then, by [6, Theorem 25.2 (g)], (AN B)™' = A~! + B~! and therefore
(ANB)Y! =(ANB) ™ Hl=A1+B HY1=D: (A'+B H=(D:AH)n(D:
B~1) = AY N BY as desired. O

Remark 3.1. The proof of Proposition 3.3 can be also derived from tha fact that
every finitely generated fractional ideal of a Priifer domain is invertible and so diviso-
rial.

There exists a Noetherian domain D such that the star operation v on D is not
f2-stable as shown in the following example.

Example 3.1.  ([5, Example 1.8]) Let D = k[[X3, X*, X°]] with a field k. Then D
is a 1-dimensional Noetherian local domain with maximal ideal M = (X3, X4, X°).
If we set [ = (X3, X*%),J = (X3, X%), then IV = J* = M and I NJ = (X3) and so
(INJ)”=(X3) S I°NJ” =M. Thus v is not f*-stable.

Here we must say that this example is due to W. Heinzer as noted in [1, p.4].

In general, f2-stable does not imply g2-stable even for a Priifer domain as seen in
the following example.

Example 3.2. If we choose a Priifer domain D as constructed in [11, Example 3.1],
then it is shown that the star operation v on D is not g2-stable. But v is always
f2-stable by Proposition 3.3.

In [8, Example 3.16], Matsuda has provided a Priifer domain with exactly two
maximal ideals such that there exist semistar operations on D which are f"-stable for
every integer n > 2 and which are not g2-stable (see also [8, Note, p.7]). It was shown
in [7, Lemma 4] that every Priifer domain with exactly two maximal ideals is a Bezout
domain. Thus it follows that in general, f2-stable does not imply g2-stable even for a
Bezout domain.

In general, g2-stable does not imply h2-stable as shown in the next example.
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Example 3.3. ([8, Example 3.2 (2)]) Let D = k[X,Y] with a field k. We set
E* = FE for every E € F(D) and set E* = K(= k(X,Y)) for every E € K(D)\ F(D).
Then * is a semistar operation on D and is evidently g2-stable. But if we set E =

KXY, &, i, -] and F = k[Y, X, %, <5, -], then (EN F)* = k[X,Y] S E* N F* =

k(X,Y). Hence * is not h2-stable.

Proposition 3.4.  ([8, Propositions 3.8 and 3.12]) Let x be a semistar operation on
D. Then

(1) fg-stable => g*-stable.
(2) fh-stable = h2-stable.
Corollary 3.1.  Let x be a semistar operation on D. Then
(1) fg-stable <= g>-stable.
(2) fh-stable <= h*-stable.

Proof. This follows from Note 2.2 and Proposition 3.4. O

4. Stability properties (Presemistar operation case)

For each nonzero integral ideal T of D, we set EX!) = E : I for each E € K(D).
Then, by [14, Proposition 3.1], the self-map A(I) of K(D) is a presemistar operation
on D.

Proposition 4.1.  For each nonzero integral ideal I, \(I) is h™-stable for every in-
teger n > 2.

Proof. By definition, A\(I) is h?-stable and hence, by Proposition 2.2 (2), A(I) is also
h™-stable for every integer n > 2. O

Let F be a family of nonzero ideals of D with D € F. Then
(1) F is called a semifilter of D if, for all I, J € Z(D),I 2 J € F implies I € F.
(2) F is called a filter of D if it is a semifilter and A, B € F implies AN B € F.
(3) F is said to be monoidal if A, B € F implies AB € F.

As in [14], for each presemistar operation x, we set F* = {I € Z(D) | I* = D*}.
Then we have the following

Proposition 4.2.  ([14, Lemma 4.1]) Let x be a presemistar operation on D. If x is
h2-stable, then F* is a filter of D.

For each filter F of D, we set E*F = U{E : J | J € F} for every E € K(D). Then
we have the following

Proposition 4.3.  ([14, Lemma 4.2]) For each filter F of D,xr is an h>-stable
presemistar operation on D.
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A presemistar operation x on D is said to be strong if E*F* C (EF)* for all
E,F € K(D) (see [14, Definition 4.1]) and * is said to be proper if x is not a semistar
operation on D (see [14, p.34]).

Proposition 4.4.  ([14, Theorem 4.1])

(1) If F is a monoidal filter of D, then xx is h?-stable and strong.

(2) If % is an h2-stable and strong presemistar operation on D, then F* is a monoidal
filter of D.

Proposition 4.5.  ([14, Proposition 4.4]) Let x be a presemistar operation on D. If
* is h2-stable and strong, then * = xrx.

Let I be an element of (D) such that D C I. If we set E*) = ET for all
E € K(D), then pu(I) is a presemistar operation on D by [14, Proposition 3.2 (1)].

Example 4.1.  Let k be a field and let D = k[[X®, X%]]. If we set I = D + XD,
then 1?2 = D + XD + X2D # I and so by [14, Proposition 3.2 (3)], u(I) is a proper
presemistar operation on D.

Proposition 4.6.  Let 0 # d be a nonunit of D.and let I = 5D. Then p(I) is a
proper presemistar operation on D and is h™-stable for every integer n > 2.

Proof. Since I = éD D) édD = D and I # I?, it follows from [14, Proposition 3.2]
that p(I) is a proper presemistar operation on D. Moreover, for arbitrary two elements
E1, By € K(D), we have (E\NEy)*!) = (E,NEy)3D = E\3DNE, 3D = B n ey
and so pu(I) is h?-stable. Then p(I) is h-stable for every integer n > 2 by Corollary
2.1 as we wanted. O

We shall now construct a presemistar operation of new type on D.

Theorem 4.1.  Let I be a nonzero integral ideal of D. We set

e _ E:I  fordlFEe F(D)
o K foral E € K(D)\ F(D)

Then
(1) p(1) is a presemistar operation on D.

(2) IfI is an invertible integral ideal of D, then p(I) is a proper presemistar operation
on D.

(3) p(I) is always g*-stable.

(4) If I = I?, then p(1) is a semistar operation on D.
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Proof.

(1) Evidently E C EPU for all E € K(D) and so p(I) satisfies condition (E). Next we
shall show taht p(I) satisfies condition (OP). Let E C F in K(D). If F € F(D),
then E € F(D) and so EP) = B : T C F : I = FP, Next assume that
Ec F(D)and F ¢ F(D). Then EP) = E: [ C K = FP(, Lastly assume that
E ¢ F(D)and F ¢ F(D). Then EP) = K = FP(D. Thus condition (OP) holds.
Choose an element 0 # x € K. If E € F(D), then zE € F(D) and therefore
(zEYWD = (zE): I = x(E : I) = zEPW. If E ¢ F(D), then zE ¢ F(D) and
hence (zE)PV) = K = K = zEP(. Thus p(I) satisfies condition (T). Hence
p(I) is a presemistar operation on D.

(2) Assume that I is an invertible integral ideal of D. Then I # I? and so we have
(DPMYPM) = D : 12 # D : T = DM, Hence p(I) is not a semistar operation on
D.

(3) For every E,F € F(D), we have (ENF)?) = (ENF):I=(E:)N(F:1)=
EPMD 0 FPM) and therefore p(I) is g?-stable.

(4) If E € F(D), then EPV) = F : T € F(D) and so, by hypothesis, (EP1H)P1) =
(E:1):I=E:1?=FE:I=FE"Y. Next, if E ¢ F(D), then EP() = K ¢ F(D)
and hence (EPW)PM) = K = EP(M Thus p(I) satisfies condition (T).

O
Now we shall consider the following condition:
Definition 4.1.

(NI)  There exist F € F(D) and E € K(D) \ F(D) such that F ¢ F and E # K.

We say that an integral domain D has Noninclusion Property if D satisfies the
above condition (NT).

Theorem 4.2.  Assume that D satisfies condition (NI). Then p(I) is not gh-stable
for each invertible integral ideal I of D.

Proof. By hypothesis, there exist F' € F(D) and E € K(D) \ F(D) such that F ¢ E
and E # K. Then FP) = F: T = FI~! and EP) = K and therefore FP(N 0 Er() =
FI='. Now, since FNE C F, we have FNE € F(D) and so (FNE)PM = (FNE)I~.
Suppose that (FNE)PM = FPOAEPM | Then (FNE)I~' = FI~" and hence F = FNE
which implies F C E, a contradiction. Hence we have (F N E)P(1) # Fp() o gp),
Thus p(I) is not gh-stable as we wanted. O

Proposition 4.7.  Assume that an integral domain D satisfies condition (NI). Then
there exists a proper presemistar operation * which is g*-stable but is not gh-stable.

Proof. Tt follows from Theorems4.1 and 4.2 that x = p(I) is g2-stable but is not
gh-stable for every invertible integral ideal I of D. O
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Corollary 4.1.  Let D be a Noetherian domain which satisfies condition (NI). Then
there exists a proper presemistar operation * which is f2-stable but is not fh-stable.

Proof. Since D is a Noetherian domain, we get f = g and so our assertion follows
from Proposition 4.7. O

Now we shall show that there exists an integral domain D which satisfies condition
(NI) in Definition 4.1.

Example 4.2. Let k be a field and let D = k[X,Y1,Ys,---]. Set I = D+ %D €
F(D) and set J = Y7 Dy € K(D)\ F(D). Then I ¢ J and J # K =
E(X,Y1,Yo, ), where K is the quotient field of D. Therefore D satisfies condition
(NI). Evidently D is not a Noetherian domain. If we take J' = > >° DY% € K(D)\

n=1

F(D), then we also have I ¢ J" and J' # K = k(X,Y1,Yo,- ).

The integral domain D constructed in Example 4.2 is not a Noetherian domain.
But we can show that there exists a Noetherian domain D which satisfies condition
(NI) in Definition 4.1.

Example 4.3.  Let k be a field and let D = k[X,Y]. Set I = D+ +D € F(D)
and J =Y, Dﬁ € K(D)\ F(D). Then I € J and J # K = k(X,Y), where
K = k(X,Y) is the quotient field of D = k[X,Y]. Hence D satisfies condition (NT).
Evidently D is a Noetherian domain.

In [4], an integral domain D is called a conducive domain if D : R = {z € K |
xR C D} # (0) for each overring R of D other than K. It is well known that D is a
conducive domain if and only if £(D) = F(D)U{K} ( see [13, Proposition 43]).

Note 4.1.  If an integral domain D satisfies condition (NI), then D is not a conducive
domain.

Proposition 4.8.  Let D be a non-conducive integral domain and let I € K(D) \
F(D) such that D C 1 C K. We set

B = { % ;Z: L i((g; \ F(D)
Then
(1) q(I) is a proper presemistar operation on D.
(2) If DCICJC K with Je K(D), then q(I) < q(J).
Proof.

(1) By definition, E C EIUD for all E € K(D). Next let E C F in K(D). If
F € F(D), then E € F(D) and so B9V = EI C FI = F9O_ If E € F(D),F ¢
F(D), then B9 = FI C K = FaU, If £ ¢ F(D),F ¢ F(D), then £ =
K = F0_ Thus condition (OP) holds. Now, let F € K(D) and z # 0 € K. If
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E € F(D), then zE € F(D) and hence (zE)iV) = zEI = zEW. If E ¢ F(D),
then FE ¢ F(D) and so (zE)*) = K = K = zEYYD. Thus condition (T)
also holds. Therefore ¢(I) is a presemistar operation on D. Now we shall show
that q(I) is not a semistar operation on D. By definition, we have Da =T
and 190 = K, because I ¢ F(D). Hence (DM)a) = a0 = K and so
DA = (Da)al) which implies that q(I) is not a semistar operation on D.

(2) Since J € K(D) \ F(D),q(J) is also a proper presemistar operation on D by
(1) and B9 C EIV) for all B € K(D). Hence q(I) < q(J) and furthermore
DD =T C J = DY), Thus we have q(I) < q(J) as we wanted.

O

Proposition 4.9. Let D be a non-conducive integral domain and let T be a flat
overring of D such that T # K and T ¢ F(D). We set

pa(m) _ ET for all E € F(D)
- K for all E € K(D)\ F(D)

Then
(1) q(T) is a proper presemistar operation on D.

(2) q(T) is a g*-stable presemistar operation on D.

Proof.
(1) This easily follows from (1) of Proposition 4.8.

(2) Tt follows from [10, (3.H) (1)] that EyTNEST = (E1NE3)T holds for all Ey, F5 €
F(D) and hence q(T) is g2-stable.

O

In the following example, we shall show that there exists an integral domain D
that has a proper presemistar operation * on D which is g?-stable but is not h2-stable.

Example 4.4. Let k be afield and let D = k[X,Y]. Set S, = {X" |n=0,1,2,---}
and S; = {Y™ | m = 0,1,2,---}. Then Dg, and Dg, are flat overrings of D such
that Dg,, Dg, € K(D) \ F(D). Furthermore D is not a conducive domain. To see
this, let J be a K-fractional ideal of D defined in Example4.3, then J ¢ F(D) and
J # K = k(X,Y) and so D is not a conducive domain by [13, Proposition 43]. Thus
there exists a non-conducive integral domain D such that D has a flat overring T
which satisfes the conditions in Proposition 4.9. Hence q(Dsg,) is g2-stable for each
i € {1,2} by Proposition4.9. Now we set By = > " D<= and E» = > o0 | D%
Then it is easily seen that Ey,Es € K(D)\ F(D) and Ey N Ey; = D. If we set
* = q(Dg,) for some i € {1,2}, then, by definition, (Eq N Ey)* = D* = Dg, # K but
(E1)*N(E)* = KNK = K and so (E1 N Es)* # (E1)*N(E2)*. Thus * is not h?-stable
but is g2-stable by Proposition 4.9.
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Note 4.2. It will be seen that in general, f2-stable does not imply h2-stable. Let D =
k[X,Y] with a field k and let S; be a multiplicatively closed subset of D constructed
in Example4.4 for each ¢ € {1,2}. Then q(Ds,) is a proper presemistar operation on
D which is f?-stable but not h2-stable for each i € {1,2} as shown in Example 4.4,
because D is a Noetherian domain.

We shall show that there exists a proper presemistar operation which is not f2-
stable.

Example 4.5. Let k be a field and let D = k[[X?, X*, X5]]. Then D is a Noetherian
local domain with maximal ideal M = (X3, X4, X®). Choose a nonunit a # 0 of D.
Then the presemistar operation v[aD] defined in [15, Proposition 3.1] is a proper
presemistar operation on D by [15, Proposition 3.2 (1)]. If we take I = (X3, X*) and
J = (X3, X5), then I” = J° = M and (INJ)? = (X3). Hence, by [15, Lemma 3.1], we
have [V10P) = L1v = Lpg golaDl = 1 g0 = Lpp and (10 J)vlePl = L(1nJ)° = 1(X3)
and so (I NJ)UlePl = L(x3) ¢ Laf = polaPln jolel] Thus v]aD] is not f2-stable.

We can also construct a proper presemistar operation which is not fh-stable.

Example 4.6. Let k be a field and let D = k[X,Y]. Then D is a non-conducive
domain as shown in Example 4.4. We set I = D + D+ € F¢(D) and J = D +
Som—1 DxZ= € K(D)\ F(D). Then, since D ¢ J C K,q(J) is defined and is a
proper presemistar operation on D. It is easy to see that I N'J = D and hence we
get 19 N Ja) = [JNK = IJ # J = DY) = (I N J)9). Therefore q(J) is not
fh-stable.

Let D be an integral domain and let x be a presemistar operation on D. Let S;
(resp. Sa,S3) be the set of properties { f™-stable | n > 2} ( resp. the set of properties
{g"-stable | n > 2}, the set of properties {h™-stable | n > 2}), let Sy (resp. Ss,Se)
be the set of properties {f™g™-stable | n > 1,m > 1} (resp. the set of properties
{f™h™-stable | n > 1,m > 1}, the set of properties {g"h™-stable | n > 1,m > 1})
and let S7 be the set of properties {f2g’h"-stable | a +b > 1,n > 1}. We shall study
implications of these properties in {S; |i=1,2,---,7}.

First, the following implications are derived from results in Section 2 and the
definition of stability.

Theorem 4.3.  Let D be an integral domain and let x be a presemistar operation
on D. Then

i) If D is a coherent domain, then every two properties in S1 are equivalent.

i) Every two properties in Sy are equivalent.

(

(

(iii) Ewvery two properties in Ss are equivalent.

(iv) If * satisfies some property in Sa, then x satisfies every property in Sy.
(

v) If x satisfies some property in Ss, then x satisfies every property in Ss, Se and S7.
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(vi) Ifx satisfies every (resp., some) property in Sg, then x satisfies every (resp., some)
property in Ss.

(vil) If * satisfies every (resp., some) property in Ss, then % satisfies every (resp.,
some) property in Sy.

(vill) If x satisfies every (resp., some) property in Sg, then x satisfies every (resp.,
some) property in St.

Proof.

i) This follows from Propositions 2.1 and 2.4.

ii) This follows from Corollary 2.1.
iii) This follows from Corollary 2.1.
iv) This follows from Propositions 2.1 and 2.2.
v) This follows from Propositions 2.1 and 2.2.

vi) This follows from the fact that g"h™-stable = f™*h™-stable for all n,m € N.
vii) This follows from the fact that f™h™-stable = f"¢g™-stable for all n,m € N.

(
(
(
(
(
(
(
(

viii) This follows from the fact that g"h™-stable = f%g’h™-stable for all n,m € N
and all a,b € Ng such that a + b =n.

O
Now we shall give a presemistar operation of new type which is g2-stable.

Theorem 4.4. Let D be an integral domain and let I € K(D) \ F(D) such that
DCICK. We set

B _ E for all E € F(D)
| EI  forall E€ K(D)\F(D)

Then

(1) (1) is a g*-stable presemistar operation on D.
(2) If I C I? C I3, then r(1) is a proper presemistar operation on D.
Proof.

(1) First, E C E*® for all E € K(D). Next, let By C E, with By, By € K(D). If
E, € F(D), then E, € F(D) and so EXV = B, C B, = BV, It B, € F(D)
and By ¢ F(D), then B!V = B, C B, € Bl = BV, If By, By ¢ F(D),
then B}V = BT C Byl = EXY. Hence EIV C BV for all E; C E, in
K(D). Let 0 # z € K and E € K(D). If E € F(D), then zE € F(D).
Hence (zE)'D = zF = xE*™. Next, if E ¢ F(D), then E ¢ F(D) and then
(zEyW = 2Bl = xF*W. Thus (zE)'M = zE*® for all 0 # » € K and all
E € K(D). Therefore the map r(I) is a presemistar operation on D. It is evident
that r(I) is g2-stable.
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(2) We have I'D) = 12 and (I'W)*™ = 121 = 13 # 12 = 'V and so r(I) is a proper
presemistar operation on D.

O

Proposition 4.10.

(1) Let k be a field and let D = k[X1, Xa, -] be a polynomial ring with infinite
variables {Xptnen. If we set I = D + D)%1 + Dx%z + DX%O’ + DX%I + -+, then
(1) is proper and is not h?-stable.

(2) Let k be a field and let D = k[X, X3, Xo, X3, -] with infinite variables {X} U
{Xn}tnen. If we set I =D + D% + DXL1 + DXL2 + -, then r(I) is proper and
is not fh-stable.

Proof.

(1) Weset Jy = D+D-+D-+Dy-+--- and Jo = D+ D=+ D+ D +---.
1 3 5 2 4 6

Then Jy,Jo ¢ F(D),Jy C1,Jo CI,and D C I C I? C I3. Now it is easy to

see that D = Jy NJy and 5= ¢ D. But = € JiJy € Jil NJol. Then

(JiNJ)D =DM =D C JyJo CJINJI = J{(I) N J;(I) and therefore r(I) is

not h2-stable. Moreover it follows from Theorem 4.4 (2) that r(I) is proper.

(2) Weset A =D+ Dy € Ff(D) and J = D + D5~ + D<=+ ---. Then it
1 1 2
is easy to see that D = AN J, ﬁ ¢ D and ﬁ € JI N A.. Hence we have
(AnJ)yD =pr® =D cC AnJI = A*D N J*D which implies that r(I) is not
fh-stable. It also follows from Theorem 4.4 (2) that r(I) is proper.

O

Furthermore we can also show that there exist infinitely many proper presemistar
operations which are not fh-stable.

Proposition 4.11.  Let k be a field and let D = k[X,Y]. We set J, = D +
anoleﬁ € K(D)\ F(D) for each integer k > 1. Then q(Jx) is a proper
presemistar operation on D and is not fh-stable for each integer k > 1.

Proof. 1If we set Iy, = D +D% € F¢(D) for each integer k > 1, then (I N Jj, )40
Jp £ Iy Jy = (Ik)Q(Jk) N (Jk)q(‘]k) for each integer k > 1 as in Example 4.6. Thus q(Jx
is not fh-stable for each integer k£ > 1.

D\_/

Theorem 4.5. Let D be an integral domain and let x be a presemistar operation

on D. Then
(1) If % satisfies every property in Sa, then x need not satisfy a property in Sg.
(ii) If x satisfies every property in S1, then x need not satisfy a property in Sy.

(iii) If x satisfies every property in Sa, then x need not satisfy a property in Ss.
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(iv) * need not satisfy a property in Si.
(v) * need not satisfy a property in Ss.
Proof.

(i) Assume that D satisfies condition (NT). If we choose an invertible integral ideal I
of D, then x = p(I) is g2-stable by Theorem 4.1 but is not gh-stable by Theorem
4.2 and therefore our assertion is valid.

(ii) Assume that D is a Noetherian domain which satisfies condition (NI). Then, for
each invertible integral ideal I, = p(I) is f2-stable but is not fh-stable by
Proposition 4.7.

(iii) In Example 4.4, it was shown that there exists a proper presemistar operation *
which is g2-stable but is not h2-stable.

(iv) This was shown in Example 4.5.

(v) This was shown in Example 4.6 for a Noetherian domain D and in Proposition
4.10 (2) for a non-Noetherian domain D.

O

Note 4.3.

(1) If we take D and I as in Proposition 4.10 (2), then we obtain that r(I) is f™-
stable for each integer n > 2 by Theorem 4.4 but is not fh-stable. Hence this
presemistar operation r(I) would be a concrete example which satisfies Theorem
4.5 (ii).

(2) If we take D and T as in Proposition 4.10 (1), then we obtain that r(I) is ¢g"-
stable for each integer n > 2 by Theorem 4.4 but is not h2?-stable. Hence this
presemistar operation r(I) would be a concrete example which satisfies Theorem
4.5 (iii).

We shall now show that every presemistar operation on a valuation domain V is
h2-stable. First, we shall recall that each valuation domain is a conducive domain and
so we have K(V) = F(V)U{K} by [13, Proposition 43], where K is the quotient field
of V.

Proposition 4.12.  Let V be a valuation domain. Then every presemistar operation
on V is h2-stable.

Proof. Let E; and E; be arbitrary elements in (V). Then dE; CV and dEy CV
for some 0 # d € V and so dE; C dFs or dFy C dFE;. Hence we have E; C FEy or
E; C Eq. Thus K(V) is linearly ordered with respect to the inclusion relation and
therefore our assertion is valid. O

As in [14], we denote the set of all presemistar operations on D by PS(D).
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Note 4.4.  Suppose that V is a DVR with maximal ideal M. Then we can give a direct
proof of Proposition 4.12. First, we recall that we proved PS(V) = {d, e} U {\(M") |
n € N} in [14, Theorem 3.1]. Next, by Proposition 4.1, A\(M™) is h?-stable for each
n € N. Hence every presemistar operation on a DVR V is h2-stable.

Proposition 4.13.  Let D be a conducive domain and let x be a presemistar oper-
ation on D. Then

(1) If  is g*-stable, then * is h*-stable.
(2) If * satisfies some property in So, then x satisfies every property in Ss.
Proof.

(1) For each E € F(D), we have (ENK)* = E* = E*NK = E*NK* and therefore,
if x is g%-stable, then x is evidently h2-stable, because K(D) = F(D)U{K } holds.

(2) This follows from (1) and Theorem 4.3 (ii) and (iii).

5. The ascent and the descent of stability

We recall from [14] the definition of both the ascent and the descent of a presemis-
tar operation.

Definition 5.1.  Let T be an overring of D. Then

(1) For each x € PS(D). we set E°7(*) = E* for all E € K(T). Then ar(x) is a
presemistar operation on 7.

(2) For each x € PS(T). we set E97*) = (ET)* for all E € K(D). Then dr(x) is a
presemistar operation on D.

The presemistar operation ar(x) (resp. dr(x)) in Definition 5.1 is called the as-
cent of x (from D to T ) (resp. the descent of x ( from T to D)).

For each overring T of D, we set X1(T) = F¢(T), X2(T) = F(T) and X3(T) =
K(T).

Remark 5.1. Let T be an overring of D. Then it easily follows that X3(T") C
X37ET € XQ(T) for all £ € XQ, and BT € Xl(T) for all £ € Xl.

A presemistar operation % on T is called an fr®gr®hr-stable presemistar opera-
tion on T or « is said to be fr®grhr -stable, if + satisfies the following condition

(St) (Fon---NF,NGoN---NGyNHyN---NH)*=F;N---NFXNG5N---NGEN
HiN---NH!
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Hi(0 < k < ¢) where F; € X;(T) for

for all F;(0 < ¢ < a),G;(0 < j < b),
)fork;éOandFozGO:HozK.

Z7é O,G]’ S XQ(T) fOI‘j # 0,H; € Xg(T

For simplicity, we shall also denote f7% = fr®gr°hs°, gr® = frlgr°hs°, -,
frhr® = frgr°hr°, gr’hr® = fr'gr®hr as in Section 2.

Remark 5.2. Let T be an overring of D. If T € F(D), then X5(T) C X, and if
T e ff(D), then Xl(T) g Xl.

Note 5.1.
(1) If T is an overring of D such that T' € F;(D), then T is integral over D.

(2) Let uy,us, - ,u, be elements of K which are integral over D. If we set T =
Dlu1,ug,- - ,uy), then T is integral over D and T' € F;(D).

Proof. For the proof of (1), see [16, Proposition 13.20] and for the proof of (2), see
[16, Corollary 13.21]. O

Proposition 5.1.  ([14, Proposition 2.3 (A) (2) and (B) (2)]) Let T be an overring
of D.

(1) If x € PS(D) is h2-stable, then ap(x) is hp?-stable.

(2) Assume that T is faithfully flat over D. If x € PS(T) is hp>-stable, then o7 (%)
is h?-stable.

Proposition 5.2.  Let T be an overring of D.
(1) Assume that T € F(D). If x € PS(D) is g?-stable, then ar(x) is gr>-stable.
(2) Assume that T is flat over D. If x € PS(T) is gr2-stable, then 57 (%) is g*-stable.
Proof.

(1) Let E,F € F(T) = X(T). Then by Remark 5.2, E, F € X5 = F(D) and then,
by assumption, (E N F)*7*) = (ENF)* = E*N F* = Bt 0 Fe1(*) and so
ar (%) is gr2-stable.

(2) Let E,F € F(D) = X5. Then ET,FT € X5(T) as stated in Remark 5.1.
Since T is flat over D, (E N F)T = ET N FT by [10, (3.H) (1)] and hence
(ENF)Yr™) = ((ENF)T)* = (ETNFT)* = (ET)*N(FT)* = B 0 por(),
Thus 67 (%) is g2-stable.

O
Proposition 5.3.  Let T be an overring of D.
(1) Assume that T € Fy(D). If x € PS(D) is f2-stable, then ar(%) is fr>-stable.
(2) Assume that T is flat over D. If x € PS(T) is fp*-stable, then dp(x) is f2-stable.
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Proof. The proof is similar to that of Proposition 5.2. O

Proposition 5.4.  Let T be an overring of D.

(1) Assume that T € Fy(D). If x € PS(D) is fg-stable, then ar(x) is frgr-stable.

(2) Assume that T is flat over D. If x € PS(T) is frgr-stable, then dp(x) is fg-

stable.

Proof.

(1) Let E € F¢(T) and F € F(T). Then, since T € F;(D), E € F;(D) and

F € F(D). Hence, by assumption, we have (ENF)*7(*) = (ENF)* = B*NF* =
Eor() 0 Foer() | Thus ap(x) is frgr-stable.

(2) Let E € X; and F' € X5. Then ET € X (T) and FT € X3(T) by Remark
(

5.1. Then, by assumption, (E N F)’t®*) = (EN F)T)* = (ET N FT)* =
(ET)* N (FT)* = E°™*) 0 F7() Hence dp(x) is fg-stable.

O
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