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ABSTRACT. We prove that the set of all Bland preradical filters
over an arbitrary differential ring form a quantale with respect to
meets where the role of multiplication is played by the usual Gabriel
pro-duct of filters. A subset of a differential pretorsion theory is a
subquantale of this quantale.

Introduction

Rings considered in calculus are often equipped with additive maps that
have properties of the operation of derivation. They include the ring
of infinite differentiable real functions, the ring of all integer functions,
the field of meromorphic functions and many others. That is why the
study of rings equipped with derivations and, more generally, modules
equipped with derivations is an important part of differential algebra.
Recently Bland [2]| has initiated the investigation of a new type of hered-
itary tor-sion theories over such rings, which he called differential torsion
theories. The investigation continued in [16], where such torsion theories
were called Bland torsion theories. Another type of differential torsion
theories was considered by O. L. Horbachuk, M. Ya. Komarnytskyi in
[9]. The purpose of the present paper is to reveal the interrelation be-
tween these types of torsion theories and to investigate the lattices of
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both Bland pretorsion theories and differential pretorsion theories from
the point of view of quantale theory. In fact, we are dealing with more
general functors than the functors of a torsion part, namely with the
kernel functors, the general theory of which is developed in [6].

The concept of quantale [15] goes back to 1920’s, when W. Krull,
followed by R. P. Dilworth and M.Ward, considered a lattice of ideals
equipped with multiplication. The term ’quantale’ itself (short for 'quan-
tum locale’) was suggested by C.J. Mulvey. A quantale is a complete
lattice L satisfying the law a - (\/;,c;b;) = V,ez(a - b;) for all a,b; € L,
where [ is an index set. Note that, in this definition, we can substitute
the meets by the joins, so that we obtain the dual quantale with respect
to meets.

It is well known that the set of all ideals of any ring is a complete
lattice on which an operation of multiplication of ideals is defined. It
satisfies an infinite distributive law, so the lattice of all ideals of the ring
is a quantale. This quantale is intensively exploited in the paper [3]. By
analogy, the set of all preradical filters of left ideals of an arbitrary ring
is a complete lattice, moreover, an operation of Gabriel multiplication of
preradical filters is defined. Hence, the lattice of preradical filters is, in
fact, a quantale with respect to meets, see [5].

We wish to discover, which sets of differential pretorsion theories in
the sense of Bland and pretorsion theories in the sense O.Horbachuk and
M.Komarnytskyi over differential rings form a quantale.

Preliminaries

Throughout the paper, all rings are assumed to be associative with non-
zero identity. All modules are unital left modules. The word ’ideal’, with-
out any further comments, signifies a two-sided ideal. R — Mod denotes
the category of left R-modules and module homomorphisms. Also, if I is
aleft ideal of the ring R and S C R, then theset (I : S) = {r € R|rS C I}
is a left ideal of R. In particular, when S = {a}, where a € R, (I : a)
denotes the left ideal of R given by {r € R|ra € I}. In the paper a
standard ring-theoretic terminology will be used, following [8], [11].

Now we provide the basic definitions and facts on differential algebra,
for more details, see [10].

An ordinary differential ring (or a §-ring for short) is a pair (R, J),
where R is a ring and § : R — R is a map, called a derivation on R,
satisfying the following conditions:

1) 6(r+s) =9d(r)+d(s),

2) §(rs) = d(r)s +rd(s),
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where in both equalities 7 and s are arbitrary elements of the ring R.
If A={d;, i=1,..,n} is the set of pairwise commutative derivations
on R, then the ring R together with the set A is said to be a partial
differential ring (a A-ring for short).

A left partial differential R-module (a D-module for short) over a A-
ring (R, A) is a pair (M, D), where M is an R -module and D is a set of
pairwise commutative maps d; : M — M, i = 1,2, ..., n, called derivations
on the module M consistent with d;, @ = 1,...,n (A-derivations on M
for short), each of which satisfies the following conditions for module
derivations:

1) di(m +n) = d;(m) + d;(n) and

2) di(rm) = rd;(m) + §;(r)m

for any m,n € M, r € R.

Let (R, A) be a A-ring and let (M, D) be a left D-module over (R, A).
A left ideal I of the ring R is called a A-ideal (short for differential ideal)
if 6 (I) C I for each 6 € A. Similarly, a submodule N of the module M
is a D-submodule (short for differential submodule) if d (N) C N for each
deD.

A differential module M is called differentially simple if it has no
differential submodules other than zero and itself (though it may have
nontrivial non-differential submodules). Sometimes it may be useful to
consider so called simple differential modules, i. e. simple modules, in the
ordinary sense, equipped with some derivations. A differential submodule
N of a differential module M is called a mazimal differential submodule
if there is no proper differential submodule between N and M. It is
equivalent for the d-factor module M /N to be differentially simple, and
the latter is equivalent for the module M /N to be simple when considered
as a left module over the ring Dpg of linear differential operators of the
differential ring R. The intersection of all maximal differential submodules
of the left D-module M is a differential Jackobson radical of M, denoted
by Jg(M). If M has no maximal differential submodules, then assume
that Jy(M) = M. In case when M is a left regular differential module
(i.e., M = rR ), we obtain the notion of a differential Jackobson radical
of a differential ring R. It is clear that J(R) C J4(R), where Jy(R) is the
intersection of those left ideals which are maximal among the differential
ideals of R. The differential Jacobson radical is vastly examined in many
publications (see, e.g. |7]).

A D-homomorphism of D-modules is a usual homomorphism of mod-
ules which commutes with the operation of taking a derivative element
with respect to each derivation, and an exact sequence of D-modules is
D-ezact if the linking maps are d-homomorphisms. The class of all left
D-modules is, in fact, a category, where the role of morphisms is played
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by D-homomorphisms. This category is called the category of differ-
ential modules and denoted by R — Dmod. The set of all differential
homomorphisms from the D-module M to the D-module N is denoted
by Dhomp(M,N).

Given a differential ring R together with the set of pairwise commu-
tative derivations A = {dy,d9,...,0,} and a is an arbitrary element of
R, we denote by a(®) the set of all elements obtained from a by apply-
ing a finite number of differential operators 1, da, ...; 5, not necessarily
distinct. Symbolically it is designated by a(°®) =

- {(5,1*;15;’;2...5,33) (@) |1y oos kg = 1, ooy 13 gy ooy, € NU {0}} .

Evidently, for any left differential ideal I and for any element a € R,
the ideal (I : a(oo)) is differential. It is easy to check that

((I : a(°°>) :b(°°)> — (I: (ab)<°°>)
for every a,b € R.

Since the study of differential modules over the differential ring R is
equivalent to the study of usual modules over the ring of linear differential
operators D with the coefficients of R, we must distinguish, which coef-
ficient ring is considered in the context. The following functorial diagram
will be helpful

Dr — Mod R— Mod,

S A

R — Dmod,

where © is an inclusion functor, ¥ is the identity functor and ® is a
forgetful functor.

1. Differential preradical filters and preradical Bland
filters

Let (R, A) be a differential ring, A = {01,02, ..., 0n}, 0;0; = §;0;, i, ) =
1,...,n.

A nonempty collection F of left differential ideals of the differential
ring R is said to be a differential preradical filter of R (see [9]) if the
following conditions hold:

DF1. If I € F and I C J, where J is a left differential ideal of R,
then J € F;
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DF2. If I € F and I € F, then I J € F;

DF3. If I € F, then (I : a(®)) € F for each a € R.

If a differential preradical filter F satisfies an extra condition

DF4. If I C J with J € F and (I : a{®)) € F for all a € J, then
IeF,

then the filter F is called a differential radical filter. Further we
will call such filters HK-filters (differential radical filters in the sense of
Horbachuk-Komarnytskyi ).

When the derivatives §; , i = 1, ..., n are trivial, we obtain the defini-
tion of the usual preradical and Gabriel filter.

A preradical filter £ of left ideals of the differential ring (R, A) is
called a preradical Bland filter |2] if the following condition holds:

For every I € &, there exists a J € £ such that §;(J) C I for each
1=1,...,n.

A Gabriel filter of left ideals of the differential ring R is called a radical
Bland filter if it is the Bland filter as a preradical filter.

The set of all Bland preradical filters will be denoted by Filg(R).

Bland remarked that all Gabriel filters over a commutative ring are
differential; in our terms, it means that all Gabriel filters over such a
ring are radical Bland filters [2]. In that paper the examples confirming
the importance of radical Bland filters are given. We now prove some
propositions which make the Bland’s remark more accurate and show
that there are plenty of Bland filters. In fact, it is much more difficult
to give an example of the Gabriel filter of a differential ring which is not
a radical Bland filter. Remind that a Gabriel filter which has a basis
consisting of two-sided ideals is called symmetric (or bounded) (see [5]).

Proposition 1. Any symmetric preradical filter (Gabriel filter) of an
arbitrary differential ring is a preradical (radical) Bland filter. If a pre-
radical filter (Gabriel filter) of left ideals of a differential ring R, not
necessarily symmetric, has a basis consisting of left differential ideals,
then it is a preradical (radical) Bland filter.

Proof. The proof of the part of the proposition concerning preradical
filters is not difficult. Thus, we prove it for Gabriel filters.

Let £ be a symmetric Gabriel filter and let I be a left ideal of the
ring R which belong to the filter £. Then there exists a two-sided ideal
K € & such that K C I. Since £ is multiplicatively closed, K? € £ and
§;(K?) C I for every i = 1,...,n. Hence, £ is a Bland filter.

Assume now that the Gabriel filter £ has a basis B consisting of
left differential ideals. We again consider an arbitrary left ideal I of £.
Choose K € B such that K C I. Since K is differential, then 6;(K) C I,
and we are done. O
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The following Proposition shows that each HK-filter generates some
Bland filter, necessarily unique, and that the inverse correspondence is
not one-to-one.

Proposition 2. Fvery differential HK-filter F of the A-ring R is a basis
for some Gabriel filter Ex of the ring R, which obviously is a radical Bland
filter called a radical Bland filter generated by the HK-filter £. Moreover,
the set Bg of all differential left ideals which belong to some fixed radical
Bland filter E is a basis for some HK-filter Fg of the A-ring R. In this
case different HK-filters correspond to different radical Bland filters.

The proof of this statement involves a routine check of the correspond-
ing conditions, therefore it is omitted.

2. Differential preradicals and kernel functors

A preradical in the category R — Dmod is a functor
0:R— Dmod — R— Dmod

such that:
1. o(M) is differential submodule in M for each M € R — Dmod,
2. For each differential homomorphism f : M — N we have

fa(M)) € a(N).

Denote by R — Dpr the complete big lattice of all differential prerad-
icals in R — Dmod.

The most natural example of a preradical is the functor (differential
Jacobson radical)
Jp : R— Dmod — R — Dmod, where Jp : M — Jp(M).

There are following classical operations in R — Dpr, namely A, V, -
which are defined as follows, for 0,7 € R — Dpr and M € R — Dmod:

(eAT) (M) =0 (M)NT (M),

(0 7) (M) = (M) +r (M),

(0 7) (M) = o (v (M))..

The meet A and the join V can be defined for arbitrary families C of
differential preradicals as follows:

ANreC(M)=n{r(M)|reC},

V{reC} (M) => {r(M)|recC}.

Notice that for each M € R — Dmod, {r (M) |r € C} is a set.

The operation - is called a product. It is well known that
rL-T9 < Tr1 A1 <11 V.
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All these operations are associative and order-preserving.
The functor o € R — Dpr is a left exact differential preradical if for
each short exact sequence

0L M- N0

the sequence
0 — (@) "2 (ar) 2L - (V)

is exact.

The functor o € R — Dpr is a differential radical if o (M /o (M)) =0
for each M € R — Dmod.

For any 0 € R — Dpr, we will use the following four classes of differ-
ential modules:

T, ={M € R— Dmod|o (M) =M};

Fo,={M € R—Dmod|oc (M)=0};

T, ={c(M)|M € R— Dmod};

Fo={M/o(M)|M € R— Dmod} .

Recall that o is differentially idempotent if and only if T, = Ty, o is
differential radical if and only if F, = F,. The functror o is a left exact
differential preradical if it is differentially idempotent and its differential
pretorsion class T, is closed under taking differential submodules. The
functor o is a differential radical if and only if it is radical and its differ-
ential pretorsion-free class F, is closed under taking differential quotient
modules.

Let 0,7, € R— Dpr, {04}, € R—Dpr, M € R— Dmod. Then the
following properties hold:

l.o<Tt=0V(rAn)=7A(cVn)(Modular law);

2. If {04}, is a directed family, then 7 A (Vq0a) = Vo (T A 04);

3. (NaOa)T = Ao (04T);

4. (Va0o)T = Vq (0aT) .

The classes of idempotent differential preradicals is closed under tak-
ing arbitrary joins, and the classes of differential radicals and left exact
differential preradicals are closed under taking arbitrary meets.

A differential preradical ¢ : R — Dmod — R — Dmod is called a
differential kernel functor if for every M € R— Dmod and any differential
submodule N of M, o(N) = N (o (M).

For example, by putting in correspondence to each differential mod-
ules M its differential socle Socp(M) = > {P|P is a differentially simple
module }, we obtain the kernel functor of taking the differential socle.

Another example of a differential kernel functor is ox, obtained by
using the differential preradical Bland filter or HK-filter F.
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Let o be a differential kernel functor. Then the module M € R —
Dmod is said to be o-torsion if o(M) = M, and it is called o-torsion-
free if (M) = 0. A (pre)torsion theory is, in fact, defined by giving the
class of torsion objects and the class of torsion-free objects.

Denote by Kp(R) the set of all differential kernel functors, and by
Ip(R) the set of all idempotent differential kernel functors. Then for an
arbitrary ring R the following inclusion is satisfied: {0,00} C Ip(R) C
Kp(R).

To an arbitrary differential kernel functor o there is associated a pre-
radical filter Tp(o) of the ring R consisting of left ideals I such that R/I
is a submodule of some differential o-torsion module.

Now we state the lemma to be proved in the ordinary way.

Lemma 1. The filter Tp(o) is preradical Bland filter.

Proof. It is enough to prove the condition, defined by means of deriva-
tions.

Consider an arbitrary left ideal I € Tp(c). Then there exists such a o-
torsion differential module M and an element m € M that Ann;(m) = I.
Since M is o-torsion, Ann;(m') = J € Tp(c). Take K =INJ € Tp(o).
Then 0 = d;(Km) 2 6;(K)m + Km’ = §;(K)m. It means that ¢;(K) C
Anny(m) = I for each i =1, ..., n. O

The kernel functor ¢ on category R — Mod will be called an extension
of differential kernel functor @ if the functorial diagram

R — Dmod -, R — Dmod

o) |o

R—MOd?R—MOd

is commutative. The set of all kernel functors o which are extensions
of some differential kernel functors will be denoted by K.(R).

The map I' : 0 — Tp(o) is not one-to-one as the following simple
example shows.

Example. Let k be any universal differential field of characteristic 0.
Then there only defined three different differential kernel functors on the
category of all k-linear differential spaces k — Dmod, and all these kernel
functors are, in fact, idempotent. However, there are only two kernel
functors on the category of linear spaces k — Mod, therefore there exist
only two trivial Bland filters over the ring k.

In case when all the derivations §;,7 = 1,...,n, are zero, the notions
introduced above transform into the well known notions of the torsion
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theory over rings with no additional structures. In the corresponding
notations the index D is omitted.

For additional information on kernel functors see [6], [14].

The differential left module M will be called uniformly differential if
each of its cyclic submodules is differential. A usual socle of any differen-
tial module is uniformly differential. It is clear that the sum of any two
uniformly differential submodules is a uniformly differential. Since the
union of any chain of uniformly differential submodules is a uniformly
differential module, then each differential module contain the largest uni-
formly differential submodule U(M) (by Zorn’s lemma). It is easy to
check that the functor U(M) is an idempotent differential kernel functor.

A differential kernel functor will be called a kernel HK-functor if for
each differential module M the inclusion o (M) C U(M) holds.

It is clear that for every HK-filter F the differential kernel functor or
is HK-functor.

The following theorem shows that the converse is true.

Theorem 1. There exists a one-to-one correspondence between (idempo-
tent) kernel functors on the category R — Mod, which are the extensions
of some differential kernel functor defined on R — Dmod, and (radical)
preradical Bland filters of the ring R .

Proof. Let 0 € K(R) and there is ¢ € Kp(R) for which ¢ |g—pmoed= 0.
Then, by Lemma 1, the filter Tp () is a Bland filter. Thus, the map

Tp : Ke(R) — Fil(R)
is well defined. Conversely, if F € filp(R), then the kernel functor
or: R— Mod — R— Mod

has the property: o7(M) € R—Dmod for every M € R— Dmod (this can
by proved as in [2], p. 3). It means that o |r_pmod= 7. Therefore, the
map ¥ : Filg(R) — K¢(R), were ¥ : F — or € K.(R) is well defined.

Now we compute the compositions 1 o Tp and Tp o . For the kernel
functor ¢ : R—mod — R—mod, which is the extension of some differential
kernel functor @, we have (¥ o Tp)(o)=0(Tp(¥))=1 € Kp(R). If M is
some left R-module, then

T(M)={z € M|3I € Ip(0), Iz = 0} = o(M).

Thus 9 o TD = 1|K5(R)'
Conversely, if F € Filg(R) then

(Tp o 9)(F) =Tp(0(F)) =
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={I|I € L(R),3M € R — Dmod, 3z € M, Anny(x) = I, M € Ty} =
={I|3M € R — Dmod,3x € M, Anny(z) € F, Anny(x) =1} = F.

Thus TD ol = 1|FilB(R)'
In the case of the idempotent kernel functor, the result is the conse-
quence of the Lemma 1.5 in [2].
O

Theorem 2. There exists a one-to-one correspondence between (idempo-
tent) kernel HK-functors on the category R — Dmod and (radical) HK-
filters of the ring R.

Proof. Let o be an (idempotent) kernel HK-functor. Denote by &, the
set of all left differential ideals of the ring R, for which there exists a
uniformly differential o-torsion module M and an element x € M such
that Jx = 0. Then all the conditions of the definition of (idempotent)
HK-filters are satisfied (i.e., &, is a HK-filter). Thus, we have the map

¢: Knw(R) — HKFil(R),

where ¢ : 0 — &,. Now we show that ¢ is bijective. If 0 # 7, 0,7 €
Kk (R) then there is a differential module M # 0 such that o(M) #
7(M). Since (M) is uniformly differential, we can select an x € M such
that o(Rz) # 7(Rx) and Anny(x) € Lp(R). Then Anni(x) € E\Es or
Anny(x) € E,\Er and we proved the injectivity of ¢.

The surjectivity of this map is evident, since for every HK-filter F &
HKFil(R) there is a kernel functor oz , defined by the rule o (M) =
{z € M|Ann)(x) € F}, and it is a HK-functor over the ring R. Further-
more, p(or) = F. O

The set K(R) may be partially ordered by putting ¢ < 7 if and only
if o(M) C 7(M) for all M € R — Mod. Moreover, the set of differential
kernel functors Kp(R) is a complete lattice. In addition a product of
kernel functors can be defined as follows: given o and 7 in Kp(R), let
A and B be their corresponding differential pretorsion classes. Consider
the extension of B by A, i. e., the collection C = {M € R — Dmod| there
exists an exact sequence 0 — A — M — B — 0 with A € A and
B € B}. Then C is a differential pretorsion class and we let 7o denote the
corresponding differential kernel functor. In terms of preradical filters,
this product amounts to defining F1F2 = {I € R|3J € F» such that
I C Jand (I:a)e€ Fiforall a € J}. It can be verifies that if I € F
and J € Fy, then IJ € F1Fs.

With the natural order given by the inclusion of filters, the set of
all preradical filters of left ideals F'il — R becomes structurally identical
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to the set of all kernel functors K(R). The bottom of Fil(R) is the
filter {R} which we will denote by 0; its corresponding kernel functor
is the zero kernel functor, which we will denote by 0, i. e. the functor
0: R— Mod — R — Mod defined by 0(M) = 0 for all M € R— Mod.
The largest element of Fil(R) is the set of all the left ideals of R; its
corresponding kernel functor is the identity functor oo, i. e. the functor
00 : R—Mod — R — Mod defined by co(M) = M for all M € R— Mod.

Conversely, any collection C, closed under submodules, arbitrary di-
rect sums, homomorphic images and extensions is of the form C = C(o)
for a unique o € I(R).

Theorem 3. 1. The set of (idempotent) kernel functors o € K(R) on
the category R — Mod which are the extensions of some (idempotent) dif-
ferential kernel functors @ € Kp(R) defined on R—Dmod is an complete
lattice.

2. The set of all (idempotent) kernel HK-functors is a complete lattice.

Proof. 1. Let {0;}icr be a family of (idempotent) kernel functors on
category R — Mod, where every o; is the extension of the (idempotent)
differential kernel functor @; on R— Dmod. Then for every left R—module
M we have (\;c;0:)(M) = (;er0i(M). It is clear that (A,c;0;) is an
(idempotent) kernel functor. Denote by 7 an (idempotent) differential
kernel functor A\;.; ;. If M is differential module then we have 7(M) =
(Nier @i)(M) = Ny 7i(M) = (Niepai(M) = (Niey0i)(M). It follow
that A\,;c; o is the extension of 7.

By analogy, we prove that \/;,.; 03 also exists and is the extension of
some o € Kp(R).

2. For any family of kernel HK-functors {o;}icy, the functors A;c; o;
and \/,c; 0; are defined as above. We prove that they are HK-functors.
If M € R — Dmod then o;(M) is uniformly differential for all ¢ € I. It
follows that (,c; oi(M) and | J,;c; 0:(M) also are uniformly differentials.
Thus, A,;c;oi(M) and \/,;.; 0i(M) are HK-functors. O

3. Lattices of differential pretorsion theories and Bland
pretorsion theories

A differential torsion theory T for the category R — Dmod is a pair (T, F')
of classes of differential R-modules such that

1. TNF=0;

2. If M — N — 0 is an differentially exact sequence in R — Dmod
and M € T, then N € T;

3. If 0 = M — N is an differentially exact sequence in R — Dmod
and N € F, then M € F;
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4. For each differential R-module M there exists a short differentially
exact sequence 0 - T — M — F — 0 in R — Dmod for which T' € T
and F € F.

Remind that a class T is a torsion class for a differential torsion theory
7 if and only if it is closed under differential quotient modules, direct sums
and extensions. A class F is a torsion-free class for 7 if and only if F is
closed under differential submodules, direct products and extensions.

The differential modules in T are called 7-torsion, and the ones in F
are T-torsion-free.

A differential torsion theory is called hereditary if T is closed under
differential submodules, and cohereditary if F is closed under differential
factor modules. A differential torsion theory is hereditary if and only if
a torsion-free class F is closed under differential injective envelopes.

Every differential R-module has a unique and the largest 7-torsion

differential submodule given by t.(M) = > N, where S is the set of
Ne S
all 7-torsion differential submodules of the differential module M.

In case when all the derivation are trivial we obtain the definition of
a torsion theory for the category R — Mod.

A torsion theory 7 for R — Mod is called a Bland torsion theory if
it is hereditary and the filter & = {I|I is a left ideal of the ring R and
R/I € T} determined by 7 is a Bland filter.

In [2], Lemma 1.5) Bland has proved the following Proposition:

Proposition 3. For a hereditary torsion theory T on R — Mod the fol-
lowing properties are equivalent:

(1) & is a Bland filter;

(2) For each left R-module M and for each x € 7(M) there is such
I €&, that 6(I) C (0: z);

(8) For each R-module M and for every derivation d defined on M,
d(t-(M)) Ct.(M).

This proposition shows that a torsion theory in the category R— Mod
is differential if and only if for each differential module M, d(t,(M)) is
its differential submodule (i.e., 7 € K.(R)).

Proposition 4. The intersection and union of an arbitrary family of
preradical (radical) Bland filters of left ideals of the differential ring (R, A)
is a preradical (radical) Bland filter of left ideals of (R, A).

Proof. The assertions are direct consequences of the Theorems 1 and 2.

O]

Since the intersection of an arbitrary family of Bland filters is a Bland
filter, we may see that the set of all Bland filters has the structure of a
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complete lattice, where the meet and the join of Bland filters are defined
in the usual way.
We will also need the following fact.

Proposition 5. If & and & are preradical (radical) Bland filters of
left ideals of the differential ring (R, A), then their product & - &3 is a
preradical (radical) Bland filter of left ideals of (R, A).

Proof. Tt is well known from [5] that the product of preradical filters is
a preradical filter. We only need to show that the filter £ - & satisfies
the second condition. Let I € & - &y. Then there exists such J € & that
I CJand (I:a)e€é& forall a € J. The there exist such left ideals
K € & and K, € & with a € J that 6;(K) C J and §;(K,) C (I : a)
for each ¢ = 1,2,...,n. Consider the left ideal T'= I K of R. It is
clear that 0;(7) C I. Since T C J( K and J() K € &, the inclusion
(T :a) = INK :a) 2 (I : a), for every a € J[) K, follows that
(T : a) € E. It means that T € &; - &a. O

4. Quantales of Bland and HK-filters

A quantale @ is a complete lattice with an associative binary multiplica-

x*(\/xi>:\/(x*:ci)

i€l el

tion * satisfying

and

(\/xi>*x—\/(xi*x)

icl iel
for all xz,z; € Q, 1 € I, I is a set. 1 denotes the greatest element of the
quantale @, 0 is the smallest element of Q). A quantale @) is said to be
unital if there is an element w € @ such that u*xa = a *x u = a for all
a € Q.

A meet of the preradical filters 7 and Fy is the preradical filter
F1 \ F2 which is the intersection of F; and Fo.

A join of preradical filters F7 and F» is the least preradical filter
F1'\/ F2 which contain both F; and Fo.

A product of preradical filters F1 and Fa is a set Fp - Fo of those left
differential ideals of the differential ring R for which there exists an ideal
H e Fy such that I C H and (I : a(®)) e F, foralla € J.

By a subquantale of a quantale ) is meant a subset K closed under
joins and multiplication.
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Proposition 6. The set of all HK-filters of the differential ring R forms
a quantale with respect to meets.

Proof. If I € F-(\;cq Fi) then there exists such J € A;.q F; that I C J
and (I : al®)) e Fforallae J. ThenforalliecQJ e Fjand I C J
and (I:a(®)) e F soforalliec QIeF F thatis I € \;cq(F - F).
If I € (NjcqFi) - F then there exists such JF that I C J and (I :
a®)) € N\jeqFi foralla € J. Thenfor alli € Q J € F and I C J and
(I:a>))eF,soforalliecQIeF; F, thatisle N\;cqFF).
Check that F *x (NjerFi) = Ner(F«F;) and (NjerFi) * F =
= Nier (Fi *F). We have that F x (NjerF;) = {I|FH € NerFil C
HYa € H(I : a) € F} = {I3H € (o, Fil C HYa € H(I : a) € F} =
{I|3Vie IH € F;] C HVYa € H(I :a) € F} = Nier (F*F;). O

Theorem 4. The set of all preradical Bland filters of left ideals of the
differential ring (R,A) is a quantale with respect to meets, which is a

subquantale of the quantale of all preradical filters of the differential ring
(R,A).

Proof. As proved by J.Golan, for all preradical filters & € Fill(R),i €
I, & € Fill(R) the following equality is valid:

5'(/\51) = /\(5'5i)

i€l i€l
(see [5], Proposition 3.13, p.37). It means that the complete lattice
Fill(R) is a quantale with respect to meets. (In fact, J.Golan stated his

results in terms of semirings). It follows that, in order to finish the proof,
it is enough to apply the Proposition 5 and the Theorems 1, 3. O
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