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Preradicals, closure operators in R-Mod
and connection between them

A. I. Kashu

ABSTRACT. For a module category R-Mod the class PR
of preradicals and the class CO of closure operators are studied.
The relations between these classes are realized by three mappings:
® : CO — PR and ¥y,¥y, : PR — CO. The impact of these
mappings on the operations in PR and CO (meet, join, product,
coproduct) is investigated. It is established that in most cases the
considered mappings preserve the lattice operations (meet and join),
while the other two operations are converted one into another (i.e.
the product into the coproduct and vice versa).

0. Introduction and preliminary notions

In this work the preradicals and closure operators of a module category
R-Mod are studied ([1-6]). Three known mappings ¢ : CO — PR, ¥y, ¥y :
PR — CO realize the connection between the class PR of preradicals and
the class CO of closure operators of R-Mod ([1]). We study the influence
of these mappings on the operations in PR and CQO: meet, join, product
and coproduct ([1,2]).

At first we remind some necessary notions. Let R be a ring with unity
and R-Mod be the category of unitary left R-modules. For every module
M € R-Mod we denote by L(M) the lattice of submodules of M.

A preradical r of R-Mod is a subfunctor of identity functor of
R-Mod, i.e. r(M) C M and f(r(M)) C r(M’) for every R-morphism
f:M— M ([3,4]).
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Let PR be the class of all preradicals of R-Mod. In PR four operations
are defined ([3]):

— the meet A rq of the family {r,|a € 2A} C PR:
ac

(Ara) (M) = ()ra(M);

ac ac

— the join \/ 74 of the family {r,|a € A} C PR:
acU

(V 7ra) (M) = ra(M);

ael ac
— the product r - s of preradicals r,s € PR:

(r-s) (M) = r(s(M));

— the coproduct r : s of preradicals r, s € PR:

[(r:s) (M)]/ s(M) = r(M/s(M)),
for every module M € R-Mod.
In PR the order relation “<” is defined by the rule:

r < s<r(M) C s(M) for every M € R-Mod.

The class PR is a “big” complete lattice with respect to the operations
“A” and “V 7

A closure operator of R-Mod is a function C' which associates to
every pair N C M, where N € (M), a submodule C,(N) C M with
the conditions:

(c1) N C Cu(N);

(02) if N1 g NQ, then CM(Nl) g CM(NQ);

(c3) for every R-morphism f : M — M’ and N € L(M) we have

F(Cu(N)) C Copr(F(N)).

We denote by CO the class of all closure operators of R-Mod. In this

class also four operations are defined ([1]):

— the meet A C, of the family {C,|a € A} C CO:
acd

(A Ca), (N) = [ [(Ca)u (N)];

ac ac
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— the join \/ Cy of the family {C,|a € A} C CO:
ae

(V Ca),, (N) = [(Ca)p (V)]

ac ac
— the product C - D of the operators C, D € CQO:

(C-D)u(N) = Ca(Du(N));
— the coproduct C' # D of the operators C, D € CQO:

(C # D)u(N) = Cp, (n)(N),

M

for every N C M.

In CO the order relation “ <7 is defined as follows:
C < D& Cy(N) C Dy(N) for every N C M.
The class CO is a “big” complete lattice with respect to the operations
¢« /\77 and (L\/ 77.
The connection between the classes CO and PR for a fixed module

category R-Mod is realized by the following three mappings ([1,4]):

1) ®: CO — PR, where we denote ®(C) = r. for every C € CO and
define:
Tc(M> — C]\/[(O)

for every M € R-Mod;
2) ¥, : PR — CO, where ¥(r) = C" for every r € PR and
[(CT)u(N)]/ N =r(M/N)
for every N C M,
3) ¥y : PR — CO, where Wy(r) = C, for every r € PR and

(Cr)u(N) = N +r(M)
for every N C M.

It is well known that C'" is the greatest among the operators C' € CO
with the property ®(C) = r and, dually, C, is the least among the
operators C' € CO for which ®(C) = r. So, every preradical r € PR gives
the equivalence class [C,, C'"] in CO, and every operator C' € CO defines
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the class [C_, C"c] in which it is contained. The closure operators of the
form C'" are called mazimal. An operator C' € CO is maximal if and only if
Cu(N) /N = Cyyn(0) for every N C M (or: Cy(N) /K = Cyx(N/K)
for every K C N C M [6]).

We denote by Max (CO) the class of maximal closure operators of
R-Mod. The mappings ¢ and ¥, define a monotone bijection Maz (CQO) =
PR. Dually, the closure operators of the form C, are called minimal and
the mappings ® and Wy define a monotone bijection Min (CO) = PR.

We remind also that the preradical » € PR is called cohereditary if
r(M/N) = (r(M)+ N) /N for every N C M ([3,4]).

1. The mapping ¢ and its impact on the operations of CO

We begin with the mapping ® : CO — PR, where ®(C) = r, and
re(M) = Cy(0) for every C € CO and M € R-Mod. We will study the
behaviour of this mapping relative to the operations in CO ([1,2]).

Proposition 1.1. The mapping ® preserves the operation of meet, i.e.

o <a/e\91 Ca) = A [2(Ca)]

acd

for every family of operators {Cy|ae € 2} C CO.
Proof. For every M € R-Mod from the definitions it follows:
() () = (A €, 0) = 1) [(C),, 0] =

ae
= N [rea(M)] = (A re.)(M).
ac ac
Thus r Ac = A 7¢,,so by our notations this proves the proposition. [
« ac

acl

Proposition 1.2. The mapping ® preserves the operation of join, i.e.

é(aXQCb):: V [®(Clﬂ}

acl
for every family of operators {Cy|ae € 2} C CO.

Proof. For every M € R-Mod by definitions we have:
(ry o) M) = (\E/mCa)M(O) = X [(Ca)u(0)] =

Yo ac
= 2 [rea(M)] = (V re,) (M),
ac ac
therefore r =\ 7¢,, proving the proposition. ]
V Ca ae

acA
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Thus the mapping ® preserves the lattice operations “ A” and “V .
Now we consider the other two operations: product and coproduct.

Proposition 1.3. The mapping ® converts the coproduct of CQ into the
product of PR, i.e.
O(CH#D)=2(C)-(D)

for every operators C, D € CQ.
Proof. For every M € R-Mod we have:

regp(M) = (C 9 D)u(0) = Cp,0)(0),

(re - rp) (M) =rc(rp(M)) = re(Dy(0)) = Cbyy0)(0)-

Thus reup (M) = (re - rp) (M) for every M € R-Mod, i.e.

Tcup = To- Tp, as affirms the proposition. ]

Proposition 1.4. For every operators C,D € CO the relation is true:
®(C-D) < ¢(C) : (D).

If C is a maximal closure operator, then for every operator D € CO
the equality holds:

O (C-D)=o(C) : (D).
Proof. By definitions we have for every M € R-Mod:
ro.p (M) = (C - D)y(0) = Cu(Dn(0)),
[(rc: o) (M)]/ rp(M) = re(M/rp(M)) =
= 1c(M/Dy(0)) = Caiypy0)(0).
(0))

Therefore [ro. p(M)]/rp (M) = [Cyn(Dwn(0))]/ Day(0). From the

definition of closure operator (condition (c3)) it follows that

[Cai(Dr(0)) ]/ Dar(0) € Chrtypyy0(0). So from the foregoing it fol-
lows that [r¢.p(M)]/rp (M) C [(re : rp)(M)]/rp(M). Hence
ro.p (M) C (re @ rp) (M) for every M € R-Mod, i.e. 7¢.p < 1o @ Tp,
which proves the first statement.

Now we suppose that the operator C is mazimal, i.e.
[Cu(N)]/N = Cyn(0) for every N C M. For N = D,(0)
we obtain [Cy (D (0))]/ Da(0) = Crypy,0)(0), which means  that
[re. o (M)]/rp (M) =[(r¢ :rp)(M)]/rp (M). Therefore ro.p, (M) =
(re : rp) (M) for every M € R-Mod, i.e. rc.p = ro : rp, proving the
second statement. O
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2. The mapping V¥, and its impact on the operations of PR

In continuation we consider the mapping W; : PR — CQO, which is
defined by the rule ¥y(r) = C" and [(C")y(N)]/N = r(M/N) for
every r € PR and N C M. We verify the influence of this mapping on
the operations of PR.

Proposition 2.1. The mapping V1 preserves the operation of meet, i.e.

Ui(Ara)= A [¥1(ra)]
ac A

ac

for every family of preradicals {rq|a € A} C PR.

Proof. By definitions for every N C M we have:

[e3

[(Caemr )]/ N=(Ara)(M/N)= N [ra(M/N)] =

ael ael

= N[((C™)u(N))/N]=[N{(C™)u(N))]/N=[(AC™),,(N)]/N.

ael acl ae

A o
Hence (Cex ) (N) = (A C"™) (N) for every N C M, i.e.
ac
Ces2t = A C7« which proves the proposition. O
ac

Proposition 2.2. The mapping V| preserves the operation of join, i.e.

U1 (Vra) =V [¥1(ra)]

ac ac
for every family of preradicals {rq|a € A} C PR.

Proof. For every N C M by definitions we have:

\ ra
[(Coex ) (N)]/ N = (V ra)(M/N) = 3 [ro(M/N)] =

ac acl
= L[ )uN)/ N =[ (O ) (N)]/ N=[(V C"),, (V)]/ N

Hence (Cee* ) (N) = (a\e/mC”a)M(N) for every N C M, which
means that Cec2 = \/ C'"> proving the proposition. O
ac
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Remark. Since the mappings ® and W preserve the lattice operations
“A” and “V 7, the bijection M ax (CO) = PR, which is defined by these
mappings, is an isomorphism of complete “big” lattices.

Further we consider the effect of the mapping ¥; on the rest of
operations: product and coproduct.

Proposition 2.3. The mapping W1 converts the product of PR into the
coproduct of CQ, i.e.
Wy (r-s) =Ty (r) # U1 (s)

for every preradicals r,s € PR.
Proof. Let r;s € PR and N C M. Then:

[(C 7)) (N)]/N =(r-s)(M/N)=r(s(M/N)).
From the other hand, by the definition of coproduct in CO we obtain:

[(CT# C*)u(N)]/ N = [(CT)(es),,m(N)]/ N =

= r[((C*)u(N))/N| =r(s(M/N)).

Therefore [(C"®), (N)]/N = [(C"# C*)y(N)]/N, and so
(CTu(N)= (C"# C®)y(N) for every N C M. This means that
C" % =C"# C?, proving the proposition. O

Proposition 2.4. The mapping V1 converts the coproduct of PR into
the product of CQ, i.e.
Uy (r:s)=Y(r) Uy (s)

for every preradicals r,s € PR.

Proof. By definition [(C"*)y,(N)]/N = (r:s)(M/N) and
[(r:s) (M/N)]/s(M/N) = r[(M/N)/s(M/N)] =
= [(C")an(s(M/N))]/s(M/N) for every N C M.

Therefore (r: s) (M/ N) = (C")yn(s(M/ N)), i.e. [(C"*) (N)]/ N =
(CT)arw (5(M/ N)).

Now we will use the fact that C'" is a mazimal closure operator (see
Section 1), which in the situation N C (C*)y,(N) C M implies the
relations:

[(CT)a((C*)ar(N))]/ N = (CT)aay [((C*)as(N)) ) N =
= (C")uayw (s(M/ N)).
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Comparing with the relation obtained above, now we have:
[(CT:S)M(N)}/N = [(CT)M((CS)M(N))]/J\L

thus (C7*), (N) = (C"- C®)y(N) for every N C M. This means that
C"s = C"- C?, proving the proposition. O

3. The mapping V,: impact on the operations of PR

Finally, we study the mapping s : PR — CO, where Vo(r) = C, and
(Cr)u(N) =N +r(M) for every r € PR and N C M. We show the
influence of Wy to the operations of PR.

Proposition 3.1. For every family of preradicals {ro|a € A} C PR the
relation is true:

Uy (Ara) < A [P2(ra)].

aell ac
If the lattice (M) is infinite distributive (relative to meets) for every
M € R-Mod, then the equality holds:

U (Ara) = N [Pa(ra)].

ac?l ac

Proof. By definitions Wy ( A 7o) = C where (C/\ m)M (N) =

acA A7“’
ac ae
N+ [(ANra)(M)] = N+[N roa(M)] for every N C M.
ac ac

From the other hand, A [¥2(ro)] = A Cy,, where
ae acl

( A CTQ)M(N) =N [(Cm)M(N)] =N [N+Ta(M)]

acl acl ac
for every N C M. Since N+ [ N ro(M)] € N [N +ro(M)], we have
ac ac
(C, ) (N)C(AC,), (N), ie. C/\T < A G, proving the first
/e\mm " acdl " mew el
statement.

If L(M) is infinite distributive (relative to meets) for every

M € R-Mod, then N+ [ N ro(M)] = N[N + ro(M)] for every
A ae

ac
N C M, which implies the equality C A = A (., proving the second
T ac

acd
statement. O
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Proposition 3.2. The mapping Vo preserves the operation of join, i.e.

Uy (V ra) =V [¥2(ra)]
acA A

[e1S

for every family of preradicals {r,|a € A} C PR.
Proof. For every N C M we have:
(€ a9 = N+ [V 7a)O0)] = N+ [ £ ral00)],

ac?l ac

From the other hand:
(V. 0r)y(N) = 5 [Cru(N)] = 5 [N +ra(M)] =

ac ac

= N+ [ > Ta(M)]'

acA
Therefore (C’v )y (N) = (V G, (N) for every N C M, ie.
ac e
C Ve = \/ C,., which proves the proposition. O

ac

It remains to verify the impact of the mapping Wy on the operations
of product and coproduct of PR.

Proposition 3.3. For every preradicals r,s € PR the relation is true:
\IIQ (7“ . S) < \Ifg (T‘) # \Ifg (S)
Proof. Let r,s € PR and N C M. Then:

(Cros) (N)=N+[(r-s)(M)]=N+r(s(M)),
(Cr - CS)M(N) = (CT)(CS)M(N)(N) = (CT')N+8(M)(N) =

= N +r(N +s(M)).

Since N + r(s(M)) € N + r(N + s(M)), we have (Cr.5)u(N) C
(Cr# Cs)y (N) for every N C M, ie. C..4 <C.# Cs, proving the
proposition. [

Proposition 3.4. For every preradicals r,s € PR the relation is true:
Uy (r:s) = Wa(r) Vs (s).
If the preradical r € PR s cohereditary, then for every s € PR the

equality holds:
Wy (r:s)=Wo(r) Uy (s).
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Proof. If r,s € PR and N C M, then (Cy.5)(N) = N+ [(r : s) (M)] and
[(r:s)(M)]/ s(M)=r(M/ s(M)). Therefore:

[(Crs)u(N)]/ s(M) =[N+ (r:s) (M)]/ s(M) =
= [(N+s(M)) [ s(M)] + [((r = 5) (M)) / s(M)] =

= [(N +s(M))/s(M)] + [r(M/s(M))].

On the other hand, for the product of respective operators we have:
(Cr - Cs)u(N) = (Cr)u [(Cs)m(N) ] =
= (Cr)u[N +s(M)] =N+ s(M) +r(M).

Hence:
[(Cr - Co)u(N)]/ s(M) =[N+ s(M) +r(M)]/ s(M) =
= [(V+s(M)) / s(M)] + [(r(M) + s(M)) / s(M)].

From the definition of preradical we have the inclusion:
[r(M) +s(M)]/ s(M) C r(M/ s(M)),
and comparing with the previous relations we obtain:
[(Cris)u(N)]/ s(M) 2 [(Cr- Co)u(N)]/ s(M).

Therefore (Cr.s)u(N) 2 (Cr - Cs)u(N) for every N C M, which means
that C,.s > C, - Cs, proving the first statement.

If we suppose that the preradical r € PR is cohereditary, then
for every s € PR by previous calculation we obtain the equality
[(Cris)m(N)] /) s(M) =[(Cy - Cs)u(N)]/ s(M), which implies the equal-
ity C..s = C,. - Cs. ]
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