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ON A GENERALIZATION OF UNIT REGULAR RINGS

TAHIRE OZEN

ABSTRACT. In this paper, we introduce a class of rings generalizing unit
regular rings and being a subclass of semipotent rings, which is called
idempotent unit regular. We call a ring R an idempotent unit regular
ring if for all » € R — J(R), there exist a non-zero idempotent e and
a unit element u in R such that er = eu, where this condition is left
and right symmetric. Thus, we have also that there exist a non-zero
idempotent e and a unit u such that ere = eue for all r € R — J(R).
Various basic characterizations and properties of this class of rings are
proved and it is given the relationships between this class of rings and
some well-known classes of rings such as semiperfect, clean, exchange and
semipotent. Moreover, we obtain some results about when the endomor-
phism ring of a module in a class of left R-modules X is idempotent unit
regular.

1. Introduction

Throughout this paper, R means an associative ring with identity. We write
J(R) (or J) for the Jacobson radical of R and Nil(R) for the set of nilpotent
elements of R. A ring R is called a unit regular ring if for all » € R there exists
a unit element u such that rur = r which is introduced by Ehrlich in [9] and
the set of all unit regular elements is denoted by ur(R). If R = ur(R), then
it is called a unit regular ring. The properties of unit regular rings have been
extensively studied in the literature (see [3], [9] and [10]). It is easily proved
that R is unit regular if and only if every element of R is the product of an
idempotent and an invertible element and hence, we see that if a ring R is unit
regular, then J(R) = 0 and in addition, a unit regular ring is an idempotent
unit regular ring, but the converse may not be satisfied. This paper is organized
as follows:

Firstly, in Section 2, we give some basic properties and examples of idem-
potent unit regular rings and in addition, we obtain the relationships between
these rings and some very well-known rings such as semiperfect, J-clean, nil
clean, clean, exchange and semipotent rings. In Section 3, we investigate the
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rings of upper(lower) triangular matrices and any n x n matrices over idem-
potent unit regular rings. Finally, in Section 4, we prove that if End(Mg) is
the ring of endomorphisms on a semisimple module 0 # Mg, then we prove
that End(Mpg) is an idempotent unit regular ring and in addition, for any
projective R-module Pr over a right perfect ring R, the endomorphism ring
End(Pg) is idempotent unit regular. In addition, we give some conditions to be
that End(Mpg) is an idempotent unit regular ring, where Mp is a nonsingular
injective (continuous, discrete or quasi injective) module.

If every element not in J(R) of a ring R is a sum of a unit and an idempotent
which is not identity, then we call it a clean ring with idempotent not identity,
which is introduced in [1]. Any idempotent unit regular ring may not be a clean
ring. We can directly see that every clean ring with idempotent not identity
is idempotent unit regular. But, we don’t know whether or not any clean ring
is an idempotent unit regular ring and also a clean ring with idempotent not
identity.

Let’s recall some well-known definitions. A ring R is semi-simple if g R is a
semi-simple module. A ring R is semi-perfect if and only if R/J(R) is semi-
simple and idempotents lift modulo J(R). A ring R is an exchange ring if, for
every r € R, there exist an idempotent e € rR such that (1 —¢e) € (1—7)R (see
[15]). For example, every regular ring (that is, a ring, such that for all a € R,
there exists b € R satisfying a = aba) is exchange. Clean rings were defined by
Nicholson as a subclass of exchange rings in [15] and have been studied by many
authors. A ring is called clean if every element is the sum of an idempotent
and a unit. Every semi-perfect and unit regular ring are clean (see [3] and [11]
for more details). A semi-potent ring is that there exist 0 # e = e and r € R
such that ar = e for all « € R — J(R) and this ring property is both left and
right symmetric which was introduced by Nicholson in [14]. We can see that
every idempotent unit regular ring is semi-potent since ea = eu implies that
utea = u"teu.

We denote M, (R) and U, (R) for the ring of all n x n matrices and the ring
of all n x n upper triangular matrices over the ring R, respectively. Let E;; be
an n X n matrix with ij-th entry 1, otherwise 0. The ring of integers modulo
n is denoted by Z,. We denote the polynomial ring over R by R[x] and the
formal power series over R by R[[z]] with elements ag + a1z + -+ + a;x* + - - -,
where a; € R for i € N.

2. Preliminary results

Definition 2.1. Let R be an associative ring with identity. r € R — J(R) is
called an idempotent unit regular element if there exist a nonzero idempotent
element e and a unit element u such that er = eu. We denote the set of
idempotent unit regular elements by iur(R). If R = dur(R) U J(R), then
it is called an idempotent unit regular ring. Thus, the class of idempotent
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unit regular rings is between the class of unit regular rings and the class of
semipotent rings.

Lemma 2.2. Idempotent unit reqular property is left and right symmetric.

Proof. Let ea = eu, where 0 # e idempotent and w unit. If we take as e; =
ulteu and es = aul'e, then we have that ae; = eau. Let e3 = u tesu and
then ae; = ues. Since ejes = e; and eze; = e3 and (e —e3)? = 0, we have that
ae; = uez = u(l—ej+ez)(1+e; —e3)es = u(l—ej+e3)er, where u(l—ej +e3)
unit and 0 # e; idempotent, as required. ([

Example 2.3. (i) Every abelian regular ring is unit regular and hence, it is
idempotent unit regular (see [9]).

(ii) Z4 is an idempotent unit regular ring (and also a clean ring with idem-
potent not identity), but it is not a unit regular ring.

(iii) Now, we give an example which is weakly clean, exchange and hence,
semi-potent but not an idempotent unit regular. Let F be a field and My(F)
be a ring of all infinite matrices over F' with finite columns. Let R = {A =
lai;] € Mn(F) : there exists na € N such that a;; = a41)(j+1) for every
i >na and j > 1}. By [18, Example 3.1], we see that every idempotent and
unit in R are upper triangular if we ignore the first finitely many rows. Then
the product of a nonzero idempotent and a matrix (that are nonzero below
the main diagonal ignoring the first finitely many rows) cannot be written as a
product of a nonzero idempotent and a unit in R. Thus, R is not an idempotent
unit regular ring. But it is a weakly clean ring and hence exchange and then
semi-potent ring (see [18, Remark 2.4]).

(iv) Let V = &2,Q and S = {(b,b,...) : b € Z}. Let R be the sub-
ring of [];°, Q generated by V and S. Then R is an idempotent unit regular
abelian ring, but it is not exchange and hence it is not clean and not unit
regular (see [19]). In general, let S be a subring of a ring T' and R(T,S) =
{(d1,...,dn,c,c,...) :n>1,d; € T,c € S} which is a ring under componen-
twise addition and multiplication. Then R(T,S) is idempotent unit regular if
and only if so is T'. Using also [3] we understand that the class of unit regular
rings C the class of clean rings with idempotent not identity C the class of
idempotent unit regular rings.

R is called a J (nil)-clean ring, where J = J(R) in case for every element
a € R, there exist an idempotent e and an element b € J (b € Nil(R)) such
that a = e + b (see [6] and [8]). We see that every J (nil)-clean ring is clean.
We will prove in the following that such clean rings are also idempotent unit
regular.

Lemma 2.4. J-clean, nil-clean abelian and uniquely clean rings are clean rings
with idempotent not identity and so, idempotent unit reqular rings.

Proof. Let Rbe a J-clean ring and a ¢ J. Then we have an idempotent element
e and an element b € J such that @ = e +b. Thus,a =1— e+ (=1 + 2e + b),
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where (—1 4 2e + b) is unit since (—1 +2¢)? = 1 and e # 0. Thus, R is a clean
ring with idempotent not identity and so it is idempotent unit regular.

Let R be a nil-clean ring and a ¢ J. Since R is nil-clean, there exist an
idempotent e and b € N(R) such that a = e + b. We have that N(R) C J(R)
by [8], and hence R is J-clean which yields the required.

Let R be a uniquely clean ring. By Corollary 3.4 in [7] there exists a central
idempotent e € R such that e —a € J(R) for any a € R. If a ¢ J(R), then
a—e € J(R) with e # 0 and hence R is J-clean which yields the required. O

Corollary 2.5. Let R/J be a boolean ring and idempotents lift modulo J. Then
R is an idempotent unit reqular ring.

Proof. Let a + J be a non-zero element of R/J. Then a? —a € J and hence
there exists an idempotent e € R such that a — e € J. Thus, we have an
element b € J such that a = e + b which says that R is J-clean. By Lemma
2.4, R is an idempotent unit regular ring. O

A ring R is called I-finite if it has no infinite orthogonal family of idempo-
tents. It is proved in [14] that every primitive idempotent is local in a semi-
potent ring and I-finite semi-potent ring is semi-perfect. We give the following
lemma without proof.

Lemma 2.6. The following are satisfied:

(i) Let (R;)icr be a family of some rings. All the R; are idempotent unit
regular if and only if [[,c; Ri is idempotent unit regqular.

(ii) Let f : R — S be a ring isomorphism with f(1g) = lg. If R is an
idempotent unit reqular ring, then so is S.

(iii) Every primitive idempotent in an idempotent unit reqular ring is local.

(iv) Every I-finite idempotent unit reqular ring is semi-perfect and hence,
it us clean.

Lemma 2.7. If R is an idempotent reqular ring, then so is R/J. The converse
is satisfied if idempotents lift modulo J. Moreover, if I is a nil ideal and R/I
is an idempotent unit regular, then so is R.

Proof. Since non-zero idempotents are not in J, the first part is obvious. For
the converse, if a ¢ J, then there exist a non-zero idempotent e € R and a unit
u+J with (e+J)(a+J) = (e+J)(u+J). Then we have that ea —eu € J and
hence there exists u; € R with (u+ea—eu)u; = 1. Thus, (eu+ea—eu)u; =e
gives that ea = euy .

We know that if I is a nil ideal, then idempotents lift modulo I. We can
prove similar to the above proof that R is idempotent unit regular when R/T

is idempotent unit regular. (I

Proposition 2.8. The following rings are clean rings with idempotent not
identity and so, idempotent unit reqular.

(i) Semi-simple rings,
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(if) Semi-perfect rings,
(i) Artinian rings,
(iv) Finite rings.

Proof. (i) A division ring D is unit regular. If R is a semi-simple ring, then
R = 1, My, (D;) by Wedderburn-Artin Theorem. If f € My, (D;), then it
is equivalent to a diagonal matrix with idempotent entries by the Gaussian
Elimination Method and so, f is unit regular. Thus, every semi-simple ring
is a clean ring with idempotent not identity by [3] and also, idempotent unit
regular.

(ii) If R is semi-perfect, then R/J(R) is semi-simple and idempotents lift
modulo J(R). It follows from the part (i) that R/J(R) is a clean ring with
idempotent not identity. If a ¢ J(R), then we have that a + J(R) = (e +u) +
J(R), where e is idempotent not identity and u is unit. Then a = e 4+ u + j,
where j € J, and hence R is a clean ring with idempotent not identity and so,
idempotent unit regular.

(iii) and (iv) can be understood from the fact that finite rings and artinian
rings are semi-perfect. O

Proposition 2.9. Let R be idempotent unit reqular. If idempotents lift modulo
J(R), then we have the following:
(i) R[u]/J(R[u]) = R/J(R), where R[z]/{x" ™) = Rlu] = R+ Ru+--- +
Ru™, where u = x + (x™1) such that u™*! = 0.
(ii) Idempotents lift modulo J(Ru]).
(iii) R[z]/(z"*1) is idempotent unit reqular for n > 1.

Proof. (i) We know that J(R[u]) = J + (u), where (u) is an ideal of R[u]
generated by u and hence, we have that R[u]/J(R[u]) = R/J(R).

(ii) Let e + J(R[u]) = ap + J(R[u]) be idempotent in R[u]/J(R[u]), where
e = ap+ aju+ -+ ayu™. Then a3 — ag € J(R[u]) and so a2 — ag € J(R).
Since idempotents lift modulo J(R), there exists an idempotent f € R such
that ap — f € J(R) and then e — f € J(R[u]). Thus, idempotents lift modulo
J(R[u]).

(iii) Since R/J(R) is idempotent unit regular, so is R[u]/J(R[u]) by the part
(i). Then R[u] is idempotent unit regular by the part (ii) and Lemma 2.7. O

Proposition 2.10. R is idempotent unit reqular if and only if the formal power
series R][x]] is idempotent unit regular.

Proof. Let f = a+ a1z + agz® + --- ¢ J(R[[z]]) = J + R[[x]]z. Since R is
an idempotent unit regular, there exist a non-zero idempotent e and a unit
with ea = eu. Then we have that ef = e(u + a1z + az2® + --+) with a unit
u + a1z + agx® + ---. Conversely, let R[[z]] be an idempotent unit regular
ring and a ¢ J, then a ¢ J(R[[x]]). Thus, there exist a non-zero idempotent
f2=f=0bg+bix+byx®+--- and a unit u = co + c12 + cox® + - - - such that
fa = fu and hence, bya = byco, where 0 # by = b3 and c( unit, as required. [J
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Proposition 2.11. Let R be a ring. Then the following are equivalent:

(i) R is idempotent unit regular.
(ii) For all a ¢ J, uav € jur(R), where u,v € U(R).
(iil) R°P is idempotent unit reqular.

Proof. (1)=-(ii) Since R is idempotent unit regular, for all a ¢ J, ea = euy,
where e is non-zero idempotent and w; is unit. Then eu 'ua = eu 'uu; and
hence ueu™luav = ueu™luuiv and then uav € iur(R).

(ii)=-(i) Let we have a non-zero idempotent e and a unit u; with euav =

euy for a ¢ J. Thus, we hold such that u~teuav = u~teuu 'u; and hence,
uleua = u‘leuu_lulv_l.
(i)<(iii) It follows from Lemma 2.2. O

3. Matrices over idempotent unit regular rings

In this section, we investigate the rings of upper(lower) triangular matrices
and any n X n matrices over idempotent unit regular rings.

Proposition 3.1. Let R and S be any two rings and M be an (R, S)-bimodule.
Let £ = [g Z‘SJ] be the formal triangular matriz ring. Then R and S are idem-
potent unit reqular rings if and only if E is an idempotent unit regular ring.

Proof. Let I = [J 4], where we see that I is a nil ideal of E. Then we have
that E/I =T, where T = [§ %] and J(T) = [J(OR) J(OS)]. We can understand

easily that T is idempotent unit regular. Then FE is idempotent unit regular
by Lemma 2.7, too.

Conversely, let F be an idempotent unit regular ring and @ € R — J(R).
Then we hold that [¢ ] ¢ J(E) and hence, we have that a non-zero idempotent
[ ™) and a wnit [% 1] such that [ 7][39] = [% ™][% ™ and we can
see that e; # 0. Thus, eja = ejug, where e; is a non-zero idempotent and u
is unit and hence, R is idempotent unit regular. Similarly, we can prove that
so is S. O

Proposition 3.2. Let R and S be any two rings, M and N be (R,S) and
(S, R)-bimodules, respectively. Let Y = [&M] be the ring of Morita context
(see [11]). If R and S are idempotent unit reqular and Yo = [1\]720 Mo |, then so is
the subring Yy of the Morita context ring Y, where My = {x € M : N C J(R)}
and Ny = {z € N : 2M C J(8)}.

Proof. Let A = [n %] ¢ J(Yo) = [‘]ﬁ,}:) JI\(/Ig)]. First, we can suppose that
a ¢ J(R). Then we have that there exist a non-zero idempotent e and a unit
u such that ea = eu. Thus, we hold that [§9][n )] = [¢9][6 Zi], where
[ )7 = [ ).

Now, let b ¢ J(S). Then we have that there exist a non-zero idempotent e

and a unit u such that eb = eu. Thus, we have that [§2][2 3] =[39][5! V],
where [710]7! = [uilln ugl]. O
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Using the induction on n, we can prove the following lemma.

Lemma 3.3. The following are satisfied:
(i) U = [ui;] € Un(R) is invertible if and only if all the u;; are invertible.
(ii) Let E = [e;j] € Un(R) be a nonzero idempotent. Then there exists at
least one i € {1,...,n} such that e;; is a nonzero idempotent.

Proposition 3.4. R is idempotent unit reqular if and only if U, (R) is idem-
potent unit reqular.

Proof. Let A = [a;j] ¢ J(Un(R)) and then we have that a,, ¢ J(R) for some

r € {1,...,n}. Since R is idempotent unit regular, there exist a nonzero
idempotent e and a unit u such that ea,, = eu. Then eFE,,.A = eE,.U, where
U = [ug] with u; = —1 except i = 7, Upp = U, Up(p4s) = p(r41), Where

r+1<r+2<-.-<r+t<nand otherwise u;; = 0. Then U has an inverse
in U,(R) by Lemma 3.3.

Conversely, let U, (R) be idempotent unit regular and a ¢ J(R). Let A =
[a;;], where a;; = a for i € {1,...,n}, otherwise 0. Then A ¢ J(U,(R)) and
there exist E? = E # 0 and a unit matrix U = [u;;] such that EA = EU.
Since E = [e;;] # 0, there exists at least one ¢ such that e;; # 0 by Lemma 3.3.
Thus, e;;a = e;;ui;, where 0 # e?i = e;; and u;; a unit in R and hence, we are
done. O

Lemma 3.5. Let R be an idempotent unit reqular ring. Then My(R) is also
an idempotent unit reqular ring.

Proof. Let A = [2Y] ¢ J(M3(R)) = Ma(J(R)). Then we have the following
cases:
Case 1: Let a ¢ J(R). Then there exist 0 # e = €? and a unit u €

Un(R) such that ea = eu. Thus, [§3][2Y] = [§9][4?%], where [¥ bt

[y ).

Case 2: Let b ¢ J(R). Then we have 0 # e = e? and a unit u € U, (R) with

eb=ceu. Thus, [§3][25] =[§8][ ], where [§§]™ 1:[ 91_u 1, ]

Case 3: Let ¢ §é J( ). Slmllarly, we have that [§ 9] [2¢ 5] =[J9][9 1], where
[0 1] 1 _ [7 _1du_1]
u d :

Case 4: Let d ¢ J(R). Then we have that [J2][24] = [§92][L 9], where
[(112] = [7u1710u91}'

By these cases, Ma(R) is idempotent unit regular. O

Lemma 3.6. Let R and M,,_1(R) be idempotent unit reqular rings and B =

(¢ .5 ]€My(R), where A€ M,_1(R), X = l ] andY = [vi - va—1]. If

A ¢ J(M,_1(R)) or an, ¢ J(R), then B is idempotent unit reqular.

Proof. Let A ¢ J(M,_1(R)). Since M,,_1(R) is idempotent unit regular, there
exist a non-zero idempotent F and a unit U such that FA = EU. Thus, we
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1 _ _

have that [5 9] [¢# .5 | =[59][Y X]and [§X] = [Uol *Ullx]. Now, let

ann ¢ J(R). Then there exist a non-zero idempotent e and a unit u such that

€@y, = eu and hence, we can write that [J 9] [¢ .~ ] =[99] [I"Y‘l 1, where
I,_10 _ I 0

[ Ylu] _[—U’IIYU*I:|' O

Lemma 3.7. Let R be idempotent unit reqular and B = [ X | € M,(R),

nn

where A € M,_1(R), X = [ : ] = [ and Y = [v1 - Y1) ] =

wn.fl A(n—1)n
[an1 - ane-1)]. If there exists at least one x; ¢ J(R) fori=1,...,n—1, then
B is idempotent unit regular.

Proof. Since x; ¢ J(R) and R is an idempotent unit regular ring, there ex-
ist a non-zero idempotent e and a unit v with ex; = eu. Let E = [ey] €
M, (R) such that e;; = e and otherwise 0. Then we have a non-zero idem-
potent E and a unit C such that EB = EC, where the i-th row R;(C) =
[ail v Gi(n—1) '“‘] and for 1 S ] < 1, R](C) = [djl djn] with djj =1, djl

= djjoy = djgyy = = d;, = 0 and in addition; for ¢ < j < n,
(C) [dj1 = djn | with dj(] 1) = 1, otherwise 0. In this case, R,(C™!) =
[—utan - —u gy ut —utag - —ulaiony | and for 1 < 5 <, R;(C~ =
[djr - djj - djn] with dj; = 1, otherwise 0 and, for i < j < n, R; (C b=
[d cedji-1y dyg o djn] with dj(jJrl) = 1, otherwise 0. (I

Lemma 3.8. Let R be idempotent unit reqular and B = [ X | € M,(R),

Z1 A1n
where A € M,_1(R), X = [ ] = [ and Y = [n - yna] =
Typ—1 A(n—1)n

[ant =+ antm-1)]. If there exists at least one y; ¢ J(R) fori=1,...,n—1, then
B is idempotent unit regular.

Proof. Since y; ¢ J(R) and R is an idempotent unit regular ring, there exist
a non-zero idempotent e and a unit u with ey; = eu. Let E = [Eg| € M, (R)
such that F,,, = e and otherwise 0. Then we have a non-zero idempo-
tent £ and a unit C' such that EB = EC, where the n-th row R,(C) =
["’"1 v An(i-1) W An(it1) an"} for 1 <j < i, RJ(C) = [bjl bjn] with bjj =1,
bj1 =+ = bj(jfl) = bj(j+1) =+ =bj, =0and fori < j < n, Rj(C) =
[bj1 = bin | with b;(;41) = 1, otherwise 0. Then

Ri(C_l) = [—u_lanl —u_lan(i_l) —u a1y —u " an, u_l]

and for 1 < j <4, Rj(C™') = [dj1 - dj; - djn] with dj; = 1, otherwise 0 and,
for i < j <mn, Rj(C™Y) = [djr - dj-1) djj - djn | with dj(j—1) = 1, otherwise
0. [l

Theorem 3.9. If R is idempotent unit regular, then so is M, (R).
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Proof. Let B = [a;;] = [{} a)n(n} ¢ J(Mp(R)) = M,(J(R)), where A = [a;;] €

Z1 A1n

Mn—l(R)v X = [ ] = [ ] and Y = [yl ynfl] = [anl an(n—l)],
Tn—1 a(n—l)n

We will use an induction on n. If n = 2, then it is correct by Lemma 3.5. Now,

we suppose that the induction is true for n — 1. Since B ¢ M, (J(R)), we have
the following cases:

Case 1: If A ¢ M,_1(J(R)), then B is idempotent unit regular by Lemma
3.6.

Case 2: If ap, ¢ J(R), then B is idempotent unit regular by Lemma 3.6.

Case 3: If there exists at least one z; ¢ J(R), then B is idempotent unit
regular by Lemma 3.7.

Case 4: If there exists at least one y; ¢ J(R), then B is idempotent unit
regular by Lemma 3.8.

By these cases, we complete the proof. O

4. On the ring of endomorphisms of a module in a class X

In this section, we will study when endomorphism ring of a module is an
idempotent unit regular ring.

Theorem 4.1. Let M be any left (or right) R-module. Then T!, = {(K,S) :
a(K) C K,a|g — B is unit and %> = B € End(K)} has a mazimal element
(W!,n'") by the ordering (K',8") < (K, B) if and only if K' C K and 8’ = Bk,
where o € End(M). If W], is a direct summand of M for all « € End(M) and
every submodule of M that is isomorphic to a summand is a summand, then
End(M) is a clean ring.

Proof. Tt follows from the proof of Lemma 4 in [4]. O

Let M be any left (or right) R-module, « € End(M) — J(End(M)) and let
there exists a submodule N, such that a(N,) C N, and |y, — e is unit, where
1 # e = e? € End(N,) is idempotent. Thus, using Zorn’s Lemma we can say
that T,, = {(K,) : No < K,a(K) C K,alg — 3 is unit, %2 = 8 € End(K)
and (|, = e} has a maximal element (W,,n) such that |y, = e # 1 by the
ordering on T, which is (K’, ') < (K, ) if and only if K/ C K and 8’ = B|k.

Let’s have the following conditions in the class X:

(W) Wy, (where (W, n) such that n # 1 is a maximal element of T,, above)
is a direct summand of the module M in X.

(C2) Every submodule of a module in the class X that is isomorphic to a
direct summand is a direct summand.

The proof of the following theorem is the same as the proof of Lemma 4 in
[4]. But we give again some necessary parts.

Theorem 4.2. Let M be any module in a class X . If there exists a submodule
N, such that a(Ny) C N, and a|y, — e is unit, where 1 # e = e* € End(Ny)
and in addition, the conditions (W) and (C2) (which are described above) are
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satisfied for all « € End(M) — J(End(M)), then End(M) is a clean ring with
idempotent not identity and hence an idempotent unit regular ring.

Proof. Let a € End(M) — J(End(M)). Since W, is a direct summand of M,
we have a submodule K, such that M =W, ® K. Let my, and 7, be the
projections of M onto W, and K, and ¢ = 7x_a|k, € End(K,).

Claim 2: Suppose X < K|, satisfies (X) C X and ¢ — e is a unit of End(X)
for an idempotent e. Then X = 0. Claim 2 is proved in Lemma 4 in [4].

Now, take X = Ker(¢) and € = 1x. By Claim 2 we have that X = 0 and
hence ¢ is monic. Thus, ¢(K,) is a direct summand by the condition (C2).
Then K, =Y @ ¢(K,) and hence ¢(K,) = ¢(Y) @ ¢*(K,) which gives K, =
Y®o(Y)Dp?(K,). Then we have {Y, ¢(Y), ¢*(Y),. ..} which is an independent
family of submodules of K. Let V = @,ecné™(Y) and so, ¢p(V) C V. Following
an argument of O Searcéid in [17] if we take as A(y) = y, A(o(y)) = #2(y) —
Yoo NG () = 6 (y), MG () = 6H2(y) — GP(y),.. 5 then A is
idempotent on V. Then (¢|v —A)(y) = ¢(y)—y. (¢lv —=A)(9(y)) =y, ..., (alv—
A (@*"(y)) = ¢*" T (y) — ¢*"(v), (dlv — N (¢*" T (y)) = ¢*"(y), ... which has
an inverse ¢y — A + I since (dly — A\)? = I — ¢|ly + A\ If we take X =V
and € = X in Claim 2, then V' = 0 and then we have that K, = ¢(K,), that
is, ¢ € End(K,) is unit. Taking X = K, and ¢ = 0 in Claim 2, we can find
that K, = 0 and so W, = M. Then « is a clean element with idempotent
not identity and hence it is idempotent unit regular. Therefore, End(M) is an
idempotent unit regular ring. 0

Theorem 4.3. Let X be a class of semi-simple modules. If M is in X, then
End(M) is a clean ring with idempotent not identity and hence it is an idem-
potent unit regular ring .

Proof. Let 0 # a € End(M). Then there exists a simple submodule Rz of M
such that a(z) # 0. Thus, we have that either Rx = Ra(x) or Rz ® Ra(x). If
Rz = Ra(z), then we can take as N = Rz and e? = e = 0 # 1 in Theorem 4.2.
Thus, «|N — e is unit and hence, « is idempotent unit regular by Theorem 4.2.

Now, let a™(z) € N = Rx ® Ra(z) @ --- & Ra""!(z), where n > 2. Then
a|n is on finitely many direct sum of simple modules and hence it is isomorphic
to ring of matrices over a division ring which is equivalent to a diagonal matrix
with idempotent entries by Theorem 2.7 in [12]. Therefore, it is unit regular
and hence it is written as a|y — e is unit and e? = e # 1 by [3].

Now, let N = Rx @ Ra(z) @ --- ® Ra™(z) @ - - -. Following an argument of

O Searcéid in [17] if we take as e(x) = :1: e(a(z)) = a®(z) —z,...,e(a®(z)) =
a®(z), e(a®™t(x)) = o®*2(z) — a®*(2),...; then e is 1demp0tent on N.
Then (o|n — 6)(90) = a(z) -z, (G\N —e)(a(@) ==,....(aly —e)(@®(z)) =

a?t(z) — a®(2), (a|y — €)1 (z)) = a2"(o:), ... which has an inverse

aly —e+ I since (a|y —e)? = I — a|y + e. By Theorem 4.2 we are done. [

The following result follows directly from the previous theorem.
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Corollary 4.4. If M is a vector space over a diwision ring D, then End(M)
is a clean ring with idempotent not identity and hence it is an idempotent unit
regular ring.

Using [16] we can give the following proposition.

Proposition 4.5. (i) Let R = M, (D) be the matriz ring over a division ring
D, where n > 0 is an integer and let Fr be a free module. Then End(Fg) is
idempotent unit reqular.

(ii) Let R = M, (D) be the matrixz ring over a division ring D, where n > 0
is an integer and Mg is idempotent unit regular.

(iii) Let R be a semi-simple artinian ring and Mp be a module. Then
End(Mp) is idempotent unit reqular.

(iv) For any projective R-module Pr over a right perfect ring R, the endo-
morphism ring End(Pg) is idempotent unit reqular.

Theorem 4.6. If M is a nonsingular injective module such that S = End(M)
is reqular, then S is a clean ring with idempotent not identity and hence it is
idempotent unit reqular. In addition, if M is a continuous or discrete module,
then S is idempotent unit reqular.

Proof. Let 0 # « € S. Since S is regular, we have that S = rg(a) @ K, where
rs(a) = (1 —e)S, K = eS and e is idempotent. Put eae = ¢ and eSe = 5.
If rs,(¢) = 0, then ¢ is 1 — 1 since Sy is regular. Thus, eM =Y @ ¢(eM).
Following an argument of O Searcéid in [17] the same as in Theorem 4.2,
we can obtain that a submodule V = @,en¢™(Y) and an idempotent A not
identity such that ¢|y — A is unit. By the Peirce Decomposition we have that
a =[50 8] which implies that a|y is a clean element with idempotent not
identity. Then we can take as N, = V in Theorem 4.2.

Now, let 0 # x € rg, (¢). Since a = eae+ (1 —e€)ae, ax € (1—e€)S and hence
we can get that X = ax(M) @ x(M). Let g : X — X be a morphism such
that g(z) = g(ax) = z. Then a|x — g is unit, where g # 1 is idempotent. So
we can take as N, = X in Theorem 4.2. Thus, a nonsingular injective module
satisfies the conditions (W,,) and (C2) by the proof of Lemma 4 in [4] and so,
S is idempotent unit regular by Theorem 4.2.

If M is continuous, then S/J(S) =Ty x Ty by Theorem 3.11 and Corollary
3.13 in [13], where T} is a regular (so nonsingular), left self injective ring and
Ts is a reduced regular ring. Then 77 is idempotent unit regular. Since T is a
reduced regular ring, it is unit regular and hence it is idempotent unit regular.
Thus, S/J(S) is idempotent unit regular, too. Since idempotents lift modulo
J(S) by Proposition 3.5 and Lemma 3.7 in [13], S is idempotent unit regular.
If M is discrete, then S/J(S) is left continuous by Theorem 2.3 in [2]. Then
it follows from the above discussion that S/J(S) is idempotent unit regular.
Thus, S is idempotent unit regular by Lemma 5.3 and Theorem 5.4 in [13]. O

Theorem 4.7. Let M be a quasi-injective right R-module and S = Endgr(M).
If (a« + 1)S is a directly finite, then o« € S — J(5) is idempotent unit reqular.
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Proof. By Theorem 7 in [5] there exist an idempotent e and a unit « such that
a+1=e+u, where (1—(a+1))SN(1—e¢)S C J(S). Thus, e # 0 because of
a €S —J(S) and so ea = eu. O

Corollary 4.8. Let R be a regular right self injective ring. If (a + 1)S s
directly finite, then oo € S — J(S) is idempotent unit regular.

Proof. Tt follows directly from the proof of Theorem 7 in [5] and Theorem
4.7. u
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