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Abstract. Let Hm,n be the mn
2-dimensional Radford Hopf algebra over an algebraically

closed field of characteristic zero. We give the classification of all ideals of 8-dimensional
Radford Hopf algebra H2,2 by generators.
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1. Introduction

The notion of Radford Hopf algebra is given by Radford in [5] in order to give an

example of Hopf algebra whose Jacobson radical is not a Hopf ideal. We recall the def-

inition of Radford Hopf algebra briefly. Let G be a cyclic group of order mn (n > 1)

generated by g. Assume that Vi is a 1-dimensional vector space such that the action

of g on Vi is the scalar multiplied by ω
i, where ω is a primitive mnth root of unity.

Then {Vi : i ∈ Zmn} forms a complete set of simple kG-modules up to isomorphism.

Let χ be the k-linear character of Vm(n−1). Namely, χ(g) = ωm(n−1) = ω−m. The

order of χ is n and the k-linear character of Vm is χ
−1. Let Hm,n be generated as

an algebra by g and z subject to

(1.1) gmn = 1, zg = χ(g)gz = ω−mgz, zn = gn − 1.

We can endow Hm,n with a Hopf algebra structure, where the comultiplication ∆,

the counit ε, and the antipode S are given, respectively, by

∆(z) = z ⊗ g + 1⊗ z, ε(z) = 0, S(z) = −zg−1,(1.2)
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∆(g) = g ⊗ g, ε(g) = 1, S(g) = g−1,(1.3)

and Hm,n is an mn2-dimensional pointed Hopf algebra with a k-basis {zigj : 0 6 i 6

n − 1, 0 6 j 6 mn − 1}. We call Hm,n Radford Hopf algebra for the given inte-

gers m and n. Wang et al. in [6], [7] studied the structure of the Green rings of

finite dimensional pointed Hopf algebras of rank one. In particular, they determined

the Green rings of Radford Hopf algebras by generators and relations. We showed

in [8] that Radford Hopf algebras are principal ideal rings and give the generators

of annihilator ideals of indecomposable modules. In this paper we will determine all

ideals of 8-dimensional Radford Hopf algebra H2,2 by generators.

This paper is organized as follows. In Section 2, we recall from [6], [7] the structure

of all indecomposable modules of Radford Hopf algebra Hm,n. Then we refer to [8]

for all ideals and annihilator ideals of indecomposable Hm,n-modules. In Section 3,

we use the generators to classify all 14 different ideals of H2,2.

Throughout, we work over an algebraically closed field k of characteristic zero.

Unless other stated, all algebras, Hopf algebras and modules are vector spaces over k;

all modules are finite dimensional; all maps are k-linear; ⊗ means ⊗k. We assume

that the reader is familiar with the basics of Hopf algebras and representation theory.

References [3], [4] are suggested for the former and [1], [2] are suggested for the latter.

2. Preliminaries

In this section, we recall the structure and indecomposable modules of the Radford

Hopf algebras. As described in Section 1, for any h ∈ kG with the comultiplication

∆(h) =
∑

h1 ⊗ h2, the k-linear character χ induces an automorphism σ of kG such

that σ(h) =
∑

χ(h1)h2. Thus,

(2.1) zkh = σk(h)zk for 0 6 k 6 n− 1.

Let x be a variable and V an kG-module. For any natural integer l, let xlV be

a vector space defined by xlu+ xlv = xl(u+ v) and λ(xlu) = xl(λu) for all u, v ∈ V

and λ ∈ k. Then xlV has a kG-module structure defined by

(2.2) h · (xlv) = χ−l(h)xl(h · v) for h ∈ kG, v ∈ V.

Denote by Λ0 the subset of Zmn consisting of elements divisible by m, and by Λ1

the complementary subset of Λ0. Let τ be the permutation of Zmn determined

by Vχ−1 ⊗ Vi
∼= Vτ(i), where Vχ−1 is exactly the simple kG-module Vm with the

character χ−1. It is clear that τ(i) = m + i for any i ∈ Zmn. Let 〈τ〉 be the
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subgroup of the symmetric group Smn generated by the permutation τ . Then the

group 〈τ〉 acts on the index set Zmn, which is divided into m distinct 〈τ〉-orbits

[0], [1], . . . , [m− 1], where [i] = {i,m+ i, 2m+ i, . . . , (n− 1)m+ i} for 0 6 i 6 m− 1.

Moreover, Λ0 = [0] and Λ1 = [1] ∪ [2] ∪ . . . ∪ [m− 1].

Let M(k, i) = Vi ⊕ xVi ⊕ . . .⊕ xk−1Vi for i ∈ Λ0 and 1 6 k 6 n. Then M(k, i) is

an Hm,n-module:

h · (xlv) = χ−l(h)xl(h · v), 0 6 l 6 k − 1,(2.3)

z · (xlv) =

{

xl+1v, 0 6 l 6 k − 2,

0, l = k − 1
(2.4)

for any h ∈ kG and v ∈ Vi.

Let Pj = Vj ⊕ xVj ⊕ . . .⊕ xn−1Vj , j ∈ Λ1. Then Pj is an Hm,n-module:

h · (xlv) = χ−l(h)xl(h · v), 0 6 l 6 n− 1,(2.5)

z · (xlv) =

{

xl+1v, 0 6 l 6 n− 2,

(gn − 1)v, l = n− 1
(2.6)

for any h ∈ kG and v ∈ Vj . For any two j, j
′ ∈ Λ1, Pj

∼= Pj′ as Hm,n-modules if and

only if [j] = [j′]. Let P[j] stand for a representative of the isomorphism class [Pj ] of Pj .

The following results will be used in the next section and we quote them here for

convenience of the reader.

Proposition 2.1 ([6], Theorem 2.5, [7], Proposition 2.4, Proposition 2.8, The-

orem 2.9). The set {M(1, i), P[j] : i ∈ Λ0, j ∈ Λ1} forms a complete set of finite

dimensional simple Hm,n-modules up to isomorphism. And the set {M(k, i), P[j] :

i ∈ Λ0, 1 6 k 6 n, j ∈ Λ1} forms a complete set of finite dimensional indecompos-

able Hm,n-modules up to isomorphism.

Proposition 2.2 ([8], Theorem 3.4). Let I be any nonzero two-sided ideal

of Hm,n. Then there exist integers 1 6 t 6 n, n− 1 > k1 > k2 > . . . > kt > 0 and

polynomials d1(y), d2(y), . . . , dt(y) ∈ k[y] with d1(y)|d2(y)| . . . |dt(y)|y
mn − 1 and

0 6 deg(d1(y)) < deg(d2(y)) < . . . < deg(dt(y)) 6 mn− 1 such that

I = (zk1d1(g), z
k2d2(g), . . . , z

ktdt(g)) = (zk1d1(g) + zk2d2(g) + . . .+ zktdt(g)).

We end this section by giving the following lemma, which is useful in the next

section.

Lemma 2.3. We have (zl(g − ωj)) = (zl) for any j ∈ Λ1 and 0 6 l 6 n− 1.
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P r o o f. Since gcd(y − ωj , yn − 1) = 1, there exist u(y), v(y) ∈ k[y] such that

u(y)(y − ωj) + v(y)(yn − 1) = 1.

Hence, it follows that

u(g)(g − ωj) + v(g)zn = u(g)(g − ωj) + v(g)(gn − 1) = 1.

Therefore (g − ωj) + (zn) = (1). Note that z ∈ (g − ωj) by [8], Lemma 3.10. Then

we have (g − ωj) = (1). Assume that

1 =
∑

s

(zn−1f1s(g) + . . .+ fns(g))(g − ωj)(zn−1h1s(g) + . . .+ hns(g)),

where fks(y), hks(y) ∈ k[y] for 1 6 k 6 n. Thus, we have

zl = zl
∑

s

(zn−1f1s(g) + . . .+ fns(g))(g − ωj)(zn−1h1s(g) + . . .+ hns(g))

=
∑

s

(zn−1σl(f1s(g)) + . . .+ σl(fns(g)))z
l(g − ωj)(zn−1h1s(g) + . . .+ hns(g)).

This implies zl ∈ (zl(g − ωj)). Hence (zl(g − ωj)) = (zl). �

3. Ideals of H2,2

In this section, we give explicitly the generators of all ideals of 8-dimensional

Radford Hopf algebra. The Radford Hopf algebra H2,2 is generated by g and z

subject to

g4 = 1, zg = ω−2gz = −gz and z2 = g2 − 1,

where ω is a primitive 4th root of unity. Let I = (zk1d1(g) + . . .+ zktdt(g)) be any

nonzero ideal of H2,2, where 1 6 t 6 2, 1 > k1 > . . . > kt > 0, d1(y)| . . . |dt(y)|y
4 − 1

and 0 6 deg(d1(y)) < . . . < deg(dt(y)) 6 3. Note that Λ0 = {0, 2}, Λ1 = {1, 3}. It is

clear that P1
∼= P3 and we denote it by P[1]. Since y

4−1 = (y−1)(y−ω)(y+1)(y+ω),

one can obtain that ds(y) is 1, y − ωi, y − ωj , (y − ωi)(y − ωj), y2 − 1, y2 + 1,

(y2 − 1)(y−ωj) or (y2 +1)(y−ωi) for i ∈ Λ0, j ∈ Λ1, 1 6 s 6 t. We shall prove the

following theorem.

Theorem 3.1. The Radford Hopf algebra H2,2 has the following 14 ideals:

(0), (1), (g − 1), (g + 1), (g2 − 1), (g2 + 1),

((g2 + 1)(g − 1)), ((g2 + 1)(g + 1)), (z), (z(g − 1)),

(z(g + 1)), (z(g2 + 1)), (z(g2 + 1)(g − 1)), (z(g2 + 1)(g + 1)).
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In the sequel, we need to show that the ideals in Theorem 3.1 are all different and

each ideal of H2,2 is one of the ideals in Theorem 3.1.

Lemma 3.2. We have z ∈ ((g − ωi)(g − ωj)) for i ∈ Λ0 and j ∈ Λ1.

P r o o f. Note that

z(g − ωi)(g − ωj)− (g − ωi)(g − ωj)z = −2zg(ωi + ωj) ∈ ((g − ωi)(g − ωj)).

Since ωi + ωj 6= 0 and g is invertible, we have z ∈ ((g − ωi)(g − ωj)). �

Lemma 3.3. We have (zl(g − ωi)(g − ωj)) = (zl(g − ωi)) for 0 6 l 6 1, i ∈ Λ0

and j ∈ Λ1.

P r o o f. It suffices to show that

((g − ωi)(g − ωj)) = (g − ωi) and (z(g − ωi)(g − ωj)) = (z(g − ωi)).

Since (g − ωj) = (1) by Lemma 2.3, we may assume that

1 =
∑

s

(zf1s(g) + f2s(g))(g − ωj)(zh1s(g) + h2s(g)),

where fks(y), hks(y) ∈ k[y] for 1 6 k 6 2. Therefore,

g − ωi =
∑

s

(g − ωi)(zf1s(g) + f2s(g))(g − ωj)(zh1s(g) + h2s(g))

= zv +
∑

s

(g − ωi)f2s(g)(g − ωj)h2s(g)

for some v ∈ H2,2. Noting that z ∈ ((g − ωi)(g − ωj)) by Lemma 3.2, we have

g − ωi ∈ ((g − ωi)(g − ωj)).

Hence ((g − ωi)(g − ωj)) = (g − ωi). For the second equation, we may assume that

g − ωi =
∑

s

(zp1s(g) + p2s(g))(g − ωi)(g − ωj)(zr1s(g) + r2s(g)),

where pks(y), rks(y) ∈ k[y] for 1 6 k 6 2. Hence,

z(g − ωi) = z
∑

s

(zp1s(g) + p2s(g))(g − ωi)(g − ωj)(zr1s(g) + r2s(g))

=
∑

s

(zσ(p1s(g)) + σ(f2s(g)))z(g − ωi)(g − ωj)(zr1s(g) + r2s(g)).

Thus, we obtain z(g − ωi) ∈ (z(g − ωi)(g − ωj)). Therefore

(z(g − ωi)) = (z(g − ωi)(g − ωj)).

We finish the proof. �
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Lemma 3.4. If (zu1(g)) = (u2(g)), where uk(y) ∈ k[y], 0 6 deg(uk(y)) 6 3,

uk(y)|y
4 − 1, for 1 6 k 6 2, then (zu1(g)) = (u2(g)) = (z(g2 − 1)) = (g2 − 1).

P r o o f. It is clear that (z(g2−1)) ⊆ (g2−1). Noting that g2−1 = 1
2zg

2·z(g2−1),

we have (z(g2 − 1)) = (g2 − 1). If (zu1(g)) = (u2(g)), then we may assume

u2(g) =
∑

s

(zf1s(g) + f2s(g))zu1(g)(zh1s(g) + h2s(g)),

where fks(y), hks(y) ∈ k[y] for 1 6 k 6 2. Noticing that {zagb : 0 6 a 6 1,

0 6 b 6 3} is a k-basis of H2,2, we have

u2(g) = (g2 − 1)
∑

s

σ−1(f1s(g))u1(g)h2s(g) + f2s(g)σ
−1(u1(g))h1s(g).

Since the right-hand side annihilates the simple H2,2-module M(1, 0) and M(1, 2),

we have u2(y) = (y2 − 1)c(y), where c(y) ∈ k[y] and 0 6 deg(c(y)) 6 1. Since

u2(y)|y
4 − 1, we obtain c(y) = 1, y − ω or y + ω. Thus,

(zu1(g)) = (u2(g)) = ((g2 − 1)c(g)) = (g2 − 1).

�

Lemma 3.5. For any given 0 6 l 6 1, the following seven ideals are all different:

(zl), (zl(g − 1)), (zl(g + 1)), (zl(g2 − 1)),

(zl(g2 + 1)), (zl(g2 + 1)(g − 1)), (zl(g2 + 1)(g + 1)).

P r o o f. We only need to show that if

(zl(g − 1)p0(g2 + 1)p1(g + 1)p2) = (zl(g − 1)r0(g2 + 1)r1(g + 1)r2),

where 0 6 pk, rk 6 1, 0 6 p0 + p1 + p2, r0 + r1 + r2 6 2, then pk = rk for 0 6 k 6 2.

We may assume

zl(g − 1)p0(g2 + 1)p1(g + 1)p2

=
∑

s

(zf1s(g) + f2s(g))z
l(g − 1)r0(g2 + 1)r1(g + 1)r2(zh1s(g) + h2s(g)),

where fks(y), hks(y) ∈ k[y], 1 6 k 6 2. Since {zagb : 0 6 a 6 1, 0 6 b 6 3} is

a k-basis of H2,2, we have

(g − 1)p0(g2 + 1)p1(g + 1)p2

=
∑

s

σ−l(f2s(g))(g − 1)r0(g2 + 1)r1(g + 1)r2h2s(g)

+
∑

s

(g2 − 1)σ−l−1(f1s(g))(−g − 1)r0(g2 + 1)r1(−g + 1)r2h1s(g).
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If pk < rk, then pk = 0 and rk = 1. Note that the right-hand side annihilates the

simple kG-module Vk and (g− 1)p0(g2 +1)p1(g+1)p2 · Vk 6= 0. It is a contradiction.

Hence, pk > rk for 0 6 k 6 2. In a similar way we conclude rk 6 pk. Then pk = rk.

We finish the proof. �

Lemma 3.6. We have

(z, g2 − 1) = (z), (z(g − 1), g2 − 1) = (z(g − 1)),

(z, g2 + 1) = (1), (z(g + 1), g2 − 1) = (z(g + 1)).

P r o o f. By Lemma 3.4, it is easy to see that

(z(g − 1), g2 − 1) = (z(g − 1), z(g2 − 1)) = (z(g − 1)),

(z(g + 1), g2 − 1) = (z(g + 1), z(g2 − 1)) = (z(g + 1)),

(z, g2 − 1) = (z, z(g2 − 1)) = (z).

Note that 2 = g2 + 1− z · z ∈ (z, g2 + 1). It follows that (z, g2 + 1) = (1). �

Lemma 3.7. We have

(z, (g2 + 1)(g + 1)) = (g + 1), (z(g + 1), (g2 + 1)(g + 1)) = (g + 1),

(z, (g2 + 1)(g − 1)) = (g − 1), (z(g − 1), (g2 + 1)(g − 1)) = (g − 1).

P r o o f. Since

z · z(g + 1)− (g2 + 1)(g + 1) = (g2 − 1)(g + 1)− (g2 + 1)(g + 1) = −2(g + 1),

we have g + 1 ∈ (z(g + 1), (g2 + 1)(g + 1)). It is clear that z(g + 1) ∈ (g + 1) and

(g2 + 1)(g + 1) ∈ (g + 1). Hence, it follows that

(z(g + 1), (g2 + 1)(g + 1)) = (g + 1).

It is easy to see that

(z, (g2 + 1)(g + 1)) ⊇ (z(g + 1), (g2 + 1)(g + 1)) = (g + 1).

Since z ∈ (g + 1) by [8], Lemma 3.10 and (g2 + 1)(g + 1) ∈ (g + 1), it follows that

(z, (g2 + 1)(g + 1)) = (g + 1).

The proof of (z(g− 1), (g2 +1)(g− 1)) = (g− 1) and (z, (g2 +1)(g− 1)) = (g− 1) is

similar. �
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Lemma 3.8. We have z(g2 + 1) ∈ ((g2 + 1)(g − 1)) ∩ ((g2 + 1)(g + 1)).

P r o o f. Note that

z(g2 + 1)(g − 1)− (g2 + 1)(g − 1)z = 2zg(g2 + 1) ∈ ((g2 + 1)(g − 1)).

Since g is invertible, we have z(g2 + 1) ∈ ((g2 + 1)(g − 1)). In a similar way, we

conclude that z(g2 + 1) ∈ ((g2 + 1)(g + 1)). Hence, we finish the proof. �

P r o o f of Theorem 3.1. We divide the 14 ideals into two classes:

Class I: (0), (1), (g − 1), (g + 1), (g2 + 1),

(g2 − 1), ((g2 + 1)(g − 1)), ((g2 + 1)(g + 1));

Class II: (z), (z(g − 1)), (z(g + 1)), (z(g2 + 1)),

(z(g2 + 1)(g − 1)), (z(g2 + 1)(g + 1)).

We have proven that the ideals in each class are all different by Lemma 3.5 and

the ideals in different classes are different by Lemma 3.4. Hence, the 14 ideals are

all different. Next we will show that each ideal of H2,2 must be one of the 14

ideals. Let I = (zk1d1(g) + . . . + zktdt(g)) be any nonzero ideal of H2,2, where

1 6 t 6 2, 1 > k1 > . . . > kt > 0, d1(y), . . . , dt(y) ∈ k[y], d1(y)| . . . |dt(y)|y
4 − 1 and

0 6 deg(d1) < . . . < deg(dt) 6 3.

Case 1 : k1 = 0. This implies that I = (d1(g)). Since d1(y)|y
4 − 1, d1(y) can

be taken 1, y − ωi, y − ωj, (y − ωi)(y − ωj), y2 − 1, y2 + 1, (y2 − 1)(y − ωj) or

(y2 + 1)(y − ωi) for i ∈ Λ0 and j ∈ Λ1. Then I has to be taken the following ideals:

(1), (g− 1), (g+1), (g2− 1), (g2+1), ((g2+1)(g− 1)), ((g2 +1)(g+1)),

which are in Class I.

Case 2 : k1 = 1. It follows that I = (zd1(g)) or I = (zd1(g) + d2(g)).

⊲ When I = (zd1(g)), I is one of the ideals in Class II or

I = (z(g2 − 1)) = (g2 − 1),

which is in Class I.

⊲ When I = (zd1(g) + d2(g)), if d2(y) = y − ωi or y − ωj for i ∈ Λ0, j ∈ Λ1, noting

that z ∈ (g− ωi) and z ∈ (g− ωj), then I = (g−ωi) or (1), which is in Class I. If

d2(y) = (y − ωi)(y − ωj), then by Lemma 3.3,

I = (zd1(g), (g − ωi)(g − ωj)) = (zd1(g), g − ωi) = (g − ωi),
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which is in Class I. If d2(y) = y2 − 1, then d1(y) = y − 1, y + 1 or 1. Thus,

I = (z(g − 1), g2 − 1), (z(g + 1), g2 − 1) or (z, g2 − 1).

By Lemma 3.6, I = (z(g−1)), (z(g+1)) or (z), which is in Class II. If d2(y) = y2+1,

then d1(y) = y − ω, y + ω or 1. Therefore,

I = (z(g − ω), g2 + 1), (z(g + ω), g2 + 1) or (z, g2 + 1).

By Lemma 3.6, I = (1), which is in Class I. If d2(y) = (y2 − 1)(y−ωj) for j ∈ Λ1,

then d1(y) = 1, y − ωi, y − ωj , y2 − 1 or (y − ωi)(y − ωj). Therefore,

I = (z, g2 − 1), (z(g − 1), g2 − 1) or (z(g + 1), g2 − 1).

By Lemma 3.6, I = (z), (z(g − 1)) or (z(g + 1)), which is in Class II. If d2(y) =

(y2 + 1)(y − 1), then d1(y) = 1, y − 1, y − ωj, y2 + 1, (y − 1)(y − ωj) for j ∈ Λ1.

Hence,

I = (z, (g2 + 1)(g − 1)), (z(g − 1), (g2 + 1)(g − 1)) or (z(g2 + 1), (g2 + 1)(g − 1)).

By Lemmas 3.7 and 3.8, I = (g − 1) or ((g2 + 1)(g − 1)), which is in Class I. If

d2(y) = (y2 + 1)(y + 1), then d1(y) = 1, y + 1, y − ωj , y2 + 1 or (y + 1)(y − ωj)

for j ∈ Λ1. Thus,

I = (z, (g2 + 1)(g + 1)), (z(g + 1), (g2 + 1)(g + 1)) or (z(g2 + 1), (g2 + 1)(g + 1)).

By Lemmas 3.7 and 3.8, I = (g + 1) or ((g2 + 1)(g + 1)), which is in Class I.

Hence, we finish the proof. �

Remark 3.9. By [8], Propositions 3.5, 3.6 and 3.9, it is clear that the annihilator

ideal ofM(1, 0) is (g−1), the one ofM(1, 2) is (g+1), and the one of P[1] is (g
2+1).

The annihilator ideal of M(2, 0) is (z(g − 1)), and the one of M(2, 2) is (z(g + 1)).
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[1] I.Assem, D. Simson, A. Skowroński: Elements of the Representation Theory of Asso-
ciative Algebras. Vol. 1. Techniques of Representation Theory. London Mathematical
Society Student Texts 65. Cambridge University Press, Cambridge, 2006. zbl MR doi

[2] M.Auslander, I. Reiten, S. O. Smalø: Representation Theory of Artin Algebras. Cam-
bridge Studies in Advanced Mathematics 36. Cambridge University Press, Cambridge,
1995. zbl MR doi

[3] C.Kassel: Quantum Groups. Graduate Texts in Mathematics 155. Springer, New York,
1995. zbl MR doi

1027

https://zbmath.org/?q=an:1092.16001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2197389
http://dx.doi.org/10.1017/CBO9780511614309
https://zbmath.org/?q=an:0834.16001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1314422
http://dx.doi.org/10.1017/CBO9780511623608
https://zbmath.org/?q=an:0808.17003
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1321145
http://dx.doi.org/10.1007/978-1-4612-0783-2


[4] S.Montgomery: Hopf Algebras and Their Actions on Rings. Regional Conference Series
in Mathematics 82. American Mathematical Society, Providence, 1993. zbl MR doi

[5] D.E.Radford: On the coradical of a finite-dimensional Hopf algebra. Proc. Am. Math.
Soc. 53 (1975), 9–15. zbl MR doi

[6] Z.Wang, L. Li, Y. Zhang: Green rings of pointed rank one Hopf algebras of nilpotent
type. Algebr. Represent. Theory 17 (2014), 1901–1924. zbl MR doi

[7] Z.Wang, L. Li, Y. Zhang: Green rings of pointed rank one Hopf algebras of non-nilpotent
type. J. Algebra 449 (2016), 108–137. zbl MR doi

[8] Y.Wang, Y. Zheng, L. Li: On the ideals of the Radford Hopf algebras. Commun. Algebra
49 (2021), 4109–4122. zbl MR doi

Author’s address: Yu Wan g, School of Mathematics and Physics, Jiangsu University
of Technology, Changzhou, Jiangsu 213001, P.R. China, e-mail: yu.wang@mail.sdu.edu.cn.

1028

https://zbmath.org/?q=an:0793.16029
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1243637
http://dx.doi.org/10.1090/cbms/082
https://zbmath.org/?q=an:0324.16009
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR396652
http://dx.doi.org/10.1090/S0002-9939-1975-0396652-0
https://zbmath.org/?q=an:1318.16032
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3284336
http://dx.doi.org/10.1007/s10468-014-9484-9
https://zbmath.org/?q=an:1338.16039
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3448167
http://dx.doi.org/10.1016/j.jalgebra.2015.11.002
https://zbmath.org/?q=an:07431245
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR4296825
http://dx.doi.org/10.1080/00927872.2021.1914073
mailto:yu.wang@mail.sdu.edu.cn
mailto:yu.wang@mail.sdu.edu.cn

