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ABSTRACT: The present article used the classification of simple groups to prove that group G is isomorphic to the
projective linear group PGL(2, p) if |G|= p(p2−1) and p2−1 ∈ N(G), where N(G) is the collection of conjugacy class
length of G and p is a prime.
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INTRODUCTION

For a finite group G, π(G) is a collection whose
elements are prime factors of |G|, and Γ (G) is the
prime graph related to G, whose collection of ver-
tices is π(G). Any two elements p and q of π(G) are
adjacent when and only when there is an element
of order pq in G [1]. Further, T (G) is the set of
connected branches of Γ (G), and πi(G) is its ith
connected branch. It follows that |G| can be written
as a product of m1, m2, . . . , m|T (G)|, where the prime
factors set of mi is πi(G). We call these mi ’s the
order components of G, and usually let 2 ∈ π1(G)
when 2 | |G|.

Thompson posted a conjecture in 1988 [2]: Let
G be a finite group with Z(G) = 1. Then G is
isomorphic to L if N(G) = N(L), where L is a non-
abelian simple group. Recently, this conjecture was
proved completely for all finite non-abelian simple
group [3–18]. Now, many mathematicians begin
to study the extensive problems of the conjecture
in different ways. Several years ago, Chen and
his students only used group order and some class
lengths to study this conjecture, and successfully
characterized almost sporadic simple groups, al-
ternative groups with prime degree, almost K3-
simple groups, K4-simple groups and linear groups
PSL4(4), PSL2(p) and so on [19–26], by which they
proved the conjecture to be true for these groups.
Soon, it caught the attention of Asboei et al, and
they characterized alternative groups Ap+1, Ap+2

(p is a prime) classical groups 2Dn(2), 2Dn+1(2)
(2n+1> 5 is a prime) by their order and some class
lengths [27, 28].

Here we continue to study this topic. By refer-
ring to the existing literature related to the study
of Thompson’s conjecture, we find that these lit-
erature except [9, 23], all used the simple group
classification theorem. Paper [9] avoided the use
of simple group classification due to Held’s results
in 1968 [29], while [23] avoided the simple group
classification with the help of Brauer and Reynolds’
results in 1958 [30]. It follows that if we want to
avoid using the simple group classification theorem
in the process of characterizing some finite almost
simple groups, we have to resort to the literature
before the simple group classification. Therefore,
although the research ideas in literature [9, 23] are
nice, they have certain limitations. Since most of
the results related to Thompson’s conjecture are
proved by the simple group classification theorem,
can all of them be proved by the classification the-
orem? In particular, the results of literature [9]
can also be proved by means of the simple group
classification theorem [7, 10]. Therefore, we used
the classification theorem of simple groups to study
this characterization problem of the projective linear
groups PGL(2, p) in the present paper.

Besides, let ε = ±1 and nπ be π-part of a
positive integer n. Other unspecified symbols can
be found in references [31, 32].

LEMMAS

Here some lemmas about Frobenius group and 2-
Frobenius group are quoted which are necessary to
the proof of main theorem, where Lemmas 1 and 2
are from [33, 34], and Lemma 3 is from [1].
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Lemma 1 ([33]) Let G be a Frobenius group of even
order, M be its kernel, and N be the complement of M
in G. Then T (G) = {π(M),π(N)}.

Lemma 2 ([33, 34]) If G is a 2-Frobenius group of
even order, then there is a normal series 1 ⊆ M ⊆
N ⊆ G satisfying that T (G) = {π(N/M),π(M) ∪
π(G/N)}, and |G/N | | |Out(M/N)|. Especially, if
M is an elementary abelian p-group of order pn and
N/M is a cyclic group of order pn−1, then |G/N | | n.

Lemma 3 ([1]) Let G be a finite group. If Γ (G)
has more than two connected branches, then G is
isomorphic to one of the following structures:
(i) a Frobenius group;
(ii) a 2-Frobenius group;
(iii) simple;
(iv) an extension of a π1-group by a simple graup;
(v) an extension of a simple graup by a π1-solvable

group;
(vi) an extension of a π1-group by a simple graup,

and by a π1-group.

CHARACTERIZATION OF PGL(2, p)

Theorem 1 If a group G has order of p(p2−1) with
a prime p, and p2−1 is an element of N(G), then G is
isomorphic to the projective linear group PGL(2, p).

Proof : By the assumption, one has an element v ∈ G
with |v|= p satisfying that 〈v〉 is self-centered in G.
Then each subgroup of order p of G is self-centered
by Sylow theorem, and so {p} is a connected branch
of Γ (G); moreoever, {p} ∈ T (G), which means that
the number of connected branches of Γ (G) is more
than two. So we can obtain that G is one of the
groups in Lemma 3. Note that p = max(π(G)).
Furthermore, there exist two normal subgroups M
and N such that there is a normal series 1 ⊆ M ⊆
N ⊆ G.

If G is a Frobenius group with kernel M and
its complement T , then |T | | (|M | − 1). Let p | |M |.
Then, by Lemma 1, T has order of (p2 − 1)/2, and
M has order of p, which means that p is equal to 1,
contradicting p ¾ 2. Thus p | |T |, and so |T | = p
and |M | = p2 − 1, which implies p = 2. Therefore,
G ∼= PGL(2,2), as expected.

If N and G/M are Frobenius groups, M and
N/M are their kernels, then G is a 2-Frobenius
group. Then, by Lemma 2, one can get that the
set π1(G) is equal to π(M)∪π(G/N), and π2(G) is
equal to π(N/M), and so π2(G) = {p}. It follows
that |N/M | = p and |M | = p + 1. If M is not a
2-group, then there is an odd prime f satisfying that

|M f | < p, and thus p and |Aut(M f )| are relatively
prime. It follows that there is an edge between f
and p in Γ (G), contradicting {p} ∈ T (G). Hence M
must be a 2-group. Further, M is an elementary
commutative group. Otherwise, p and |Aut(M)|
are coprime, which implies that 2 and p are ad-
jacent in Γ (G), a contradiction. Therefore M is
elementary. Let |M | = 2t , and then by Lemma 2,
|G/N | = (2t −2) | t, which means that t = 2 and
p = 3. It follows that |G| = 24, and each subgroup
of order 3 in G is self-centered. Checking all groups
of order 24, we can get that G must be isomorphic
to PGL(2,3) as desired.

Now, by Lemma 3, we know that there is a
normal subgroup series 1� M � N � G satisfying
that N/M is a non-communicative simple group,
M is a nilpotent group, and π(M) ∪ π(G/N) ⊆
π1(G). Further, N/M ¶ G/M ¶ Aut(N/M), |G/N | |
|Out(N/M)|, and each uneven order component of
G is N/M ’s. It follows that N/M has an order
component p, which means that N/M has at least
two order components. Therefore, N/M is one of
groups in Tables 1–3 of [34], and p must be bigger
than 5.

According to all possible cases of N/M , we will
take part in 3 steps to complete the following proof.

Step 1. It is supposed that N/M is one group
of Table 1 in [34]. Let N/M be one of M12, Ru, J2,
Co1, He, M c L, Co3, HN , F22, 2A3(2) and 2F4(2)′. It
follows that p is a prime number that is not more
than 30, and |N/M |2 | (p2 − 1). By [31], one has
that |N/M |2 ¾ 26, which contradicts (p2−1)2 ¶ 25.

Let N/M = Ap′−1(q′), where the ordered pair
(p′, q′) is not equal to any of (3, 2) and (3, 4). Then

p is equal to q′p
′
−1

(q′−1)(p′,q′−1) and q′
p′(p′−1)

2 is a nontrivial

factor of p2 − 1. Hence q′
p′(p′−1)

2 < p2 < q′2p′ , and
thus (p′(p′−1))/2 < 2p′, which applies p′ = 3. It
follows that q′3(q′−1)2(q′+1)¶ (p2−1) and p2 =

(q′3−1)2

[(q′−1)(3,q′−1)]2 . In view of 4q′4 > p2 ¾ 2(q′2 − 1)q′3,
one has q′2−2q′−1< 0. Hence q′ = 2 when p′ = 3,
a contradiction.

Let N/M = E6(q′). Then q′36(q′2 − 1) | (p2 − 1)
and p =

�

q′6+ q′3+1
�

/(3, q′−1). Therefore, we
can obtain q′36 < p2 < q′18, which is a contradictory
inequality.

Let N/M = 3D4(q′). Then (q′2−1)q′12 | (p2−1)
and p= q′4−q′2+1, which mean that q′12 < p2 < q′8,
a contradictory inequality.

Let N/M = 2Ap′(q′), where the ordered pair
(p′, q′) is not equal to any of (3, 3) and (5, 2),

and q′ + 1 is a factor of (p′ + 1). Then q′
p′(p′+1)

2
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is a nontrivial factor of p2 − 1, and p is equal to
�

q′p
′
+1
�

/ (q′+1). Therefore, q′
p′(p′+1)

2 < q′2(p
′+1),

which implies p′ = 3. Thus q′6 < p2 ¶ q′4, which
is a contradictory inequality.

Let N/M = 2Dp′(3), where p′ is more than 5,
and p′ is not equal to 2m′ + 1. Then 3p′(p′−1) is
nontrivial factor of p2 − 1, and p =

�

3p′ +1
�

/4.
Hence 3p′(p′−1) < p2 < 32(p′+1), and thus 0 < p′ < 4,
which is impossible.

Let N/M = 2Dn′(q′), where the number n′ is a
power of 2, and more than 4. Then q′n

′(n′−1) is a non-
trivial factor of p2−1, and p =

�

q′n
′
+1
�

/(2, q′+1).
It follows that q′n

′(n′−1) < p2 < q′2(n
′+1), and thus

n′ = 2, which is impossible.
Let N/M = Bp′(3). We get 3p′2(3p′ +1) | (p2−1)

and p =
�

3p′ −1
�

/2. It follows that 3p′2 < p2 < 32p′ ,
and thus p′ < 2, which is impossible.

Let N/M = Dp′(q′), where q′ is 2, 3 or 5, and
p′ is more than 5. Then q′p

′(p′−1) is a nontrivial
factors of p2 − 1, and p =

�

q′p
′
−1
�

/ (q′−1). Since
q′p

′(p′−1) < p2 < q′2p′ , one has that p′(p′ − 1) is less
than 2p′, and so p′ < 3, which is a contradictory
inequality.

Let N/M = Dp′+1(q′), where q′ is 2 or 3. Then
q′p

′(p′+1) is a nontrivial factor of p2 − 1, and p =
�

q′p
′
−1
�

/(2, q′−1). Hence q′p
′(p′+1) < p2 < q′2p′ ,

and then p′(p′ + 1) is less than 2p′, a contradictory
inequality.

Let N/M = Cn′(q′), where the number n′ is
a power of 2, and is bigger than 2. Then q′n

′2

is a nontrivial factor of p2 − 1, and p is equal
to
�

q′n
′
+1
�

/(2, q′−1), which implies q′n
′2
< p2 <

q′2(n
′+1). One has that n′2−2n′−2< 0, and so n′ = 2.

Since (q′2 − 1)2q′4 < p′2 < 4q′4, one can get that
(q′2−1)2 < 4, a contradictory inequality.

Let N/M = Cp′(q′), where q′ is 2 or 3. Then

q′p
′2
(q′p

′
+1) | (p2−1) and p =

�

q′p
′
−1
�

/(2, q′−1).
Since q′p

′2
< p2 < q′2p′ , one can get p′ < 2, which is

impossible.
Let N/M = 2Dn′(q′), where n′ = 2m′ + 1 ¾ 9

when q′ = 3, and n′ = 2m′ + 1 ¾ 5 when q′ = 2.
Then q′n

′(n′−1) is a nontrivial factor of p2 − 1, and
p =

�

q′n
′−1+1

�

/(2, q′−1). Since q′n
′(n′−1) < p2 <

q′2n′ , one has that 0< n′ < 3, which is impossible.
Let N/M = Bn′(q′), where q′ is uneven, and n′ is

a power of 2, and bigger than 4. Then (q′n
′
−1)q′n

′2

is a factor p2 − 1, and p =
�

q′n
′
+1
�

/2. In view of

q′n
′2
< p2 < q′2(n

′+1), one can get that n′2−2n′−2< 0
such that n′ < 3, a contradictory inequality.

Let N/M = G2(q′), where q′ is bigger than 2,

and q′ is congruent with ε modulo 3. Then q′6 is a
nontrivial factor of p2−1, and p = q′2−εq′+1, and
so q′6 < p2 < q′6, a contradictory inequality.

Let N/M = 2Ap′−1(q′). Then p is equal to
�

q′p
′
+1
�

/(q′+1)(p′, q′+1), and q′
p′(p′−1)

2 is a non-

trivial factor of (p2−1). By q′
p′(p′−1)

2 < p2 < q′2(p
′+1),

one has that p′(p′−1)/2 is less than 2(p′ + 1), and
thus p′ = 3 or 5. When p′ = 3, one has that q′4 <
p2 ¶ q′4, a contradictory inequality. When p′ =
5, we can obtain similarly contradictory inequality
q′10 < p2 ¶ q′8.

Let N/M = F4(q′), where q′ is an uneven num-
ber. Then q′24 is a nontrivial factor of p2−1, and p is
equal to q′4−q′2+1. It follows that q′24 < p2 < q′8,
a contradictory inequality.

Let N/M = Ap′(q′), where q′ − 1 is a divisor of

p′ + 1. Then q′
p′(p′+1)

2 is a nontrivial factor of p2−1,
and p is equal to

�

q′p
′
−1
�

/ (q′−1). Therefore, one

can get q′
p′(p′+1)

2 < p2 ¶ q′2p′ , and then p′ < 3, a
contradictory inequality.

Let N/M = 2E6(q′), where q′ is bigger than 2.
Then p =

�

q′6− q′3+1
�

/(3, q′−1), and q′36 is a
nontrivial factor of p2 − 1. Therefore, q′36 < p2 <
q′12, a contradictory inequality.

Let N/M = An′ , where n′ is bigger than 6 and n′

is p′, p′ + 1 or p′ + 2, and n′ − 2 and n′ are not all
prime. Then p is equal to p′, and n′!/2 is a divisor
of p(p2−1). If n′ = p′, we get p+1> 3(p−2), and
thus p < 4, contradicting p > 4. For other cases of
n′, a contradiction always can be reached.

Step 2. Assume that N/M is one group of Table
2 in [34]. Let N/M = M11. Then p = 11, and then
24 ·32 ·5 | 120, a contradiction.

Let N/M be one group of J3 and M23. Then p =
19, 23, and |N/M |2 | (p2−1). By [31], one can find
that 27 ¾ |N/M |2, which contradicting (p2 − 1)2 ¶
24.

Let N/M be one group of Sz, E7(3), 2A5(2),
M24, E7(2), F23, HS, Co2, F2 and F3. Then
p = 11,13, 19,31, 47,23, 127,1093, and |N/M |2 |
(p2−1). Also by [31], one can get that |N/M |2 ¶
210, contradicting (p2−1)2 ¶ 28.

Let N/M = Ap′ , where each of p′ and p′ − 2 is
prime, and p′ is a number greater than 6. Then
p′!/2 | (p2−1) and p = p′. Therefore, p + 1 >
3(p−2), and thus p < 4, contradicting p > 4.

Let N/M = A1(q′), where q′ is a number bigger
than 3, and q′ is congruent with ε modulo 4. Then
p = q′ and (q′+ ε)/2.

(a) If p = (q′+1)/2, one has that q′(q′−1) is a
factor of (p2−1), and q′ = 2p−1. Hence 2(2p−1)¶
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(p+1), which means that p¶ 1, contradicting p¾ 2.
(b) If p = (q′−1)/2, one has that q′(q′ + 1) is

a factor of (p2 − 1), and q′ = 2p + 1. Therefore,
2(2p+1)¶ (p−1), contradicting p ¾ 5.

(c) If p = q′, one has that N/M is the special
projective linear group PSL2(p). Hence PSL2(p) ¶
G/M ¶ PGL2(p), and thus G/M is isomorphic to
one of PSL2(p) and PGL(2, p). Let G/M be iso-
morphic to PSL2(p). It follows that |M | = 2, which
means M ⊆ Z(G), contradicting Z(G) = 1. Thus,
G/M is isomorphic to PGL(2, p), and then M = 1,
which implies that G ∼= PGL2(p), as expected.

Let N/M = 2Dp′(3), where m′ is a number more
than 2, and p′ is equal to 2m′ + 1. Then p =
�

3p′−1+1
�

/2 or
�

3p′ +1
�

/4.
(d) If p =

�

3p′−1+1
�

/2, then 3p′(p′−1) is a non-
trivial factor of p2 − 1. By 3p′(p′−1) < p2 < 32p′ ,
one can get that p′(p′ − 1) < 2p′, a contradictory
inequality.

(e) If p =
�

3p′ +1
�

/4, then (3p′−1 + 1)3p′(p′−1) |
(p2−1). Since 3p′(p′−1) < p2 < 32(p′+1), one has that
p′ = 3 and p = 7, which is impossible.

Let N/M = G2(q′), where q′ is divisible by 3.
Then q′6 is a nontrivial factor of p2 − 1, and p =
q′2 − εq′ + 1, and then we can get a contradictory
inequality q′6 < p2 < q′6.

Let N/M = A1(q′), q′ is an even integer greater
than 4. Then q′(q′−ε) is a divisor of p2−1, and p is
equal to q′+ε. Thus (p−2ε) | (p+ε), and so p = 5
and q′ = 4, contradicting q′ > 4.

Let N/M = 2G2(q′), where q′ is bigger than 3,
and is an odd power of 3. Then q′3(q′2 − 1) is a
nontrivial factor of p2 − 1, and p = q′ − ε

p

3q′ + 1.
In view of q′3(q′2−1)< p2 < q′4, we have q′ > q′2−1,
a contradictory inequality.

Let N/M = 2F4(q′), where q′ is bigger than 2,
and is an odd power of 2. Then p is equal to q′2 +
ε
p

2q′3+q′+ε
p

2q′+1, and q′12(q′−1) is a divisor of
p2−1, which implies q′12 < p2 < q′8, a contradictory
inequality.

Let N/M = F4(q′), where q′ is an even integer
greater than 2. Then p is one of q′4 + 1 and q′4 −
q′2 + 1. If p is equal to q′4 + 1, we have that q′24

is a nontrivial factor of (p2 − 1), which means that
q′24 < p2 < q′10, a contradictory inequality. Hence p
is equal to q′4−q′2+1, and so (q′4+1)q′24 | (p2−1),
which implies q′24 < p2 < q′8, a contradictory in-
equality.

Step 3. It is supposed that N/M is one of the
groups of Table 3 in [34].

Let N/M = J1. Then p = 19, and 11 | (p2 − 1),
which contradicts p2−1= 720.

Let N/M = J4. Then 37 | (p2 − 1), and p = 43,
contradicting p2−1= 23 ·3 ·7 ·11.

Let N/M = ON . Then 19 is a divisor of p2 − 1,
and p is equal to 31, contradicting p2−1= 26 ·15.

Let N/M = 2B2(q′), where q′ is bigger than 2,
and is an odd power of 2. Then p is one of q′ − 1
and q′+ ε

p

2q′+1.
(f) If p = q′ − 1, then q′2 is a nontrivial factor

of p2 − 1, which means that q′2 < p2 < q′2, a
contradictory inequality.

(g) If p= q′−
p

2q′+1, then q′2(q′+
p

2q′+1) is a
factor of p2−1, and so q′3 < p2 < q′2, a contradictory
inequality.

(h) If p = q′+
p

2q′+1, then q′2 is a nontrivial
factor of p2 − 1. Let q′ = 22d ′+1 with d ′ a positive
integer. We can get that p = 22d ′+1 + 2d ′+1 + 1, and
p2 − 1 = 2d ′+2(2d ′ + 1)(22d ′ + 2d ′ + 1). In view of
|N/M |2 | (p2 − 1)2, one has 22(2d ′+1) | 2d ′+2, and
thus 2(2d ′ + 1) ¶ d ′ + 2, which is a contradictory
inequality.

Let N/M = E8(q′), where q′ is congruent to 0, 1
or 4 modulo 5. Then p is one of q8−q′6+q′4−q′2+1,
q′8+q′7−q′5−q′4−q′2+q′+1, q′8−q′4+1, and q′8−
q′7+q′5−q′4+q′2−q′+1. Similarly, a contradiction
always can be obtained for other cases.

Let N/M be one group of A2(4), 2E6(2), M22,
Ly , F ′24 and F1. Then |N/M |2 | (p2 − 1), and
p = 7, 11,19, 29,67, 71. Therefore, we can get
|N/M |2 ¾ 26 by [31], but (p2 − 1)2 ¶ 24, a contra-
diction.

Let N/M = E8(q′), where q′ is congruent to 2
or 3 modulo 5. Then p is equal to one of q′8+ q′7−
q′5 − q′4 − q′2 + q′+1, q′8 − q′4 + 1, and q′8 − q′7 +
q′5−q′4+q′2−q′+1. If p = q′8−q′4+1, then p2 <
q′16, contradicting q′120 < p2. By a similar method, a
contradiction always can be reached for other cases
of p.

Thus, one has that G must be isomorphic to the
group PGL(2, p) with a prime p as desired. 2

Acknowledgements: This work was supported
by Chongqing Municipal Education Commission
(KJ1710254) and Chongqing Three Gorges University
(18ZDPY07).

REFERENCES

1. Williams JS (1981) Prime graph components of finite
groups. J Algebra 69, 487–513.

2. Khukhro EI, Mazurov VD (2010) Unsolved Problems
in Group Theory: The Kourovka Notebook, 17th edn,
Sobolev Institute of Mathematics, Novosibirsk.

3. Chen GY (1994) On Thompson’s conjecture. PhD
thesis, Sichuan Univ, China. [in Chinese]

www.scienceasia.org

http://www.scienceasia.org/
http://dx.doi.org/10.1016/0021-8693(81)90218-0
http://dx.doi.org/10.1016/0021-8693(81)90218-0
www.scienceasia.org


ScienceAsia 46 (2020) 239

4. Chen GY (1992) On Thompson’s conjecture for spo-
radic simple groups. In: First Academic Annual Meet-
ing of Youths, Proc China Assoc Sci and Tech, Beijing,
pp. 1–6. [in Chinese]

5. Chen GY (1996) On Thompson’s conjecture. J Alge-
bra 185, 184–193.

6. Chen GY (1999) Further reflections on Thompson’s
conjecture. J Algebra 218, 276–285.

7. Vasilév AV (2009) On Thompson’s conjecture. Sib
Electron Math Rep 6, 457–464.

8. Ahanjideh N (2011) On Thompson’s conjecture for
some finite simple groups. J Algebra 344, 205–228.

9. Gerald P (2012) A characterization of the alternating
group A10 by its conjugacy class lengths. Beitr Algebra
Geom 53, 273–280.

10. Jiang Q, Shao C, Guo X, Shi W (2011) On
Thompson’s conjecture of A10. Comm Algebra 39,
2349–2353.

11. Ahanjideh N (2013) Thompson’s conjecture for some
finite simple groups with connected prime graph.
Algebra Log 51, 451–478.

12. Gordhov IB (2012) On Thompson’s conjecture for
simple groups with connected prime graph. Algebra
Log 51, 111–127.

13. Ahanjideh N (2013) On Thompson’s conjecture on
the conjugacy classes sizes. Int J Algebr Comput 23,
37–68.

14. Ahanjideh N (2013) On the validity of Thompson’s
conjecture for finite simple groups. Comm Algebra
41, 4116–4145.

15. Xu MC (2013) Thompson’s conjecture for alternating
group of degree 22. Front Math China 8, 1227–1236.

16. Xu MC, Shi WJ (2014) Thompson’s conjecture for Lie
type groups. Sci China Math 57, 499–514.

17. Gorshkov IB (2019) Thompson’s conjecture for alter-
nating groups. Commun Algebra 47, 30–36.

18. Gorshkov IB (2019) On Thompson’s conjecture for fi-
nite simple groups. Commun Algebra 47, 5192–5206.

19. Li JB (2012) Finite groups with special conjugacy
class sizes or generalized permutable subgroups. PhD
thesis, Southwest Univ, China. [in Chinese]

20. Chen YH, Chen GY (2012) Recognizing PSL2(p) by

its order and one special conjugacy class size. J
Inequal Appl 2012, ID 310.

21. Chen YH, Chen GY (2012) Recognization of A10 and
L4(4) by two special conjugacy class size. Ital J Pure
Appl Math 29, 387–394.

22. Chen YH, Chen GY, Li JB (2015) Recognizing simple
K4-groups by few special conjugacy class sizes. Bull
Malays Math Sci Soc 38, 51–72.

23. Chen YH, Chen GY (2015) Characterization of
PGL(2, p) by its order and one conjugacy class size.
Proc Math Sci 125, 501–506.

24. Yu DP, Li JB, Chen GY, Chen YH (2014) A characteri-
zation of automorphism groups of simple K3-groups.
Rend Semin Mat U Pad 132, 239–247.

25. Chen YH, Chen GY (2014) A characterization of
almost spadic simple groups. Acta Math Sci 34A,
1456–1464. [in Chinese]

26. Li JB, Chen GY (2015) A new characterization of the
Mathieu groups and alternating groups with degrees
primes. Commun Algebra 43, 2971–2983.

27. Asboei AK, Mohammadyari R (2016) Characteriza-
tion of the alternating groups by their order and one
conjugacy class length. Czech Math J 66, 63–70.

28. Amiri SS, Asboei AK (2016) Characterization of some
finite groups by order and length of one conjugacy
class. Sib Math J 57, 185–189.

29. Held D (1968) Eine Kennzeichnung der Mathieu-
Gruppe M22 und der alternierenden Gruppe A10. J
Algebra 8, 436–449.

30. Brauer R, Reynolds WF (1958) On a problenl of E.
Artin. Ann Math 68, 713–720.

31. Conway JH, Curtis RT, Norton SP, Parker RA, Wilson
RA (1985) Atlas of Finite Groups, Clarendon Press,
Oxford.

32. Xu MY (1993) The Theory of Finite Groups: An
Introduction, Science Press, Beijing. [in Chinese]

33. Chen GY (1995) On Frobenius and 2-
Frobeniusgroup. J Southwest China Normal Univ 20,
485–487. [in Chinese]

34. Zhang LC, Liu XF (2009) Charachterization of the
projective general linear group PGL(2, q) by their
orders and degree patterns. Int J Algebr Comput 19,
873–889.

www.scienceasia.org

http://www.scienceasia.org/
http://dx.doi.org/10.1006/jabr.1996.0320
http://dx.doi.org/10.1006/jabr.1996.0320
http://dx.doi.org/10.1006/jabr.1998.7839
http://dx.doi.org/10.1006/jabr.1998.7839
http://dx.doi.org/10.1016/j.jalgebra.2011.05.043
http://dx.doi.org/10.1016/j.jalgebra.2011.05.043
http://dx.doi.org/10.1007/s13366-011-0042-x
http://dx.doi.org/10.1007/s13366-011-0042-x
http://dx.doi.org/10.1007/s13366-011-0042-x
http://dx.doi.org/10.1080/00927872.2010.488677
http://dx.doi.org/10.1080/00927872.2010.488677
http://dx.doi.org/10.1080/00927872.2010.488677
http://dx.doi.org/10.1007/s10469-013-9206-0
http://dx.doi.org/10.1007/s10469-013-9206-0
http://dx.doi.org/10.1007/s10469-013-9206-0
http://dx.doi.org/10.1007/s10469-012-9175-8
http://dx.doi.org/10.1007/s10469-012-9175-8
http://dx.doi.org/10.1007/s10469-012-9175-8
http://dx.doi.org/10.1142/S0218196712500774
http://dx.doi.org/10.1142/S0218196712500774
http://dx.doi.org/10.1142/S0218196712500774
http://dx.doi.org/10.1080/00927872.2012.692003
http://dx.doi.org/10.1080/00927872.2012.692003
http://dx.doi.org/10.1080/00927872.2012.692003
http://dx.doi.org/10.1007/s11464-013-0320-z
http://dx.doi.org/10.1007/s11464-013-0320-z
http://dx.doi.org/10.1007/s11425-013-4663-4
http://dx.doi.org/10.1007/s11425-013-4663-4
http://dx.doi.org/10.1080/00927872.2018.1448837
http://dx.doi.org/10.1080/00927872.2018.1448837
http://dx.doi.org/10.1080/00927872.2019.1612424
http://dx.doi.org/10.1080/00927872.2019.1612424
http://dx.doi.org/10.1186/1029-242X-2012-310
http://dx.doi.org/10.1186/1029-242X-2012-310
http://dx.doi.org/10.1186/1029-242X-2012-310
http://dx.doi.org/10.1007/s40840-014-0003-2
http://dx.doi.org/10.1007/s40840-014-0003-2
http://dx.doi.org/10.1007/s40840-014-0003-2
http://dx.doi.org/10.1007/s12044-015-0253-4
http://dx.doi.org/10.1007/s12044-015-0253-4
http://dx.doi.org/10.1007/s12044-015-0253-4
http://dx.doi.org/10.4171/RSMUP/132-12
http://dx.doi.org/10.4171/RSMUP/132-12
http://dx.doi.org/10.4171/RSMUP/132-12
http://dx.doi.org/10.1080/00927872.2014.900683
http://dx.doi.org/10.1080/00927872.2014.900683
http://dx.doi.org/10.1080/00927872.2014.900683
http://dx.doi.org/10.1007/s10587-016-0239-0
http://dx.doi.org/10.1007/s10587-016-0239-0
http://dx.doi.org/10.1007/s10587-016-0239-0
http://dx.doi.org/10.1134/S0037446616020014
http://dx.doi.org/10.1134/S0037446616020014
http://dx.doi.org/10.1134/S0037446616020014
http://dx.doi.org/10.1016/0021-8693(68)90054-9
http://dx.doi.org/10.1016/0021-8693(68)90054-9
http://dx.doi.org/10.1016/0021-8693(68)90054-9
http://dx.doi.org/10.2307/1970164
http://dx.doi.org/10.2307/1970164
http://dx.doi.org/10.1142/S0218196709005433
http://dx.doi.org/10.1142/S0218196709005433
http://dx.doi.org/10.1142/S0218196709005433
http://dx.doi.org/10.1142/S0218196709005433
www.scienceasia.org

