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ABSTRACT. Let G be a finite nonabelian group. The commuting conjugacy
class graph T'(G) is a simple graph with the noncentral conjugacy classes of
G as its vertex set and two distinct vertices X and Y in I'(G) are adjacent
if and only if there are x € X and y € Y with this property that xy = yux.
The aim of this paper is to obtain the structure of the commuting conjugacy
class graph of finite CA-groups. It is proved that this graph is a union of some
complete graphs. The commuting conjugacy class graph of certain groups are
also computed.

1. INTRODUCTION AND PRELIMINARIES

Suppose that A = (V, F) is a simple graph and that 7 is a partition of the
vertex set V. Define the quotient graph % to be a simple graph with vertex set %
and two blocks £ and % are adjacent if and only if there are z € £ and y € % such
that xy € E. The commuting graph of a group G with center Z(G) is the graph
with vertex set G\ Z(G) and in which two vertices are adjacent if and only if they
commute. This graph was studied by Brauer and Fowler [3], and we denote it
by A(G). The commuting conjugacy class graph of a nonabelian group G, I'(G),
is the quotient graph ¥7 where 7 is the set of all noncentral conjugacy classes
of G; see [8]. This graph was first studied by Herzog, Longobardi, and Maj [5],
but these authors considered the nonidentity conjugacy classes of the group as a
vertex set.
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A CA-group is a group in which every noncentral element has an abelian cen-

tralizer; see [10]. We refer the interested readers to consult [7] for more properties
of this important class of finite groups. The aim of this paper is to calculate the
commuting conjugacy class graph of CA-groups. In addition, the commuting
conjugacy class graph of dihedral and the following groups will be obtained:
Ty = {a,bla® =1,a"=bb"tab=a"),
Unmy = {a,b]a® =b"=1a""ba=b""),
Ve = (a,b|a® =b"=1ba=a"'b"" b a=a"'b),
SDgy, {a,b| a®™ = b* = 1,bab = a®* ),
G(p,m,n) = {a,b|a" =b" = [a,b]f =1,][a,[a,b]] = [b,[a,b]] = 1).

In the definition of Uy, my, if we put m = 3, then the resulting group is de-
noted by Us,. This group was first introduced by James and Liebeck in their
famous book [6] in which the character table of this group was calculated. The
group G(p, m,n) was introduced by Abbaspour and Behravesh [1] in which the
conjugacy classes and character table of this group were given.

Throughout this paper, our notation are standard and mainly taken from [9].
Our calculations are done with the aid of GAP; see [11].

2. COMMUTING CONJUGACY CLASS GRAPH OF CERTAIN GROUPS

In this section, the graph structures of the groups presented in the last section
are calculated. Since the dihedral groups have simple structure, we start our
calculations by this group.

Proposition 2.1. The commuting conjugacy class graph of dihedral groups can
be computed by the following formula:

KnT—l UKy, nisodd,
['(Dy,) = Kn 1 U2K;, nand § are even,
Kz 1 UK, niseven and 5 is odd.
Proof. Consider the presentation Dy, = {(a,b | a® = b* = 1,bab = a~') for
dihedral groups. The proposition is proved as follows:

(1) n is odd. In this case, the dihedral group is centerless and the noncentral
conjugacy classes are

aD2n7 (a2)D2n’ (a/3>D2n7 e (a/nT_l)DQn7 bDQn

By simple calculations, one can easily see that the conjugacy classes aP?", (a?)P2
.., (@z71)P2n are all adjacent together and so

D(Dy) = Kut UK.

(2) n is even . In this case, Z(Ds,) = {1,a2}, (a2b)b = b(azb), and the
noncentral conjugacy classes of Ds,, are

aDQn7 (a2)D2n, (a3)D2n’ cee (a%_l)D?n? bD2n7 (ab)DZn



110 M.A. SALAHSHOUR, A.R. ASHRAFI

By the presentation of D,,, we can see that all conjugacy classes aP?", (a?)P2
..., (@271 P2 commute to each other. Furthermore, if % is even, then azb € bP,
and if 2 is odd, then a2b € (ab)P2». Therefore,

Kz 1 U2K,, 3 is even,

L(Dan) = { Ko UK, % is odd.

This completes our argument. 0

Our second group that we consider into account is the dicyclic group Ty,. If n
is a power of 2, then this group is the well-known generalized quaternion group.

Proposition 2.2. The commuting conjugacy class graph of the dicyclic group
Ty, is as follows:

| K1 U2Ky, nis even,
P(Tan) = { K, 1UK,y, nisodd.

Proof. We first notice that Z(Ty,) = {1,a"} and T}, = 174 U (a™)4 U a™4» U
(a®)Tan .. U (@™ )T U T4 U (ab)™*. Thus, the noncentral conjugacy classes of
Ty are asn | (a®)Tan (@) Tan . (@™ 1T pT4n and (ab)™*. By the presentation
of dicyclic groups, a’, (a?)® ...  (a" ') have elements that commute to
each other. Furthermore, if n is even, then (a"b) € b™~ and if n is odd, then

(a™b) € (ab)™. Therefore,

] K,-1U2K; nis even,
P(Tan) = { K, 1UKy; nisodd,

proving the result. 0

Proposition 2.3. The commuting conjugacy class graph of the group U, m) is
computed as follows:

(U - 2K, U Kn(%,l), m 1S even,
(n,M) - Kn U Kn(mTfl), m 7;3 Odd

Proof. By the definition, ba* = baa = ab™'a = aab = a*b and so (a*) < Z(Unm))-

If ¢ is odd, then ba’ = a'b~! and for each j, ¥a = ab™/. Furthermore, b%a
= bba = bab™! = ab~'b™! = ab~? and b3a = bb*a = bab "% = ab b2 = ab 3.

Therefore,
b at/, 2|1,
a = 0
a'b=?, 211,
and we can see that
afibt T bt’ 2 | i»
b™', 214, (2.1)

b ah = ab¥.
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Since b = 1, b2 = b~ 2, when m is even. Thus, bZa = ab? and hence
bz € Z(Unmy)- Therefore,

iy - {501 21

We now consider the following two cases:
(1) m is even. Then Z(Upmy) = (a?) x (b2 ), and the elements of Uy, are
as follows:

b ab a’b ab e a’"%p a®" b

m m m m m m

bz abz a’b? a’bz o a®"%pz a®p%
bm—l abm—l CLQbm_l a3bm—1 a2n—2bm—1 a2n—1bm—1

By Equation (2.1), the noncentral conjugacy classes of Uy, are as follows:

(@) = (o™, a* ), 0<h<n-1 1<t D -1,
( 2k+1)U(n,m) _ {a2k+1b2j | 0<j< % — 1}7 0<k<n-1,
( 2k+1b)U(n7m) _ {a2k+1b2j+1 | 0<j< % — 1}7 0<k<n-1.

All conjugacy classes of the form (a?**1)Veum) are adjacent in the commuting con-
jugacy class graph. Since a* € Z(Upm)), we have (a?*1b")(a?*2b"2) =
(a®2b2)(a®1b1) and so all classes in the form (a?*b')Vevm) are also adjacent in
L(Ugnmy)- On the other hand, (ab)? = abab = aab™'b = a* and hence (ab)**! =
(ab)?*(ab) = a®**1b, where 0 < k < n — 1. This shows that all conjugacy classes
in the form (a**1p)Yeum are adjacent. Therefore, I'(Up, 1)) = 2K, U Kp(m_1).

(2) m is odd. In this case, Z(Up,m)) = (a?) and so all elements of Uy, ) can
be written in the following array:

b ab a’b a’b e a*2p a*1p
b2 ab2 a262 a3b2 . a2n72b2 a2n71b2
bm—Z abm—? CLQbm—Q a3bm—2 . aZn—2bm—2 a2n—1bm—2
bm—l abm—l a2bm—1 a3bm—1 . a2n—2bm—1 CL2n—1bm—1

By Equation (2.1), all of noncentral conjugacy classes of Uy, ) are as follows:

(@*)C = {a®b',a®b ), 0<k<n-1 1<t<

(azk—f—l)G’ _ {a2k+1bj | Ogjgm_l}’ ng,’gn—l.

All of conjugacy classes in the form (a?**1)Vem) are adjacent in the commuting
conjugacy class graph. Since a® € Z(Ugy,,m)), an argument similar to case (1)



112 M.A. SALAHSHOUR, A.R. ASHRAFI

shows that the conjugacy classes in the form (a?b!)V=m are also adjacent to
each other. Therefore, I'(Uy ) = Ky U Kn(mTfl). Hence the result holds. O

The group U, m) is a generalization of the known group Us, = U, 3) introduced
by James and Liebeck in their famous book [6]. Hence by the previous theorem,
[(Us,) = 2K,,.

Proposition 2.4. The commuting conjugacy class graph of the group Vg, can be
computed by the following formula:

Koy s U2K,. 2| n.
(Vi) = on—2 U 2189 | n
Kgn_1U2K1, 21’”
Proof. By the presentation of Vg,, we have ab = b~'a~! and ab~! = ba~!. Hence
b*a = ab®, which proves that b? € Z(Vg,). On the other hand,

; ba~" 2|
'h = iy ’ 2.2

¢ {blaa 211i. (22)
Therefore, when n is even, we have a™ € Z(Vg,). This shows that,

{1,0?,a™, a™b*}, 2| n,
Z(Van) =
(Van) {{1,52}, 24 n.

We now consider two cases that n is odd or even.
(1) n is even. In this case, the members of Vg, are as follows:

a L a1 Fan . a2n—2 a2n—1

b ab e a™ b a™b a"t1b e a®2b a® b
ab? o an—1p2 a3 . 222 a2n—1p2
b3 ab?) . anflbf’) aan an+1 b3 . a2n72b3 a2n71b3

By Equation (2.2), we have
b—laib — a7i7 2 | ia
a”th? 241,
b (a'b?) = {“%2’ 21%

a”', 24
Since Z(Vg,) = {1,0?,a™, a"b?}, the conjugacy classes of members contained in
the first and third rows are as follows:

{1}, {a"}, {¥?},

{a"b?}, {a®* a™?}, 1<k<2—1,
{a2k_1,@_2k+1b2}, 1 S k S n
{a%b2,a_2kbg}, 1 S k S % _

(2.3)

On the other hand, by Equation (2.2), it can be easily seen that

bai _ a:zbll 2 | Z:7 b—lai — a:libil7 2 | Z:)
a”'b~t 244, a™"b, 211,
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Therefore,

- a=? 2|14 , - a®b 2|1
“'ba' = - 7 D) h(a’b) = - ’
@ {a‘QZb_l, 2114, (a'b)™b(a’d) {a2’b_1, 21414,

—2i+1 . 2i—17—1 ;
a—i(ab)aiz{“ b, 214 (aib)—lmb)(aib):{“ b7 214

a2yl 24, a0, 2%,

—2i+2 ; 2i—92 .
—if 27\ i a b, 214, ip\—1/ 2 i a*"b, 2|1,
a'(ab)a’ = {a—2i+2b—17 244, (a'b)™ (a”b)(a'd) = {a2z’—2b—1’ 2414,

—2i+3 ; 2i—371—1 .
—i( 37\ i a b, 214, itN—1(,3 i a b7, 24,
a”'(a’b)a’ = {a—2i+3b—17 244, (a'b)™"(a’b)(a'b) = {a2i—3b7 244,

Therefore, the conjugacy classes of members of the second and fourth rows can
be written as follows:

pVen  — {a4kb7 a2 1 < | < 3}7
(ab)¥er = {a4k+1b’ a3l 1< k< 3}7
(b3>Vgn _ {a4k+2b7 atkp1 11<k< g})

(ab?))Vsn — {(14k-|-3b7 a4k+1b—1 ’ 1< k < g}

Since b € Z(Vg,), the conjugacy classes b"*» and (ab)"*» are adjacent with the
conjugacy classes (b%)"®" and (ab®)"®", respectively. If a"b € b¥*" (or a™b® € b¥3n),
then a"b® € (b%)"* (or a"b € (b*)"*"). Finally, the conjugacy classes of members
in the first and third rows are adjacent to each other and there are 2n—2 conjugacy
classes of this type. Therefore, I'(Vg,) = Ko,—2 U 2K5.

(2) n is odd. The elements of Vg, can be written in the following array:

a .. an—1 a™ a1 . a2n—2 a2n—1
b ab e a" b a™b a"tb e a®"2h a® b
ab? . " 1p? a"b? a+p3 2n—2p2 q2n—1p2

a
b3 ab3 . an—le aan an—i—l bd . a2n—2 b3 a2n—1b3

By Equation (2.3), we have Z(Vg,) = {1,b*}. Thus the conjugacy classes of
members of the first and third rows are

{1}, {0}, {a™ a7}, 1<k <23,
(a1 a2} 1<k <n, {a®02 0202}, 1<k<25L

9

respectively. So, in this case, there are only two conjugacy classes as b"®3» =
{a®b,a*b~! | 1 < k < n} and (ab)"® = {a®*1b,a? 1671 | 1 < k < n}. Now it
is easy to see that only conjugacy classes of members in the first and third rows
are adjacent to each other and there are 2n — 1 such conjugacy classes. Therefore,
['(Van) = Ko, 1 U2K;. This proves our result. O
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It is merit to mention here that the group Vg, was first introduced by James
and Liebeck [6], for the case that n is odd. The conjugacy classes and character
table of this group for the cases that n is odd are taken from the mentioned
book. When n is even, the conjugacy classes and character table of this group
were computed by Darafsheh and Poursalavati [1].

Proposition 2.5. The commuting conjugacy class graph of the semi-dihedral
group SDg, is computed as follows:

['(SDs,) = {

Ky, 1 U2K,, n s even,
Ko, o UKy, n s odd.

2n—1

Proof. Since bab = a*~! and b=! = b, we have ab = ba and so

, ba™ 2|
b= " ’ 2.4
@ {ba%_’, 2 *’ 7. ( )
If i = 2n, then a®"b = ba™?" = ba®" and so a®" € Z(SDg,). If i = n, then
b — ba™", 2 | n,
ba*"" = ba™, 2fn.
On the other hand, if n is odd, then a" € Z(SDs,) and hence

{1,a?"}, 2 | n,
Z(SDxg,) =
(5Dsn) {{l,a",aZ",a3”}, 2t n.

Our main proof considers two cases, n is odd or even, as follows:
(1) n is even. In this case, the elements of SDg, can be partitioned as follows:

, a, ...,a% ..., |a®"|...,a®", ... a*"!
b,ab,...,a"b,...,a*"b,...,a®"b, ... a* b
By Equation (2.4), we have
: a” 2|
b~la'b = iy ’ 2.5
{aQ”Z, 241 (2:5)

Since Z(SDg,) = {1,a?"}, the conjugacy classes of elements of the first row are
as follows:

{1}, {a*"}, {a®",a™®}, 1<k<n
{a2k+17a2n7(2k+1)}7 2 <k < % 1.

On the other hand, by Equation (2.4), we have

—ip i a~ b, 1 =2k, i a?'b, i =2k,
a”'ba’ =4 , o . ( a'b) = q—2n+2i ;
a*" %, i =2k +1, mERD, i =2k 41,
L . a_2i+1b, i = 2k, 2n"‘%_lb, 1= 2k,
o {a%—wb, -k, @07 a7, =2k 41,

(2.6)



COMMUTING CONJUGACY CLASS GRAPH OF FINITE CA-GROUPS 115

and so the conjugacy classes in the second row are b°Ps» = {a%b | 1 < k < 2n}
and (ab)*Ps = {a®*~1p | 1 < k < 2n}. On the other hand, the elements of the
first row is divided into 2n — 1 conjugacy classes, which are adjacent to each other
in the commuting conjugacy class graph. Therefore, I'(SDg,,) = Ka,_1 U 2Kj.
(2) n is odd. In this case, the elements of SDsg, are as follows:
2n 3n dn—1

, a, ...,’a—”L..., a™|,...,la" | ... a
b,ab,...,a"b,...,a*"b,...,a*"b, ... a* b
By Equation (2.5) and the fact that Z(SDs,) = {1,a", a*",a®*"}, the conjugacy
classes of the elements in the first row are

{1} {a"}, {a”'}, {a™}, {a™, a3,

1
{a2k+1 a?n— (2k+1) }’ T <k <o

On the other hand, by Equation (2.6), we have 7% = {a*b | 1 < k < n} and
(ab)Psn = {a*+1p | 1 < k < n}, and by Equation (2.4), we have

211, 2141,
) ) 72i+3b 214 ) ) 2n+2i73b 214
CL_Z(CLSb)CLZ — {a A ) | Z, (azb)—l(af}b)(azb) — {CL ‘ ) | 2,

_9it2 . 2i—2 ;
il 2 i a b, 2114, ipN—1(, 23N (i a”*b, 21,
a'(a”b)a’ = {aQ”_%“b, S (a’h)" (a”b)(a'b) = {a—2n+2i—2b’ -

a3y 24, a®—3b, 211

Therefore (a?b)5Ps» = {a**+2h | 1 < k < n} and (a®h)*Ps» = {a***3b | 1 < k < n}.
Note that a®"b € (a®b)*Psm and so

(1) if a™b € (ab)Ps then a®b € (a3b)Psn;

(2) if a®b € (ab)SPsn then a"b € (a®b) Psn.
Since Z(SDg,) = {1,a",a*",a*"}, the elements b, a"b, a®"b, and a>"b are com-
muting to each other. On the other hand, there are 2n — 2 conjugacy classes of
elements in the first row, which are pairwise adjacent p. Therefore, I'(SDs,) =
Ky, o U Ky. This completes our argument. ]

Proposition 2.6. The commuting conjugacy class graph of G(p, m,n) is isomor-
phZC tO Kpm—l(pn,pn—l) U Kpn—l(pm,pm—l) U (pn — pn_l)Kpm—n(pnfpn—l).
Proof. By the definition of the group G(p,m,n), we have ¢ € Z(G(p,m,n)),
ba = abc™!, and b~'a = ab. So, for every i and j,
Va' = a'tVe V. (2.7)
In the last equation, if we put i = p and j = 1, then a? € Z(G(p, m,n)). Simi-
larly, in Equation (2.7), we put ¢ = 1 and j = p to show that ¥ € Z(G(p, m,n)).
Therefore, Z(G(p, m,n)) = (a?) x (b’) x {(c). Now by some tedious calculations,
one can see that
(a*b)CPmm) — Lgptck |0 <k <p—1} =a’b'H, (2.8)

where H = (¢), 0 < s < p™ —1,0 <t < p* — 1, and p does not divide
simultaneously s and ¢t. For our main proof, now consider three cases as follows:
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(1) p | s and p 1 t. Suppose s = rp, where r is an integer. Since a? €
Z(G(p,m,n)), for each positive integer ¢, we have (a"Pb")(a"2Pb"2)
= (a"Pb"?)(a"Pb"). Hence all conjugacy classes as (aPb') are adjacent together.
On the other hand, if 0 < ¢t < p"—1,ptt, and 0 < r < p™! — 1, then the
number of conjugacy classes is p™~!(p" —p"~1). Since these conjugacy classes are
not adjacent with other conjugacy classes, the commuting conjugacy class graph
is isomorphic to Kpm-1(yn_pn-1y.

(2) pt s and p | t. Suppose t = rp, where r is an integer. Since ¥ €
Z(G(p,m,n)), for each positive integer s, we have (a®'b""P)(a®2b"P)
= (a®b"")(a**b™?). Hence all conjugacy classes in the form (a®0"?) are adja-
cent together. On the other hand, if 0 < s < p™ —1,pfs,and 0 <7 <p" 1 -1,
then there are p"~!(p™ — p™~!) conjugacy classes and these conjugacy classes are
not adjacent with other classes. Therefore, the commuting conjugacy class graph
of the group is isomorphic to complete graph Kpn—1(ym_pm-1).

(3) pts and ptt. By Equation (2.7) and the fact that ¢ € Z(G(p,m,n)), for
every u, we have

u(u—1)

(a®b")" = a"p et 2. (2.9)

Thus, for all integers s and t, (a®b")(a®")* = (a®b")"(a®d’) if and onmly if
(a*bh) (") = (a“b*)(a®bt). Our assumption implies a?” = b*" = 1. With-
out loss of generality, we assume that n < m. Since 0 < u < p™ — 1 and p 1 u,
there are p™ " (p" — p"~!) conjugacy classes of this type. These conjugacy classes
are adjacent to each other, and we have to count the number of these cliques.
Since (s,p) = 1, (s,p™) = 1 and so there are x5 and y, such that sz, + p™ys = 1.
By Equation (2.9) and the fact that a?” = 1, we have

_ zs(zs—1)
(asbt);ts — asa;sbta:sc st >
1—p™ys ptx _Stw
= a b c 2
o Zs(rs—1)
= abeT e, (2.10)

By Equations (2.8) and (2.10) and the fact that H = (¢) < Z(G(p, m,n)), we
have

zs(zs—1)

((&Sbt)él?s )G(p,m,n) _ (abtxs Cfstf )G(p,m,n)

zs(zs—1)
2

_ (abtxs )G(p,m,n) Cfst

zs(zs—1)

— abt:ps Hc—st72

_ &btst _ (abmS)G(p,m,n)'
Since 0 <t < p" — 1 and p 1 ¢, there are p" — p"~! such cliques. Therefore, the
commuting conjugacy class graph is isomorphic to (p" — p" ') Kpm—npn_pn-1).
We now apply our calculations to prove that the commuting conjugacy class
graph of G(p,m,n) is isomorphic to Kym—1(pm_pn-1y U Kpn-1pm_pm-1y U (p" —

pn_l)Kpmfn(pn_pnfl). |:|
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3. COMMUTING CONJUGACY CLASS GRAPH OF CA-GROUPS

In Section 2, the graph structure of five classes of CA-groups are given. In
this section, we analyze these examples to obtain the structure of commuting
conjugacy class graph of a CA-group. For the sake of completeness, we mention
here a result, which is crucial in the proof of our main result. Let G be a finite CA-
group. Then by [2, Remark 2.1(4)], for all a,b € G\ Z(G), either Cx(a) = C(b)
or Cg(a) N Ce(b) = Z(G).

Lemma 3.1. Let G be a CA-Group. The noncentral conjugacy classes % and
y“ of G are adjacent in T'(G) if and only if Cq(z) and Cq(y) are conjugate in G.

G

Proof. Suppose that the noncentral conjugacy classes ¢ and y“ are adjacent in
['(G). There are t € 2% and s € y“ such that ts = st. This implies that ¢ €
Ce(t)NCq(s) # Z(G) and since G is a C' A-group, Ci(t) = Cg(s). On the other
hand, ¢ € 2% and s € y© imply that there are g;, g, € G such that t = g;'zg,
and s = g, 'ygs. Since Cgu(t) = Cq(s), we have g, 'Ca(x)gr = Cq(gy wg1) =
Ca(95'yg2) = 95 'Ca(y)ga, which proves that Co(r) = (g297") ' Carly) (9291 ),
as desired.

Conversely, let & and y“ be noncentral conjugacy classes of G such that Cg(z)
and C(y) are conjugate. Suppose that Cg(x) = ¢7'Cg(y)g and s = g~ 'yg. Since
g Ca(y)g = Calgtyg) = Cq(s), we have rs = sz and so 2% and s% = y“ are
adjacent in I'(G), which proves the lemma. O

Lemma 3.2. Let G be a CA-group and let v € G\ Z(G). Then Cg(z) < G if
and only if x% C Cq(z).

Proof. If Cg(z) < G, then obviously 2% C Cg(x). Conversely, we assume that
1% C Cg(x) and that ¢ € G is arbitrary. Then g~'zg € 29 N Cg(g tzg) C
Ca(x) N Cq(g~tzg) and so Ce(x) N Cq(g~tzg) # Z(G). Since G is a C' A-group,
we have Cg(z) = Ca(g'zg) = g 'Cq(x)g, which proves that Cg(z) <1 G. O

For a finite group G, we define Cent(G) = {Cg(z) | = € G}. Consider the
equivalence relation ~ on Cent(G) \ {G} by Cg(z) ~ Cg(y) if and only if Cg(z)
and Cg(y) are conjugate in G. Set A(G) = C<@ME} g the set of all equivalence
classes of ~.

Theorem 3.3. If G is a C'A-group, then I'(G) = Jogw ca K where

TLCG(‘%) )

el - 12@)]
7 [Ne(Ca(2)) : Co(a)]
Proof. Suppose that x € G\ Z(G), that k is the number of conjugates of Cq(z),
and that s = |29 N Cg(x)|. Tt is clear that |2¢| = ks = s[G : Ng(Cg(x))]. By
Poincaré’s theorem, |2¢] = [G : Cg(z)] = [G : Ng(Ca(x))][Na(Ca(x)) : Cq(z)]
and so s = [Ng(Cq(x)) : Co(z)]. Ify € Ca(x) \ (¢ N Cq(z)) U Z(G)), then
yr = wxy. Since G is a CA-group, Cg(z) = Cq(y), and by Lemma 3.1, 2¢
and y© are adjacent in I'(G). Define nogw = LWL Then neyw =

|Cq(2)|-1Z(G)]
[Na(Ca(z)):Ca(z)]

. Note that neo,.) is the number of noncentral conjugacy classes

~
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of

UE%EEMG)K%C@@'

of

G, which is contained in Cg(z). Since G is a C'A-group, we have I'(G) =
]

We can apply this theorem to obtain the commuting conjugacy class graphs

the dihedral group Ds,, the semi-dihedral group S Dg,, the dicyclic group T},

and the groups Vin, Umn), G(p,m,n), but our proofs given in Section 2 are
simpler than the proofs that can be obtained by Theorem 3.3.
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