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Abstract. Let KG be the group algebra of a group G over a field K of characteristic
p > 0. The classification of group algebras KG with upper Lie nilpotency index
tF (KG) up to 14 has already been done. In this paper, we classify the group algebras
KG having upper Lie nilpotency index 15, for G’ = 72(G) as an abelian group.
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1. Introduction

Let KG be the group algebra of a group G over a field K of characteristic
p > 0 and by defining the Lie product [z,y] = zy — yz, for all z,y € KG
we have KG considered as a Lie algebra, called the associated Lie algebra of
KG and denoted by L(KG). Now inductively, [x1,...,Zn] = [[T1, ..y Tn—1], Zn],
as T1,%2,....Tn € KG. Also, the nth lower Lie power KG" of KG is an
associated ideal generated by all the Lie commutators [z1, ..., x,]. It is easy to
see that KGM = KG and nth strong Lie power KG( is an associated ideal
generated by [z,y], where z € KG"~V and y € KG, KG") = KG. Also, the
group algebra K G is called the Lie nilpotent if KG™ = 0, for some n € N and
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called strongly Lie nilpotent if KG( = 0, for some n € N. The least positive
integer n, for which KG[ = 0 and KG™ = 0 is called the Lie nilpotency index
(denoted by t1,(KG)) and strong Lie nilpotency index (denoted by tX(KG)) of
K G respectively.

The notations and basic definitions are same as discussed in [2]. Bhandari
and Passi in [1], proved that for a Lie nilpotent group algebra KG, if p > 5,
then t,(KG) = tL'(KG). But the question whether t;(KG) = t*(KG) is still
open in general. In [14], it has been proved that if K'G is Lie nilpotent, then
tr(KG) < t*(KG) < |G'| +1. Thus |G’| + 1 is the maximal Lie nilpotency
index. Shalev [13], proved that if G is a finite p-group and CharK = p > 5,
then ¢, (KG) = |G'| +1 if and only if G’ is cyclic. Some other interesting results
are given in [3, 4, 5, 7, 8, 9, 10, 11, 12].

Chandra and Sahai [6] classified the strong Lie nilpotent group algebras with
tf(KG) up to 8. Further, strong Lie nilpotency index t/(KG) up to 13 was
characterized by Sharma, Siwach and Sahai in [16, 15]. Recently, Bhatt et al.
[2] characterized the group algebras with tL(KG) equal to 14. In this paper, we
have classified the group algebras having upper Lie nilpotency index 15, for G’
as an abelian group.

Lemma 1.1. [12] Let K be a field with CharK = p > 0 and G be a nilpotent
group such that |G'| = p™ and exp(G") = p'. Then the following statements hold:
(i) If d41) =0 for some I < pm, then dpmi1) < dmt1)-
(ii) If dimg1y = 0, then ds41) = 0 for all s > m with 9, (s) > ¥y (m) where
Dy (x) s the mazimal divisor of x which is relatively prime to p.

2. Main Results

Theorem 2.1. Let G be a group and K be a field of characteristics p > 0 such
that KG is Lie nilpotent. Then t*(KG) = 15 if and only if p = 2 and one of
the following condition satisfied:

(i) G"=(C2)", 1(G) = 1;

(ii) (a) G' = (Cy)? x (C2)%, G” C 3(G) = (C2)° or 33(G) = (C2)°, |G N
73(G)] =2 or 13(G) = (C2)*, [G* Ny3(G)] = 1;

(b) Cyx (C2)°, G™ C 43(G) = (Cs)° or 13(G) = (C2)°, |G N3(G)] = 1;
(c) G"=(C2)", 1(G) = (C2)°, |G Ny3(G)] = 1

(iif) (a) G" = (Cy)? x (C2)*, G C 3(G) = (C2)° or 13(G) = (C2)*, |G N
Y3(G)| =2 or 13(G) = (Ca)?, |G N3(G)] = 1;
(b) G' = Cy x (C2)°, G C 73(G) = (C2)° or 13(G) = (C2)*, |G N
73(G)| = ]-;
(c) G = (C2)%, 13(G) = (C)°, |G” Ny3(G)] = 1;

(iv) (a) G' 2 Ci x ()3, G C 4(G) = Cy x (Co)* or 43(G) = Cy x (C)?,
|G Ny3(G)| =2 or Ws(G) = 0y x Oy, |[G?Ny3(G)| = 1;
(b) G" = (C4)? x (C2)?, G™ C y3(G) = Ca x (C2)* or 33(G) = Cy x (C2)?,
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|G/2 ﬂ’}/g(G)| =2 or ’}/3(G) = 04 X CQ, |G/2 073(G)| = 1,‘

(c) G' = Cy x (C2)*, G C 13(G) = Cy x (C)? or 13(G) = Cy x (Ca)?,
|G Ns(G)] = 1;

(d) G = (Co)%, 13(G) = (C2)°, |G? Ny3(G)] = 1;

(v) (a) G" = (Cy)? x (C2)*, G C 73(G) = (Ca)° or 13(G) = (Ca2)*, |G N
73(G)| =2 or 13(G) = (02)37 |G” N3(G)| = 1;

(b) G' = Oy x (C2)°, G C 33(G) = (C2)° or 13(G) = (o), |G* N
73(G)| =1,
(c) G'= (02) 13(G) = (C2)°, |G N3(G)] = 1;

(vi) (a) G" = (Cy)* x O, 73(G) € G = (Co)*;
(b) G = (Ca)® x (C2)*, G” C 73(G) = (Co)* or 33(G) = (C2)%, |G N
73(G)| = 4 or 13(G) = (C2)%, |G Ny3(G)| = 2 or 33(G) = Cz; (e
13(G)| =1;
(c) G' = (C1)? x (C2)°, G™ C 3(G) = (Ca)* or 13(G) = (C2)?, |G N
73(G)| =2 or 13(G) = (02)27 |G N3(G)| = 1;
(d) G" = Cy x (C2)7, G C 33(G) = (Ca)* or 13(G) = (C2)?, |G N
13(G)| =1;
(€) G' = (C2)°, 13(G) = (C2)*, |G N3(G)] = 1;

(Vii) (a) G = C X (CQ) GI2 - ’)/3(G) = C4 X (02)2 or ’73(G) = C4 X CQ,

G2 N 35(G)] =2 or 35(G) = Ci, |G N 7s(G)| = 1;
(b) G/ = 04 X (C) 5 GIQ g ’}/3(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ,
G" N3(G)| =
(c) G = (C4)* x (Cz)?t G C 33(G) = Cy x (C ) or 73(G) = Cy x Cy,
G N3(G)| =2 or 73(G) = Cy, |G™ Ny3(G)| =
(d) G"=(C2)", 713(G) = (C2)", |G Ns(G)] = 1;
(viii) (a) G" = (C4)? x (C2)*, G C 13(G) = (Ca)" or 13(G) = (C2)*, |G™ N
15(G)| = 2 or 15(G) = (C2)2, |G N 75(G)| = 1;
(b) G = Cy x ((2)°, G” C 13(G) = (C2)* or 13(G) = (C2)%, |G™ N
( .
)

(Co)t, |G Nys(G)] = 1;

73(G) (C2)°, 74(G) = Ca or 13(G) = (Ca)*,

Cz or 73(G) = (Co)?, |G Ns(G)] = 2,
2, | =1, 1(G) = Cy;

Q Y3(G) = (C2)°, 14(G) = Co or 13(G) =
=~ ) = (Co)?, |G Nys(G)| =1

1(G) = Cy;

¢) G' = Cy x (Ca)*, G Cy3(G) = (C2)°, 1(G) = Cy or 43(G) = (Ca)*,

G N3(G)| =1, 714(G) = Cy

(d) G' = (C2)%, 13(G) = (C2)°, 1(G) = Cy, |G? Ny3(G)] = 1;

(e) G = (Cu)?, G C 3(G) = (C2)°, 1a(G) = (C2)? or 3(G) = (Ca)*,

|G;2 f;%g ); =4, 74(G) = (C)? or 13(G) = (Ca)?, |G N3(G)] = 2,

(f) G' = (C4)? x (Ca)?, G” C y3(G) = (Ca)°, 14(G) = (Ca)? or 43(G) =

(Ca)* (, |)G'2f(W3)( )| =2, 74(G) = (C2)? or13(G) = (C2)?, [G?Ny3(G)| =

1, (G

_—~
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(g) G' = Cy x (C2)*, G” C 13(G) = (Ca)°, 1(G) = (Ca)* or 73(G) =
(C2)%, 1G"™ m73( =1, 74(G) = (Co)%;
(h) G = (C2)°, 13(G) = (C2)°, 11(G) = (C2)*, |G Ny3(G)| = 1;

(ix) (a) G" = (Cy)° x (02)4, 73(G) € G’ = (C2)%;
(b) G" = (Cu)* x (C2)°, G € 3(G) = (C2)* or 43(G) = (C2)%, |G N
13(G)] =2 or 43(Q) =2 Ca, |G? Ny3(G)| = 1;
(c) G" = Cy x (C2)°, G C 33(G) = (C2)? or 13(G) = (C2)*, |G N
73(G)| = 1;
(d) G = (C2)", 1(G) = (C2)%, |G N3(G) = 1;

(X) (a) G = Cg X (02)3, G/Q - ’}/3(G) = 04 X (02)2 or ’)/3(G) = 04 X CQ,
G Ny3(G)] =2;
(b) G = (04)2 X (02)2, Glz - ’}/3(G) = C4 X (02)2 or 73(G) = C4 X CQ,
G Ny3(G)] =2;
(C) G = 04 X ( 2)4, GIQ - ’yg(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ,
|G N3(G)| = 1;
(d) G =(C2)°, 1(G) = (C2)*, |G N3(G) = 1;

6
(xi) (a) G’ = Cgx(C2)%, G C 43(Q) = CyxCy ory3(Q) =2 Cy, |G?Ny3(G)| =
2;
(b) G" = (C4)* x (C2)*, G” C 73(G) = Cy x Cz or 33(G) = Cy, |G N

73(G)| = 2;
() G = Cux(Ca)5, G C () = Cyx Cy orys(G) = Cy, |G2Ns(G)| =
1;

(d) G" = (C2)%, 13(G) = (C2)°, |G N3(G)| = L

(a) GIECSXC4, G'zg’yg(G)%’C4><( ) 01"’73( )E’C4XCQ,
G Ny3(G)] = 4;

(b) G =~ (g x (02)2, G - ’}/3(G) ~ Oy % (02)2 or ’}/3(G) = Oy x Cy,
G2 N95(G)] =2

(C) G = (04)2 X CQ, GIQ - ’)/3(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ,
2N 5(G)] =2

(d) G =~ Oy x (02)3, G”? - ’}/3(G) ~ Oy % (02)2 or ’)/3(G) ~ Oy x Cy,
G2 N95(G)] = 1;

(€) G' = (C2)°, 13(G) = (C2)*, |G” N3(G)] = 1;

(xii)

(xiii) (a)( )’| = (Ch)? x (C2)°, G™ C 33(G) = (C2)? or 15(G) = (C2)%, |G N
73 G)| = 2;

(b) G' = Oy x (C2)7, G C 3(G) = (C2)? or 73(G) = (C2)?, |G N
VS(G)| =1
(c) G' = (C2)”, 73(G) = (C2)?, |G N3(G)] = 1;

(XiV) (a) G/ = (04)3 X C G Q Y3 (G) (CQ) 4(G) CQ or ’73(G) = (02)3,
G2 N26(G)| = 4, u(G) = Ca or (G) = (C2)2, |67 N 3(C)] = 2,
’74(G) = 027'

(b) G" = (C4)? x (C2)*, G C 73(G) = (C2)", 74(G) = Cy or 73(G) =
(C2)%, 1G? Ny3(G)] = 2, 1(G) = Ca or 3(G) = (C2)?, |G N3(G)] =1

v4(G) =2 Cy;
(c) G' = Cy x (Ca)°, G C 43(G) = (Ca)*, 1(G) = Cy or 3(G) = (Ca)?,
|G? Nys3(G)| =1, 14(G) = Co;
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(d) G' = (C2)7, 43(G) = (C)*, 1(G) = Cy, |G? Ny3(G)] = 1;
(e) G" = (Cy)* x Cp, G” C 73( )= ( ) 74(G) = (C2)? or 13(G) =
(C2)?, |G'2073( )| =4, 7(G) = (C2)%;
(f) (Ca)* x (C2)3, G” C 3(G) = (C
|G N3(G)] = 2, 14(G) = (Ca)?;
(g) Cy x (Ca)?, e C 13(G) = (Ca)*, 1(G) = (Ca)* or 13(G) = (Co)?,
|G Ny3(G)] =1, 74(G) = (C)?;
(h) G' = (C2)7, 73(G) = (Ca)*, 74(G) = (C2)?, |G? Ny3(G)] = 1;
(xv) (a) G' = (C4)? x (C2)7, 13(G) € G” = (Cy)?;
(b) G' = Oy x (Ca)?, G C3(G) = (C2)? or 33(G) = Co, |GZ N3(G)| =
1;
(C) G' = (Co)', 13(G) = (C)?, |G? N3(G)| = 1;
(xvi) (a) G' = Cg x (Ca)3, G2 C 75(G) = Cy x Ca; (b) G' = (Cy)? x (Ca)?,
G"? C ’73(G) = Oy x Cy;
E )) G = Cy % (02)5, G"? - ’73(G) ~ 0y x CQ,'
(a

2
', %4(G) 2 (Ca)? or 13(G) = (Co)?,

M

G' = (Co)7, 13(G) = Cy x Co, |GP N3(G)] = 1;
) GI = Cg X (02)2, GI2 g ’}/3(G) = 04 X (02)2 or ’)/3(G) = 04 X CQ,
|G N3(G)] = 2;
(b) G = (04)2 X CQ, Glz - ’}/3(G) = C4 X (02)2 or ’)/3(G) = C4 X CQ,
|G N3(G)| = 2;
(C) G =0y x (02)3, G"? - ’yg(G) >~ (4 X (02)2 or ’}/3(G) = Oy x Oy,
|G N3(G)| = 1;
(d) G" = (Cy)?, (G) = (Cy)*, |G? Ns(G)| = 1;
e) GI = Cg X (CQ) Glz - ’73(G) C4 X ( 2
£) G = (C)2 x Cy, G2 C 75(G) = Cy x (Ca)?;
g) G' = Cy x (C2)%, G C73(G) = Cy x (Co)?;
h) G' = (Ca)°, 13(G) = (C2)*, |G? N3(G) =1;
xviii) (a) G' =2 Cg x (C2)%, v3(G) C G = Cy;
b) G' = (C4)? x (Ca)°, 13(G) € G = (02)2;
c Cy x (C2)7, G Cy3(G) = (Co)?;
(C2)?, 13(G) = (C2)?, |G N3(G)| = 1;
4 X (02)10, GIQ = ’)/3(G) = CQ, ’)/4(G) = 17'
(C2)'2, G2 N3(G) =1, 13(G) = Ca, 1(G) =
(C1)? x (C2)°, 33(G) C G = (Cy)?;
Cy x (C2)®, G C3(G) = (Cr)?;
(C2)™0, 13(G) = (Ca)?, |G? Ny3(G)| = 1;
(C1)? x (C2)?, 13(G) € G = (C2)?, 14(G) = Cy;
(04) x (Co)t, G C 33(G) = (C2)?, 1(G) = Cy or 13(G) =
ZNy3(G)| =2, 1(G) = Co;
Cy x (C2)%, G C13(G) = (C2)*, 14(G) = Ca or 3(G) = (Ca)?,
3(G)] =1 ’74(G) Csy;
(02) (G) (C2)3, 1(G) = Cy, |G? Ny3(G)] =
(C2)?, 1(G) = (Ca)?;
(04) (02)4: G C 3(G) = (Ca)?, 1(G) = (C2)%;

(xvii)

1R

<

122QRQARQ
1R 1R 1R 1R 1R 1R I

S
QATQ
B R 1R

12 IIZv ||2Q 12
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(h) G = (C2)%, 73(G) = (C2)*, 1(G) = (C2)?, |G Ns(G)| = 1;
(xxii) (a) G" = (C4)?, G” C 13(G) = (C2)*14(G) = Cy or 3(G) = (Ca)°,
|Gér)wlgéc)| 4, u(G) = Cy orp3(G) = (C2)%, |G N 3(G)] = 2,

= (Cy)*, 4(G) = Cy or y3(G
)2, |G Ny3(G)| = 2, 74(0) Cy orv3(G) = (Ca)?, |G Ny3(G)| =
Y4 G) = 027'

v

(b) G" = (C4)? x (C2)?, 13(G) € G”
(

(C) G/NC4 X(CQ) s G2

S g 3(G) = (C2)*, 1(G) = Cy or v3(G) = (Cy)?,
(O, 1(G) = Cs, 167 Ns(G)] = 1.

|G N y3(G)| = 1, 14(G)
(d) G' = (C2)°, 73(G) =
Proof. Let t*(KG) = 15. Since p+ 1 < t/(KG), p = 3,5,7,11 or 13 are not
possible. So, we have only p = 2.

Let p = 2. Since t“*(KG) = 2+ (p — 1)Smd 11y, 50 Emd(;11) = 13 and
dixy = 0for all k > 14. Let |G'| = p™. If d(3) = 0, then D3y x(G) = G"*13(G) =
1. Hence, d(3) = 13 and G’ = (Co)'3. Now let dzy # 0. Clearly d(2y # 0 and
d(3) <.

If d(3) = 6, then by Lemma 1.1 d(2) = 1 and D4 x(G) = G"*43(G)*14(G) =
1, [Dg3),k(G)| = 2° and |G’| = 27. In this case, G’ is abelian, we have the
following possibilities: G’ = (C4)3 x Oy or (C4)? x (C3)?® or Cy x (C3)° or
(02)7. Now, if G' = (04)3 x Coq, then D(3)7K(G) <26 If G' = (04)2 X (02)3,
then G” C 73(G) = (C2)° or 13(G) = (C2)°, |G N y3(G)] = 2 or 73(G) =
(Co)4|G? N 3(G)| = 1. If Cy x (C2)®, then either G2 C v3(G) = (Cq)8
13(G) =2 (C2)?, |G? Ny3(G)| = 1. If G’ = (Cy)7, then v3(G) = (Cs)S.

Now if dig) = 5, then by Lemma 1.1 dizy = 3 and thus Dy x(G) =
G"v3(G)*14(G) = 1, | D3y, k (G)| = 2° and |G’| = 2. In this case G’ is abelain,
so we have the following possibilities: G’ 22 (C4)* or (C4)3x(C3)? or (Cy)% x(Cy)*
or Cy x (C2)° or (C2)®. Let G' = (Cy)* or Cy)? x (C2)?. Then |D(3) x(G) < 2°.
If G' 2 (Cy)? x (C2)?, then either G? C ~3(GQ) = (C2)® or v3(G) = (Ca)?,
|G Ny3(G)| = 2 or 73(G) = (C2)*, |G N73(G)| = 1. If G = Cy x (C2)°, then
either G2 C v3(G) =2 (03)° or v3(G) =2 (C2)4, |G? Ny3(G)| = 1. If G' = (Cs)8,
then v3(G) = (Cs)°.

Let d3) = 4. Then d(3) + 3d(4) + 4d(5) + 5d(gy = 5. In view of Lemma 1.1,
we have following cases: d(5) = do) = 1 or d(4) = 1,d(2) = 2 or d(3) = 5.

If d(g) = d(5) =1, d(3) = 4, then |G/| = 26, |D(3)’K(G)| = 25,D(4),K(G) =
D5y k(G) = (C2) and Dg) x(G) = G®v3(G)*4(G)*6(G) = 1. If G’ is an
abelian group, so we have the following possibilities: G’ = (Cg)? or G’ = Cg x
Cy x Cy or G’ = Cg x (C2)® or G' = (Cy)3 or G' =2 (C4)? x (Cs)? or G'
Cy x (Co)* or G' = (C9)8. If G’ = (Cg)?, then |G| = 16 but |G"?| < 4. Also,
if G =2 Cg x Cy x Cy, then |G| = 8 but |G| < 4. If G' = Cg x (C2)3,
then G2 C v3(G) = Cy x (C2)3 or v3(G) = Cy x (C2)?, |G Ny3(G)| = 2 or
’)/3(G) = C4 X CQ, |GI2 073(G)| =1.1If G/ = (04)3, then |G/2| = 8 but |G/2| < 4.
IfGQ = (04)2 X (02)2, then G2 C ’73(G) >0y x (02)3 or ’)/3(G) ~ Oy X (02)2,
|G Ny3(G)| =2 or v3(G) =2 Cy x Oy, |G?N3(G)| = 1. If G' = Cy x (Ca)?,
then G2 - ’}/3(G) ~ Oy X (02)3 or ’}/3(G) ~ Oy X (02)2, |G12 ﬂ’yg(G)| =1.1If
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G’ = ()%, then v3(G) =2 (C3)°.

If d(g) = 2, d(4) = 1, d(g) = 4, then |G/| = 27, |D(3)7K(G)| = 25, |D(4)7K(G)| =
2 and Dis) () = G"13(G)?5(G) = 1. Thus 14(G) = (Ca), 4 < (G| < 16
If G is abelian, So we have the following possibilities: G’ = (C4)® x Cy or
(04) (CQ) or 04 X (CQ) (CQ) N C = (04) X CQ, here |G/2| =8
but |G"?| < 4. Hence this case is not possible. If G’ = (Cy)? x (C2)3, then

G? C 3(G) = (C2)° or 13(G) = (C2), |G™ Ny3(G)] = 2 or 13(G) = (C2)?,
|G Ny3(G)| = 1. If G' =2 Cy x (C2)®, then either G2 C ~3(G) = (C2)® or
15(G) 2 (Co)", [G? M1s(G)] = 1. TE G' 2 (C)7, then 3(G) = (C)°.

Now, if dioy =5, d(3) = 4, then |G'| = 2%, |D(3) x(G)| = 2* and D4 x(G) =
G"*y3(G)?74(G) = 1. In this case G’ is abehan. So possibilities are: G’ = ( 4)4><
Co or (Cy)3 x (C2)3 or (C4)? x (C2)° or Cy x (C2)7 or (Cs)?. If G' =2 (Cy)* x Ca,
then 15(G) € G ()" 11 G (04" x (O, then G € 4(C) = ()"

or 13(G) = (C2)*, |G N3(G)| = 4 or 13(G) = (C2)%, |G? Ny3(G)| =20
73(G) = Oy, |G?N3(G) = 1. If G' =2 (C4)? x (C2)°, then G C v3(G) = (C:
or 73(G) = (C2)%, |G Ny3(G)| = 2 or 13(G) = (C2)?, |G Ny3(G)| = 1. If
Cyx (02)7, then either G2 C 73(G) = (02)4 or ’)/3(G) = (02)3, |Gl2ﬁ’}/3( )| =
If GI = (02)9, then ’}/3(G) = (02)4.

Let d(g) = 3. Then, d(g) + 3d(4) + 4d(5) + 5d(6) + 6d(7) + 7d(g) =T.

Now, let d(g) = 0. Then d(g) + 3d(4) + 4d(5) + 5d(6) + 6d(7) = 7. Thus we
have following cases: d(7) = da) = 1 or dg)y = 1, dgy =2 or d5) = 1, d2y = 3
ordsy=1,dyy=1ordy =1,dg =4ordy =2,dg =1ordg =T.

Let d(g) = d(7) =1, d(g) = 3. Then by Lemma 1.1, d(3+1) =0, ¥2(6) > 92(3)
and so d(7y = 0. Thus this case is not possible.

Let dy = 1, d2y = 2, d3y = 3. Then by Lemma 1.1, d3,1) = 0, ¥2(5) >
¥2(3) and so d(g) = 0. Thus this case is not possible.

Again by Lemma 1.1, d(5) = 1, d(4) = 1, d(3) = 3 is also not possible.

If d(5) = ]., d(g) = d(g) = 3, then |G/| = 27, |D(3)K(G)| = 24,
D).k (G) = D) k(G) = Co and Dg) k(G) = G®y3(G)*u(G)*6(G) = 1.
Let G’ be abelian. Thus we have the following possibilities: G’ = (Cg)? x Cy or
G = Cg X (04)2 or G' = Cg X 04 X (02)2 or G’ = Cg X (02)4 or G' = (04)3 X CQ
or G' = C4 X (02)5 or G = (04)2 X (02)3 or G' = (02)7. If G' = (08)2 X CQ,
then |G"%| = 16 but |G"?| < 4. If G' = Cs x (C4)?, here |G"| = 16 but |G"?| < 4.
If G/ =2 Cg x Oy x (C2)%, here |G| = 8 but |G"?] < 4. If G' = Cg x (Cy)*,
then G2 C ’)/3(G) ~ Oy X (02)2 or ’)/3(G) = Oy x Oy, |G/2 n ’73(G)| = 2 or
13(G) =2 Cy, |G? Ny3(Q)| = 1. If G' =2 (Cy)? x Ca, here |G"?| = 8 but |G"?| < 4.
If G = 04 X (02)5, then G/Q - ’)/3(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ,
|G Ny3(G)| = 1. If G' = (0C4)? x (C2)3, then G C 43(GQ) = Cy x (Cr)?
or ’}/3(G) = Oy x Oy, |GI2 ﬁ’y;g(G” = 2or ’73(G) = Yy, |GI2 ﬁ’yg(G)| =1 1If
G' = (Cy)7, then y3(G) = (Ca)*.

Let d() = 1, d(g) = 4, d(g) = 3. Then |G| = 28, |D(3),K(G)| = 24,
D4,k (G)| = 2 and D5y x(G) = G"*y3(G)*y5(G) = 1. So 74(G) = Cp and
4 < |73(G)| < 16. If G’ is abelian, then possible choices for G’ are (Cy)*

1 (Cy)® x (C2)? or (C1)? x (C2)* or Cy x (C2)° or (C2)°. If G = (Cu)?,
then |G| = 16 but |G| < 4. If G' = (C4)3 x (Cq)?, then |G?| = 8 but

)
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|G"?] < 4. If G' =2 (C4)? x (Ca)%, then G C v3(G) =2 (C2)* or 13(G) = (C2)?,
|G Nv3(G)| = 2 or y3(G) = (Ca)?, |G’2ﬂ’yg( ) =1. If G’ =2 Oy x (C3)", then
either G'? C 3(G) = (C2)* or 13(G) =2 (C2)?, |G Ny3(G)| = 1. If G' =2 (Cy)8,
then v3(G) = (Ca)*.

Let d(4) = 2, d(g) =1, d(3) = 3. Then |G| = 26 |D(3),K(G)| = 25,
D),k (G)| = 2% and D(s) k(G) = G"y3(G)*75(G) = 1, 1(G) = Cy or (C2)?,
|v3(G)] = 8 or 16 or 32. If G’ is abelian, then possible choices for G’ are:
G' = (Cy)? or (C4)? x (C2)? or Cy x (Co)* or (Co)8. Let |74(G)| = 2. Now
if G = (Cy)3, then G? C 3(G) =2 (C2)°, v4(G) = Oy or y3(G) = (C)?,
G N 75(G)] = 4, 74(G) = G or 33(G) = (Ca)?, [G™ N75(G)| = 2, 34(G)
or 13(G) = (C2)?, |G N ()] = 1, 1(G) = Ca. I G2 (Cy)? x (
then G C 13(G) = (C2)°, 74(G) Cy or 13(G) = (C2)%, |G N3(G))
’74(G) Cy or ’73(G) (CQ) , |Gl2m’}/3( )| =1, ’)/4(G) Cs. IfG' = Cy X(
then G C 33(G) = (C2)°, 1(G) = G5 o1 %(G) = (Ca)t, |G N 3(C)|
’74(G) = CQ. If G/ = (02)6, then ’)/3(G) = (02)5, ’74(G) = CQ. Now 1
(@) = 22 T G = (C1)%, then G C 75(G) = (C2)°, u(G) = (C
or 13(G) = (C2), |G N3(G)] = 4, 1(G) = (C2)* or 13(G) = (C2)
[G? N3(G)| = 2, u(G) = (C2)?. If G" = (Cy)? x (C2)?, then G™ C 73(G) =
(C2)%, 1(G) = (C2)* or 13(G) = (Ca)*, |G rW3(G)| =2, u(G) = (02)
1(G) = (C2)%, |G? Ny3(G)] = 1, 7(G) = (C2)*. If G = Cy x (Cg)*, then
G” C 3(G) = (C2)°, 1(G) = (C2)? or 13(G) = (C2), |G N3(G)] = 1
’)/4(G) = (02)2. If G/ = (02)6, then ’)/3(G) = (02)5, ’)/4(G) = (02)2.

Let d(g) = 7, d(g) = 3. Then |G/| = 210, |D(3)K(G)| = 23, D(4)K(G) =
G"v3(G)?*74(G) = 1. In this case G’ is abelian. So we have the following
possibilities: G’ 22 (C4)® or (Cy)* x (Co)? or (C4)? x (C2)* or (C4)? x (Co)® or
Cy x (Co)® or (C2)1°. Now, if G’ = (C4)®, here |G?| = 32 but |G| < 8. If
G' = (Cy)* x (C3)?, here |G| = 16 but |G| < 8. If G’ = (Cy)? x (Ca)?, then
’)/3(G) g G’2 = (02)3. If G/ (04)2 X (02)6, then G’2 g ’Yg(G) = (02)3
13(G) =2 (C2)?%, |G Ny3(Q)] = 2 or 13(G) =2 Co, |G? Ny(G)| = 1. If G =
Cy x (C3)3, then either G"? C 43(G) =2 (Cs)? or 13(G) =2 (Cs)?, |G N3(G)| = 1.
If G/ = (02)10, then ’)/3(G) = (02)3.

Let d(g) = 2. Then, d(g)+3d(4)+4d(5)+5d(6)+6d(7)+7d(3)+8d(9)+9d(10) =9.
If d(lO) =0, then d(g) + 3d(4) + 4d(5) + 5d(6) + 6d(7) + 7d(8) + 8d(9) =9. And we
have following possibilities for d(gy # 0: dg) = 1, d2) = 1 and d(g) = 1, d(2) = 2.
But from the Lemma 1.1, these cases are not possible. Now, if d(g) = 0, then
either d7) = 1, d(4y = 1 or d(7y = 1,d(2) = 3. Again the above cases are discarded
by Lemma 1.1.

Now, if d(7y = 0, then dg) = 1, d5y = 1 or dg) = 1, dia) = 1, dyy = 1 or
dy =1, d(2y = 4. The cases for d(7) = 0 is not possible in view of Lemma 1.1.
Now, if dg) = 0, d(3y = 2, then we have following possibilities: d(5) = d(4) = 1,
d(g) =2or d(5) =1, d(g) =5 or d(5) =2, d(g) =1.

Let d(5) = d(4) =1, d(g) = d(3) = 2. Then |G| = 26, |D(3),K(G)| = 24,
D@4y, (G)| = 2%, |Ds) 1 (G)| = 2 and D) k (G) = G"®3(G)*14(G)?*6(G) = 1.
If G’ is abelian, then we have the following possibilities: G’ = (Cg)? or G/ =
Cg X 04 X CQ or G = Cg X (02)3 or G = (04)3 or G = (04)2 X (02)2

IR
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G = Cy x (C2)* or G' = (Cy)°. If G' = (Cs)?, then |G%| = 16 but |G"?| < 4.
If G = Cg x Oy x Cy, then |G?| = 8 but |G| < 4. If G' = Cg x (C3)3, then,
G C13(G) = Cy x (C2)? 01 33(G) = Cy x o, |G N3(G)] = 2. 1E G = (C)’,
then |G| = 8 but |G| < 4. If G’ = (Cy4)? x (Cq)?, then G C 43(G) =
Cy x (02)2 or ’73(G) = Oy x Oy, |G/2 m’)/3(G)| =2 If G =2 Cy x (02)4, then
GIQ - ’}/3(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ, |G/2 073(G)| =1.IfG = (02)6,
then v3(G) = (Ca)™.

Ifds)y =1, d@z) = 5, d(z) = 2, then |G'| = 2%, | D) x(G)| = 2°, | D)k (G)| =
|D5), 1 (G)| = 2 and D(g) x(G) = G"®v3(G)*74(G)*76(G) = 1. If G’ is abelian,
then we have the following possibilities: G’ 2 (Cg)? x Cy or G’ = (Cg)? x (Cq)?
or G = Cg X (04)2 X CQ or G' = Cg X 04 X (02)3 or G/ = Cg X (02)5 or
G = (04)3 X (02)2 or G' = (04)2 X (02)4 or G = 04 X (02)6 or G' = (02)8.
If G’ 2 (Cs)? x Cy, then |G"?| = 32 but |G| < 4. If G’ = (Cs)? x (Cs)?, then
|G| =16 but |G"| < 4. If G' =2 Cs x (C4)? x Cs, then |G"?| = 16 but |G"?| < 4.
IfG = Cg X C4 X (02)3, then |G/2| = 8 but |G12| < 4. If G' = Cg X (02)5, then
G - ’}/3(G) = (CyxCyor ’}/3(G) = 04, |G/2ﬂ’}/3(G)| =2. IfG' =~ (04)3 X (02)2,
then |G| = 8 but |G| < 4. If G’ =2 (C4)? x (C2)*, then G? C v3(G) = Cy x Cs
or ’73(G) = C4, |G/2ﬁ’73(G)| =2 . IfG' = C4>< (02)6, then GI2 - ’)/3(G) = C4><CQ
or v3(G) = Cy, |G? Ny3(G)| = 1. If G = (C)8, then v3(G) = (Cs)3.

If dz) = 1, ds) = d(z) = 2, then |G'| = 2°, [ D3y x(G)| = 2%, |Day, x(G)| =
|D5),k(G)| = 4 and D(g) x(G) = G"®v3(G)*74(G)?*76(G) = 1. If G’ is abelian,
then we have the following possibilities: G’ = Cg x Cy or G’ = Cg x (C)?
or G' = (Cy)? x Cy or G' =2 Oy x (Co)? or G' = (Co)°. If G' = Cg x Cy,
then G2 C v3(G) = Cy X (02)2 or 13(GQ) = Cy x Co, |GI2 N~vs3(G)| =4. If G =
Cg x (02)2, then G2 C ’73(G) = Oy x (02)2 or ’73(G) = Oy x Oy, |G’2073(G)| = 2.
If G = (04)2 X CQ, then G/Q - ’)/3(G) = 04 X (02)2 or ’}/3(G) = 04 X CQ,
|G/2 N ’)/3(G)| =2. f G = 04 X (02)3, then G/Q - ’)/3(G) = 04 X (02)2 or
’)/3(G) = 04 X CQ, |GI2 ﬂ’}/g(G)| =1.1If G/ = (02)5, then ’}/3(G) = (02)4.

Now if d(5) = 0, then we have either d3) = 2, d4) = 1, d(2) = 6 or d(4) = 2,
d(g) = 3, d(g) =2or d(g) = 9, d(g) = 2.

Let d(4) = 1, d(g) = 6, d(g) = 2. Then, |G| = 29, |D(3),K(G)| = 23
|D 1),k (G)| = 2 and G"*5(G)*v5(G) = 1. So 74(G) = Cy, |13(G)| =4 or 8. If
G' is abelian, then possible choices for G’ are (Cy)* x Cy or (C4)? x (C2)? or
(Cy)? x (C2)® or Cy x (C2)7 or (Co)?. If G =2 (Cy)* x Oy, then |G| = 16
but |G| < 4. If G' = (C4)? x (C2)3, then |G| = 8 but |G| < 4. If
G’ = (04)? x (C)®, then either G C ~3(G) =2 (C2)? or v3(G) = (Cs)?,
|G Ny3(Q)] = 2. If G' = Oy x (C2)7, then either G'? C 43(GQ) = (C2)? or
15(G) = (o), 1G? N75(G)| = 1. TE G = (C)?, then 7 (G) = (Cs)?.

Let dizy = 3, duay = dz) = 2. Then, |G| = 27 and |D3) x(G)| = 2%,
D,k (G)| = 2% and D(s) k(G) = G"*y3(G)*75(G) = 1, 1(G) = Cy or (C2)?,
|v3(G)| = 4 or 8 or 16. If G’ is abelian, then possible choices for G’ are: G’ =
(04)3 x Cq or (04)2 X (02)3 or C4 X (02)5 or (02)7. First, let |’Y4(G)| = 2.
This implies |y3(G)| = 22 or 23 or 2%. Now, if G' = (C4)3 x Cy, then G C
73(G) = (C2)*74(G) = Cy or 73(G) = (C2)*, [G? N3(G)] = 4, 7(G) = Cy
or ’}/3(G) = (02)2, |G12 073(G)| = 2, ’)/4(G) = CQ. If ¢ =~ (04)2 X (02)3,
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then G C 13(G) = (C2)", 1u(G) = Cs or 33(G) = (C2)%, |G N y3(G)| = 2
’)/4(G)202 OI")/3(G 2(0 )2 |G/2ﬂ’)/3( )| 21,’}/4(G)202. IfG/NC X(C )5
then G C ~3(G) = ( 2) 74(G) = Co or 33(G) = (C2)%, |G? N(G)] = 1
14(C) = Ci. T G = ()", then 1(C) = (Ca)%, 24(G) = Co

Now, let |v4(G)| = 22. This implies |y3(G)| = 23 or 24, If G’ = (Cy)3 x Oy,
then G2 C 73(G ) = ( 2) 1(G) = (C2)? or 73(G) = (C2)?, |G'2 N3(G)| =4,
1(G) = (Cz) : (C) (02)3 then G C 713(G) = (C2)!, 14(G) = (C2)?
or 13(G) = (Ca)°, |G N3(G)] = 2, 7(G) = (C2)?. If C4 x (C2)°, then
5)*, 74(G) = (Cy)? or 13(G) = (Co)?, |G N3(G)] = 1,

»Jklo

G? C 33(G) = (C
1(G) = (C2)?. If G' = (C2)", then 13(G) = (C2)*, 14(G) = (C2)*.

Let d(g) = 9 d 3) = 2. Then |G/| = 211, |D(3)K( )| = 22, D(4)7K(G) =
G"v3(G)?*74(G) = 1. In this case G’ is abelian. So we have the following
p0551b1htles G = (Cy ) x Cy or (Cy)* x (C2)3 or (C4)3 x (C2)° or (C4)? x (Co)7
or Oy x (C2)? or (Co)!t. Now, if G’ = (C4)° x Ca, then |G| = 32 but |G"?| < 4.
If G’ = (Cy)* x (C2)3, then |G’2| = 16 but |G’2| <4 If G = (Cy)? x (Co)5,

then |G%| = 8 but |G| < 4. If G’ = (C4)? x (Co)7, then v3(G) C G"? =
(C)2. If G' =2 Oy x (Cs)?, then either G2 C 3(G) =2 (Cs)? or 73(G) = Cy,
|G N3(G)] = 1. If G' =2 (Co)', then v3(G) = (Co)2.

Let d(3) = 1. Then, d(g) + 3d(4) + 4d(5) + 5d(6) + 6d(7) + 7d(g) + Sd(g) + 9d(10) +

Let d(lg) = 0. Then, d(g) + 3d(4) + 4d(5) + 5d(6) + 6d(7) + 7d(g) + Sd(g) +
9d(10) + 10d(11) = 11. Then, we have following possibilities: d(11) =1, d(z) = 1.
Now, if d(11) = 0, then d(10) = 1, d(2) = 2. Thus all these cases are discarded by
Lemma 1.1. Let d(19) = 0. Then we have either d) = 1, d4) = 1 or dig) = 1,
d(2)y = 3. Then all the above cases are discarded by Lemma 1.1. Now if d(g9) = 0,
then we have dgy = 1, disy =l ordgy =1, dg) =dyy = 1ordgy =1, dpo) = 4.
Then all the above cases are discarded by Lemma 1.1. Now, if d(g) = 0, then we
have d(7) =1, d(@) =1lor d(7) =1, d(g) = d(5) =1lor d(7) =1, d(4) =1, d(g) =2.
Then all the above cases are discarded by Lemma 1.1. Now, if d(7y = 0, then
we have d(ﬁ) S 1, d(5) = 1, d(g) =2or d(@) = d(4) = 1, d(g) =3 or d(@) = 1,
dy =2 or dey = 1, digy = 6 or dgy = 2, dizy = 1. Then, all the above cases
are discarded by Lemma 1.1. Now, if dg) = 0, then we have d(5) = d(4) = 1,
d(g) =4 or d(5) = d(g) = 1, d(4) = 2, or d(5) = 1, d(g) =T7or d(5) = 2, d(g) =3
or d(5) = 2, d(4) =

Let d(g) =4, d(5) = d(4) = d(g) = 1. Then |G'| = 27, |D(3)7K(G)| = 23,
D),k (G)| = 2%, |D(s5) k (G)| = 2 and Dg), (G) = G"73(G)*74(G)*(G) = 1.
If G’ is abelian, then we have the following possibilities: G’ = (Cg)? x Cy or
G/ = Cg X (04)2 or GI = Cg X 04 X (02)2 or GI = Cg X (02)4 or G/ = (04)3 X CQ
or G = Cy x (C) or G' = (C4)% x (C2)3 or G' = (Co)". If G' = (Cg)? x Cs,
then |G"%| = 16 but |G"?| < 4. If G’ = Cs x (C4)?, then |G"?| = 16 but |G"?| < 4.
If G' = Cs x Cy x (C2)?, here |G'?| = 8 but |G| < 4. If G’ = Cs x (C2)%, then
GIQ - ’)/3(G) = 04 X CQ. If G' = (04)3 X CQ, then |G12| = 8 but |G/2| < 4. If
G = (04)2 X (02)3, then G'? - ’)/3(G) =y xCy G =20y x (02)5, then
G/Z - ’)/3(G) = C4 X CQ. If G = (02)7, then ’73(G) = C4 X CQ.

Let d(4) = 2, d(g) = d(5) = d(3) = 1. Then |G'| = 25, |D(3),K(G)| = 24
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D),k (G)| = 2%, |D5),x (G)| = 2 and D¢ x (G) = G®*43(G)*74(G)?*6(G) = 1.
If G’ is abelian, then we have the following possibilities: G’ = Cg x Cy or
G = Cg x (02)2 or G' = (04)2 x Cy or G =2 Cy x (02)3 or G' = (02)5. First,
let |y4(G)| = 22. This implies |y3(G)| = 22 or 2%. Now, if G’ = Cs x Cy, then
|G| = 8 but |G| < 4. If G' 2 Cg x (Cs)?, then G C v3(G) = Cy x (C2)? or
’)/3(G) = 04 X CQ, |G12 ﬂ’}/g(G)| =2. IfG = (04)2 X CQ, then GIQ - ’}/3(G) =
Cy % (02)2 or ’)/3(G) =~ Oy x Oy, |G12 ﬂ’}/g(G” =2. G =2 Cy x (02)3, then
G"? C v3(G) = Cy X (02)2 or v3(G) = Cy x Co, |GI2 Nvs(G)| = 1. If G =~ (02)5,
then 73(G) = (C2)*. Now, let |y4(G)| = 23. This implies |y3(G)| = 24 If
G' = Cg x Cy, then |G| = 8 but |G| < 4. If G’ = Cg x (C2)?, then G"? C
’)/3(G) = 04 X (02)2. If G = (04)2 X CQ, then G/Q - ’)/3(G) = 04 X (02)2.
If G = 04 X (02)3, then G/Q - ’}/3(G) = 04 X (02)2. If ¢
73(G) = (Ca)*.
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Let d(g) = 7, d(5) = d(g) = 1. Then |GI| = 29, |D(3)K(G)| = 22,
[D(2),x(G)| = |Ds5),x(G)] = 2 and D(g),x(G) = G™y3(G)"7(G)*76(G) = 1.
If G’ is abelian, then we have the following possibilities: G’ = (Cg)?® or

G = (08)2 X 04 X CQ or G/ = Cg X (04)3 or G’ = Cg X (04) (02)2 or
G' =2 Cyx (Cr)8 or G' = (C4)* x Cy or G’ = (Cy)3 x (Co)3 or G' = (C )2 x (Cy)?
or G’ 2 Cy x (Ca)" or G =2 (Cy)?. If G’ =2 (Cs)?, then |G| = 64 but |G"?| < 4.
If G' = (08)2 X C4 X CQ, then |GI2| = 32 but |GI2| < 4. If G' =~ Cg X (04)3,
then |G"%| = 32 but |G?| < 4. If G’ = Cs x (C4)? x (C2)?, then |G"?| = 16 but
|G"?] < 4. If G’ =2 Cg x (C2)8, then 43(Q) € G = Cy. If G' =2 (Cy)* x Ca, then
|G| = 16 but |G| < 4. If G' = (Cy)? x (C2)3, then |G| = 8 but |G| < 4.
If G/ 22 (Cy4)? x (C2)®, then 73(G) C G = (Cy)2. If G’ = Cy x (C2)7, then
G"? C y3(G) 2 (Cr)2. If G' 22 (C)?, then 73(G) = (Co)2.

Let dpy = 3, d5y = 2, dizy = 1. Then, by Lemma 1.1 as dz41) = 0,
d(441) < d(241) implies 2 < 1, which is not possible. Let d(5) = 2, d(4) = d(3) = 1.
By Lemma 1.1, this case is also not possible. Let d(5)y = 0. Then we have d(4) =
d(g) =8 or d(4) = 2, d(g) =5or d(4) = 3, d(g) =2or d(g) =11.

Let d(g) S 11, d(g) = 1. Then, |G/| = 212, |D(3)7K(G)| = 2, D(4)7K(G) =
G"3(G)?74(G) = 1 and exponent of G’ is at most 4 and |G"?| < 2. Now
G’ is abelian in this case. Thus possible G’ are: Cy x (C2)10 or (Co)'2. If
G' = Oy x (C9)19) then G = 43(G) =2 Oy and 14 (G) = 1. If G’ = (Cs)'2, then
)_17’73( ) 027’74(G)_1

2 = 8, duy = diy = 1. Then, |G| = 2'9 |Dg) x(G)] =
D),k (G)] = 2 and DJ)K(G) = G"3(G)*35(G) = 1. So 1(G) =
|v3(G)| = 4. If G’ is abelian, then possible choices for G’ are ( 4)
(Cy)* x (C2)? or (C4)? x (Co)* or (Cy)? x (C2)% or Cy x (Ca)® or (Cq) 0.
G' = (C4)®, then |G| = 32 but |G| < 4. If G’ = (Cy)* x (Cy)?, then
|G| = 16 but |G| < 4. If G' = (Cy)? x (C2)*, then |G| = 8 but |G"| < 4.
If ¢ = (04)2 X (02)6, then ’)/3(G) - GIQ = (02)2. If ¢ = 04 X (02)8, then
GIQ g ’}/3(G) = (02)2. If G/ = (02)10, then ’}/3(G) = (02)2.

Let d(g) = 5, d(4) = 2, d(g) = 1. Then |GI| = 28, |D(3),K(G)| = 23,
Doy ()] = 22 and G5(G)5(G) = 1, 14(G) = Cs or (C2)?, 1s(G)| = 4 or
8. If G’ is abelian, then possible choices for G’ are: G’ = (Cy)* or (C4)3 x (C3)?
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or (Cy)% x (C3)* or Cy x (Co)® or (C3)8. First, let |v4(G)| = 2. This im-
|

pheb |73(G)] = 22 or 23. Now, 1f G’ = (C,)*, then this case is not pos-
sible. If G’ = (C4)® x (C2)?, then v3(G) C G2 =2 (C)3, w(G) = Cy. If
Q' = € (Cy) then G C 15(C) = (C2)% (@) = Oy 34(0) = (O
|G"? ﬁ’yg( ) =2, 1(G) =20y If G 2Oy x (C2)6 then G C v3(G) =2 (Cy)3,
74(G) = 1(f ( ) = (C2)?, |G? N3(G)] = 174(G) = Co. I G = (Ca)°,

then y5(G )% 2)*, 1(G) = Ca.

Now, |74(G)| = 22 implies |v3(G)| = 23. If G’ = (C4)*, then this case is not
possible. If (C4)3 x (C2)?, then v3(G) C G = (C2)3, 1(GQ) =2 (C2)%. If G =
(04)2 X (CQ) s then G'? - ’}/3(G) (CQ) ( ) = ( 2)2 IfGQ = Cy X (CQ) s
then G2 C 73(6') ~ (02)3, (G) (02)2 If G' = (Cy)8, then 13(GQ) = (Cq)3,
1(G) = (C2)*.

Let d(g) = 2, d4) = 3, d(gg 1. Then |G| = 26 |D(3)’K(G)| = 24,
|Dy,x(G)| = 23 and G'4'yg = 1. wu(G) = Cy or (Cs)? or (Cq)3,
|73(G)| = 4 or 8 or 16. If G’ is abehan, then possible choices for G’ are:
G' = (Cy)3 or (C4)? x (C2)% or Cy x (C2)* or (C2)°. If G" = (C4)3, then
G? C 73(G) = (C2)'u(G) = Cy or 13(G) = (C2)%, |G N 3(G)| = 4,
74(G) = Cy orys(G) = (C2)?, |G? ﬂ%(Gﬂ =2 G = 6. G =
(C1)? x (C2)2, then 1(G) C G* = (Ca)t, 1(G) = Cy or 3(G) = (C)?,
G A35(G)] = 2, 74(G) = C; or 3 (G) = (C: )2 G 175(G)] = 1, 14(G) = C.
If G~ Cy x (02)4, then G2 C v3(G) = (CQ) v4(G) =2 Cs or v3(G) = (02)3,
|G N3(G)| = 1, u(G) = Co. TIf G = (C)°, then 73(G) = (Ca)*, 14(G) = Cy
and |G"2 N~3(Q)| = 1.

Converse can be easily done by computing d(,,)’s in each case. ]
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