
��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
�
��
�
��
�
��
�
��
�
��
�
��
�

��
�
��
�
��
�
��
�
��
�
��
�
��
�

��
�
��
�
��
�
��
�
��
�
��
�

��
��

��
��

��
��

��
��

��
��

��
��

��
�
��
�
��
�
��
�
��
�
��
�

��
��

��
��

��
��

��
��

��
��

��
��

��
�
��
�
��
�
��
�
��
�
��
�

��
��

��
��

��
��

��
��

��
��

��
��

��
��

		
	
		
	
		
	
		
	
		
	
		
	


















































��
�
��
�
��
�
��
�
��
�
��
�

3

0

4 0

2
3

4

A
 h

am
ilt

on
 c

yc
le

 p
as

se
s 

th
ro

ug
h 

ev
er

y 
ve

rt
ex

 o
f 

a 
gr

ap
h 

ex
ac

tly
 o

nc
e.

T
he

 K
ni

gh
t’

s 
T

ou
r 

P
ro

bl
em

:

2

E
ac

h 
ro

w
 a

nd
 c

ol
um

n 
ad

d 
to

 2
60

.

1

H
am

ilt
on

 C
yc

le

3
C

an
 a

 k
ni

gh
t v

is
it 

ev
er

y 
sq

ua
re

 o
f 

a 
ch

es
sb

oa
rd

 in
 a

 r
ou

nd
 tr

ip
?

H
er

e 
is

 a
 s

ol
ut

io
n 

w
hi

ch
 a

ls
o 

pr
od

uc
es

 a
 m

ag
ic

 s
qu

ar
e.

0
1

2

1
2

3
4

10

7
60

1
20

41
54

29

54
4

45
8

53
32

17

48

49
64

21
40

13
36

27

61
22

9
52

33
28

39
16 42

e.
g.

 

6
47

57
44

19
30

55

3
58

5
46

31
56

43
18

e.
g.

 {
0,

1,
2,

3,
4}

 w
ith

 a
dd

iti
on

 m
od

 5
.

A
ls

pa
ch

’s
 c

on
je

ct
ur

e 
w

as
 p

ro
ve

n 
tr

ue
 f

or
 th

e 
ca

se
  k

 =
 2

by
 B

er
m

on
d,

 F
av

ar
n 

an
d 

M
ah

eo
 (

19
89

).

O
ur

 R
es

ul
ts

A
 g

ro
up

 is
 a

 s
et

 o
f 

el
em

en
ts

 a
nd

G
ro

up

a 
co

ns
is

te
nt

* 
w

ay
 o

f 
co

m
bi

ni
ng

 th
em

.

sa
tif

yi
ng

 c
lo

su
re

, a
ss

oc
ia

tiv
ity

, i
de

nt
ity

 a
nd

 u
ni

qu
e 

in
ve

rs
es

*

+ 4321

4
0

1

3
4

0
1

2

4
0

1
2

3

0

C
ay

le
y 

gr
ap

hs

ge
ne

ra
te

d 
by

 5
 a

nd
 6

.

fo
r 

ad
di

tio
n 

m
od

 2
0

2

ca
n 

be
 d

ec
om

po
se

d 
in

to
 

T
he

 C
ay

le
y 

gr
ap

h 
on

 th
e 

ad
di

tio
n 

gr
ou

p

tw
o 

H
am

ilt
on

 c
yc

le
s.

m
od

 1
2 

w
ith

 g
en

er
at

or
s 

1 
an

d 
4

H
am

ilt
on

 c
yc

le
 d

ec
om

po
si

ti
on

 o
f 

C
ay

le
y 

gr
ap

hs
Ph

D
 C

an
di

da
te

:  
  M

at
th

ew
 D

ea
n,

   
  s

up
er

vi
se

d 
by

   
D

ar
ry

n 
B

ry
an

t  
 a

nd
   

Pe
te

r 
A

da
m

s,
   

D
ep

ar
tm

en
t o

f 
M

at
he

m
at

ic
s,

   
 U

ni
ve

rs
ity

 o
f 

Q
ue

en
sl

an
d

s t

3 s 
 =

 1
−

1
2

fr

r 
 =

 1
  =

 f

(r
f)

  =
 1

2

3

3

th
e 

te
tr

ah
ed

ra
l g

ro
up

w
he

re

T
he

 C
ay

le
y 

gr
ap

h 
of

ge
ne

ra
te

d 
by

 r
 a

nd
 f

ha
s 

a 
ha

m
ilt

on
 c

yc
le

de
co

m
po

si
tio

n.

on
 a

 f
in

ite
 c

om
m

ut
at

iv
e 

gr
ou

p

A
ls

pa
ch

’s
 c

on
je

ct
ur

e
E

ve
ry

 2
k−

re
gu

la
r 

co
nn

ec
te

d 
C

ay
le

y 
gr

ap
h

R
ef

er
en

ce
s

a 
H

am
ilt

on

cy
cl

e.

do
es

 n
ot

 h
av

e

gr
ap

hs
, t

he
 P

et
er

se
n 

gr
ap

h

In
 th

e 
w

id
er

 c
la

ss
 o

f 
ve

rt
ex

 tr
an

si
tiv

e

...
fo

r 
co

m
m

ut
at

iv
e 

gr
ou

ps
, y

es
.

D
oe

s 
ev

er
y 

co
nn

ec
te

d 
C

ay
le

y 
gr

ap
h

ha
ve

 a
 h

am
ilt

on
 c

yc
le

?

th
is

 is
 n

ot
 k

no
w

n.

...
fo

r 
no

n−
co

m
m

ut
at

iv
e 

gr
ou

ps

[1
] 

R
. W

ils
on

 a
nd

 J
. W

at
ki

ns
,

G
ra

ph
s,

 a
n 

In
to

du
ct

or
y 

A
pp

ro
ac

h,

Jo
hn

 W
ile

y 
&

 S
on

s.
 I

nc
, N

ew
 Y

or
k 

19
90

G
ra

ph
s,

[2
] 

C
 B

er
ge

,

N
or

th
−

H
ol

la
nd

, A
m

st
er

da
m

 1
99

1

[3
] 

I.
 G

ro
ss

m
an

 a
nd

 W
 M

ag
us

,

G
ro

up
s 

an
d 

th
ei

r 
G

ra
ph

s,

M
at

he
m

at
ic

al
 A

ss
oc

ia
tio

n 
of

 A
m

er
ic

a,
 1

96
4

[4
] 

S.
 C

ur
ra

n 
an

d 
J.

 G
al

lia
n,

H
am

il
to

n 
cy

cl
es

 a
nd

 p
at

hs
 in

 C
ay

le
y

gr
ap

hs
 a

nd
 d

ig
ra

ph
s 

−
 A

 s
ur

ve
y,

D
is

cr
et

e 
M

at
he

m
at

ic
s 

15
6 

(1
99

6)
 1

−
18

.

T
he

 C
ay

le
y 

gr
ap

h 
of

ge
ne

ra
te

d 
by

 a
 a

nd
 b

th
e 

Q
ua

rt
en

io
n 

G
ro

up

b

38
15

34
25

12
51

62
23

35
26

37
14

63
24

11
50

C
ay

le
y 

gr
ap

hs
 c

an
 b

e 
dr

aw
n 

w
ith

 d
ir

ec
te

d

or
 u

nd
ir

ec
te

d 
ed

ge
s.

A
 C

ay
le

y 
gr

ap
h 

ha
s 

ve
rt

ic
es

 a
nd

 e
dg

es
.

2

C
ay

le
y 

G
ra

ph

A
n 

ed
ge

 s
ho

w
s 

tw
o 

el
em

en
ts

 a
re

 r
el

at
ed

It
 h

as
 a

 v
er

te
x 

fo
r 

ea
ch

 e
le

m
en

t o
f 

a 
gr

ou
p.

2
2 a 
 =

b 
 =

(a
b)

ar
e 

de
co

m
po

sa
bl

e 
in

to

ha
m

ilt
on

 c
yc

le
s.

th
e 

sa
m

e 
or

de
r 

as
 th

e 
gr

ou
p

w
hi

ch
 h

av
e 

a 
ge

ne
ra

to
r 

of

A
ll 

6−
re

gu
la

r 
C

ay
le

y 
gr

ap
hs

T
he

or
em

a

ha
m

ilt
on

 c
yc

le
s.

ar
e 

de
co

m
po

sa
bl

e 
in

to

on
 a

n 
od

d 
cy

cl
ic

 g
ro

up

T
he

or
em

A
ll 

6−
re

gu
la

r 
C

ay
le

y 
gr

ap
hs

by
 s

om
e 

gi
ve

n 
el

em
en

t c
al

le
d 

a 
ge

ne
ra

to
r.

st
s 

  =
 t

w
ith

 2
1 

el
em

en
ts

 a
nd

 

ge
ne

ra
to

rs
 s

 a
nd

 t

T
he

 C
ay

le
y 

gr
ap

h 
of

 a
 g

ro
up

� �� ����

���������������� ���� ����� ��� ����� !!"

####�$

%%&''())*++, ---- .. ////�00 1111�2

33�456789:;< ==�>> ??�@@ AA�B

CC�DEFGHIJKL MM�NN OO�PP QQ�R

ST

UUUU�VV

WX

YYYY�Z

[[�\

]]�^__�``aa�bbcd

ee
ee
e

ff
ff

gh ij kk�l

mm�noo�ppqq�rrst

uv

wwww�xxyyz {{| }}~ ��� ���� �

���������������� �� ��

��
�
��
�
��
�
��
�
��
�

��
�
��
�
��
�
��
�
��
�




