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 G �����
�� G 	
	
��� l(g(G) ≤ l ≤ c(G)) ��� g(G), c(G)

��� G ������ 1997 � Brandt ����������
⌊

n2

4

⌋
− n + 5  n �

���
����
� 1999 � Bollobás � Thomason ��	����
⌊

n2

4

⌋
− n + 59 

n ����
����
�����	������ G � n � Hamilton ���
�� G

����
⌊

n2

4

⌋
− n + 12, � G ����
�

��� ���
� Hamilton 
������
�
MR(2000) ����� 05C90

1 � �
� G ���������E(G) � V (G) �  G !"#�$%#� e(G) = |E(G)|, $

% x !��!&" N(x) = {y : yx ∈ E(G)}, x #� G $!'� dG(x) ( d(x) , G $)
* k !��% k- �( Ck . +& n �� G , �, G -)*� n !��'. G � Hamilton
�/�+��( k(3 ≤ k ≤ n) , G 01-)* k !��'. G �2��/� G . !
2���) G 1-"#�) l(g(G) ≤ l ≤ c(G)) !��$$ g(G), c(G) � � G !*)
�+)/% C �� G $!��,&Æ- u+ '3( u # C )!4*%� u− '3( u #
C )!+*%� u++ = (u+)+, u−− = (u−)− . % x ∈ V (G)\V (C), �5# u ∈ V (C), ,6
xu, xu+ ∈ E(G) , - x #� C )./*�%�'.$% x # C ).7/- �a� 3(89&
a !09( �$12&"!:/013245 [1].

;&�!2�60!2�6��789:3<=";>45 [2−8], < �?=" <=
"�7@�>6/ 1971 7 Bondy ?8"" 8@& n2

4 ! n � Hamilton ��2��(A
B� [2], A4 Häggkvist(1981) C9?8"" 9& (n−1)2

4 + 1 ! n � Hamilton ��2��
(AB� [3]. 1997 7 Brandt ?8"B:4,/

* D;C<��E= (10371048) DEF>F
?G@AH2006-03-28, ?IGJG@AH2007-09-17.
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 ! 1.1[4] % G  n �OAB���, e(G) ≥ (n−1)2

4 + 1, ' G �!2��/
PC�Q� Brandt D >6R.IE!�1#4J$K="B:SL/
"# 1.2[4] % G  n �OAB���, e(G) >

⌊
n2

4

⌋
− n + 5, FG G �!2��/

1999 7 Bollobás T Thomason ?8"��HI Brandt SL!45/
 ! 1.3[5] % G � n �OAB���, e(G) ≥

⌊
n2

4

⌋
− n + 59, FG G �!2��/

U4#J&� G  Hamilton �!+KB�+):4,%=VC/U4!MN4, W
 ! 1.4 % G �� n ! Hamilton OAB���, e(G) ≥

⌊
n2

4

⌋
− n + 12 , ' G 1

-"#�) l (4 ≤ l ≤ n) !�/
X&K!>6OL&!M8�&�0Y!�ZNSL 1.2, ,&D 0Y!M.O 

e(G) >
⌊

n2

4

⌋
− n + 5. P +�Q r ≥ 3, RSPAB� Kr−1,r T��) 4 !� C4 [\!

2r + 1 � Hamilton � (C4 !�"TQ9BR!S�%;T) 8-) 2r !��T��R]
U�/

2 $%�&

 "^&V5�,&+U4&K 1.4 $! n CWXY/R&K 1.1, ,&.IJ&
⌊

n2

4

⌋
−

n + 12 ≤ (n−1)2

4 + 1, - n ≥ 22 . #U4!?8$N-_IB�745�ZUÆ4 [5] $[K
14,15 !>6`\ e(G) ≥

⌊
n2

4

⌋
− n + 12 \�\V!�,&ÆTS�[Kab [K 2.1.

'! 2.1[5] % G � n �OAB�� e(G) ≥
⌊

n2

4

⌋
− n + 12, � ab ∈ E(G) , ,6

d(a) + d(b) ≥ n − 3 bW V (G) − {a, b} � Hamilton ��' G - (n − 1)- �/
'! 2.2[6] % C = (1, 2, · · · , n, 1) �� G ! Hamilton ���, d(1) + d(n) ≥ n W G

8- (n − 1) - ��'. d(n − 2), d(n − 1), d(2), d(3) < n
2 .

'! 2.3[9] % C = x1x2x3 · · ·xkx1  � G $!�� P = y1y2 · · · yt(t ≥ 2)  G $!
X��, P $O.%0# C ).7�' G[V (C) ∪ V (P )] $-) k + t !�/

'! 2.4[10] % G  n ����, G $8- C4 , FG e(G) ≤ n
4 (1 +

√
4n − 3).

'! 2.5[5] % G � 2k + 1 �OAB�� e(G) ≥ k2 − k + 10, �,5#% x ∈ V (G) ,
,6 G − x � Hamilton AB��' G �!2��/

'! 2.6 � H � n � Hamilton ��e (H) ≥
⌊

n2

4

⌋
−n+12, FG H - (n−1) - �(-

(n− 2) - ��bW H - (n− 2) - �Y��]!% x, y Z^ xy ∈ E(H) W d (x) + d(y) ≥ n− 3.
( % Hamilton �)$%_' x1, x2, · · · , xn, &" Ai = N (xi), di = |Ai|, $$

1 ≤ i ≤ n.% A ⊆ V (H) ,&" A+ = {xi+1 : xi ∈ A}, A++ = (A+)+. ZU |A| = |A+| = |A++|,
,&-c?d?8[K 2.6.

J%[K 2.6 8\V�' H 8- (n − 1)- ��Pe.
A++

i ∩ Ai+1 = A+
i ∩ Ai+2 = ∅.

`Q_ A++
i ∪ Ai+1 ⊆ V (H) , A+

i ∪ Ai+2 ⊆ V (H) , f.
|V (H)| ≥ ∣∣A++

i ∪ Ai+1

∣∣ = ∣∣A++
i

∣∣+ |Ai+1| −
∣∣A++

i ∩ Ai+1

∣∣ = di + di+1,
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dK.6
|V (H)| ≥ di + di+2.

R& |V (H)| = n, Pe6=
di + di+1 ≤ n, di + di+2 ≤ n, (1)

+& A, B, C ⊆ V (H) 0 X ⊆ C\ (A ∪ B) ZU.
|A ∩ B| ≥ |A ∩ C| + |B ∩ C| − |C| + |X | , (2)

R]geK [11], +& A, B, C ⊆ V (H), R& |A ∪ B ∪ C| ≤ |V (H)| = n, '.
|A ∩ B| ≥ |A| + |B| + |C| − |A ∩ C| − |B ∩ C| + |A ∩ B ∩ C| − n. (3)

� R = {i : di + di+1 ≥ n − 3}, ZU R �= ∅, �8U�' ∀ i . di + di+1 ≤ n − 4, FG.
n∑

i=1

(di + di+1) ≤ n(n − 4), - e(H) ≤ n2

4 − n, �:f^h�f R 8_/�,5# i ∈ R ,

H−{xi, xi+1}- (n−2) -��'[K 2.6:3\V/PeJ%+�i i ∈ R0. H−{xi, xi+1}
8- (n− 2) - �/% 2 ∈ R , P H − {x2,x3} 8- (n− 2) - ��FG A+

1 ∩A4 = {x3}. `a_
A+

1 ∩ A3 = ∅, # (3) b$c A = A3, B = A4, C = A+
1 6

|A3 ∩ A4| ≥ d1 + d3 + d4 − 1 − n.

gR& A++
2 ∩A+

4 = A+
2 ∩A4 = ∅, A++

2 ∩A3 = ∅, # (3) $c A = A3, B = A+
4 , C = A++

2 6∣∣A3 ∩ A+
4

∣∣ ≥ d3 + d4 + d2 − n.

h#. ∣∣A+
3 ∩ A+

4

∣∣ = |A3 ∩ A4|, i- (2) bb� A = A3, B = A+
3 , C = A+

4 0 X = ∅ f∣∣A3 ∩ A+
3

∣∣ ≥ d1 + d2 + 2d3 + d4 − 2n − 1. (4)

R+.6.6 ∣∣A2 ∩ A+
2

∣∣ ≥ d1 + 2d2 + d3 + d4 − 2n − 1. (5)

j# (2) b$c A = A4, B = A+
4 , C = A3, X = {x2}, '.∣∣A4 ∩ A+

4

∣∣ ≥ d1 + d2 + d3 + 2d4 − 2n. (6)

Bd� 2 kef?8
d1 + d2 + d3 + d4 ≤ 5n + 1

3
. (7)

)* 1 A2 ∩ A+
2 � A3 ∩ A+

3 0�_#/

ZN (4) b� (5) b�,&.
d1 + d2 + 2d3 + d4 ≤ 2n + 1, d4 + d3 + 2d2 + d1 ≤ 2n + 1.

Pe.I6=
3 (d1 + d2 + d3 + d4) ≤ 4n + 2 + (d1 + d4) .

gP x2, x4 /∈ A+
1 ∪ A4 W A+

1 ∩ A4 = {x3}, OI
d1 + d4 =

∣∣A+
1

∣∣+ |A4| =
∣∣A+

1 ∪ A4

∣∣+ ∣∣A+
1 ∩ A4

∣∣ ≤ n − 1.
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Pj.IÆ= (7) b\V/
)* 2 A+

2 ∩ A2 � A3 ∩ A+
3 lg.��8�_#/

8k% A2 ∩ A+
2 �= ∅. hm.Iln

A++
1 ∩ A3 = {x2, x4} . (8)

P �8U�% xi ∈ A++
1 ∩A3, R& A++

1 ∩A2 = A++
2 ∩A3 = ∅, mjn= {xi−2, xi}∩A2 = ∅.

ZN A2 ∩ A+
2 �= ∅ .6 x2 # (n − 2)- � (x3x4 · · ·xi−2x1xn · · ·xix3) )./*�%�,&

.Æ x2 7i_$/*�%oj6_ G $! (n − 1)- ��TpÆ�J%ok^h/R>6
A2 ∩ A+

2 �= ∅ R.I6= x3xn /∈ E(G), p'Æ x2 7i4\6 (n − 1)- ��Tp x1 /∈ A+
3 . '

A++
1 ∪ A3 ∪ A+

3 ⊆ V (H) − {x1}, Pj ∣∣A++
1 ∪ A3 ∪ A+

3

∣∣ ≤ n − 1, RXb.I6=
∣∣A+

3 ∩ A3

∣∣ ≥ ∣∣A+
3

∣∣+ |A3| +
∣∣A++

1

∣∣− ∣∣A++
1 ∩ A3

∣∣− ∣∣A++
1 ∩ A+

3

∣∣+ ∣∣A++
1 ∩ A3 ∩ A+

3

∣∣
≥ 2d3 + d1 − 2 − (n − 1)

= 2d3 + d1 − n − 1. (9)

)* 2.1 � A+
3 ∩ A3 = ∅. ZN (9) b6 d1 + 2d3 ≤ n + 1. �, A4 ∩ A+

4 = ∅, 'R (6)
b6= d1 + d2 + d3 + 2d4 ≤ 2n, Pe.

3 (d1 + d2 + d3 + d4) = (d1 + 2d3) + (d1 + d2 + d3 + 2d4) + (d1 + d2) + (d2 + d4)

≤ (n + 1) + 2n + 2n

= 5n + 1,

d1 + d2 + d3 + d4 ≤ 5n + 1
3

.

B% xi+1 ∈ A4 ∩ A+
4 , ' i �= 3, 4, 5. P G � (n − 1)- ��' x2xn, x4x6 /∈ E(G), bWRl&

(8) !?8,&.I6= x1x4, x2x5 /∈ E(G). Pe A+
2 ∪ A4 ⊆ V (H) − {x1, x6}, OI

d2 + d4 =
∣∣A+

2 ∪ A4

∣∣+ ∣∣A+
2 ∩ A4

∣∣ ≤ n − 2.

R& d2 + d3 ≥ n − 3, FG

3(d1 + d2 + d3 + d4) = 2(d1 + 2d3) + (d1 + d2) + 3(d2 + d4) − (d2 + d3)

≤ 2(n + 1) + n + 3(n − 2) − (n − 3)

< 5n + 1,

d1 + d2 + d3 + d4 ≤ 5n + 1
3

.

)* 2.2 � A+
3 ∩A3 �= ∅. ,&.IlnWA++

1 ∩A4 = ∅, �8U� xi ∈ A++
1 ∩A4, '.

x2xi−1 /∈ E (H), p'. (n − 1)- � (xixi+1 · · ·x1x2xi−1xi−2 · · ·x4xi). dK x3xi−1 /∈ E (H).
`a_>6 A2 ∩ A+

2 �= ∅ 0 A+
3 ∩ A3 �= ∅, Tp x2 0 x3 #� (xixi+1 · · ·x1xi−2xi−3 · · ·x4xi)
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)0./*�%�-X x2x3 )!O.%#X (n − 3)- �).7�R[K 2.3 6= H $-.
(n − 1)- ��^h/f A++

1 ∩ A4 = ∅. TpR (3) b.6∣∣A+
1 ∩ A+

3

∣∣ =
∣∣A++

1 ∩ A++
3

∣∣
≥ ∣∣A++

1

∣∣+ |A4| +
∣∣A++

3

∣∣− ∣∣A++
1 ∩ A4

∣∣− ∣∣A++
3 ∩ A4

∣∣− n

= d1 + d3 + d4 − n,

jR (2) b0 (9) b.6∣∣A+
1 ∩ A3

∣∣ ≥ ∣∣A+
1 ∩ A+

3

∣∣+ ∣∣A3 ∩ A+
3

∣∣− ∣∣A+
3

∣∣+ |{x5}|
= (d1 + d3 + d4 − n) + (d1 + 2d3 − n − 1) − d3 + 1

= 2d1 + 2d3 + d4 − 2n,

P A+
1 ∩ A3 = ∅, OI 2d1 + 2d3 + d4 ≤ 2n, +.!. 2d4 + 2d2 + d1 ≤ 2n. Pj6_

3d1 + 2d2 + 2d3 + 3d4 ≤ 4n,

d1 + d2 + d3 + d4 ≤ 4n + (d2 + d3)
3

<
5n + 1

3
.

q)O:� 2 ∈ R Y� d1 + d2 + d3 + d4 ≤ 5n+1
3 . dK i ∈ R Y�.6

di−1 + di + di+1 + di+2 ≤ 5n + 1
3

. (10)

B? i /∈ R q.
di−1 + di + di+1 + di+2 ≤ 2n − 2. (11)

J% (di−1 + di) + (di+1 + di+2) ≥ 2n − 1. P di−1 + di ≤ n, di+1 + di+2 ≤ n, 8k%
di−1 +di = n, di+1 +di+2 ≥ n−1. R[K 2.2 .6 di+1, di+2 < n

2 , Pe. di+1 = di+2 = n−1
2 .

R& di+1 + di−1 ≤ n, f

di−1 ≤ n − di+1 ≤ n + 1
2

,

di = n − di−1 ≥ n − n + 1
2

=
n − 1

2
,

di + di+1 ≥ n − 1 > n − 3.

Tp i ∈ R , � i /∈ R ^h/Pe+ R = {i : di + di+1 ≥ n − 3}, (11) b\V/
m�rd�P ∑

x∈V (G)

d(x) = 2e(G), OI

8e (G) =
n∑

i=1

(di−1 + di + di+1 + di+2)

=
∑
i∈R

(di−1 + di + di+1 + di+2) +
∑
i/∈R

(di−1 + di + di+1 + di+2)

≤ |R| · 5n + 1
3

+ (n − |R|) (2n − 2) .
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� r = |R|, b`a e(G) ≥
⌊

n2

4

⌋
− n + 12, Pe.

8
(⌊n2

4

⌋
− n + 12

)
≤ (5n + 1) r

3
+ (2n− 2) (n − r) ,

-
(r − 18)(n − 7) + 162 ≤ 0. (12)

R& n ≥ 22, ' r < 18 . �, n ≤ 7r
3 , FGZN (12) b.I6= (r − 18) (7

3r − 7) + 162 ≤ 0
- (r − 21

2 )2 + 369
28 ≤ 0 , ^h/�, n > 7

3r, '.

8e (G) =
n∑

i=1

(di−1 + di + di+1 + di+2)

=
∑
i∈R

(di−1 + di + di+1 + di+2) +
∑
i/∈R

(di−1 + di) +
∑
i/∈R

(di+1 + di+2),

+
∑
i/∈R

(di−1 + di) jn�0>. r r,6 i − 1 ∈ R, eYnB! n − 2r r, i − 1 /∈ R, Pj
∑
i/∈R

(di−1 + di) ≤ rn + (n − 2r) (n − 4) .

dK ∑
i/∈R

(di+1 + di+2) ≤ rn + (n − 2r) (n − 4) ,

Pe6_

8
(⌊n2

4

⌋
− n + 12

)
≤ 8e (G) ≤ r (5n + 1)

3
+ 2 [rn + (n − 2r) (n − 4)] ,

-
r (n − 49) + 288 ≤ 0.

`a_ n > 7
3r, f r(7

3r − 49) + 288 ≤ 0 - (r − 21
2 )2 + 369

28 ≤ 0, ^h/[K6?/
'! 2.7 � G � n = 2k +1 �OAB�� e(G) ≥

⌊
n2

4

⌋
−n+12, C � G $) 2k− 1

!�� a, b ∈ V (G − C) W ab ∈ E(G), � d(a) = d(b) = k, ' G �!2��/
( R& e(G) ≥

⌊
n2

4

⌋
− n + 12 > n

4 (1 +
√

4n − 3), R[K 2.4 f� G - C4 . gZN[
K 2.1 .f G - (n − 1)- �/J% G 8�!2���'5# l (3 ≤ l ≤ 2k − 4), ,6 G 8-

(l + 2)- ��,&#� G $&"

e(x, y) =

⎧⎨
⎩

1, xy ∈ E(G),

0, xy /∈ E(G).

� C = (1, 2, · · · , 2k− 1) , ZU�+& C )!S% i � i + l �&. e (a, i) + e (a, i + l) ≤ 1. p
'. e (a, i) + e (a, i + l) = 2, FG�&5# (l + 2)- � (a, i, i + 1 · · · i + l, a). Pe

2(k − 1) = 2dC (a) =
2k−1∑
i=1

(e (a, i) + e (a, i + l)),
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fTb
2k−1∑
i=1

(e (a, i) + e (a, i + l)) ! 2k − 1 r$�o�r� 0, $sp 1. ,&#%#
V (C) = {1, 2, · · ·2k − 1} )&"�B��Cq;t

i � j Cq ⇐⇒ ∃λ ∈ N , ,6 i ≡ j + λ l(mod 2k − 1).

$$ N 3(uU �Tp��vr j !CqR [j] = {j, j + l, · · · j + nl}(mod2k − 1), $$
(n+1)l ≡ 0( mod 2k−1),-#�CqR$. n+1�vr/R&#�CqR$vr� /d�W
|V (C)| = 2k− 1, f#�CqR$.s �vr/Pe#�CqR$05#S% ml, (m + 1) l

,6
e (a, ml) + e (a, (m + 1) l) = 0.

f V (C))w.��CqR�' l� (2k−1)sr�� (l, 2k−1) = 1 . 8k% e (a, l)+e (a, 2l) =
0, OI6 e (a, l) = 0, e(a, 2l) = 0, e (a, 3l) = 1, e(a, 4l) = 0, e (a, 5l) = 1, · · · e (a, (2k − 1)l) =
1. Tp� C )� a %/�!%# {3l, 5l, 7l · · · (2k − 1) l} (mod 2k − 1).

dp b %�� C )/�!%#\ {3l, 5l, 7l, · · · , (2k − 1) l} (mod2k − 1). p'� b %�
{2l, 4l, · · · , (2k − 2) l} /��FG G �& !2���^h/� b %� {l, 3l, 5l, · · · , (2k − 3)l}
/��R (l, 2k − 1) = 1 f�5# t , tl ≡ l − 1(mod2k − 1), ZU 2 ≤ t ≤ 2k − 2. � t  t
 �' e (a, (t + 1) l) = 1; � t  s �' e (a, (2k − t) l) = 1. j e(b, l) = 1, Skex a, b p

� �� C )) l − 1 !X!St%/��Tpx\" (l + 2) - ���J%^h/
u a � b #� C )./d!�%Y�� t  t W t �= 2k − 2 Y�R e (a, 3l) = 1 I0

e(b, (t+3)l) = 1 .6 (l+2)-��̂ h/� t  s �R e(a, 3l) = 1 0 e (b, (2k + 2 − t)l) = 1 \
.6_ (l+2)-��gok^h/�, t = 2k−2,- (2k − 2) l = l−1 ( 2l−1 ≡ 0 (mod 2k − 1)
Y�'. l = k , FG� C )� a 0 b /�!%# {k + 1, k + 2, k + 3, · · · , 2k − 1}, �%#
{k+1, k+2, · · · , 2k−1}$�vu&� C )!"]�R."/�(9�%# {k+1, k+2, · · · , 2k−1}
$."/� (v C )!"]), ' G �& !2���Tp�J%^h/p'

e (G) ≤
(

k + 1

2

)
+ k − 1 =

k2 + 3k − 2
2

,

�:f e (G) ≥ k2 − k + 11 ^h/f[K6?/

3 +& 1.4 ,-.
 "v-wwd?8&K 1.4, ,&qy`am G $cz�% x 4�nB�!" �p

xZ^&K 1.4 !>6�-Ny

e(G − x) = e(G) − d(x) ≥
⌊

(n − 1)2

4

⌋
− (n − 1) + 12.

Tpz. d(x) ≤ n
2 −1. Pe&"� G $Z^ d(x) ≤ n

2 −1!% x  x'%�d(x) > n
2 −1 !

% x y'%/dY,&X&&K 1.4$!0@' δ(G) ≥ 2. P � δ(G) ≤ 1,� d(u) = δ(G),

FG G − u x OAB�W e(G − u) ≥
⌊

(n−1)2

4

⌋
− (n − 1) + 12, RwwJ%.I6_ G �

!2���Bd-wwd?8&K 1.4.
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( P c(G) = n, R[K 2.6 0[K 2.1 6= G �&- (n − 1)- ���$ C. %
x ∈ G − C, � x �x'%W G − x 8�AB��'RwwJ%f G − x �!2���Pj
G \�!2��/� x �x'%W G − x  AB��' (n − 1)  t �f n  s /�
n = 2k + 1, ZU e(G) ≥ k2 − k + 10, R[K 2.5 .6 G �!2��/

�, x ∈ G − C �y'%�u n = 2k + 2 YI0 n = 2k + 1 W d(x) ≥ k + 1 Y�'
∀ l(3 ≤ l ≤ n), ∃ i ,6 xixi+l−2 ∈ N(x), Tp G -) l !� xxixi+1 · · ·xi+l−2x , eY G  
2���PeIBo`a n = 2k + 1 W d(x) = k !ef/

a) �, x � C )!%{z/��' C )�&.�>t{�p' G  AB��jeY
G $�&5##�) l(3 ≤ l ≤ n) !��' G  !2��/

b) �, x � C )!%8{z/��FG G �&-.) (2k − 1) !� D , �J% G

8- (2k − 1) - �/� C = (1, 2, · · · , 2k), ZU. e(x, i) + e(x, i + 3) ≤ 1, R&

2d(x) = 2k =
2k∑
i=1

(e(x, i) + e(x, i + 3)),

f+�Q i 0. e(x, i) + e(x, i + 3) = 1. R dC(x) = |C|
2 I0 x � C )!%8{z/�.

f� x # C )�&./*�%/8k% {1, 2} ⊆ NC(x), R& e(x, 2k) + e(x, 3) = 1, 8k%
e(x, 3) = 1, |f

N(x) = {1, 2, 3, 7, 8, 9, · · · , 2k − 5, 2k − 4, 2k − 3},
$$ 6 | 2k . � N(x) = V (C) − N(x). �,+O. i ∈ N(x) 0. d(i) = 2, '

∑
y∈V (G)

d (y) ≤ k + 2k + k (k + 1) .

OI k2 − 2k + 22 ≤ 2e(G) ≤ k + 2k + k(k + 1), ^h/Pe5# i ∈ N(x), , d(i) ≥ 3.
B% ij ∈ E(C), $$ j �= i± 1, ,&Æ[}5# G $! (2k− 1)- �/ZU�, j = i± 2,

G $. (2k − 1)- �/fIB`a |i − j| ≥ 3.
1) � j + 1 ∈ N(x), R i + 3 ∈ N(x), FG G $5# (2k − 1)- � (x, i + 3, i + 4, · · · j, i, i−

1 · · · j + 1, x). dK j − 1 ∈ N(x) Y�P i− 3 ∈ N(x), ' G $5# (2k − 1)- � (x, i− 3, i−
4 · · · j, i, i + 1 · · · j − 1, x).

2) � j+1 /∈ N(x), j−1 /∈ N(x). R j−1 /∈ N(x)6Wj �= 2, 3, 4( mod 6),R j+1 /∈ N(x)'
6Wj �= 1, 2, 0( mod 6),OI j ≡ 5( mod 6). eY {j−2, j+2} ⊆ N(x). g {i−2, i+2}∩N(x) �=
∅, 8k% i − 2 ∈ N(x), ' G - (2k − 1)- � (x, i − 2, i − 3 · · · j, i, i + 1 · · · j − 2, x}. q)6=
G $-.) (2k − 1) !s�/

� D  G $) (2k − 1) !s�� x, y ∈ G−D, u x  x'%Y�P D ⊂ G− x, '
G− x  OAB��RwwJ% G− x  !2��.f� G \�!2��/u d(x) > k Y�

� dD(x) > k − 1, eY G  !2���� d(x) = d(y) = k W xy ∈ E(G), R[K 2.7 f G \
�!2��/?Æ/
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A WEAKLY PANCYCLIC THEOREM

FOR HAMILTONIAN NON-BIPARTITE GRAPHS

HE Fangguo

(Institute of Systems Engineering, Huazhong University of Science & Technology, Wuhan 430074)

HU Zhiquan

(School of Mathematics and Statistics, Central China Normal University, Wuhan 430074)

Abstract An n-vertex graph is called weakly pancyclic if it contains cycles of all lengths
between its girth and circumference. In 1977, Brandt conjectured that an n-vertex non-bipartite
graph with more than

⌊
n2

4

⌋
− n + 5 edges is weakly pancyclic. Bollobás and Thomason(1999)

proved that every non-bipartite graph of order n and size at least
⌊

n2

4

⌋
− n + 59 is weakly

pancyclic. In this paper, the following result is established: let G be a Hamiltonian non-
bipartite graph of order n and size at least

⌊
n2

4

⌋
− n + 12, then G is weakly pancyclic.

Key words Non-bipartite graph, Hamiltonian graph cycle, weakly pancyclic graph.


