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Ω(log∗ n)·N��� r�� ~N�ÿ£W�#�8�����

Ω
(√

log n

log log n

) ·N���
�
	 ���³£î¢��U¹Ùlnm�r����¯zg{®�}�����p{}r��Ä{®��q\rj~���q7��±¯r�Á_��{ÇyÙ��·
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(√

log n
log log n
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log n
log log n
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√
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log ∆
log log ∆
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2O(

√
log n) :';WVNX�Y�> 2O(

√
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√
log n) :BADCFEH<(> O(

√
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√
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��¼®ÍWÍ��0�Es�����z}����r��Å���j���}���³{®�}���|y�¥��}r#r��py7~���±¯���|�¯��¥-��·
T
¹,�ó· �0´�r��g{®r�Á

vc

�}r#~�r#��´�r#z�z|��q\r(~#��±¯���
c > 1

ºJ{}m�r��À�³{¸q��pz|{°�;r¶�����}�²~�r���{¸{}���j´�r#�|{®r�Á
vc−1
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v ∈ V
º
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G
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c � (v) ∈ CG(v) ∩ CG′(v′)
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∆ + 1
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c : V (G) → N � Ï � �AÍ�¼2Ò�ÎSÎ j, k
Ôf'd½7ÓW½�Ô

Þ�à
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Ï¯Ó�ÒjÝ7ÒAÜ�ÏSÝ7Ò�ÎKÏSÐ;¾H½Çßd½�Ð;¾H½�ÐdÔ�ÓW½�ÔbÏSÐ
H(j,k) � Ô 'd½�Ð c
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c(u) = c′(u)
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j = degG(v)
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v /∈ Þ�à
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c′(u) = c(v)
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(j,c(v))
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v
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{®��z|��q\r��¯����r#�Kr#����r#�k{(z|r#{EÞ�à
(ji,c(v))

º
ji > j

º��²���
v /∈ N(

Þ�à
(ji,c(v)))

¹bs�����z}r01k��r���{®±³y�ºd~#��±¯���
c(v)

�¯zn{®m�r-z|qj��±�±¯r#z|{(±¯r#¥���±�~#��±¯����·N���
v
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c′(v) = c(v)
º

Ã(m��¯~�m%~���q7��±�r#{®r#z8{®m�r-���|�_�²·,��y����%�¯�p����~#{}��´�r-���}¥��pq\r#�k{�¹
ÉÙr����WÃ����|���K��z}rE�-�p�¯z|{}�}�����p{®r#�j�²±¯¥����|��{}m�q
Ã(mp�¯~�m7��r#Æd�pr�zÅ{}m�r(qj�îÁp��qj�²±p�¯�p��r��;r����pr���{

z}r#{}z�Þ�à
(j,k) ⊆ H(j,k)

¹,Ø r#{
r
�KrÅ�R�k���WÃ(�����p�Kr#�,�;������������{®mprÅ�k��q��;r��!��·d�|��������z!�}r01H�p�¯�}r#�
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G
¹2lnmpr��Â{}m�rjr�Ápr#~��p{}�¯���Ù��·8{}m�r

���}���;��z|r�����±�¥����}�³{®m�q �¯z��p��´H�¯��r#���¯��{}�
∆ + 1

z|{}r���z#º�rA��~�m2�²· Ã(m��¯~�m2±¯��z|{}z
r
�}�����p��z�¹I�Ç��{}m�r

i
êó{}m�z|{}r���º

1 ≤ i ≤ ∆ + 1
ºHÃ�r¸~#��q7���p{®r¸�²{8���p~�r°��±�±���· {®m�r��¯����r#�Kr#����r#�k{(z|r#{}z(Þ�à

(j,k)

z|��~�m
{®md�²{

1 ≤ j ≤ ∆
º
1 ≤ k ≤ ∆ + 1

º ���p�
j − k = ∆ − i

¹-lnmk��z�º&�¯��z|{®r#�
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Ã�r¶~#��q\�p�p{®r
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(∆,1)
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ÃÅr�~���q7���p{}r��jq\��Á_�¯q\��± ������r��;r��p��r���{
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(∆−1,1)
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G
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º!�����Ù�²{

{®m�r2z}��q\r\{®�¯q7rjq\��Á_�¯q\��±b�¯���pr��;r�����r#��{<z}r#{\Þ�à
(∆,2)
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∆
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{®�¯q7rn���|��r��|�¯��¥-��·K{®m�r(�¯�p��r��;r����pr���{8z|r#{Å~�����zg{®�|��~#{}�¯���7�¯zQz}mp�îÃ(�\�¯� 5,�¯¥p¹� _¹Iyby7Ø&r#q\q\�¶£W¡pº
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