
������������	�
���
�����������	�����������
�����	����! � �"
#%$'&)(+*-,/.)0213*-465+7)8)8/9'$;:=<-0?>�@3A%B�C)$

D�E�FHGJIJKML�NPORQ%L�S�E�K�TVU?W?XPY[Z]\�^�_�`�a+b3c]YHWdb3e�f6g

h ikjmlni�o�p�q�r�q�i=s/i=tvuwq�xzy{y}|�~�xzo�x�|�x�|�|�~�i=���{lzlz��|�r=l

7/7d$����H��A',�:���&�*-�
n ��� &)&)�/���;()�6���6��5��'.)&/(w��<-�;(dBP�6.)02./B2*-���/B2BP�6� ��� &/&)��5�@31�13��42�)���%<-�;(dB]��.)02./B2*-���13�/B2BP�6� ��� &/&)� Kn

�MB
Kn,n

$
7)#'$���Ad42*/B]B]A',�:��6&%5��'./&)(�*

k � BP�6.)02./B� �./�+4]�/B2B]��� ��� &)&)�+BP�6&)�¡�)1V,)�[�/��4],/����@3,�* k � B]��./0].+B¢�61��+B]B]��� ��� & �&)�/B]��&�5d�d�£A'&)(+*-�'�6���;@¤B]B]�6* � ��13��:�<)0��'��:¥4]��1 ���6B � 1¦$
7-§%$�¨�@3��./�;(+©�42B]A',£�¡�)5[�'./&)(��%*���&/(

k � B]��./0].+B]*)�£�/B2BP�6� ��� &/&)��&/02< � �'.)���'.)�6�6<H�)�MBP� � �',���&/(£ª[��5[1��6&/*)13<)�'�
k � ./,;ª«>6BPª%>6BP.)465'*),+,/.)0�*-� k � BP�6.)02./B2*-�=�+B]B]��� ��� &)&/�¬:=*-0?*)��$

7/­d$���Ad42*/B]B]A',k:��6&%5'�'./&)(=�6&)(
k � B]��.)02./B2*-�®�/B2BP�6� ��� &/&)� n

 �./�+4]ª«&)0?< � �%*),=1��6&/*-1¤<-�%� kn
2

�61��£�[*)��$
7)9'$�¨�@3��./�;(+©�42B]A',¯�¡�)5¡�'.)&/(«��*k��&/(°&/02< � 1��6&/*)13<)�'� n

2
� BP�6��02�6B]�����/B2B]��� ��� &)&)��5%*-,;,/.)0��[*-�z���6�'�'��±¢* �:�@31�4].)�¯,/�)0M$

7+²;$���Ad42*/B]B]A'�',�./1�(+*-��&/02< � .-465�*-:��61�(�,/��42B]���60]�MBP�6���/B2BP�6� ��� &/&)��5R�%<)0]./:�B]��./0].+B]*)�n�61��+B]B]��� ��� &)&/���6B1��6&/*-1¤<-�%�°�'�6&)(k�61³:���&)(®,+@R:�@3�%�d�6�¯ �./�/42��´/1µ$
7)¶'$���Ad42*/B]B]A'�',�./1�(+*-��&/02< � .-465·*-:��61�(¯,)��42B]���60]�MBP�6��5��d���'�6:¸�%<-02.):=B]��.)02./B2*-�«�/B2B]��� ��� &)&)��5%�%<)0]./: �BP�6.)02./B2*-��5-�d�¢�'��:¹�'�6&)(dBP�6��02�6B]������13�/B2BP�6� ��� &/&)���6B�1��6&/*)13<)�'���'��&/(º��1�:���&)(�,;@%:�@3�%�d���® �./�/42��´/1µ$
7)»'$½¼¾&)(�&)0?< � *-,;,/.)0³�6B�>�B2*-,�*-,;,)./0�7 � BP�6��02�6B]�����/B2BP�6� ��� &/&)��5��%*��%<)0]:���13(�,)��4� �./�/4µ�P<-�¡¿[��13���£,/��02�6B]��4 � 1�)���6��4�,)�/06$
#/8'$½ÀÁ&/*-�6.)1 ��A',·5-�'./&)(���&)(

G(V, E)
&)0?< � *-,;,)./0Â�6B�>�B2*-,¬*),;,).)0�,)��4?BP�6��02�6B]�����/B2BP�6� ��� &/&)��5-�%*£�%<)0]:��61�(

v ∈ V
�MB

e ∈ E � 02���[*-�«.)13(/*-�«,)�/0�*¬&/02< � �%*-�R5+:��61�(«<[4]:��6&)( v � �«�6B e � ��$
#%C)$½¼¾&)(

k � BP�6.)02./B2*-���/B2BP�6� ��� &/&)��&)0?< � ��*-�=,;@ ���61��/1 � �', k
�%*-0?*-�

Ai

>�B]ª%>6BP.)465)�MB
k
�%*-0?*-�

Bj

>6BPª�>�B].-46$Ã ��&+*-1¤<-�'�°�%<-�;(k,/�)�6�/B½���613B]�� �./�+4��'��13, � 1�@ Ai − Bj

ªd4�13��42����@3,'Ä
#+7d$ Ã ��&/()�6�

G
��&)(¯,/��42B]���60]�MBP�6�¯�/B2BP�6� ��� &/&)�=&)0?< � $·Å;ª'13()./���%*-4]´), � � G

��13��@Vª'&)(/5��'./&)(«�'��:Æ:�@3�%�d���BPª'13(®�6&)(/���'13�%5;�;@3B]��./�+4
G
:�@��%�'��� � �6B]��©�4]� � <[�P<)�%*-,k*�B]ª'1�(+*¬*)��./�'./B½13��&)(/����Ä

#/#'$ Ã ��&/()�6�
k ≤ n − 1

$¡¨�@3��./�;(+©�42B]A',°���/5%�'./&)(®��*=��&/(
n
 �./�+4]ª���&/(dBP�6��02Ç°&/02< � �%*-�¯:�@����d���� ¡.)�+4� .),[*�1��6&/*-1¤<-�%� n+k−2

2

5%*-,;,/.)0�*�&)0?< � k � B]��.)02./B2*-�®�/B2BP�6� ��� &/&)�%$
#)§%$�¨�@3��./�;(+©�42B]A',¬���/5/�'./&)(�# � 0]�6&)A'1¤<-02@3B�&/02< � .),;0?*�*)����1 � �MB¾ ¡.)�+4]�+B]B]��� ��� &)&/�/B]��&)@dB]�6<):�./,º:���&/��&/()��� ��'��,·$


