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+��� ,-�&0%&� ,-+é��(�0� &�% &�0�/0�/!%. 0#. &�ë#(!-%)�. "	�. (,+-+9)
)� ,!-%�-�2+9) (! 0# é+�ë!%� !)8.  %��-�((�0+. �,+0!�+9(!)+1 �,8 �)� /9)+�+
/#(!�	) &�% �)� /9)+�+ �-�((:) ,+1 !):)+1) /1�&!&-%(�)� "!9�# /#(!�	)� �%�
,�-� !%�(�� &���%/0� ë� (,+-+9/�) 0� /#(!�� )� �)0%,-+/	,!9+1) ,-8/	,� &�%
+% �-�((�. "!9�# 2��	)� � 0� /#(!�� )� �)0%,-+/	,!9+1) 1,+�+�%/0�. &�% +%
�-�((�. 0%. �)0�/0+%ì!. &��	 %:/!%.� � 0� /#(!�� )� �)0%,-+/	,!9+1) #�!&0-%&�
/0+%ì!�� ��)0%/0�/!%.� ,1&)	0�. &�,� &�% +% �-�((�. 0%. /1) �/!%. 0+1.� � 0��+.
ë� (,+-+9/�) 0� /#(!�� )� /1(é+��"+1) ,8�!%. &�% +% �-�((�. 0+ + %&8  �&01+�
� (�ë#(�0%&� �2��-!/# &�0�/0�/!	) &�% ,-+é�#(�0	) 0�0+%+1 !� +1. + #�!�
/0#) �))+%� 0+1 �-�2+1�

Ó�ë�þ� � ò�ë�öûð �JUDSK� !�)�% (��  +(� ,+1 �,+0!�!�0�% �,8 �)� /9)+�+
ùþ���ü �YHUWLFHV� � ù�ûñ�ü �QRGHV� � �öûôî�ü �SRLQWV� ,+1 /1) �+)0�% (!0�*9
0+1. (! �)� /9)+�+ ðùûü �HGJHV� � ò�ðûûü �OLQHV�� �!)%&:.� �)�. �-�2+.
/1(é+��"!0�% 	. G(V,E) � G (V,E) � (V (G), E(G))� 8,+1 V &�% E !�)�%
0� /9)+�� 0	) &+-12:) &�% 0	) �&(:) �)0%/0+�ì	.� �+ ,��ë+. 0	) &+-12:)
��)0%/0+�ì	.� 0	) �&(:)� !)8. �-�2+1 /1(é+��"!0�% (! n |V | ��)0%/0+�ì	.� (!
m |E|� &�% +)+(�"!0�% �ëýö �RUGHU� ��)0%/0+�ì	.� ûìòô÷þ� �VL]H�� 0+1 �-�2+1�
þ) +% �-%ë(+� �10+� !�)�% ,!,!-�/(�)+%� 080! &�% + �-�2+. ���!0�% ÿôÿô�ð�ûìüþ�
�ºQLWH� &�% /1(é+��"!0�% (! (n,m)� ���%:. ���!0�% ëÿôø�þ� �LQºQLWH�� þ) n � +
�-�2+. +)+(�"!0�% ùôü�� �HPSW\�� !): �) n � + �-�2+. +)+(�"!0�% ð�íûðü�þ�
�WULYLDO�� ÿ�-90#0� �ì+1) +% (# �/�(�)0+% �-�2+% (! n > 1� Üöóôüøù�� �QXOO�
+)+(�"!0�% �)�. �-�2+. �) m � &�% /1(é+��"!0�% (! Nn �8,+1 é�é�%� # (!0��
é�#0� n > 0  #�:)!% 0+ ,��ë+. 0	) &+-12:)�� �0+ �ì�(� ��� ,�-+1/%�"!0�%
�)�. ,!,!-�/(�)+. �-�2+. G (! 0�*# n � &�% (��!ë+. m �� �+ /9)+�+ 0	)
&+-12:) !�)�% V (G) {v1, v2, v3, v4} &�% 0+ /9)+�+ 0	) �&(:) !�)�% E(G) =
{(v1, v2)� (v1, v4)� (v2, v3)� (v2, v4)� (v3, v4)}�
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��ë! �&(� ,-+/ %+-�"!0�% �,8  9+ &+-12�. ,+1 +)+(�"+)0�% �ô�ûð�øùë �öûôîð
�HQG SRLQWV�� þ) # �&(� e �ì!% 0� u, v 	. 0!-(�0%&� /#(!��� 080! # e +)+(�"!0�%
ÿ�þ�ÿîÿ�þ��ð �LQFLGHQW� /0� /#(!�� u, v � ���!0�% 80% # e ôüüôø �MRLQV� 0� u, v�
þ&8(#� �. /#(!%	ë!� 80% # �&(� e /1(é+��"!0�% (! (u, v) � (v, u)� þ)0%/0+�ì	.�
+-�"!0�% 80% 0+ /#(!�+ u !�)�% òôø�þüøù� �DGMDFHQW� 0+1 v� &�% �)0%/0-82	.� �0#)
�)0�ë!0# ,!-�,0	/#� �)  #�� �  9+ /#(!��  !) !):)+)0�%� 080! +)+(�"+)0�% ûö
òôø�þüøùë � ðüôýë��ö�ð �LQGHSHQGHQW��

� òôø�þüøë �QHLJKERUKRRG� (��. &+-12�. v� N(v)� !�)�% 0+ /9)+�+ 0	) &+�
-12:) ,+1 +-�"!0�% �,8 0# /ì�/#�

N(v) = {u ∈ V (G)|(v, u) ∈ E(G)}

Òð÷û�� �GHJUHH� � �÷ìüþ� �YDOHQF\� (��. &+-12�. v ���!0�% 0+ ,��ë+. 0	) �&�
(:) ,+1 ,-+/,�,0+1) /0#) &+-12� v &�% /1(é+��"!0�% (! d(v)� �#�� � %/ì9!%�
d(v) |N(v)|� 	! d(G) ��)0%/0+�ì	.� D(G)� /1(é+��"!0�% + !��ì%/0+. ��)0%�
/0+�ì	.� R (��%/0+.� é�ë(8. 0	) &+-12:) 0+1 �-�2+1 G� �0+ �-�2+ 0+1
�ì�(�0+. ��� %/ì9!%� d(G) �� D(G) �� þ) �%� &�,+%� &+-12� %/ì9!% d(v) �
� d(v) �� # &+-12� +)+(�"!0�% ðÿþûþü�ûìüö �LVRODWHG� � ôùù�ôûí� �SHQGDQW�
�)0%/0+�ì	.�

÷/0	 80% 0+ /9)+�+ 0	) &+-12:) V (G) �,+0!�!�0�% �,8 l �)!*�-0#0�
(!0�*9 0+1. 1,+/9)+�� V1, V2, . . . , Vl� !):  9+ &+-12�. u &�% v !):)+)0�%
(8)+ �) �)�&+1) /0+ � %+ 1,+/9)+�+� �0#) ,!-�,0	/# �10�� +% 1,+�-�2+%
G(V1), G(V2), . . . , G(Vl) +)+(�"+)0�% ��üóôóôûìüô� � ��üôù�øùì� ��üø���ô� �FRQ�
QHFWHG FRPSRQHQWV��÷)�. �-�2+. +)+(�"!0�% ��üóôóôûìüþ� � ��üôù�øù�� �FRQQH�
FWHG� �) �ì!% (8)+ (�� /1) ! !(�)# /1)%/0:/�� ÷)�. �-�2+. ���!0�% ��üóôóôûì�
üþ� ùð�ë ôúë�ø��þ ���ÿþ �PLQLPDOO\ FRQQHFWHG� �) #  %��-�2� (��. (8)+ �&(�.
0+) �,+/1) �!% &�%  #(%+1-�!� /1)%/0:/!.� � �ôø�ë �UDQN� !)8. �-�2+1 /1(�
é+��"!0�% (! r &�% %/+90�% (! 0#  %�2+-� 0#. 0�*#. 0+1 (!�+) 0+ ,��ë+. 0	)
/1)%/0	/:) 0+1 �-�2+1� �#�� �� %/ì9!% # /ì�/#�

r = n− k

� ûöóôüøù��ö�ð �QXOOLW\� � ù�ùú�ûð�øù�� ð�ø÷û�� �F\FORPDWLF QXPEHU� !)8.
�-�2+1 /1(é+��"!0�% (! µ &�% %/+90�% (! 0#  %�2+-� 0+1 (!��ë+1. 0+1 (!�+) 0#
/!%-� 0+1 �-�2+1� �/ì9!%  #�� ��

µ = m− n+ k

-+2�):. �%� �)� /1) ! !(�)+ �-�2+ %/ì9!%�

r = n− 1 &�% µ = m− n+ 1
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	�� �&(� (! 0�108/#(� 0!-(�0%&� /#(!�� +)+(�"!0�% ñ���þ� �ORRS�� !):  9+
� ,!-%//80!-!. �&(�. ,+1 !):)+1) 0+ � %+ "!9�+. &+-12:) +)+(�"+)0�% ÿð�ëú�
úöúô� �SDUDOOHO�� ��ë! �-�2+. ì	-�. é-8ì+1. � ,�-���#�!. �&(�. +)+(�"!0�%
ðÿú�� �VLPSOH�� !): +% �&(�. 0+1 +)+(�"+)0�% ��üóô�ûþø �OLQNV�� ÷)�. �-�2+. (!
,�-���#�!. �&(�.� ���� ì	-�. é-8ì+1.� +)+(�"!0�% ÿþú��ò�ë�þ� �PXOWL�JUDSK��
÷)�. �-�2+. ,+1 ,!-%�ì!% é-8ì+1. +)+(�"!0�% �ô�óþò�ë�þ� �SVHXGRJUDSK�� þ)
�,8 �)� �-�2+  %��-�2+9) +% é-8ì+% &�% �%� &�ë! "!9�+. &+-12:) 8�!. +% ,��
-���#�!. �&(�. ,�#) (��.� 080! ,-+&9,0!% + �ÿþùôîûôüþ� �XQGHUO\LQJ� �,�8.
�-�2+.� Úð�ô�÷�ü�ûôüþ� ò�ë�þ� �GLUHFWHG JUDSK� GLJUDSK� � ÿ�þ�ðüð�þúø�ûìüþ�
�RULHQWHG� +)+(�"!0�% �)�. �-�2+. D(V,A) ,+1 �,+0!�!�0�% �,8 �)� (# &!)8
/9)+�+ &+-12:) V &�% �)� /9)+�+ A �,8  %�0!0��(�)� "!9�# &+-12:)� ,+1
+)+(�"+)0�% ��ýð �DUFV�� �0+ �ì�(� ���  �)!0�% ,�-� !%�(� !)8. ,+�1��-�2+1�
!)8. 4!1 +�-�2+1 &�% 0+1 �)0�/0+%ì+1 1,+&!�(!)+1 �-�2+1� &�ë:. &�% �)� ,��
-� !%�(� &�0!1ë1)8(!)+1 �-�2+1�
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��ë! �&(� e !)8. �-�2+1 (,+-!� )� ì�-�&0#-�"!0�% �,8 �)�) �-%ë(8 ,+1
+)+(�"!0�% ñë�þ� �ZHLJKW� &�% /1(é+��"!0�% (! w(e)� �0#) ,!-�,0	/# �10� +
�-�2+. +)+(�"!0�% õ�òø�ûìüþ� �ZHLJKWHG�� �+ é�-+. !)8. �-�2+1 %/+90�% (! 0+
�ë-+%/(� 0	) é�-:) 0	) �&(:) 0+1�

��)�%� !,�/#.�  1)�08) +% &+-12�. � +% �&(�. !)8. �-�2+1 )� ì�-�&0#-�"+�
)0�% �,8 �)� (+)� %&8 8)+(� ,+1 +)+(�"!0�% ôÿøò�ð�í � ô�øùì�ð �ODEHO�� �9+
�-�2+% (! ,�)+(+%801,# �-�2%&� ,�-�/0�/# ����  %�2+-!0%&�. !,%�-�2�. ë!	�
-+9)0�%  %�2+-!0%&+�� �9+ �-�2+% G1 &�% G2 ���+)0�% ø�þûþ��øùþî �LVRPRUSKLF�
�) 1,�-ì!% (�� �(2%(+)+/�(�)0# �)0%/0+%ì�� M (!0�*9 0	) /1)8�	) V (G1) &�%
V (G2)� �0/% :/0! �) +% &+-12�. u &�% v !�)�% �!%0+)%&�. /0+ �-�2+ G1� 080! &�%
+% �)0�/0+%ì!. &+-12�. M(u) &�% M(v) ë� !�)�% �!%0+)%&�. /0+ �-�2+ G2� þ,8
0+) +-%/(8 �108 ��)!0�% �)0%�#,08 80%  9+ %/+(+-2%&+� �-�2+% (,+-!� )� �ì+1)
 %�2+-!0%&� (+-2� &�% !,%�-�2�.� ���� �ì+1) 0%. � %!. é�/%&�.  +(%&�. % %80#0!.�
�%� ,�-� !%�(�� +% �-�2+% 0+1 �ì�(�0+. ��� !�)�% %/+(+-2%&+�� �9+ �-�2+% G1

&�% G2 ���+)0�% î�þø �HTXDO� �) V (G1) V (G2) &�% E(G1) E(G2)� -+2�):.�
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 9+ �/+% �-�2+% !�)�% &�% %/+(+-2%&+�� ���� 0+ �)0�/0-+2+  !) %/ì9!%�

÷)�. �-�2+. H �,+0!�!� �ÿþò�ë�þ �VXEJUDSK� !)8. ���+1 �-�2+1 G� �)
%/ì9!% V (H) ⊆ V (G)� E(H) ⊆ E(G)� &�% 0� 0!-(�0%&� /#(!�� +,+%�/ �,+0!
�&(�. 0+1 E(H) �)�&+1) /0+ V (H)� �0#) ,!-�,0	/# �10� ��(! 80% + �-�2+.
G ÿô�øì�ôø �FRQWDLQV� 0+ �-�2+ H � 80% !�)�% �)�. �ÿô�ò�ë�þ� �VXSHUJUDSK� 0+1
H� -+2�):.� + ,��-#. �-�2+. Kn �ì!% n 1,+�-�2+1. %/+(+-2%&+9. ,-+. 0+
�-�2+ Kn−1�

þ) + �-�2+. H !�)�% 1,+�-�2+. 0+1 G &�% %/ì9!% V (H) V (G)� 080! +
�-�2+. H +)+(�"!0�% õô�òü��ü �ÿþò�ë�þ� �VSDQQLQJ VXEJUDSK� � ÿð�ëòþü�ð�
�IDFWRU� 0+1 �-�2+1 G� þ) V ′ !�)�% �)� 1,+/9)+�+ 0+1 V (G)� 080! +)+(�"!0�%
ôÿö�ôð�ûìüþ� ðÿ� �þ ��üþúþ V ′ �LQGXFHG E\ V ′� + 1,+�-�2+. � ,+1 �ì!% V () V ′�
!): 0+ /9)+�+ 0	) �&(:) 0+1 �,+0!�!�0�% �,8 0%. �&(�. 0+1 G ,+1 ,-+/,�,0+1)
/!  9+ &+-12�. 0+1 V ′� ��0� ,�-8(+%+ 0-8,+ +-�"!0�% �)�. 1,+�-�2+. H 	.
ôÿö�ôð�ûìüþ� ðÿ� ìüð ��üþúþ E′ �LQGXFHG E\ E′�� 8,+1 E′ ⊆ E� �) E(H) E′�
!): 0+ /9)+�+ 0	) &+-12:) 0+1 �,+0!�!�0�% �,8 0%. &+-12�. ,+1 /1) �+)0�%
�,8 0%. �&(�. 0+1 E′� �0+ �ì�(� ������ ,�-+1/%�"!0�% �)�. �-�2+. G� /0+
�ì�(� ����é� �)�. "!1�)9	) 1,+�-�2+.� !): + �-�2+. 0+1 �ì�(�0+. ������
 !) !�)�% 1,+�-�2+. 0+1 G� �% 1,8�+%,+% �-�2+% 0+1 /ì�(�0+. !�)�% �)�/%+%
1,+�-�2+% 0+1 G� ÷0/%� + 1,+�-�2+. 0+1 �ì�(�0+. ���� � (,+-!� )� ë!	-#ë!�
!,#-!�/(�)+. !�0! �,8 �)� /9)+�+ V !�0! �,8 �)� /9)+�+ E� 0+1 �ì�(�0+.
����!�  !) !�)�% !,#-!�/(�)+. �,8 �)� /9)+�+ V � !): 0��+. + 1,+�-�2+. 0+1
�ì�(�0+. ����/0�  !) !�)�% !,#-!�/(�)+. �,8 �)� /9)+�+ E�

�% %&80!-�� ��,�-��+)0�. !)8. �-�2+1 !�)�% �)� /9)+�+ �&(:) ,+1  !) ,-+�
/,�,0+1) �)�  9+ /0#) � %� &+-12�� &�% +% +,+�!. /1)+�%&� ,-+/,�,0+1) ,-+.
8�!. 0%. &+-12�. 0+1 �-�2+1� � 8-+. ��,�-��+)0+,+�#/# �-�2+1 G  #�:)!% 80%
1,�-ì!% �)� /9)+�+ �,8 ��,�-��+)0!. �0/% :/0! &�ë! �&(� 0+1 G )� �)�&!% /!
�)� &�% (8)+ �)� ��,�-��+)0�� ÷0/% + �-�2+. �ì!% ,�-��+)0+,+%#ë!� /! 1,+�-��
2+1. ,+1 !�)�% �)!*�-0#0+% 	. ,-+. 0%. �&(�.� !): &�ë! &+-12� &�ë! 1,+�-�2+1
!�)�% 0!-(�0%&8 /#(!�+ � �&(�. &�% (8)+� �(+�	.� # r�,�-��+)0+,+�#/# !,%01��
ì�)!% 0#  %�&-%/# 0+1 �-�2+1 /! 1,+�-�2+1. ,+1 !�)�% �)!*�-0#0+% 	. ,-+.
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�%� 0#  +1�!%� 0+1 /! /ì�/# (! 0+ ì-	(�0%/(8 ì�-0:) � !. �!2���%+ ��� ,-8é�#(� (! 0+
+,+�+ �/ì+��ë#&! ,!-� 0� �� ì-8)%�� þ/ì+��ë#&! !,�/#. (! 0#) !,%,! %&80#0� �-�2	) � !.
�!2���%+ ���

� :LOOLDP 7KRPDV 7XWWH �!))�ë#&! 0+ ���� /0+ 1HZPDUNHW 0+1 6X¹RON &�% �,!é�	/!
0+ ����� ø0�) (�ë#(�0%&8. &�% !-��/ë#&! �%� 0+ /,�/%(+ �!-(�)%&:) &	 %&:) &�0�
0#  %�-&!%� 0+1 ÿ
 ��&8/(%+1 ,+��(+1� �,+9 �/! �#(!�� /0+ 7ULQLW\ &ROOHJH 0+1
&DPEULGJH ���� /0# /1)�ì!%� ���é! 0+  % �&0+-%&8 0+1 /0� 	�ë#(�0%&� �,8 &DPEULGJH
0+ ����� �#) ,!-�+ + ���������  � �*! 	�ë#(�0%&� /0+ �)!,%/0�(%+ 0+1 �+-8)0+�
!): 0+ ���� (!0�&8(%/! /0+ �(�(� �1) 1�/0%&�. &�% ÿ!�0%/0+,+�#/#. 0+1 �)!,%�
/0#(�+1 0+1 :DWHUORR� 8,+1 �(!%)! (�ì-% 0+ ���� &�% ���é! 0#) ��)� %&� 1,#&+80#0��
	!0�*9 0	) ���	) �/ì+��ë#&! (! ë!	-�� (�0-+6 :)� ���� !% %&80!-� /ì!0%&� (! 0#
�!	-�� �-�2	) (!��0#/! ,��ë+. ,-+é�#(�0	) /ì!0%&� (!  +(�. &9&�	) &�% 0+(:)�
k�,�-��+)0!.� +DPLOWRQLDQ &�% (# +DPLOWRQLDQ �-�2+1. &��� � �,8 !%*# 0+1 �!	-�(�0+.
0	) � ì-	(�0	) é�/�"!0�% /!  %&� 0+1 ,-+�!)�/0!-#  +1�!%�� ø0�) (��+. 0#. ÿ�/%�
�%&�. �0�%-!��. 0+1 �+) �)+1 &�% 0#. ÿ�/%�%&�. �0�%-!��. 0+1 ��)� �� ��ì! �-%ë(8 (UG�V ��

�+DUROG 6FRWW 0DF'RQDOG &R[HWHU �!))�ë#&! /0+ �+) �)+ &�% �,!é�	/! /0+ �+-8)0+
������������ �! )!�-� #�%&�� /1)�ë!/! (+1/%&�� �,�%"! ,%�)+ &�% �-�80!-�  #(+/�!1/! /ì!�
0%&� (! 0# /ì�/# (�ë#(�0%&:) &�% (+1/%&�.� �,+9 �/! /0+ 7ULQLW\ &ROOHJH 0+1 &DPEULGJH
8,+1 &�% !&,8)#/! 0+  % �&0+-%&8 0+1 0+ ����� �-��/ë#&! /0+ 3ULQFHWRQ &�% !) 0��!%
(!0�&8(%/! /0+ �+-8)0+ 8,+1 ��%)! ��ë#�#0�. /0+ �)!,%/0�(%+ 0+1 �+-8)0+ 0+ �����
�-��/ë#&! �%� �� ì-8)%� /0+ �)!,%/0�(%+ 0+1 �+-8)0+ &�% /1)��-�4! �� é%é���� 	��+.
0+1 5R\DO 6RFLHW\ RI &DQDGD �,8 0+ ����� þ,8 ���� # ��)� %&� 	�ë#(�0%&� �0�%-!��
�,+)�(!% 0+ &R[HWHU�-DPHV 3UL]H ,-+. 0%(�) 0+1� �+ ���� ��%)! þ��+ �,8 	��+. 0#. þ(!�
-%&�)%&�. þ&� #(��. �!ì):) &�% �,%/0#(:)� �!	-!�0�% �,8 0+1. (!���90!-+1. �!	(�0-!.
0+1 ��+1 �%:)��

��� �¶º¶»°±£ �»¶°u¬¦¨

�¥³³¨ ��� �(XOHU� 0+ ��((� 0	) ì!%-�4%:)�� ãþ ë÷�þø�ûð ��ü ñð÷ûü �ú�ü
��ü ùþ���ü ôü�� ÿôÿô�ð�ûìüþ� ò�ë�þ� G(V,E) ôîüðø óøÿúë�øþ �þ� ÿúí÷þ�� ��ü
ðùûü�

∑

∀v∈V
d(v) = 2|E| �����

Ñÿ�óôøýö� þ-&!� )� ë!	-#ë!� 80% &�ë! �&(� /1)!%/2�-!% /0+ �ë-+%/(� &�0� �
�%� &�ë! (�� �,8 0%. &+-12�. 8,+1 ,-+/,�,0!%�

�Ã¸°º³¨ ���� âô ìüðü �ðù�øù� ò�ë�þ G(V,E) ñð÷ûþ� k ø���ôø ö ��ì�ö�

|V | · k = 2 · |E|
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� /HRQKDUG (XOHU ����������� ë!	-!�0�% + ,�0�-�. 0#. �!	-��. �-�2	)� � (XOHU �!))��
ë#&! /0# ÿ�/%�!�� 0#. ��é!0��. &�% + ,�0�-�. 0+1 �0�) ���é%)%/0�. %!-	(�)+.� þ&+�+1ë:�
)0�. 0# ë��#/# 0+1 ,�0�-� 0+1 *!&�)#/! )� /,+1 �"!% ë!+�+��� &�% !é-�6&� /0+ �)!,%/0�(%+
0#. ÿ�/%�!��.� �9)0+(� 8(	. 2�)#&! 80% !�ì! &��/# /0� (�ë#(�0%&�� ,+1 /,+9 �/! /0# /1�
)�ì!%�� �-��/ë#&! /0#) þ&� #(�� 0#. þ���. !0-+9,+�#. 1,8 0#) �%�� � 0#. þ%&�0!-�)#.
0#. � ����������� &�% 0#. 	!���#. þ%&�0!-�)#. ������������ 	. /1)!-��0#. /0+ %�0-%&8
0(�(� ���� �-�80!-� (!0�0�ë#&! /0+ 0(�(� 0	) (�ë#(�0%&:)� 8,+1  %� �ìë#&! 0+) 'DQLHO
%HUQRXOOL /0#) #�!/�� 0+1� �0+ (!/+ %�/0#(� ��������� !-��/ë#&! /0#) þ&� #(�� 0+1
ÿ!-+��)+1 1,8 0#) �%�� � 0+1 	!���+1 �-!% !-�&+1� 	�ë#(�0%&� % %+21��� ,�#-	)80�) �%�
)� �/ì+�!�0�% (! +0% �,+0! 0+1 &%)+9/! 0+ !) %�2�-+)� ��ì! (!���# %&�)80#0� /0#) !&0��
�!/# ,-�*!	) (! 0+ (1��8� ÷0/%� �) &�% 0� 0!�!10��� �� ì-8)%� 0#. "	�. 0+1 �0�) 012�8.
!-��/ë#&! ,�-��	�%&� &�% �ë!/! 0%. é�/!%. �%� 0+) 1,+�+�%/(8 0#. 0-+ì%�. 0#. /!��)#.�
�)� ,-8é�#(� ,+1 �(!%)! ��10+ �,8 0+) 1HZWRQ�

Ñÿ�óôøýö� 	! é�/# 0+ ��((� ���� þ,8 0+ ,8-%/(� �108 !�)�% ,-+2�)�. 80%  !)
1,�-ì+1) 0�&0%&+� �-�2+% ,!-%00�. 0�*#. &�% é�ë(+9 ,!-%00+9�

�Ã¸°º³¨ ���� ãþ ÿúí÷þ� ��ü ðùûü �þ� ò�ðûûøùþ� ò�ë�þ� L(G) ø�þ��ðø ûô�

|E(L(G))| =
1

2

∑

∀v∈V
d2(v)−m

Ñÿ�óôøýö� 	! é�/# 0+ ��((� ��� ,-+&9,0!% 80%�

|E(L(G))| =
∑

∀v∈V

(
d(v)

2

)

=
∑

∀v∈V

d(v) (d(v)− 1)

2
=

1

2

∑

∀v∈V
d2(v)−m

�¬Å¸®³¨ ���� ãþ ÿúí÷þ� ��ü ùþ���ü ÿô�ø��þ� ñð÷ûþ� ôü�� ÿôÿô�ð�ûìüþ�
ò�ë�þ� ôîüðø ë��øþ� ð�ø÷û���

Ñÿ�óôøýö� �+  !*%8 /&��+. 0#. �ì�/#. ��� !�)�% �-0%+� �%� 0+ �-%/0!-8 /&��+.
0#. /ì�/#. �10�. /1)!%/2�-+1) +% &+-12�. (! �-0%+ é�ë(8 &�% +% &+-12�. (! ,!�
-%008 é�ë(8� � /1)!%/2+-� 0	) ,-:0	) !�)�% �-0%+. �-%ë(8.� �-� �-0%+. �-%ë(8.
!�)�% &�% # /1)!%/2+-� 0#.  !90!-#. &�0#�+-��.� þ,8 0+) 0!�!10��+ /1��+�%/(8
,-+&9,0!% # ���ë!%� 0+1 ë!	-�(�0+.�

�¬Å¸®³¨ ���� ãþ ÿúí÷þ� m ��ü ðùûü ôü�� ÿúí�þ�� ò�ë�þ� Kn ôîüðø�

m = n(n− 1)/2



���� àþ�þ�øùë â�þø�ôîð ��

Ñÿ�óôøýö� þ-&!� )� ë!	-#ë!� 80% /! &�ë! &+-12� ,-+/,�,0+1) n − 1 �&(�. &�%
80% &�ë! �&(� 1,+�+��"!0�%  9+ 2+-�.�

�¬Å¸®³¨ ���� Óøð ìüðü ðÿú� ò�ë�þ G ûô n ùþ���ì��m ðùûì� ùðø k ��üø���ô�
ø���ôø ö ��ì�ö�

n− k ≤ m ≤ (n− k)(n− k + 1)/2

Ñÿ�óôøýö� þ-%/0!-8 /&��+.� �� ì-#/%(+,+%#ë!� !,��	�� (! é�/# 0+ ,��ë+. 0	)
�&(:)� þ) + G !�)�% (# !)%&8. �m ��� 080! # ���ë!%� !�)�% ,-+2�)�.� �	-�.
é��é# 0#. �!)%&80#0�. �. 1,+ë�/+1(! 80% + G ,!-%�ì!% 0+) !��ì%/0+  1)�08
�-%ë(8 �&(:) m0� �0/% :/0! # �2��-!/# (��. �&(�. )� �1*�)!% 0+ ,��ë+. 0	)
/1)%/0	/:) &�0� (��� 	! é�/# 0#) 1,8ë!/# 0#. !,��	��. ,-+&9,0!%� m0−1 ≥
n− (k + 1) �,8 8,+1 /1)!,��!0�% 80%� m0 ≥ n− k�

�!*%8 /&��+.� ÷/0	 80% &�ë! /1)%/0:/� �ì!% ni ≥ 1 &+-12�. �8,+1 1 ≤ i ≤ k��
÷0/% %/ì9!%�

k∑

i=1

ni = n⇒
k∑

i=1

(ni − 1) = n− k

	! 94	/# /0+ 0!0-��	)+ &�% &�0���#�# ���!é-� ,-+&9,0!% # /ì�/#�

k∑

i=1

ni
2 ≤ n2 − (k − 1)(2n− k) �����

þ,8 0+ ,-+#�+9(!)+ ë!:-#(� !�)�% �)	/08 80% 0+ (��%/0+ ,��ë+. �&(:) /0#)
i�+/0� /1)%/0:/� !�)�% ni�ni − 1���� �1)!,:.�

m ≤ 1

2

k∑

i=1

(ni − 1) ni =
1

2

k∑

i=1

ni
2 − n/2

�-#/%(+,+%:)0�. 0# �ì�/# ��� &�% (! &�0���#�# ���!é-� ,-+&9,0!% 0+ ë!:�
-#(��

�Ã¸°º³¨ ���� Úë÷ô ðÿú�� ò�ë�þ� ûô n ùþ���ì� ùðø �þ�úë�ø��þü �n− 1��n−
2��� ðùûì� ôîüðø ��üóôóôûìüþ��

Ñÿ�óôøýö� 	! é�/# 0+ �!:-#(� ���� �1)�2�. !�)�% 0+ �!:-#(� ����

� !9-!/# 0+1 /1)+�%&+9 ,��ë+1. 0	) �-�2	) ,+1 �ì+1) (�� /1�&!&-%(�)#
% %80#0� ���!0�% ûì��ö�ö �FRXQWLQJ� � ðÿð�î÷ûö�ö �HQXPHUDWLRQ�� �%  9+ !,8�
(!)!. ,-+0�/!%. !*1,#-!0+9) 0+ /&+,8 �108�
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�¬Å¸®³¨ ���� ãþ ��üþúøù� ÿúí÷þ� ��ü ðÿúü ò�ë��ü ûô ôÿøò�ð�ì� ÿþ� ì�þ�ü
n ùþ���ì� ùðø m ðùûì� ôîüðø�

(
n(n− 1)/2

m

)

Ñÿ�óôøýö� þ2�)!0�% 	. �/&#/# /0+) �)��):/0#�

�Ã¸°º³¨ ���� ãþ ��üþúøù� ÿúí÷þ� ��ü ðÿúü ò�ë��ü ûô ôÿøò�ð�ì� ùðø n

ùþ���ì� ôîüðø�
2n(n−1)/2

Ñÿ�óôøýö� 	! é�/# 0+ �!:-#(� ��� &�%  !ì8(!)+% 80% 0+ m &1(��)!0�% �,8 � 	.
n�n− 1���� �+ ,8-%/(� ,-+&9,0!% ì-#/%(+,+%:)0�. 0#) 0�1080#0��

∑k
i=0

(
k
i

)
=

2k�

�+ !,8(!)+ ë!:-#(�  �)!% !9&+�� �)� &�0	 8-%+ 0#. !��ì%/0#. 0�*#. !)8.
&�	é+9 	. /1)�-0#/# 0	)  9+ (!0�é�#0:) g(G) &�% r� þ)0%&�ë%/0:)0�. 0#
(!0�é�#0� r (! 0#) (!0�é�#0� d(G)� 0+ 8-%+ �108 %/ì9!% &�% �%� &�ë! �-�2+ G

,+1 �ì!% ,!-%2�-!%� g(G) &�% !��ì%/0+ é�ë(8 &+-12:) d(G)�

�¬Å¸®³¨ ���� Ñü ûô f(g, r) ��ûñþúîõô�ðø �þ ùë�� ��øþ �ö� �ëýö� ôü�� (g, r)�
ùú�ñþ�� ���ô ø���ôø�

f(g, r) ≥







r(r−1)g1−2
r−2 �) g = 2g1 + 1

(r−1)g1−1
r−2 �) g = 2g1

Ñÿ�óôøýö� ÷/0	 80% 0+ g !�)�% ,!-%008� %/ì9!%  #�� � g 2g1��� þ. ë!	-#ë!�
+ �-�2+. ,+1 !,#-!�"!0�% �,8 0%. &+-12�. ,+1 é-�/&+)0�% /! �,8/0�/# g1
�,8 01ì+9/� &+-12� x� � �-�2+. �108. !�)�%  �) -+ �%�0� �) ,!-%!�ì! &9&�+�
+ &9&�+. �108. ë� !�ì! (�&+. �%�80!-+ �,8 g� � �28/+) /! �,8/0�/# j��
é-�/&+)0�% 0+1��ì%/0+) r(r − 1)j &+-12�. �,!0�% 80%�

f(g, r) ≥ 1 + r

g1∑

j=0

(r − 1)j

�,8 8,+1 �&+�+1ë!� # ���ë!%� 0+1 ,-:0+1 /&��+1. 0#. ,-80�/#.�

��  +(� 0	)  �) -	) !�)�% �)	/0� �,8 0� (�ë�(�0� 0	) �+(:) �! +(�)	) &�% 0#. �!	-��.
þ��+-�ë(	)� �/08/+� # ,�-�0�-#/# �10� ë� ��)!% &��90!-� �)0%�#,0� (!0� 0#) �)��)	/# 0	)
�)+0�0	) ��� &�% ���� 8,+1 +-�"+)0�% +% �))+%!. 0+1 &9&�+1 &�% 0+1  �) -+1 �)0%/0+�ì	.�



���� à�ëýôø� ôÿî ��ü Ó�ë��ü ��

�:-�� �. 1,+0!ë!� 80% 0+ g !�)�% �-0%+�  #�� � %/ì9!% g 2g1� �80! �-&!� )�
ë!	-#ë+9) +% &+-12�. ,+1 é-�/&+)0�% /! �,8/0�/# g1 �,8 01ì+9/� �&(� (x, y)�
	!  %� %&�/�� �)��+�# ,-+. 0#) ,-+#�+9(!)# ,-+&9,0!% &�% 0+  !90!-+ /&��+.
0#. ,-80�/#.�

��� �¸£µ¬°¹ ¬·¦ »�´ �¸£½�´

�% ,-�*!%. !,� 0	) �-�2	)  %�&-�)+)0�% /!  9+ &�0#�+-�!.� �10�. ,+1 !2�-�
(8"+)0�% /! �)� �-�2+ &�% �10�. ,+1 !2�-(8"+)0�% /!  9+ �-�2+1.��%  9+ �10�.
&�0#�+-�!. +)+(�"+)0�% �)0%/0+�ì	. ûþüðóøðîô� �XQDU\� &�% ó�ðóøùì� �ELQDU\��
�9(2	)� (! (�� ���# &�0#�+-%+,+�#/#� +% ,-�*!%.  %�&-�)+)0�% /! ÿ���ô�þ��
�ô� �SULPDU\� &�% óô��ô�ô�þ��ô� �VHFRQGDU\�� 8,+1 +%  !90!-!. 1�+,+%+9)0�% (!
/1) 1�/(8 � !,�)��#4# ,-	0!1+1/:) ,-�*!	)�

����� �¸�»¬Ä¶¼º¬¹ ·¸£µ¬°¹

�% ,-	0!9+1/!. ,-�*!%. !�)�%  9+� #  %��-�2� &�% # ,-8/ë!/#� � ,-�*# 0#.
óøðò�ð�í� �GHOHWLRQ� �ì!%  9+ !& +ì�.�  %��-�2� &+-12�. &�%  %��-�2� �&(�.�
�  %��-�2� &+-12�. �,8 �)� �-�2+ G /1(é+��"!0�% (! G − v &�%  #�:)!%
0+ �-�2+ ,+1 ,-+&9,0!% �,8 0+ �-�2+ G ��)+:)0�. 0#) &+-12� v &�% 0%.
�)0�/0+%ì!. ,-+/,�,0+1/!. �&(�.� �  %��-�2� �&(�. /1(é+��"!0�% (! G − e

&�%  #�:)!% 0+ �-�2+ ,+1 ,-+&9,0!% �,8 �)� �-�2+ G �) ��)+#ë!� # �&(� e

�ì	-�. )�  %��-�2+9) 0� 0!-(�0%&� 0#. /#(!���� �0+ �ì�(� ���� ,�-+1/%�"!0�%
,�-� !%�(�  %��-�2�. &+-12�. &�% �&(�. �,8 0+) � %+ �-�2+�
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à�ëùî ����� Ôøðò�ð�í ùþ���í� ùðø óøðò�ð�í ðùûí��

þ) &�0� 0#  %��-�2� (��. &+-12�. �,8 �)� /1) ! !(�)+ �-�2+ ,-+&94+1)
 9+ � ,!-%//80!-!. /1)%/0:/!.� 080! # &+-12� �10� ���!0�% ðÿþù�ÿ�þ��ð &+�
-12� �FXW�YHUWH[� � �öûôîþ ë�÷���ö� �DUWLFXODWLRQ SRLQW�� ��0� 0+) � %+ 0-8,+�
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�) (! 0#  %��-�2� (��. �&(�. e ,-+&94+1)  9+ /1)%/0:/!.� 080! # �&(� �10�
+)+(�"!0�% ðÿþù�ÿ�þ��ð �&(� �FXW�HGJH� � ø�÷û�� �LVWKPXV� � òì���ð �EULGJH��
�� 0!-(�0%&� /#(!�� (��. 0�0+%�. �&(�. !�)�% �,+&8,0+1/!. &+-12�.� ÷)�. �-��
2+. ,+1  !) ,!-%�ì!% �,+&8,0+1/!. �&(�. +)+(�"!0�% óø��üð�í� �ELFRKHUHQW��
÷)�. �-�2+. ,+1  !) ,!-%�ì!% �,+&8,0+1/!. &+-12�. +)+(�"!0�% óø��üóôóôûì�
üþ� �ELFRQQHFWHG� � ûö óøð���ø���� �QRQVHSDUDEOH�� !): ���!0�% 80% + �-�2+.
�,+0!�!�0�% �,8 �)� �ôûë�øþ �EORFN�� -+2�):.� �)�.  %�ì	-%/08. �-�2+. �ì!%
(�� � ,!-%//80!-!. �,+&8,0+1/!. &+-12�.� �0+ �ì�(� ���� ,�-+1/%�"!0�% �)�.
�-�2+. (!  9+ �,+&8,0+1/!. &+-12�. v1, v2 &�% (�� �,+&8,0+1/� �&(� e�
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à�ëùî ����� Ó�ë�þ� ûô � ðÿþù�ÿ�þ��ô� ùþ���ì� ùðø � ðÿþù�ÿ�þ��ð ðùûí�

� ,-�*# 0#. ÿ���÷ô�ö� �DGGLWLRQ� �)��+�%&:. ,-+. 0#) ,-�*# 0#.  %��-��
2�. �ì!% !,�/#.  9+ !& +ì�.� ,-8/ë!/# &+-12�. &�% ,-8/ë!/# �&(�.� ��0� 0#)
,-8/ë!/# (��. &+-12�. v /! �)� �-�2+ G(V,E) ,-+&9,0!% �)�. )�+. �-�2+.
(! /9)+�+ &+-12:) V (G)∪ v &�% /9)+�+ �&(:) E(G)� !): &�0� 0#) ,-8/ë!/#
�&(�. (!0�*9  9+ &+-12:) u &�% v !)8. �-�2+1 G(V,E) ,-+&9,0!% �)�. �-�2+.
(! /9)+�+ &+-12:) V (G) &�% /9)+�+ �&(:) E(G)∪ (u, v)� � ,-�*# �10� !�)�%
�)0�/0-+2# 0#.  %��-�2�.� +,80! 0+ �ì�(� ���� (,+-!� )�  %�é�/ë!� &�0� 0#)
�)0�/0-+2# /!%-� 	. �)� ,�-� !%�(� ,-8/ë!/#.� �% ,-�*!%. ,+1 �&+�+1ë+9)
!�)�%  !10!-!9+1/!. &�% (,+-+9) )� !*#�#ë+9) (! é�/# 0%.  9+ ,-+#�+9(!)!.
,-	0!9+1/!. ,-�*!%.�

����� �¬¼»¬¸¬Ä¶¼º¬¹ ·¸£µ¬°¹

�¼¨«°±¤¹ ·¸£µ¬°¹

Êü��ö �XQLRQ�  9+ �-�2	) G1(V1, E1) &�% G2(V2, E2) +)+(�"!0�% + �-�2+.
G (! /9)+�+ &+-12:) V (G) = V1 ∪ V2 &�% /9)+�+ �&(:) E(G) = E1 ∪ E2�
��ë! (# /1) ! !(�)+. �-�2+. (,+-!� )� !&2-�/ë!� 	. �)	/#  9+ � ,!-%//+0�-	)
/1) ! !(�)	) /1)%/0	/:)� � �)	/# m %/+(+-2%&:) �-�2	) G /1(é+��"!0�% (!
mG � !. �ì�(� ������ þ) �)�. �-�2+. G (,+-!� )� !&2-�/ë!� 	. �)	/# 0	)



���� à�ëýôø� ôÿî ��ü Ó�ë��ü ��

,�-��8)0	) 0+1 � !. �)80#0� ����� ,+1 !�)�% �)!*�-0#0+% 	. ,-+. 0%. �&(�.�
080! # �)	/# �10� +)+(�"!0�% ÿð�ðòþü�þÿþîö�ö �IDFWRUL]DWLRQ� 0+1 G�

� �þûí �LQWHUVHFWLRQ�  9+ �-�2	) +-�"!0�% (! ,�-8(+%+ 0-8,+ (! 0+) +-%/(8
0#. �)	/#.� �#�� �� 0+(�  9+ �-�2	) G1(V1, E1) &�% G2(V2, E2) +)+(�"!0�% +
�-�2+. G (! /9)+�+ &+-12:) V (G) V1 ∩ V2 &�% E(G) E1 ∩ E2�

È÷�þø�ûð óðù��úîþ� �ULQJ VXP�  9+ �-�2	) G1(V1, E1) &�% G2(V2, E2) +)+�
(�"!0�% + �-�2+. G = G1 ⊕ G2 (! /9)+�+ &+-12:) V (G) = V1 ∪ V2� !):
0+ /9)+�+ 0	) �&(:) 0+1 �,+0!�!�0�% �,8 0%. �&(�. ,+1 �)�&+1) (8)+ /0+)
�)� �,8 0+1.  9+ �-�2+1.� ���� 8ì% &�% /0+1.  9+�  #�� � %/ì9!% E(G) =
(E1 ∪ E2) − (E1 ∩ E2)� �-� !%�(� �)	/#.� 0+(�. &�% �ë-+�/(�0+.  �&01��+1
 �)!0�% /0+ �ì�(� �����
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à�ëùî ����� Êü��ö� �þûí ùðø ë÷�þø�ûð óðù��úîþ� ò�ë��ü�

� ��üóô�ö �MRLQ� � ë÷�þø�ûð �VXP�  9+ �-�2	) G1 &�% G2 /1(é+��"!0�% (!
G G1�G2 &�% !�)�% �)�. �-�2+. ,+1 �,+0!�!�0�% �,8 0+ �-�2+ G1∪G2 &�% 8�!.
0%.  1)�0�. �&(�. (!0�*9 0	) &+-12:) 0+1 G1 &�% 0+1 G2� �%� ,�-� !%�(�� 8,	.
2��)!0�% /0+ �ì�(� ���� # �)	/# !)8. �-�2+1 N1 &�% !)8. �-�2+1 Cn−1  �)!%
	. �ë-+%/(� �)� �-�2+ ,+1 +)+(�"!0�% ��þ�þôøóí� �ZKHHO� &�% /1(é+��"!0�% (!
Wn� �,�/#.� (,+-!� )� �,+ !%ìë!� 80% Km�Kn Km+n &�% mK1�nK1 Km,n�

�+ ùð��ô�øðü� òøü�ûôüþ �FDUWHVLDQ SURGXFW�� � �,�� 0+ �%)8(!)+�  9+ �-�2	)
G1 &�% G2 /1(é+��"!0�% (! G1×G2 &�% +-�"!0�% 	. + �-�2+. (! /9)+�+ &+-12:)
V (G1 × G2) = V (G1) × V (G2)� !):  9+ &+-12�. v (v1, v2) &�% u (u1, u2)
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à�ëùî ����� È÷�þø�ûð ò�ë��ü ùðø ��þ�þôøóí� ò�ë�þ� W6�

!�)�% �!%0+)%&�. /0+ &�-0!/%�)8 �%)8(!)+ �) v1 u1 &�% # v2 /1) �!0�% (! 0#) u2
/0+ �-�2+ G2 �� /1((!0-%&�� �) v2 u2 &�% # v1 /1) �!0�% (! 0#) u1 /0+ �-�2+
G1�	,+-!� )� �,+ !%ìë!� 80% + 1,!-&9é+. Qn ,�-��!0�% !2�-(8"+)0�. n 2+-�.
0+ &�-0!/%�)8 �%)8(!)+ /0+) P2�

�+ úôýøùþò�ð�øù� òøü�ûôüþ �OH[LFRJUDSKLFDO SURGXFW� � # ��ü÷ô�ö �FRPSRVL�
WLRQ�  9+ �-�2	) G1 &�% G2 /1(é+��"!0�% (! G1[G2] &�% +-�"!0�% 	. + �-�2+.
(! /9)+�+ &+-12:) V (G1[G2])  V (G1) × V (G2)� !):  9+ �&(�. v (v1, v2)
&�% u (u1, u2) !�)�% �!%0+)%&�. /0+ �!*%&+�-�2%&8 �%)8(!)+ �) # v1 /1) �!0�%
(! 0#) u1 /0+ �-�2+ G1 � �) v1 u1 &�% # v2 /1) �!0�% (! 0#) u2 /0+ �-�2+
G2� �-� !%�(� �%)+(�)+1 &�% /9)ë!/#.  9+ �-�2	)  �)!0�% /0+ �ì�(� �����
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à�ëùî ����� Úð��ô�øðü� ùðø úôýøùþò�ð�øù� òøü�ûôüþ ò�ë��ü�



���� à�ëýôø� ôÿî ��ü Ó�ë��ü ��

�! +(�)	)  9+ �-�2	) G1, G2 &�% 0	) &+-12:) v ∈ G1 &�% u ∈ G2� ðûëú�
òðûð ùþ���ü �YHUWH[ DPDOJDPDWLRQ� !�)�% + �-�2+. ,+1 ,-+&9,0!% �,8 0#)
�)	/# 0	)  9+ �-�2	) 0�10�"+)0�. 0%. &+-12�. v &�% u /! (�� &+%)� &+-12��
�0+ �ì�(� ���� ,�-+1/%�"+)0�% 8�+% +%  1)�0+� 0-8,+% �(����(�0+,+�#/#. 0	)
�-�2	) P3 &�% P4� ��)�% !1)8#0+ 80% �,8 0#) �(����(�0+,+�#/#  9+ &1&�%&:)
�-�2	)� (8)+ �)�. %/+(+-2%&8. �-�2+. (,+-!� )� ,-+&94!% &�ë:.  !) �ì!% &��
,+%� /#(�/�� ,	. ë� !,%�!�!� + &�ë! &8(é+. �,8 0+1.  9+ &1&�%&+9. �-�2+1.�
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à�ëùî ����� Ñûðúòðûð�þÿþîö�ö �þ� P3 ùðø P4�

���+.�  ! +(�)	) 0	) �-�2	) G1, G2 &�% !)8. &+%)+9 1,+�-�2+1 H� ðûëú�
òðûð �ÿþò�ë��ü �VXEJUDSK DPDOJPDWLRQ� !�)�% + �-�2+. ,+1 ,-+&9,0!% �,8 0#)
�)	/# 0	)  9+ �-�2	) 0�10�"+)0�. 0%. �)0�/0+%ì!. &+-12�. 0+1 H /0%. &+%)�.
&+-12�.� �0+ ,�-� !%�(� 0+1 �ì�(�0+. ���� +%  9+ �-�2+% /0� �-%/0!-� �ì+1)
&+%)8 1,+�-�2+ 0+ C3� !):  !*%� ,-+&9,0+1) +%  9+ (# %/+(+-2%&+� �-�2+%�
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à�ëùî ����� Ñûðúòðûð�þÿþîö�ö �ÿþò�ë�þ��

� �)�&�. ���  �)!% 0+ ,��ë+. 0	) &+-12:) &�% �&(:) 0+1 �-�2+1 G ,+1
,-+&9,0!% �,8 &�ë!  1� %&� ,-�*# !,�  9+ �-�2	) G1(V1, E1) &�% G2(V2, E2)�
�#(!%:)!0�% 80% (8)+ �%� 0%. 0�//!-%. ,-:0!. ,-�*!%. !,%0-�,!0�% # 9,�-*# &+%�
):) &+-12:) (!0�*9 0	)  9+ �-ì%&:) �-�2	)�

�¶´¨«°¨¦¬¹ ·¸£µ¬°¹

�+ ��ûÿúí��ûð �FRPSOHPHQW� !)8. �-�2+1 G /1(é+��"!0�% 	. G̃ &�% !�)�%
�)�. �-�2+. ,+1 �ì!% /9)+�+ &+-12:) V (G̃) V (G)� !): 0+ /9)+�+ 0	) �&(:)


