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1 K8£�

1.1 K8�¿

�\��N�:§M^>�Ã���ëÏã§z^>´çÚ½xÚ"4\¦�����

�TÐkneed^xÚ>�)¤ä"  K8�yk)"

1.2 êâ��

• 5% : N ≤ 10

• 20% : N ≤ 15

• 100% : N ≤ 50000, E ≤ 100000

2 Ä:�£

• ��)¤ä�Kruscal�{�&ë\NOI�ÀÃÑ¬ù��{.
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3 20©�{

�ÄÄ�5y§-G���cä�¹�:8ÜÚ�cä¥kA^xÚ>"=£Ò´�Ä

#\\��:§§ë�=�®k:þ§¿�#ë�>´ç´x"

E,Ý:O(2nn3)

4 100©�{

4.1 Ún1

éu��ã§XJ�3��)¤ä§§�x>êþ�x§@oÒ¡x´Ü{x>ê"¤k

�Ü{x>ê/¤��«m[l, r]"

Ún1�y²

Ø�-F (order)L«�âorderù�^S?1kruskal�{§¤U���)¤ä"

@o·��ÄF ({black} → {white})§Ò´kç>2x>§ù�)¤ä¥�x>êþw
,´���"-ä¥x>�8Ü�{goodwhite}§,	�x>Ò�{badwhite}"

@ol = |{goodwhite}|
2�ÄF ({goodwhite} → {badwhite} → {black})"ù�)¤ä¥x>êþw,´

�õ�"Ó�7,�¹{goodwhite}"Ø�-ù�)¤ä¥§áu{badwhite}�x>8Ü
�{usefulwhite}"

@or = |{usefulwhite}|+ |{goodwhite}|
�Ä?¿��l ≤ m ≤ r"

·�l{usefulwhite}¥�m− l^>|¤{curwhite}"
@oF({goodwhite} → {curwhite} → black)Ò´km^x>�)¤ä"

4.2 Ún2

éu��ã§XJ�3����)¤ä§§�x>êþ�x§@oÒ¡x´��Ü{x>

ê"¤k���Ü{x>ê/¤��«m[l, r]"

Ún2�y²

�Ä¤k��x�>§w,¤k< x�>§/¤�ëÏ5´�< x�>À
=
Ã'�"

@o�âÚn1§��x��1x>êþ´��«m"

duz���1êþ´��«m§g,�Ü�1êþ�´��«m
"

4.3 Ún3

�Äf¯Kµò¤kx>\þ�x���ã���)¤ä"XJTäka^x>"@où

�)¤äÒ´a^x>��)¤ä�¯K����`)"
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Ún3�y²

�Ä�y{§XJù�)¤ä'a^x>��)¤ä�¯K��`)�"@oòa^x>

��)¤ä�¯K��`)�\Tf¯K§�±��Tf¯K�`�)§gñ"

4.4 �{

-F (x)L«ò¤kx>���+þx��§��)¤ä¥��kA^x>"

Ó�-G(x)L«ò¤kx>���+þx��§��)¤ä¥�õkA^x>"

w,�Xx�O�§F (x), G(x)¬C�"

XÛ¦F (x)?§�I�3>��Ó£x>®+
x¤��¹e§òç>ü3c¡§?

1kruscal=�"G(x)Ón"

5¿�G(x) = F (x− 1)"

·��I��©x§����need ∈ [F (x), G(x)]�x"@o�âÚn3=��Ñ�Y"

E,ÝO((n log n+m) logW )

4.5 �mE,Ý�`z

þ���{®²UÏL¤kêâ¿¼�÷©§ØL·��±���mE,Ý�`��{"

5¿�¦F (x)�§·�I�x>+x��U>��^S§5¿�x>SÜÚç>SÜ�^S´

ØC�"·��I�¯kòx>ç>©OüS§��^O(m)�Ü¿�Ñ^S=�"

E,ÝO(m logW + n log n)

5 �Eêâ��{

¤kêâÑ´ÏLk�E���Åä§,�2\\�
Ù§�>��{5�E�"
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