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�Ä�]Y���{�d�Y�Ê§Z¯   p q r q r p         
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�Ë{Z¬»���

� �
p : q : r :

p : q : r :

0 0 1 0
0 1 1��

¿�Ä]�Ze�ºÌÀ¯�É�Y~´ËZm�Y�ºË�^]�Êa�c�Z^��¾ËY�½{Â]��^f »Z���
éèº �ÄÀË�³�d�Y�d��{���� �
�ÄÀË�³����   x q x s x   Ã�Y�³��d�Y��¸£�ÉY� ��ÉY�]��Y|¬»�®Ë�ÊÀ Ë�ºË�ÁZÌ]��¬¿�µZj»�®Ë�d�Y�Ê§Z¯��Z¯�¾ËY�ÉY�]x�Ä]�Ä¯�

�½M�ÉY�Y   q x s x� ¡Á�{���¸£� ��ÉZm�Ä]� �³Y�|�Z], x1Ê»�ºË�Y~´]���Ä¯�ºÌÀÌ] q 1�d�Y���d��{� ��Á S 1d�Y�¡Á�{�� ��ÄnÌf¿� �{
�Ã�Y�³   x q x s x   �¡Á�{���¸£��Ê»�{Â����

Ë�³�ÄÀ���   x r x s x   Ã�Y�³���Ä¸¼m��Y�É�Ë{Z¬»�µZj»�½YÂÀ��Ä]�d�Y��¸£�ÉY, , ,
3 10 12 2�Ã�Y�³�¾ËY��¬¿�µZj»�Ä¯�|¿�Y{�{ÂmÁ�

Ê»�|À�Z]���
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77 1 4 2 4 2Ê»�¹Zn¿Y�ªË������Y��b��ºÌÅ{8�Ê·Zy�½Z°»�

�¾ËY� ¾Ì]� Ã|�� {ZnËY7��{� |ËZ]� ¥�u�4�¥�u� ½Z°»�S�Ä]� Y�� �Z¯� ¾ËY� ºÌÅ{� �Y�«� Y�� 
 
 

8
4Ê»� ªË����{Y{� ¹Zn¿Y� ½YÂe� ��{Y| e� ¾ËY�]ZÀ]
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éëº �ÄÀË�³�d�Y�d��{���� �
�½Âqx y x y  ¾ËY�]ZÀ]�, x y x y  

22�ÄnÌf¿��{�Á�x y xy x y xy    2 2 2 22 2���
�ÄnÌf¿��{xy  0�Êf�ËZ]�¾ËY�]ZÀ]� x , y��ÊËZÅ��Ä¯�ºÌ]ZÌ]�Yxy  0��Ê»���¿��{�Y���Ë��d·Zu�Á{�ºË�Ì³���

���xy  0�c�Â��¾ËY��{�x  0�,x  0�Á�y  0���ÉY�Y�Ä]y , x  0�Á�{�Y{�d·Zu�d¨Å��Ä¯�Êe�Â���{x  0�Á�y  0�ÉY�]�d·Zu����,
xd�Y{�|ÅYÂy�{ÂmÁ����

���xy  0� ��ZË�c�Â��¾ËY� �{y , x�ZË� Á�|Àf�Å�d^j»� Á{� �Å�y , x�Å��c�Â���Å� �{�Ä¯� {Â]�|ÀÅYÂy�Ê¨À»� Á{� 
   

 

3 2 3 92�d·Zu�

{�Y{�{ÂmÁ���
�¶¯��{�\Ìe�e�¾ËY�Ä]   9 9 7 6 31�d¨m� x, yd�Y{�|ÅYÂy�{ÂmÁ����

�f�»�Ê��ze��Á�{��Ã{Y{�½Z¼fyZ��ÄË��¿�,ZÅ�½Z]���¾Ì�Z»�Á�ZÅ��É�Z¼ »�,Ê¬�À»��Y|»�,ZÅ¶»Z��ºf�Ì��,�eÂÌb»Z¯���
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Q2��Y�Ê°Ë�Ê°Ë�Y����ZÀ��µÁY�d·Zu�Ä]�Äf�a�É�Z��Z]�ÉY�]�½ZËZa��{�Á�ºÌÀ¯�k�{�Q2��{�Á�¥~u�Q1Ê»�k�{����{�Ä�Ì¼Å�Äf�a�Ze�ºÌÀ¯
Q1�Ìy}�{Â��Ã����Y�d�Y�Ê§Z¯�Ä¯�ºÅ�¥~u�ÉY�]Q1ºÌÀ¯�¥~u����
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4
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�a� n log n T n n log n 9 9
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éîº �ÄÀË�³�d�Y�d��{���� �
��³Yn�|�Z]�{�§�n k 2 1���
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Êf�e�¶u�ÃY��� �
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5 1 1 5 5

2 2 4 3
3 3 3 1
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3 3 4 2
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êåº �ÄÀË�³�d�Y�d��{���� �
ºË�Y{�[���ÄÀË�Å�½{�¯�¶«Y|u�ÉY�]���

� � wx xy yzA B C���

� �
w y x z
  

1 1 1 1��

[���ÄÀË�Å�¶«Y|u���
� � A B C D   9 5 5 8 8 10 10 4��
� �    

1 1 1 1 1 1
9 8 5 10 8 4��

� �A B CD     9 5 5 8 8 4 8 10 4 320��

� �  
1 1 1 1
9 8 5 4��

� �A BCD    9 5 5 4 5 8 4 160��

� �ABCD    9 4 9 5 4 180
660��

ºÌÀ¯�¶¼��Ê¸«Y|u�d·Zu��°��|ËZ]�[���ÄÀË�Å�½{�¯��j¯Y|u�ÉY�]���
� � wx xy yzA B C��

� �
w y x z
  

1 1 1 1��

[���ÄÀË�Å��j¯Y|u���
� � A B C D   9 5 5 8 8 10 10 4��

� �    
1 1 1 1 1 1
9 8 5 10 8 4��

� �AB C D     9 8 8 10 10 4 9 5 8 360��

� �  
1 1 1 1
9 10 8 4��

� �ABC D    9 10 10 4 9 8 10 720��
� �ABCD    9 6 9 10 4 360

1440
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êæº �ÄÀË�³�d�Y�d��{���� �

Ê»�¾ÌÌ e�t����Å��{�Ä·Z�»�É{Á�Á�Ã�Y|¿Y�Ä]�ÄmÂe�Z]�dy�{�ª¼��{Â���j»�ÉY�]�Ä·Z�»�É{Á�Á�Ã�Y|¿Y�µÁY�t����{�µZn�ZË�n

1
2d�Y����

��]YÂe�¾ËY�]ZÀ] f n�, g nÊ]�dy�{�ª¼���{��|¿�ÌiZe���
d�Y�dy�{�¦¸fz»�sÂ���ÉY�]�Ä·Z�»�É{Á�Á�Ç�Y|¿Y��Ë��Ä·Z^¿{���

� � 
i

n , n , n , , n , ,O
2 1 ��

Ä¯�Êf«Á�Z]�d�Y��]Y�]�dy�{�ª¼����

� �n


2 2
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2 2 2 2 2 2
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log log a log b

b
 ��

Äf°¿��� �ƱŵŹřŸĭ�ƪǀƫŵ2�ƽŚū�ƶŝ�1�Źŵ�n


2 2
ƿř��ƶƧ�Ţſř�Ʋlog 2 0�ŚƯř�log 1 0� 
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G , F , preorder

F ,G G , F ,

G , F , F ,G
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2 3 3 4 5

3 4 5 4 5 5

4 5

5
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5
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F ,G preorder
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G ,F ,
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1 2

2 3 4 3 4
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4 5 6

4
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   *L L a b M L ��
��

�¾f�Y{�ÉY�]��aLÊ»�¶¼���Ë��c�Â��Ä]��ºÌÀ¯���

��
d�Y��Ë��c�Â��Ä]�½Z]��¦Ë� e�ÄnÌf¿��{���

� �    ** *L L a a b a b a b   ��
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q q q q

a q q q q

b q q q q

0 1 2 3
1 3 3 2
2 3 3 2
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� �

q q q q

a A B B A

b A B B A
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A B C

q q q q
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[��½Z»��µZj»�½YÂÀ�� Ä]� ,d�Y��¸£�* *L a b�½M� Ä�Â¼n»� �Ë��®Ë�Ä¯�|Ë�Ì´]� ��¿� �{� Y��n nL a b d�Y�� �Ê·Zu� �{��Ä¯L�½Z]��®Ë�

d�Y�¾f»��Y�¶¬f�»����
d�Y��¸£�ºÅ�k�Ã�Y�³���½Z]��ºÅ�LZÀjf�Y�ZÆÀeL  {�Y|¿�Ê�v»�Ä�Â¼n»��Ë��pÌÅ�Ä¯�d�Y����

êìº �ÄÀË�³�d�Y�d��{���� �
Ê»�¶¼���Ë��c�Â��Ä]��Z¯�¾ËY�ÉY�]�ºÌÀ¯���

��



�ƶŤƃŹźţƺǀĜƯŚƧ�ƾſŶƴƸƯ��
ŽŹŵ��ƥźŤƄƯ�ƾƈƈŴţ�ŽƹŹŵ� �ƶŰƠƇ�������

��

{Â]�|ÅYÂy��Ë��c�Â��Ä]�µYÂ��c�Â��¾Ì�Z»�µ{Z »�Ê �«�¾Ì�Z»��a���

��
êíº �ÄÀË�³�d�Y�d��{���� �

�ÉY�Y{�ºf�Ì��½Âq8�{|���a�d�Y�dÌ]�AÄ]���c�Â�A  00101110Ê»�Ã�Ìy}��{Â����
� �       A     8

2 2 00101110 100000000 00101110 11010010��
êîº �ÄÀË�³��d�Y�d��{���� �

Ê»�¶¼���Ë��c�Â��Ä]�Z�y��Â«Á�Ê���]�ÉY�]�ºÌÀ¯���

� �
 

 

 
   

c c b c b b b d XOR , , ,

d XOR , , ,

d XOR , , ,

D d d d

 

  

 

   

1 2 3 4 5 6 7 1

2

4
4 2 1 22

1 3 5 7 1
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1 1

1

0 1 5 7 2 3 4 6
0 1 5 7
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 F x , y, z :1��

� �       F x , y , z , w M , , , , F x , y , z , w M , , , , , , , , , ,    2 20 2 4 11 14 1 3 5 6 7 8 9 10 12 13 15��
� � F m , , , , 2 0 2 4 11 14��
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PUSH D TOS D

PUSH E TOS E

MUL TOS D E*
PUSH F TOS F

SUB TOS D E F*
PUSH C TOS C

MUL TOS C D E F* *
PUSH A TOS A

ADD TOS A C D E F* *
PUSH B TOS B

SUB TOS A B C D E F* *
PUSH H TOS H

PUSH K TOS K

MUL TOS H K*
PUSH G TOS G

ADD TOS G H K*
DIV TOS A B C D E F* *
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ææìº �ÄÀË�³�d�Y�d��{���� �
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�dÌ �«�¹|��{ÂmÁ�¹Z´ÀÅ��{�¶u�ÃY��¾Ë�fÆ]�½{�¯(Uncertainty)��¦ËZ�Á��´Ë{� �Y�ºÌ¼�e�¶»Z�Ê»�É�Ì³�|�Z]� ���Y�¦ËZ�Á�¾ËY� Á{��Å
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�Å��Y��Á��d·Zu�Ä]�ZÆÀe�ÃYÂz·{�d·Zu��Ê»�ÊËZÅ�|�Z]�ÃÁ�³�ºÅ�½M�Z]�Ä¯�d§ZË�d�{�½YÂe���
�Ä·Z�»��{n � puzzle�ÉY�Y{�n  1�ºÌf�Å�Ä¿Zy��Ê·Zy�Ä¿Zy�[Z�fuY�Z]��d·Zu�¶¯�{Y| e�¾ËY�]ZÀ]�Ä¿Zy�¾ËY�Ä¼Å�d�´ËZm�Z]��]Y�]�ZÅ��ZË�ZÅ
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�Ä¯�d�Y�¶»Z¯�Êf·Zu��{�ZÆÀe��Á��¾ËY�,{�Y{��Y�«d Ld�Ì¿�¶»Z¯��Á��¾ËY�]ZÀ]�,|�Z]����
ºÅ��|À¿Z¼Å��Á��¾ËY�¾ÌÀqDFSÊ»�¶¼����|À¿Z¼Å�d��{�Á�|À¯DFSÊ¼¿�ÄÀÌÆ]�,��Z]|���

BFSÊ»�Y��Ê]YÂm�Ã�YÂ¼Å��¹Z³�{Y| e�Z]�Ä¯�|]ZË�º¯�ÉZÅ�Ê»�É�e��,d�Ì¿�ÄÀÌÆ]��Ì�»�0Z»Y�·Y��Ì�»�¾ËY�Ê·Á�ºÌ��]�½M�Ä]�ºÌ¿YÂeBFS��{�ZÆÀe�
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