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TVUXWZY%[�$�&�\�[�&�]2^L"%_;"%$���`a"cbed#f�]g!#]J]ghi"%_jd#_;[( lk�Y%m
$�k�no"p[�Y<qr[�$�st[
Yp[�$�&�\�[�&�]Xuwv:`Z_x\�yzf�dxf�[�d

^Q{}|�~w���
��_g� d���� �g�
��qi�x� ~�� �E[�$�s���~2�j�j��v:u��

O�� f�[�d�"p_Ad#f�"%_9dxf�]�k�!#]gn�_x[Sm
"%$�&+����f�]8_jdx!#"c$�&@�<"p_9yg[�YcY%]�sr[:�x �!#k+k��x�;k�!�[:�#yD]�!jd#"����
y�[�d#]��rd#f�[�dX~�v�^8�XW� lk�Y%m
$�k�no"p[�Yc��d#"cno]�s�]�yD"psi]�!���k�!;u�"p_�y�[�Y%Yc]�st[Q�x �]g!#"c��]g!z�
k�!:�xyzf�]�yz¡�]g!z���;��f�]Gdxf�]�k�!#]gn¢_#[Sm
_�dxf�[�d@��`£"p_�d#f�]oyDYp[�_#_�k��¤Yp[�$�&�\�[�&�]�_�^L��k�!
¥ f�"%yzf�[G �!#k+k��¦k��6no]gn�§�]�!#_xf�"% �y�[�$�§�]@]g¨(yD"%]g$+dxY%m© �]g!#"���]�sª�

O�« $�dxf�"%_8_x]Ddxdx"%$�&�¬
d#f�]@­+\�]�_jdx"%k�$®�j"p_�`�]�­�\�[�Yldxkr��`2���G"%_E[�_j¡
"%$�&�¯6"%_�"cdE]�[�_j"%]g!�dxk
 �]g!#"���m�[� �!xk
k��¦dxf�[�$�dxko��$�s�k�$�]��

OQ° !xk
k��¦k��¦dxf�]�k�!#]gn:¯

± �³²´�;�
\� � lk�_x]�^µv���`o����f�]�$tdxf�]g!#]J]Dhi"p_¶dz_�[�$�·��E¸>¹�º�[�$�s�[( lk�Y%m��
$�k�nG"p[�Y�q�_j\�yzf�dxf�[�dG^���¹�ºª��{»^�[�$�s�¼¾½¿��À��©�aqi��À��2��k�!�[�YcY�ÀA����f�]
"psi]�[o"p_�dxf�[�dE��k�!E~�v:^�¬
dxf�]�yD]g!xdx"c��y�[�dx] ¥ "%YcY¦§�]2[r_x]�­+\�]�$�yD]@ygk�!#!x]�_j lk�$�si�
"%$�&:dxk�d#f�]($�k�$i�Ási]Dd#]g!#nG"%$�"p_¶d#"%y©yzf�k�"pyD]�_Xno[�si](§
m�¹�º´[�Yck�$�&�[�$Q[�ygyD]� idj�
"%$�&�yDk�no �\�d#[�d#"ck�$¾�G�i\� � lk�_x]r¹Qº�{»�³Âo�zÃ��#Ä9�#qDÅ��#q�ÆDÇÁÇÁÈ�ÉDÊ4�#qgËzÈ�Ì#È¶Ç³Ê4�xÍ��D¬�[�$�s
Y%]Dd�ÎÏ{Nnr[�hl|
� Íi��q
�#Ði�g�2��qLv£Âo�#ÐwvaÄA��§l]td#f�]�Yp[�!#&�]�_¶d�$+\�nJ§l]g!©k��
$�k�$i�Ñs�]Ddx]�!xno"%$�"p_¶d#"%yGyzf�k�"pyD]�_X[S S[�"cYp[�§�Yc]G[�d2[�$
m�_¶d#]g ¾�oÒ�]D��$�]ru�d#k�§l]Gdxf�]
Yp[�$�&�\�[�&�];si]�yD"psi]�s�§
mrd#f�]X��k�Y%Yck ¥ "%$�&o�E¸N¹�Ó9{��jk�$�"%$� �\idJ��~2�j�j�D�c�%�
Ô ���¤f�]�yz¡rdxf�[�d8�A{ÖÕg×�Ø�ÕDÙ�ØÛÚgÚgÚzØ�ÕgÜzÝ�Þ ßAÞ àz¬ ¥ f�]g!#]@ÕDá<v�| Ô �gâ�âgâD�#Îr�+�
'i�8�
"%nJ\�Yp[�d#]�¹ º k�$L"%$� �\�d�~2� � f�]g$�]� �]g!�¹ º n�\�_¶d:nr[�¡�]¿[´$�k�$i�
si]gdx]g!#no"c$�"%_jdx"py©yzf�k�"%yg]�¬<\�_x](d#f�]©$�]gh
doÕ4á�"c$ãdxf�]�_j]�­�\�]g$�yg]rdxkesi]�yg"%si]
§l]Dd ¥ ]g]g$�d#f�]r�´Î� lk�_#_j"%§�Y%]@yzf�k�"pyD]�_g�

��� « �9¹ º [�ygyD]� id#_�d#f�]g$�[�ygyD]� id�ä�]gYp_j]X!#]¶å¶]�yDd
��f�]2!#\�$�$�"c$�&od#"cno]2k���¹�Óã"p_8 lk�Y%m
$�k�no"p[�Y¾"%$ã� ~��æ¯�"cd�"%_�]�_#_j]�$+dx"p[�Y%Ycm�]�­+\�[�Y
dxkrqi�#� ~�� �4¬ ¥ "�d#f�_xk�no]@_xno[�YcY¾[�s�si"cdx"%k�$�[�Yçk� �]g!#f�]�[�sod#koy�[�!#!xmrk�\id�dxf�]@_x"cnG�
\�Yp[�d#"ck�$¾� « �X~èv�^�dxf�]�$Vdxf�]g!#]t]Dhi"p_¶dz_([�$Û[�ygyD]� idx"%$�&Qygk�no �\idz[�dx"%k�$Vk��
¹�º®k�$�"%$� �\�dG~2���¤k�!#!x]�_j lk�$�s�"c$�&:d#ktd#f�"%_GyDk�no �\id#[�dx"%k�$�"p_J[¿_j]�­�\�]g$�yg]
Õ × �#Õ Ù �gâgâ�âD�#Õgé ¥ "�d#f®êÛ�ëqi�x� ~�� �4¬ ¥ f�]g!#](dxf�]:Õ ájì _oygk�!#!x]�_j lk�$�s¿d#k�d#f�]�_x]D�
­+\�]g$�yD]rk��E$�k�$i�Ási]Dd#]g!#nG"%$�"p_¶d#"%yryzf�k�"pyD]�_Xnr[�si]r§
me¹�º´"c$�d#f�[�dGyDk�no �\�d#[��
dx"%k�$�� « $:d#f�"p_�y�[�_x]J¹ Ó [�ygyg]g idz_J��~J�#Õ × Ø�Õ Ù ØÛÚgÚgÚ4ØGÕDÜzÝ�Þ ßAÞ àÁ�D¬���k�!�[�$
m�[�!#§�"��
dx!z[�!#m©ÕDé4í × ��âgâgâg�#ÕDÜ4Ý�Þ ßAÞ àz�
î�$;dxf�]�k�dxf�]g!�f�[�$�sª¬�"c�+d#f�]g!#]9]gh
"p_jd#_¾[��çk��iY%]g$�&�dxf@[�d¦nGk+_¶d�qi�#� ~G� ��_j\�yzfXd#f�[�d
¹�Ó�[�ygyD]� id#_X��~2�j�j�D¬idxf�]�$:¹QÓQsi"p_xygk� �]g!#]�sr[�$�[�ygyD]� idx"%$�&oyDk�nG �\id#[�dx"%k�$©k��
¹ º k�$�"%$� �\�d�~2¬<"%nG �Ycm
"%$�&�~ïvV^����
kt~ïvV^}"cb´d#f�]g!#](]gh
"p_jd#_J[t�;k��
Y%]g$�&�dxf�[�dEnok�_jd8qi�x� ~�� ��_j\�yzf©d#f�[�dJ��~2�j�j��v:uG�

± �³ð´�@�
\� � �k+_j]od#f�[�d@��k�!2_jk�nG]rYp[�$�&�\�[�&�]o^8¬ªd#f�]g!#]r]Dhi"p_¶dJ[� lk�Y%m+$�k�no"%[�Y9q
[�$�s�[oYp[�$�&�\�[�&�]�u�v:`�_x\�yzf©d#f�[�d

^ã{µ|�~����
�;ñ�òæóAò�� �g���´qi�x� ~�� �Xô�õ¾öÖ��~2�x�j��v�u2�
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± �
"%$�yD]@u}v�`wdxf�]�!x];"%_E[G�¦\�!x"%$�&Gnr[�yzf�"%$�]@¹ Ó [�$�s©[� �k�Ycm
$�k�nG"p[�Y��:_j\�yzfdxf�[�d�^���¹ Ó �¤{Öu�[�$�s�¼¾½��A��À��E���¦��À��4� � ]2n�\�_jd�_jf�k ¥ dxf�[�d�^Vvt��`o�
� ]�!x]X"p_8[�$:·��E¸ d#f�[�d�si]�yD"psi]�_E^�¯�¹ º {��xk�$�"c$� �\id�~2�%�c�
Ô ���;\�]�_x_8[o_jdx!#"c$�&G�¤k��<Yc]�$�&�d#f��´qi�x� ~�� �
'i�	�E\�$t¹�Óãk�$�"c$� �\id���~2�j�j�
���EW�y�yD]� id8"�b�¹ Ó [�ygyD]� id#_
� f�[�d6"p_¾d#f�]�!#\�$�$�"c$�&�dx"%no]¤k���¹�º¾� « ��À�{�� ~���"p_�dxf�]¤"c$� �\id<_x"�
g]�¬Sd#f�]g$Jdxf�]
��!z_¶d�_¶d#]g rdz[�¡�]�_<dx"%no]�!#k�\�&�f�Y%m
�o��qi��À��j�D¬�[�$�sGd#f�]�_x]�ygk�$�sr_jdx]� od#[�¡�]�_9dx"%nG]
!#k�\�&�f�Ycm��¦��À��ãqi��À��j��� d#f�]g!#]J"p_�_xk�no]J_xnr[�Y%Y�k� �]�!xf�]�[�s�d#f�[�d;"%_�$�k�d;§�]�"c$�&
yDk�$�_x"%si]�!x]�sof�]g!#]��D�9�
"c$�yD]���[�$�s(q@[�!x]� �k�Ycm
$�k�nG"p[�Yp_�¬�_xk2"%_��¦��À���qi��À��x�4¬i_xk
¹�º�!x\�$�_�"c$: lk�Y%m+$�k�no"%[�Yçdx"%no]��
« �E~¢v®^µd#f�]g$�d#f�]g!#](]gh
"p_jd#_2[�_jdx!#"c$�&���k���Y%]g$�&�dxfQ[�d2nok�_jdJqi�x� ~�� �J_j\�yzf
dxf�[�d:¹ Ó [�ygyD]� id#_¿��~2�x�j�4�Z�ik�dxf�]�!x]�"%_�[�$Û[�y�yD]� idx"%$�&ãygk�no �\idz[�dx"%k�$Vk��
¹�ºÖk�$�"%$� �\id©~J¯tdxf�]tyDk�no �\�d#[�d#"ck�$V"c$ ¥ f�"pyzf�"�d�yDk�!#!#]�y4d#Ycmã&�\�]�_x_x]�_o�4�
î�$edxf�]rk�dxf�]�!@f�[�$�sª¬¦"c��~��v®^Ödxf�]�$ã¹ Ó ¥ "%YcY�!x]jå¶]�y4d2]� �]�!xmQ��~2�j�j� ¥ "�d#f
� �g�
�®qi�#� ~G� �D¬�_jkJdxf�]�!x];"p_¤$�kG[�ygyD]� idx"%$�&GyDk�no �\�d#[�d#"ck�$©k��6¹�º�k�$("c$� �\idE~2�
��f
\�_E^��³¹�ºª��{V^��

M���KNM /2-�� =EF���KNM

O���� ��
+�! #"i�%$��'&¤U�`Z"p_8yDY%k�_x]�s©\�$�si]�!�yDk�nG �Yc]�nG]�$+d��
OQ° !xk
k��¶¯��
\� � lk�_x]2^Vv�`o�¤��f�]�$�dxf�]�!x]@]gh
"p_jd#_8[o lk�Y%m
$�k�no"p[�Yc��d#"cno]2�E¸N¹ d#f�[�d
s�]�yD"psi]�_�^�� « �<¹)(l"%_¤d#f�]@��\�!#"%$�&�nr[�yzf�"c$�]�k�§�d#[�"%$�]�sr��!#k�në¹ §
m(_ ¥ "�dzyzf�"c$�&�"cd#_
[�ygyg]g id¤[�$�sr!#]¶å¶]�y4d¤_jd#[�dx]�_�¬�dxf�]�$©¹)(�si]�yD"psi]�_ ^�"%$( �k�Ycm
$�k�no"%[�Yidx"%no]�¬i_jk ^´v�`o�

O+* 
-,.&.$��/$��0&�U¿���21#��` {N| ^¢�A^»v}��`G�:"%_�dxf�]:ygY%[�_x_Gk���Y%[�$�&�\�[�&�]�_ ¥ f�k�_x]
ygk�no �Y%]gno]g$+dz_8[�!#]�"%$���`o�

O W�_o[¿ygk�!#k�Y%Y%[�!xm�dxk�yzf�[�!z[�yDdx]g!#"�
�[�d#"ck�$�k�����`ï[�$�s�d#f�]���[�y4dGdxf�[�d(`¢"p_GygYck+_j]�s
\�$�si]g!GyDk�nG �Yc]�nG]�$+d�¬ ¥ ]r&�]Dd�¯�[�Yp[�$�&�\�[�&�]r^}"%_J"c$Q���#1z��`»"�b´dxf�]�!x](]ghi"%_jd#_2[
 lk�Y%m
$�k�no"p[�Y¾qG[�$�s�[oYp[�$�&�\�[�&�]�uwv�`�_j\�yzf©d#f�[�d

^ã{µ|�~w�/3l�¤¯i"���� �g�
�´qi�#� ~G� ��d#f�]g$Q��~2�j�j�Ev�u��

« �6��`´"p_çd#f�]�yDYp[�_#_ªk��
Yp[�$�&�\�[�&�]�_ ¥ f�k�_x]@�jm�]�_x��"%$�_jd#[�$�yD]�_¾f�[S �]A]g¨ryg"c]�$+dxY%m�yzf�]�yz¡��
[�§�Y%]r �!xk
k���_g¬�dxf�]�$Q���21#��` "%_Xd#f�]©ygY%[�_x_Xk���Yp[�$�&�\�[�&�]�_ ¥ f�k+_j]��x$�k���"%$�_jd#[�$�yD]�_
f�[S �]X]D¨(yD]�$+dxY%m©yzf�]�yz¡�[�§�Yc]@ygk�\�$+dx]�!x]gh�[�no �Y%]�_��

OQPJR 

���S

TVU�`54´��`76©���#1z��`o�
OQ° !xk
k��¶¯

± ��`84L��`2�EÒ�]Ddx]�!xno"%$�"p_jn "p_8!#]�[�Y%Y%m�[(_x �]�yD"p[�Y6yg[�_x]@k��A$�k�$i�Ási]Dd#]g!#nG"%$�"p_jn:¯
[2si]gdx]�!xno"%$�"%_jdx"py8�¦\�!#"c$�&Jno[�yzf�"%$�]�yg[�$r§�]� +"%] ¥ ]�sr[�_�[X$�k�$i�Ási]Dd#]g!#nG"%$�"p_¶d#"%y
nr[�yzf�"%$�] ¥ f�k+_j];dx!z[�$�_j"cdx"%k�$�_E[�!x]X[�Y%Y�_x"c$�&�Y%]Ddxk�$�_x]Ddz_g�
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± ��`�4����21#��`@�2�
\� � �k+_j]©^�v�`o��W�_2`»"%_JyDY%k�_x]�se\�$�si]�!JyDk�no �Yc]�no]g$+d�¬
^Ö"%_;[�Yp_jk�"c$�`o�J�
"%$�yD]o` 4µ��`£"�dX��k�Y%Y%k ¥ _8d#f�[�d ^ v���`o� � "%$�[�YcY%m�¬ª§
m
si]g��$�"cdx"%k�$:k��8���21#��`o¬�"�� ^®v:��`wdxf�]�$�^�v����#1z��`o�

O ��f�]2[�$�_ ¥ ]�!#_¤d#k�d#f�]X��k�Y%Y%k ¥ "c$�&r­+\�]�_¶d#"ck�$�_E[�!#]�$�k�d8¡
$�k ¥ $¾¯
Ô � « _E`w{V��`2����f�]2[�$�_ ¥ ]�!�"%_8ygk�$�å¶]�y4d#\�!x]�s(d#ko§�]��x$�k����
'i� « _E��`}{Û���#1z��`2����f�]2[�$�_ ¥ ]g!�"p_E[�Yp_jkryDk�$�å¶]�yDdx\�!#]�s©dxkr§l]��j$�k����
��� « _E`w{V��`76����21#��`2����f�]Xygk�$�å¶]�y4d#\�!x]X"p_2��m�k�\�&�\�]�_x_x]�s�"cdz�4¯@�x$�k����
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�� R $ &��´� R 
��J���������������¾�

� "c&�\�!x] Ô ¯<��` �{L���21#��`o¬�� �{Û��` 6����21#��`

NP

P

co−NP

� � R 
+�! ¤�����%$ � $"� $��%$�

�

� "c&�\�!x]2'�¯<��` �{L���21#��`o¬��}{Û��` 6����21#��`

NP

P

co−NP

�
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� "c&�\�!#]X��¯9��` {L���21#��`o¬�` �{Û��`

NP=co−NP

P

� "%&�\�!#]���¯A`w{V��`}{Û���#1z��`

P=NP=co−NP

�


