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Problem 2 Problem 1
(polynomial-time function)
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polynomial time

  X YES/NO

X)�hÜ�¤��Z� c d ­ � <��=� �¨Ü¨�S�~Õ
Õ��t¡¢�º¥=ª��¢£g£¨��£~�C�Z�'§¢¤�¦×¡ c Ã��¨�"£t«��bÎ[­

�8����� ������� �	���¿�U� G)�=�_�s���

ö�£
���[²�����© ���)�� "( >C����%b���)�g*'* ÖY°´�8²��S§Í¡s�Y�U²����x°.���~¡.© ���
	¿�Y!t� �º§UÖ��¨����¡¢���'�_���[²�����© ���)�� "( >C����%b���)�g*'* ­

µ ��¶C�)#³%'#W "�·��¸5¹º	 cÞe¨QSR[^ºmk^�o~n�pjX¢o¨lUfhQU»F¼Þ^ºms© ���
	¿�Y!t� ^ ¾�`tnje�otn"fÁÀ�^ ¾
�5¼��5÷_© � ç¢¼�� S T ¼�Ô

µ ��¶C�)#³%'#W "�·��¸5¹y¸ c e¨QSRU^ºmk^�otndp
XZo¨lUfhQ[»Þ¼ ^ºm=© ���C�� 
( >C����%'� zOÃ�¼Ý÷ü© ��� ÎSz´^ ¾�`tnje_otn�f×À�^ ¾�¼ ^ºm�^yn_© � `tnjeG¼
^ºmx^yn�© ����	¿�Y!t� Ô

©  "%'�
ô�H �¬¼ ÷¿© ��� �~�"�d¼ ÷ � ÖY¡Z���U� � Ò © � ­Nðg�'��� ;H.�������ÖYª��~Ü���� ����� �³£¨�.ª��Z£g£~�Í­

NP

P NP-

 Hard

NP-Hard
and
NPC

X)� Ü¨¤��Z� ced ­ � <��s�U¦º�t¡¢� £¨�"§¯��� ª�§.�¨ÕG£���Ü�§¯¡ � ç¢© � çZ© ��� �~���_© ����	¿�Y!t� ­



ced Ú�� �������	��
���
�������������������
��� "!$#�#%#

ö�£
§¢��£t°�¡¢���~¡���ª��¢£���¦h�'Õ½¼ �º§.�h�_© ��� °´�8¤�§¢�8¡¢���8�³£�¦h¦ £t°.�h��Ü�¡Z�'¥S�����=<�¤�� <

c ­�ðg��£t°Ç¡Z���t¡�¼ ÷_© � ­
� ­+X�� ���_§¢£¨Õ
�x¼��8�¨¦h�Z�'���YØ�òg��£t°.��¡Z£
�"�x� �¿© ��� ­NðY��£t°Ç¡Z���t¡�¼���SHTK¼�­

ð�¡Z�Uª � �~�
£t«¨���º§G�¢�b�¨§¢£¨���¨��¦h���
�'¥'�~¤�§¢��°´�2òg��£t°�¡Z���t¡
¼���S T ¼��¨ç �5¼��=÷�© � ­?ðY£®�~¦ ¦´°Ê�����U�b�?¡¢£�§¯��£t°F�º§�¡¢���~¡
¼���S T ¼�­

�8����� ÿ��d�����¿�[�����	� � 
��	
¿�U���Ñ� �U� ���Þ�

����������� �
	 �

öO����§Z�t¡Z� §¯�³Øg�h��Ü���§¢§¢�hÜ���Õ
�U��¡Oª��¢£���¦ �UÕ_Ö�ð @ ö8Ö��º§s�¨§´�³£�¦h¦ £t°s§=<

�[�#>�?�%¨ôA@ �
£�£�¦h�b�~���³£¨�ZÕ�¤�¦º���+ÃW�G�³£¨�ZÕ�¤�¦º��£¨�)�
£g£¨¦ �'�¨��«t�~�Z�º�~��¦ �'§´°.�h¡¢�_£¨ª
�U�S�t¡Z�h£���§�
´Ö��´Ö��¬Î[­
FG?)�g*U%b#� 
�Nô5H §��Ù§Z�t¡Z� §¯²"�~��¦h�eO

�s�'�¢�x�¨�¢�K¡Í°´£G�U9��~Õ
ª�¦ �'§O£~�)�"£g£�¦h�b�~���³£¨�ZÕ�¤�¦º�¨§=<

� ��ÒøÃ³Ä6J���ÄPKbÎ���Ã�
)ÄOK'Î[ç�°.���º¥S�d� §s§Z�t¡Z� §¯²"�¨��¦h��­
� ��ÒÇÄWJ���ÄOK���Ã�
)Ä6J'Îkç�°.���º¥S�d� §.��£~¡'­

� &)�g �!t�g( ��¸5¹�� i�c S ÷d© ��� zÊlUÀ WÐo'o���� � ! "$#[Ô

öO���dª��Z£�£¨��£~��¡¢���¿�~�
£t«¨��¡¢���'£¨�Z�UÕ��º§G�"�'Ø¨£¨�"�û¡¢���d§Z¥[£�ª"�d£~�s¡Z���'§¢�_��£~¡Z�'§'­ 0Ð¦ �'��§¯���¢�U�³�U� � ;H.�������Ö¬ª��~Ü�� �%� c � �³£��
�Y�U¡Z�~� ¦º§U­

��������� � &#$%�'	 �

� ÚÍð @ ö�� §s�GÕ
£¨�Z�x§¯ª
�'¥U�×²
¥��³£��¢Õ £~�¬ð @ ö8­

�[�#>�?�%¨ôA@ �
£�£�¦h�b�~���³£¨�ZÕ�¤�¦º���_¡Z���t¡s�º§.� �d¥U£¨�)(Í¤��"¥k¡¢� «¨�x��£¨�ZÕ
�¨¦j�³£¨�ZÕ Ã�;%`LX¬ÎkÖ�°.�h¡¢� � ¦ �×¡Z�U�S�~¦º§Oª"�'�s¥[¦º�~¤�§¢�¨­
FG?)�g*U%b#� 
�Nô5H §��Ù§Z�t¡Z� §¯²"�~��¦h�eO

� ���~¡s�×¡sÕ
�'�¨��§´�³£¨�s���³£��¢Õ�¤�¦ ���¿¡¢£��
�x�h� � Ú�;%`MX%<

� �_¡Z�¨ò¨�b§N¡Z���8�³£¨�ZÕ½Ä6J���ÄOK���Ä+*,�Ùë'ëUë���Ä�-jÖ�°.���'�¢�
� �'�¨¥S��Ä�.)¡Z�~ò��'§´¡Z���8�³£¨�ZÕ Ã0/1. J �2/1. K �3/1. * ÎkÖ�°.���U�Z�
� �'�¨¥S�3/1.54x�º§s�G¦h�h¡¢�'�Z�¨¦WÖ��¨���
� �'�¨¥S�3/ .54 ¥U�¨���
�6/ .74 £��8
�/ .54 ­

������#W( ��¸5¹�9;: VÌiYc S ^ºmx^yn�© ��� Ô S aY^ºm�RS`tn�lSQOp
X¢o~}$QSedl[À
m¢a�o~ì¬^yn�udT³a�`~TÐiYc S S T : VÌi�c S Ô



�������	��
���
�������������������
��� !$#�#%# ced Ú �

����������& & &��������
µ ��¶C�)#³%'#W "�·��¸5¹W�g/ cFRUfÁ^
	UV�QGo¯¾Kmk^hæ'QAD�^yn?`�u¨X¢`Zp�a B�^ºm�`�RSo~»spjfhQ[TÛQUfÁÀ�RSotn"n
QSR[TÛQSe
mkV�lÌu~XZ`Zp�aüoÍ¾EB�ì¬^yT³a Dû}$QUXkTW^�RSQ[mUÔ

Clique of size 4 Clique of size 3

X)� Ü¨¤��Z� ced ­ � <�ï�9��~Õ
ª�¦ �=£¨�C¥U¦h�=<�¤��'§'­

öO���	;H. H���
 ïrª��Z£¨��¦ �UÕÞ�º§.�¨§´�³£�¦h¦ £t°s§=<

�[�#>�?�%¨ôA@ Ü¨�S�~ª��CBß�~���d�~�_� ��¡¢�UÜ��U�EDj­
FG?)�g*U%b#� 
�Nô ��£g�b§+BÝ¥U£¨��¡Z�¨�h�_�
¥[¦ �8<�¤��x£¨�)§¢�JI'�GLND1O

� &)�g �!t�g( ��¸5¹W�"� WCfÁ^
	[V�Q�^ºmx^yn�© ��� Ô

�8!t � ZY¢ô�@ ª�ª��¢£��¨¥S�[<

� 0Ð�Z£t«¨�	;H. H���
 ï �º§�� �®© � ­K�®�G�Y£2¡Z���º§=�gØ¿¥[�Z�'�~¡¢� ��Ü��¨�ü�~¦ Ü¨£��¢�h¡¢��Õ�Â�Ã�ÄÙç¢äGÎ.¡Z���t¡K�h��¡Z�U�Zª��¢�U¡Z§Kä½��§��2«t�¨¦h�º�
§¯�U¡s£~�C«¨�U�¢¡¢�º¥[�b§.£~�)¡¢����Ü¨�S�~ª�� B
Ö�«��U�Z�×²"�'§´¡¢�"�t¡=�¨¦h¦�£¨��¡Z�����Z��<�¤�� �¢�b���b�YÜ¨�b§s�~�Z�8�h�"�Y�U�b�_�h�KB
Ö"�¨���_«¨�'�¢�h²��b§´¡¢���~¡
è ä�è L-Dj­

� 0Ð�Z£t«¨�´¡¢���~¡ � ÚÛð @ ö'S T ;H. H���
 ïs­�öO�����º�Y�'�x���U�Z���º§¬¡¢£�¡Z�¨ò¨����§Ð� ��ª�¤Y¡.�~�gØ � Ú�;%`MXü�³£¨�ZÕ�¤�¦º����ÖY�~���G¡Z�Z�¨��§Í�³£��¢Õ
�×¡8�h��ª
£¨¦ Ø���£¨Õ
� �¨¦)¡¢� ÕG��Ö�� ��¡Z£CB��"ç D��¿§¢¤�¥S�ü¡¢���~¡ B��d�"�¨§8��¥U¦h�=<�¤��G£~�´§¢�]IU�GD��_�h�´�¨���Ù£���¦ Ø¿�×�'�?� §8§Z�t¡Z� §¯²"�~��¦h��­
�®��¥U£¨��§¯¡¢�Z¤�¥k¡EB��"ç D���ÒøÃ�� T���� ç����gÎkç D��2��§´�³£¨¦ ¦h£t°s§=<

� D����º§s�Y�[¡Z�U�ZÕ
�h���b���gØ�¡¢���x�g¤�Õ��"�'�.£~�¬¥[¦º�~¤�§¢�'§´� � ��­
� � � Ò�� .54 ¥[£��¢�Z�'§¢ª"£�����¡Z£�¦h�h¡¢�'�Z�¨¦ §'/ .74 �h� ��­
� � � Ò������ .74 ç �"! ê$# < ��%Ò � �3/ .74 %Ò 
�/�! ê�& ­

öO���º§.ª��Z£g£~���º§.¥[£���¡¢� ��¤��'���h�d¡¢���x��� 9g¡s¦ �'¥k¡Z¤��Z�¨­

A �E�~��
¬���FE.�s�

;H.
�����('*),+�-/.10�2�3¬Ö1+4)/562�7�892�.:89-/3CÖ��¨���<;=)/;>7@?/2A8CB�Ö H ��¡¢�Z£g��¤�¥k¡Z�h£���¡Z£ @ ¦ Ü¨£¨�Z�h¡¢��Õ�§'Ö18 H ö 0N�¢�b§¢§'Ö c � ����­


