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P������������� F� ����! EXAM "�#%$'&)(+* #-,.#0/�13254.687�4.9

P�����;:.<>=+��?A@B?ACD� �E� ?A����! LOGIC

*D,GF'H37�IJI K5L;M�4.NPO+4.95LQ9RIS7T/S95UVI K5L;7�LQ9RISL�9BIQH
/Q1+4.O+L�68/�IW4G6	7AH 9PI KELYXS4B131Z4.[\H 9+]^7�LQ9RISLS95M�L�,`_aK+H3MQK\4GX
I K5L;7�LS9RISL�9BIQH
/Q1�4GO+LS68/�Ib4D6	7TH
7�I 6WcBI K -X cd95M�I�H
4.95/Q1fe

gih H IfKEL�6>j.4.95/�I KE/Q9 h UD[0/�68U)7+k5LQ1fH3L	2+LDU;I KE/�I�"E68H 95MDL�IS4G9lH37�kEL�I ISL�6�I K5/�9m#-/�6i2E/�68U)nd4D6>#-/�6o25/�68U
U�H
U.9qp Ir4GX�XSL�6sK+H Nt/�u�4.k5,3v

&),�wT4.NPO)c)ISLqI KELsI 6WcBI KP25/Q1
c�L;4GX�I KELqXS4B131Z4.[\H 9+]x7ZIS/�ISL�NlL�9BIS7�nd])Hy2+LQ9PI KE/�I�z{/�95UV|}/�68L;L�/�MSKPI 6Wc+L
/�95UV~�/S95UV��/�6	L;L�/�MQK^XS/	1f7	L�,

/��>��z{���J�-� → ��~�2m�E|%�

k5�J�r��z�2P�J|m� ↔ ���E~ → �0�
� ,Gz;68LrI K5L�XS4B131Z4.[\H 95]VI 6Wc+L�4.6�XS/Q1f7	LGe

/��J$WX�I [x4�7 IS/bISL�N\LQ9BI+XS4.6iN\7T/�6	L;M�4.957	H37�ISL�9BISnDI K5L�9mI K5LQ�PN^c+7�I�k54.I KPkELqI�6Wc+L;/bIr4.95M�L�4G9\LS25L�6i�
684.[�4.X+I KELGH 6�uS4EH 9RI�I�6WcBI K%IS/Sk)1oLD,

k5�J�r��"����%�>/�9EU^���E"�2P�r���>/�68LA1Z4�]dH
M�/Q1�1��0L��Dc�H 2+/Q1fLQ9RIA7�IS/bISL�N\LQ9RI�XS4.6iN\7�,

M��J$WXA/;7o�E7�ISLQN�4GX�O)684.O54d7�H IQH
4.95/Q1J1Z4�]dH3M%H�7 complete nGI KEL�9\/Q9)�\/�6	]Dc�N\LQ9BI+XS4.6iN�I K5/�IAM�/S9Pk5L
O)684.25L�UV[0H I KPI KELq6Wc�1 L�7T4BX�I K5/SIq7Z��7�ISLQN�H�7�2E/	1WH3U),0� gb� /Q1fH3U)vYKEL�68L�H
7T7Zc)O)O+4�7�L�UVIb40M�4.6f68LD7�O+4.95U
Ib4'I K5L;U)LQXQH 9�H I�H
4G9lH 9PISL�6iN\7q4GX�I 6WcBI KPIS/�k)1ZLD7�,3�

� 68/S957o1f/�ISL;7�LS9RISL�9EM�LD7T���+� – �W�)�>H 9RIS4�O�6Q4.O54d7�H I�H
4.95/Q1d1Z4�]dH3M�,

�+,�w�K+H 95/�p�7T/Sk5/Q95U)4.9+H 9+]xMD4BN^Nxcd9+H37oN�H�7q/Y9EL�MGL�7�7	/�6i�\MD4G9EU�H I�H
4.9^XS4G6 � H k5L�IDp 7�68L�])/GH 9+H 9+]
freedom.

¡ ,G$WXAM�4dM�/�H 9EL%H37�1fL�])/Q1bH3¢�L�U)n.I K5L�9lH IS7+c+7�L�Nl/	��Hy9+MS68L�/G7�L�kRc)IAM�68H NlH 9+/Q1�/�MSIQH 2+H I��%[�H£1�1�U)L�MQ1bH 9+L�,

�),G#�c)N\/Q9^1oH¤XQLq[�H£1�1d954.IEO+L�6	H�7oKmc)9)1oLG7�7TLGH I�K5L�6>[0LqO+4�H�7	4G904Gc)6	7�LQ1325L�7�[�H IfKmO+4G1313c)IQH�4G9\4.6�/q1 /�68])L
/�7�ISL�6�4dH
U^M�4B131bH3U)L�7�[�H IfK�L�/�6WI KE,

¥ ,G¦07�LrI K5LqX cd1�1dI 6WcRI KPIS/Sk)1ZLYN�L�I K54dUVIb4^U)LbISL�6WNlH 9+Lq[PK5LQI K5LS6�I K5LqXS4�1�1 4G[\H 9+]^/�68]DcdNlLQ9RI�XS4G6oNtH37
25/Q1bH3U^4G6'H 9)2+/	1fH3U),0§�KE4G[¨�J4.c)6>[04D6W©+,

��"ª�«�r��� → ¬%n.�E" ↔ �®­�¬¯2P�E"
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° ,G_¯K5/�ITH
7�[�684.95]V[\H I KPI KELqXS4B131Z4.[\H 9+] g O)684d4GXSvGe hs± O)1f/GH 9²H 9lU etail.

{ 1} 1. "l2\� A
{ 2} &),;" A
{ 3}

� ,�� A³ &)n �+´ �5,."µ��� &)n � �V$³ &)n �+´ ¡ ,." �²� h
{ 1} �),G" *Dn�&)n3&Bn � n ¡ 2 h

¶ ,�wT4.957ZI 6Wc+MbIq/qOB6Q4)4.XA4GX�I KELYXS4B131Z4.[\H 9E]x/S68]Dc�NlLQ9RIS,V¦x7�L;4G9)13�PO)6�H N·H I�H 2+Lq6Wcd1ZL�7�,

��¸µ���>¹%� → ���r¹}�«#-��n.¸ → �E# ­�¸ → ¹

P����� II: Qº������E� »B�f�d� LOGIC

� 68/S957o1f/�ISL;7�LS9RISL�9EM�LD7T�8*D()� – �8*D&)�>H 9RIS4��Dc+/�9RISH X�H�LS6A1Z4d]dH�MD,�¦07�LsI KEL;U)H3M�ISH
4.9+/�6i�%O)684.2+H
U)L�U`k5LQ1Z4.[-,

/;¼^z;9EUD68L�[ F ±
≡

± H37T/�1ZL�I ISLS6
7T¼l§�/Q1313� z ± � ≡

± H
7T/DU)UD68L�7	7�LDU;IW4��
uY¼½j�cd1fH�/ $ ± ≡

± H37T/Q9lHy9)2+H IS/�IQH�4G9
¹ ± �E¢ ≡

± ]dH 25LG7��%IS4^¢ _ ± � ≡
± H
7�[�6DH I ISL�9Pk)�^�

*D(),Gz;9EUD68L�[�]dH 2+L�7T/�I�1ZLD/�7ZIEI [x4VI K5H 9E]�7�IW40§�/�131���,

*)*D,G¾x4`1ZL�I�ISLS6>[%68H I�ISL�9Pk)�mj�cd1bH3/%H37T/S9lHy9)2�H IS/�ISH�4G9E,

*D&),�§E4.N\L�H 9)2+H IS/�I�H
4G9E7T/�68Lq9E4GIA/�U)UD6	L�7�7�L�U�IW407i4GN�L�4G9+LG,

* � , � 68/S957o1f/�ISLsI KELYXS4�1�1 4G[\H 9E]x�Dc+/Q9BIQH X�H3L�6A1 4�]dH3M;7�LQ9RISL�9EMGL%H 9RIW4 h 9E]G1fH37oK5,

(∃x)(∃y)[ �r� ± ¼����>���W¢��W�W�o¢;¼ ± �J2\�W¢;¼m���W�W¿

*S�+,�§BIS/bISL�I K5Lq68LD7�I 68H
MSIQH
4.957+I K5/�IA/�O)O)13�PIS4'I K5Lq6Wc)1ZL E-Elimination ,

* ¡ ,�§BIS/bISL�I K5Lq6Wcd1ZL;¼�$W9BI 684�UDc+MbISH
4.95,

*D�),�wT4.957ZI 6Wc+MbIq/qOB6Q4)4.XA4GX�I KELYXS4B131Z4.[\H 9E]x/S68]Dc�NlLQ9RIS,

­B�r� ∃± ��¸ ±
→ À�� ± �W�W¹ ±

→ ¸ ± � → � ± ���r¹ ± ¿
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* ¥ ,�wT4.NPOd1fL�ISLqI K5LqXS4B131Z4.[\H 9+]^U)LQXQH 9�H IQH�4B957�,

/��Jz{�Dc+/�9RI�H XQH3L�6s1Z4d]�H3M;7�LQ9BISL�95M�L�H37 consistent HyXA/Q95U^4.9)1��\H¤XA,�,3,

k5� � [-4^�Dc+/�9BISHyX	H�LS6A1Z4d]dH
M;7�LQ9RISLS95MGL�7T/S68LVÁ�ÂDÃ+Ä�Å�Æ)Á�Á¤ÇxÈ�É)Ê)Ä�Ë�Æ)Á�È�Ì)Í5H X�/Q9EUx4.9)13�lHyXT,3,�,

* ° ,G"E6�4.2+H
U�L�H 9RISL�6oO)68LiIS/bISH
4.9+7�[�K+H�MQK�7oK54.[}I K5/SI�I KELYXS4B131Z4.[\H 9+]^/�68]DcdN\LQ9RI�XS4.6SN�7T/�68L�H 9)25/Q1bH3U),

/��>� ± ��¸ ±
→ � ± �W¹ ± ­�� ± �W��¸ ±

→ ¹ ± �

k5�>� ± �W��j ± → � ∃���ÏÎ ± �J�Ð­�� ∃�J�o� ± �W��j ± → Î ± ���


