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=7>@?�ACBEDGFH?�I�JLK-MONQPG?SRUT9VXW�Y[Z�\^]_N`ACRaFCbaJ
1 + 2 + 4 + 4 c NODdVfeHFCbhgjilkmkon9prqtsCuvuwsCxzyv{�|qtsC}�~rilu�����yv{Qk_s��l��sCu�p�~�qtsC}�~m�3�C{O��kon9p�{a�@����qtsC}�~��

� �
∀x, ∃y, father(y, x)�9�Es�u�p�~�qts�}�~��

father(f(x), x)�@���3�7�9�Es�u�pt~�qtsC}�~
� �

∃x, (person(x)∧(∀y, (person(y) → ∃z, (person(z)∧¬equal(y, z)∧((knows(y, x))∨
(knows(z, x)))))))gj}�pt{fp���qtsC}�~��

∃x∀y∃z, (person(x) ∧ (person(y) → (person(z) ∧ ¬equal(y, z) ∧
(knows(y, x) ∨ knows(z, x)))))�9�Es�u�p�~�qts�}�~��

person(x0)∧(person(y) → (person(f(y))∧¬equal(y, f(y))∧(knows(y, x0)∨
knows(f(y), x0)))))�@���3�

person(x0) ∧ (¬person(y) ∨ person(f(y)))
∧ (¬person(y) ∨ ¬equal(y, f(y)) ∨ person(f(y)))
∧ (¬person(y) ∨ knows(y, x0) ∨ person(f(y)))
∧ (¬person(y) ∨ ¬equal(y, f(y)))
∧ (¬person(y) ∨ knows(y, x0) ∨ ¬equal(y, f(y)))
∧ (¬person(y) ∨ person(f(y)) ∨ knows(f(y), x0))
∧ (¬person(y) ∨ ¬equal(y, f(y)) ∨ knows(f(y), x0))
∧ (¬person(y) ∨ knows(y, x0) ∨ knows(f(y), x0))

=7>@?�ACBEDGFH?h��J5��ACT9VXF�PdTle�DdNOV F�NO]1=�VX¡OPdDdF�¢£FH?SVfeH?SVXBE?SFCb�J
1 + 1 + 2 + 4 + 4 + 1 + 1 c NQDGVfeHFCb¤l}L�C{9��u���k_p1kvn`p-qtsCuvu�s�xzyv{�|���pt{Qk_p�{O¥¦pt�L�§��{O�¨�C{`��x�pt}<kvn`pª©�i`p���k«ydsC{9�3kvn`�Ck ��}�pª������p¦��¬¦ptu�s�x�­_y q1�C{Q®¦¯E�

� �
¤fn`pt}�p[y°�[��±`pt{S|�ilyv{�kvn`�Ck1¥¦�C{[²<®E�
∃x, (penguin(x) ∧ canfly(x))� ��³dq��C{Q®EsC{Op[x��H��pt��i�±�u��Ck´pr�C{O��konSy°�¨y°�[��x�sC}����E��®��3kon9p�{µkonSy°�j±`pt}¦��sC{�y°�¨u��Ck´pm��k�x�s�}��E�
∀y∀z, ((person(y)∧day(z)) → ((wakes ¶ up ¶ late(y)∧work ¶ day(z)) → late ¶ at ¶ work(y)))· �
¤fn`pt}�pr�C}Lp�|�sHs��
¬L�C���Ep�kG¸5¬¦��uvul±Ouw�C®Ep�}¦��kvn`�Ck<��}�p[{OsCk<k´�Cuvu��
∃x, (person(x) ∧ basketball ¶ player(x) ∧ ¬tall(x))
6 ∀x, ((person(x) ∧ basketball ¶ player(x)) → tall(x))¹ ��³tk�y°�¨{Op¦¥¦pt�L����}�®�k_sº¬Lp�~�s�kGyv»C�Ck´p¦�¼k´s���i`¥¦¥¦p¦pL���Ck��zs�uvu�p_|�p��
∀x, (person(x) → (succeed ¶ at ¶ College(x) → motivated(x)))

­ � ¯
•
�½�C{a®Es�i���pL��i`¥¦pªq¦}�s�~¾konSy°�r�¦k´�Ck´p�~�p�{`k1kon9��kªy qr®EsCia�C}�p¼{Os�kª~�s�kGyv»C�Ck´p¦���ª®Es�i�xzyvuvuqt�Cyvu¿�Ck��zs�uvu�p_|�p9À�gj}�sC»Cpm®EsCil}[�C{`��x�pt}��Á[p�}�p
x n9��k¨x�p
x��C{Qk�k´s¼±O}�s�»�p�y°��kvn`�Ck´�

∀x, (person(x) → (¬motivated(x) →
¬succeed ¶ at ¶ College(x)))

­ � ¯E��§s�}�~miluw��­ � ¯�y°�[p¦©tilyv»C�Cu�p�{`k<k´sE�

Â



person(x) → (succeed ¶ at ¶ College(x) → motivated(x))
≡ ¬person(x) ∨ ¬succeed ¶ at ¶ College(x) ∨ motivated(x)
≡ ¬person(x) ∨ ¬succeed ¶ at ¶ College(x) ∨ ¬¬motivated(x)
≡ ¬person(x) ∨ ¬(¬motivated(x)) ∨ ¬succeed ¶ at ¶ College(x)
≡ ¬person(x) ∨ ((¬motivated(x)) → ¬succeed ¶ at ¶ College(x))
≡ person(x) → ((¬motivated(x)) → ¬succeed ¶ at ¶ College(x))
≡ ∀x, (person(x) → ((¬motivated(x)) → ¬succeed ¶ at ¶ College(x))) ≡ (2)

� ��³tk�y°� ��i��£¥�ydp�{`k�k´s�¬¦p[k_��uvu@k´s�¬¦pm�m|�s�s���¬¦������ptk«¸5¬¦�Cuvul±fu��C®Ep�}��
∀x, ((person(x) ∧ tall(x)) → good ¶ basketball ¶ player(x))

­ � ¯
•
�½�C{ ®EsCiº��p¦�Ci`¥¦p¿q¦}�sC~�konSy°�1��k´�Ck´pt~�p�{`kG� kon9�Ck¿y q7®EsCiº��}�p¨� |�s�sH��¬¦������ptk«¸5¬¦�CuvuE±Ou���®Ept}¦�®EsCi �C}Lp�k_��uvu´À gj}�sC»Cp'®Es�il}'��{9��x�p�}�� Á[p�}�p�x n9��k�x�p�x���{`k¼k´sh±O}LsC»Cpay°��kvn`�Ck´�
∀x, ((person(x) ∧ good ¶ basketball ¶ player(x)) → tall(x))

­ � ¯
≡ (person(x) ∧ good ¶ basketball ¶ player(x)) → tall(x)
≡ ¬person(x) ∨ ¬good ¶ basketball ¶ player(x) ∨ tall(x)
� {µkvn`pms�kvn`pt}�n`�C{f���Qqts�}�~milu��h­ � ¯�y°�[p¦©tilyv»C�Cu�p�{`k<k´sE�
(person(x) ∧ tall(x)) → good ¶ basketball ¶ player(x)
≡ ¬person(x) ∨ ¬tall(x) ∨ good ¶ basketball ¶ player(x)
6≡ (2)

��fsC�`q¦}�sC~�qtsC}�~rilu��µ­ � ¯���x�pm¥¦��{`{Os�k�~��H��p�kon9pr�E¬¦s�»�p��Ep¦��i`¥tk«ydsC{f�
� ���msCkj�Cuvul±`p�{�|Eilyv{9��¥L��{m²<®E�

¬∀x, (penguin(x) → canfly(x))

� ���ms[n9s�}¦��pr¥¦��{m²<®E�
∀x, (horse(x) → ¬canfly(x))

=7>@?�ACBEDGFH?�� J	��?ST9F�NQVXDdVX¡-baJ
4 + 4 c NQDGVfeHFCb�
�}�p[kvn`p�qts�uvu�sCxzyv{S| }�p¦����sC{Qyv{�|
¥¦sC}�}�p¦¥�k�À¼g<}�sC»Cp®EsCil}3��{9��x�p�}¦�L�§¬�®7k«}��C{`��u��Ck«yv{�|�kon9p3}�p¦����sC{Qyv{�|���yv{�� �
� �-�C{O�7kon9p�{�¬�®7iS��yv{�| �½±O}LsC»�yv{�|�~�ptkon9s����-��Ep¦�Ci`¥�k«ydsC{µ��®���k´pt~��

� ���¼n9p�{�®EsCi
x��H��p¨i�±�u��Ck´p��z®Es�i ��}�p¨u���k_p[�Ck�x�s�}��¼��{O���zy q�®EsCi
x�sC}����Ck�� {`k´p�u �½sC~7±`�C{`®��®Es�i¼|�p�kj�º¬¦�E�
pt»C�Cu i`��kGyds�{O��¤QsC~ �Cyd��{OsCkz|�ptkj�º¬¦�E�ºpt»C�Cu i`�Ck«ydsC{O��½��{ x�ph�Ep¦��i`¥Lp[q¦}�sC~�kvn`ph��¬Ls�»�pµkvn`�Ck´�hn9p�ptyvkon9p�}h�Cyd�'{OsCk[x��H��pµi�±�u���k_p�sC} kon9�Ck n9p��sHpt��{�� k�x�sC}��
��k�� {Qk_p�uz�½sC~7±9��{`®fÀ
� �

∀x, (person(x) → (wake ¶ up ¶ late(x) → (late ¶ at ¶ work(x)∧(work(x, Untel) →
(bad ¶ eval(x))))))� �

¬bad ¶ eval(Tom)· �
person(Tom)

­_yv~7±Ou yd¥�yvk��C{fsCxju�p¦��|�p´¯
­ � ¯�y°� p¦©�ilyv»���u�p�{`k�k´sE�

(¬person(x) ∨ ¬wake ¶ up ¶ late(x) ∨ late ¶ at ¶ work(x)) ∧
(¬person(x) ∨ ¬wake ¶ up ¶ late(x) ∨ ¬work(x, Untel) ∨ bad ¶ eval(x))�@}�s�~ konSy°�¦��x�p[x��C{`k3k_sº�Ep¦�Ci`¥¦p[kvn`�Ck´�¹ �

¬wake ¶ up ¶ late(Tom) ∨ ¬work(Tom, Untel)�-s¨x�p�yv{9��k´�C{f¥tyd��k_pr­_il{`y q¦®¦¯¼­ � ¯�xzyvkvn
x = Tom

�X��{O�r�L±E±fu ®r}�p���s�u ilkGyds�{ s�{ºkon9p qtsCuvuwsCxzyv{�|}LpL�C��sC{`yv{S|��¼­ � ¯���­ � ¯���­ · ¯��
¬
­ ¹ ¯��<x nSyd¥¦n�kG}L�C{9��u���k_pt��yv{`k´s�kvn`p3qts�uvu�sCxzyv{S| ��p�k1s5qm¥�u��CiS��pt���

{¬person(Tom)∨¬wake ¶ up ¶ late(Tom)∨late ¶ at ¶ work(Tom),¬person(Tom)∨
¬wake ¶ up ¶ late(Tom)∨¬work(Tom, Untel)∨bad ¶ eval(Tom),¬bad ¶ eval(Tom),
person(Tom), wake ¶ up ¶ late(Tom), work(Tom, Untel)}

�



�@}�s�~
¬person(Tom)∨¬wake ¶ up ¶ late(Tom)∨late ¶ at ¶ work(Tom)

��{O�
person(Tom)

�x�p��Ep¦��i`¥Lp��
¬wake ¶ up ¶ late(Tom)∨ late ¶ at ¶ work(Tom)

��¤On`p7�t��~�p�x���®��Xx�p sE¬�¸k´�Cyv{f�
¬wake ¶ up ¶ late(Tom) ∨ ¬work(Tom, Untel) ∨ bad ¶ eval(Tom)

�
¤fn`pt{jq¦}�sC~

¬wake ¶ up ¶ late(Tom)∨late ¶ at ¶ work(Tom)
�C{f�

wake ¶ up ¶ late(Tom)
�x�pj��pL��i`¥¦p<kvn`�Ck

late ¶ at ¶ work(Tom)
�j�Oyv~myvu���}�u ®��@x�p1�Ep¦��i`¥Lp3kon9��k

¬work(Tom, Untel)∨
bad ¶ eval(Tom)

�
�@}�s�~

¬work(Tom, Untel) ∨ bad ¶ eval(Tom)
�C{f�

¬bad ¶ eval(Tom)
�mx�p���pL��i`¥¦pH�

¬work(Tom, Untel)
�


�{f���½{f�Cuvu ®��3iS�¦yv{S|
work(Tom, Untel)

�½x�pr�Ep¦�Ci`¥¦pr��¥¦sC{QkG}����Cyd¥�kGyds�{O�
¤fnly°��~�p¦�C{`�¨kvn`�Ck<yvk<x��C�m¥¦sC}�}�p¦¥�k3k´s���pL��i`¥¦p[kon9��k¨¤QsC~ p�yvkvn`pt}r�Cyd��{OsCk<x��H��pmi�±�uw�Ck´pms�}��sHpt��{�� k�x�sC}��
��k�� {Qk_p�uz�½sC~7±9��{`®E�

� ��³dq¨®EsCi�xzyv{���kjkvn`p[uwsCk«k_p�}�®��<kon9p�{�y q�kon9p��C~�sCil{Qk<y°�¨��y |E{`y �<¥L��{`kG�3®Es�i�¥¦�C{���k_s¦±�k´sºx�sC}����¤QsC~ ��kGyvuvuX�Cyd��{OsCk���k_s¦±�k´s�x�sC}�����½��{h®EsCih��p¦�Ci`¥¦p�q¦}LsC~ kvn`pm��¬Ls�»�pmkon9��k¿n9p���yd�¼{fsCk�xzyv{�kvn`p�uwsCk«k_p�}�®fÀ
� �

∀x, ∀y, ((person(x) ∧ money(y)) → (win ¶ lottery(x, y) → (significant(y) →
stop ¶ work(x))))� �

¬stop ¶ work(Tom)· �
person(Tom)

­_yv~7±Ou yd¥�yvk��C{fsCxju�p¦��|�p´¯
�@}�s�~ konSy°�¦��x�p[x��C{`k3k_sº�Ep¦�Ci`¥¦p[kvn`�Ck´�¹ �

¬win ¶ lottery(Tom, y)
­
≡ ∀y,¬win ¶ lottery(Tom, y)

¯E�
� p�k�iS��k«}�®h�C{O�¼±f}�sC»Cpºkvn`�Ck´�

(1) ∧ (2) ∧ (3) ∧ ¬(4)
uwpL������k´sh��¥¦sC{QkG}����Cyd¥�kGyds�{9�¨iS��yv{�|}Lp���sCu ilkGyds�{O� ��p
il{`y q¦®�kvn`pµ�E¬¦s�»�p[qtsC}�~rilu����¦�m�C{f�asE¬�k´�Cyv{ kon9p¨qts�uvu�sCxzyv{S|���i`¬���k«yvkGilk«ydsC{f�

x = Tom
�m¤fn9p[��ptk1s:q�¥�u���iS�tpt�¨x�pm¥¦s�{9��yd�Ep�}�y°�¨kvn`p�qts�uvu�sCxzyv{S|��

{¬person(Tom)∨¬money(y)∨¬win ¶ lottery(Tom, y)∨¬significant(y)∨stop ¶ work(Tom),
person(Tom),¬stop ¶ work(Tom), win ¶ lottery(Tom, y)}�@}�s�~�kon9p���}¦�¦k-¥�u��CiS��p1�C{f�

person(Tom)
�fx�p1�Ep¦��i`¥Lp3kon9��k_�

¬money(y)∨¬win ¶ lottery(Tom, y)∨
¬significant(y)∨ stop ¶ work(Tom)

�
�@}�s�~ konSy°�'{Op�x¾¥tuw�CiS��p���{O�

¬stop ¶ work(Tom)
�µx�p���p¦�Ci`¥¦pakon9��k_�

¬money(y) ∨
¬win ¶ lottery(Tom, y) ∨ ¬significant(y)

�
�@}�s�~�konSy°�3��{O�

win ¶ lottery(Tom, y)
�Qx�p1�Ep¦��i`¥Lp3kon9��k_�

¬money(y)∨¬significant(y)
�


�{f��x�p[¥¦��{`{Os�k�~��H��p�~�sC}Lpm¥�u��CiS��p�}�p���s�u ilkGyds�{9��� ��nlyd¥Lnµ~�pL��{9� kvn`�Ck3x�pm��s�{Os�k�}�p¦��¥Ln�[¥Ls�{`k«}��E��yd¥tk«ydsC{ �C{f� kvn`p���p¦�Ci`¥�kGyds�{¼kvn`�Ck1¤`s�~ ��yd�¨{Os�k§xzyv{¼kon9pªu�sCk«k´pt}�® x����1{fsCkX¥¦s�}�}�p¦¥tk´�
³t{O��pLp¦�C�¿~��C®E¬¦p�n9p[��yd��{Os�k½xzyv{µkon9p uwsCk«k_p�}�®���sC}7n9pm�Cyd����{O�rkon9pm�C~�sCil{`k�s5q ~�s�{Op�®mx��C�{fsCk��¦y |E{`y �<¥¦�C{`k1p�{OsCiE|�n
��s¼kvn`�Ck¿n`p�¥L��{�©�ilyvkznly°����s�¬H�

�


