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∃x A(x)
is logically equivalent to

¬∀x ¬A(x).
∀x A(x)

is logically equivalent to
¬∃x ¬A(x).

��������� ! "#$%&'# () * +, -./0 ,12 /*3 �4 56 /76*� 8 * , 5 +61, 56.6.96 � 56 /76*� 2:;<# �

ICJ H ?> KL B FM C NG DOG >? @ A BC DEF> FG @HICJ H ?> KL BFM C NG DOG >? @ A BC DEF> FG @HICJ H ?> KL B FM C NG DOG >? @ A BC DEF> FG @HICJ H ?> KL BFM C NG DOG >? @ A BC DEF> FG @HPQ RST URV WSX Y ZPQ RST URV WSX Y ZPQ RST URV WSX Y ZPQ RST URV WSX Y Z[ ∀x A(x) \] ^_ ` \a b c^ de ef ∀y A(y)[ ∃x A(x) \] ^_ ` \ab c^ de ef ∃y A(y)g hijk lmnm A(x) mjno pjq rjpqs lp yg spm A(y) mjno pjq rjpqs lp x tu vw xURV WSX Y Zu vw xURV WSX Y Zu vw xURV WSX Y Zu vw xURV WSX Y Z[ ∀x (A * B(x)) is equivalent to A * ∀x B(x)[ ∀x (A * B(x)) is equivalent to A * ∀x B(x)g hijk lmnm A mjno pjq rj pqs lp yinn jrrziinprno jy x tg { |nin * rsp }n n lq|n i ∨ j i ∧ t
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⊕⊕⊕⊕ efÈ^É fa ^ b cc fÊÊ `ÈÈ^ dÊ^] fË eÄ^] ^ Êf dd^Êe \a ^] ÀÌ À Ífa ^ d^Îbe \f d \dÏ b ÈÐ] `] \dÎ Åw ÑÒÓQÅw ÑÒ ÓQÅw ÑÒÓQÅw ÑÒ ÓQÔQVS·Uw RÔQVS· Uw RÔQVS·Uw RÔQVS· Uw R f È ÅQ ¶w ²VS RÅQ ¶ w²VS RÅQ ¶w ²VS RÅQ ¶ w²VS R ÕÕÕÕY WSX YY WSX YY WSX YY WSX Y ÀÖ À ×^ dbÉ ^ Øf `dÐ ab È\b Ø c^]
→ Ùb ÊÄ dbÉ ^ É bÃ fÊÊ `È f d cÃ f d^ ÀÚ À Ífa ^ _ `b de \Ë \^ È] ef Ë Èf de ÀÛ À Ü] ^ eÄ^ ÅUY·²UÒÑ· UÝ U·Þ WSXÅUY·²UÒÑ· UÝ U·Þ WSXÅUY·²UÒÑ· UÝ U·Þ WSXÅUY·²UÒÑ· UÝ U·Þ WSX ef \dÊÈ^b] ^ eÄ^]Êf Â^ fË ∧

À

��������� ! "#$%&'# () * +, -. /0 ,12 /*3 �4 56 /76*� 8 * , 5 +61, 56 .6.96 � 56 /76*� 2 :;<# ß

à á? NG � �? @� C N �? @� âà á? NG � �? @� C N �? @� âà á? NG � �? @� C N �? @� âà á? NG � �? @� C N �? @� âà á � �à á � �à á � �à á � �ãããã��� ���� �� ����� ���� �� � ���� ���� �� ����� ���� �� � �� � �� � ����� ��� �� �� �� ��� �� �� ä å� §� ¥ä å� §� ¥ä å� §� ¥ä å� §� ¥æ� �¥ ¦ § ç� �¥æ� �¥ ¦ § ç� �¥æ� �¥ ¦ § ç� �¥æ� �¥ ¦ § ç� �¥ �� �� �� �� ���� �� � ���� � ���� � ���� � ���� �  �����¨ � ��� � ª �� �� �� �� �� �� ���« �� ¬ � ª �� �� �� �� �®� ��� ¥ ¦��� ¥ ¦��� ¥ ¦��� ¥ ¦���  �� �� �¯ � ��� �¨ � �� �� � � �� �� °
∀x1∀x2…∀xn (p(x1) ∨ q(x2,x3) ∨ …) ∧ …±²Q³ U´±²Q³ U´±²Q³ U´±²Q³ U´zplkn ios è µ zspq ly ln io ¶S·²U´¶S·²U´¶S·²U´¶S·²U´lp ¸ ¹ º



2

��������� ! "#$%&'# () * +, -./0 ,12 /*3 �4 56 /76*� 8 * , 5 +61, 56.6.96 � 56 /76*� 2:;<# (
K NF� FDCE FD½ K� FHEG DE FC N A BC DEF> FG @HK NF� FDCEFD½ K� FHEG DE FC N A BC DEF> FG @HK NF� FDCE FD½ K� FHEG DE FC N A BC DEF> FG @HK NF� FDCEFD½ K� FHEG DE FC N A BC DEF> FG @H�G �? @½C D�G �? @½C D�G �? @½C D�G �? @½C D ����H ICJ �H ICJ �H ICJ �H ICJ �

∃x A �� ��� �	
 ��� � ��� 
 �� �� �� ¬∀x ¬A�BE�BE�BE�BE ����� ��� ���� ��� 
 ���� �� �� ��� ����
∃x1 ∃x2 … A����

∀x1 ∀x2 … A′
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�f d]eb de]Ã É Øf c Üdb ÈÃË`dÊe \f d]Ã É Øf c

K� C � � NGH ?> à á? NG � �B DOE F? DHK� C � � NG H ?> à á? NG � � BDOEF? DHK� C � � NGH ?> à á? NG � �B DOE F? DHK� C � � NG H ?> à á? NG � � BDOEF? DH
∃x killer(x)� killer(mr_x)

∀x ∃y son_of(x, y)� ∀x son_of(x, father(x))

∀x ∃y married(x, y)� ∀x married(x, spouse(x))

∀x (nat(x) → ∃y greater(y, x))� ∀x (nat(x) → greater(next(x), x))
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0DE @?1 BO FD½ à á? NG � �B DOE F? DH0DE@?1 BO FD½ à á? NG � �BDOEF? DH0DE @?1 BO FD½ à á? NG � �B DOE F? DH0DE@?1 BO FD½ à á? NG � �BDOEF? DHÚ À ×^ ÂcbÊ^ eÄ^ ^2 \]e^ de \b c _ `b de \Ë \^ È \d ] `ØËf ÈÉ ` cb
∃x A ØÃ b 34f c^É 5` dÊe \f d 6b7 5 \dÐ b cc ` d \a ^ È]b c _ `b de \Ë \^ È] 8 \d Ï Äf]^]Êf Â^ eÄ^ ] `ØËf ÈÉ ` cb ∃x A fÊÊ `È] 69^e y1,…,yn Ø^ eÄ^ a b È\b Ø c^] _ `b de \Ë \^Ð ØÃeÄf]^ _ `b de \Ë \^ È] ÀØ7 � È^be^ b d^Ï n:b ÈÃ Ë`dÊe \f d ]Ã É Øf c f

ÀÊ7 ×^ ÂcbÊ^ b cc fÊÊ`ÈÈ^ dÊ^] fË x ØÃ f(y1,…,yn)
ÀÐ7 ×^É fa ^ eÄ^ ^2 \]e^ de \b c _ `b de \Ë \^ È Ëf È x

À
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K� C � � NGK� C � � NGK� C � � NGK� C � � NG

∀x (∀y p(x,y) → ¬∀y (q(x,y) → p(x,y)))
∀x (¬∀y p(x,y) ∨ ¬∀y (¬q(x,y) ∨ p(x,y)))
∀x (∃y ¬p(x,y) ∨ ∃y ¬(¬q(x,y) ∨ p(x,y)))

∀x (∃y ¬p(x,y) ∨ ∃y (¬¬q(x,y) ∧ ¬p(x,y)))
∀x (∃y ¬p(x,y) ∨ ∃y (q(x,y) ∧ ¬p(x,y)))

∀x (∃y1 ¬p(x,y1) ∨ ∃y2 (q(x,y2) ∧ ¬p(x,y2)))
∀x (¬p(x,f(x)) ∨ (q(x,g(x)) ∧ ¬p(x,g(x)))

∀x ((¬p(x,f(x)) ∨ q(x,g(x)) ∧ (¬p(x,f(x)) ∨ ¬p(x,g(x))))
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A
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A′
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A �� HCE FH> FC @ NGHCE FH> FC @ NGHCE FH> FC @ NGHCE FH> FC @ NG�A 
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A′ �� HCEFH> FC @ NGHCE FH> FC @ NGHCE FH> FC @ NGHCE FH> FC @ NG &æ��� �æ��� �æ��� �æ��� �
A

� ��
A′

� �� ��� ��¡�((¦ ��§B �C £�¤ ¦ §� ����� ��¡�((¦ ��§B �C £�¤ ¦ §� ����� ��¡�((¦ ��§B �C £�¤ ¦ §� ����� ��¡�((¦ ��§B �C £�¤ ¦ §� �� °


