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•  F,+AGH-("-IC0CA+G4A"4A"*44I-+A"J4(0,I+-"CA""
– BA14,A2-2"E9014IC?""042-I"?@-?KCA)."L(-2C?+8-"
+1E8(+?G4A."2-L-A2-A?9"+A+I9ECE."8(+AEJ-("
J,A?G4A"E9A8@-ECE."CAJ4(0+G4A"M46"+A+I9ECE."
(+AKCA)"J,A?G4A"E9A8@-ECE."-8?N"

•  O40L,8+G4A+II9"-PL-AECD-"4L-(+G4A"
– Q42-I"-A,0-(+G4A",ECA)"3><"L4EEC1I-"
– 3GII"L48-AG+II9"844"-PL-AECD-"
– /EL-?C+II9"6@-A"(-E,I8"E@4,I2"1-"CA"ORS"
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•  <4"?40L,8-"""""""""""""""""""""""""""CA"ORS."94,"
?I+EEC?+II9"-IC0CA+8-"8@-""""""4A-"+5-("+A48@-("

•  UAI9"HA+I"(-E,I8"CE"J(--"4J"
•  ;-"?40L,8-""""""E,?@"8@+8"
– <@-A"""""""4D-(V+LL(4PC0+8-E"

•  :-HA-"4D-(V+LL(4PC0+G4A"+E"

•  <@-"""""?I+,E-E"2-(CD-2"J(40"L(C0-"C0LIC?+A8E"

∃x1, . . . , xn : ϕ
xi

Ci ∃x1, . . . , xn : ϕ |= Ci

Ci ∃x1, . . . , xn : ϕ

∃x1, . . . , xn : ϕ |= Ci ∧ Cj

C

x1, . . . , xn
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•  O4AEC2-("

•  X4+IY"-IC0CA+8-""""J(40""""E,?@"8@+8"""""""""""""CA"ORS"
•  Z,+IV(+CI"-A?42CA)"
–  [A8(42,?-"J(-E@"D+(C+1I-E"
– :-LI+?-"L4ECGD-"+A2"A-)+GD-"IC8-(+IE""

ϕ = (¬x ∨ z) ∧ (y ∨ z) ∧ (¬x ∨ ¬w ∨ ¬z) ∧ (w ∨ ¬z)
z ϕ ∃z : ϕ

τ(ϕ) =

�
(x− ∨ z) ∧ (y+ ∨ z) ∧ (x− ∨ w− ∨ ¬z) ∧ (w+ ∨ ¬z) ∧
(¬w+ ∨ ¬w−) ∧ (¬x+ ∨ ¬x−) ∧ (¬y+ ∨ ¬y−)
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•  ]+EECA)""""""""""84"3><"E4ID-(")CD-E"+"042-I""

•  """""""2-HA-E"""""""""""""""""."CN-N."
– <@-A"+22"1I4?KCA)"?I+,E-"+A2"L(4?--2"

•  U1E-(D-Y""""""""""""""""",A2-(V+LL(4PC0+8-E"
•  34"@46"+14,8"+LLI9CA)"8@CE"84""""""^""

M =

�
w+ �→ 1, w− �→ 0, x+ �→ 0, x− �→ 1,
y+ �→ 0, y− �→ 0, z �→ 1

�
τ(ϕ)

(w ∧ ¬x)M (w ∧ ¬x) |= ∃z : ϕ

(w ∧ ¬x) ∃z : ϕ

¬ϕ
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•  <4"HA2"4D-(V+LL(4PC0+G4A""""""""4J""""""""""""
?40L,8-",A2-(V+LL(4PC0+G4A"4J"

•  *,8Y"
– O+A"4AI9"2-(CD-"C0LIC?+A8E"4J"
– R48"C0LIC?+A8E"4J"

ν |= ∀z : ¬ϕ C`" ¬∀z : ¬ϕ |= ¬ν
C`" ∃z : ϕ |= ¬ν

¬ν ∃z : ϕ
∀z : ¬ϕ

∃z : ¬ϕ
∀z : ¬ϕ
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•  U1E-(D-"8@+8"
– >"042-I"4J"""""""""""""""""CE"+IE4"+"042-I"4J"
– *,8"A48"DC?-"D-(E+"

•  !"#$%&'()Y"
– R-)+8-"""""84"418+CA"
– /A,0-(+8-"C0LIC?+A8E""""""4J"
– SCI8-("8@4E-"""""""E,?@"8@+8"
– <@-A"

∀z : ¬ϕ |= ∃z : ¬ϕ
∀z : ¬ϕ ∃z : ¬ϕ

ϕ τ(¬ϕ)
∃z : ¬ϕC

C C �|= ∀z : ¬ϕ
∃z : ϕ |= ¬C
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i1

i2

i3

o1

o2

o3

•  3,LL4E-"E4(8-("-A?42-2"+E"
•  O+(2CA+IC89"?4AE8(+CA8"""""""""""""""""""""""""""""-A?42-2"
+E"""""""""""""""""""""""""CA",A+(9"-A?42CA)"

•  """"""""""""""""""""""""""""""""""""""""""""""""""""""""""EL-?CH-E"
C0LIC?+A8E"4J"I-A)8@""

i1 + i2 + i3 = 2

o1 ∧ o2 ∧ ¬o3

σ

τ(¬ϕ) ∧ σ ∧
�k

i=1 oi ∧
�n

i=k+1 ¬oi
k
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•  <+K-"
•  SC(E8.""""""""""""""""""""1,8""""""""""""""""""""""""."E4"2CE?+(2"
•  <@-A."""""""""""""""""+A2"
•  R4"04(-"C0LIC?+A8E"4J"I-A)8@"%"
•  R46.""""""""""""""""""""""""""""+A2"
•  R4"04(-"C0LIC?+A8E."8@,E"""

τ(¬ϕ)
ν1 = (¬w) ∃z : ϕ �|= ¬ν1
ν2 = (x) ∃z : ϕ |= ¬ν2

ν3 = (¬w ∧ ¬y) ∃z : ϕ |= ¬ν3
∃z : ϕ = (¬x) ∧ (w ∨ y)
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•  ;(Cd-A"CA"&+D+"4A"84L"4J"3><W&"
•  *-A?@0+(K"E-8"J(40"ORS"-A?42CA)E"4J"[3O>3Vb\"
@+(26+(-"?C(?,C8E"

•  U1E-(D-2"E0+II"ORS"(-L(-E-A8+G4A"J4("e,+AGH-(VJ(--"
J4(0,I+-"

•  :,AG0-"E,`-(E"J(40"EL,(C4,E"?+A2C2+8-E"
–  O+A"1-"0CG)+8-2"84"E40-"-P8-A8",ECA)"?4VJ+?84(CA)"

•  <(+2CG4A+I"3><V1+E-2"+I)4(C8@0E"(-I9"4A"042-I"
-A,0-(+G4A"f)CDCA)"+"ZRS"E84(-2"CA"*ZZEg"
–  [J"844"-PL-AECD-."A4"(-E,I8"?+A"1-"?40L,8-2"
–  U,("+I)4(C8@0"?+A"EGII"?40L,8-"4D-(V+LL(4PC0+G4A"
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•  Q?QCII+A"fO>hi$#g"
•  7+@C(C"-8"+IN"fO>hi$T"j"O>hk$_g"
•  Q4AAC+,P"fO>hk%$g"
•  l-dI-"-8"+IN"f<>O>3i$_g""
•  *(9+A8"f[///kbag"
•  Q+Ae,CA@4"-8"+IN"f[O<>[icag"
•  *(+,-("-8"+IN"fO>hi%%g"
•  >A2"0+A9"04(-"NNN"
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•  *+E-2"4A"2,+IV(+CI"-A?42CA)"84"2-(CD-"
C0LIC?+A8E"

•  O401CA-2"6C8@"E4(GA)"A-864(KE"E4"+E"84"
418+CA"E@4(8-E8"L(C0-"C0LIC?+A8E"

•  38+(8"6C8@"4D-(V+LL(4PC0+G4A"6@C?@"CE"8@-A"
CA?(-0-A8+II9"(-HA-2"

•  >I)4(C8@0"CE"8@,E"!"#$%&'




