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`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ +ΧΓϑΉ̺РͮϫС

ࡦ DǇ˨ƁǩƟȣʉ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ǩȝɠȴɫʉŒȣʉ ɠɫȴŷȋƟȝɻࡲ

ࡦ `ȴɫ ȝŒȣˈ ȴǇ ʉǞƟȝࡪ ʿƟ Ɓȴʞȋƌȣࢪʉ ˨ȣƌ ŷƟʉʉƟɫ
ŒȋǊȴɫǩʉǞȝɻ ǩȣ ƌƟƁŒƌƟɻ

ࡦ üȴƌŒˈࡩ xƌƟȣʉǩǇˈ ɫƟŒɻȴȣ ʿǞˈ ʿƟࢪɫƟ ɻʉʞƁȅ



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ +ΧΓϑΉ̺РͮϫС

ࡦ DǇ˨ƁǩƟȣʉ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ǩȝɠȴɫʉŒȣʉ ɠɫȴŷȋƟȝɻࡲ

ࡦ `ȴɫ ȝŒȣˈ ȴǇ ʉǞƟȝࡪ ʿƟ Ɓȴʞȋƌȣࢪʉ ˨ȣƌ ŷƟʉʉƟɫ
ŒȋǊȴɫǩʉǞȝɻ ǩȣ ƌƟƁŒƌƟɻ

ࡦ üȴƌŒˈࡩ xƌƟȣʉǩǇˈ ɫƟŒɻȴȣ ʿǞˈ ʿƟࢪɫƟ ɻʉʞƁȅ



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ +ΧΓϑΉ̺РͮϫС

ࡦ DǇ˨ƁǩƟȣʉ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ǩȝɠȴɫʉŒȣʉ ɠɫȴŷȋƟȝɻࡲ

ࡦ `ȴɫ ȝŒȣˈ ȴǇ ʉǞƟȝࡪ ʿƟ Ɓȴʞȋƌȣࢪʉ ˨ȣƌ ŷƟʉʉƟɫ
ŒȋǊȴɫǩʉǞȝɻ ǩȣ ƌƟƁŒƌƟɻ

ࡦ üȴƌŒˈࡩ xƌƟȣʉǩǇˈ ɫƟŒɻȴȣ ʿǞˈ ʿƟࢪɫƟ ɻʉʞƁȅ



�Ή͞ΧϘͮϫͩΓ̤ͮ +ΧΓϑΉ̺РͮϫС Χ͘ ð�ü

ࢎȝࢍ´
ࢎȝࢍ´

ð�ü࢙߾
ð�ü࢙߿

ð�ü࢙ࠀ Ƞࠅ߽ࠀ.߾

ࢎȝࢍ´
ࢎȝࢍ´

ð�ü࢙߾
ð�ü࢙߿

ð�ü࢙ࠀ Ƞࠅ߽ࠀ.߾
ࡱࡱࡱ

Ȃ࢙ð�ü ((Ȃ/߾)®−߾)Ƞ߿

ࢎȝࢍ´
ࢎȝࢍ´

ð�ü࢙߾
ð�ü࢙߿

ð�ü࢙ࠀ Ƞࠅ߽ࠀ.߾
ࡱࡱࡱ

Ȃ࢙ð�ü ((Ȃ/߾)®−߾)Ƞ߿
ð�ü Ƞ߿

ࢎȝࢍ´
ࢎȝࢍ´

ð�ü࢙߾
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n variables C 0,13 2 assignments



�Ή͞ΧϘͮϫͩΓ̤ͮ +ΧΓϑΉ̺РͮϫС Χ͘ ð�ü
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�Ή͞ΧϘͮϫͩΓ̤ͮ +ΧΓϑΉ̺РͮϫС Χ͘ ð�ü
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�Ή͞ΧϘͮϫͩΓ̤ͮ +ΧΓϑΉ̺РͮϫС Χ͘ ð�ü

ࢎȝࢍ´
ࢎȝࢍ´

ð�ü࢙߾
ð�ü࢙߿
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ࡱࡱࡱ

Ȃ࢙ð�ü ((Ȃ/߾)®−߾)Ƞ߿

ࢎȝࢍ´
ࢎȝࢍ´
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ð�ü࢙߿

ð�ü࢙ࠀ Ƞࠅ߽ࠀ.߾
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ð�ü Ƞ߿

ࢎȝࢍ´
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ð�ü࢙߿



o˺Ϙ̭Η̺ϡϡ Χ͘ ð�ü

ࡦ ð�ü ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ Ƞ߿ poly(Ƞ)

ࡦ īƟ ƌȴȣࢪʉ ȅȣȴʿ Ǟȴʿ ʉȴ ɻȴȋʻƟ ð�ü ƟˇɠȴȣƟȣʉǩŒȋȋˈ
ǇŒɻʉƟɫࡩ ǩȣ ʉǩȝƟ Ƞࠆࠆࠆ.߾

ࡦ ðʉɫȴȣǊ DˇɠȴȣƟȣʉǩŒȋ üǩȝƟ oˈɠȴʉǞƟɻǩɻ ࢎðDüoࢍ

ð�ü ɫƟɧʞǩɫƟɻ ʉǩȝƟ Ƞ߿



o˺Ϙ̭Η̺ϡϡ Χ͘ ð�ü

ࡦ ð�ü ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ Ƞ߿ poly(Ƞ)

ࡦ īƟ ƌȴȣࢪʉ ȅȣȴʿ Ǟȴʿ ʉȴ ɻȴȋʻƟ ð�ü ƟˇɠȴȣƟȣʉǩŒȋȋˈ
ǇŒɻʉƟɫࡩ ǩȣ ʉǩȝƟ Ƞࠆࠆࠆ.߾

ࡦ ðʉɫȴȣǊ DˇɠȴȣƟȣʉǩŒȋ üǩȝƟ oˈɠȴʉǞƟɻǩɻ ࢎðDüoࢍ

ð�ü ɫƟɧʞǩɫƟɻ ʉǩȝƟ Ƞ߿

SAT cannot be solved in line
Z E for any E O

EQ Aay ay fon SAT takes time 5Th



Ḓͮϫ 5ͮϡϫ˺Η̤̺

Dƌǩʉ 5ǩɻʉŒȣƁƟ



Ḓͮϫ 5ͮϡϫ˺Η̤̺

Dƌǩʉ 5ǩɻʉŒȣƁƟ

Ɵ ȋ Ɵ ɠ Ǟ Œ ȣ ʉ

ɫ Ɵ ȋ Ɵ ʻ Œ ȣ ʉ



Ḓͮϫ 5ͮϡϫ˺Η̤̺

Dƌǩʉ 5ǩɻʉŒȣƁƟ

Ɵ ȋ Ɵ ɠ Ǟ Œ ȣ ʉ

ɫ Ɵ ȋ Ɵ ʻ Œ ȣ ʉ
ɠ



Ḓͮϫ 5ͮϡϫ˺Η̤̺

Dƌǩʉ 5ǩɻʉŒȣƁƟ

Ɵ ȋ Ɵ ɠ Ǟ Œ ȣ ʉ

ɫ Ɵ ȋ Ɵ ʻ Œ ȣ ʉ
ɠ

� ü � c ü � + ü

+ � ü � + � + ü
c



Ḓͮϫ 5ͮϡϫ˺Η̤̺

Dƌǩʉ 5ǩɻʉŒȣƁƟ

Ɵ ȋ Ɵ ɠ Ǟ Œ ȣ ʉ

ɫ Ɵ ȋ Ɵ ʻ Œ ȣ ʉ
ɠ

� ü � c ü � + ü

+ � ü � + � + ü
c

®̃(Ƞ߿)
n length of these strings

dynamic programming alg



´ϫ̺ͩϘ ßϘΧ̜Ή̺Γϡ

�ȴȣǊƟɻʉ +ȴȝ࢙
ȝȴȣ ðʞŷɻƟ࢙
ɧʞƟȣƁƟ

oŒȝȝǩȣǊ +ȋȴɻ࢙
Ɵɻʉ ßŒǩɫ

æƟǊʞȋŒɫ DˇɠɫƟɻ࢙
ɻǩȴȣ �ŒʉƁǞǩȣǊ

´ɫʉǞȴǊȴȣŒȋ
ĨƟƁʉȴɫɻ

�ȋȋ ßŒǩɫɻ �Œˇ
`ȋȴʿ

cɫŒɠǞ 5ǩŒȝƟʉƟɫ

�ȴȣǊƟɻʉ Dƌǩʉ
5ǩɻʉŒȣƁƟ

æ£࢙�`ȴȋƌǩȣǊ

ðʞŷɻƟʉ ðʞȝ

OV N

0cm

O



+ΧΗ̺̤ϫϺϘ̺̭ o˺Ϙ̭Η̺ϡϡ

ࡦ � ƁȴȣǽƟƁʉʞɫƟ Ǉȴɫ ƟŒƁǞ ɠɫȴŷȋƟȝࡲ

ࡦ ´ȣƟ ƁȴȣǽƟƁʉʞɫƟ ʉȴ ɫʞȋƟ ʉǞƟȝ Œȋȋࡲ

ࡦ `ǩȣƟ࢙ǊɫŒǩȣƟƌ +ȴȝɠȋƟˇǩʉˈࡩ #ƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ
ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴȣƟ ɠɫȴŷȋƟȝ ʿȴʞȋƌ ǩȝɠȋˈ
ŷƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴʉǞƟɫ
ɠɫȴŷȋƟȝɻ



+ΧΗ̺̤ϫϺϘ̺̭ o˺Ϙ̭Η̺ϡϡ

ࡦ � ƁȴȣǽƟƁʉʞɫƟ Ǉȴɫ ƟŒƁǞ ɠɫȴŷȋƟȝࡲ

ࡦ ´ȣƟ ƁȴȣǽƟƁʉʞɫƟ ʉȴ ɫʞȋƟ ʉǞƟȝ Œȋȋࡲ

ࡦ `ǩȣƟ࢙ǊɫŒǩȣƟƌ +ȴȝɠȋƟˇǩʉˈࡩ #ƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ
ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴȣƟ ɠɫȴŷȋƟȝ ʿȴʞȋƌ ǩȝɠȋˈ
ŷƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴʉǞƟɫ
ɠɫȴŷȋƟȝɻ



+ΧΗ̺̤ϫϺϘ̺̭ o˺Ϙ̭Η̺ϡϡ

ࡦ � ƁȴȣǽƟƁʉʞɫƟ Ǉȴɫ ƟŒƁǞ ɠɫȴŷȋƟȝࡲ

ࡦ ´ȣƟ ƁȴȣǽƟƁʉʞɫƟ ʉȴ ɫʞȋƟ ʉǞƟȝ Œȋȋࡲ

ࡦ `ǩȣƟ࢙ǊɫŒǩȣƟƌ +ȴȝɠȋƟˇǩʉˈࡩ #ƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ
ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴȣƟ ɠɫȴŷȋƟȝ ʿȴʞȋƌ ǩȝɠȋˈ
ŷƟʉʉƟɫ࢙ʉǞŒȣ࢙ȅȣȴʿȣ ŒȋǊȴɫǩʉǞȝɻ Ǉȴɫ ȴʉǞƟɫ
ɠɫȴŷȋƟȝɻ

I
SAT

This problem cannot be solved any fasten

using known algorithmic techniques



´ɫʉǞȴǊȴȣŒȋ ĨƟƁʉȴɫɻ ࢎĨ´ࢍ



´ϘϫͩΧ͞ΧΗ˺Ή Ĩ̺̤ϫΧϘϡ ßϘΧ̜Ή̺Γ

ࡦ è, ó ŒɫƟ ɻƟʉɻ ȴǇ   ʻƟƁʉȴɫɻ Ǉɫȴȝ {߽, ࡱƊ{߾ �ɫƟ ʉǞƟɫƟ
ɵ ∈ è Œȣƌ ʂ ∈ ó ɻʞƁǞ ʉǞŒʉ ɵ · ʂ =

∑Ɗ
Ǧ=߾ ɵǦ · ʂǦ = ࡲ߽

ࡦ üǞǩȣȅ ȴǇ Ɗ = log߿  

ࡦ +Œȣ ɻȴȋʻƟ ǩȣ ʉǩȝƟ Ɗ · ߿ 

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ ´Ĩ ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ࠆࠆ.߾ 

d L
011111 T0101 I 0 01101 O

fo s.ua fr

N
S and t an orthogonal Fff
HiC 1 d g D or ti o

inteity



´ϘϫͩΧ͞ΧΗ˺Ή Ĩ̺̤ϫΧϘϡ ßϘΧ̜Ή̺Γ

ࡦ è, ó ŒɫƟ ɻƟʉɻ ȴǇ   ʻƟƁʉȴɫɻ Ǉɫȴȝ {߽, ࡱƊ{߾ �ɫƟ ʉǞƟɫƟ
ɵ ∈ è Œȣƌ ʂ ∈ ó ɻʞƁǞ ʉǞŒʉ ɵ · ʂ =

∑Ɗ
Ǧ=߾ ɵǦ · ʂǦ = ࡲ߽

ࡦ üǞǩȣȅ ȴǇ Ɗ = log߿  

ࡦ +Œȣ ɻȴȋʻƟ ǩȣ ʉǩȝƟ Ɗ · ߿ 

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ ´Ĩ ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ࠆࠆ.߾ 

s
an

th



´ϘϫͩΧ͞ΧΗ˺Ή Ĩ̺̤ϫΧϘϡ ßϘΧ̜Ή̺Γ

ࡦ è, ó ŒɫƟ ɻƟʉɻ ȴǇ   ʻƟƁʉȴɫɻ Ǉɫȴȝ {߽, ࡱƊ{߾ �ɫƟ ʉǞƟɫƟ
ɵ ∈ è Œȣƌ ʂ ∈ ó ɻʞƁǞ ʉǞŒʉ ɵ · ʂ =

∑Ɗ
Ǧ=߾ ɵǦ · ʂǦ = ࡲ߽

ࡦ üǞǩȣȅ ȴǇ Ɗ = log߿  

ࡦ +Œȣ ɻȴȋʻƟ ǩȣ ʉǩȝƟ Ɗ · ߿ 

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ ´Ĩ ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ࠆࠆ.߾ 

for s ES N
fer t ET N
Check if S and t ane ontheyomg lol



´ϘϫͩΧ͞ΧΗ˺Ή Ĩ̺̤ϫΧϘϡ ßϘΧ̜Ή̺Γ

ࡦ è, ó ŒɫƟ ɻƟʉɻ ȴǇ   ʻƟƁʉȴɫɻ Ǉɫȴȝ {߽, ࡱƊ{߾ �ɫƟ ʉǞƟɫƟ
ɵ ∈ è Œȣƌ ʂ ∈ ó ɻʞƁǞ ʉǞŒʉ ɵ · ʂ =

∑Ɗ
Ǧ=߾ ɵǦ · ʂǦ = ࡲ߽

ࡦ üǞǩȣȅ ȴǇ Ɗ = log߿  

ࡦ +Œȣ ɻȴȋʻƟ ǩȣ ʉǩȝƟ Ɗ · ߿ 

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ ´Ĩ ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ࠆࠆ.߾ 

N

EQ Nhs orig for OU
1.999 fer SAT



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü

µ
1.99



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A

ɻƟʉɻ ȴǇ ʻƟƁʉȴɫɻ è, ó ȴǇ ´Ĩ

S T



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A

ɻƟʉɻ ȴǇ ʻƟƁʉȴɫɻ è, ó ȴǇ ´Ĩ

ȣȴ ȴɫʉǞȴǊȴȣŒȋ ʻƟƁ࢙
ʉȴɫɻ ǩȣ è, ó



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A

ɻƟʉɻ ȴǇ ʻƟƁʉȴɫɻ è, ó ȴǇ ´Ĩ

ȣȴ ȴɫʉǞȴǊȴȣŒȋ ʻƟƁ࢙
ʉȴɫɻ ǩȣ è, ó

φ ǩɻ ʞȣɻŒʉǩɻ˨ŒŷȋƟ



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A

ɻƟʉɻ ȴǇ ʻƟƁʉȴɫɻ è, ó ȴǇ ´Ĩ

ȣȴ ȴɫʉǞȴǊȴȣŒȋ ʻƟƁ࢙
ʉȴɫɻ ǩȣ è, ó

φ ǩɻ ʞȣɻŒʉǩɻ˨ŒŷȋƟ

ʉǞƟɫƟ ŒɫƟ ȴɫʉǞȴǊȴ࢙
ȣŒȋ ʻƟƁʉȴɫɻ ǩȣ è, ó



`ͮΗ̺࢙͞Ϙ˺ͮΗ̺̭ æ̺̭Ϻ̤ϫͮΧΗϡ

ǇȴɫȝʞȋŒ φ ȴǇ ð�ü

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ

�ȋǊȴɫǩʉǞȝ Ǉȴɫ ð�ü A

ɻƟʉɻ ȴǇ ʻƟƁʉȴɫɻ è, ó ȴǇ ´Ĩ

ȣȴ ȴɫʉǞȴǊȴȣŒȋ ʻƟƁ࢙
ʉȴɫɻ ǩȣ è, ó

φ ǩɻ ʞȣɻŒʉǩɻ˨ŒŷȋƟ

ʉǞƟɫƟ ŒɫƟ ȴɫʉǞȴǊȴ࢙
ȣŒȋ ʻƟƁʉȴɫɻ ǩȣ è, ó

φ ǩɻ ɻŒʉǩɻ˨ŒŷȋƟ

Assume OU in time N
9 9

M h wars

151 1Tl

S T µ
1.99

µ
1.99 2 99 209954 zh



ðDüo =⇒ ´Ĩ

ࡦ cǩʻƟȣ Œ ð�ü ǇȴɫȝʞȋŒ φࡪ ɻɠȋǩʉ ǩʉɻ Ƞ ǩȣɠʞʉ
ʻŒɫǩŒŷȋƟɻ ǩȣʉȴ ʉʿȴ ɻƟʉɻ ȴǇ ɻǩ˔Ɵ Ƞ/߿

ࡦ `ȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ ˨ɫɻʉ Ǌɫȴʞɠ  Œ
ʻƟƁʉȴɫ ǩȣ èࡪ Ǉȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ
ɻƟƁȴȣƌ  Œ ʻƟƁʉȴɫ ǩȣ ó

ࡦ   = ߿/Ƞ߿

X 42 1 42 492 1 Xh

I
x Xyz anti Xu

2

assignments

is
iii

man



ðDüo =⇒ ´Ĩ

ࡦ cǩʻƟȣ Œ ð�ü ǇȴɫȝʞȋŒ φࡪ ɻɠȋǩʉ ǩʉɻ Ƞ ǩȣɠʞʉ
ʻŒɫǩŒŷȋƟɻ ǩȣʉȴ ʉʿȴ ɻƟʉɻ ȴǇ ɻǩ˔Ɵ Ƞ/߿

ࡦ `ȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ ˨ɫɻʉ Ǌɫȴʞɠ  Œ
ʻƟƁʉȴɫ ǩȣ èࡪ Ǉȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ
ɻƟƁȴȣƌ  Œ ʻƟƁʉȴɫ ǩȣ ó

ࡦ   = ߿/Ƞ߿



X v xn Vez V Xu D
O O r O O

X Xz Xz 0 z
I X

Xu I

a clause is satisfied iff

if's satisfied by assignment

of Xc Az on assignment

of eye Xn

Ea a clause is not satisfied
iff it's not satisfied by
x XE and not satisfied

by tee Xu



ðDüo =⇒ ´Ĩ

ࡦ cǩʻƟȣ Œ ð�ü ǇȴɫȝʞȋŒ φࡪ ɻɠȋǩʉ ǩʉɻ Ƞ ǩȣɠʞʉ
ʻŒɫǩŒŷȋƟɻ ǩȣʉȴ ʉʿȴ ɻƟʉɻ ȴǇ ɻǩ˔Ɵ Ƞ/߿

ࡦ `ȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ ˨ɫɻʉ Ǌɫȴʞɠ  Œ
ʻƟƁʉȴɫ ǩȣ èࡪ Ǉȴɫ ƟŒƁǞ ŒɻɻǩǊȣȝƟȣʉ ʉȴ ʉǞƟ
ɻƟƁȴȣƌ  Œ ʻƟƁʉȴɫ ǩȣ ó

ࡦ   = ߿/Ƞ߿



ðDüo =⇒ ´Ĩ
ࡦ `ȴɫ Œȣ ŒɻɻǩǊȣȝƟȣʉ ˀ ∈ {߽, ࡪ߿/Ƞ{߾ Œƌƌ ɵ ∈ {߽, Ț{߾
ʉȴ è :

ɵǦ = ߾ ǩǇǇ ˀ ƌȴƟɻȣࢪʉ ɻŒʉǩɻǇˈ ƁȋŒʞɻƟ *Ǧ

ࡦ φ ǩɻ ð�ü ǩǇǇ ∃ɵ ∈ è, ʂ ∈ ó :

∀Ǧ ∈ ,߾} . . . ,Ț} : ˀǦ · ˁǦ = ߽

ࡦ �ȣ ࠆࠆ.߾  ŒȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ ǊǩʻƟɻ Œȣ ŒȋǊȴɫǩʉǞȝ
Ǉȴɫ ð�ü ʿǩʉǞ ɫʞȣ ʉǩȝƟ

ࠆࠆ.߾  = ࠆࠆ.߾(߿/Ƞ߿) = Ƞࠂࠆࠆ.߽߿

d clauses in the SATfon un le f
151 2 2

o o it's 1 iff this assignment

if I mini
f g

I I

I I



ðDüo =⇒ ´Ĩ
ࡦ `ȴɫ Œȣ ŒɻɻǩǊȣȝƟȣʉ ˀ ∈ {߽, ࡪ߿/Ƞ{߾ Œƌƌ ɵ ∈ {߽, Ț{߾
ʉȴ è :

ɵǦ = ߾ ǩǇǇ ˀ ƌȴƟɻȣࢪʉ ɻŒʉǩɻǇˈ ƁȋŒʞɻƟ *Ǧ

ࡦ φ ǩɻ ð�ü ǩǇǇ ∃ɵ ∈ è, ʂ ∈ ó :

∀Ǧ ∈ ,߾} . . . ,Ț} : ˀǦ · ˁǦ = ߽

ࡦ �ȣ ࠆࠆ.߾  ŒȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ ǊǩʻƟɻ Œȣ ŒȋǊȴɫǩʉǞȝ
Ǉȴɫ ð�ü ʿǩʉǞ ɫʞȣ ʉǩȝƟ

ࠆࠆ.߾  = ࠆࠆ.߾(߿/Ƞ߿) = Ƞࠂࠆࠆ.߽߿

assignment to Xyz

assignment to Xze Xu

Ost
x VK.vn Xu i is sat iff it's satisfied

by X Xyz OR the Xu

0
itatifbothuns have 1



ðDüo =⇒ ´Ĩ
ࡦ `ȴɫ Œȣ ŒɻɻǩǊȣȝƟȣʉ ˀ ∈ {߽, ࡪ߿/Ƞ{߾ Œƌƌ ɵ ∈ {߽, Ț{߾
ʉȴ è :

ɵǦ = ߾ ǩǇǇ ˀ ƌȴƟɻȣࢪʉ ɻŒʉǩɻǇˈ ƁȋŒʞɻƟ *Ǧ

ࡦ φ ǩɻ ð�ü ǩǇǇ ∃ɵ ∈ è, ʂ ∈ ó :

∀Ǧ ∈ ,߾} . . . ,Ț} : ˀǦ · ˁǦ = ߽

ࡦ �ȣ ࠆࠆ.߾  ŒȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ ǊǩʻƟɻ Œȣ ŒȋǊȴɫǩʉǞȝ
Ǉȴɫ ð�ü ʿǩʉǞ ɫʞȣ ʉǩȝƟ

ࠆࠆ.߾ 

= ࠆࠆ.߾(߿/Ƞ߿) = Ƞࠂࠆࠆ.߽߿

N 242



ðDüo =⇒ ´Ĩ
ࡦ `ȴɫ Œȣ ŒɻɻǩǊȣȝƟȣʉ ˀ ∈ {߽, ࡪ߿/Ƞ{߾ Œƌƌ ɵ ∈ {߽, Ț{߾
ʉȴ è :

ɵǦ = ߾ ǩǇǇ ˀ ƌȴƟɻȣࢪʉ ɻŒʉǩɻǇˈ ƁȋŒʞɻƟ *Ǧ

ࡦ φ ǩɻ ð�ü ǩǇǇ ∃ɵ ∈ è, ʂ ∈ ó :

∀Ǧ ∈ ,߾} . . . ,Ț} : ˀǦ · ˁǦ = ߽

ࡦ �ȣ ࠆࠆ.߾  ŒȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ ǊǩʻƟɻ Œȣ ŒȋǊȴɫǩʉǞȝ
Ǉȴɫ ð�ü ʿǩʉǞ ɫʞȣ ʉǩȝƟ

ࠆࠆ.߾  = ࠆࠆ.߾(߿/Ƞ߿) = Ƞࠂࠆࠆ.߽߿

0

LETH P

D

Refute H you came up with a new

algorithmic idea



üǞƟ 5ȴȝǩȣŒʉǩȣǊ ðƟʉ ßɫȴŷȋƟȝ



5ΧΓͮΗ˺ϫͮΗ͞ ð̺ϫ

ࡦ Ȃ5࢙ȴȝǩȣŒʉǩȣǊ ðƟʉࡩ cǩʻƟȣ a = (ğ, B), |ğ| = Ƞࡪ
˨ȣƌ Œȣ è ⊆ ğ, |è| = Ȃ ɻʞƁǞ ʉǞŒʉ

∀ʴ ∈ ğ : ʴ ∈ è ȴɫ ∃ʗ ∈ è : (ʴ,ʗ) ∈ B

ࡦ `ȴɫ Ȃ ≥ ࡪࠄ ɻȴȋʻŒŷȋƟ ǩȣ ȠȂ

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ Ȃ5࢙ð ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ȠȂ−߽.߽߾ Ǉȴɫ Œȣˈ Ȃ

fon every k

IT



5ΧΓͮΗ˺ϫͮΗ͞ ð̺ϫ

ࡦ Ȃ5࢙ȴȝǩȣŒʉǩȣǊ ðƟʉࡩ cǩʻƟȣ a = (ğ, B), |ğ| = Ƞࡪ
˨ȣƌ Œȣ è ⊆ ğ, |è| = Ȃ ɻʞƁǞ ʉǞŒʉ

∀ʴ ∈ ğ : ʴ ∈ è ȴɫ ∃ʗ ∈ è : (ʴ,ʗ) ∈ B

ࡦ `ȴɫ Ȃ ≥ ࡪࠄ ɻȴȋʻŒŷȋƟ ǩȣ ȠȂ

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ Ȃ5࢙ð ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ȠȂ−߽.߽߾ Ǉȴɫ Œȣˈ Ȃ

10 DS it can be solved in time n

n fo R i i n V
n fore iz i n U

IIIIi n end in is a s
nk



5ΧΓͮΗ˺ϫͮΗ͞ ð̺ϫ

ࡦ Ȃ5࢙ȴȝǩȣŒʉǩȣǊ ðƟʉࡩ cǩʻƟȣ a = (ğ, B), |ğ| = Ƞࡪ
˨ȣƌ Œȣ è ⊆ ğ, |è| = Ȃ ɻʞƁǞ ʉǞŒʉ

∀ʴ ∈ ğ : ʴ ∈ è ȴɫ ∃ʗ ∈ è : (ʴ,ʗ) ∈ B

ࡦ `ȴɫ Ȃ ≥ ࡪࠄ ɻȴȋʻŒŷȋƟ ǩȣ ȠȂ

ࡦ ðDüo ǩȝɠȋǩƟɻ ʉǞŒʉ Ȃ5࢙ð ƁŒȣȣȴʉ ŷƟ ɻȴȋʻƟƌ ǩȣ
ʉǩȝƟ ȠȂ−߽.߽߾ Ǉȴɫ Œȣˈ Ȃ

Cannot solve 10 DS h 9.99



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

SAT with u vans X th
k 10

Given SAT f Graph G s t

f is satisfiable iff 6 has DS
of size K



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ
I



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

If you want to dominate

nu
f inst Yu Vans



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

Every DS of size
takes exactly one
mentee f mom each
of the Krauts

Pv

J lasaigumet 1 Xn na Xn
X Xun

h Kuei take my



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ
Ț ʻƟɫʉǩƁƟɻࡩ ƀȈ߾ ƀȈ߿ ƀȈࠀ



ðDüo =⇒ 5ð

ßŒɫʉǩʉǩȴȣ ʻŒɫɻ ǩȣ Ȃ Ǌɫȴʞɠɻࡩ
{ˀ߾, . . . , ˀȠ/Ȃ}, . . . , {ˀȠ−Ƞ/Ȃ+߾, . . . , ˀȠ}, |5ð| = Ȃ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ

߽߽߽

߽߾߽߾߽߽

߾߾߽ ߽߽߾

Ƞ/Ȃ߿ ʻƟɫʉǩƁƟɻ
Ț ʻƟɫʉǩƁƟɻࡩ ƀȈ߾ ƀȈ߿ ƀȈࠀ

11351 4 must hav
1 venter from each

point

iff
001satisfiesClausez

O i
clausez
is satisfied
by010
to the
last Fe vans



ðDüo =⇒ 5ð

ࡦ `ȴɫ ƟʻƟɫˈ Ȃࡪ ʿƟ ɫƟƌʞƁƟ ð�ü ȴȣ Ƞ ʻƟɫʉǩƁƟɻ Ȃ5࢙ð
ʿǩʉǞ

≈ Ƞ/Ȃ߿

ʻƟɫʉǩƁƟɻ

ࡦ xǇ Ȃ5࢙ð ȴȣ   ʻƟɫʉǩƁƟɻ ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ
 Ȃ−߽.ࡪ߾ ʉǞƟȣ ð�ü ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ

 Ȃ−߽.߾ = (߾.߽−Ȃ)(Ƞ/Ȃ)߿ = Ƞ/Ȃ߾.߽−Ƞ߿

o



ðDüo =⇒ 5ð

ࡦ `ȴɫ ƟʻƟɫˈ Ȃࡪ ʿƟ ɫƟƌʞƁƟ ð�ü ȴȣ Ƞ ʻƟɫʉǩƁƟɻ Ȃ5࢙ð
ʿǩʉǞ

≈ Ƞ/Ȃ߿

ʻƟɫʉǩƁƟɻ

ࡦ xǇ Ȃ5࢙ð ȴȣ   ʻƟɫʉǩƁƟɻ ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ
 Ȃ−߽.ࡪ߾ ʉǞƟȣ ð�ü ƁŒȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ʉǩȝƟ

 Ȃ−߽.߾ = (߾.߽−Ȃ)(Ƞ/Ȃ)߿ = Ƞ/Ȃ߾.߽−Ƞ߿
O

D 2

refute SETH congrats you found
a new algorithmic idea


