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´ϘϫͩΧ͞ΧΗ˺Ή Ĩ̺̤ϫΧϘϡ

5Ɵ˨ȣǩʉǩȴȣ
è, ó ŒɫƟ ɻƟʉɻ ȴǇ   ʻƟƁʉȴɫɻ Ǉɫȴȝ {߽, ࡱƊ{߾ �ɫƟ
ʉǞƟɫƟ ɵ ∈ è Œȣƌ ʂ ∈ ó ɻʞƁǞ ʉǞŒʉ
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Ǧ=߾ ɵǦ · ʂǦ = ࡲ߽ ȴʻƟɫࢍ Zࡱࢎ
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+ΧΓϑΉ̺РͮϫС Χ͘ ´Ĩ

ࡦ +Œȣ ŷƟ ɻȴȋʻƟƌ ǩȣ (Ɗ߿ )®

ࡦ +Œȣ ŷƟ ɻȴȋʻƟƌ ǩȣ ®(  · (Ɗ߿

ࡦ +ȴȣǽƟƁʉʞɫƟࡩ ȣȴ ŒȋǊȴɫǩʉǞȝ ƁŒȣ ɻȴȋʻƟ ´Ĩ ǩȣ ʉǩȝƟ
ε−߿  poly(Ɗ) Ǉȴɫ ƁȴȣɻʉŒȣʉ ε > ߽

N go over SES
N go over to T N d
Timed to compute 4 t
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+ΧΓϑΉ̺РͮϫС Χ͘ ´Ĩ
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essentially
optimal
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ð�ü ϫΧ ´Ĩ

ࡦ cǩʻƟȣ Œ Ȃ࢙+£` 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߿

I



ð�ü ϫΧ ´Ĩ

ࡦ cǩʻƟȣ Œ Ȃ࢙+£` 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߿

S T

lz f xT

242 vectors in S
Z rectum i T

N 451 117 242
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ð�ü ϫΧ ´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 ε−߿  ŒȋǊȴɫǩʉǞȝ Ǉȴɫ ´Ĩ ʿǩʉǞ Ɗ = ω(log )
ǊǩʻƟɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ Ȃ࢙ð�ü ʿǩʉǞ ɫʞȣ ʉǩȝƟ

ε−߿  = ε−߿(߿/Ƞ߿) = ߿/Ƞ−εȠ߿

m of clauses

0
f Car E n x Venu nlxzv.tn
Xia Xyz4 Ty

X O

t.TL
C0vXn.ydn 0uxnvDnciv

n Ch
si 7 O
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s t
s c 0,13 tefanik

s t Victim Ci is either satisfied
by s or by t
Si O on t D

is SAT if Ages tet es ta EESiti O
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Ĩ´

ࡦ DʻƟȣ ǞŒɫƌƟɫ ɠɫȴŷȋƟȝ ࡩĨ´ +ȴʞȣʉ ʉǞƟ ȣʞȝŷƟɫ
ȴǇ ȴɫʉǞȴǊȴȣŒȋ ɠŒǩɫɻ ȴǇ ʻƟƁʉȴɫɻ

ࡦ ðʉǩȋȋ ʉɫǩʻǩŒȋȋˈ ɻȴȋʻŒŷȋƟ ǩȣ ®(Ƞ߿Ɗ)

ࡦ īƟࢪȋȋ ǊǩʻƟ Œ ɻȋǩǊǞʉȋˈ ǇŒɻʉƟɫ ŒȋǊȴɫǩʉǞȝࡩ
Ƞ߾−߿/ log(Ɗ/ log Ƞ)

ࡦ īƟࢪȋȋ ʿȴɫȅ ʿǩʉǞ F߿

O EE ENZ
te ofpains G H
SES TET es t O
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ࡦ DʻƟȣ ǞŒɫƌƟɫ ɠɫȴŷȋƟȝ ࡩĨ´ +ȴʞȣʉ ʉǞƟ ȣʞȝŷƟɫ
ȴǇ ȴɫʉǞȴǊȴȣŒȋ ɠŒǩɫɻ ȴǇ ʻƟƁʉȴɫɻ

ࡦ ðʉǩȋȋ ʉɫǩʻǩŒȋȋˈ ɻȴȋʻŒŷȋƟ ǩȣ ®(Ƞ߿Ɗ)

ࡦ īƟࢪȋȋ ǊǩʻƟ Œ ɻȋǩǊǞʉȋˈ ǇŒɻʉƟɫ ŒȋǊȴɫǩʉǞȝࡩ
Ƞ߾−߿/ log(Ɗ/ log Ƞ)

ࡦ īƟࢪȋȋ ʿȴɫȅ ʿǩʉǞ F߿

NZ
Bunte force all pains ofvectors
in Nr sits in time Old



Ĩ´

ࡦ DʻƟȣ ǞŒɫƌƟɫ ɠɫȴŷȋƟȝ ࡩĨ´ +ȴʞȣʉ ʉǞƟ ȣʞȝŷƟɫ
ȴǇ ȴɫʉǞȴǊȴȣŒȋ ɠŒǩɫɻ ȴǇ ʻƟƁʉȴɫɻ

ࡦ ðʉǩȋȋ ʉɫǩʻǩŒȋȋˈ ɻȴȋʻŒŷȋƟ ǩȣ ®(Ƞ߿Ɗ)

ࡦ īƟࢪȋȋ ǊǩʻƟ Œ ɻȋǩǊǞʉȋˈ ǇŒɻʉƟɫ ŒȋǊȴɫǩʉǞȝࡩ
Ƞ߾−߿/ log(Ɗ/ log Ƞ)

ࡦ īƟࢪȋȋ ʿȴɫȅ ʿǩʉǞ F߿

E s if d tc.IT Then

h2 sub quadratic



Ĩ´

ࡦ DʻƟȣ ǞŒɫƌƟɫ ɠɫȴŷȋƟȝ ࡩĨ´ +ȴʞȣʉ ʉǞƟ ȣʞȝŷƟɫ
ȴǇ ȴɫʉǞȴǊȴȣŒȋ ɠŒǩɫɻ ȴǇ ʻƟƁʉȴɫɻ

ࡦ ðʉǩȋȋ ʉɫǩʻǩŒȋȋˈ ɻȴȋʻŒŷȋƟ ǩȣ ®(Ƞ߿Ɗ)

ࡦ īƟࢪȋȋ ǊǩʻƟ Œ ɻȋǩǊǞʉȋˈ ǇŒɻʉƟɫ ŒȋǊȴɫǩʉǞȝࡩ
Ƞ߾−߿/ log(Ɗ/ log Ƞ)

ࡦ īƟࢪȋȋ ʿȴɫȅ ʿǩʉǞ F߿ S t an orthogonal T

qtz E si.fi D mad 2
g



�Ή͞ΧϘͮϫͩΓ ͘ΧϘ Ĩ´

üǞƟȴɫƟȝ
óǛƝɥƝ Ǧɵ Œ ƊƝʂƝɥȚǦȠǦɵʂǦƀ ŒȈǈȰɥǦʂǛȚ ʂǛŒʂ ɵȰȈʴƝɵ
#®ğ ȰʴƝɥ F߿ ǦȠ ʂǦȚƝ ®(Ƞ߾−߿/ log(Ɗ/ log Ƞ)) ǅȰɥ ŒȠˁ
Ɗ = Ȱ(Ƞ)ࡰ



�Χ̭ϺΉϺϡ࢙�ΓϑΉͮ͘СͮΗ͞ ßΧΉСΗΧΓͮ˺Ήϡ ࢂࠁࠆü#ࢁ

`ȴɫ ƟʻƟɫˈ ࡪ$ ʉǞƟ ǇȴȋȋȴʿǩȣǊ ʞȣǩʻŒɫǩŒʉƟ ɠȴȋˈȣȴȝǩŒȋ
ȴǇ ƌƟǊɫƟƟ < $߿

^#(ˀ) = −߾ −߾) ˀ)#
∑߾−#

Ǧ=߽

(
$+ Ǧ− ߾

Ǧ

)
ˀǦ

ǞŒɻ ʉǞƟ ɠɫȴɠƟɫʉˈ ʉǞŒʉ Ǉȴɫ ƟʻƟɫˈ ˀ ∈ Zࡪ

ˀ = ߽ mod ߿ =⇒ ^#(ˀ) = ߽ mod #߿

ˀ = ߾ mod ߿ =⇒ ^#(ˀ) = ߾ mod #߿
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üǞƟȴɫƟȝ ࡪ߿ࠅȴɠ+ࢍ īǩȋࢎࠁ߾
óǛƝɥƝ Ǧɵ Œ ƊƝʂƝɥȚǦȠǦɵʂǦƀ ŒȈǈȰɥǦʂǛȚ ʂǛŒʂ
ȚʗȈʂǦɛȈǦƝɵ ʂʸȰ ȚŒʂɥǦƀƝɵ � ∈ FȠ×Ƞ߽.߿߿ࠄ߾ ŒȠƊ
# ∈ FȠ߽.߿ࠄ߾×Ƞ߿ ǦȠ ʂǦȚƝ ®(Ƞ߿ poly(log Ƞ))ࡰ

= ×

no1 in time
n h tog n

l

w



�Ή͞ΧϘͮϫͩΓ ͘ΧϘ Ĩ´

üǞƟȴɫƟȝ
óǛƝɥƝ Ǧɵ Œ ƊƝʂƝɥȚǦȠǦɵʂǦƀ ŒȈǈȰɥǦʂǛȚ ʂǛŒʂ ɵȰȈʴƝɵ
#®ğ ȰʴƝɥ F߿ ǦȠ ʂǦȚƝ ®(Ƞ߾−߿/ log(Ɗ/ log Ƞ)) ǅȰɥ ŒȠˁ
Ɗ = Ȱ(Ƞ)ࡰ
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