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A Parametrized Problem

Let the following be given:

a CNF Formula F

an assignment α ∈ {0, 1}n

a radius r ∈ N0

Question: Is there an assignment β ∈ {0, 1}n such that

dist(α, β) ≤ r

β satisfies F?

We search the Hamming ball Br (α)
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At most 3r steps for 3-SAT!
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ar steps per ball =⇒
(

2 − 2
a+1

)n
steps for the whole cube

3r =⇒ 1.5n

2.73r =⇒ 1.465n



Improving searchball
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Four Simple Rules: Rule 2
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Four Simple Rules: Rule 3

(x̄ ∨ ȳ ∨ z̄)

x
=

0 z
=

0

F = (x̄ ∨ ȳ ∨ z̄) ∧ (x ∨ ū) ∧ . . .

y
=

0

(x ∨ ū)

u
=

0
L(r) ≤ 2L(r − 1) + L(r − 2) =⇒ L(r) ≤ 2.414r



Four Simple Rules: Rule 4

(x̄ ∨ ȳ ∨ z̄)

x
=

0

z
=

0

F = (x̄ ∨ ȳ ∨ z̄) ∧ (ū ∨ v̄ ∨ w̄) ∧ (x ∨ u) ∧ . . .

w
=

0

(ū ∨ v̄ ∨ w̄)

u
=

0

(x ∨ u)

Hopeless!

y
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u
=

0



Four Simple Rules: Rule 4

(x̄ ∨ ȳ ∨ z̄)

x
=

0

z
=

0

F = (x̄ ∨ ȳ ∨ z̄) ∧ (ū ∨ v̄ ∨ w̄) ∧ (x ∨ u) ∧ . . .

w
=

0

(ū ∨ v̄ ∨ w̄)

u
=

0

(x ∨ u)

Hopeless!

y
=

0

u
=

0
L(r) ≤ 2L(r − 1) + 2L(r − 2) =⇒ L(r) ≤ 2.73r



Nice – But What Now?



Thrifty Search – α = (1, 1, 1, 1), r = 2

(x̄1 ∨ ȳ1 ∨ z̄1) ∧ (x̄2 ∨ ȳ2 ∨ z̄2) ∧ (x̄3 ∨ ȳ3 ∨ z̄3) ∧ (x1) ∧ (z1 ∨ x2 ∨ u) ∧ (y1 ∨ x̄3 ∨ ū)
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(x̄1 ∨ ȳ1 ∨ z̄1) ∧ (x̄2 ∨ ȳ2 ∨ z̄2) ∧ (x̄3 ∨ ȳ3 ∨ z̄3) ∧ (x1) ∧ (z1∨x2 ∨ u) ∧ (y1 ∨ x̄3 ∨ ū)
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x 3
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y1 = 0

Hopeless!

Reduced! Ugly!

Reduced!

(x̄1 ∨ ȳ1 ∨ z̄1)

(x1) (y1∨x̄3 ∨ ū)
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What Now?

Reduced formula F
Reduced formula G

Ugly!
Too far!

Hopeless!Ugly!
Too far!

Hopeless!

Continue at ugly nodes



Summary of the Algorithm

searchball-improved:

Apply Rules 1–4

Reduced Formula ⇒ Thrifty Search ⇒ Guide Formula

CTRL+C, CTRL+V

Use Guide Formula

Recursively call searchball-improved on ugly nodes



Summary of the Algorithm

searchball-improved:

Apply Rules 1–4

Reduced Formula ⇒ Thrifty Search ⇒ Guide Formula

CTRL+C, CTRL+V

Use Guide Formula

Recursively call searchball-improved on ugly nodes

Running Time for 3-SAT:

dominated by Rule 4

2.73r per ball

1.465n for formula



The End

Danke für Ihre Aufmerksamkeit!


