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Assignment (X1, X2, X3,X4) = (1,1,0,0)
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Hopeless!
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At most 2" steps




Algorithms for 3-SAT — Some History

2" What | just showed you deterministic
1.618" Monien and Speckenmeyer 1985 deterministic
1.588" Paturi, Pudlak and Zane 1997 randomized
15" Dantsin et al. 2002 deterministic
1.333" Schéning 2002 randomized
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A Parametrized Problem

Let the following be given:
@ a CNF Formula F
@ an assignment o € {0,1}"
@ aradiusr € N

Question: Is there an assignment 5 € {0,1}" such that
o dist(a, 5) <
@ [ satisfies F?

We search the Hamming ball B, («)




Example with o = (1,1,1,1)and r = 2

(x9) A (@1 V&V &3) A (21 VoV E3) A (21 VIZ2) A (T VT2V Zg) N (T3 V 24)




Example with o = (1,1,1,1)and r = 2
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Example with o = (1,1,1,1)and r = 2
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A A (T3 V xy)




Example with o = (1,1,1,1)and r = 2

( )/\ /\( .773)/\ A /\(.’133\/3?4)




Example with o = (1,1,1,1)and r = 2
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hopeless!
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Example with o = (1,1,1,1)and r = 2
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At most 3" steps for 3-SAT!
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The cube {0,1}" of truth assignments
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Choosing the Optimal Radius




Choosing the Optimal Radius

a' steps per ball —

n
(2 - le) steps for the whole cube

3 =— 1.5
273" = 1.465"



Improving sear chbal |
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Four Simple Rules: Rule 1

L(r) <2L(r—1)=1L(r)<2"




Four Simple Rules: Rule 2

Hopeless!




Four Simple Rules: Rule 2

Hopeless!

L(r) <2L(r—1)=1L(r)<2"




Four Simple Rules: Rule 3




Four Simple Rules: Rule 3

L(r) <2L(r —1)+L(r —2) = L(r) <2414



Four Simple Rules: Rule 4

(xVu)

Hopeless!




Four Simple Rules: Rule 4

(xVu)

Hopeless!

L(r) <2L(r —1)+2L(r — 2) = L(r) < 2.73'



Nice — But What Now?




Thrifty Search — o = (1,1,1,1),
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Thrifty Search — o = (1,1,1,1),
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Thrifty Search — o = (1,1,1,1),

AN@2V GV E) N (T3 VIV Z)A( )A (Va2 Vu) Ay VTV a)

(B Vi VZz)

Hopeless!




Thrifty Search — o = (1,1,1,1),

ANE2V GV EB)A (T3 VIV E) A (@) A (Vo Vu) A T3V a)

(B Vi VZz)

Hopeless!




Thrifty Search — o = (1,1,1,1),

Reduced!




Thrifty Search — o = (1,1,1,1),
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Reduced! Ugly!




Thrifty Search — o = (1,1,1,1),

ATV GV EB)A (@3 VIV E) A (@) A 2o Vu)A(y VI Va)

. Reduced!

Reduced! Ugly!
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Iterating Thrifty Search

Reduced formula F'

Reduced!
Too far!
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Reduced formula F'
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Too far!
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Reduced formula F'

Hopeless!

Reduced!
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Iterating Thrifty Search

Reduced formula F'

Hopeless!
Reduced!
Too far!

Reduced!

Ugly!

Reduced!

Uglyf Hopeless!

Too far!




Iterating Thrifty Search

Reduced formula F'

Hopeless!
Reduced!
Too far!

Uiyt Reduced!




What Now?

Reduced formula F e e mmm e mmm e mmm e mm o — oo -

Hopeless!

Ugly® Hopeless!

Reduced!

Too far!
Too far! o]

Reduced!




What Now?

Too far!

Reduced formula F

educed!
Reduced Reduced!

Hopeless!




What Now?

Reduced formula F

Hopeless!
educed!

Reduced Reduced!
Too far!

Reduced formula G

Lgl\../\/\\

Too far!

Hopeless!

CTRL+C




What Now?

Reduced formula F

Hopeless!

educed!
Reduced Reduced!
Too far! -

CTRL+V

Ugly®




What Now?

Reduced formula F e e mmmm e mm e mm o m e — oo -

@ Hopeless! Hopeless!

Too far!

Too far!

CTRL+V




What Now?

Reduced formula F

Hopeless! Ugly®

Continue at ugly nodes




Summary of the Algorithm

sear chbal | -i nproved:
@ Apply Rules 1-4
@ Reduced Formula = Thrifty Search = Guide Formula
@ CTRL+C, CTRL+V
@ Use Guide Formula

@ Recursively call sear chbal | -i npr oved on ugly nodes




Summary of the Algorithm

sear chbal | -i nproved:
@ Apply Rules 1-4
@ Reduced Formula = Thrifty Search = Guide Formula
@ CTRL+C, CTRL+V
@ Use Guide Formula

@ Recursively call sear chbal | -i npr oved on ugly nodes
Running Time for 3-SAT:

@ dominated by Rule 4

@ 2.73" per ball

@ 1.465" for formula




The End

Danke fur lhre Aufmerksamkeit!




