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The Propositional Satisfiability 
Problem (SAT)

ÅFor a given Boolean formula f:
ïFind an assignment of the variables which evaluates to true.

ïProve that such assignment does not exists.

ïExample: 

ÅEstablished as the first NP-complete problem [Cook 1971].
ïSAT used to prove NP-completeness of other problems P: SAT Ph.

ÅToday, used routinely used to practically solve NP-complete 
problems.
ïP h SAT.

ïOut-of-the-box SAT solver.
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Sequential SAT Solving
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(2) Implication graph

(4) Conflict-clause

Backtrack friendly

(1) Literal
(3) Generate 
conflict-clause

(4) conflict-clause

(5) Activity

(6) Conflict

12 June 2009
Control-based clause sharing - Youssef 

Hamadi, MSR



Parallel SAT Solving
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f, x1 f, ¬x1
Divide-and-conquer:
ÅLoad-balancing.

Conflict-clause c.

|c|<=e

|c|=k, removes 2(n-k) tuples.
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The benefit of clause sharing 
(on ManySAT, 4 cores)

612 June 2009
Control-based clause sharing - Youssef 

Hamadi, MSR



Problem with fixed size sharing (1)
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Problem with fixed size sharing (2)

ÅSimple experiment with Minisat2.0 (sequential)
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Average size of learnt clauses is raising: 
clause sharing might halt. 
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Problem with clause sharing (3)

ÅExchange between unrelated search efforts:
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Control-based Clause Sharing

1. Pairwisesize limits eij to control clause 
sharing from i to j.

2. Each unit performs lock-free periodic 
revisions of incoming limits. Two 
objectives:

1. Maintain a throughput T. Solves 
problems (1), (2):

2. Maintain a throughput T of a given 
Quality Q. Solves (3):
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Unit 0:
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tk -> ek10 tk+1 -> ek+110

|c| <= ek10 |c| <= ek-110 
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Objective 1: Maintain a throughput T

ÅThroughput T is a number of foreign clauses received in 
each time interval 
ÅTime interval = h  conflicts
ÅTypically, T = h/c

ÅUnit i, at step tk:
ïRk is the number of foreign clauses received
ïIf Rk < T, uniform increase of ek

ji limits
ïIf Rk > T, uniform decrease of ek

ji limits

ÅHow do we update the limits?
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TCP Congestion Avoidance

ÅProblem: guess the available bandwidth, i.e., find the 
correct communication rate w.

ÅAdditive Increase Multiplicative Decrease (AIMD):
ïSlow increase as long as no packet loss: w = w + b/w

ÅƛΦŜΦΣ ǇǊƻōŜ ŦƻǊ ΨŀǾŀƛƭŀōƭŜΩ ōŀƴŘǿƛŘǘƘΦ

ïExponential decrease if a loss is encountered: w = w ςa*w
Å i.e., congestion: quick decrease for faster recovery. 
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