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Both are NP-complete problems,
NP-complete problems can be very difficult



N binary variables:
M clauses:

constraint density O=m/N

a sat solution: black (true),

O O @ &.
" ‘\
i ¢ “
I ¥

/ \
[ I W




—

ATy I
Low-density-parity-check codes

Copyright © & EY¥



A TREBHE R ZA ) G 2 0] I AH AL

g
e
=9

s(q)

I Ty

(\ Il

0 Oem U4 ol

N

R e e T e

FIG. 1: (Color online) Evolution of the solution space S of
a constrained spin system: At low constraint density o (left Fig. 4. Schematic phase diagram for a constraint satisfaction problem, using temperature T' and
pan E*]}. S is homogeneous and the solution-pair entropy den- constraint density a as control parameters. The configuration space is homogeneous and ergodic

. . . . in region . As the temperature T' decreases to Ty (), a homogeneity-breaking transition oceurs,
sity s(q) is a concave function of the overlap ¢. Solution com- L s : . o
Y and the configuration space becomes non-homogeneous but still ergodic (region I1). As T' further
munities start to form as « exceeds a threshold value a.,,

decreases to Ty(a), an ergodicity-breaking (clustering) transition occurs, and the configuration
(middle panel); S then becomes heterogeneous and the func- space breaks into ﬁlan}-‘ separated clusters (region III).J At T =0, the ground-state configuration
tion s(q) changes to be non-concave. An ergodicity-breaking  space is non-homogeneous at o > @ and non-ergodic at a > ay.

transition occurs as « reaches a larger threshold value ay

(right panel), where the solution communities separate into

different solution clusters and there are no solution-pairs with

intermediate overlap values.



solution 1s N-dimension

O={0/1,0/1,.....,0/1}
two solutions are
connected by an edge 1f

their Hamming distance
1S unity

solution clusters!




Our questions

I.-- Fine structure in a single solution
cluster (community structures)

II.-- The influence of solution cluster
fine structure to a stochastic search
algorithm (SEQSAT)




How to detect the structure of a single cluster?
Enumeration is hopeless, as the graph is too large!

Our approach:
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Stochastic search SEQSAT
within a solution cluster

Remove all clauses, randomly generate an initial configuration
©O ® 0@ O ® O 00 O OO0 e O 00

Random walking in the solution cluster until reach a configuration

that sat the 1st clause (record the waiting time)
& O O ® 6 ©CO OC O 0O 090




a configuration that sat the first m clauses is reached at certain time
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Random walking in the solution cluster of the satistfied subformula
until reach a configuration that sat the (m+1)-th clause
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properties of SEQSAT

* never crosses any energy barrier

* never jumps from one solution cluster to
another different solution cluster

* just performs random walks within one
solution cluster




Performance of SEQSAT: K=3, N=100,000
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Performance of SEQSAT: K=4, N=100,000
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Population Dynamics

On each directed edge 1->a and a->1, there 1s a message.
This message takes different values in different macrostates
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