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Distributed Breakout: Iterative Improvement Algorithm
for Solving Distributed Constraint Satisfaction Problem

MAKOTO YOKOOt and KATSUTOSHI HIRAYAMA

This paper presents a new algorithm for solving distributed constraint satisfaction problems
(distributed CSPs) called the distributed breakout algorithm, which is inspired by the break-
out algorithm for solving centralized CSPs. In this algorithm, each agent tries to optimize its
evaluation value (the number of constraint violations) by exchanging its current value and the
possible amount of its improvement among neighboring agents. Instead of detecting the fact
that agents as a whole are trapped in a local-minimum, each agent detects whether it is in
a quasi-local-minimum, which is a weaker condition than a local-minimum, and changes the
weights of constraint violations to escape from the quasi-local-minimum. Experimental eval-
uations show this algorithm to be much more efficient than existing algorithms for critically
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difficult (phase transition) problem instances of distributed graph-coloring problems.
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Fig.1 Example of a constraint network.
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procedure send_improve
current_eval + evaluation value of current_value;
my_tmprove < possible maximal improvement;
new_value
the value which gives the maximal improvement;
if current_eval = 0 then consistent « true;
else consistent < false;
my-termination_counter « 0; end if;
if my_improve > 0
then can-move + true;
quasi_local_minimum < false;
else can_move + false;
quasi_local_minimum « true; end if;
send (improve, z;, my_improve, current_eval,
my_termination_counter) to neighbors;
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when received (improve, z;, improve,
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quasi_local_minimum « false; end do;
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when eval > 0 do
consistent < false; end do;
when counter = number_of.neighbors do
send_ok; counter « 0; clear agent_view;
goto wait_ok mode; end do;
goto wait_improve mode; end do;

procedure send_ok

when consistent = true do

my-termination_counter <
my_termination_counter +1;
when my.termination_counter = maz_distance do
notify neighbors that a solution has been found;
terminate the algorithm;

end do; end do;

when quasi_local_minimum = true do
increase the weights of constraint violations;

end do;

when can_-move = true do
current_value < new_value; end do;

send (ok?, z;, current_value) to neighbors;
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Fig.2 Procedures for receiving messages.
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Fig.3 Example of algorithm execution.
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Table 1 Evaluation with “sparse” problems (k = 3, m = n x 2).

DB DB+BC AWC HCC
n ratio | cycles ratio | cycles ratio | cycles ratio cycles
90 100% 150.8 100% 230.4 100% 70.1 98% 533.5
120 100% 210.1 100% 253.4 100% 106.4 100% 538.4
150 100% 278.8 100% 344.5 100% 159.2 99% 1074.2
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£2 2VFAHNEHETOFM (k=3,m=nx2.7)
Table 2 Evaluation with “critical” problems (k = 3, m = n X 2.7).
DB DB+BC AWC HCC
n ratio cycles ratio | cycles | ratio cycles | ratio cycles
90 | 100% 517.1 | 100% 397.1 97% | 1869.6 66% | 5305.7
120 100% 866.4 100% 693.0 65% 6428.4 37% 7788.2
150 100% 1175.5 100% 687.7 29% 8249.5 19% 8874.0

£3 HOFrELMETOFM (k=3,m=nx(n—1)/4)
Table 3 Evaluation with “dense” problems (k =3, m =n X (n —1)/4).

DB DB+4BC AWC HCC
n ratio | cycles ratio | cycles ratio | cycles ratio | cycles
90 | 100% 31.2 | 100% 31.2 | 100% 9.9 | 100% 65.6
120 100% 34.6 100% 34.4 100% 9.3 100% 70.2
150 100% 34.9 100% 34.9 100% 9.6 100% 70.7
F4 7VFAHINVERETONE (k=4,m=n x4.7)
Table 4 Evaluation with “critical” problems (k= 4, m = n X 4.7).
DB DB+BC AWC HCC
n ratio cycles ratio cycles ratio cycles | ratio cycles
60 | 100% 591.3 | 100% 497.1 | 100% 1733.6 61% | 19953.8
90 100% 1175.8 100% 691.8 83% 14897.3 26% 32923.9
120 100% 2218.1 100% 1616.7 25% 34771.6 9% 38028.1
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