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A Multiplexed Method
for Distributed Constraint Optimization Problems

Yasuki I1zukat! and Ikuo TakeucHif!

Distributed constraint optimization problems (DCOP) have been attracting
attention as one of the effective approaches for modeling distributed reasoning
tasks in distributed autonomous systems. However, most of existing approaches
require very long computation time to guarantee the optimal solution, or can ob-
tain only a roughly approximate solution quickly by a probabilistic method. For
real world problems, however, we need a more efficient algorithm that can obtain
high quality near-optimal solutions within reasonably short time. The authors
propose a multiplexed method that improves the efficiency of distributed ap-
proximation algorithms under the assumption that most of the computation
time of distributed algorithms are spent by message communication, and there-
fore small increase of the computation at individual nodes and the message
lengths do not matter much to the efficiency of the whole computation. In
this paper, we present a theoretical analysis to verify the effectiveness of the

proposed method by using the theory of extreme value distribution. Then, by
multiplexed experimentations based on a simple algorithm, we show the out-
standing improvement of the solution quality and computation speed as well as
the decrease of the variance of the obtained solutions.
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: Algorithm S

: while(TerminationConditionIsNotMet)do

mec := 0; /* Number of Messages */

while(me < #Neighbors) do
neighborsStatus[mc] := Receive; mc++;

endwhile

z := NewValue(neighborsStatus| |)

Send(x)

: endwhile

01 00oo0oooooooooooboo S
Fig.1 Simple distributed iterative repair algorithm S.
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11: Algorithm Multiplexed-S

12: while(TerminationConditionIsNotMet)do
13:  mec := 0; /* Number of Messages */

14: while(me < #Neighbors) do

15: neighborsStatus[mc][ ] := Receive; mec++;
16: endwhile

17:  forall i € m do /* for each plane */

18: z[i] := NewValue(neighborsStatus| |[i])
19: message(i] := x[i]

20: end

21:  Send(message| ])

22: endwhile

02 00000000000000000 Multiplexed-S
Fig.2 Multiplexed distributed iterative repair algorithm Multiplexed-S.
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Fig.3 Concept of multiplexed algorithm.
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Fig.4 The Effect of multiplexed method when Fj is poisson distribution (1).
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Fig.5 The Effect of multiplexed method when Fj is poisson distribution (2).
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Fig.6 The Effect of multiplexed method (considering a time increase).
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30:Algorithm DSt phase-1
const D : set : /* domain of = */

/* multiplicity */

/* agent’s variable */

/* termination counter */

/* execution rounds */

m : integer :
var [ ] tx €D :
my_tcl] : integer :
T : integer :
31:SetInitialValue;
32:Send(z, [all 0]);
33:while(Vj : my_tc[j] < termination_cond)do
34: ReceiveNeighborsMessages;
35: r:=7r+1
36: for all j € m do /* for each plane */
37: my-tc[j] :=Calcte(j) /* termination counter */
38: z[j] :=NewValue(j, r);
39:  end
/* send multiplexed message */
40:  Send(z[ ], my-tc| ]);
41:endwhile

42:function NewValue(j, )
43:if(Satisfied(j,r))then
44:  return z[j]; /* nothing to do */
45:else if(3d%,,, : ng(d;ew,j) < Eg’“(z,j))the"
/* I can improve conflicts */
46:  return (d},.,, with pi| z[j] with (1 — p1))
47:else
/* otherwise */
48: return (dpew with pa| x[j] with (1 — p2))
49:endif

07 000000000 DStO0DOO
Fig.7 Details of algorithm DSt for experiments.
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Table 1 Parameters for experiments.
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Fig.8 The character of algorithm DSt (m = 1).
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Fig.9 The change in the frequency distribution of the number of rounds when multiplicity m is
changed.
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Fig.10 The change in the frequency distribution of distance from optimal when multiplicity m is
changed.
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Table 2 Part of experiments results when multiplicity is changed, mean value and variance.
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Fig. 11 Number of execution rounds when multiplicity is changed.
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Table 3 Multiplicity and number of rounds when the same quality is obtained.
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Fig. 14 Multiplicity and number of rounds when the same quality is obtained.
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