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Summary

The Distributed Constraint Optimization Problem (DCOP) is a fundamental framework of multi-agent sys-
tems. With DCOPs a multi-agent system is represented as a set of variables and a set of constraints/cost functions.
Distributed task scheduling and distributed resource allocation can be formalized as DCOPs. In this paper, we pro-
pose an efficient method that applies directed soft arc consistency to a DCOP. In particular, we focus on DCOP
solvers that employ pseudo-trees. A pseudo-tree is a graph structure for a constraint network that represents a partial
ordering of variables. Some pseudo-tree-based search algorithms perform optimistic searches using explicit/implicit
backtracking in parallel. However, for cost functions taking a wide range of cost values, such exact algorithms require
many search iterations. Therefore additional improvements are necessary to reduce the number of search iterations.
A previous study used a dynamic programming-based preprocessing technique that estimates the lower bound values
of costs. However, there are opportunities for further improvements of efficiency. In addition, modifications of the
search algorithm are necessary to use the estimated lower bounds. The proposed method applies soft arc consistency
(soft AC) enforcement to DCOP. In the proposed method, directed soft AC is performed based on a pseudo-tree in
a bottom up manner. Using the directed soft AC, the global lower bound value of cost functions is passed up to the
root node of the pseudo-tree. It also totally reduces values of binary cost functions. As a result, the original problem
is converted to an equivalent problem. The equivalent problem is efficiently solved using common search algorithms.
Therefore, no major modifications are necessary in search algorithms. The performance of the proposed method is
evaluated by experimentation. The results show that it is more efficient than previous methods.
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end;
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m <« mp V Me;
end;
end.
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02 DpO,DPIOODO DP2OOOOOOOO

DPO | hi(d;) := Zj s.t. 24 € children of T Dk 1, € upper neighborhoods of  ; ming, e p, Ming, ep,, fj,k(d;, dx)
DP1 | hi(di) =32 .\ 1. ehiarenot o, Mg 0, (R (dg) + fi j(di, dy))
DP2 | hi(di) = 32; \ 4, e anitaenot 2, Mild;en; (R (dy) + fi j(di,dj)+
Dok suane upper neighborhoods of 2\ {a; } T Ndy €Dy fin(dj,di))

// initialize node i

let N; denote neighborhood nodes of ¢;

pi — & // parent node of i

L, —{} // descendantnodes of i

U; «— Nj; // unvisited neighborhood nodes of i

foreach j € N; do m; ; < 0; // flags

if 7 is the initiator node then send loop-back DISCOVER message to
i

process messages as follows;

// arrive from i’s parent node j
for DISCOVER message from j do begin
Pi —J; // pi < ©if i is the initiator node
foreach k € N;\{j} do begin // notify that i has been visited
send VISITED message to k; m; < 1;
end;
if N; ={j} A j#ithenbegin //j isthe only one neighbor of i
foreach d € D; do Extension(z‘,d,f]’f’i);
send RETURN({¢}, f]i,i) to 7; // backtracking
foreach d € D; do Projection(f]’.’i,j,d); // use dummy f;
end;
end;

// return from v’s child node j/resume depth first search
for RETURN(L, f) message from j do begin
if 7 # ¢ then begin L; — L; U L; replace fii’]. by f; end;
if there exists k € U, then begin // visit next node
send DISCOVER to the most prior k; U; — U;\{k};
end else begin
foreach [/ € N; N L; do foreach d € D; do Projection(fii’l,z‘,d);
if p; # ¢ then begin // return to parent node
foreach d € D; do Extension(z‘,d,f;”i);
send RETURN(L; U {z‘},f; ) topi; /A backiracking
foreach hs.t. h € N; Ah ¢ L; do
foreach d € D;, do Projection(f;;’i,h,d); // use dummy f,
end else the algorithm has terminated;
end;
end;

// remove i’s neighborhood node j from unvisited nodes
for VISITED message from j do begin

U; — U;\{j}; send ACK message to j;

end;

// receive acknowledge of VISITED message
for ACK message from j do begin
mi,j; < 0;
if m; j, =0 forall k € N; then
send loop-back RETURN({ },{}) to 4; // resume depth first
search
end;
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