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Distributed Lagrangean Relaxation Protocol that Computes an Upper
Bound for the Generalized Mutual Assignment Problem

KATSuTOSHI HIRAYAMA®

The generalized mutual assignment problem (GMAP) is the combinatorial optimization
(maximization) problem that can describe various distributed problem solving tasks. Re-
cently, we have presented a communication protocol for this problem that enables the agents
to find a feasible solution along with a lower bound. This paper provides a new protocol,
called DisLRPy, where the agents are engaged in computing an upper bound rather than
searching a feasible solution. Furthermore, to efficiently seek for a smaller upper bound using
DisLRPy, we present two simple methods, called k-sampling and lastsnap, and evaluate their

performance empirically on benchmark instances.
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Fig.1 Behavior at round t.
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procedure it
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roundy :=1;
leng := commonValue;
7 := commonRatio;
cutOffRound := commonValue;
C'TSched := set of rounds to start COLLECTrrpg;
Ty := subset of Neighbors that appear in the spanning tree;
minUB := maxValue;
OpenSesl, := ¢; ClosedSesL := ¢;
for cach job j € Ry do p; := 0 end do;
Jobsy, := optimal solution to knapsack problem;
send assign(k, roundy, Jobsi, ¢) to Neighbors;
Waitl, := Neighbors;
0 4 DisLRPyOinit 000
Fig.4 DisLRPy: init procedure.

when k receives assign(k’, roundy:, Jobsy:, M) from k' do

1. if round; < roundy: then add this message in DeferredL;
2. else
3. update AgentView with Jobsy; WaitL := WaitL \ {k'};
4. for each (¢, M) € My, do
5. if My = # then
6. RCLY .= ROLW U {k'};
7. if T, \ RCLY) = ¢ then
8. ub®) := sum of optimal values in UBL(');
9. if ub"®) < minUB then minUB = ub' end if’;
10. ClosedSesL := ClosedSesL U {t};
11. end if
12. else DAT®) := DAT® U M; end if
13. end do
14. if Waitl = ¢ then
15. stop = localcomp;
16. if stop then output minUB; terminate the procedure;
17. else
18. OpenSesL := OpenSesL \ ClosedSesL;
19. WaitL := Neighbors;
20. restore each message in DeferredL to process;
21 end if;
22. end if;
23. end if;
end do

0 5 DisLRPyO0OOOO0OO0OOOOODO
Fig.5 DisLRPy: message processing procedure.
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procedure localcomp

roundy, := roundy + 1;
if round; > cutOffRound then return true;
else
leng := leng * ;
for each job j € Ry do
calculate subgradient, g; based on agent View;
if g; # 0 then ji; := y; — leng + g;/|S;|; end if;
end do;
Jobsy, := optimal solution to knapsack problem;
for each k" € T), do My := ¢; end do
for each session t € OpenSesL do
for each k" € T}, \ SCL® do
(t, M) := element in My, concerning session ¢;
M := DAT®) \ Myyr;
if M = ¢ then
My := My U{(t,#)}; SCLY := SCL® U {k"};
else My := Mygr U {(t, M)}; end if
end do
UBLY = UBL® U DAT®; DATY .= ¢
end do
if round;, € CTSched then
OpenSesL := OpenSesL U {roundy };
olroundk) .= optimal value of knapsack problem;
UBL(roundg) = {(k’o(roundk»};
DATUo ) = ¢ SCLUnh) = ¢ RCLUOM™) o= ¢
for each k" € T}, do
My := Mygr U {(roundy, UBL(”’“M”)};
end do
end if
for each k" € Neighbors do
if k" € T} then send assign(k, roundy, Jobsy, M) to k"
else send assign(k, roundy,, Jobsy, ¢) to k' end if
end do
return false;

. end if;

0 6 DisLRPyUOlocalcomp 000
Fig.6 DisLRPy: localcomp procedure.
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Table 1 Obtained upper bounds when cutOffRound is
1001.

K-samp
Pr.ID 1 5 10 20 last opt
¢c520-1 439 439 439 439 439 434
c530-1 659 659 659 659 659 656
c832-1 762 762 762 762 762 761
c840-1 944 944 944 944 944 942

c848-1 | 1,134 | 1,134 | 1,134 | 1,134 | 1,135 | 1,133
c1030-1 | 710 | 710| 710| 710| 710| 709
c1040-1 | 958 | 958 | 959 | 959 | 959 | 958
c1050-1 | 1,139 | 1,139 | 1,139 | 1,139 | 1,139 | 1,139
c1060-1 | 1,451 | 1,451 | 1,451 | 1,451 | 1,451 | 1,451

0 2 cutOffRound 000 00c848-1 0000
Table 2 cutOffRound vs. upper bound for c¢848-1.

201 401 601 801 | 1001
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