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Development of high-performance metaheuristic algorithms based on variable depth
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This research investigated the high performance metaheuristic algorithms
that efficiently obtain high-quality near-optimal solutions to combinatorial optimisation problems
in practical time. In particular, we showed that metaheuristic algorithms based on variable depth
search, which introduces ideas from the related graph coloring problem, and that efficient search
can be achieved.
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procedure Multi-start-k-opt-Local-Search-with-Coloring
input :graph G = (V,E);
output: best clique Cp,q; in G;
begin
Cpest *=@; Col :=Colouring(G);
repeat
generate C; compute PA and OM,;
C := k-opt-Local-Search(C, PA,OM, | Cpes: |, Col);
if 1C| > |Cpese| then Cpeqr := C;
until terminate = true;
return Cpg:;
end;

Figure 1 The pseudo-code of Multi-start k-opt Local Search with Coloring for MCP.
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procedure k-opt-Local-Search (CC,PA,OM, LB, Col)
begin
1 repeat
2 CCprey :=CC; D :=CCprey; P :=V; g:=0; gmax :=0;
3 repeat
4 if |CC| + maxyepanp{dsaturgpanp)(v)}+1> LB then // Add Phase
5 find a vertex v with max,epanp{dsaturgpane)(v)};
6 if multiple vertices with the same maximum dsatur are found the degree
then select a vertex v with  maxyepanp{degspanry(¥)};
7 cC:=ccu{v},g:=g+1; P:=P\ {v} LB :=max(LB,|CC]);
8 if 9> gmax then gpma. := g, CChest :=CC;
9 else // Drop Phase (if {PA N P} = ¢)
10 find a vertex v € {CC n P} such that the resulting |PA n P| is maximized,
11 if multiple vertices with the same size of the resulting |PA n P| are found
then select a vertex v among them randomly;
12 cc:=cc\{}, g:=g—1, P:=P\ {v}
13 if v is contained in CC,,., then D:=D \ {v};
14 endif
15 update PA,OM,degg(panpy, dsaturgpanpy based on Col;
16 until D =¢
17 if gmax = 0 then CC:= CCp,s else CC:=CCpyeyp;
18 until g, < 0;
19 return CC;
end;
Figure 2 The pseudo-code of KLS performed in MKLS.
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Table 1: The Results of MKLS-COL and MKLS for the DIMACS and BHOSLIB benchmark graphs.

instance RLF MKLS-COL MKLS

COL | coL
name BR n p Best | #B Avg t[s] Best | #B | Avg t[s]

Best Avg
C500.9 57 500 | 0.900 151 153.77 57 5 55.77 0.311 57 15 56.08 | 0.020
C1000.9 68 | 1000 | 0.901 275 279.56 67 4 65.39 2.377 68 2 66.07 | 0.019
C2000.9 80 | 2000 | 0.901 508 514.30 76 1 73.77 49.752 76 5 7459 | 0.564
C2000.5 16 | 2000 | 0.500 190 194.26 16 92 15.92 5.974 16 | 100 16.00 | 0.244
DSJC500_5 13 500 | 0.502 58 59.55 13 | 100 13.00 0.029 13 | 100 13.00 | 0.003
DSJC1000_5 15 | 1000 | 0.500 105 106.94 15 64 14.64 0.996 15 82 14.82 | 0.118
MANN_a45 345 | 1035 | 0.996 369 372.12 345 2 344.02 1.955 345 1 | 343.82 | 2.060
MANN_a81 1100 | 3321 | 0.999 | 1152 | 1156.05 1100 40 | 1099.26 | 250.649 1100 1 | 1098.1 | 3.490
brock800_2 24 800 | 0.651 122 123.95 21 52 20.52 0.525 21 65 20.65 | 0.053
brock800_4 26 800 | 0.650 121 123.31 21 46 20.46 0.642 21 60 20.60 | 0.052
hamming10-4 40 | 1024 | 0.829 90 94.38 40 | 100 40.00 0.035 40 | 100 40.00 | 0.009
keller5 27 776 | 0.752 57 62.34 27 | 100 27.00 0.081 27 | 100 27.00 | 0.001
keller6 59 | 3361 | 0.818 118 134.21 57 1 54.20 4.894 57 8 55.57 | 2.280
p_hat700-1 11 700 | 0.249 39 39.76 11 | 100 11.00 0.011 11 | 100 11.00 | 0.006
p_hat700-2 44 700 | 0.498 84 85.59 44 | 100 44.00 0.006 44 | 100 44.00 | 0.001
p_hat700-3 62 700 | 0.748 136 137.80 62 | 100 62.00 0.024 62 | 100 62.00 | 0.001
p_hat1500-1 12 | 1500 | 0.253 71 72.59 12 33 11.38 1.181 12 | 100 12.00 | 0.106
p_hat1500-2 65 | 1500 | 0.506 159 161.16 65 | 100 65.00 0.083 65 | 100 65.00 | 0.004
p_hat1500-3 94 | 1500 | 0.754 264 267.59 94 | 100 94.00 0.967 94 | 100 94.00 | 0.023
frb35-17-1 35 595 | 0.842 35 35.00 34 2 33.01 0.150 34 13 33.06 | 0.024
frb35-17-2 35 595 | 0.842 35 35.00 35 8 33.82 0.341 34 29 33.29 | 0.025
frb35-17-3 35 595 | 0.842 35 35.00 35 1 33.41 0.323 35 20 33.78 | 0.022
frb35-17-4 35 595 | 0.842 35 35.00 35 2 33.16 0.098 34 3 32.96 | 0.021
frb35-17-5 35 595 | 0.841 35 35.00 35 4 33.41 0.309 34 27 33.27 | 0.024
frb40-19-1 40 760 | 0.857 40 40.00 40 8 38.28 0.651 39 5 37.70 | 0.025
frb40-19-2 40 760 | 0.857 40 40.00 39 2 37.96 0.730 39 9 37.83 | 0.037
frb40-19-3 40 760 | 0.858 40 40.00 40 1 38.00 0.511 40 1 37.93 | 0.071
frb40-19-4 40 760 | 0.856 40 40.00 39 5 37.99 0.305 39 2 37.83 | 0.073
frb40-19-5 40 760 | 0.856 40 40.00 39 4 38.04 0.367 39 12 38.11 | 0.047
Average 67.12 66.29 6.639 | 66.84 66.25 | 0.194
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