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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

100 5

Global 85550.67 (—) — 1809 — 1.38 (—) —
MAR 96964.23 (1.13) 8289.11 3.17 (0.00) 0.99 0.06 (0.04) 0.01
DLA 96964.23 (1.13) 8289.11 3.17 (0.00) 0.99 0.02 (0.01) 0.02
HAN 87366.79 (1.02) 2417.96 7.60 (0.00) 1.63 4.93 (3.57) 1.36
WHIT 110346.83 (1.29) 6975.27 4.77 (0.00) 2.16 1.43 (1.04) 0.75
HAN / DLA 86854.32 (1.02) 1878.22 5.40 (0.00) 1.71 3.53 (2.56) 1.35
WHIT / DLA 95121.26 (1.11) 5607.15 1.73 (0.00) 1.26 0.88 (0.63) 0.46

100 10

Global 49662.46 (—) — 1337 — 1.35 (—) —
MAR 62340.86 (1.26) 5363.56 3.83 (0.00) 1.12 0.07 (0.05) 0.01
DLA 62340.86 (1.26) 5363.56 3.83 (0.00) 1.12 0.03 (0.02) 0.01
HAN 50424.52 (1.02) 891.00 13.10 (0.01) 2.04 19.22 (14.24) 3.19
WHIT 61417.32 (1.24) 3179.29 8.97 (0.01) 3.48 5.25 (3.89) 1.96
HAN / DLA 50471.68 (1.02) 835.24 9.63 (0.01) 2.67 14.35 (10.63) 4.01
WHIT / DLA 57567.51 (1.16) 3029.84 2.93 (0.00) 1.48 2.57 (1.90) 0.99

100 15

Global 32917.83 (—) — 828 — 1.61 (—) —
MAR 43484.59 (1.32) 4264.08 3.80 (0.00) 0.89 0.07 (0.05) 0.01
DLA 43484.59 (1.32) 4264.08 3.80 (0.00) 0.89 0.04 (0.02) 0.01
HAN 33232.97 (1.01) 410.56 16.60 (0.02) 2.91 35.45 (22.02) 6.01
WHIT 43947.73 (1.34) 2664.03 12.17 (0.01) 3.16 10.09 (6.27) 2.90
HAN / DLA 33335.81 (1.01) 451.88 11.27 (0.01) 2.56 24.31 (15.10) 5.59
WHIT / DLA 39959.61 (1.21) 1475.95 3.67 (0.00) 1.83 4.33 (2.69) 2.02

100 20

Global 24166.57 (—) — 618 — 1.80 (—) —
MAR 33685.45 (1.39) 3614.01 3.93 (0.01) 0.91 0.07 (0.04) 0.01
DLA 33685.45 (1.39) 3614.01 3.93 (0.01) 0.91 0.05 (0.03) 0.01
HAN 24457.71 (1.01) 287.32 19.27 (0.03) 3.14 36.68 (20.38) 10.17
WHIT 32445.75 (1.34) 2241.30 15.60 (0.03) 4.94 10.85 (6.03) 5.35
HAN / DLA 24424.46 (1.01) 367.30 13.37 (0.02) 1.90 25.27 (14.04) 7.54
WHIT / DLA 29615.26 (1.23) 2040.26 6.40 (0.01) 3.24 5.75 (3.19) 3.35

100 30

Global 14965.08 (—) — 311 — 0.88 (—) —
MAR 21990.82 (1.47) 2322.26 3.77 (0.01) 0.94 0.06 (0.07) 0.00
DLA 21990.82 (1.47) 2322.26 3.77 (0.01) 0.94 0.07 (0.07) 0.02
HAN 15145.78 (1.01) 171.43 24.43 (0.08) 2.43 52.08 (59.18) 6.37
WHIT 19780.02 (1.32) 822.81 20.53 (0.07) 4.81 14.77 (16.78) 3.76
HAN / DLA 15169.70 (1.01) 235.84 16.10 (0.05) 3.65 34.09 (38.74) 7.58
WHIT / DLA 18173.31 (1.21) 779.70 8.27 (0.03) 3.52 6.74 (7.66) 2.31

Table 1: Data on problem instances with |V| = 100 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

250 5

Global 246928.61 (—) — 15968 — 42.42 (—) —
MAR 276367.05 (1.12) 13634.66 3.80 (0.00) 1.35 0.62 (0.01) 0.08
DLA 276367.05 (1.12) 13634.66 3.80 (0.00) 1.35 0.03 (0.00) 0.01
HAN 254048.97 (1.03) 4874.21 9.53 (0.00) 2.18 22.53 (0.53) 4.93
WHIT 335922.84 (1.36) 21145.84 4.13 (0.00) 2.11 4.71 (0.11) 1.84
HAN / DLA 252794.56 (1.02) 4776.74 7.40 (0.00) 2.18 17.23 (0.41) 5.28
WHIT / DLA 275340.70 (1.12) 11604.24 1.07 (0.00) 0.25 2.75 (0.06) 0.36

250 10

Global 142291.92 (—) — 9638 — 196.09 (—) —
MAR 160751.79 (1.13) 8891.15 4.50 (0.00) 1.28 0.69 (0.00) 0.08
DLA 160751.79 (1.13) 8891.15 4.50 (0.00) 1.28 0.07 (0.00) 0.02
HAN 144686.83 (1.02) 1397.11 14.37 (0.00) 3.38 77.14 (0.39) 19.24
WHIT 182212.58 (1.28) 9965.46 9.03 (0.00) 3.05 19.78 (0.10) 6.83
HAN / DLA 144651.24 (1.02) 1215.29 9.90 (0.00) 2.75 53.98 (0.28) 18.02
WHIT / DLA 158340.57 (1.11) 6439.99 1.73 (0.00) 0.87 6.79 (0.03) 1.72

250 15

Global 101244.58 (—) — 5531 — 21.86 (—) —
MAR 121983.31 (1.20) 5246.39 4.23 (0.00) 0.82 0.57 (0.03) 0.14
DLA 121983.31 (1.20) 5246.39 4.23 (0.00) 0.82 0.08 (0.00) 0.02
HAN 103210.87 (1.02) 1447.30 19.83 (0.00) 3.31 139.87 (6.40) 39.67
WHIT 133070.78 (1.31) 5586.15 10.47 (0.00) 3.05 29.87 (1.37) 11.67
HAN / DLA 103506.48 (1.02) 1465.76 15.23 (0.00) 3.99 105.68 (4.83) 34.58
WHIT / DLA 118622.97 (1.17) 4879.07 2.97 (0.00) 2.09 10.89 (0.50) 5.07

250 20

Global 78006.26 (—) — 3972 — 16.34 (—) —
MAR 99033.96 (1.27) 5357.31 4.47 (0.00) 1.28 0.45 (0.03) 0.15
DLA 99033.96 (1.27) 5357.31 4.47 (0.00) 1.28 0.08 (0.01) 0.04
HAN 78985.13 (1.01) 1018.41 26.77 (0.01) 3.47 188.76 (11.55) 79.03
WHIT 103036.08 (1.32) 2048.69 15.80 (0.00) 2.94 39.41 (2.41) 20.63
HAN / DLA 79644.19 (1.02) 1326.23 18.87 (0.00) 3.83 128.35 (7.85) 54.34
WHIT / DLA 93502.78 (1.20) 3722.01 4.93 (0.00) 2.02 14.90 (0.91) 8.68

250 30

Global 53605.98 (—) — 2760 — 15.48 (—) —
MAR 69682.82 (1.30) 4088.00 4.67 (0.00) 0.96 0.40 (0.03) 0.15
DLA 69682.82 (1.30) 4088.00 4.67 (0.00) 0.96 0.11 (0.01) 0.06
HAN 54525.75 (1.02) 532.34 34.43 (0.01) 3.93 300.68 (19.42) 139.59
WHIT 69653.05 (1.30) 2260.00 23.90 (0.01) 4.82 72.82 (4.70) 45.91
HAN / DLA 54616.96 (1.02) 574.40 23.23 (0.01) 4.78 213.96 (13.82) 109.91
WHIT / DLA 64156.57 (1.20) 2606.54 6.83 (0.00) 3.04 21.54 (1.39) 14.50

Table 2: Data on problem instances with |V| = 250 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

500 5

Global 501407.97 (—) — 114294 — 4282.88 (—) —
MAR 549777.60 (1.10) 26591.23 4.13 (0.00) 1.25 2.15 (0.00) 0.12
DLA 549777.60 (1.10) 26591.23 4.13 (0.00) 1.25 0.03 (0.00) 0.01
HAN 511191.39 (1.02) 7201.95 9.87 (0.00) 2.11 31.22 (0.01) 6.24
WHIT 648306.88 (1.29) 50385.48 4.27 (0.00) 2.42 7.61 (0.00) 2.62
HAN / DLA 511004.83 (1.02) 8521.28 8.00 (0.00) 2.84 26.56 (0.01) 10.64
WHIT / DLA 545965.52 (1.09) 19918.92 1.33 (0.00) 0.61 5.34 (0.00) 1.29

500 10

Global 274236.58 (—) — 30483 — 299.22 (—) —
MAR 311046.20 (1.13) 16103.83 5.20 (0.00) 1.94 3.09 (0.01) 0.74
DLA 311046.20 (1.13) 16103.83 5.20 (0.00) 1.94 0.12 (0.00) 0.07
HAN 278217.88 (1.01) 3492.21 17.87 (0.00) 3.51 216.63 (0.72) 90.27
WHIT 392236.36 (1.43) 19055.32 7.47 (0.00) 3.41 34.08 (0.11) 20.24
HAN / DLA 277250.25 (1.01) 3842.16 13.10 (0.00) 4.17 161.88 (0.54) 79.07
WHIT / DLA 309458.05 (1.13) 14132.92 1.17 (0.00) 0.38 14.61 (0.05) 6.13

500 15

Global 209176.79 (—) — 142286 — 7465.60 (—) —
MAR 241080.60 (1.15) 11371.49 4.57 (0.00) 1.19 2.68 (0.00) 1.01
DLA 241080.60 (1.15) 11371.49 4.57 (0.00) 1.19 0.11 (0.00) 0.07
HAN 213132.48 (1.02) 1963.72 23.47 (0.00) 4.06 329.44 (0.04) 171.43
WHIT 276778.90 (1.32) 13252.56 12.40 (0.00) 3.91 55.78 (0.01) 40.46
HAN / DLA 213871.82 (1.02) 2478.79 15.73 (0.00) 4.60 234.54 (0.03) 157.51
WHIT / DLA 238216.37 (1.14) 9649.00 1.63 (0.00) 0.85 19.59 (0.00) 14.52

500 20

Global 167475.09 (—) — 31609 — 3427.54 (—) —
MAR 198087.25 (1.18) 6001.96 4.77 (0.00) 1.25 3.61 (0.00) 0.81
DLA 198087.25 (1.18) 6001.96 4.77 (0.00) 1.25 0.26 (0.00) 0.11
HAN 171428.21 (1.02) 1849.10 28.63 (0.00) 4.96 939.15 (0.27) 172.05
WHIT 219462.79 (1.31) 8785.06 16.80 (0.00) 5.37 184.54 (0.05) 61.14
HAN / DLA 171983.64 (1.03) 2228.37 20.37 (0.00) 5.01 706.38 (0.21) 186.52
WHIT / DLA 193251.61 (1.15) 4651.41 2.87 (0.00) 1.38 47.11 (0.01) 19.43

500 30

Global 121038.81 (—) — 14912 — 795.63 (—) —
MAR 151675.27 (1.25) 5472.31 5.17 (0.00) 1.23 3.32 (0.00) 0.46
DLA 151675.27 (1.25) 5472.31 5.17 (0.00) 1.23 0.37 (0.00) 0.11
HAN 123840.27 (1.02) 954.77 37.93 (0.00) 3.52 1942.48 (2.44) 249.03
WHIT 157963.85 (1.31) 4979.40 23.60 (0.00) 6.03 331.29 (0.42) 108.69
HAN / DLA 124195.91 (1.03) 1284.02 27.70 (0.00) 5.03 1414.40 (1.78) 307.38
WHIT / DLA 144139.45 (1.19) 3200.81 5.53 (0.00) 2.40 96.13 (0.12) 32.92

Table 3: Data on problem instances with |V| = 500 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

1000 5

Global 984086.18 (—) — 5916840 — 675021.47 (—) —
MAR 1035941.50 (1.05) 28175.18 4.63 (0.00) 1.63 16.62 (0.00) 0.46
DLA 1035941.50 (1.05) 28175.18 4.63 (0.00) 1.63 0.05 (0.00) 0.02
HAN 992759.74 (1.01) 12359.17 11.07 (0.00) 2.48 130.80 (0.00) 25.49
WHIT 1248013.17 (1.27) 78594.21 4.30 (0.00) 2.05 34.52 (0.00) 7.80
HAN / DLA 994052.01 (1.01) 10950.64 7.83 (0.00) 2.96 99.38 (0.00) 31.48
WHIT / DLA 1035941.50 (1.05) 28175.18 1.00 (0.00) 0.00 25.64 (0.00) 0.90

1000 10

Global 561880.17 (—) — 381953 — 35836.61 (—) —
MAR 622804.73 (1.11) 27320.90 5.50 (0.00) 1.31 19.20 (0.00) 5.27
DLA 622804.73 (1.11) 27320.90 5.50 (0.00) 1.31 0.16 (0.00) 0.09
HAN 569926.42 (1.01) 4350.30 17.87 (0.00) 3.17 591.14 (0.02) 292.88
WHIT 722545.10 (1.29) 36545.88 9.97 (0.00) 4.01 120.76 (0.00) 83.98
HAN / DLA 571526.60 (1.02) 5577.67 13.60 (0.00) 3.08 460.23 (0.01) 297.97
WHIT / DLA 621896.74 (1.11) 26224.37 1.07 (0.00) 0.25 43.84 (0.00) 17.92

1000 15

MAR 484141.37 13008.80 5.60 1.61 19.41 2.86
DLA 484141.37 13008.80 5.60 1.61 0.32 0.13
HAN 438013.54 3698.46 24.60 4.62 1799.17 535.47
WHIT 548669.09 18905.32 13.27 4.21 330.82 184.98
HAN / DLA 438260.47 3142.73 17.63 4.15 1284.11 476.36
WHIT / DLA 480651.07 11493.93 1.93 1.20 91.87 31.08

1000 20

MAR 397533.35 10180.53 5.47 1.20 22.44 3.80
DLA 397533.35 10180.53 5.47 1.20 0.49 0.16
HAN 350785.76 3914.38 30.47 3.78 3378.49 847.30
WHIT 438809.55 13065.10 18.03 5.05 625.39 255.30
HAN / DLA 350395.62 4402.96 23.07 5.52 2659.48 886.77
WHIT / DLA 391928.92 7715.32 2.33 1.56 167.36 106.36

1000 30

MAR 299768.69 10665.32 5.50 1.78 18.41 3.40
DLA 299768.69 10665.32 5.50 1.78 0.54 0.36
HAN 254771.90 2621.24 43.90 5.90 5771.88 1896.89
WHIT 323742.20 9037.45 23.50 6.58 822.20 460.47
HAN / DLA 254509.68 1784.30 32.10 5.58 4688.76 1570.34
WHIT / DLA 292226.35 6293.68 4.00 2.29 204.30 142.69

Table 4: Data on problem instances with |V| = 1000 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.

5



Objective Iterations Time
|V| N Method µ σ µ σ µ σ

1200 5

MAR 1249412.90 35464.89 4.73 1.36 28.76 4.93
DLA 1249412.90 35464.89 4.73 1.36 0.10 0.06
HAN 1207857.50 24696.77 10.57 2.85 245.43 132.00
WHIT 1553473.63 90552.95 4.13 1.74 62.18 22.54
HAN / DLA 1205400.25 22777.59 6.83 2.46 150.22 65.41
WHIT / DLA 1249412.90 35464.89 1.00 0.00 43.68 10.48

1200 10

MAR 736012.64 29969.14 6.10 1.77 31.29 6.09
DLA 736012.64 29969.14 6.10 1.77 0.22 0.11
HAN 683129.19 6893.83 18.07 3.54 907.38 439.40
WHIT 901634.31 56638.71 9.30 3.33 180.76 107.99
HAN / DLA 683498.22 6795.44 13.37 4.00 693.00 361.33
WHIT / DLA 734120.81 27355.68 1.17 0.38 72.60 28.68

1200 15

MAR 572403.52 19480.09 5.77 1.85 40.90 8.56
DLA 572403.52 19480.09 5.77 1.85 0.46 0.22
HAN 514241.08 5038.09 27.43 4.61 3340.03 1078.72
WHIT 655112.87 23639.95 12.70 4.54 509.45 243.37
HAN / DLA 516585.32 6968.28 19.83 5.07 2392.81 861.19
WHIT / DLA 569050.56 18324.46 1.70 0.92 158.24 62.10

1200 20

MAR 468286.07 10547.44 5.50 1.38 31.18 5.91
DLA 468286.07 10547.44 5.50 1.38 0.43 0.25
HAN 418904.90 3939.02 34.83 5.00 4274.68 1721.76
WHIT 531484.83 16695.86 15.93 4.49 593.49 322.54
HAN / DLA 417541.64 3000.16 24.67 4.74 2980.82 1058.87
WHIT / DLA 464389.04 10310.56 1.97 1.07 147.45 92.55

1200 30

MAR 359706.27 10112.52 5.97 1.22 32.67 5.76
DLA 359706.27 10112.52 5.97 1.22 0.76 0.37
HAN 309488.91 2949.65 44.37 6.05 9333.20 2610.58
WHIT 388331.32 8913.82 23.83 6.24 1223.01 663.82
HAN / DLA 310675.27 2447.53 32.80 6.29 6871.89 2360.52
WHIT / DLA 352012.45 7508.70 3.27 1.23 328.67 181.81

Table 5: Data on problem instances with |V| = 1200 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

1500 5

MAR 1551652.53 43929.61 4.80 1.37 69.96 7.40
DLA 1551652.53 43929.61 4.80 1.37 0.20 0.05
HAN 1503390.56 14083.52 12.53 3.04 767.93 177.43
WHIT 1904536.01 113347.05 4.80 2.02 190.91 69.68
HAN / DLA 1506054.19 10744.71 7.37 3.97 489.43 246.27
WHIT / DLA 1551652.53 43929.61 1.00 0.00 118.84 13.63

1500 10

MAR 917783.52 40467.16 6.10 1.45 54.93 6.63
DLA 917783.52 40467.16 6.10 1.45 0.25 0.12
HAN 840867.27 8020.68 19.03 3.76 1257.71 531.24
WHIT 1142665.04 53670.50 8.47 3.19 223.21 138.18
HAN / DLA 842070.23 6816.51 13.53 2.64 923.61 434.55
WHIT / DLA 916476.71 38917.60 1.10 0.40 105.12 28.03

1500 15

MAR 703636.68 19014.99 6.30 1.97 59.35 10.73
DLA 703636.68 19014.99 6.30 1.97 0.44 0.22
HAN 642533.78 11138.11 26.27 6.45 3284.41 1269.00
WHIT 827843.31 32673.27 11.23 2.88 412.59 255.87
HAN / DLA 641331.20 10086.16 20.47 5.22 2388.12 1086.98
WHIT / DLA 700880.54 16071.53 1.30 0.60 160.67 68.07

1500 20

MAR 583472.42 16483.64 6.10 1.69 57.84 9.64
DLA 583472.42 16483.64 6.10 1.69 0.52 0.24
HAN 524795.27 5630.94 33.00 4.91 5729.75 1807.96
WHIT 673580.19 23617.92 14.43 4.00 687.90 378.58
HAN / DLA 523801.76 3943.07 24.67 4.46 4345.28 1556.88
WHIT / DLA 580356.51 13859.16 1.50 0.82 195.56 91.99

1500 30

MAR 449847.33 14210.82 5.83 1.34 61.26 11.27
DLA 449847.33 14210.82 5.83 1.34 0.85 0.45
HAN 387265.31 3072.85 50.03 7.43 15693.83 3755.70
WHIT 493636.16 12540.64 23.10 5.03 1724.91 786.75
HAN / DLA 387445.31 3149.22 34.57 6.55 10721.61 2931.60
WHIT / DLA 441210.53 9891.62 3.43 2.42 453.67 281.90

Table 6: Data on problem instances with |V| = 1500 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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Objective Iterations Time
|V| N Method µ σ µ σ µ σ

2000 5

MAR 2075004.18 50857.55 5.57 2.28 163.26 9.73
DLA 2075004.18 50857.55 5.57 2.28 0.35 0.15
HAN 2012217.18 23691.20 11.20 2.55 1319.57 286.16
WHIT 2597829.55 170896.89 4.53 2.26 337.42 60.52
HAN / DLA 2014231.69 29140.00 7.30 3.06 915.82 317.02
WHIT / DLA 2075004.18 50857.55 1.00 0.00 253.69 14.17

2000 10

MAR 1181678.48 35824.09 7.47 2.93 140.52 26.02
DLA 1181678.48 35824.09 7.47 2.93 0.55 0.43
HAN 1115155.67 8170.00 20.23 4.28 3098.14 1369.03
WHIT 1526636.97 67653.43 8.50 3.18 530.78 260.06
HAN / DLA 1118836.18 13509.42 13.70 3.73 2269.26 1179.16
WHIT / DLA 1181678.48 35824.09 1.00 0.00 255.89 83.98

2000 15

MAR 938668.69 20000.04 5.77 1.41 139.45 24.32
DLA 938668.69 20000.04 5.77 1.41 0.58 0.38
HAN 864152.92 9061.51 28.03 5.62 6831.03 2023.19
WHIT 1133849.70 48289.12 12.33 3.86 911.15 527.96
HAN / DLA 862767.01 7864.97 19.90 3.42 4404.01 1858.81
WHIT / DLA 936515.06 18933.84 1.30 0.65 347.00 161.33

2000 20

MAR 771266.70 26732.24 6.00 1.82 130.63 19.75
DLA 771266.70 26732.24 6.00 1.82 0.70 0.47
HAN 700183.77 6135.55 35.80 6.32 11117.92 3296.40
WHIT 909981.54 34425.87 15.87 3.65 1366.29 703.32
HAN / DLA 700357.49 7344.56 25.23 7.18 7429.20 3181.22
WHIT / DLA 768348.43 24686.80 1.47 0.82 344.27 122.73

2000 30

MAR 593233.16 18387.39 6.10 1.94 148.86 41.00
DLA 593233.16 18387.39 6.10 1.94 1.51 0.93
HAN 518363.75 3816.94 49.37 6.37 26457.18 5881.93
WHIT 665332.02 18562.90 23.37 6.88 3048.34 1640.56
HAN / DLA 518912.75 4046.48 37.10 6.43 19748.13 4970.07
WHIT / DLA 585938.18 14371.09 2.70 1.64 766.12 412.93

Table 7: Data on problem instances with |V| = 2000 and varying values of N and solution methods
with k = 3. The number of runs of each heuristic technique was 30.
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