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Abstract—In this document, we present the supplemental ma-
terials for the paper “New Insights Into Diversification of Hyper-
Heuristics”. More specifically, the document consists of 4 sections.
In Section I, we present the complete results of the sensitivity
analysis, for the Low Level Heuristic (LLH) parameters. In Section
II, the numerical results for both HIP-HOP (recursive acronym
of “HIP-HOP is an Instance Perturbation based Hyper-heuristic
Optimization Procedure”) and SOPHY (SOlution Perturbation
based HYper-heuristics). Then in Section III, we give the numerical
results of SOPHY-LONG (SOPHY with longer cut off time).
Finally in Section IV, we compare HIP-HOP with an ant based
hyper-heuristic AHSAR (Ant based Hyper-heuristic with SpAce
Reduction), to evaluate the performance of HIP-HOP from more
aspects.

I. SENSITIVITY ANALYSIS OF ALL THE LLH PARAMETERS

In this section, we present the complete results of the parame-
ter sensitivity analysis. The experiment is conducted as follows.
First, the LLH parameters are assigned with the output of irace
[1]. Then, for each LLH parameter, we enumerate several values
in its feasible range, with step size 0.1, meanwhile keep the other
LLH parameters assigned with respect to irace. For each set of
modified LLH parameter configuration, HIP-HOP is executed
for 10 independent trials over the representative instances.

Through this experiment scheme, we are able to evaluate the
quality, as well as the robustness of the offline tuning process.
For example, in Figs. 1–2, we present the influences of the LLH
parameter configurations over the framework. In the figures,
each line indicates the algorithm’s behavior (captured by the
%err) when changing the value of each LLH parameter, over
typical Ising Spin Glass instances (19×19-3 and 20×20-8). Note
that the experimental results for both IPLLHs and SPLLHs are
presented, with different types of legends. Similarly, the same
experiment is conducted over typical p-Median instances (fl1400
with p = 500 and fl1577 with p = 500). From Figs. 1–2, the
following observations could be drawn.

First, HIP-HOP is not very sensitive to the LLH parameter
configurations. For example, over the Ising Spin Glass instances,
the average percentage error always range within [0.5%, 1.52%].
Meanwhile, over the p-Median instances, the average percentage
error lies within [0.1%, 0.8%]. One possible reason might be
that, in hyper-heuristics, there are multiple LLHs that are able
to provide the diversification mechanism. In this sensitivity
analysis, the LLH parameters are examined in a sequential
paradigm, thus changing one LLH parameter configuration may
not have a great impact on the whole framework. Second, for
each LLH parameter, the %err is relatively small within the
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Fig. 1. LLH Parameter Sensitivity Analysis over Ising Spin Glass Instances

vicinity of the value obtained by irace. For example, in Fig. 1(a),
we can observe that when the value of i-mutation-strength
is around 1.0, the %err of HIP-HOP is relatively small over
19×19-3 accordingly. Meanwhile, the suggested value of this
LLH parameter is 1.0920, according to irace. This phenomenon
to some extent implies that irace is able to achieve promising
results. Third, when we investigate the parameter sensitivity
analysis over SOPHY, similar observations could be made as
well, i.e., irace is able to achieve robust LLH parameters for
SOPHY.
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Fig. 2. LLH Parameter Sensitivity Analysis over p-Median Instances

II. NUMERICAL RESULTS OF HIP-HOP AND SOPHY

In this section, we report the numerical results of HIP-HOP
and SOPHY, over the Ising Spin Glass problem and the p-
Median problem, which are associated with the comparison
between HIP-HOP and SOPHY (Section VI-B of [2]). All the
experiments in this paper are performed on a Pentium IV 3.2
GHz PC with 4GB memory, running GNU/Linux with kernel
3.2.0. All the codes are implemented in C++, compiled using
g++ 4.6. The running time is measured in seconds.

The numerical results are given in Tabs. I–III. Taking Tab. I
as an example, we first describe the organization of the tables. In
Tab. I, the first column indicates all the 60 instances. Columns
2–3 present the best known objective values, as well as the
sources where the best known results are extracted. Then, the
results for SOPHY and HIP-HOP are given in columns 4–7
and columns 8–12, respectively. For each algorithm, the results
consist of the best objective value among the 30 independent
executions, the median objective value (indicated by MED), the
average percentage error rate (indicated by %err,), the standard
deviation (indicated by SD), as well as the average execution
time (measured in seconds).

III. NUMERICAL RESULTS OF SOPHY WITH LONGER CUT
OFF TIME

In this section, we report the numerical results of SOPHY
with longer cut off time (indicated as SOPHY-LONG). This

TABLE IV
NUMERICAL RESULTS OF SOPHY-LONG, OVER ISING SPIN GLASS

INSTANCES

instance best MED %err SD
15×15-0 -132544.89 -131838.72 0.6065 591.78
15×15-1 -127979.63 -126930.89 0.8169 505.08
15×15-2 -134845.47 -134721.98 0.4400 988.16
15×15-3 -129672.52 -129103.32 0.6547 582.12
15×15-4 -133588.27 -133163.24 0.4144 423.06
15×15-5 -128254.26 -127642.24 0.6282 535.39
15×15-6 -124621.84 -123677.51 0.7640 745.13
15×15-7 -132851.15 -132810.20 0.2242 345.01
15×15-8 -125894.02 -125265.40 0.5060 502.22
15×15-9 -130391.32 -129535.49 0.9094 997.74
16×16-0 -127692.59 -127316.82 0.4528 605.59
16×16-1 -131047.57 -130557.45 0.5292 602.70
16×16-2 -131826.22 -130579.55 0.9960 635.52
16×16-3 -125135.22 -124134.80 0.7976 512.03
16×16-4 -129190.22 -127580.27 1.2065 1056.9
16×16-5 -127156.11 -126195.95 0.7869 767.57
16×16-6 -136162.71 -135788.33 0.5201 567.72
16×16-7 -136254.44 -135109.55 0.8595 849.51
16×16-8 -133292.60 -132543.61 0.7348 480.01
16×16-9 -129439.53 -129141.42 0.3501 374.18
17×17-0 -139662.57 -138912.55 0.9252 614.09
17×17-1 -133998.47 -132485.88 1.0157 962.86
17×17-2 -135003.99 -134340.86 0.5615 553.93
17×17-3 -136626.16 -135567.94 1.0874 989.52
17×17-4 -122455.57 -121853.12 0.5337 438.09
17×17-5 -133313.46 -132091.52 1.0646 997.08
17×17-6 -129063.49 -127734.24 0.9360 748.65
17×17-7 -138193.56 -137069.74 0.8907 684.98
17×17-8 -133771.02 -132336.13 1.0882 980.76
17×17-9 -125173.75 -124150.35 0.8571 756.52
18×18-0 -138530.96 -137689.09 0.5981 490.82
18×18-1 -131663.11 -129959.91 1.2209 1016.9
18×18-2 -126375.07 -125777.19 0.8703 506.58
18×18-3 -130379.46 -129386.73 0.8942 928.67
18×18-4 -131384.05 -130396.11 0.7786 574.93
18×18-5 -136687.46 -135693.98 0.7749 626.03
18×18-6 -134356.67 -133215.64 0.9046 672.59
18×18-7 -128503.85 -127047.98 1.0576 738.43
18×18-8 -131916.64 -130872.61 0.8990 609.27
18×18-9 -132065.34 -131451.25 0.8895 459.38
19×19-0 -125577.26 -124672.91 0.7168 523.25
19×19-1 -137137.29 -135951.01 1.0965 779.13
19×19-2 -130855.39 -129945.73 0.8742 694.79
19×19-3 -127173.07 -125880.80 1.3970 1111.0
19×19-4 -138860.07 -137981.79 1.0466 681.72
19×19-5 -136388.05 -135588.90 0.7715 518.04
19×19-6 -142093.15 -141368.55 0.8720 902.35
19×19-7 -135888.64 -135334.81 0.6917 462.22
19×19-8 -132536.76 -131200.65 0.9604 681.35
19×19-9 -136988.95 -136329.37 0.8442 523.88
20×20-0 -135114.42 -134049.27 0.9897 772.70
20×20-1 -134081.90 -133251.17 0.8588 567.70
20×20-2 -126970.80 -125882.87 0.9208 496.89
20×20-3 -127547.12 -126720.96 0.8355 599.35
20×20-4 -127311.37 -126144.76 0.9908 705.32
20×20-5 -135945.23 -134859.83 0.9766 538.47
20×20-6 -130174.46 -128809.89 1.1915 642.13
20×20-7 -132484.05 -131607.00 0.9863 756.37
20×20-8 -126564.01 -125433.77 0.9778 606.99
20×20-9 -130195.65 -129206.74 0.8444 543.83

set of experiment is associated with the comparison between
HIP-HOP and SOPHY-LONG (Section VI-C of [2]). Over
each instance, the maximum cut off time of SOPHY-LONG
is assigned with the average time of HIP-HOP, over the same
instance. The numerical results of SOPHY-LONG are presented
in Tabs. IV–VI.
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TABLE I
NUMERICAL RESULTS OVER ISING SPIN GLASS INSTANCES

SOPHY HIP-HOP
instance OPT ref best MED %err SD time best MED %err SD time
15×15-0 -132544.89 [3] -132544.89 -131707.77 0.6667 628.03 3.66 -132544.89 -131824.63 0.5923 555.42 12.37
15×15-1 -127979.63 [3] -127979.63 -127228.64 0.6812 666.49 3.68 -127979.63 -127086.60 0.6612 466.38 12.23
15×15-2 -134845.47 [3] -134845.47 -134478.16 0.5151 975.36 3.63 -134845.47 -134606.67 0.2358 562.84 12.20
15×15-3 -129672.52 [3] -129672.52 -129103.32 0.5061 530.68 3.70 -129672.52 -129240.11 0.4008 380.30 11.86
15×15-4 -133588.27 [3] -133588.27 -133089.00 0.5184 508.99 3.65 -133588.27 -133167.75 0.3276 312.04 11.93
15×15-5 -128309.57 [3] -128309.57 -127457.68 0.7190 589.70 3.66 -128309.57 -127877.87 0.4194 324.93 11.99
15×15-6 -124621.84 [3] -124621.84 -123730.49 0.5960 665.24 3.66 -124621.84 -124289.76 0.3802 426.36 12.03
15×15-7 -132851.15 [3] -132851.15 -132320.33 0.3991 466.52 3.64 -132851.15 -132836.19 0.1705 291.27 11.91
15×15-8 -125894.02 [3] -125894.02 -125218.37 0.5139 625.88 3.61 -125894.02 -125252.13 0.3886 384.50 11.93
15×15-9 -130391.32 [3] -130391.32 -128733.80 1.0337 1184.16 3.69 -130391.32 -129885.94 0.7297 1071.6 11.97
16×16-0 -127692.59 [3] -127673.41 -127280.27 0.4941 560.42 4.72 -127673.41 -127411.68 0.3376 329.64 13.43
16×16-1 -131047.57 [3] -131047.57 -130595.77 0.5045 565.41 4.72 -131047.57 -130659.11 0.4529 525.52 13.43
16×16-2 -131826.22 [3] -131826.22 -130295.24 1.0551 612.10 4.65 -131826.22 -130676.13 0.6759 748.97 13.46
16×16-3 -125135.22 [3] -125135.22 -124226.88 0.6803 588.83 4.70 -124957.15 -124325.33 0.6844 302.86 13.41
16×16-4 -129190.22 [3] -129190.22 -128017.80 0.8922 664.59 4.67 -129190.22 -128573.28 0.6199 705.06 13.38
16×16-5 -127156.11 [3] -127156.11 -125992.97 1.0791 676.83 4.63 -127156.11 -126341.12 0.6984 477.55 13.45
16×16-6 -136310.11 [3] -136310.11 -135637.44 0.6732 680.44 4.72 -136310.11 -135991.94 0.3418 421.86 13.43
16×16-7 -136254.44 [3] -136254.44 -134821.37 1.0464 627.14 4.70 -136254.44 -135313.54 0.7180 464.15 13.38
16×16-8 -133606.13 [3] -133292.60 -132747.84 0.7005 393.28 4.66 -133606.13 -132800.51 0.6916 446.70 13.32
16×16-9 -129439.53 [3] -129439.53 -129219.40 0.4285 875.60 4.70 -129439.53 -129050.62 0.3346 320.44 13.32
17×17-0 -140107.85 [3] -140107.85 -139014.80 0.8450 727.88 5.86 -140107.85 -139161.78 0.6390 526.33 15.15
17×17-1 -133998.47 [3] -133998.47 -133243.21 0.7738 873.59 6.07 -133998.47 -133387.24 0.5169 647.22 15.23
17×17-2 -135003.99 [3] -134971.23 -134267.23 0.6221 560.92 5.96 -135003.99 -134502.91 0.4197 428.84 15.27
17×17-3 -136936.02 [3] -136578.63 -135265.12 1.2338 842.05 6.01 -136490.21 -135591.43 1.0424 592.01 15.33
17×17-4 -122463.62 [3] -122463.62 -121714.31 0.6780 553.85 5.97 -122455.57 -121925.16 0.4313 308.14 15.10
17×17-5 -133313.46 [3] -133313.46 -132139.71 0.9180 760.27 5.95 -133313.46 -132421.56 0.5977 605.97 15.18
17×17-6 -129063.49 [3] -129063.49 -127471.45 1.0862 735.76 5.99 -129063.49 -128234.53 0.6329 562.54 15.32
17×17-7 -138193.56 [3] -138128.69 -137027.99 0.9654 769.53 5.91 -138193.56 -137703.61 0.4836 550.72 15.29
17×17-8 -133771.02 [3] -133771.02 -131654.62 1.3052 1201.99 5.87 -133771.02 -133035.55 0.8732 992.05 15.19
17×17-9 -125173.75 [3] -125173.75 -124285.04 0.7798 862.82 5.91 -125173.75 -124619.99 0.5510 587.94 15.20
18×18-0 -138530.96 [3] -138530.96 -137735.19 0.6328 495.60 7.49 -138504.61 -138022.99 0.4508 466.84 17.41
18×18-1 -131663.10 [3] -131663.11 -129697.61 1.4445 799.64 7.48 -131663.11 -130536.11 0.7968 620.57 17.43
18×18-2 -126775.98 [3] -126568.67 -125291.73 1.0955 810.22 7.61 -126775.98 -126019.22 0.6347 409.87 17.47
18×18-3 -130422.31 [3] -130284.83 -129294.71 0.8492 509.25 7.46 -130282.55 -129611.74 0.6046 430.61 17.41
18×18-4 -131384.05 [3] -131384.05 -130332.21 0.7980 653.16 7.42 -131376.43 -130431.83 0.6467 491.27 17.44
18×18-5 -136695.33 [3] -136695.33 -135613.45 0.9308 755.23 7.44 -136572.70 -135834.67 0.5971 378.87 17.35
18×18-6 -134467.67 [3] -134228.15 -132829.72 1.2407 618.93 7.40 -134394.82 -133381.98 0.8303 729.83 17.40
18×18-7 -128503.85 [3] -128503.85 -127189.64 1.0239 658.08 7.51 -128503.85 -127563.96 0.6584 628.66 17.33
18×18-8 -131916.64 [3] -131916.64 -130781.26 0.9567 778.56 7.59 -131745.66 -131014.78 0.6778 329.17 17.53
18×18-9 -132546.59 [3] -132193.02 -131395.25 0.8827 544.17 7.43 -132513.36 -131587.79 0.7708 474.58 17.26
19×19-0 -125577.25 [3] -125577.26 -124700.58 0.7636 637.85 23.73 -125496.20 -125003.77 0.5504 400.42 33.94
19×19-1 -137194.49 [3] -137005.36 -135855.83 1.0003 632.39 9.07 -137049.91 -136222.19 0.6856 497.66 19.94
19×19-2 -131121.93 [3] -131075.31 -130151.22 0.8489 676.54 9.34 -131018.38 -130225.80 0.6288 466.27 19.97
19×19-3 -127493.98 [3] -127412.60 -126129.63 1.1438 631.80 10.57 -127493.98 -126382.03 0.8342 532.65 19.54
19×19-4 -139381.03 [3] -139009.36 -138029.32 1.2734 1240.55 9.28 -139381.03 -138332.51 0.7001 505.59 20.04
19×19-5 -136627.96 [3] -136318.73 -135588.04 0.7622 437.96 9.33 -136457.37 -135851.35 0.6364 537.82 19.98
19×19-6 -142114.23 [3] -142114.23 -140686.34 0.8952 741.59 9.33 -142114.23 -141422.73 0.6704 685.27 20.11
19×19-7 -136129.09 [3] -135595.50 -135162.88 0.8557 529.32 9.26 -136129.09 -135503.83 0.4735 467.96 20.01
19×19-8 -132536.76 [3] -132145.05 -130961.53 1.1957 865.59 9.22 -132300.76 -131541.70 0.7989 451.22 19.92
19×19-9 -137396.82 [3] -137285.43 -136369.09 0.8918 774.07 9.35 -137396.82 -136342.94 0.7356 503.66 20.15
20×20-0 -135308.03 [3] -135231.37 -134080.10 1.0116 1086.55 24.56 -135184.39 -134174.88 0.8597 682.21 35.04
20×20-1 -134374.17 [3] -134067.61 -133136.64 0.9693 570.72 11.27 -133979.21 -133254.24 0.8369 565.03 22.93
20×20-2 -127060.74 [3] -126693.98 -125980.58 0.9569 520.06 11.20 -126579.27 -126305.48 0.6964 382.89 23.05
20×20-3 -127563.74 [3] -127356.77 -126361.30 1.0935 953.36 11.25 -127410.71 -126628.23 0.7028 341.54 22.91
20×20-4 -127420.14 [3] -127193.16 -126479.86 0.8466 539.80 11.47 -127304.70 -126654.76 0.5926 355.04 23.06
20×20-5 -136249.04 [3] -136020.02 -135002.10 0.9709 639.05 11.17 -136184.69 -135366.01 0.6515 501.69 22.93
20×20-6 -130457.34 [3] -129852.76 -128709.29 1.3021 624.39 11.34 -130457.34 -129386.53 0.7242 597.66 22.97
20×20-7 -132798.24 [3] -132657.28 -131316.43 1.0836 605.29 11.31 -132565.41 -131742.68 0.7456 462.77 22.92
20×20-8 -126580.56 [3] -125922.36 -125226.84 1.0262 427.64 12.31 -126156.89 -125405.80 1.0021 560.46 22.37
20×20-9 -130195.65 [3] -129991.38 -129076.98 0.9382 663.54 11.35 -130105.09 -129285.85 0.7373 434.79 24.04
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TABLE II
NUMERICAL RESULTS OVER ORLIB p-MEDIAN INSTANCES

SOPHY HIP-HOP
instance OPT ref best MED %err SD time best MED %err SD time
pmed1 5819 [4] 5819 5819 0.0000 0.00 0.56 5819 5819 0.0000 0.00 2.04
pmed2 4093 [4] 4093 4093 0.0000 0.00 0.70 4093 4093 0.0000 0.00 2.08
pmed3 4250 [4] 4250 4250 0.0000 0.00 0.67 4250 4250 0.0000 0.00 2.16
pmed4 3034 [4] 3034 3034 0.0000 0.00 1.27 3034 3034 0.0000 0.00 2.54
pmed5 1355 [4] 1355 1355 0.0000 0.00 1.13 1355 1355 0.0000 0.00 2.63
pmed6 7824 [4] 7824 7824 0.0000 0.00 0.94 7824 7824 0.0000 0.00 8.70
pmed7 5631 [4] 5631 5631 0.0000 0.00 1.16 5631 5631 0.0000 0.00 8.38
pmed8 4445 [4] 4445 4445 0.0000 0.00 1.46 4445 4445 0.0000 0.00 8.81
pmed9 2734 [4] 2734 2734 0.0000 0.00 2.84 2734 2734 0.0000 0.00 9.93
pmed10 1255 [4] 1255 1255 0.0000 0.00 2.41 1255 1255 0.0000 0.00 9.78
pmed11 7696 [4] 7696 7696 0.0000 0.00 1.30 7696 7696 0.0000 0.00 19.21
pmed12 6634 [4] 6634 6634 0.0000 0.00 1.82 6634 6634 0.0000 0.00 19.74
pmed13 4374 [4] 4374 4374 0.0000 0.00 2.56 4374 4374 0.0000 0.00 20.73
pmed14 2968 [4] 2968 2968 0.0000 0.00 4.57 2968 2968 0.0000 0.00 22.44
pmed15 1729 [4] 1729 1729 0.0000 0.00 4.60 1729 1729 0.0000 0.00 22.68
pmed16 8162 [4] 8162 8162 0.0000 0.00 2.17 8162 8162 0.0000 0.00 39.38
pmed17 6999 [4] 6999 6999 0.0000 0.00 2.65 6999 6999 0.0000 0.00 38.37
pmed18 4809 [4] 4809 4809 0.0000 0.00 4.74 4809 4809 0.0000 0.00 40.88
pmed19 2845 [4] 2845 2845 0.0000 0.00 6.24 2845 2845 0.0000 0.00 42.19
pmed20 1789 [4] 1789 1789 0.0000 0.00 6.76 1789 1789 0.0000 0.00 42.55
pmed21 9138 [4] 9138 9138 0.0000 0.00 3.07 9138 9138 0.0000 0.00 60.46
pmed22 8579 [4] 8579 8579 0.0000 0.00 3.70 8579 8579 0.0000 0.00 61.24
pmed23 4619 [4] 4619 4619 0.0000 0.00 8.13 4619 4619 0.0000 0.00 65.08
pmed24 2961 [4] 2961 2961 0.0000 0.00 9.13 2961 2961 0.0000 0.00 67.65
pmed25 1828 [4] 1828 1828 0.0000 0.00 10.29 1828 1828 0.0000 0.00 69.38
pmed26 9917 [4] 9917 9917 0.0000 0.00 6.26 9917 9917 0.0000 0.00 88.45
pmed27 8307 [4] 8307 8307 0.0000 0.00 6.01 8307 8307 0.0000 0.00 88.99
pmed28 4498 [4] 4498 4498 0.0000 0.00 13.31 4498 4498 0.0000 0.00 94.17
pmed29 3033 [4] 3033 3033 0.0000 0.00 12.56 3033 3033 0.0000 0.00 95.01
pmed30 1989 [4] 1989 1989 0.0000 0.00 16.54 1989 1989 0.0000 0.00 99.18
pmed31 10086 [4] 10086 10086 0.0000 0.00 11.81 10086 10086 0.0000 0.00 121.04
pmed32 9297 [4] 9297 9297 0.0000 0.00 8.72 9297 9297 0.0000 0.00 118.74
pmed33 4700 [4] 4700 4700 0.0000 0.00 19.57 4700 4700 0.0000 0.00 127.59
pmed34 3013 [4] 3013 3013 0.0000 0.00 17.96 3013 3013 0.0000 0.00 130.33
pmed35 10400 [4] 10400 10400 0.0000 0.00 14.84 10400 10400 0.0000 0.00 155.84
pmed36 9934 [4] 9934 9934 0.0000 0.00 14.68 9934 9934 0.0000 0.00 154.34
pmed37 5057 [4] 5057 5057 0.0000 0.00 28.04 5057 5057 0.0000 0.00 166.40
pmed38 11060 [4] 11060 11060 0.0000 0.00 21.33 11060 11060 0.0000 0.00 204.77
pmed39 9423 [4] 9423 9423 0.0000 0.00 16.94 9423 9423 0.0000 0.00 190.56
pmed40 5128 [4] 5128 5128 0.0013 0.25 38.95 5128 5128 0.0000 0.00 208.22

TABLE III
NUMERICAL RESULTS OVER TSPLIB p-MEDIAN INSTANCES

SOPHY HIP-HOP
instance best known ref best MED %err SD time best MED %err SD time

fl1400

p = 50 29089.71 [5] 29090.20 29090.22 0.0017 0.01 45.81 29090.20 29090.22 0.0017 0.01 529.15
p = 100 16551.20 [6] 16552.20 16552.39 0.0099 0.88 88.27 16552.20 16552.94 0.0092 0.38 554.54
p = 150 12026.41 [7] 12026.41 12026.46 0.0061 1.17 73.90 12026.41 12030.72 0.0386 3.00 454.48
p = 200 9355.34 [8] 9356.18 9357.52 0.0243 0.82 70.97 9356.25 9358.22 0.0305 0.96 562.29
p = 250 7737.21 [7] 7737.22 7738.80 0.0218 1.04 72.99 7738.11 7739.56 0.0332 1.10 551.73
p = 300 6611.60 [8] 6615.50 6617.34 0.0891 1.14 85.26 6617.38 6621.33 0.1432 1.76 550.05
p = 350 5719.03 [9] 5718.01 5719.91 0.0519 1.38 91.08 5717.86 5722.37 0.0916 1.95 701.78
p = 400 5006.75 [7] 5006.75 5006.78 0.0470 3.06 91.46 5006.75 5006.78 0.0275 2.24 558.56
p = 450 4468.29 [8] 4476.57 4479.92 0.2671 2.29 112.30 4468.28 4468.30 0.0005 0.02 777.43
p = 500 4046.39 [9] 4046.17 4047.17 0.0842 1.14 99.78 4044.10 4044.78 0.0178 0.51 736.63

fl1577

p = 50 66025.10 [10] 66025.10 66025.14 0.0000 0.02 49.05 66025.10 66025.14 0.0000 0.02 640.42
p = 100 38502.50 [10] 38502.50 38502.53 0.0032 1.71 100.57 38502.50 38503.87 0.0040 1.39 697.43
p = 150 28696.25 [8] 28696.26 28710.81 0.0541 10.27 187.16 28699.61 28709.01 0.0486 5.24 760.35
p = 200 23345.90 [8] 23349.10 23369.43 0.1067 9.94 73.60 23345.90 23356.93 0.0513 7.07 671.80
p = 250 19508.00 [8] 19532.84 19553.44 0.2355 7.94 75.95 19508.50 19521.50 0.0763 9.44 674.01
p = 300 16982.70 [8] 16989.75 16998.66 0.0968 3.76 85.34 16983.77 16987.08 0.0319 2.92 696.87
p = 350 14644.50 [8] 14713.10 14726.66 0.5626 7.72 92.19 14686.49 14699.86 0.3820 6.98 689.13
p = 400 12919.40 [8] 13010.09 13031.62 0.8469 10.33 98.97 12956.12 12970.58 0.3950 9.76 692.96
p = 450 11889.30 [8] 11946.00 11958.31 0.5898 6.37 108.95 11928.70 11939.78 0.4248 5.03 700.02
p = 500 11081.30 [8] 11118.70 11129.10 0.4521 10.01 107.97 11115.32 11125.64 0.3861 3.69 910.99
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TABLE V
NUMERICAL RESULTS OF SOPHY-LONG, OVER ORLIB INSTANCES

instance best MED %err SD
pmed1 5819 5819 0.0000 0.00
pmed2 4093 4093 0.0000 0.00
pmed3 4250 4250 0.0000 0.00
pmed4 3034 3034 0.0000 0.00
pmed5 1355 1355 0.0000 0.00
pmed6 7824 7824 0.0000 0.00
pmed7 5631 5631 0.0000 0.00
pmed8 4445 4445 0.0000 0.00
pmed9 2734 2734 0.0000 0.00

pmed10 1255 1255 0.0000 0.00
pmed11 7696 7696 0.0000 0.00
pmed12 6634 6634 0.0000 0.00
pmed13 4374 4374 0.0000 0.00
pmed14 2968 2968 0.0000 0.00
pmed15 1729 1729 0.0000 0.00
pmed16 8162 8162 0.0000 0.00
pmed17 6999 6999 0.0000 0.00
pmed18 4809 4809 0.0000 0.00
pmed19 2845 2845 0.0000 0.00
pmed20 1789 1789 0.0000 0.00
pmed21 9138 9138 0.0000 0.00
pmed22 8579 8579 0.0000 0.00
pmed23 4619 4619 0.0000 0.00
pmed24 2961 2961 0.0000 0.00
pmed25 1828 1828 0.0000 0.00
pmed26 9917 9917 0.0000 0.00
pmed27 8307 8307 0.0000 0.00
pmed28 4498 4498 0.0000 0.00
pmed29 3033 3033 0.0000 0.00
pmed30 1989 1989 0.0000 0.00
pmed31 10086 10086 0.0000 0.00
pmed32 9297 9297 0.0000 0.00
pmed33 4700 4700 0.0000 0.00
pmed34 3013 3013 0.0000 0.00
pmed35 10400 10400 0.0000 0.00
pmed36 9934 9934 0.0000 0.00
pmed37 5057 5057 0.0000 0.00
pmed38 11060 11060 0.0000 0.00
pmed39 9423 9423 0.0000 0.00
pmed40 5128 5128 0.0013 0.25

TABLE VI
NUMERICAL RESULTS OF SOPHY-LONG, OVER TSPLIB INSTANCES

instance best MED %err SD

fl1400

p = 50 29090.22 29090.22 0.0018 0.00
p = 100 16552.22 16552.24 0.0075 0.35
p = 150 12026.41 12026.44 0.0018 0.66
p = 200 9355.34 9357.29 0.0207 0.90
p = 250 7737.20 7738.34 0.0172 0.83
p = 300 6613.84 6616.25 0.0672 0.81
p = 350 5717.96 5718.61 0.0400 1.27
p = 400 5006.75 5008.07 0.0412 2.48
p = 450 4476.58 4479.93 0.2719 1.93
p = 500 4045.48 4047.39 0.0865 1.04

fl1577

p = 50 66025.14 66025.14 0.0001 0.00
p = 100 38502.53 38503.19 0.0059 3.12
p = 150 28696.25 28701.54 0.0320 8.50
p = 200 23349.12 23363.91 0.0783 7.49
p = 250 19536.53 19546.00 0.2004 6.74
p = 300 16986.89 16996.78 0.0773 3.68
p = 350 14699.67 14716.38 0.4908 8.44
p = 400 12994.80 13012.04 0.7224 10.03
p = 450 11940.45 11952.80 0.5294 5.79
p = 500 11125.62 11135.99 0.4884 5.36

TABLE VII
HIGH LEVEL STRATEGY PARAMETER CONFIGURATIONS

Parameter Value
LLH sequence length len 6
Population size pop-size 20
Maximum number of local search executions num 10000
Evaporation rate ρ 0.1
Number of elite ant k∗ 5

TABLE VIII
LLH PARAMETER CONFIGURATIONS FOR AHSAR

Problem domain Parameter Value Range

Ising Spin Glass mutation-rate 0.1868 [0.1, 0.9]
shake-strength 0.1689 [0.1, 0.9]

p-Median mutation-rate 0.3323 [0.1, 0.9]
shake-strength 0.8848 [0.1, 0.9]

IV. COMPARISONS WITH ANT BASED HYPER-HEURISTICS

In this section, we compare HIP-HOP with an ant colony
optimization based hyper-heuristics. In particular, the algorithm
in comparison we adopt is based on Ant based Hyper-heuristic
with SpAce Reduction (AHSAR) [11], [9]. In this algorithm,
with a heuristic space reduction mechanism, the diversifying
LLHs and the intensifying LLHs are invoked consecutively,
which is similar with HIP-HOP and SOPHY.

Following [2], we choose to fix the parameters in the high
level strategy, meanwhile use irace [1] for the parameter settings
of the LLHs. The parameter configurations are presented in
Tabs. VII–VIII. In both tables, the first column specifies the
problem domain. The second column presents the names of the
LLH parameter. Then the values and the feasible ranges of the
parameters are given in columns 3 and 4, respectively.

After introducing the parameter setting, we present the nu-
merical results of AHSAR, as well as the comparison results
with HIP-HOP. The numerical results of AHSAR are organized
in a similar way as HIP-HOP, which are given in Tabs. IX–XI.

Associated with the numerical results, we now compare the
performances of HIP-HOP and AHSAR, which are measured by
%gap and %err. The comparison results are visually presented
in Figs. 3–4.

Besides the comparisons in Figs. 3–4, we also conduct
statistical tests, to draw confident conclusions. For the statistical
test, we employ the paired Wilcoxon’s signed rank test to detect
the potential difference in performance between HIP-HOP and
AHSAR. The null hypothesis is that there exists no difference
between the the performances of HIP-HOP and AHSAR. The
null hypothesis is rejected if the p-value is smaller than the
significance level 0.05. In Tab. XII, we report the p-values
returned by the Wilcoxon’s test for both the %gap and %err
comparisons. From Tab. XII, we could see that for the two
problem domains, HIP-HOP outperforms AHSAR, in terms of
both %gap and %err obtained. In each comparison scenario,
the p-value returned by the Wilcoxon’s test is always less than
0.05. As a brief summary, in this section, we compare HIP-HOP
with an ant based hyper-heuristic AHSAR. Experimental results
confirm that HIP-HOP statistically outperforms AHSAR, which
to some extent demonstrate the effectiveness of HIP-HOP.
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TABLE IX
NUMERICAL RESULTS OF AHSAR, OVER ISING SPIN GLASS INSTANCES

instance best MED %err SD time
15×15-0 -132544.89 -131461.26 0.8610 662.35 4.03
15×15-1 -127979.63 -126849.36 0.9064 726.27 4.05
15×15-2 -134845.47 -134310.27 0.9131 1273.96 4.03
15×15-3 -129672.52 -128899.66 0.7647 717.90 4.04
15×15-4 -133588.27 -133123.87 0.4977 544.52 4.03
15×15-5 -128309.57 -127755.43 0.6033 697.15 4.01
15×15-6 -124621.84 -123687.34 0.8391 586.01 4.04
15×15-7 -132848.35 -132276.59 0.5272 534.17 4.03
15×15-8 -125894.02 -125140.49 0.7114 562.46 4.02
15×15-9 -130391.32 -128470.74 1.2250 1326.65 4.03
16×16-0 -127692.59 -127223.93 0.5726 628.18 5.17
16×16-1 -131047.57 -130121.03 0.6373 547.34 5.16
16×16-2 -131826.22 -130293.88 1.1402 718.15 5.19
16×16-3 -125135.22 -124093.64 0.8326 537.55 5.20
16×16-4 -129190.22 -127848.32 1.1025 947.11 5.17
16×16-5 -126807.80 -125850.59 1.2711 798.21 5.19
16×16-6 -136310.11 -135615.12 0.6932 706.48 5.18
16×16-7 -136254.44 -134998.96 0.9396 838.29 5.17
16×16-8 -133606.13 -132582.80 0.7870 452.72 5.18
16×16-9 -129436.25 -128901.54 0.3928 414.90 5.18
17×17-0 -140107.85 -138676.76 1.0691 1139.85 6.65
17×17-1 -133998.47 -131979.38 1.5572 1117.93 6.62
17×17-2 -135003.99 -133979.44 0.8120 688.84 6.58
17×17-3 -136490.21 -135151.98 1.3267 742.79 6.63
17×17-4 -122463.62 -121932.71 0.4846 434.09 6.59
17×17-5 -133313.46 -132048.09 1.0508 682.57 6.60
17×17-6 -129063.49 -127889.92 0.9631 697.28 6.60
17×17-7 -138193.56 -136625.36 0.9924 834.39 6.61
17×17-8 -133771.02 -131771.83 1.3241 926.46 6.60
17×17-9 -125173.75 -123770.64 1.0435 651.30 6.61
18×18-0 -138429.86 -137482.20 0.8229 784.16 8.32
18×18-1 -131013.95 -129637.87 1.6133 746.40 8.29
18×18-2 -126568.67 -125308.34 1.1129 665.09 8.32
18×18-3 -130284.83 -129051.14 1.0775 641.87 8.31
18×18-4 -131205.68 -130082.70 0.9719 641.18 8.31
18×18-5 -136368.18 -135730.33 0.7774 472.57 8.32
18×18-6 -134356.67 -132660.82 1.3429 824.77 8.30
18×18-7 -128503.85 -127259.43 1.0090 692.40 8.33
18×18-8 -131187.37 -130111.63 1.2957 620.46 8.32
18×18-9 -132513.36 -131324.44 0.8915 525.96 8.34
19×19-0 -125191.07 -124104.32 1.1097 703.21 10.30
19×19-1 -136894.73 -135784.07 1.2048 725.15 10.30
19×19-2 -131121.93 -129704.18 1.0464 710.69 10.33
19×19-3 -127173.07 -125955.81 1.2426 711.86 10.31
19×19-4 -139045.58 -137825.79 1.1665 755.05 10.31
19×19-5 -136627.96 -135989.29 0.6914 656.80 10.29
19×19-6 -142114.23 -140908.99 0.9839 967.70 10.28
19×19-7 -135529.60 -134892.54 1.0484 788.71 10.29
19×19-8 -132287.37 -131369.01 0.9595 588.71 10.32
19×19-9 -137396.82 -135911.04 1.0854 674.61 10.34
20×20-0 -135308.03 -133914.75 0.9493 693.28 12.65
20×20-1 -134022.61 -133006.69 1.0001 538.09 12.64
20×20-2 -126989.60 -125919.05 0.9521 669.25 12.62
20×20-3 -127467.13 -126649.48 0.8873 595.31 12.66
20×20-4 -127031.89 -126046.04 1.0757 725.67 12.74
20×20-5 -135945.23 -134624.39 1.1434 729.31 12.71
20×20-6 -129981.41 -128208.14 1.6744 785.30 12.64
20×20-7 -132657.28 -131248.51 1.1382 714.98 12.63
20×20-8 -126468.60 -125178.60 1.1160 586.88 12.63
20×20-9 -130078.65 -129101.40 0.9644 708.26 12.65

TABLE X
NUMERICAL RESULTS OF AHSAR, OVER ORLIB INSTANCES

instance best MED %err SD time
pmed1 5819 5819 0.0000 0.00 0.44
pmed2 4093 4093 0.0000 0.00 0.47
pmed3 4250 4250 0.0000 0.00 0.50
pmed4 3034 3034 0.0000 0.00 1.06
pmed5 1355 1355 0.0000 0.00 0.86
pmed6 7824 7824 0.0000 0.00 1.41
pmed7 5631 5631 0.0000 0.00 0.93
pmed8 4445 4445 0.0000 0.00 1.16
pmed9 2734 2734 0.0000 0.00 2.12
pmed10 1255 1255 0.0000 0.00 1.84
pmed11 7696 7696 0.0000 0.00 2.47
pmed12 6634 6634 0.0000 0.00 2.68
pmed13 4374 4374 0.0000 0.00 2.12
pmed14 2968 2968 0.0000 0.00 3.61
pmed15 1729 1729 0.0000 0.00 3.45
pmed16 8162 8162 0.0000 0.00 3.65
pmed17 6999 6999 0.0000 0.00 2.82
pmed18 4809 4809 0.0000 0.00 3.05
pmed19 2845 2845 0.0000 0.00 5.16
pmed20 1789 1789 0.0000 0.00 5.82
pmed21 9138 9138 0.0000 0.00 7.24
pmed22 8579 8579 0.0000 0.00 5.34
pmed23 4619 4619 0.0000 0.00 5.99
pmed24 2961 2961 0.0000 0.00 8.24
pmed25 1828 1828 0.0000 0.00 9.76
pmed26 9917 9917 0.0000 0.00 9.36
pmed27 8307 8307 0.0000 0.00 8.15
pmed28 4498 4498 0.0000 0.00 7.85
pmed29 3033 3033 0.0000 0.00 11.50
pmed30 1989 1989 0.0000 0.00 13.75
pmed31 10086 10086 0.0000 0.00 14.21
pmed32 9297 9297 0.0000 0.00 13.15
pmed33 4700 4700 0.0000 0.00 11.41
pmed34 3013 3013 0.0000 0.00 15.64
pmed35 10400 10400 0.0000 0.00 31.69
pmed36 9934 9934 0.0000 0.00 17.64
pmed37 5057 5057 0.0000 0.00 15.80
pmed38 11060 11060 0.0000 0.00 35.46
pmed39 9423 9423 0.0000 0.00 29.97
pmed40 5128 5128 0.0013 0.25 19.85

TABLE XI
NUMERICAL RESULTS OF AHSAR, OVER TSPLIB INSTANCES

instance best MED %err SD time

fl1400

p = 50 29090.22 29090.22 0.0018 0.00 44.58
p = 100 16552.22 16552.38 0.0106 1.02 53.44
p = 150 12026.41 12026.47 0.0120 1.81 68.80
p = 200 9356.18 9358.10 0.0309 1.34 61.16
p = 250 7738.33 7740.03 0.0400 1.11 59.71
p = 300 6614.42 6617.83 0.0914 1.64 58.72
p = 350 5718.45 5721.26 0.0807 2.19 64.05
p = 400 5006.75 5015.85 0.1632 4.05 67.49
p = 450 4476.61 4486.66 0.4064 3.84 68.67
p = 500 4046.56 4049.56 0.1314 1.44 70.70

fl1577

p = 50 66025.14 66025.14 0.0001 0.00 42.30
p = 100 38502.53 38502.53 0.0011 1.13 110.63
p = 150 28696.26 28717.50 0.0793 10.27 80.46
p = 200 23353.44 23367.99 0.1120 10.96 59.38
p = 250 19529.71 19550.19 0.2155 10.51 63.25
p = 300 16986.47 16996.57 0.0809 4.83 56.67
p = 350 14694.43 14715.98 0.4853 9.34 62.05
p = 400 13001.14 13034.69 0.8964 18.52 75.47
p = 450 11969.45 11989.16 0.8502 9.87 83.18
p = 500 11129.00 11139.39 0.5123 6.06 86.56

TABLE XII
P-VALUE OBTAINED BY TWO-SIDED WILCOXON’S SIGNED RANK TEST,

HIP-HOP VS. AHSAR, NULL HYPOTHESIS: HIP-HOP AND AHSAR HAVE
SIMILAR PERFORMANCES.

Problem domain %gap comparison %err comparison
Ising Spin Glass 0.0444 < 0.0001

p-Median 0.0061 0.0054
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