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1. RESULTS

Results from experiments according to [?] on the bench-
mark functions given in [?, ?] are presented in Figures 1, 2
and 3 and in Tables 1 and 2. The expected running time
(ERT), used in the figures and table, depends on a given
target function value, f; = fopt + Af, and is computed over
all relevant trials as the number of function evaluations exe-
cuted during each trial while the best function value did not
reach f;, summed over all trials and divided by the number
of trials that actually reached f; [?, ?]. Statistical signifi-
cance is tested with the rank-sum test for a given target A f;
(1078 as in Figure 1) using, for each trial, either the number
of needed function evaluations to reach Af; (inverted and
multiplied by —1), or, if the target was not reached, the best
A f-value achieved, measured only up to the smallest num-
ber of overall function evaluations for any unsuccessful trial
under consideration.
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Figure 1: Expected running time (ERT in number of f-evaluations) divided by dimension for target function
value 107% as log,, values versus dimension. Different symbols correspond to different algorithms given in the
legend of fi1 and fa4. Light symbols give the maximum number of function evaluations from the longest trial
divided by dimension. Horizontal lines give linear scaling, slanted dotted lines give quadratic scaling. Black
stars indicate statistically better result compared to all other algorithms with p < 0.01 and Bonferroni correc-
tion number of dimensions (six). Legend: o:cmaesdata Apr3_factorl00, v:smboMar30_data-ver0O-factor100,
»:smboMar30_data-verl-factor100, O:directdata, A:randomdata
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Figure 2: Bootstrapped empirical cumulative distribution of the number of objective function evaluations
divided by dimension (FEvals/D) for 50 targets in 10032 for all functions and subgroups in 5-D. The “best
2009” line corresponds to the best ERT observed during BBOB 2009 for each single target.
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Figure 3: Bootstrapped empirical cumulative distribution of the number of objective function evaluations
divided by dimension (FEvals/D) for 50 targets in 10032 for all functions and subgroups in 20-D. The “best
2009” line corresponds to the best ERT observed during BBOB 2009 for each single target.
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Table 1: Expected running time (ERT in number of function evaluations) divided by the respective best ERT
measured during BBOB-2009 (given in the respective first row) for different Af values in dimension 5. The
central 80% range divided by two is given in braces. The median number of conducted function evaluations
is additionally given in italics, if ERT(107") = co. #succ is the number of trials that reached the final target
Sopt + 1078, Best results are printed in bold.
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CMAES|oco oo oo oo i o0 2000 0/IEMAES|22(23) oo oo oo oo o0 2000 0/15
SMBOO [369(394)*3 oo oo oo oo o0 2000 0/1$MBOO [22(28) oo oo oo oo o0 2000 0/15
SMBOI1 [eo oo oo oo oo o0 2000 0/1SMBO1 [14(18) oo oo oo oo oo 2000 0/15
Direct [oo oo oo oo oo o0 2259 0/1Birect | 1.9(2) oo oo oo oo o0 2073 0/15
Random|oo oo o oo oo o0 2000 0/andom|30(32) oo oo o o o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 #sucA fopt |lel 1le0 le-1 le-3 le-5 le-7 [#succ
6 |1296 2343 3413 5220 6728 8409 15/15 f18 |621 3972 19561 67569 1.3e5 1.5e5 15/15
CMAES|oo oo oo I oo oo 2000 0/IGMAES|oo oo oo oo oo oo 2000 0/15
SMBOO [eo oo o oo oo oo 2000 0/1SMBOO | oo o oo oo oo oo 2000 0/15
SMBO1 |oo oo o oo oo o0 2000 0/1SMBO1 |oo oo oo oo oo o0 2000 0/15
Direct [oco oo oo oo oo oo 2129 0/1Birect [25(27) oo oo oo oo oo 2087 0/15
Random|oo oo o o oo o0 2000 0/Bandom|oo oo o o oo o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 #sucA fopt |lel 1le0 le-1 le-3 le-5 le-7 [#succ
7 1351 4274 9503 16524 16524 16969 15/15 19 |1 1 3.deb 6.2¢6 6.7¢6 6.7¢6 15/15
CMAES|oo oo o oo oo oo 2000 0/1BMAES|oco oo o oo oo o0 2000 0/15
SMBOO |oo oo s oo oo o0 2000 0/1$MBOO [1(0) 1(0) oo oo oo o0 2000 0/15
SMBOI1 [eo oo oo oo oo o0 2000 0/1SMBO1 [1(0) 1(0) oo oo oo o0 2000 0/15
Direct |[oo o oo o oo oo 2077 0/MBirect [1(0) 1(0) oo o o o0 2045 0/15
Random|oo oo o oo oo o0 2000 0/Bandom|oo oo oo o o o0 2000 0/15
Afopt |lel 1e0 le-1 le-3 le-5 le-7 #sucA fopt [lel 1e0 le-1 le-3 le-5 le-7 #succ
8 |2039 3871 4040 4219 4371 4484 15/15 20 |82 46150 3.1e6 5.5¢6 5.6¢6 5.6¢6 14/15
CMAES|oo oo o oo oo o0 2000 0/IGMAES|oo oo oo oo oo o0 2000 0/15
SMBOO |eo oo oo oo oo oo 2000 (J/]S'DI\/IBOO oo oo oo oo oo oo 2000 0/15
SMBO1 |eo oo oo oo oo oo 2000 O/JSI\/IBOI oo oo oo oo oo oo 2000 0/15
Direct [eo oo oo oo oo oo 2091 0/I5irect [22(6e-3)*% oo oo oo oo o0 2013 0/15
Random|oeo oo oo oo oo o0 2000 0/1Random| oo o o o oo o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 #SUCA fopt [lel 1e0 le-1 le-3 le-5 le-7 #succ
fo 11716 3102 3277 3455 3594 3727 15/T5 f21  [561 6541 14103 14643 15567 17589 15/15
CMAES|oeo eo e oo oo °0 2000 0/IEMAES|oo oo oo oo oo o0 2000 0/15
SMBOO [eo oo oo oo oo oo 2000 0/1SMBOO |6.4(6) oo oo oo oo o0 2000 0/15
SMBOL [eo o oo oo oo oo 2000 0/1$MBO1 [7.3(7) oo oo oo oo o0 2000 0/15
Direct [eo oo oo oo oo oo 2137 0/I5irect [4.8(3) oo oo oo oo o0 2063 0/15
Random|oeo oo o oo oo o0 2000 0/1Random| oo oo o oo o o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 FHSUCA ot |lel 1e0 le-1 le-3 le-5 le-7 #succ
fl10 (7413 8661 10735 14920 17073 17476 15/15 22 467 5580 23491 24948 26847 1.3eb 12/15
CMAES|oo eo e oo eo °0 2000 0/IEMAES|oo o o oo oo o0 2000 0/15
SMBOO [eo L oo oo o oo 2000 0/ISMBOO [14(14) oo oo oo oo o0 2000 0/15
SMBOL1 [eo oo oo oo oo oo 2000 0/1SMBO1 | 8.3(9) oo oo oo oo o0 2000 0/15
Direct [eo o oo oo R oo 2117 0/15irect | 8.2(7) oo oo oo oo oo 2067 0/15
Randomfee oo oo oo oo e 2000 0/1Random|eo oo oo oo oo o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 FHSUCA ot |lel 1e0 le-1 le-3 le-5 le-7 H#£suce
f11 |1002 2228 6278 9762 12285 14831 15/15 23 [3.2 1614 67457 1905 8105 8.4 15/15
CMAES|oo oo oo oo oo o0 2000 0/IEMAES|2.2(2) oo o oo oo o0 2000 0/15
SMBOO [eo oo L oo oo oo 2000 0/I1$MBOO [1.6(1) oo oo oo oo o0 2000 0/15
SMBOL [eo L oo L L oo 2000 0/I$MBO1 [1.5(1) oo oo oo oo o0 2000 0/15
Direct [eo R oo il R oo 2077 0/I5irect [1.1(0.9) 19(21) oo oo oo o0 2085 0/15
Randomfee L oo oo i e 2000 0/1Random|1.9(2) oo oo oo oo o0 2000 0/15
Afopt [lel 1e0 le-1 le-3 le-5 le-7 FHSUCA ot |lel 1e0 le-1 le-3 le-5 le-7 #succ
f12 11042 1938 2740 4140 12407 13827 15/15f24 |[1.3¢6 7.5¢6 5.2e7 5.2e7 5.2e7 5.2e7 3/15
CMAES|eo oo g oo oo o0 2000 0/1EMAES| oo oo oo oo oo o0 2000 0/15
SMBOO (oo oo oo oo oo °o 2000 0/ISMBOO | oo oo oo B oo oo 2000 0/15
SMBOL1 [eo oo oo oo oo °o 2000 0/ISMBOL1 |0 oo oo oo oo oo 2000 0/15
Direct [eo oo oo S oo oo 2157 0/1Birect |eo oo oo oo oo o0 2049 0/15
Randomfee L oo oo L e 2000 0/1Random| oo oo oo oo oo oo 2000 0/15

Table 2: Expected running time (ERT in number of function evaluations) divided by the respective best ERT
measured during BBOB-2009 (given in the respective first row) for different Af values in dimension 20. The
central 80% range divided by two is given in braces. The median number of conducted function evaluations
is additionally given in italics, if ERT(10_7) = o0. #Fsucc is the number of trials that reached the final target
Sopt + 107%. Best results are printed in bold.



