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1. RESULTS

Results from experiments according to [?] on the bench-
mark functions given in [?, ?] are presented in Figures ?7?,
?? and 77 and in Tables ??7. The expected running time
(ERT), used in the figures and table, depends on a given
target function value, fi = 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 fi, 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 ??) using, for each trial, either the num-
ber 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
number 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 10'° as log,, values versus dimension. Different symbols correspond to different algorithms given in
the legend of fi and f24. 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
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Figure 3: Empirical cumulative distributions (ECDF) of run lengths and speed-up ratios in 5-D (left) and 20-
D (right). Left sub-columns: ECDF of the number of function evaluations divided by dimension D (FEvals/D)
to reach a target value fo,. +Af with Af = 10*, where k € {1, —1, —4, —8} is given by the first value in the legend,
for SMACggog (o) and CMAES (V). Light beige lines show the ECDF of FEvals for target value Af = 107%
of all algorithms benchmarked during BBOB-2009. Right sub-columns: ECDF of FEval ratios of SMACggros
divided by CMAES, all trial pairs for each function. Pairs where both trials failed are disregarded, pairs
where one trial failed are visible in the limits being > 0 or < 1. The legends indicate the number of functions
that were solved in at least one trial (SMACggos first).



5-D 20-D
Af let1 le-1 1e-3 le-5 le-7  |#suce ?f 13451 IZ; 1:’33 1:;’5 1:‘37 f?“lcsc
f1 1 12 12 12 12 15/15 SMAé 1.0(0.1)*3 3.3(0.5)*3 *3 *3 200%3 0/15
1: SMACpROR| 0.95(0.4)*3  2.3(0.3)*3 61(59)*3 co*3 050*3 0/15 5 S iame OBl L4 (0.1) :3(0:5) oo oo o /
2: CMAES 3.1(2) oo 5o oo 0058 0/15 % B 24(24) 0 oo o0 00210 0/15
E & e, 2 = ™ 0 mr g
1: SMACBBOB oo oo oo oo 0050 0/15 ° BBOB|
2. CMABS o o o oS 058 0/15 2: CMAES =] oo oo oo 00210 0/15
: T3 5066 7635 7643 7646 7651 i5/15
f3 716 1637 1646 1650 165 15715 gl oo o o - - e200 /15
. 5 :
Y A CBBOB ot ot ot ot g gﬁg 2: CMAES oo oo oo oo 50210 0/15
: ¥, 1722 7666 7700 7758 T.4e5 9/15
4
fa 809 1688 1817 1886 1905 [15/15 | qiadp oo - o b o 0200 /15
1: SMACBBOB o oo o oo 050 0/15 >
2: CMAES o o 0 > 0210 0/15
2: CMAES o o o oo 058 0/15
5 10 to 10 to 1o 15/15 SMAfg o se.(4011)*3¢4 o 60(311)*3@ o 60((‘]111)*3J'2 o 60(;11)*3i2 o 60(311)*3& iﬁi
1: SMACEpOp| 0-85(0.-1)*3 0.91(0.1)*% 0.91(0.1)*% 0.91(0.1)*% 0.91(0.1)*315/15 ;7 )\ G BBOB 6.4(3) 19(18) 19(18) 19(18) 19(18) 4/15
2: CMAES 6.0(4) 13(12) 13(12) 13(12) 13(12) 6/15 = :
- fo 1296 3413 5220 6728 8409 [15/15
S 114 281 580 1038 1332 [15/15 ,.
1: SMACBROB oo oo I~ o 00200 0/15
1: SMACpgoB| 6-3(7) o o oo 050 0/15
3 OMAFS . oS oS oS g 015 2 CMAES o o > > 0210 0/15
: F; 1351 9503 16524 16524 16969 [15/15
T 21 1171 1572 1572 1597 [15/15 7
1: SMAC OB 3.9(3) oo oo oo 0050 0§15 1 SMACEEOB oo*® oo*3 o3 co*? 00202”;3 8;1?
2: CMAES 6.5(7) oo oo oo 0058 0/15 2t ) o ) sl 21
[ 73 336 391 410 422 15/15 fg 2033 40;‘:‘; 4212 431% 448*43 15/15
1: SMACRBROB o oo oo oo 0050 0/15 1: SMACBBOB o oo oo o0 00200 0/15
2: CMAES 12(13) 0o oo 0o 0058 0/15 2: CMAES ) ) oo oo 00210 0/15
fg 35 214 300 335 369 15/15 fg 1716 3277 3455 3594 3727 15/15
1: SMACRBOB co*3 co*3 co*3 co*3 0050*3 0/15 1: SMACBBROB oo*8 oo*8 oo*8 oo*8 00200*3 0/15
2: CMAES oo co co oo 0058 0/15 2: CMAES o) o) ) ) 210 0/15
o 349 574 636 529 580 15/15 f10 7413 10735 14920 17073 17476 [15/15
1: SMACRBOB! oo oo oo oo 050 0/15 1: SMACBROB| oo =] oo oo 00200 0/15
2: CMAES © ) oo ) oo 0058 0/15 2: CMAES o ) oo ) 00210 0/15
f11 143 763 1177 1467 1673 15/15 f11 1002 6278 9762 12285 14831 15/15
1: SMACBBOB oo oo oo oo 0050 0/15 1: SMACBBROB| co*3 oo*3 oo*3 oo*3 00200*3 0/15
2: CMAES o o o 0 058 0/15 2: CMAES o o oo oo 0210 0/15
f12 108 371 161 1303 1494 [15/15 f1o 1042 3740 1140 12407 13827 [15/15
1: SMACpBOB oo o oo o 050 0/15 1: SMACBROB o o i~ o 00200 0/15
2: CMAES o o o 0 058 0/15 2: CMAES o o o o 0210 0/15
f13 132 350 1310 1752 2255  |i5/15 f13 652 3751 18749 34455 30201 [(5/15
1: SMACBBROB oo*3 oo*3 co*3 oo*3 0050*3 0/15 1: SMACBBOB co*3 oo*3 oo*3 oo*3 00200*3 0/15
2: CMAES o o o 0 058 0/15 2: CMAES o oo oo o 0210 0/15
f1a 10 58 139 251 a76 15/15 f1a 75 304 932 1648 15661 [15/15
1: SMACppog| 1.0(2) o oo o 0050 0/15 1: SMACgpop| 5.2(5) o o .~ 00200 0/15
2: CMAES 1.7(2) o o o 058 0/15 2: CMAES 20(22) o o o 0210 0/15
f15 511 19369 20073 20769 21350 [14/15 f15 30378 3.1c5 3.265 1.565 1.6¢5 [[5/15
1: SMACRBBOB! oo =] [eS] oo o050 0/15 1: SMACBROB| =) oo =) =) 0200 0/15
2: CMAES o o o o 058 0/15 2: CMAES 0 o o o 0210 0/15
f16 120 2662 10449 11644 12005  [i5/15 f1e 1384 77015 1.9¢5 2.065 2.265 [15/15
1: SMACgRQOB| 0.76(0.7) ) ) oo 050 0/15 1: SMACRROB o*3 co*3 co*3 co*3 50200*3 0/15
2: CMAES 2.2(2) o) ) o) 058 0/15 2: CMAES ) oo ) oo 0210 0/15
f17 5.2 899 3669 6351 7934 15/15 f17 63 4005 30677 56288 80472 15/15
1: SMACgOB| 1-7(2) o0 °0 oo 0050 0/15 1: SMACBBoB| 1.5(2) oo oo oo 00200 0/15
2: CMAES 3.7(4) oo ) oo 058 0/15 2: CMAES 2.4(1) oo 0o 0o 00210 0/15
fi18 103 3968 9280 10905 12469 15/15 f18 621 19561 67569 1.3e5 1.5e5 15/15
1: SMACpgogB| 1-2(1) oo oo oo 0050 0/15 1: SMACRBOB| ) oo oo ) 00200 0/15
2: CMAES 4.0(4) oo oo oo 058 0/15 2: CMAES oo oo oo oo 00210 0/15
fi19 1 242 1.2e5 1.2e¢5 1.2e5 15/15 f19 1 3.4e5 6.2c6 6.7c6 6.7c6 15/15
1: SMACgpop| 1*3 00*3 oo*3 co*3 c050*3 0/15 1. SMACgpop| 1*3 co*3 co*3 00*3 00200*3 0/15
2: CMAES 18(24) ) o) oo <58 0/15 2. CMAES 237(136) oo oo ) 00210 0/15
fao 16 38111 54470 54861 55313 14/15 f20 ]2 3.1¢6 5.5¢6 5.6e6 5.666 14/15
1: SMACgpop| 0.61(0.2)*3+2 oo oo oo 0050 0/151: SMACgpop| 1.1(0.5)*3 co*3 o *3 co*3 0200*3 0/15
2: CMAES 3.2(3) ) ) ) 58 0/15 2: CMAES ) oo oo o 00210 0/15
fo1 41 1674 1705 1729 1757 14/15 fo1 561 14103 14643 15567 17589 15/15
1: SMACppoB| 1-8(2) oo oo oo 050 0/151: SMACgRoB| 0.97(0.9) ) oo oo 00200 0/15
2: CMAES 2.0(2) oo oo oo 0058 0/15 2: CMAES 5.5(6) oo I~ oo 00210 0/15
fa2 71 938 1008 1040 1068 [14/15 fao 467 23491 24948 26847 1.3e5 [i2/15
1: SMACppogl| 1.2(1) o o oo 050 0/15 1, SMACgROR| 0.81(0.7)*2 co*2 ox2 ox2 0 200%2 0/15
2: CMAES 2.0(2) o o oo 058 0/15 5. "M ABS o o o o 00210 0/15
fag 3.0 14249 31654 33030 34256 [15/15 a3 35 57457 295 515 5 4e5 T5/15
1: SMACBROB| 2-2(2) oo oo oo 0050 0/15 1. SMACgRop| 1-3(1) oo oo oo 00200 0/15
2: CMAES 3.7(5) > o > 058 0/15 5. CMAES 4.5(5) o oo oo 00210 0/15
) SMQZél 1622 6.4e6 9.6e6 1.3e7 1-;”57 g/ig foq 1.3¢6 5.2¢7 5.2e7 5.2e7 5.2¢7 3/15
2. oMAng P ZZ : : 2 258 0?15 i SMACBROB oo*? oo*3 oo*3 *3 00200*3 0/15
; 2: CMAES oo oo o o 0210 0/15
Table 1: ERT in number of function evaluations divided by the best ERT measured during BBOB-2009 given in
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