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1. RESULTS

Results from experiments according to [2] on the bench-
mark functions given in [1, 3] are presented in Figures 1,
2 and 3 and in Tables 1. 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; [2, 4]. 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 1078 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
correction number of dimensions (six). Legend: o:Random, V:Direct.
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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 Random (o) and Direct (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 Random

divided by Direct, 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 (Random first).
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Table 1: ERT in number of function evaluations divided by the best ERT measured during BBOB-2009 given
in the respective first row with the central 80% range divided by two in brackets for different Af values.
#succ is the number of trials that reached the final target fo,t + 1072, 1:Random is Random and 2:Direct is
Direct. Bold entries are statistically significantly better compared to the other algorithm, with p = 0.05 or
p = 107* where k € {2,3,4,...} is the number following the x symbol, with Bonferroni correction of 48. A |

indicates the same tested against the best BBOB-2009.



