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ABSTRACT

In this paper, we experimentally explore the influence tuned
parameter settings have on an IPOP-CMA-ES variant that
uses a maximum bound on the population size. We followed
our earlier work, where we exposed seven parameters that
control parameters of [IPOP-CMA-ES, and tune them by
applying irace, an automatic algorithm configuration tool.
A comparison of the tuned to the default settings on the
BBOB benchmark shows that for difficult problems such as
multi-modal functions with weak global structure, the tuned
parameter settings can result in significant improvements
over the default settings.

Categories and Subject Descriptors

G.1.6 [Numerical Analysis]: Optimization—global opti-
mization, unconstrained optimization; F.2.1 [Analysis of
Algorithms and Problem Complexity]: Numerical Al-
gorithms and Problems

General Terms
Algorithms

Keywords

Benchmarking, Black-box optimization

1. INTRODUCTION

Assigning appropriate values for the parameters of opti-
mization algorithms is an important task [4]. Over the re-
cent years, evidence has been given that the performance
of many algorithms can be improved by using automatic al-
gorithm configuration and tuning tools [1-3, 5, 10,11, 17].
Many successful studies involve configuring discrete opti-
mization algorithms [2, 5, 10], but also the tuning of con-
tinuous optimization algorithms has received some atten-
tion [3,11-13,16,19,20]. Even if automatic algorithm config-

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

GECCO’13 Companion, July 6-10, 2013, Amsterdam, The Netherlands.
Copyright 2013 ACM 978-1-4503-1964-5/13/07 ...$15.00.

Thomas Stitzle
IRIDIA, CoDE, Université Libre de Bruxelles
(ULB), Brussels, Belgium

stuetzle@ulb.ac.be

uration tools sometimes do not result in very strong perfor-
mance improvements, they have the advantage of reducing
typically the time necessary for tuning parameter values and
they help in reducing the bias in algorithm comparisons.

In this paper, we tune the parameters of a IPOP-CMA-ES
variant for which we have presented computational results
in another to BBOB 2013 [14]. That variant, to which we re-
fer as IP-10DDr, uses a bound on the maximum population
size to be used in IPOP-CMA-ES and, once this bound is
reached, it restarts the scheme for the variation of the pop-
ulation size at the initial default value used by IPOP-CMA-
ES. Here, we experimentally explore the influence of the
tuned parameter settings in the performance of IP-10DDr.
We found that for the difficult problems such as multi-modal
functions with weak global structure, the tuned parameter
settings can result in significant improvements over the de-
fault ones.

2. EXPERIMENTAL PROCEDURE

For tuning IP-10DDr, we considered seven parameters re-
lated to the above mentioned default settings, following pre-
vious work we have presented in [13]. The seven default
settings of IP-10DDr are as follows. The initial population
size is A = 4 + |31In(D)], where D is the number of dimen-
sions of the function to be optimized. The number of se-
lected search points in the parent population is u = [0.5A].
The initial step-size is 0(® = 0.5(B — A), where [A, B]”
is the initial search interval. At each restart, the popula-
tion size is multiplied by a factor of two. Restarts occur
if the stopping criterion is met. The three parameters are
stopTolPunHist(= 1072°), stopTolFun(= 107*?) and stop-
TolX (= 107'2); they refer to refer to the range of the im-
provement of the best objective function values in the last
10 + [30D/A] generations, all function values of the recent
generation, and the standard deviation of the normal distri-
bution in all coordinates, respectively.

The tuned parameters are given in Table 1. The first four
parameters are actually used in a formula to compute some
internal parameters of IP-10DDr and the remaining three
are used to define the termination of CMA-ES. The first
three columns of Table 1 give the parameters we use, the
formula where they are used, the range that we considered
for tuning.

As tuner we use irace [15], a publicly available imple-
mentation of the automatic configuration method Iterated
F-Race [2]. The budget of each run of irace is set to 5000
runs of IP-10DDr. We consider a separation between tun-



Table 1: Parameters that have been considered for
tuning. Given are the continuous range we consid-
ered for tuning. The last two columns are the pa-
rameter settings obtained in [16] (tany) and for the
tuning for the final solution quality at 100 x D func-
tion evaluations (texp) respectively.

Para Internal parameter Range Tuned
(tuning) tany texp
a Init pop size: Ao = 4+ [aln(D)] [1,10] 3.676 2.675
b Parent size: p = |[\/b] [1,5] 1.750 1.351
c Init step size: o0 = c¢- (B — A) (0,1) 0.325  0.102
d IPOP factor: ipop = d [1,4] 1.840 2.88
e stopTolFun = 10° [-20,—6] —9.653 —8.607
f stopTolFunHist = 107 [-20,-6] —10.000 —14.77
g stopTolX = 107 [-20,—-6] —9.528 —9.529

ing and test sets. The training instances are the same as
those used in [16], which are a subset of the functions in
the SOCO benchmark [9], with dimension D € [5,40]. The
performance measure used for tuning is the error of the ob-
jective function value obtained by the tuned algorithm after
100 x D function evaluations. It should be highlighted that
we focus here on the first 100D function evaluations as the
same results are re-used in the expensive optimization sce-
nario at BBOB 2013 and we wanted to avoid a re-tuning. (In
fact, the exploration of the impact different tuning setups
have on the performance of the tuned IP-10DDr we leave
for future work.) From this tuning we obtain a configura-
tion of IP-10DDr we call henceforth texp. We also use the
parameter settings we obtained in another paper [16], where
IPOP-CMA-ES was tuned to improve its anytime behavior;
the algorithm using these parameter settings is labeled as
tany (Table 1). The default parameter settings are labeled
def in this paper.

3. RESULTS

Results from experiments according to [7] on the bench-
mark functions given in [6, 8] are presented in Figures 1, 2
and 3 and in Tables 2 and 3. The expected running time
(ERT), used in the figures and table, depends on a given
target function value, fi = fops + 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; [7,18]. 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.

In the experiments, we clearly observe that performance
may vary with the parameter settings on at least some of
the functions. On some functions, texp is slower in reaching
optimal threshold that either tany or def, the most note-
worthy example being f5 (D = 2, 3,40). However, texp per-
forms better than tany or def on several multi-modal func-
tions with weak global structure. For example, it reaches
the optimal threshold in fa2 (D = 20) and foq (D = 5,20)
where tany and def cannot do so. tany reaches optimal
threshold in fo3 (D = 40) and fos (D = 40) where texp

and def cannot do so. We also clearly observe that texp
uses fewer function evaluations to reach optimal threshold
in fa1 (D = 10,20,40), fo2 (D = 2,3,5,10), faa (D = 2,3)
than tany and def. Only on fa3 (D = 2,3,5), def obviously
uses fewer function evaluations to reach optimal threshold
than tany and texp. The overview of the overall results
in Figure 2 confirms the observation above: texp performs
better than tany or def especially on the weakly structured
multi-modal functions.

4. CPU TIMING EXPERIMENT

The texp and tany were run on fg until at least 30 seconds
have passed. These experiment were conducted with Intel
Xeon E5410 (2.33 GHz) on Linux (kernel 2.6.9 - 78.0.22).

The results of texp were 1.6E—05, 2.4E—05, 6.2E—06, 9.7E—06,

1.5E—05 and 5.8E—05 seconds per function evaluation in di-
mensions 2, 3, 5, 10, 20, and 40, respectively. The results of
tany were 1.8E—05, 2.4E—-05, 1.7TE—-05, 7.5E—06, 1.3E—-05
and 4.6E—05 seconds per function evaluation in dimensions
2, 3, 5, 10, 20, and 40, respectively.

S. CONCLUSIONS

In this paper we have examined the influence of tuning
on the performance of IP-10DDr. When compared to de-
fault settings, further performance improvements could be
observed on few difficult functions. These results suggest
that it would be interesting to further explore the impact
different tuning setups have. In fact, here we used a setting
where we considered only very short runs for tuning and also
a tuning target, where we try to obtain for a fixed number of
function evaluations as good as possible solutions. Chang-
ing the tuning setup to minimize the number of function
evaluations to target, the point of view actually followed
in the BBOB benchmark analysis, we would expect further
improved performance.
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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 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:def, V:texp, ~:tany
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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 101732 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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f10 |349 500 574 626 829 ]80 15/15 f22 (71 386 938 1008 1040 1068 14/15
def [3.4(0.9)  38.1(0.6) 3.1(0.3) 3.2(0.3) 2.6(0.2) 2.7(0.2) 15/15 def 7.4(11)  42(53) 43(59) 40(55) 39(53) 39(52) 15/15
texp [3.4(1) 3.1(0.7) 3.1(0.4) 3.1(0.3) 2.6(0.2) 2.6(0.2) 15/15 texp [22(9) 13(24) 18(20) 18(19) 17(19) 17(18) 15/15
tany [3.4(0.9) 3.1(0.6) 2.9(0.4) 3.0(0.3) 2.5(0.3) 2.6(0.2) 15/15 tany [12(9) 29(51) 91(93) 85(87) 82(84) 80(82) 15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce Afopt|lel le0 le-1 le-3 le-5 le-7 #succ
f11 |143 202 763 1177 1467 1673 15/15 23 (3.0 518 14249 31654 33030 34256 15/15
def  [7.4(4) 7.1(0.7) 2.1(0.2) 1.6(0.1) 1.4(0.1) 1.3(0.1) 15/15 def  [2.1(2) 7.2(5) 1.7(1) 0.96(0.8) 0.94(0.8) 0.93(0.8) [15/15
texp [6.9(3) 6.7(1) 2.0(0.3) 1.5(0.1) 1.3(0.1) 1.3(0.1) 15/15 texp [3.0(3) 7.0(7) 6.4(8) 3.8(4) 3.6(3) 3.5(3) 14/15
tany [8.1(1) 7.1(0.7) 2.1(0.2) 1.5(0.1) 1.4(0.1) 1.3(0.1) 15/15 tany [1.7(1) 7.5(6) 5.2(5) 2.7(2) 2.7(2) 2.6(2) 15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce Afopt|lel 1e0 le-1 le-3 le-5 le-7 |#suce
f12 |108 268 371 461 1303 1494 15/15 f24 [1622 2.2e5 6.4e6 9.6e6 1.3e7 1.3e7 3/15
def 7.9(5) 5.9(3) 6.0(3) 6.3(4) 2.8(2) 2.8(2) 15/15 def  [2.0(2) 104(122) oo oo oo 00 5eb 0/15
texp [11(10) 8.7(9) 8.4(8) 8.5(8) 3.7(3) 3.7(3) 15/15 texp [1.4(1) 0.76(1)*3 0.50(0.5)*4%1.1(1)**  0.80(0.8)*%.80(0.8)*%6/15
tany | 6.2(4) 7.1(5) 7.5(7) 8.2(5) 3.7(2) 3.7(2) 15/15 tany [2.2(2) 20(18) oo oo oo oo 56 0/15

Table 2: Expected running time (ERT in number of function evaluations) divided by the
measured during BBOB-2009 (given in the respective first row) for different Af values

respective best ERT
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(1077) = 00. Fsucc is the number of trials that reached the final target
fopt + 1078, Best results are printed in bold.
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Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce A fopt|lel 1e0 le-1 le-3 le-5 le-7 #suce
f1 |43 43 13 43 13 13 15/15  f13 |652 2021 2751 18749 24455 30201 15/15
def [7.5(0.6) 14(0.7) 20(2) 32(3) 45(2) 57(3) 15/15 def [2.4(0.3)  4.3(5) 6.4(4) 1.7(1) 2.2(0.9)  2.3(0.9) 15/15
texp [6.6(1) 13(1) 20(2) 33(2) 47(2) 59(4) 15/15 texp |[3.8(4) 4.3(4) 6.9(6) 1.7(0.7)  2.0(0.8)  2.2(0.3) [15/15
tany |7.7(0.9) 15(0.9) 22(1) 36(1) 49(3) 61(4) 15/15 tany [4.4(6) 4.8(3) 6.7(6) 1.7(1) 2.0(1) 2.5(1) 15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce A fopg|lel 1e0 le-1 le-3 le-5 le-7 #suce
2 |385 386 387 390 391 393 15/15  fi4 |75 239 304 932 1648 15661 15/15
def  [35(4) 42(4) 48(4) 51(2) 52(2) 53(2) 15/15 def [3.8(0.7) 2.7(0.5) 3.4(0.4) 4.2(0.4) 6.3(0.4) 1.2(0.1) 15/15
texp [34(5) 41(5) 45(5) 49(2) 50(2) 51(2)* 15/15 texp [1.6(0.8)*3 2.3(0.3)  3.2(0.4) 4.1(0.4) 5.8(0.4)* 1.1(0.1)*2 [15/15
tany |35(4) 42(5) 46(4) 50(3) 52(2) 53(2) 15/15  tany [3.6(1) 3.0(0.5) 3.8(0.3) 4.5(0.5) 6.4(0.5) 1.2(0.1) 15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce  Afopg|lel 1e0 le-1 le-3 le-5 le-7 #succ
f3 |5066 7626 7635 7643 7646 7651 15/15 f15 [30378 1.5e5 3.1e5 3.2e5 4.5e5 4.6e5 15/15
def 15(16) oo o oo oo oo 2e7 0/15  def 1.1(0.7) 0.99(0.5)  0.70(0.2)  0.71(0.2)  0.53(0.2)0.54(0.2) 5[15/15
t.cxP 12.(57'58) g‘s;cei(él:i)) oo oo oo oo ;c; gﬁg texp [0.69(0.4) 0.75(0.4) 0.52(0.2) 0.54(0.2) 0.41(0.2)]40.42(0.2) 4[15/15
any . €%) oo o A oo = tany [0.88(0.5) 1.0(0.3) 0.77(0.2)  0.78(0.2) 0.58(0.1)}30.59(0.1) 3[15/15
Afopg|lel 10 le-1 le-3 le-5 le-7 prsuce lo1 o0 o1 o3 Toos o .
fa [4722 7628 7666 7700 7758 1405 9/15 fopt|te ° i o b i suce
dof  |2.904(3e4) oo ~ - s o7 0/15 16 (1384 27265 77015 T.9¢5 20c5  2.205 15/15
toxp | oo s ~ - ~ o 207 o/15  def [1.2(0.3)  0.27(0.3) 0.42(0.3) 50.78(0.6) 0.85(0.6) 0.79(0.5) [15/15
tany |6.le4(7ed) oo o o o oo 2e7 /15 texp [0.86(0.3) 0.16(0.2) 0.37(0.2)]30.84(0.2)30.47(0.5) 0.45(0.4) [15/15
Afopi|tel 160 Too1 Too3 Toos tor sauce tany [L1.3(0.4)  0.29(0.3) 0.46(0.1) 50.69(0.5) 0.73(0.5) 0.70(0.4) [15/15
5 |41 a1 a1 a1 a1 a1 15/15 Afopt|lel 1e0 le-1 le-3 le-5 le-7 #suce
def [51(35)  111(93) 165(106)  233(151)  309(245)  403(293) [15/15 ~f17 |63 1030 1005 30677 56288 80472 15/15
texp [02(122)  177(150)  231(205)  300(284)  357(306)  436(324) [15/15 def [1.9(0.8)  0.78(0.1) 0.67(0.1) 0.93(0.4) 1.1(0.4)  1.1(0.5) 15/15
tany |69(89) 134(146) 159(157) 202(173) 2385(202) 274(212) |[15/15 texp [1.2(0.9)  0.96(0.2) 0.99(2) 0.82(0.5) 0.82(0.3) 0.73(0.2) 5[15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #succ tany [1.7(0.8)  0.96(0.2) 0.75(0.2) 0.64(0.5)| 0.67(0.2)| 0.68(0.2) |15/15
6 |1296 2343 3413 5220 6728 8409 T5/15  Ap .11
t|1el 1e0 le-1 le-3 le-5 le-7 #succ
def  [1.3(0.2) 1.1(0.2) 1.1(0.2) 1.1(0.1) 1.1(0.1) 1.1(0.1) 15/15 oD
texp [1.4(0.2)  1.2(0.2)  1.2(0.2)  1.2(0.2)  1.3(0.2) 1.3(0.2) [15/15 18 |621 3972 19561 67569 1.3e5 1.5e5 15/15
tomy [140004)  1.2(02) 1.1(02) 11(02) 12(01)  1.2(0.1) 15715 def [0.87(0.2)  0.46(0.2) 0.66(0.4) 1.2(0.8)  0.96(0.4) 1.0(0.4)  [15/15
) , texp [0.97(0.2) 1.3(2) 0.85(0.9) 0.84(0.0) 0.80(0.4) 0.80(0.4) [15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #S/ucc tany [0.85(0.2) 0.45(0.1) 0.48(0.4) 0.92(0.3) 0.87(0.2) 0.86(0.2) [15/15
7 |1351 1274 9503 16524 16524 16969 15/15
A lel 1e0 le-1 le-3 le-5 le-7
def [1.7(2) 6.2(3) 3.9(2) 2.4(1.0) 2.4(1.0) 2.4(1.0) 15/15 A‘g’t le 1e 3e4e5 692e6 68766 66766 is/uf;
z 20 : : ; ;
iz’;i’, i:g((?)).s) i:;((‘?) g;;((?)).s) ;g((f)).s) ;g((f)?s) f:g((?))j) 1;;1; def  [178(144) 5.2e5(2e5) 4.0(3) 0.84(0.6) 1.0(0.9)  1.0(0.9) [15/15
texp 3.3(2) 4.5¢4(5e4)2.0(2) 0.67(0.6) 0.80(0.8) 0.80(0.8) [15/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 #succ  tany [130(116) 3.6e4(3e4)3.7(4) 0.69(0.4)) 0.70(0.4) 0.70(0.4) [15/15
8 |2039 3871 4040 4219 4371 1484 15/15
def |4.1(0.8) 4.3(0.3) 4.6(0.4) 4.8(0.3) 4.8(0.3) 4.9(0.3) [15/15 2Jopt|iel 1e0 le-1 le-3 le-5 le-7 [#suce
texp [4.4(0.9) 5.0(0.5) 5.4(0.4) 5.5(0.4) 5.5(0.4) 5.6(0.4) 15/15 f20 |82 46150 3.1e6 5.5e6 5.6e6 5.6e6 14/15
tany [4.6(1) 5.1(0.6)  5.5(0.6)  5.6(0.6)  5.6(0.6) 5.7(0.5) [15/15 def [5.4(1) 3 5.6(3) 0.91(0.6)  1.5(1) 1.5(1) 1.5(1) 15/15
) ) ) ) texp [2.6(0.9)*3 13(7) 48(51) oo oo oo 2e7 0/15
Afopt|tel 1e0 le-1 le-3 le-5 le-7 #suce hy [5.5(0.9) 8.3(4) 0.81(0.4) | 51.3(2) 1.3(2) 1.3(2) 14/15
9 [1716 3102 3277 3455 3504 3727 T5/15
def  [5.0(1) 6.9(5) 7.2(5) 7.3(4) 7.3(4) 7.2(4) 15/15 Afopt|lel 1e0 le-1 le-3 le-5 le-7 #succ
texp [4.8(1) 6.0(0.6)  6.3(0.6)  6.5(0.6)  6.5(0.5)  6.5(0.5) 15/15 ~ f21 |561 6541 14103 14643 15567 17589 15/15
tany [5.0(1) 5.3(0.7) 5.7(0.7) 6.0(0.6) 6.0(0.6) 6.0(0.6) [15/15 def [6.3(11) 147(189)  430(665) 414(641)  390(603)  345(533) [14/15
Afopt|lel 160 le-1 le-3 1eo5 le-7 suce texp [2.8(4) 47(68) 70(94) 67(91) 64(85) 56(76) 15/15
 EONLZYE] 66T 1075 11930 5075 517G 5/ teny [2:5(5) 51(70) 479(735)  461(718)  434(675)  384(598)  [12/15
def 1.8(0.2) 1.9(0.2) 1.7(0.1) 1.3(0.0) 1.2(0.0) 1.2(0.0) 15/15 Afopt|lel 1e0 le-1 le-3 le-5 le-7 #succ
texp [1.7(0.2)  1.7(0.2) 1.6(0.1) 1.2(0.1) 1.1(0.1) 1.1(0.0) [15/15 ~ f22 |467 5580 23491 24948 26847 T.365 12/15
tany [1.8(0.3)  1.8(0.2)  1.6(0.1)  1.3(0.0)  1.2(0.0)  1.2(0.0) 15/15 def |96(168) 1871(3584) oo oo oo oo 2e7 0/15
Afopt|lel 1e0 le-1 le-3 le-5 le-7 [#suce texp (62(42) 532(830) 502(586)*2 473(512)*2 440(476)*2 88(94)*2 [12/15
11l [1002 2228 6278 9762 12285 14831 15/15 tany [83(23) 1944(3584) oo oo S oo 2e7 0/15
def  [10(0.6) 5.1(0.2)  2.0(0.1)  1.4(0.0)  1.2(0.0)  1.1(0.0) [15/15 Afopg|lel 1e0 le-1 le-3 le-5 le-7 #succ
texp | 8.4(0.6)*3 4.3(0.3)*3 1.7(0.1)** 1.2(0.1)*% 1.0(0.1)** 0.90(0.0)}415/15 ~ 23 [32 1614 67457 1.9e5 8.1e5 8.4e5 15/15
tany | 9.4(0.4)  4.8(0.2)  1.9(0.1)  1.3(0.0)  1.1(0.0)  0.99(0.0) [15/15 def |1.7(2) 35(39) 5.3(5) 71(66) 43(40) 41(38) 7/15
A e 1e0 Lo o3 Les Lot ! texp [1.8(1) 28(36) 28(45) 182(190)  110(117)  106(114) 3/15
fopt|1e o e e e e [#suce ony |17(1)  20(23) 3.0(6) 55(62) 51(56) 49(55) 6/15
f12 [1042 1938 2740 1140 12407 13827 T5/15 o1 100 o1 tos Loos Lor
def  [2.6(2) 3.6(3) 4.1(3) 1.1(2) 1.8(0.6)  1.9(0.5) [15/15 2Jopt|le e e e e5 e- #suce
texp [2.8(0.2)  3.0(3) 3.4(3) 3.8(1) 1.7(0.5)  1.8(0.5) 15/15 24 [1.3¢6 7.566 5.267 5.2e7 5.267 5.267 3/15
tany [2.4(0.2)  2.7(2) 3.7(2) 3.9(1) 1.7(0.5) 1.8(0.4) 15/15 def foo °0 oo o0 0 oo 2e7 0/15
texp |1.2(1)*  0.68(0.7)*%5.5(6)*% 5.5(6)** 5.5(6)*% 5.5(6)** |1/15
tany [28(33) =) =) =] oo oo 2e7 0/15

Table 3: 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(1077) = o0. #succ is the number of trials that reached the final target
fopt + 1078, Best results are printed in bold.



[12]

[13]

T. Liao, M. A. Montes de Oca, and T. Stiitzle. Tuning
parameters across mixed dimensional instances: A
performance scalability study of Sep-G-CMA-ES. In
Proceedings of the Workshop on Scaling Behaviours of
Landscapes, Parameters and Algorithms of the Genetic
and Evolutionary Computation Conference,
GECCO’11, pages 703-706, New York, NY, USA,
2011. ACM.

T. Liao, M. A. Montes de Oca, and T. Stiitzle.
Computational results for an automatically tuned
CMA-ES with increasing population size on the
CEC’05 benchmark set. Soft Computing - A Fusion of
Foundations, Methodologies and Applications, 2013. In
press.

T. Liao and T. Stiitzle. Bounding the population size
of IPOP-CMA-ES on the noiseless BBOB testbed. In
Proceedings of Genetic and Evolutionary Computation
Conference, GECCO Companion’13, 2013. submitted.
M. Lépez-Ibanez, J. Dubois-Lacoste, T. Stiitzle, and
M. Birattari. The irace package, iterated race for
automatic algorithm configuration. Technical Report
TR/IRIDIA/2011-004, IRIDIA, Université Libre de
Bruxelles, Belgium, 2011.

(16]

(17]

(18]

(19]

20]

M. Lépez-Ibanez, T. Liao, and T. Stiitzle. On the
anytime behavior of IPOP-CMA-ES. LNCS 7491,
pages 357-366. Springer, Heidelberg, Germany, 2012.
V. Nannen and A. E. Eiben. Relevance estimation and
value calibration of evolutionary algorithm
parameters. In Proceedings of the 20th International
Joint Conference on Artifical Intelligence, pages
975-980, San Francisco, CA, USA, 2007. Morgan
Kaufmann.

K. Price. Differential evolution vs. the functions of the
second ICEO. In Proceedings of the IEEE
International Congress on Evolutionary Computation,
pages 153-157, 1997.

S. Smit and A. Eiben. Comparing parameter tuning
methods for evolutionary algorithms. In IEEE
Congress on Evolutionary Computation (CEC’09),
pages 399-406, Piscataway, NJ, 2009. IEEE Press.

7. Yuan, M. Montes de Oca, M. Birattari, and

T. Stiitzle. Modern Continuous Optimization
Algorithms for Tuning Real and Integer Algorithm
Parameters. In M. Dorigo et al., editors, Proceedings
of the Seventh International Conference on Swarm
Intelligence, ANTS 2010, volume 6234 of LNCS, pages
204-215. Springer, Berlin, Germany, 2010.



