Benchmarking a MOS-based Algorithm on the BBOB-2010

Noisy Function Testbed

Antonio LaTorre
Department of Computer
Systems Architecture and

Technology
Facultad de Informatica
Universidad Politécnica de
Madrid, Spain
atorre @fi.upm.es

Santiago Muelas
Department of Computer
Systems Architecture and

Technology
Facultad de Informética
Universidad Politécnica de
Madrid, Spain
smuelas@fi.upm.es

José M. Peha
Department of Computer
Systems Architecture and

Technology
Facultad de Informatica
Universidad Politécnica de
Madrid, Spain
jmpena@fi.upm.es

ABSTRACT

In this paper, a hybrid algorithm based on the Multiple Off-
spring Sampling framework is presented and benclunarked
on the BBOB-2010 noisy testbed. MOS allows the seam-
less combination of multiple metaheuristics in a hybrid al-
goritlun capable of dynamically adjusting the participation
of each of the composing algorithms. The experimental re-
sults show a good performance on functions with moderate
noise. However, on functions with severe noise the results
deteriorate, which suggests that further research should be
conductaed to find more adequate control mechanisins for
these types of functions.

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-
goritluns and Problems

General Terms
Algorithms

Keywords

Benchmarking of algoritluns, Black-box optimization, Con-
tinuous optimization, [POP-CMA-ES, Differential Evolu-
tion, Multiple Offspring Sampling

1. INTRODUCTION

In this contribution, a hybrid algorithm constructed by
means of the Multiple Offspring Sampling (MOS) framework
[5] has been applied to the Black Box Optimization 2010
Noisy Function Testbed. This framework allows the com-
bination of different evolutionary models following an HRH

(High-level Relay Hybrid) approach (according to Talbi's
taxonomy [8]) where the number of evaluations that each
algorithm can carry out is dynamically adjusted according
to their current performance. In this tvpe of algorithms,
two metaheuristics are executed in sequence, one after the
other. For this paper, the IPOP-CMA-ES [1] and the DE
algorithm [7] have been combined within this framework in
a multistart strategy on 30 different functions. This algo-
rithm is the same as the one presented in a complementary
paper of the same proceedings [6].

2. ALGORITHM AND PARAMETERS

The algorithm and all parameters are described in the
similar work on the Noiseless Testbed [6]. Due to the lack of
time to do a proper parameter tuning on the noisy testbed,
all the parameters values were kept the saine as for the nojse-
less testhed.

3. RESULTS

Results from experiments according to [3] on the bench-
mark functions given in [2, 4] are presented in Figures 1, 2
and 3 and in Tables 1, 2 and 3.

The overall results in the noisy testbed are not as satisfac-
tory as in the case of the noiseless one [6] in terms of achieved
precision and scalability. The hybrid algorithim here pre-
sented is able to solve 30, 27, 25, 19, 16 and 10 functions
out of 30 in 2, 3, 5, 10, 20 and 40 dimensions, respectively.
[t seemns that the noise added to the functions makes the
performance of the algorithm deteriorate as the number of
dimensions increases. This effect is more proncunced in the
case of those functions with severe noise than in those with
a moderate noise.

Clompared with the individual use of its composing algo-
rithms, the DE seems not to be of much help in this type
of functions. Fortunately, the regulatory mechanisms of the
MOS framework are able to detect this behavior and min-
imize the participation of the DE technique. As a conse-
quence of this, the overall behavior of the hybrid algorithm
is quite similar to that exhibited by the CMA-ES when used
individually, though it presents small variations for some
croups of dimensions: in 2, 3 and 40 dimensions it seeins to
have a better perforimance, whereas [POP-CMA-ES secins
to be slightly better in the rest of the dimensicns (5, 10 and
20).
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Figure 1: Expected Running Time (ERT, ®) to reach f.pt + Af and median number of f-evaluations from
successful trials (1), for Af = 10{TH%5~L=2=3-5-8} (the exponent is given in the legend of fi0; and fi20) versus
dimension in log-log presentation, For each function and dimension, ERT(Af) equals to #FEs(Af) divided
by the number of successful trials, where a trial is successful if fo.c + Af was surpassed. The #FEs(Af) are
the total number (sum) of f-evaluations while f..: + Af was not surpassed in the trial, from all (successful
and unsuccessful) trials, and f.,; is the optimal function value. Crosses (x) indicate the total number of
f-evaluations, #FEs{—c), divided by the number of trials, Numbers above ERT-symbols indicate the number
of successful trials. Y-axis annotations are decimal logarithms. The thick light line with diamonds shows the
single best results from BBOB-2009 for Af = 10~%, Additional grid lines show linear and quadratic scaling.



fi101 in B-D, N=1%, mFE=3301 f101 in 20-D, N=1f, mFE=2303 fioz in 5-D, N=15, mFE=3329 fioz in 20-D, N=1%, mFE=9827
AfF | # ERT 10% 90% RToupe |# ERT 10%  90%  RTauec AF | # ERT 10%  90%  RTopee | # ERT 10%  90%  RTapce
10 10 Ed0el 2020 1. 523 8.0l 10 1.7e3 1.3e3 2.2ed 1.7e3 j) 15 G.3el 2.020 1.1=22 G.3el 10 2 1ed 2023 2.223 2.1=23
1 15 3.5e2 2,462 f.Ge2 + 3e2 15 2.5e3 2.403 2.6e5 2.5e% 1 1% 4,482 2082 T.022 4.4e2 15 2.5e% 2,483 2.7e% 2.5e3
la—1 (15 8.323 T.1e2 0.822 8.3:3 10 3023 2.8e3 323 303 l=—1 (15 8323 7.322 0.Z22 8.32 10 3.0ed 2.8e3 2.223 3.0=23
le—3% (15 1.5a% 1.4e3% 1.6e5 1.5a% 15 5.4e3 5183 5.6el S.4ad le—3%[1% 1.5a% 1.4e3 1.6e3 1.5a% 15 5.5%5e% 5.2e3% 5.5e% S.5e3
l=—0 (15 2123 1.8ed 2.223 213 10 §.823 §.023 T.2ed G.8ed l=—0 (15 2123 1.823 2.223 2.13 10 §.8e3 G023 T.223 G6.0=23
le—3 |15 5.1e% 2.%e3 3.2e5 3.1e5 15 f#.2e3 &.&a3 U.0el W.2el le—3 1% 3.0e3 3023 3.2e3 3.bel 15 f#.2e% 8.8&e3 U.6ef W.2a3
103 in 5-D, N=17, mFE=4544 | 103 in 20-D, N=185, mFE=127488 f1r4 in B-D, H=1%, mFE=11171 | f14 in 20-I}, N=1%, mFE=1.2325
af |# ERT 10% 9%  RTepec |# ERT  10%  #0%  RTeyee a7 | # ERT 10% 90%  RTeuee |# ERT 10% 9%  RTouec
10 1% 8.1zl 200 1.423 8.1=1 15 1.0e3 1.223 213 1.0=23 10 10 B 8e2 7.223 1.323 8.8=22 10 8. 220 4.2:8 1.2e8 8.2=20
1 15 5.6e2 2.{4e2 6,302 3.6e2 1% 2.5e3 2.4e3 T.6e3 2.5e3 1 15 5.1e3 2183 3.8e5 3le3 15 & 325 +.3e5 1.2e6 #.4eh
le—1 |15 B.2=22 T.3el D.1e2 8. 222 15 2,923 2823 3.13 2.9=23 la— 1|15 4.823 2.8ed 0.G23 1.6=23 10 Sdel 4. 4285 1.2e8 8.1=0
le—35|15 1.6e23 1.4a3 1.6e5 1.5e3 15 S.4eld 5223 5.Tal S.del le—3|15 5.6a3 4,583 f.7e5 S.hel 15 #.525 +.485 1,286 B.5e5
le—5|15 2.6e3 2.1a3 2.8&e5 2.5e3 1% $.0el T.8e3 & 3e3 f.0el le—5| 15 6.2a3 5.2e3% 7.3e5 f.2el 15 &.5e5 +.5%e5 1.2ef #.5e5
le—8 |15 4.0=3 3. .52 4.4e3 4.0=23 15 1.221 1.1=21 1.2&d 1.2=1 l=—8| 15 §.223 G.0e3 8.123 G.9=23 10 8 820 4. 5258 1.3e8 8.0=20
F15 in 5-D, N=15, mFE=127943 | f14s in 20-D, N=15, mFE=2.02e8 F106 in 5-D, N=15, mFE=12092 | 106 in 20-D. N=15, mFE=2.01 %
af |# ERT 10% 90%  RTuyee |# ERT 10% 90%  RTanpe af |# ERT 10% 90%  RT.pee |# ERT 10% 80%  RT.,..

1 |16 &.{4e2 6622 9.5el & el 13 1.5ef 1.286 3.4ef 1,56 1 |16 7T.6e2 6.5a2 9.0e2 T hed 15 2.3e4 2.{ted T.5ed FREEE)

1 10 8 8e3 2223 2.0ed 8.53 12 1.8l 1.2e8 I.3e8 1.0a=d 1 10 2823 2123 I 5e3 2.8e3 14 2020 3,821 1.0e0 T 2=d
le—1]15 1.1=e4 5.5e3% 5.3e4 1.124 13 1.&5e6 1.2e6 3.4ef 1,54 lea—1]15 4.2e23 5.5e3 4.6e5 4.2a% 14 2.1e5% +.2ed4 T.6e5 T )
l=—32| 15 1.8el1 4.4e3 0. Ded 1.8e1 12 182G 1.2e8 T ded 1.0a=d le—3 |15 5,123 4.5e2 0. 8ed f.1e3 14 Zlel 4,721 260 G.8=d
le—5]15 1.7=4 5.2e3 5.0%ed 1.7a4 13 1.&5e6 1.2e6 3.4ef 1,54 lea—5|15 6.4e23 5383 A.7Tel f.4al 14 2.1e5% +.8e4 2.7e0 T.2ed
l=—&| 1% 1.8el1 5.8ed G.0ed 1.81 12 182G 1.3e8 T.ded 1.0a=d le—8| 15 T.6=3 §.7e2 8.7ed T.Ged 14 2220 5. 3=1 270 T.G=d

firo7 in 5-D. N=15. mFE=18025% | fio07 in 2i-D. N=15% mFE=2.06e6 f1o8 in 5-0D. N=15. mFE=556071 f1o8 in 20-D. N=15. mFE=1.0&s6
Af |# ERT 10% 90%  RTenee | # ERT 10%  90%  ETaeuee Af |# ERT 10% 90%  RTeuec |# ERT 10% 90%  RTouce
10 |15 1.2e2 2,00 2.722 1.2e2 13 9.3e% 1.724 2.1e6 6. 2as 10 |15 2.2e2 2.0el 3.35e2 2.2e2 I 43e+t PEetd Tie+d G.0eh

1 15 T.1e3 1.223 8.1=23 f.1=23 9 2.2e8 1.6280 5020 .15 1 10 1.2ef 1.22d 1.126 2.1e8 - . . -
le—1(1% %.2e3% 2,13 1.fed W.2ed Y 2.3e8 4.9e% .08 +.1e5 le—1| 4 l.&ef 3803 J.0ef 2. %e5
la—3 |15 1.7=d 3.023 4.8=21 1.7=d 9 Z.d4ef 0328 5 TG 1.0=8 l=—2( 1 8328 1.1=28 1 82T E.leb
la—5 |15 2.7=d4 1.023 8821 2.T=d 9 Z.d4ef D128 Bled 1.0=8 l=—0( 1 8328 1.1=26 1.92T7 f.1e8
le—%[1% 35.7e4 5.5e3 Hhied 3.Ted U 2.4et f.led S.daf 1.1a6 le—8| 0 #fe-§ Ffe-§ 2fe-! 1.5a% . . . . .

#1009 in 5D, N=15, mFE=9797 fi1o00 in 20-D, N=1%, mFE=28721 f110 in B6-I¥, N=15, mFE=081324 f110 in 20-D, N=15, mFE=2 06ed

Af |# ERT 10% 90%  RTegce | # ERT 10%  99%  RTeyec Af |# ERT 18% 90%  RTayee | # ERT  18%  590%  RTauec

j) 18 G.Tel 2.020 1.3=22 6. 7el 10 2 1eld 2023 2223 2.1e3 j) 15 0823 2022 4.8=21 9.8=23 O 1R+ TS0 [Be+dd 1.8=6

1 1% 5.el 2.5e2 7T.122 S.be2 15 2.6e3 2,583 2.7e% 2. 6el 1 5 1.2e6 3.9e3 F.0e8 1.2e5 . . . .
l=—1 (15 1.123 8.922 1.123 1.1=3 10 4. D3 1723 L.223 4. 03 le—1| 1 T7.9=28 G.920 1.8=27 1.1=f
le—3[15 2.7a% 2,223 3,023 2.7ad 15 f.6a3 8303 1.1e23 el la—3%| 1 7.%ef 7.0e5 1.8e7 1.4e5
l=—0 (185 1823 2.623 0.223 1.63 10 1.8el 1l.ded 1.7=2d 1.51 le—5| 1 T7.9=28 T.0=20 1.0=27 1.0=0
le—3 |15 7.4a3 G723 8. Gel T el 15 2.5e4 2.0ed 2.6e3 2. 5ed le—%&| 1 7.%ef 7.0e5 1.8e7 1.5e5 . . . . .
f111 in B5-D, N=1%, mFE=558613 | f111 in 20-I3, N=1%, mFE=2.0826 f112 in 5-Ir, N=1%, mFE=21025 | f112 in 20-I}, N=15, mFE=2.00=26
af |# ERT 10% 90%  RTenee |# ERT  10% 0%  RTeyce af |# ERT 10% 9%  RTegce |# ERT  10% 9%  RTeyee

10 10 1.1ef 1.323 255 1.1=0 0 28e+1 Fe+d 1272 1.1=8 10 10 T.822 §.4e2 053 T.8e32 15 502l 4121 821 f.0=d

1 4+ 1.75f 1.3a% 4.1ef 1.5a5 . 1 15 +.4e3 2.483 5,73 4.4a% 14 Z.4e5 £.1ad 1.53a5 el
la—1| 1 7.9ef §.8el 1.De7 1.3:0 le—1 |18 T.6=3 5. Del 0.7ed T.Ged 14 262l D 221 210 1.2=28
la—32| O 20e-1 27e-2 JF0e-I 2.8l le—3 |15 1.1=1 8.3&2 1.3ed l.1led 14 2020 1.0=20 3 40 1.0=58
la—& . lea—5]|15 1.524 %.&a3 1.504 1.5a3 14 3.0e5 1.0e25 3.5s5 1.6e%
l=—8&| . . . - . . . - . - le—8| 15 1.6=1 1.3el 1.8ed 1. Ged 14 3.1=0 1.1=2F 3. .50 1.7=58

fi1a in 5-D. N=15% mFE=411&84 | f113 in 20-D. N=15% mFE=2.07ef f114 in 5D, N=15 mFE=6A00313 f114 in 20-D. N=15. mFE=2.{}&af
Af |# ERT 10% 90%  RTeuee |# ERT 10% 90%  ETaeuce Af |# ERT 10% 90%  RTauce |# ERT 10% 090% e
10 |15 3.4ed 1.122 1.%e3 3.4eb 12 1.3e6 4,225 2.8e8 T 10 |15 4.6 4,202 2.1e5 4. fiad I {Fe+! PPed FRetd T.4eh

1 15 2.2ed 1.123 B 82l 2. 2=d 8 348 1.228 G120 1.88 1 1 198 2.7=28 11206 3.8e8 - . . -
le—1(1% A.ded 3.1e3 1.6e5 foled 5 5.Tef l.def 1.2e7 1.6af le—1| 4 1.fef 2.8e% 4.2e8 3hes
la—3 |15 9.8=d4 1.223 2020 O.8=d f ETef 1128 1.2e2T7 1.88 la—2 2 1028 T 128 0220 3.Te8
le—5(1% %.8e4 4,223 2.0e5 W.8ed 5 5.Tef l.def 1.2e7 1.6af le—5| 2 4.0ef H.4e3 8.9ef 3.7e5
la—8| 15 1.0=8 1.323 2. 120 1.0=58 1 7.3e6 1828 1.G2T 1.7e8 la—8 | 1 8028 T.628 1 82T 2.0e8 - . . - -

116 in 5-D. N=15. mFE=17475} | f115 in 2i-D. N=15% mFE=2.01s6 f116 in 5=-0. N=15. mFE=525420 f116 in 20-D. N=15. mFE=1.0&s6
Af |# ERT 10% 90%  RTenee | # ERT 10%  90%  ETauee Af |# ERT 10% 90%  RTauee |# ERT 10% 90%  ETaouce
10 |15 3.4e2 1,822 6.8e2 34ed 1% 3.2e% 2.723 +.8e3 3.2a5 10 |15 4.5e4 2603 1.2e5 4,804 10 2.6ef 1,326 5.3eh 1.6ah

1 15 8,923 7.2=22 B.0=23 8.0=23 1 0.8ef l.lad 11T 2.7eB 1 15 8.8ed 3.023 2320 8. 8ed 10 2.7ed 1628 0.7=20 1.7ed
le—1(1% 5.7e4 1.3e3 1.2e5 5.7ed 1 2.%eT 3.0ef 6.8e7 1.{af le—1(1% 1.1e5 4.3e23 2.7e5 1.1a% 10 2.&ef 1.het 5.5e8 1.7af
le—3%(1% S5.8e4 2,203 1.3e5 S.8e4 0 ITe-l 4o fe-d 1.4af le—3 (14 1.3e5 4.9e3 3.7e5 1.0a% 1 2.%ef 1,726 5.8e6 1.8ah
la—5| 15 L. 8=d 2.223 1.320 f.8=d - - l=—0 (14 1 428 T.923 3720 1.0e8 10 2.8ef 1.T=28 D820 1.8e6
le—%|1% S.%e4 3.6e3 1.3e5 G.Ged . . . . . le—3 |14 1.42% f.7ed 3.7eh 1.1a% 4 5lef 1.Bef f0ef 1. &afi

fi17 in D, N=15, mFE=080715 f117 in 20-D, N=1%, mFE=2.0d4¢e8 f11s in 5-D, N=1%, mFE=1062% | f118 in 20-I», N=1%, mFE=173202
Af |# ERT 10% 90%  RTenee |# BRT 104  90%  RTeyec a7 | # ERT 10% 90%  RTeyee |# ERT 10% 0%  RTsyer

j) 12 4.1eb 8. 0ed B 128 2. 78 0O MMetd fle+2 1045 LG8 10 10 1.8e3 1.3e3 2.1=23 1.6=23 10 1.3el 1.1ed 1l.ded 1.3=d

1 10 6.5e% 2,185 1.3e6 3.Tes . . 1 15 2.2e3 2.0e3 2.7e% 2.2e3 15 2.5e4 1.7Ted 2.6ed 2,524
la—1 [ 7 9828 2.3l 2Z.128 3.38 la— 1|15 2823 2.2ed 2.923 2.6=23 10 3.del 2.3ed T 3ed I.d=d
le—3| 7 fH&a% 2485 2,026 3565 le—3|15 4223 3.7e3 5.0e5 4.203 15 3.6e4 5.3e3 4,204 4. fied
l=—0( & 1.228 2.5e8 2Z.028 3.38 l=—0 |15 §.123 T.0e3 T.123 G.1=23 10 5. 3el 3.9ed T.led f.3=d
le—3| 6 1.2e6 2.85a5 2.6e6 N1 . . . . . le—3| 15 &%e3 7.383 1l.0e3 B.hel 15 6.0ed4 3603 f.{ed foled

fi1s in 5-Id, N=15, mFE=1305831 fllg in 20-D, N=15, mFE=2.108 fizo in 5-D, N=15, mFE=108102 fizo in 20-D, N=1%, mFE=2.08e8
AF |# ERT 10% 90%  RTouee | # ERT 10%  00%  RTeuce af | # ERT 10%  90%  RTeuee |# ERT  10%  50% RTsuce
10 15 2.0=21 1.0=20 §.9=1 3.0=21 15 Z.8ed 1.823 8.3=24 2. Ged 10 15 1.1el 1.0=20 9021 1.1«1 D 1628 8.1=22 1.228 2. 88

1 1% 3.3e4 1.0l &H.8ed KT ) 1% f.5e% 2.1e34 1.3e6 . 5e5 1 1% 1.%e% 8082 5.9e5 Y. 8ed 4 He-l 4Re-i Ied{ T el
le—1|15 T 8=d4 1.0e23 8821 J.8=d 15 1.0ed 1.G628 1.0=20 1.0=8 la—1 [ 3 2428 2.128 0.TaG 2.1e8 - - - -
la—3 |15 G.9=4 1823 1.T=20 G.0=d 11 Z.ded 1.328 4.020 1.88 l=—2 3 2528 2.328 0. 220 2.1e8
le—5(1% 1.2e% 7.3e3 +.1e5 1.2e% 8 5.Tef 1l.S8ef 6228 1.%af le—5| 1 B.0ef 8.1es 1 .9eT 2,565
la—8| 15 1.3=28 1.3zl 4.220 1.3=258 3 107 2028 2.1eT 208 la—8 | 0 48-2 1le-§ 12e-1 2,08

Table 1: Shown are, for functions fin-fi20 and for a given target diflerence to the optimal function value Af:
the number of successful trials (#); the expected rununing time to surpass f... + Af (ERT, see Figure 1); the
10%-tile and 90%-tile of the bootstrap distribution of ERT; the average number of function evaluations in
successful trials or, if none was successful, as last entry the median number of function evaluations to reach
the best function value (RT.uce). If fope + Af was never reached, figures in italics denote the best achieved
Af-value of the median trial and the 10% and 90%-tile trial. Furthermore, N denotes the number of trials,
and mFE denotes the maximum of number of function evaluations executed in one trial, See Figure 1 for the

names of functions.
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Figure 2: Empirical cumulative distribution functions (ECDFs), plotting the fraction of trials versus running
time (left subplots) or versus Af (right subplots). The thick red line represents the best achieved results. Left
subplots: ECDF of the running time (number of function evaluations), divided by search space dimension D,
to fall below fope + Af with Af = 10%, where k is the first value in the legend. Right subplots: ECDF of the
best achieved Af divided by 10° (upper left lines in continuation of the left subplot), and best achieved Af
divided by 107® for running times of 12,100,100 D ... function evaluations (from right to left cycling black-
cyan-magenta). The legends indicate the number of functions that were solved in at least one trial. FEvals
denotes number of function evaluations, D and DIM denote search space dimension, and Af and Df denote
the difference to the optimal function value. Light brown lines in the background show ECDFs for target
value 107% of all algorithms benchmarked during BBOB-2009,



f1z1 in 0D, N=15, mFE=22717 | f121 in 20-D, N=1f, mFE=2582008
RTsuee | # EBRT 10% 0%

f122 in B-D, N=15, mFE=CC4510 | f122 in 20-D, N=15, mFE=% 084

Af |# ERT 10% 9% RTayce Af |# ERT 18%  &0% RTayce # ERT 18% 0% RTeuce
10 10 3.0el 1020 1.023 3.0=1 10 1.8e3 8523 1.023 1.6=23 10 15 1.9=21 2020 5.1el 1.9=1 15 2.123 3022 B 823 343
1 15 5.5e2 3.3e2 7.2e2 5.5e2 15 2.6e3 2,423 2.8e5 2.6e3 1 12 1.%e% &.4e22 6.5 G.2ed A 4d.4ef 1.0ef 4Aef 1.5a6
l=—1 (15 1.123 7.7e2 1.223 1.1=3 10 5. 3e3 023 0723 £.2=23 le—1| 8 G.0=28 522l 1.7ed 1.1=f 3 1.0=27 1926 22T 1.8=8
l=—2 (15 3 823 2.0e3 1.223 3.6=3 10 Zdel 2.1ed 2.7=2d 2.1=1 le—3| 7 T7.9=28 B.Gel 1.9e6 1.G=f 0 lje-! B4e-8 8¥e-1 208
le—5 (15 & 4a3 G&ed 1,023 Hlhel 15 7.6ed4 5.2e34 1.7e5 T.fed le—5| 7 8.3e% 1.1e5 1.%&5 2.0e5 . . . .
l=—8 (15 1.Ted l.ded Z.02d 1.7=1 10 1.8el 1.2e5 2828 1.G=f le—8| & 1.1=8 2.Le0 2. Bed 2.8=20 . - - . .
fiza in 5-D. N=15% mFE=55551&% | fi2s in 20-D. N=15% mFE=2.0&ef fiza in 5D, N=15 mFE=606117 fiz4 in 20-D. N=15. mFE=2.07Te%
Af | & ERT 10% 90% RTsuce # ERT 10% 90% ETayee Af | # ERT 10% 90% RTauec # ERT 10% 90% ETauce
10 115 1.%el Z.0en 2.9el 1.%el 1% 7.5%e4 1.5e% +.0e5 7. 5ed 10 |15 1.6el 2.0el 5.6el 1.6al 15 3.5ed 3.8e2 1.3e3 . 3al
1 E 1l.l=2f G.123 2820 1.2=24 0 88e-I [8-f P0e-1 5.0:58 1 18 1.2e3 7.323 1. 823 1.223 10 1.9ed 2,023 G6.023 4. 03
le—1| 1 7.8ef f.led 1.Ge7 G.Ged . . . . le—1(1% 1.5e3 2,123 f.2e4 1.5a4 15 1.%ed 8423 1.8e4 1.4
la—3| 0 28-f Me-T D8e-1 f.0=d l=—2 (15 S.0ed T.223 1. 220 E.0ed 10 2.7eb 1.228 G820 2.7l
le—5| . . . . le—5 (14 1.5a% S.0ed 2.4e5 1.1a% 15 f.2e% 3.5e5 Y.leh 6. 2ah
la—8 l=—8 |14 1928 G.32d4 2020 1.18 10 1.8ef 1.028 1.G=20 T.3e0

f1z2e in 5-D. N=15% mFE=5524}1 | f125 in 20-D. N=15% mFE=2.{05%ef

f126 in 5-D. N=15 mFE=554060 f126 in 20-D. N=15. mFE=1.0&st

af | # ERT 10% 90%  RTepee | # ERT  10%  90%  ETayee af | # ERT 10% 90%  BTepee | # ERT 10%  90%  ETauce
To |15 1.2e¢ L.net Z.0en T.2e0 15 1.1=0 1.0et Z.0=0 T 1e0 To |15 1.2e¢ 1.0e0 2.0en T.2a0 15 1.1=0 1.0et 2,020 T 1a0
1 15 3.1=1 1.2=21 7.7=1 3.1=1 15 1.523 1.0=23 1.523 1.5e3 1 15 3421 1.221 T7.2e1 3.1el 1% 1.523 1.0=23 1.523 1.5e3
le—1|15 8.1=22 1.2=22 1.123 8.1=23 1 G.8e8 1.3=28 1.0=2T7 1.2e8 la—1 |15 .72 1.123 7. 322 n.Ted 0 Fte-2 Sle-2 jSe-2 5. 8el
le—3%| 2 5.9eé 2,825 £Bef 2.7e5 0 1de-7 f5e-3 4%t 1.5a6 le—3| 0 P5e-8 13e-3 -3 2253 . .

la—8] 2 39284 2.9=20 S Ged 2. 828 . - - - . 1=—0 - - - -

le—&| 2 5.9eé 2525 ¢.lef 2,825 le—3

fiz7 in 5-Id, N=15, mFE=13G038 fizr in 20-D, N=15, mFE=2.018

fize in 5-D, N=15 mFE=182T51 fize in 20-D, N=1%, mFE=2_088

Af |# ERT 10%  00%  RTeuee | # ERT  10% 0% RTrycc Af |# ERT 10% 0%  RTeuce  |# ERT  10%  909% RTzucc
10 15 1.Z2=0 1.0=0 Z.0=0 1.2 a0 15 1.1e0 1.0=20 2020 1.1e0 10 15 1.9% 2,321 3. 922 1.9e% 3 1.3e7 D 1el 3.1e7 . 8el
1 15 3,51 1,221 &.1al 3.5al 15 1.58% 1,523 1.5=3 1.523 1 11 2.4e5% 3,022 T.1ef 4,4ad O Sthe+ W0=-) Efe-td 4.5
le—1 |15 G.G=22 1.3=22 1.323 G623 14 2.Z2e8 2,324 2320 B.0ed la—1| G 8.4e8 2.0=23 2. 220 1.Ted - . . . .

le—3| 4 1.6e6 1.8e4 3.7ef 1.6e5 0 fde-8 1Te-3 Sbe-F  T.led le—3| & #.585 2,325 2.2e6 2,453

la—8] 1 T.G=28 8.1=20 1.7=7 3.3=28 . - - - . la—0 | & 8828 2.8=23 2.2e20 2.9ed

le—%| 1 T.6eé 8525 1.8eT 3525 le—&| & B.6e5 3,325 2.2e6 3,553

{129 in B-D, N=15, mFE=CE3808 | f120 in 20-D, N=15, mFE=%.08¢§

fise in 5-D, N=15, mFE=0588%2 | f1ag in 20-D, N=17, mFE=2.016

Af |# ERT 10%  90%  RTguee | # ERT 104 0%  RTeyec Af |# ERT 10% 0% RTiuee | # ERT  10%  $%  RTeuec
10 15 2023 2,321 §.022 2.023 0 Sfe+& {fc+0 Gre+d 1.3=20 10 15 1.322 2.321 2.0 1.3e3 12 L.0e8 2023 202G 3.3
1 |7 T.3es 3.2e3 L.bed . 6ed . . . . 1 1% 2.4e5 5.Ae2 5.6es 1.585 1 5586 2.5e% 1.4eT 5.%al
le—1| 5 2.5e6 2,225 5.7ef ales le—1| & 6.785 T.0e2 1.6ef 1,585 2 1.%87 4.5=% 3.0eT 3.5a3
la—3| 2 3.8=28 2.3=20 D.1ed 2.2=28 la—3 | & 998 1.1=23 2126 1.7l 3 1.3e7 T.0=23 3.2=2T7 G.8e3
le—5| 2 5.8e6 2,325 ¢.lef 2,225 le—5| 6 9.feb 2.7ed 2.3ef 1.785 2 1.%e7 l.1ed 3.2eT G.6a3
la—8| 2 3. 828 2.1=20 S Led 2.3=28 la—8| & 9928 3.T7=23 2126 1.8e8 3 1.3e7 1.T=d 3.2=2T7 1.5e1

Table 2: Shown are, for functions fi21-f130 and for a given target diflerence to the optimal function value Af:
the number of successful trials (#); the expected rununing time to surpass f... + Af (ERT, see Figure 1); the
10%-tile and 90%-tile of the bootstrap distribution of ERT; the average number of function evaluations in
successful trials or, if none was successful, as last entry the median number of function evaluations to reach
the best function value (RT.uce). If fope + Af was never reached, figures in italics denote the best achieved
Af-value of the median trial and the 10% and 90%-tile trial. Furthermore, N denotes the number of trials,
and mFE denotes the maximum of number of function evaluations executed in one trial, See Figure 1 for the

names of functions.

Table 3: ERT loss ratio (see Figure 3} compared to
the respective best result from BBOB-2009 for bud-
gets given in the first column. The last row RLug/D
gives the number of function evaluations in unsuc-
cessful runs divided by dimension. Shown are the
smallest, 10%-ile, 25%-ile, 50%-ile, 75%-ile and 90%%-
ile value (smaller values are better),

F101—f130 in 5-D, maxFE/[D=121223
#FEs/D | best  10% 25% med 75% 90%
2 1.1 1.3 1.9 2.8 5.6 81
10 1.2 2.1 3.2 5.0 6.6 29
100 1.1 3.6 9.6 7.8 12 2.7e2
1e3 2.3 2.9 7.3 20 40 2.7e3
led 075 24 29 29 93 2.4e2
leb 1.6 2.2 29 17 72 2.5a2
RLys/D | 1e5 le5 1ebh  1e5 led 1e5
F101-F130 in 20-D, maxFE/D=10480%8
#FEs/D | best 10% 25% med 7% 90%
2 0.73 1.0 24 M 40 40
10 1.0 3.0 18 1.4e2  2.0e2  2.0e2
100 1.0 4.6 7.2 15 BL! 2.0e3
1e3 045 2.6 0.6 24 1.1e2  2.0ed
led 1.5 3.2 9.2 64 2.8¢2  2.0eh
leb 1.8 2.6 44 28 1.6e2  1.0ef
let 1.8 2.6 43 27 2.7e2  1.0e7
RLys/D | 1e5 le5 1ebh  1e5 leb led

4. CONCLUSIONS

In this paper a hybrid algorithm combining Differential
Eveclution and IPOP-CMA-ES has been benchmarked on the
BEOB-2010 noisy testbed. The experimental results show
a good performance on functions with a moderate noise.
On the other hand, functions with severe noise seem to be
harder to solve with this algorithm. A more thorough study
on the control mechanisms, specially those related to the de-
tection of the stagnation and the restart of the search pro-
cess, should be conducted on these functions. The selaction
of the parameter values was done based on the similar work
of the noiseless testbed. Therefore, the proposed algorithm
should alsc benefit of a proper parameter tuning process.
Finally, the combination of additional techniques could be
of great help in order to ilprove current results.

5. ACKNOWLEDGMENTS

This work was supported by the Madrid Regional Educa-
tion Ministry and the European Social Fund and financed
by the Spanish Ministry of Science TIN2007-67148. The au-
thors thankfully acknowledge the computer resources, tech-
nical expertise and assistance provided by the Centro de Su-
percomputacién y Visualizacion de Madrid (CeSViMa) and
the Spanish Supercomputing Network.



D =20
‘TE=—1 ﬂm-ﬂ_o

w

L]

H

;
e Bpeih
mﬁ .

all functions

logl0 of ERT loss ratio
=3

log10 of ERT loss ratio

1 — *a
2 1 3 3 1 5 4 T 2 3 4
101-106 b
% 3 .................................................. 3
z 2 2
= g v TSR DU YRR ST VY S ST Y E 2
s 8 + i
S El +_+_’_,$._.-.|.\. ....... B
2% '
2 2 2
E g g
L VRN TR I b
i 7 3 4 2 T3 3 4 5

B

fp7-121

w

M

L=]

Ilog10 of ERT loss ratio
=

I
log10 of EAT loss ratio
=]

severe noise
-

[

&R

W

L]

log10 of ERT loss ratio
=]

-

severe noise multimod.
log10 of ERT loss ratio
=

Y]

I‘o-glo oszE\mls !3 ﬂimensdlon I}:gm nleE'UaIs .‘3 uimemifnn
Figure 3: ERT loss ratio versus given budget FEvals.
The target value f; for ERT (see Figure 1) is the
smallest (best) recorded function value such that
ERT(f:) < FEvals for the presented algorithm. Shown
is FEvals divided by the respective best ERT(f;) from
BBOB-2009 for functions fin—fi30 in 5-D and 20-
D. Each ERT is multiplied by exp(CrE) correcting
for the parameter crafting effort. Line: geomet-
ric mean. Box-Whisker error bar: 25-75%-ile with
median (box), 10-90%-ile (caps), and minimum and
maximum ERT loss ratio (points). The vertical line
gives the maximal number of function evaluations in
this function subset.
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