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ABSTRACT

In this paper, the performances of the NEW Unconstrained
Optimization Algorithm (NEWUOA) on some noiseless func-
tions are compared to those of the BI-POPulation Covari-
ance Matrix Adaptation-Evolution Strategy (BIPOP-CMA-
ES). The two algorithms were benchmarked on the BBOB
2009 noiseless function testbed. The comparison shows that
NEWUOA outperforms BIPOP-CMA-ES on some functions
like the Sphere or the Rosenbrock functions. Also the in-
dependent restart procedure used for NEWUOA allows it
to perform better than BIPOP-CMA-ES on the Gallagher
functions. Nevertheless, BIPOP-CMA-ES is faster and has
a better success probability than NEWUOA in reaching tar-
get function values smaller than one on all other functions.

Categoriesand 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, Evolution strategy,
Derivative-free optimization

1. INTRODUCTION

In the context of Black-Box Optimization (BBO), there
is the community of Derivative-Free Optimization (DFO)
which has proposed the NEW Unconstrained Optimization
Algorithm (NEWUOA) [8]. NEWUOA is a trust-region
method. NEWUOA computes a quadratic interpolation of
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the objective function in the current trust region and per-
forms a a truncated conjugate gradient minimization of the
surrogate model in the trust region.

From the community of evolutionary computation, the
Covariance Matrix Adaptation-Evolution Strategy (CMA-
ES) is a state-of-the-art stochastic population-based search
method. A BI-POPulation (BIPOP) CMA-ES was intro-
duced in [4] and makes use of a multi-start strategy and two
populations with different sizes.

Comparisons of NEWUOA and CMA-ES on a small set of
essentially unimodal functions were done in [1, 2]. NEWUOA
considerably outperforms CMA-ES on well-conditioned prob-
lems and on convex problems with moderate condition num-
ber. It performs particularly well on separable convex prob-
lems. On non-convex (unimodal) problems with a moderate
condition number of 10* and on non-separable problems with
a condition number of 10°, the performance of NEWUOA
and CMA-ES align. With even larger condition numbers
CMA-ES becomes somewhat advantageous.

In this paper, we compare NEWUOA to BIPOP-CMA-ES
based on the experimental data obtained for the Black-Box
Optimization Benchmarking (BBOB) workshop that was
held at the Genetic and Evolutionary Computation COn-
ference 2009.

For more details on the algorithms, their parameter tun-
ing, we refer to [10] for NEWUOA and [4] for BIPOP-CMA-
ES.

2. EXPERIMENTAL PROCEDURE

We used the data obtained in [10] for NEWUOA using
2n 4 1 points for interpolating the quadratic model, where
n is the dimension of the search space, and the data from
[4] for BIPOP-CMA-ES. For benchmarking NEWUOA on
the BBOB 2009 noiseless function testbed, an independent
multi-start procedure had been implemented as advised in
[5]. The BIPOP-CMA-ES includes a restart procedure but
adds a population size management policy.

We use the BBOB 2010 post-processing software to com-
pare the performances of NEWUOA and BIPOP-CMA-ES.
This can be done without any modifications of the data from
BBOB 2009. In any case, the differences in the experimen-
tal set-up of BBOB 2009 and BBOB 2010 are minimal. The
differences reside in the function instances considered (1 to
5 versus 1 to 15 resp.) and their repetition (3 times versus
1 time resp.).

The parameter settings of NEWUOA and BIPOP-CMA-



ES are described in [10] and [4]. For both algorithms, the
crafting effort [6] is equal to CrE= 0.

3. CPUTIMING EXPERIMENTS

For the timing experiments, both algorithms were run on
fs and restarted until at least 30 seconds (according to [6]).
The experiments for NEWUOA has been conducted on a
Intel Core 2 6700 processor (2.66 GHz) on Linux 2.6.24.7.
The results were 8.1 ; 11 ; 21 ; 58 ; 170 ; 620 and 2500
x107° seconds per function evaluations for NEWUOA in
dimensions 2 ; 3 ; 5; 10 ; 20 ; 40 and 80 respectively. The
results show a dependency between the time per function
evaluations and the dimension of the search space.

The experiments for BIPOP-CMA-ES has been conducted
on a Intel Core 2 6700 processor (2.66 GHz) on Linux 2.6.24.7
using Matlab R2008a. The results were 6.2 ; 5.8 ; 5.6 ; 5.7 ;
5.8 ; 5.9 and 6.3 x10~* seconds per function evaluation for
BIPOP-CMA-ES in dimensions 2 ; 3 ; 5; 10 ; 20 ; 40 and
80 respectively.

4. RESULTS

Results from experiments according to [6] on the bench-
mark functions given in [3, 7] are presented in Figures 1, 2, 3
and 4 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 fi, summed over all trials and divided by the number
of trials that actually reached f; [6, 9]. Statistical signif-
icance is tested with the rank-sum test for a given target
Af; (1078 in Figure 1) 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.

NEWUOA outperforms BIPOP-CMA-ES on f; by a fac-
tor of about 50 and on the Linear Slope and the Rosenbrock
function by a factor of about three. On the other unimodal
functions the picture is comparatively mixed, presumably
due to local deformations in the function topographies: be-
sides f1, all functions deviate significantly from a quadratic
form. The most surprising results can be observed on the
multi-modal functions f21 and fa2, where NEWUOA consis-
tently outperforms the BIPOP-CMA-ES, for larger dimen-
sion and the more difficult target values even by a factor
between 10 and 100. The applied independent restarts of
NEWUOA appear to be more effective than the large popu-
lation size of BIPOP-CMA-ES, which is in turn more help-
ful on the remaining multi-modal functions. On the most
difficult multi-modal functions, the performance is not com-
parable, as BIPOP-CMA-ES were allowed to execute more
function evaluations than NEWUOA. Overall, NEWUOA
considerably outperforms BIPOP-CMA-ES on about seven
functions, while BIPOP-CMA-ES considerably outperforms
NEWMAN on about eleven functions.

In conclusion, NEWUOA and BIPOP-CMA-ES are two
quite complementary algorithms in their performance. On
most problems, one of them considerably outperforms the
other. This makes both of them good candidates to be used
in an ensemble of black-box search algorithms.
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Figure 1: ERT ratio of NEWUOA divided by BIPOP-CMA-ES versus log,,(Af) for fi—f2s in 2, 3, 5, 10,
20, 40-D. Ratios < 10° indicate an advantage of NEWUOA, smaller values are always better. The line gets
dashed when for any algorithm the ERT exceeds thrice the median of the trial-wise overall number of f-
evaluations for the same algorithm on this function. Symbols indicate the best achieved A f-value of one
algorithm (ERT gets undefined to the right). The dashed line continues as the fraction of successful trials of
the other algorithm, where 0 means 0% and the y-axis limits mean 100%, values below zero for NEWUOA.
The line ends when no algorithm reaches Af anymore. The number of successful trials is given, only if it
was in {1...9} for NEWUOA (1st number) and non-zero for BIPOP-CMA-ES (2nd number). Results are
significant with p = 0.05 for one star and p = 10~#* otherwise, with Bonferroni correction within each figure.
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Figure 2: Expected running time (ERT in logl0 of number of function evaluations) of NEWUOA versus
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maximum number of function evaluations
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Figure 3:

ratios of NEWUOA divided by BIPOP-CMA-ES, all trial pairs for each function. Pairs where both trials
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1: NEW| 8.5%3  4.7* 1.8 1.8 2.0 2.2 [15/15 L NEW 15 13 5.8 6.1 6.6 6.5 |15/15
f1a | 108 568 =71 ToT T305 1404 [15/15 f12 1042 1938 2740 4140 12407 13827 [15/15
0: BIP [11 7.4 74 77 8.3 3.3 [15/15 O BIP 3.0 4045 45 1o 20 [15/15
1: NEW| 3.5 2.6* 25% 26*2 1.1*2  11* [15/15 LNEW 3.0 3.0 3.0 2.5 1 1 15/15
1 | 132 To5 550 370 1755 3355 5718 f13 652 2021 2751 18749 24455~ 30201 5/15
0: BIP | 3.9 5.4 5.9 1.6*3 1.5%3  1.7%3f15/15 O BIP 4.3 2.7 5.1 1.5*% 2.3 8.0%% 115/15
1: NEW| 3.1 9.3 35 54 335 oo |0/15 LNE 1 3.0 9.3 19 o0 ocoldes | 0/15
Fia o E) =3 39 55T 176 5715 f1a 75 239 304 932 1648 15001 5/15
0:BIP | 1.1 2.8 3.7 1.6 5.4 4531515 0 BIP 39 o 29 37 4l 6270 1.270 l15/15
1: NEW| 1.7 1*3 1*3 1.2*3 55 2525 0/15 L NEW 15 1 1 1 9.1 43 0/15
s | 51l 5370 5365 50073 30769 51350 [TA/15 f15 30578 14765 "3.1205 3.2005 4.49e5 4.59¢5 [15/15
0:BIP | 1.6 1.5%3  1.2*%2 1.2%2 12%2  12%215/15 9 BIP 1 2.0 1.4 1.4 1 1 15/15
1: NEW| 5.8 41 oo oo o  oo2.5ci | 0/15 LNEW oo oo oo oo co ocol.3e5 | 0/15
fre | 120 513 3667 10449 1641 12095 [T5/15 fie 1584 27265 77015 188e5 1.08e5 2.20c5 15/15
0:BIP | 3.0 3.6*2  26*3 1.3*3 14%3  1.4%315/15 O BIP L7 1.0*% 1.2%% 1* 1 %2 15/15
1: NEW| 2.1 29 oo oo o oodbej |o0/15 LNEWL 16 ) oo oo co oo23e5 | 0/15
7 [ 532 515 599 36606351 7034 [T5/1% f17 63 1030~ 4005 30677 56288 80472 5/15
0:BIP | 3.4 1% 1%3 1%3 1%3 1.2%3[15/15  0:BIP 2.2 1* 1* 1.2*% 1.83*3 1.4*° 15/15
1: NEW| 2.3 40 617 oo oo oodjei | 0715 L NEW| 16 e o > oo ocol.5e6 | 0/15
15 | 103 578 3965 0380 10005 13469 5715 f1s 621 73072 _TI9561 67569 1.3Le5 1.47es [i5/15
0:BIP | 1 3.4*3 13 1%3 1.2*3  1.3*3)15/15 O BIP 1.0* 2.4*3 1.2*% 1.a*3 1.7*% 1.6*° |15/15
1: NEW|31 1351 oo oo oo o009.2¢4 | 0/15  LiNEW1930 s s oo oo col.6e6 | 0/15
1o T T 242 1.2065 1.21e5 1.22¢5 [I5/15 f19 L 1 3:43¢56.22¢6 6.69¢6 6.7dcG [I5/15
0: BIP |20 2801 161 1%3 1%3 1%3 |i5/15 0:BIP | 160 23770 1.2 1 1 1 15/15
1: NEW|14 26728 1415 o o oobes |0/15 L:NEW| 76* 4.29¢6 ) ) o0 002.0¢6 | 0/15
20 6 851 38111 54470 54861 55313 [14/15 f20 82 46150  3.1066 5.54¢6 5.5906 5.64c6 [14/15
0: BIP | 3.3 8.2 2.8 2.1 2.2 2.2 [15/15  0:BIP 4.3 9.2 1 1 1 1 14/15
1: NEW 1*2 3.3 o I oo o032e | 0/15 1:NEW| 1*3 15 ) oo oo o08.8e5 | 0/15
o1 1T 1157 T672 1705 1720 1767 [14/15 fa1 561 6541 14103 14643 15567 17589 [15/15
0: BIP | 2.3 14 24 25 25 25 15/15  0: BIP 3.2 55 48 46 43 39 13/15
1: NEW| 1.1 2.2 1.8 1.8 1.8 1.9 [15/15  1: NEW| 1.7 2.2 1.2 1.2 1.1 1 15/15
oz 1 386 938 1008 1040 1068 [14/15 faz 167 5580 23491 24948 26847 1.35¢5 [12/15
0:BIP | 6.9 20 45 42 41 40 15/15 0:BiP 6.8 13 215 202 188 37 5/15
1: NEW| 2.1 2.1 2.0 2.1 2.3 2.4 [15/15 1:NEW| 1* 4.9 6.8 6.4 6.0 1.2 7/15
faz | 3.0 518 14249 31654 33030 34256 [15/15 fas 3.2 1614 67457 4.89¢5 8.1leb 8.3865 [15/15
0: BIP | 1.7*2 13 3.7 1.8 1.8 1.8 [15/15  0: BIP 4.3 32 1*3 2.0*2 1.2*2 1.2*2 l15/15
1: NEW| 6.2 2.4 7.1 o 0o 08304 | 0/15  1:NE 12 3.5*3 32 oo 0o ool.5es5 | 0/15
faa | 1622  2.16e5  6.3666  9.62¢6 1.28¢7 1.28¢7 | 3/15 Toa | 1.3466  7.48¢6 5.109¢7 5.20e7 5.20e7 5.20e7 | 3/15
0: BIP | 2.1 1.6 1 1 1 1 3/15  0: BIP 1*2 1*2 1*2 1*2 1*2 1*2 3/15
1: NEW| 2.9 2.1 oo oo oo o08.0e4 | 0/15  1:NEW| S oo oo oo o ool.7e5 | 0/15

Table 1: Expected running time (ERT in number of function evaluations) divided by the best ERT measured

during BBOB-2009 (given in the respective first row) for different Af values for functions fi—faa.

The

median number of conducted function evaluations is additionally given in italics, if ERT(1077) = co. #succ
is the number of trials that reached the final target fop: + 1078. 0: BIP is BIPOP-CMA-ES and 1: NEW is
NEWUOA. Bold entries are statistically significantly better compared to the other algorithm, with p = 0.05
or p=10"% where k > 1 is the number following the x* symbol, with Bonferroni correction of 48.
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Table 2: ERT loss ratio (see Figure 4) compared to the respective best result from BBOB-2009 for budgets
given in the first column. The last row RLys/D gives the number of function evaluations in unsuccessful runs
divided by dimension. Shown are the smallest, 10%-ile, 25%-ile, 50%-ile, 75%-ile and 90%-ile value (smaller
values are better). ERT Loss ratio is equal to zero if the algorithm considered outperformed all algorithms
from BBOB-2009.

BIPOP-CMA-ES NEWUOA
f1-f24 in 5-D, maxFE/D=622854 . 3
#FEs/D | best 10% 25% med 75% 90% F17f24 in 5-D, maxFE/D=100000
5 . 58 34 ra o5 10 #FEs/D | best 10% 25% med 75%  90%
10 14 16 27 34 46 10 120 13 ig i’f g§ 1??4 i(;
100 12 15 30 64 79 23 ' ' : ' '
100 1.0 15 27 42 89 28
1e3 1.0 1.0 19 46 22 44
le3 1.0 12 22 65 19 57
led 1.0 1.2 14 51 23 46
o5 o 19 13 93 15 es led 1.0 1.2 17 23 84  21le2
o6 L0 19 13 28 16 es 1e5 1.0 12 20 36  3.1e2 l.le3
: : : : RLus/D | 4e3  5e3  6e3  7e3 led 1leb
RLus/D | 3¢5 3eb  4e5  4eb 6e5  6eb
BIPOP-CMA-ES NEWUOA
f1-f24 in 20-D, maxFE/D=605134 . B
#FEs/D | best 10% 25% med 75% 90% £1-f24 in 20-D, maxFE/D=100000
9 10 17 55 923 40 40 #FEs/D | best 10% 25% med 75% 90%
10 1.0 21 44 50 83 1.0e2 2 Lo Ls 92 33 4040
100 Lo 1o 93 a1 1 10 1.0 10 1.0 22 31 202
103 L0 10 1o 61 22 s 100 1.0 1.0 11 28 31  1le2
™ Lo 11 15 39 11 sl le3 1.0 1.0 14 12 64 232
e o 10 11 90 22 310 led 1.0 10 1.2 22 39e2 9.0e2
o6 L0 10 11 18 29 50w le5 1.0 1.0 12 71  27e3 6.2e3
Lo Lo 10 11 18 29 o7 le6 1.0 1.0 1.2 372 1.7e4 4.6ed
© : : : : % RLys/D | 5e3  6e3 83 led  Ted  leb
RLyus/D | 1e5 1e5 3¢5 3¢5 3¢5 5eb




