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In this paper, the performances of the NEW Unconstrained Optimization Algorithm (NEWUOA) on some noiseless functions are compared to those of the BI-POPulation Covariance 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 independent 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 target function values smaller than one on all other functions.

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) [START_REF] Powell | The NEWUOA software for unconstrained optimization without derivatives[END_REF]. NEWUOA is a trust-region method. NEWUOA computes a quadratic interpolation of

EXPERIMENTAL PROCEDURE

We used the data obtained in [START_REF] Ros | Benchmarking the NEWUOA on the BBOB-2009 function testbed[END_REF] for NEWUOA using 2n + 1 points for interpolating the quadratic model, where n is the dimension of the search space, and the data from [START_REF] Hansen | Benchmarking a BI-population CMA-ES on the BBOB-2009 function testbed[END_REF] 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 [START_REF] Hansen | Real-parameter black-box optimization benchmarking[END_REF]. The BIPOP-CMA-ES includes a restart procedure but adds a population size management policy.

We use the BBOB 2010 post-processing software to compare 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 experimental 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 [START_REF] Ros | Benchmarking the NEWUOA on the BBOB-2009 function testbed[END_REF] and [START_REF] Hansen | Benchmarking a BI-population CMA-ES on the BBOB-2009 function testbed[END_REF]. For both algorithms, the crafting effort [START_REF] Hansen | Real-parameter black-box optimization benchmarking[END_REF] is equal to CrE= 0.

CPU TIMING EXPERIMENTS

For the timing experiments, both algorithms were run on f8 and restarted until at least 30 seconds (according to [START_REF] Hansen | Real-parameter black-box optimization benchmarking[END_REF]). 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 ×10 -6 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 ×10 -4 seconds per function evaluation for BIPOP-CMA-ES in dimensions 2 ; 3 ; 5 ; 10 ; 20 ; 40 and 80 respectively.

RESULTS

Results from experiments according to [START_REF] Hansen | Real-parameter black-box optimization benchmarking[END_REF] on the benchmark functions given in [START_REF] Finck | Real-parameter black-box optimization benchmarking 2009[END_REF][START_REF] Hansen | Real-parameter black-box optimization benchmarking 2009: Noiseless functions definitions[END_REF] are presented in Figures 1,2, 3 and 4 and in Tables 1 and2. The expected running time (ERT), used in the figures and table, depends on a given target function value, ft = fopt + ∆f , and is computed over all relevant trials as the number of function evaluations executed during each trial while the best function value did not reach ft, summed over all trials and divided by the number of trials that actually reached ft [START_REF] Hansen | Real-parameter black-box optimization benchmarking[END_REF][START_REF] Price | Differential evolution vs. the functions of the second ICEO[END_REF]. Statistical significance is tested with the rank-sum test for a given target ∆ft (10 -8 in Figure 1) using, for each trial, either the number of needed function evaluations to reach ∆ft (inverted and multiplied by -1), or, if the target was not reached, the best ∆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 f1 by a factor 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: besides f1, all functions deviate significantly from a quadratic form. The most surprising results can be observed on the multi-modal functions f21 and f22, where NEWUOA consistently outperforms the BIPOP-CMA-ES, for larger dimension 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 population size of BIPOP-CMA-ES, which is in turn more helpful on the remaining multi-modal functions. On the most difficult multi-modal functions, the performance is not comparable, 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. 7
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Figure 1 :

 1 Figure 1: ERT ratio of NEWUOA divided by BIPOP-CMA-ES versus log 10 (∆f ) for f1-f24 in 2, 3, 5, 10, 20, 40-D. Ratios < 10 0 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 fevaluations for the same algorithm on this function. Symbols indicate the best achieved ∆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 ∆f 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.

Figure 2 :

 2 Figure 2: Expected running time (ERT in log10 of number of function evaluations) of NEWUOA versus BIPOP-CMA-ES for 46 target values ∆f ∈ [10 -8 , 10] in each dimension for functions f1-f24. Markers on the upper or right edge indicate that the target value was never reached by NEWUOA or BIPOP-CMA-ES respectively. Markers represent dimension: 2:+, 3:▽, 5:⋆, 10:•, 20:2, 40:3. The colored lines indicate maximum number of function evaluations

Figure 3 :

 3 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 fopt + ∆f with ∆f = 10 k , where k ∈ {1, -1, -4, -8} is given by the first value in the legend, for NEWUOA (solid) and BIPOP-CMA-ES (dashed). Light beige lines show the ECDF of FEvals for target value ∆f = 10 -8 of algorithms benchmarked during BBOB-2009. Right sub-columns: ECDF of FEval ratios of NEWUOA divided by BIPOP-CMA-ES, 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 (NEWUOA first).

Figure 4 :

 4 Figure 4: ERT loss ratio versus given budget FEvals. The target value ft for ERT is the smallest (best) recorded function value such that ERT(ft) ≤ FEvals for the presented algorithm. Shown is FEvals divided by the respective best ERT(ft) from BBOB-2009 for functions f1-f24 in 5-D and 20-D. Each ERT is multiplied by exp(CrE) correcting for the parameter crafting effort. Line: geometric 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.

Table 1 :

 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 ∆f values for functions f1-f24. The median number of conducted function evaluations is additionally given in italics, if ERT(10 -7 ) = ∞. #succ is the number of trials that reached the final target fopt + 10 -8 . 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 -k where k > 1 is the number following the ⋆ symbol, with Bonferroni correction of 48.

Table 2 :

 2 ERT loss ratio (see Figure4) compared to the respective best result from BBOB-2009 for budgets given in the first column. The last row RL US /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
	f 1 -f 24 in 5-D, maxFE/D=622854 #FEs/D best 10% 25% med 75% 90% 2 1.4 2.3 3.3 5.3 9.2 10 10 1.4 1.6 2.7 3.4 4.6 10 100 1.2 1.5 3.0 6.4 7.9 23 1e3 1.0 1.0 1.9 4.6 22 44 1e4 1.0 1.2 1.4 5.1 23 46 1e5 1.0 1.2 1.3 2.3 15 68 1e6 1.0 1.2 1.3 2.8 16 68 RLUS/D 3e5 3e5 4e5 4e5 6e5 6e5	f 1 -f 24 in 5-D, maxFE/D=100000 #FEs/D best 10% 25% med 75% 90% 2 1.3 1.7 3.2 6.2 10 10 10 1.0 1.0 1.1 2.5 3.4 17 100 1.0 1.5 2.7 4.2 8.9 28 1e3 1.0 1.2 2.2 6.5 19 57 1e4 1.0 1.2 1.7 23 84 2.1e2 1e5 1.0 1.2 2.0 36 3.1e2 1.1e3 RLUS/D 4e3 5e3 6e3 7e3 1e4 1e5
	BIPOP-CMA-ES	NEWUOA
	f 1 -f 24 in 20-D, maxFE/D=605134 #FEs/D best 10% 25% med 75% 90% 2 1.0 1.7 5.5 23 40 40 10 1.0 2.1 4.4 5.0 8.3 1.0e2 100 1.0 1.2 2.3 4.1 11 49 1e3 1.0 1.0 1.2 6.1 22 89 1e4 1.0 1.1 1.6 3.9 44 81 1e5 1.0 1.0 1.1 2.0 22 3.1e2 1e6 1.0 1.0 1.1 1.8 22 3.2e2 1e7 1.0 1.0 1.1 1.8 22 2.7e3 RLUS/D 1e5 1e5 3e5 3e5 3e5 5e5	f 1 -f 24 in 20-D, maxFE/D=100000 #FEs/D best 10% 25% med 75% 90% 2 1.0 1.5 9.2 33 40 40 10 1.0 1.0 1.0 2.2 31 2.0e2 100 1.0 1.0 1.1 2.8 31 1.1e2 1e3 1.0 1.0 1.4 12 64 2.3e2 1e4 1.0 1.0 1.2 22 3.9e2 9.0e2 1e5 1.0 1.0 1.2 71 2.7e3 6.2e3 1e6 1.0 1.0 1.2 3.7e2 1.7e4 4.6e4 RLUS/D 5e3 6e3 8e3 1e4 7e4 1e5