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ABSTRACT

In this paper, we study the performances of the NEW Un-
constrained Optimization Algorithm (NEWUOA) with dif-
ferent numbers of interpolation points. NEWUOA is a trust
region method, the number of points used to build the sur-
rogate model is an input parameter of the algorithm. We
compare the performances of NEWUOA using three differ-
ent number of points in search spaces of dimension from
two to forty on problems from the BBOB 2009 noisy func-
tion testbed. Using the maximum number of interpolation
points grants the better results in this noisy setting.

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

The NEWUOA, for NEW Unconstrained Optimization
Algorithm was introduced in [5] as a method for uncon-
strained derivative-free optimization. NEWUOA is a trust-
region method which uses m points to build a quadratic ap-
proximation of the objective function. The approximation
is considered reliable within the radius of the current trust
region. In this paper, we study the effect of the number of
interpolation points m on the performances of NEWUOA
on a testbed of noisy functions.

We use three different values for m which will be de-
noted NEWUOA, avg-NEWUOA and ful-NEWUOA.
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These variants are sorted by ascending numbers of interpo-
lation points. The number of interpolation points of these
variants depends on the dimension of the search space n.
The variant denoted NEWUQOA uses 2n + 1 interpolation
points as recommended in [5]. The avg-NEWUOA uses
the rounded value of \/(n+ 1/2)(n + 1)(n + 2) interpola-

tion points which is intermediate. The fuliNEWUOA uses
(n4+1)(n+2)

the maximum number . These three settings were
already compared on a few test problems in [5].

The performances of the avg-NEWUOA are obtained on
the BBOB 2009 testbed of noiseless functions. The avg-
NEWUOA is successively compared to NEWUOA and full-
NEWUOA. The performances of both NEWUOA and full-
NEWUOA on the BBOB 2009 noiseless functions were pre-
sented in [7].

2. EXPERIMENTAL PROCEDURE

To benchmark the avg-NEWUOA, we use the exact same
experimental procedure that was presented in [7]. In par-
ticular the algorithm uses an independent multi-start pro-
cedure, as do NEWUOA and fullNEWUOA. The crafting
effort [3] is equal to CrE = 0 for all three variants of the
NEWUOA.

3. RESULTS

Results of the CPU-timing experiments are given in the
paper benchmarking NEWUOA with all three settings of
m on the BBOB noiseless testbed submitted to the same
workshop.

Results from experiments according to [3] on the bench-
mark functions given in [1, 4] are presented in this sec-
tion. The Figures 1 and 2 and the Table 1 compare the
avg-NEWUOA to NEWUOA. The Figures 3 and 4 and the
Table 2 compare the avg-NEWUOA to ful-NEWUOA. The
expected running time (ERT), used in the figures and
table, depends on a given target function value, fi = fopt +
Afi, 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 f;, summed over all trials
and divided by the number of trials that actually reached f;
[3, 6]. Statistical significance is tested with the rank-sum
test for a given target Af, (10™% 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 number of overall function evaluations for
any unsuccessful trial under consideration.



The success probability of avg-NEWUOA reaching the
precision 1078 is only slightly larger than that of NEWUOA:
in 5-D avg-NEWUOA is successful on 52 function instances
(out of 450) in 5-D and NEWUOA only on 42; in 20-D
avg-NEWUOA is successful on 30 function instances and
NEWUOA only on 15. On functions fio1, fio2 and fios
which both NEWUOA and avg-NEWUOA solve in 5-D, the
NEWUOA is slower faster than avg-NEWUOA.

To reach the precision 1078, ful-NEWUOA has the best
success probability out of the three variants of NEWUOA:
it solves 77 function instances in 5-D, 31 in 20-D. Also, the
fullNEWUOA solves in 5-D the Rosenbrock function fio6
and the Sphere function fi99, both with moderate Cauchy
noise, whereas avg-NEWUOA does not.

In 20-D, the NEWUOA only solves the Sphere function
with moderate noise. The ful-NEWUOA solves the Sphere
function with all three noise models and is the fastest out of
the three NEWUOA variants. In 20-D again, avge-NEWUOA
does not solve fio3, NEWUOA does not solve neither fio2
nor fios3 and is the slowest out of the three variants of
NEWUOA on f101.

Overall the fullNEWUOA variant which uses the largest
number of interpolation points performs better than the avg-
NEWUOA and the NEWUOA on the BBOB 2009 noisy
testbed.
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Figure 1: Ratio of the expected running times (ERT) of avg-NEWUOA divided by NEWUOA versus log,,(Af)
for fioi—fizo in 2, 3, 5, 10, 20, 40-D. Ratios < 10° indicate an advantage of avg-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 Af-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 avg-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 avg-NEWUOA (1st number) and non-zero for NEWUOA
(2nd number). Results are statistically significant with p = 0.05 for one star and p = 10~#* otherwise, with

Bonferroni correction within each figure.
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Figure 2: 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 necessary function evaluations divided by dimension
D (FEvals/D) to reached a target value fo,; + Af with Af =10, where k € {1, -1, —4, —8} is given by the first
value in the legend, for avg-NEWUOA (solid) and NEWUOA (dashed). Light beige lines show the ECDF
of FEvals for target value Af = 1073 of all algorithms benchmarked during BBOB-2009. Right sub-columns:
ECDF of FEval ratios of avg-NEWUOA divided by NEWUOA, 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 (avg-NEWUOA first).
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0: NE 3.0 158 oo o oo 00224 |0/15 0:NEW| 91 oo oo S oo ©007.8e¢4 | 0/15
1: AVG| 6.1 89 oo oo co  o02.9ej | 0/15  1:AVG| 95 oo oo oo oo ool.8e5 | 0/15
f125 1 1 1 2.39e5 2.43e5 2.46eb [15/15 fiap 1 1 1 2.50e7 8.03e7 8.06e7 | 4/15
0: NEW| 3.9 15 6088 oo oo o023, | 0/15  0:NEW| 1 414 oo oo oo 007.8e4 | 0/15
1: AVG| 2.0 81 9966 oo oo oo3.dej | 0/15 1:AVG| 1 493 oo oo co ool.8e5 | 0/15
fiz26 1 1 1 oo S oo 0 fize 1 1 1 o ) =) 0
0: NEW| 1.2 1053 3.47e5 oo oo oo 0/15  0:NEW| 4.2 1.32e5*2 oo o oo o 0/15
1: AVG| 22 1636 4.54eb5 oo oo oo 0/15 1: AVG [122 2.60e6 oo 0o oo 0o 0/15
fia7 1 1 1 3.42e5 3.89e5 3.95eb [15/15 fi27 1 1 1 4.43¢6 7.2706 7.43e6 [15/15
0: NEW| 2.5 14 7248 o oo oo22ef |[0/15 0: NEW| 3.7 253 oo oo oo o07.8¢4 | 0/15
1: AVG| 2.0 18 5233 o) oo 0029e4 |0/15 1: AVG| 7.7 219 o oo co o0l.8¢5 | 0/15
fi2g | 111 4248 7808 12447 17217 21162 [I5/15 fio8 | 1.40e5  1.34e7 1.72e7 1.72e7 1.72e7 1.72e7 | 9/15
0: NEW| 12 17 43 oo oo o0 2.3e 0/15 0: NEW| oo 0o fore) oo oo 007.8¢4 0/15
1: AVG| 11 9.3 7.5 oo oo 0o 8.1e4 0/15 1: AVG oo oo oo oo oo ool.8e5 0/15
fi29 | 64 10710 59443 2.85e5 5.11e5 5.80e5 [15/15 fiog | 7.81e6 4.13e7 4.15e7 4.18e7 4.21e7 4.24e7 | 5/15
0: NEW|124 16 oo oo oo oo 2.3e4 0/15 0: NEW| oo 0o o) oo oo 007.8e4 0/15
1: AVG]| 68 20 oo oo oo oo8.de4 | 0/15  1:AVG| oo oo oo S co ool.8¢5 | 0/15
figp | 55 812 3034 32823 33889 34528 [10/15 figo | 4904 93149 2.52eb 2.54eb 2.5be5 2.57eb | 7/15
0: NEW| 2.3 11 10 ) oo 00 2.2¢4 0/15 0: NEW| 9.1 0o oo oo 0o 008.0e4 0/15
1: AVG| 1.3 6.4 5.9 3.0 oo o03.0e4 | 0/15 1. AVG| 6.6 oo oo o co ool.8e5 | 0/15

Table 1: 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 fio1—fi30. #succ is the number of trials that
reached the final target fop, +107%. 0: NEW is NEWUOA and 1: AVG is avg-NEWUOA. #succ is the number
of trials that reached the final target f,p; + 1075, 0: NEW is NEWUOA and 1: AVG is avg-NEWUOA. Bold
entries are statistically significantly better compared to the other algorithm, with p = 0.05 or p = 107* where

k > 1 is the number following the * symbol, with Bonferroni correction of 60.
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Figure 3: Ratio of the expected running times (ERT) of avg-NEWUOA divided by fullNEWUOA versus
log,o(Af) for fioi—fizo in 2, 3, 5, 10, 20, 40-D. Ratios < 10° indicate an advantage of avg-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 avg-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 avg-NEWUOA (1st number) and non-zero
for ful-NEWUOA (2nd number). Results are statistically significant with p = 0.05 for one star and p = 10~ #*

otherwise, with Bonferroni correction within each figure.
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Figure 4: 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 necessary function evaluations divided by dimension
D (FEvals/D) to reached a target value fo,; + Af with Af =10, where k € {1, -1, —4, —8} is given by the first
value in the legend, for avg-NEWUOA (solid) and ful-NEWUOA (dashed). Light beige lines show the ECDF
of FEvals for target value Af = 1073 of all algorithms benchmarked during BBOB-2009. Right sub-columns:
ECDF of FEval ratios of avg-NEWUOA divided by ful-NEWUOA, 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 (avg-NEWUOA first).
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Table 2: 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 fi01—f130. #succ is the number of trials
that reached the final target fop¢ + 1078, 0: FUL is ful-NEWUOA and 1: AVG is avg-NEWUOA. #succ is
the number of trials that reached the final target fop: + 1075, 0: FUL is ful-NEWUOA and 1: AVG is avg-
NEWUOA. Bold entries are statistically significantly better compared to the other algorithm, with p = 0.05
or p = 107" where k > 1 is the number following the x symbol, with Bonferroni correction of 60.



