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ABSTRACT

Natural Evolution Strategies (NES) are a recent member
of the class of real-valued optimization algorithms that are

based on adapting search distributions. Separable NES (SNES)

are a variant of NES that scale linearly with problem di-
mension and are particularly appropriate for large, separa-
ble problems. This report provides the the most extensive
empirical results on that algorithm to date, on both the
noise-free and noisy BBOB testbeds.

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

Evolution Strategies, Natural Gradient, Benchmarking

1. INTRODUCTION

Evolution strategies (ES), in contrast to traditional evo-
lutionary algorithms, aim at repeating the type of muta-
tion that led to those good individuals. We can characterize
those mutations by an explicitly parameterized search dis-
tribution from which new candidate samples are drawn, akin
to estimation of distribution algorithms (EDA). Covariance
matrix adaptation ES (CMA-ES [8]) innovated the field by
introducing a parameterization that includes the full covari-
ance matrix, allowing them to solve highly non-separable
problems.

A more recent variant, natural evolution strategies (NES [16

4, 14, 15]) aims at a higher level of generality, providing a
procedure to update the search distribution’s parameters for
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any type of distribution, by ascending the gradient towards
higher expected fitness. Further, it has been shown [11, 10]
that following the natural gradient to adapt the search dis-
tribution is highly beneficial, because it appropriately nor-
malizes the update step with respect to its uncertainty and
makes the algorithm scale-invariant.

Separable NES (SNES [13]), an instantiation of NES de-
signed for when the problem dimensionality is too high for
using a full covariance matrix parameterization, instead us-
ing only the diagonal for the search distribution. It is thus
quite similar to sep-CMA-ES [9]. Given the relatively small
problem dimensions of the BBOB benchmarks, and the fact
that many are non-separable, SNES is not the most appro-
priate NES variants for this particular task. In this report,
we retain the original formulation of SNES (including all
parameter settings, except for an added stopping criterion)
and describe the empirical performance on all 54 bench-
mark functions (both noise-free and noisy) of the BBOB
2012 workshop.

2. NATURAL EVOLUTION STRATEGIES

Natural evolution strategies (NES) maintain a search dis-
tribution 7 and adapt the distribution parameters 6 by fol-
lowing the natural gradient [1] of expected fitness J, that is,
maximizing

J(0) = Eo[f(2)] = / f(2) 7(2]0) dz

Just like their close relative CMA-ES [8], NES algorithms
are invariant under monotone transformations of the fit-
ness function and linear transformations of the search space.
Each iteration the algorithm produces n samples z; ~ 7 (z|9),
i €{1,...,n}, i.i.d. from its search distribution, which is pa-
rameterized by 6. The gradient w.r.t. the parameters 6 can
be rewritten (see [16]) as

VoJ(0) = Vg /f(z) m(z|0) dz = Eq [f(z) Vologm(z|0)]

from which we obtain a Monte Carlo estimate

VoJ(0) ~ % S f(:) Volog n(z: | 6)

=1

of the search gradient. The key step then consists in replac-
ing this gradient by the natural gradient defined as F~*Vy.J(6)
where F = E [Vg log 7 (z|0) Vg log (z|0)T] is the Fisher
information matrix. The search distribution is iteratively



updated using natural gradient ascent
0« 0 +nF 'VeJ(0)
with learning rate parameter 7.

2.1 Separable NES

While the NES formulation is applicable to arbitrary pa-
rameterizable search distributions [16, 10], the most com-
mon variant employs multinormal search distributions. For
that case, two helpful techniques were introduced in [4],
namely an exponential parameterization of the covariance
matrix, which guarantees positive-definiteness, and a novel
method for changing the coordinate system into a “natural”
one, which makes the algorithm computationally efficient.
The resulting algorithm, NES with a multivariate Gaussian
search distribution and using both these techniques is called
zNES. Building on this work, a separable variant that pa-
rameterizes only the diagonal of the search distribution was
introduced in [13]. The pseudocode is given in Algorithm 1.

Algorithm 1: Separable NES (SNES)

iHPUt .f7 IJ'init
initialize ¥ 7 Fnit

— 1
repeat

for k=1...ndo
draw sample si, ~ N (0,1)
Zp < M+ oSk
evaluate the fitness f(zx)
end

sort {(sk,zx)} with respect to f(zx)
and assign utilities uy to each sample

VMJ — ZZ:1 Uk * Sk

compute gradients b3
p & Vod < > 0 uk - (s?2 —1)

B ptn-o-Vud
o+ o-exp(Ne/2-Vel)
until stopping criterion is met

update parameters

Table 1: Default parameter values for xXNES (includ-
ing the utility function and adaptation sampling) as
a function of problem dimension d.

parameter default value
n 4+ [3log(d)]
o 3 + log(d)
No nB 5\/3
" max (0,log(2 + 1) — log(k)) 1
k m - N =
ijl max (0, log(5 +1) — log(])) n

3. EXPERIMENTAL SETTINGS

We use identical default hyper-parameter values for all
benchmarks (both noisy and noise-free functions), which
are taken from [13, 10]. Table 1 summarizes all the hyper-
parameters used.
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In addition, we make use of the provided target fitness fopt
to trigger independent algorithm restarts', using a simple
ad-hoc procedure: If the log-progress during the past 1000d
evaluations is too small, i.e., if

fopt - ft

Foot — fr—to00a | (r+2)*-m®?llogyq | fopt — fe| +8]
op —

log,

where m is the remaining budget of evaluations divided by
1000d, f: is the best fitness encountered until evaluation ¢
and 7 is the number of restarts so far. The total budget is
10°d3/? evaluations.

Implementations of this and other NES algorithm vari-
ants are available in Python through the PyBrain machine
learning library [12], as well as in other languages at www.
idsia.ch/~tom/nes.html.

4. CPU TIMING

A timing experiment was performed to determine the CPU-
time per function evaluation, and how it depends on the
problem dimension. For each dimension, the algorithm was
restarted with a maximum budget of 10000/d evaluations,
until at least 30 seconds had passed.

Our SNES implementation (in Python, stand-alone), run-
ning on an Intel Xeon with 2.67GHz, required an average
time of 0.15, 0.16, 0.15, 0.15, 0.16, 0.18, 0.23, 0.38 millisec-
onds per function evaluation for dimensions 2, 5, 10, 20, 40,
80, 160, 320 respectively. Not that within that cost, the ma-
jority of computation is taken up by the function evaluations
themselves, which last 0.11, 0.11, 0.12, 0.12, 0.12, 0.14, 0.17,
0.28 milliseconds each, for the same range of dimensions re-
spectively.

5. RESULTS

Results of SNES on the noiseless testbed (from experi-
ments according to [5] on the benchmark functions given in
[2, 6]) are presented in Figures 1, 3 and 5 and in Tables 2
and 4.

Similarly, results of SNES on the testbed of noisy func-
tions (from experiments according to [5] on the benchmark
functions given in [3, 7]) are presented in Figures 2, 4 and 5
and in Tables 3, and 4.

6. DISCUSSION

Given the composition of the testbeds, with many non-
separable problems, it does not come as a surprise that SNES
only performs well on a subset of the benchmarks (e.g., func-
tions 1, 2, 3, 5, 21, 22, 101, 102, 103, 107, 109, 128, 130).
According to Table 3, the only conditions where SNES sig-
nificantly outperforms all algorithms from the BBOB2009
competition in dimension 20 are on functions fig9 and fi24
(during the early phase), and fi10 in dimension 5. The SNES
parameters were chosen for large unimodal, separable bench-
marks, but we still observe a graceful decay in performance
when using the algorithm on multimodal and noisy bench-
marks as well. As expected, the highly non-separable prob-
lems become too hard with the separability assumption.

Tt turns out that this use of fopt is technically not permit-
ted by the BBOB guidelines, so strictly speaking a different
restart strategy should be employed, for example the one
described in [10].
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Figure 4: Empirical cumulative distribution func-
tions (ECDF's) of the 30 noisy benchmark functions.
Plotted is the fraction of trials versus running time
(left subplots) or versus Af (right subplots) (see Fig-
ure 3 for details).

Interestingly, from Table 4 we can see that in the early
phase of convergence (#FFEs =~ 100d), SNES is still per-
forming well, with a median loss ratio of only 2 to 7 across
all benchmarks taken together. So it appears that initial
progress can be made with SNES even on non-separable
functions, and that estimating the full covariance becomes
more important later on for fine-tuning.
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Table 4: ERT loss ratio compared to the respective
best result from BBOB-2009 for budgets given in
the first column (see also Figure 5). 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). The
ERT Loss ratio equals to one for the respective best
algorithm from BBOB-2009. Typical median values
are between ten and hundred.

f1-f24 in 5-D, maxFE/D=200320
#FEs/D | best 10% 25% med 75% 90%
2 1.5 2.4 4.8 7.0 9.2 10
10 2.1 2.3 2.7 3.4 4.6 14
100 0.93 2.0 4.3 7.1 14 42
le3 1.3 3.9 7.6 29 65 80
led 5.9 79 13 69 2.5e2 4.4e2
leb 5.2 14 38 1.2e2 1.4e3 2.1e3
le6 12 15 33 1.8e2 5.5e3 1.2e4
RLus/D | 2e5 2e5  2eb  2ed 2e5 2e5
f1-f24 in 20-D, maxFE/D=400110
#FEs/D | best 10% 25% med 75% 90%
2 1.0 1.9 11 31 40 40
10 0.79 1.7 2.3 3.5 5.9 27
100 0.64 1.3 2.6 5.8 31 71
le3 1.1 4.0 7.4 22 76 2.6e2
led 6.1 9.0 23 83 1.3e2 7.6e2
leb 12 24 43 2.2e2  6.5e2 2.0e3
le6 12 15 1.9e2 5.9e2 4.6e3 1.7e4d
le7 12 51 3.5e2  3.6e3 4.2e4 1.4eb
RLus/D | 3e5 4e5  4eb 4e5 4e5 4e5
f101—f130 in 5-D, maxFE/D=10152
#FEs/D | best 10% 25% med T75% 90%
2 0.86 5.6 7.1 10 10 10
10 1.3 1.9 2.4 5.1 16 50
100 0.63 0.98 1.7 2.8 9.9 2.7e2
le3 0.47 1.1 1.2 2.1 11 2.5e3
led 0.42 1.4 3.1 6.3 35 2.5e4
RLus/D | led led led led led led
f101—f130 in 20-D, maxFE/D=10047
#FEs/D | best 10% 25% med 75% 90%
2 1.0 2.6 29 40 40 40
10 0.58 0.68 1.0 4.2 2.0e2  2.0e2
100 0.62 1.1 1.3 2.1 16 2.0e3
le3 0.19 1.0 2.8 7.0 20 2.0e4
led 0.75 4.5 6.6 18 54 2.0e5
leb 2.8 5.4 32 68 1.7¢2  1.0e6
RLus/D | le4 led led led led led
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Figure 1: Expected number of f-evaluations (ERT, with lines, see legend) to reach fopt + Af, median number
of f-evaluations to reach the most difficult target that was reached at least once (+) and maximum number of
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Table 2: 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—f>4. The median

number of conducted function evaluations is additionally given in italics, if ERT(107")

number of trials that reached the final target fo,c + 1078,
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Figure 5: ERT loss ratio vs. a given budget FEvals. The target value f; used for a given FEvals 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 all functions (noiseless fi—f24, left columns, and noisy
fio1—f130, right columns) in 5-D and 20-D. 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 a single trial in this function subset.

211



5-D 20-D
Af] le+1 le40 le-1 le-3 le-5 le-7 #succ Af let1 le+0 le-1 le-3 le-5 le-7  |#tsucc
fio1] 11 37 11 62 69 75 15/15 T101 59 125 571 700 739 783 |15/15
3.8(2)  2.5(0.9) 4.3(0.8)  6.1(0.7) 8.8(1.0) 11(1) 15/15 4.1(0.7) 1.5(0.2) 1.9(0.1) 2.8(0.2) 3.9(0.1)  4.7(0.2)[15/15
fioz] 11 35 50 72 86 99 15/15 T109 231 399 579 921 1157 1407 [15/15
3.5(2)  2.3(1) 3.7(1) 5.4(0.7)  7.3(0.7) 8.6(0.4) 15/15 1.1(0.2) 1.6(0.3) 1.9(0.1) 2.1(0.1) 2.5(0.1)  2.7(0.1)[15/15
fios| 11 28 30 31 35 115 15/15 T103) 65 117 629 1313 1893 2464 [14/15
2.7(2)  2.7(1) 5.5(1) 13(2) 26(15) 21(11) 15/15 3.8(0.9) 1.5(0.2) 1.7(0.1) 1.6(0.1) 1.7(0.1) 3.4(2) [15/15
Tioa| 173 773 1287 1768 2040 2284 15/15 T10a 23690 85656 T.7¢5  1.8¢5 T.9¢5 2.0¢5 [15/15
1.5(0.6)21(26) 44(43) oo ) 005.0¢4 0/15 ) ) ) ) ) 002.0¢5 | 0/15
fios| 167 1436 5174 10388 10824 11202 [15/15 105 1.9¢5 6.1e5 6.3¢5  6.5¢b 6.6¢5 6.7¢5 [15/15
1.7(0.4)17(21) 12(12) 35(37) ) 005.0¢4 0/15 ) ) ) oo ) 02.0¢5 | 0/15
fioe| 92 529 1050 2666 2887 3087 [15/15 106 11480 21668 23746 25470 26492 27360 [15/15
3.9(1) 26(32) 209(241) 276(301) ) 005.0¢4 0/15 123(147) ) ) ) ) 02.0¢5 | 0/15
fio7] 40 228 453 940 1376 1850 [15/15 T107 8571 13582 16226 27357 52486 65052 [15/15
4.2(6)  2.0(1) 1.4(0.8)  1.3(0.9) 1.4(0.7) 1.3(0.5) 15/15 2.6(3) 14(15) ) ) oo 02.0¢5 | 0/15
fios| 87 5144 14469 30035 58628 80667 [15/15 108 58063 97228 2.0e5  4.5eb 6.3¢5 9.0e5 [15/15
15(20)  1.5(3) 8.4(10) oo oo 005.0¢4 0/15 oo oo oo oo oo 002.0¢5 | 0/15
fioo| 11 57 216 572 873 946 15/15 T109) 333 632 1138 2287 3583 1952 [15/15
4.4(2) 1.9(0.7) 0.93(0.3) 1.8(1) 13(21) 371(397) 0/15 0.77(0.1)+2 1.1(0.1) 1.3(0.2) 3.8(3) 15(13) 103(104) | 3/15
Ti10] 949 33625 1.2¢5 5.9¢5 6.0e5 6.1e5 15/15 F110 s = s s > s 0
0.76(1) 0.33(0.2)% 0.65(0.7) ) ) 005.0¢4 0/15 ) ) oo oo ) oo 0/15
f111| 6856 6.1e5 8.8e6 2.3e7 3.1e7 3.1le7 3/15 f111 ) ) [=S) =) =) oo 0
1.9(2) oo oo oo oo 005.0¢4 0/15 oo oo oo oo oo oo 0/15
Ti1o] 107 1684 3421 1502 5132 5596 15/15 T119] 25552 64124 69621 73557 76137 78238 [15/15
1.9(0.4)16(18) 19(22) oo oo 005.0¢4 0/15 113(121) oo oo oo oo 002.0¢5 | 0/15
Ti13| 133 1883 8081 24128 24128 24402 15/15 T113 50123 3.605 5.6e5  5.9¢5 5.9¢5 5.9e¢5 [15/15
1.8(2)  0.78(0.9) 2.1(3) 3.1(3) 3.1(3) 4.1(4) 5/15 4.5(5) oo oo oo oo 002.0¢5 | 0/15
Ti14] 767 14720 56311 83272 83272 84949 15/15 T114] 2.1e5 1.1c6 T.4c6  1.6¢6 1.6¢6 1.6c6 [15/15
2.6(3)  2.4(3) oo oo oo 005.0¢4 0/15 oo oo oo oo oo 002.0¢5 | 0/15
fi15| 64 485 1829 2550 2550 2970 15/15 T11s5 2405 30268 91749  1.3¢5 1.3¢5 T.3c5 [15/15
1.6(0.8) 1.8(2) 4.4(4) 40(45)  40(45) 45(43) 4/15 1.2(1) 29(32) oo oo oo 002.0¢5 | 0/15
Ti16| 5730 T4472 22311 26868 30329 31661 15/15 Ti16 5.0e5 6.9¢5 8.9e¢5  1.0¢6 T.1¢6 T.1e6 [I5/15
1.6(1) 5.9(6) =] oo =] 00 5.0e4 0/15 oo oo =] =] =] 002.0e5 0/15
f117| 26686 76052 T.1e5 1.4e5 1.7¢5 1.9¢5 [15/15 f117 1.8¢6 2.5¢6 2.6¢6  2.9¢6 3.2¢6 3.666 [15/15
6.3(7) oo =] oo =] 00 5.0e4 0/15 oo oo =] =] =] 002.0e5 0/15
fi1s| 429 1217 1555 1998 2430 2913 [15/15 T118 6908 11786 17514 26342 30062 32659 [15/15
11(9) 33(36) oo o oo oo 5.0e4 0/15 oo o oo oo oo 00 2.0e5 0/15
fi19| 12 657 1136 10372 35296 49747 [15/15 T110 2771 29365 35930  4.1eb 1.4¢6 1.9¢6 [15/15
3.9(6) 0.64(0.9) 0.64(0.5) 0.84(0.9) ) 005.0¢4 0/15 1.4(2) 22(25) ) ) ) 02.0¢5 | 0/15
fiz0| 16 2900 18698 72438 3.3¢5 5.5¢5 [15/15 120 36040 1.8¢5 2.8¢5  1.6¢6 6.7¢6 1.4e7 [13/15
12(32)  0.72(0.9) 38(43) oo oo 005.0¢4 0/15 10(11) oo oo oo oo 002.0¢5 | 0/15
fi21] 8.6 T11 273 1583 3870 6195 15/15 T121 249 769 1426 9304 34434 57404 [15/15
2.6(3) 1.1(0.8) 0.77(0.4) 11(14) oo 005.0¢4 0/15 0.83(0.2) 0.89(0.2) 1.3(0.2) oo oo 002.0¢5 | 0/15
fioo| 10 1727 9190 30087 53743 T.1e5 15/15 Ti129 692 52008 T.4e5  7.9¢5 2.0c6 5866 [15/15
7.8(10) 0.65(0.6) 2.3(3) oo oo 005.0¢4 0/15 1.9(2) oo oo oo oo 002.0¢5 | 0/15
fiog| 11 16066 81505 3.4e5 6.7¢5 2.266 15/15 T123 1063 5.3¢5 T.5¢6  5.3¢6 2.7e7 T.6e8 | O
12(16)  3.1(3) oo oo oo 005.0¢4 0/15 7.7(9) oo oo oo oo 002.0¢5 | 0/15
fio4| 10 202 1040 20478 15337 95200 15/15 T124] 192 1959 10840 1.3¢5 3.9¢5 8.0e5 [15/15
2.9(4) 1.2(1.0) 1.2(0.9) oo o 005.0e4 0/15 0.58(0.4) 0.69(0.2)40.66(0.5) oo oo o02.0e5 | 0/15
125 1 1 1 2.4e5 2.4e5 2.5e5 15/15 T8 T T 1 2.507 8.0e7 8.le7 | 4/15
1.2(0.5)33(34) 3958(3495) oo ) 005.0¢4 0/15 1.3(0.5) 625(509) o o 002.0¢5 | 0/15
126 1 1 1 oo oo ©0 0 fi26 T T T o o o )
1.4(1) 32(50) 51876(59311) oo o oo 0/15 1.3(0.5) 22572(23656) oo oo oo oo 0/15
f127] 1 1 1 3.4e5 3.9e5 4.0e5 15/15 T o7 T T T 1.4c6 7.3¢6 7466 [15/15
1.1(0.5)19(16) 3060(2752) oo ) 005.0¢4 0/15 1.2(0.5) 167(80) o o o 002.0¢5 | 0/15
fi2g 111 4248 7808 12447 17217 21162 15/15  F1og] T.4c5 1.3e7 T.7e7  L.7e7 T.7¢7 T.7e7 | 9/15
1.6(2)  1.1(1) 0.78(0.8) 0.51(0.5) 0.40(0.3)+2 0.45(0.4)+215/15 4.2(5) ) oo oo oo 002.0¢5 | 0/15
fio9| 64 10710 59443 2.8¢5 5.1e5 5.8¢5 [15/15 1290 7.8¢6 11e7 4.2e7  4.2e7 1.2e7 4.2e7 | 5/15
7.6(14) 1.2(1) 1.8(2) oo =] 00 5.0e4 0/15 oo oo =] =] =] 002.0e5 0/15
fiz0| 55 812 3034 32823 33889 34528 [10/15 130 4904 93149 2.5¢5  2.5¢b 2.6¢5 2.6e5 | 7/15
2.9(7) 4.8(5) 1.6(2) 0.19(0.2) 0.44(0.4) 2.7(2) 3/15 0.76(1) 0.19(0.3) 0.09(0.1)0.11(0.1) 0.36(0.3) 2.1(2) | 2/15

Table 3: ERT ratios, as in table 2, for functions fi01—f130-

Strategies. In Genetic and Evolutionary Computation
Conference (GECCO), Dublin, Ireland, 2011.
[14] Y. Sun, D. Wierstra, T. Schaul, and J. Schmidhuber.
Stochastic search using the natural gradient. In
International Conference on Machine Learning
(ICML), 2009.
D. Wierstra, T. Schaul, T. Glasmachers, Y. Sun, and
J. Schmidhuber. Natural Evolution Strategies.
Technical report, 2011.
D. Wierstra, T. Schaul, J. Peters, and
J. Schmidhuber. Natural Evolution Strategies. In
Proceedings of the IEEE Congress on Evolutionary
Computation (CEC), Hong Kong, China, 2008.

[8] N. Hansen and A. Ostermeier. Completely
derandomized self-adaptation in evolution strategies.
IEEFE Transactions on Evolutionary Computation,
9:159-195, 2001.

R. Ros and N. Hansen. A Simple Modification in
CMA-ES Achieving Linear Time and Space
Complexity. Technical Report April, 2008.

T. Schaul. Studies in Continuous Black-box
Optimization. Ph.D. thesis, Technische Universitét
Miinchen, 2011.

T. Schaul. Natural Evolution Strategies Converge on
Sphere Functions. In Genetic and Evolutionary
Computation Conference (GECCO), Philadelphia, PA,
2012.

T. Schaul, J. Bayer, D. Wierstra, Y. Sun, M. Felder,
F. Sehnke, T. RiickstieB, and J. Schmidhuber.
PyBrain. Journal of Machine Learning Research,
11:743-746, 2010.

T. Schaul, T. Glasmachers, and J. Schmidhuber. High
Dimensions and Heavy Tails for Natural Evolution

[15]
[10]

[16]
[11]

[12]

[13]

212




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




