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ABSTRACT

Active Covariance Matrix Adaptation and Mirrored Muta-
tions have been independently proposed as improved vari-
ants of the well-known optimization algorithm Covariance
Matrix Adaptation Evolution Strategy (CMA-ES) for nu-
merical optimization. This paper investigates the impact
of the algorithm’s population size when both active covari-
ance matrix adaptation and mirrored mutation are used in
the CMA-ES. To this end, we compare the CMA-ES with
standard population size A, i.e., A = 4 + |3log(D)]| with a
version with half this population size where D is the problem
dimension.

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 IPOP-CMA-ES [2] has the special feature of increas-
ing the population size of the CMA-ES algorithm at each
restart. Together with a standard population size of A\®
4+ |3log(D)| where D is the problem dimension, the IPOP-
CMA-ES is a (nearly) parameterless algorithm that auto-
matically restarts CMA-ES with increased population size
if the given size is not sufficient to solve the problem at hand.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

GECCO’12 Companion, July 7-11, 2012, Philadelphia, PA, USA.
Copyright 2012 ACM 978-1-4503-1178-6/12/07 ...$10.00.

Anne Auger
Projet TAO, INRIA
Saclay—Ile-de-France
LRI, Bat 490, Univ. Paris-Sud
91405 Orsay Cedex, France
anne.auger@inria.fr

285

Nikolaus Hansen
Projet TAO, INRIA
Saclay—Ille-de-France
LRI, Bat 490, Univ. Paris-Sud
91405 Orsay Cedex, France
nikolaus.hansen@inria.fr

More recently, an active covariance matrix adaptation up-
date has been proposed for CMA-ES [9] and mirrored mu-
tations with pairwise selection and selective mirroring have
been suggested for evolution strategies with weighted re-
combination [1]. While the former one allows for negative
weights in the covariance matrix update for bad mutations,
the latter mirrors the bad mutations and evaluates them
again before to proceed.

The combination of both approaches into the IPOP-CMA-
ES with active covariance matrix adaptation and mirrored
mutations, denoted by CMA,., has been introduced and
tested empirically in an accompanying paper [3]. Here, we
test how a different starting population size influences the
performance of this algorithm. A previous study showed
that in the (1, A)-ES, the largest effect of mirrored muta-
tions is observed for small population sizes, i.e. A = 2 and
A = 4 [4]. Hence, we could conjecture that in the IPOP-
CMA-ES with mirrored mutations, a positive effect on the
performance can be observed if the initial population size
is chosen smaller than the standard size of A\*. To test this
hypothesis, we run the CMA,,, with an initial population
size of A and compare it with the CMA,an that employs
an initial population size of |A%/2] on the noiseless BBOB
test bed [6].

The algorithms are described in more detail in Sec. 2.
Section 3 gives the mandatory results of the BBOB timing
experiments while Sec. 4 presents the general results of the
comparison. Section 5 concludes the paper.

2. TESTED CMA-ES VARIANTS

We tested two variants of the IPOP-CMA-ES with ac-
tive covariance matrix adaptation and mirrored mutations:
the CMA . with standard initial population size \* = 4 +
|3log(D)| and the CMA,,n with reduced initial popula-
tion size |A°/2]. Both implementations can be downloaded
from http://canadafrance.gforge.inria.fr/mirroring/
in the used version 3.54.beta.mirrors. Besides the difference
in the initial population size, the number of restarts is in-
creased to 10 for the CMA a1 instead of 9 for the CMA L,
to allow the final restarts of both algorithms to operate with
the same (range of) population size. All other parameters
are equal for the two algorithms and, besides 2 - 10° - D as
the maximal number of function evaluations, chosen accord-
ing to the standard recommendations for the CMA-ES. For



more details of the algorithm, see also the accompanying
paper [3].

3. TIMING EXPERIMENTS

In order to see the dependency of the algorithms on the
problem dimension, the requested BBOB’2012 timing exper-
iment has been performed for the two algorithms CMA .
and CMA,.n on an Intel Core2 Duo T9600 laptop with
2.80GHz, 4.0GB of RAM, and MATLAB R2008b on Win-
dows Vista SP2. The algorithms have been restarted for up
to 2-10° D function evaluations until 30 seconds have passed.
The per-function-evaluation-runtimes were 16; 16; 11; 6.5;
4.2; 4.6; and 7.2 times 10~ seconds for the CMA,,. and
21; 19; 11; 8.3; 6.1; 5.7 and 11 times 10~ * seconds for the
CMAan in 2, 3, 5, 10, 20, 40, and 80 dimensions respec-
tively.

4. RESULTS

Results from experiments according to [6] on the bench-
mark functions given in [5, 7] are presented in Figures 1,
2 and 3 and in Tables 1. The expected running time
(ERT), used in the figures and table, depends on a given
target function value, fi = 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 f;, summed over all trials and divided by the number
of trials that actually reached f; [6, 10]. Statistical signifi-
cance is tested with the rank-sum test for a given target A f;
(1078 as 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 num-
ber of overall function evaluations for any unsuccessful trial
under consideration.

The first observation is the fact that both algorithm vari-
ants behave quite similar with only a few cases where the
differences are statistically significant. The two main ex-
ceptions are the sphere function (f1) for which the variant
with smaller initial population size is about 25% faster in
all dimensions and all difficult targets and the discus func-
tion (f11) where the variant with standard population size
is about 20% faster in 5D and 10% faster in 20D (see Ta-
ble 1). Figure 1 reveals a few more statistically significant
differences for the target value 10™%: while the algorithm
with standard population size is faster for several lower di-
mensions (fz in 2D and 3D, fio in 2D, 3D, and 10D, fi3 in
2D, 3D, and 5D, fi7 in 3D and 10D, fis in 3D and 20D) as
well as on fg in 20D and 40D and for fi4 in all dimensions
but 20, the algorithm with reduced initial population size is
sometimes faster for larger dimensions (f5 in 20D and 40D,
fs and fi2 in 40D). Furthermore, one can observe that, in
20D, unsuccessful runs occur for eight of the 24 functions
and the functions f3, fi, and fig—f24 cannot be solved by
both algorithms in any of the 15 runs. When compared to
the best algorithm of the BBOB’2009 exercise, both algo-
rithms significanly improve the performance on fio (faster
by a factor of 1.4), fisa (factor of > 1.5), and fi1 and fis
(factor of > 2, all results in 40D) which is mainly due to the
active covariance matrix adaptation [8].
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S.  CONCLUSIONS

When investigating the impact of the initial population
size in the IPOP-CMA-ES with active covariance matrix
adaptation and mirrored mutation, no general recommenda-
tion towards one of the two algorithms CMA ,,a and CMA a0
can be made. While a lower population size is generally
helpful on the sphere function and less effective on the dis-
cus function, the positive effect of the lower population size
is often more pronounced for larger dimensions with the ex-
ception of the attractive sector function where the opposite
is the case. As a general conclusion, we remark that the
change of the initial population size has overall compara-
tively small effects.

6.
(1]
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Figure 1: Expected running time (ERT in number of f-evaluations) divided by dimension for target function
value 1078 as log,, values versus dimension. Different symbols correspond to different algorithms given in
the legend of fi1 and f»4. Light symbols give the maximum number of function evaluations from the longest
trial divided by dimension. Horizontal lines give linear scaling, slanted dotted lines give quadratic scaling.
Black stars indicate statistically better result compared to all other algorithms with p < 0.01 and Bonferroni

correction number of dimensions (six). Legend: 0:CMAmna, V:CMAnah.
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2: CMA| 6.5(8) 8.1(6) 8.8(5) 3.9(2) 3.8(2) 15/152: CMA]l 1.2(1)* 2.6(2) 2.5(1) 1.1(0.4) 1.1(0.3) 15/15
f13 132 250 1310 1752 2255 15/15 fi3 652 2751 18749 24455 30201 15/15
1: CMA| 3.1(2) 4.6(2) 1.2(0.3) 1.3(0.2) 1.2(0.2) 15/15 1: CMA[  2.9(3) 4.4(2) 0.94(0.4) 1.1(0.5) 1.5(1) 15/15
2: CMA| 4.0(4) 5.6(3) 1.7(0.8) 1.7(0.6) 1.6(0.5) 15/15 2: CMA| 3.6(3) 4.2(3) 1.3(0.4) 1.4(0.6) 1.8(0.9) 15/15
Tia 10 58 T30 351 276 15/15 f14 75 304 932 1648 15661 15/15
1: CMA| 1.8(3) 3.3(0.6) 3.7(0.7) 4.0(0.8) 3.0(0.4)* [15/15 1: cMA| 3.3(1) 2.8(0.4) 2.9(0.3) 3.7(0.3) 0.65(0.0)¥%  [15/15
2: CMA| 1.4(1) 2.4(0.6)* 3.4(0.9) 4.1(1) 3.5(0.4) 15/15 2. cMmA| 2.0(0.6)*2 1.9(0.3)*3 2.3(0.3)*3 3.4(0.4) 0.66(0.0)%  |15/15
f15 511 19369 20073 20769 21359 14/15 1 ¢ 30378 3.1e5 3.2e5 1.5e5 1.6e5 15/15
1: CMA) 1.0(0.5) 1.1(0.8) 1.1(0.8) 1.1(0.8) 1.1(0.8)  [15/15 1. gmal 0.62(0.2)¥2  0.65(0.3) 0.67(0.3) 0.49(0.2)+3 0.50(0.2)%2  [15/15
2: CMA| 2.0(2) 1.1(0.7) 1.1(0.7) 1.1(0.7) 1.1(0.7) 15/15 - Coial 09206 0.64(0.5 0.65(0.5 0.48(0.2) 42 0.49(0.2042  |is/1s
Ti6 120 2662 10449 11644 12095 15/15 = :92(0.6) :64(0.3) :65(0.3) :48(0.2) :49(0.2) 5/15
1: CMA| 2.3(2) 1.7(0.8) 0.88(0.6) 0.83(0.5) 0.83(0.5) [15/15  f16 1384 77015 L.9eb 2.0e5 2.2e5 15/15
2: CMA| 2.3(1) 2.4(2) 0.94(0.7) 0.90(0.6) 0.90(0.6) |15/15 1: CMA[ 2.2(3) 0.84(0.6) 0.76(0.6) 0.85(0.9) 0.79(0.9) 15/15
17 =5 595 5669 5351 =551 1575 2. CMAl 2.3(3) 0.90(0.6) 0.92(0.5) 1.3(1) 1.2(0.9) 15/15
1: CMA| 3.3(2) 1.1(1) 0.84(0.9) 0.82(0.5) 0.96(0.4) [15/15 f17 63 4005 30677 56288 80472 15/15
2: CMA| 3.1(2) 2.1(2) 1.3(0.8) 1.1(0.5) 1.0(0.4) 15/15 1: CMA]  2.2(2) 1.4(2)* 0.70(0.3) 0.79(0.3) 0.82(0.2)% 15/15
f1g 103 3968 9280 10905 12469 15/15 2: CMAl 2.0(1) 4.0(2) 0.92(0.4) 0.96(0.4) 0.94(0.3) 15/15
1: CMA| 0.89(0.7)  0.63(0.5) 0.69(0.6) 0.67(0.6) 0.71(0.5) [15/15 fi8 621 19561 67569 1.3e5 1.5e5 15/15
2: CMA| 6.2(2) 1.5(1) 1.2(0.6) 1.1(0.7) 1.1(0.6) 15/15 1: CMA[ 0.85(0.2) 0.78(0.7) 0.68(0.2) 0.77(0.4) 0.74(0.3) 15/15
1o T 545 T2e5 T 55 T.505 T5/15 2: CMA| 0.95(0.5) 1.2(0.7) 0.79(0.3) 0.88(0.4) 0.91(0.3) 15/15
1: CMA18(13) 259(255) 1.9(2) 1.9(2) 1.9(2) 15/15 f19 1 3.4e5 6.2¢6 6.7¢6 6.7¢6 15/15
2: CMA|17(12) 518(491) 2.4(2) 2.4(2) 2.3(2) 15/15 1: CMA[135(44) 3.2(4) 1.0(1.0) 1.6(2) 2.1(2) 4/15
f20 16 38111 54470 54861 55313 T2/15 2: CMA| 95(46) 2.5(4) 0.91(0.8) 1.3(1) 1.3(1) 6/15
1: CMA| 2.4(2) 1.7(2) 1.3(1) 1.3(1) 1.4(1) 15/15 f20 82 3.1e6 5.5e6 5.6e6 5.6e6 14/15
2: CMA| 2.3(2) 1.6(2) 1.2(1) 1.2(1) 1.2(1) 15/15 1: CMAl  3.9(0.7) 1.1(0.7) 5.0(6) 5.0(5) 4.9(5) 2/15
To1 a1 1674 1705 1729 1757 T4/15 2: CMA| 2.5(0.8)*2 0.87(0.4) 2.4(3) 3.2(4) 3.2(3) 3/15
1: CMA| 2.0(2) 22(18) 39(109) 39(107) 39(106) 13/15 ™ fg1 561 14103 14643 15567 17589 15/15
2: CMA| 3.6(4) 5.7(10) 5.9(11) 6.0(11) 6.1(11) 15/15 1: CMA| 3.0(5) 95(126) 92(121) 86(115) 76(101) 7/15
foo 71 938 1008 1040 1068 14/15 2: CMA| 25(22) 76(118) 73(116) 69(81) 61(72) 8/15
1: CMA| 2.0(0.8) 250(369) 465(576) 452(558) 442(542) 7/15 " fag 167 23491 24948 26847 1.3e5 12/15
2: CMA| 6.3(14)  289(403) 346(523) 336(510) 329(362) 8/15 1: CMA| 6.7(12) oo ) oo ocl.1e6 0/15
f23 3.0 14249 31654 33030 34256 15/15 2: CMA[187(29) o oo o ool.1e6 0/15
1: CMA| 2.5(2) 37(38) 22(32) 21(31) 20(29) 9/15 fag 3.2 67457 1.9¢5 8.1e5 8.de5 15/15
2: CMA| 1.9(2) 52(71) 23(32) 22(31) 22(30) 9/15 1: CMA| 2.5(3) 255(296) oo oo 002.6¢6 0/15
Toa 1622 6.4¢6 9.6¢6 T.3e7 T.3e7 3/15 2: CMA|  2.9(3) 516(567) oo oo 02.4¢6 0/15
1: CMA| 1.3(1) oo oo oo 00 1.0¢6 0/15~ fagq 1.3¢6 5.2e7 5.2e7 5.2e7 5.2e7 3/15
2: CMA| 1.6(1) oo oo oo 00 1.0¢6 0/15 1: CMA| 19(22) oo ) oo 004.0¢6 0/15
2: CMA| 42(48) oo ) ) 004.0¢6 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 with the central 80% range divided by two in brackets for different Af values.
#succ is the number of trials that reached the final target fop¢ + 1078, 1:CMA is CMA.. and 2:CMA is
CMA anh. Bold entries are statistically significantly better compared to the other algorithm, with p = 0.05 or
p = 107" where k € {2,3,4,...} is the number following the x symbol, with Bonferroni correction of 48. A |
indicates the same tested against the best BBOB-2009.

290




<<
  /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




