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Abstract— In this paper we investigate a Self-Adaptive Dif-
ferential Evolution algorithm (jDE) where F and CR control
parameters are self-adapted and a multi-population method with
aging mechanism is used. The performance of the jDE algorithm
is evaluated on the set of benchmark functions provided for
the CEC 2009 special session on evolutionary computation in
dynamic and uncertain environments.

I. INTRODUCTION

EVOLUTIONARY algorithms (EAs) have been widely ap-

plied to solve stationary optimization problems. However,

many real-world applications are actually dynamic [1].

Differential Evolution (DE) [2], [3] algorithm belongs to

EAs and it was proposed by Storn and Price [4], and since

then it has been used in many practical cases. The DE has

been shown to be a simple yet powerful evolutionary algorithm

for optimizing continuous functions, e.g. static optimization

environment.

The main objective of this paper is a performance evaluation

of our self-adaptive differential evolution algorithm, named

jDE [5], [6], which uses a self-adapting mechanism on the

control parameters F and CR and multi-populations. The

performance of the algorithm is evaluated on the set of

benchmark functions provided for the CEC 2009 Dynamic

Optimization [1].

The article is structured as follows. Section II gives an

overview of work dealing with the jDE algorithm. Section III

shortly presents dynamic optimization problems. In Section IV

the self-adaptive differential evolution jDE algorithm with

multi-populations is briefly described. In Section V experi-

mental results of our jDE algorithm on benchmark functions

are presented and performance analysis of the algorithm is

given. Section VI concludes the paper.

II. RELATED WORK

Historically, applying DE to static optimization problems

have attracted much interest, including both theoretical and

practical studies [2].

In static optimization process adaptive and self-adaptive DE

approaches have become popular recently [7], [5], [8], [9],

[10], [11]

Recently, there has been increased interest in evolutionary

computation applied to changing optimization problems [12].
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The papers [13], [14], [15] survey a number of approaches

dealing with dynamic optimization problems (DOPs).

There are many papers about DE and papers about using

the DE to solve DOP have also been introduced, recently. The

DE is used in dynamic environments in [16], [17], [18].

III. DYNAMIC OPTIMIZATION PROBLEMS

The report proposed by C. Li et al. [1] uses the generalized

dynamic benchmark generator (GDBG) proposed in [19],

which constructs dynamic environments for all the three solu-

tion spaces. Especially, in the real space, the authors introduce

a rotation method instead of shifting the positions of peaks as

in the “moving peaks” benchmark (MPB) and DF1 generators.

The rotation method can overcome the problem of unequal

challenge per change for algorithms of the MPB generator,

which happens when the peak positions bounce back from the

boundary of the landscape.

The report [1] gives two benchmark instances from the

GDBG system in the real space. The source code for the two

benchmark instances and a test example using the PSO algo-

rithm are available at http://www.cs.le.ac.uk/people/

syang/ECiDUE/DBG.tar.gz and http://www.ntu.edu.

sg/home/epnsugan/DBG.tar.gz, respectively.

As CEC 2009 Dynamic Optimization benchmark problems

the following (basic) test functions on real space are used:

• F1: Rotation peak function,

• F2: Composition of Sphere’s function,

• F3: Composition of Rastrigin’s function,

• F4: Composition of Griewank’s function,

• F5: Composition of Ackley’s function, and

• F6: Hybrid Composition function.

There are six change types of the system control parameters

in the GDBG system. Change type of small step change,

large step change, random change, chaotic change, recurrent

change, and recurrent change with noise is denoted as T1–T6,

respectively. Random change type with changed dimension is

denoted as T7.

IV. OUR ALGORITHM

In [5] (jDE algorithm) the self-adapting control parame-

ter mechanism of ”rand/1/bin” strategy was used. The self-

adaptive control mechanism was used to change the control

parameters F and CR during the run. The third control

parameter, population size (NP ), was not changed during the

evolutionary process in [5].
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TABLE I

ERROR VALUES ACHIEVED FOR PROBLEMS F1

Dimension(n) Peaks(m) Errors T1 T2 T3 T4 T5 T6

10 10 Avg best 0 0 0 0 0 0

Avg worst 0.910466 32.1705 31.7827 0.919964 18.392 32.7662

Avg mean 0.028813 3.5874 2.99962 0.015333 2.17757 1.1457

STD 0.442537 7.83849 7.12954 0.288388 4.38812 5.72962

50 Avg best 0 0 0 0 0 0

Avg worst 3.92056 30.1958 27.6823 1.21212 9.08941 33.1204

Avg mean 0.172355 4.08618 4.29209 0.0877388 0.948359 1.76542

STD 0.763932 6.4546 6.74538 0.24613 1.76552 5.82652

T7(5-15) 10 Avg best — — 0 — — —

Avg worst — — 34.8377 — — —

Avg mean — — 3.5017 — — —

STD — — 7.89858 — — —

50 Avg best — — 0 — — —

Avg worst — — 29.768 — — —

Avg mean — — 4.36913 — — —

STD — — 6.9321 — — —

TABLE II

ERROR VALUES ACHIEVED FOR PROBLEMS F2

Dimension(n) Errors T1 T2 T3 T4 T5 T6

10 Avg best 0 0 0 0 0 0

Avg worst 15.4426 435.019 468.43 10.6608 459.147 49.5327

Avg mean 0.963039 43.0004 50.1906 0.793141 67.0523 3.36653

STD 3.08329 114.944 124.015 2.53425 130.146 12.9738

T7(5-15) Avg best — — 0 — — —

Avg worst — — 226.332 — — —

Avg mean — — 13.2524 — — —

STD — — 45.7797 — — —

The self-adaptive control parameters F
(G+1)
i and CR

(G+1)
i

are calculated as follows [5]:

F
(G+1)
i =

{
Fl + rand1 · Fu if rand2 < τ1,

F
(G)
i otherwise,

CR
(G+1)
i =

{
rand3 if rand4 < τ2,

CR
(G)
i otherwise.

They produce control parameters F and CR in a new parent

vector. The quantities randj , j ∈ {1, 2, 3, 4} represent uni-

form random values within the range [0, 1]. τ1 and τ2 are

probabilities to adjust control parameters F and CR, respec-

tively. τ1, τ2, Fl, Fu were taken fixed values 0.1, 0.1, 0.1, 0.9,

respectively. The new F takes value from [0.1, 1.0] and the

new CR from [0, 1] in a random manner. The control para-

meter values F
(G+1)
i and CR

(G+1)
i are obtained before the

mutation operation is performed. This means they influence

the mutation, crossover and selection operations of the new

vector �xG+1
i .

Some ideas, how to improve the jDE algorithm, are reported

in [20], [21], [10], but here we used the original jDE algorithm

and the mechanism as described hereinafter.

For static optimization convergence is desired. If the prob-

lem is dynamic fast convergence could be dangerous. The idea

of this paper is to extended our jDE algorithm by using more
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TABLE III

ERROR VALUES ACHIEVED FOR PROBLEMS F3

Dimension(n) Errors T1 T2 T3 T4 T5 T6

10 Avg best 0 9.70434e-08 3.13019e-10 0 5.35102e-10 8.17124e-14

Avg worst 238.417 938.858 944.695 922.236 874.852 1226.38

Avg mean 11.3927 558.497 572.105 65.7409 475.768 243.27

STD 58.1106 384.621 386.09 208.925 379.89 384.98

T7(5-15) Avg best — — 0 — — —

Avg worst — — 853.061 — — —

Avg mean — — 153.673 — — —

STD — — 286.379 — — —

TABLE IV

ERROR VALUES ACHIEVED FOR PROBLEMS F4

Dimension(n) Errors T1 T2 T3 T4 T5 T6

10 Avg best 0 0 0 0 0 0

Avg worst 19.623 475.7 544.92 16.6057 510.193 28.4483

Avg mean 1.48568 49.5044 51.9448 1.50584 69.4395 2.35478

STD 4.47652 135.248 141.78 4.10062 144.041 5.78252

T7(5-15) Avg best — — 0 — — —

Avg worst — — 163.727 — — —

Avg mean — — 11.7425 — — —

STD — — 39.4469 — — —

TABLE V

ERROR VALUES ACHIEVED FOR PROBLEMS F5

Dimension(n) Errors T1 T2 T3 T4 T5 T6

10 Avg best 4.10338e-14 4.16556e-14 4.15668e-14 4.08562e-14 4.24549e-14 4.08562e-14

Avg worst 4.89413 9.6899 10.1371 4.75098 9.28981 4.78684

Avg mean 0.159877 0.333918 0.357925 0.108105 0.409275 0.229676

STD 1.02554 1.64364 1.83299 0.826746 1.90991 0.935494

T7(5-15) Avg best — — 4.12115e-14 — — —

Avg worst — — 11.8188 — — —

Avg mean — — 0.434294 — — —

STD — — 2.22792 — — —
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TABLE VI

ERROR VALUES ACHIEVED FOR PROBLEMS F6

Dimension(n) Errors T1 T2 T3 T4 T5 T6

10 Avg best 0 0 0 0 0 0

Avg worst 32.7204 51.8665 84.519 38.7914 191.895 45.0354

Avg mean 6.22948 10.3083 10.954 6.78734 14.9455 7.8028

STD 10.4373 13.2307 23.2974 10.1702 45.208 10.9555

T7(5-15) Avg best — — 0 — — —

Avg worst — — 58.9448 — — —

Avg mean — — 10.736 — — —

STD — — 14.7267 — — —

TABLE VII

ALGORITHM OVERALL PERFORMANCE

F1(10) F1(50) F2 F3 F4 F5 F6

T1 0.014768 0.0146876 0.0211049 0.0157107 0.0206615 0.021766 0.0170472

T2 0.0136901 0.0135926 0.0135271 0.00298238 0.013148 0.0208661 0.0139488

T3 0.0138256 0.0135304 0.0130808 0.00281439 0.013545 0.0209286 0.0141912

T4 0.0147164 0.0146941 0.0210035 0.0127621 0.0199268 0.0221962 0.0153046

T5 0.0139415 0.0143644 0.0123976 0.0044056 0.012376 0.0213094 0.0155184

T6 0.0141265 0.013874 0.017776 0.00734523 0.0179501 0.0207361 0.0139512

T7 0.00911221 0.00898569 0.0101876 0.00549392 0.0101813 0.0137894 0.00942562

Mark 0.0941803 0.0937288 0.109078 0.0515143 0.107789 0.141592 0.099387

Performance (sumed the mark obtained for each case and multiplied by 100): 69.7269

populations. To maintain the diversity of general population,

it was divided into few smaller population.

We used a multi-population jDE algorithm without any in-

formation sharing between the populations (except overlapping

search between two best individuals of two subpopulations).

The last is implemented in our algorithm in a way that random

indexes r1, r2, and r3 indicate vectors (individuals) that belong

to same subpopulation as the trial vector �xi.

In this paper, the size of sub-population is small and

therefore we changed the value of Fl to 0.36. We follow

suggestion of Zaharie [22] about critical values for the control

parameters of DE. The values of the parameters which satisfy

2F − 2/NP + CR/NP = 0 can be considered to be critical.

In our case lower bound values are CR = 0 and NP = 10,

therefore critical value for F is 0.308 (0.424 when NP = 5).

As already mentioned we set Fl = 0.36 in this paper.

We have employed aging at individual level. An individual

which stagnates in local minimum should be reinitialized in

some way. We used the aging strategy for an individual, say

i, as presented in Algorithm 1.

Algorithm 1 Aging of the i-th individual

1. if i is global-best then do not use aging

2. else if i is local-best (best in sub-population) and age > 30

and mRand() < 0.1 then

3. reinitialize sub-population that contains i

4. else if age > 25 and mRand() < 0.1 then reinitialize i

Usually, overlapping search between two subpopulations

can be checked by comparing the distance of the best indi-

viduals of the subpopulations (Algorithm 2).

Algorithm 2 Overlapping search

1. if i-th individual is local best of first sub-population and distance

to the best individual of second sub-populations is lower than 0.05

then

2. reinitialize sub-population that contains i-th individual.

We never reinitialize subpopulation that contains the global

best individual.

In subpopulation we use distance measure to reinitialize an

individual if it is placed near the local best (Algorithm 3).
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Algorithm 3 Individual is close to local best

1. if i-th individual is not local-best and it is close (0.0001) to the

local best then

2. reinitialize i-th individual

Let us denote with x currently generated new individual,

and with y its parent (both x and y are being compared

in DE selection operational and better one survives). The

age of individual is incremented by 1 in each generation.

Here we additionally introduce a rule how to control age of

an individual, based on distance between x and y and their

fitnesses, as shown in Algorithm 4.

Algorithm 4 Improvement and aging

1. if x.Distance(y) < 0.01 or

|x.fitness-y.fitness| < 0.1 then

2. age = min{age, 20}

3. else

4. age = min{age, 5}

We have implemented reinitialization of individual i to get

new individual y as presented in Algorithm 5.

Algorithm 5 Reinitialization

subSize: size of subpopulation

ARC: archive of individuals

arcNum: size of archive

1. if (mRand() < 0.5 and i < subSize and arcNum > 0

and i < arcNum)

then

2. t is random number from set {0, arcNum}

3. y = ARC[t]

4. w = 0.1
1+(i mod subSize)

5. if (i mod 2) == 1 then

6. y = y + w · N(0, 1)

7. else

8. y = y + w · U(−0.5, 0.5)

9. end if

10. else

11. generate y in a random manner

12. end if

Archive is empty at the beginning of the evolutionary

process, later the archive is increased by 1 after each change is

detected – currently best individual is added to the archive. If

condition in line 1 (Algorithm 5) is satisfied, an individual

is selected from archive only for the first subpopulation,

otherwise it is generated randomly.

When the whole subpopulation is reinitialized it is done

in same manner as individual reinitialization – we reinitialize

subSize individuals.

V. EXPERIMENTAL RESULTS

The jDE algorithm was tested on CEC 2009 special session

benchmark functions [1]. 20 runs of algorithm were needed

for each function.

For each change type of each function, we present the

following values for xbest(t) over 20 runs: average best,

average mean, average worst values and standard deviations.

Tables I–VI show the values over 20 runs.

Parameter settings used in the experiments were:

• F was self-adaptive, initially set to 0.5,

• CR was self-adaptive, initially set to 0.9,

• NP was 50,

• number of sub-populations was 5.

The size of each sub-population was 10.

The obtained results as required for CEC 2009 Dynamic

Optimization competition are presented in Tables I–VII and

Figures 1–6. Overall performance of our algorithm is presented

in Table VII. Our algorithm performed excellent on small

step (T1) and chaotic (T4) change types for functions F1,

F2, F3, and F4. It obtained good results over all change

type for function F5 (Ackley’s function). It performed very

well for function F6 (Hybrid composition function) over all

change types if we compared average best values. Function F3

(Composition of Rastrigin’s function) is the most difficult one

among all test problems. This is also clearly reflected from

mark scores in Table VII.

Convergence graphs for all functions are depicted in Fig-

ures 1–6. Note, that relative values depicted on the figures are

presented as r(t)+(i−1), where 0 ≤ r(t) ≤ 1, i = 1, 2, · · · , 7.

Experimental environment:

• System: GNU/Linux x86 64

• CPU: 2.4 GHz (2x Dual Core AMD Opteron)

• RAM: 8 GB

• Language: C/C++

• Algorithm: jDE – Differential Evolution, multi-

population

• Runs/problem: 20.

VI. CONCLUSIONS

In this paper the performance of the jDE algorithm was

evaluated on the set of benchmark functions provided by CEC

2009 special session on dynamic optimization problems.

A self-adaptive control mechanism was used by the algo-

rithm to change the control parameters (F and CR) during

the optimization process. Additionally, the algorithm has used

multi-populations and aging mechanism to solve DOPs.

One of future plans is to apply additional cooperation

between sub-population in our algorithm.

Our goal in this work was to make experiments and to

present obtained results as required by technical report for

CEC 2009 [1]. The overall performance (see Table VII)

obtained by the jDE is approximately 69.7.
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Fig. 1. Convergence graphs for problems F1

Fig. 2. Convergence graphs for problems F2
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“High-dimensional Real-parameter Optimization Using Self-adaptive
Differential Evolution Algorithm with Population Size Reduction,” in
2008 IEEE World Congress on Computational Intelligence. IEEE Press,
2008, pp. 2032–2039.

[22] D. Zaharie, “Critical Values for the Control Parameters of Differential
Evolution Algorithms,” in Proc. of Mendel 2002, 8th International

Conference on Soft Computing, 2002, pp. 62–67.

422 2009 IEEE Congress on Evolutionary Computation (CEC 2009)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /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
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 [
    /None
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


