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Abstract The Harmony Search Algorithm (HSA) is one of the recently developed metaheuristic optimization
algorithms. Since the development of HSA, it has been applied by many researchers from various fields. The
increasing complexity of problems has created enormous challenges for the current technique, and improved
techniques of optimization algorithms are required. In this study, to improve the HSA in terms of a structural setting,
a new HSA that has structural characteristics, called the Multi-layered Harmony Search Algorithm (MLHSA) was
proposed. In this new method, the structural characteristics were added to HSA to improve the exploration and
exploitation capability. In addition, the MLHSA was applied to optimization problems, including unconstrained
benchmark functions and water distribution system pipe diameter design problems to verify the efficiency and
applicability of the proposed algorithm. The results revealed the strength of MLHSA and its competitiveness.
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Table 1. Definitions and Specifications of Benchmark
Functions
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Table 2. Optimization Results Comparisons of Benchmark
Functions

BF1 : Step function

Algorithm MLHSA SSWCHS CHS HSA
Mean 0.00E+00 0.00E+00 1.09E+00 5.60E+00
Best 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Worst 0.00E+00 0.00E+00 3.00E+00 1.20E+01
SD 0.00E+00 0.00E+00 9.81E-01 2.53E+00
No. FS 100 100 36 1
Mean Iter 2,010 30,674 148,717 91,353
Iter SD 4.89E+02 4.19E+04 4.92E+04 -
Mean FE 4,020 797,517 3,717,935 91,353
FE SD 9.78E+02 1.09E+06 1.23E+06 -
BF2 : The Rastrigin function
Algorithm MLHSA SSWCHS CHS HSA
Mean 3.87E-08 4.69E-02 2.99E+00 6.09E+00
Best 2.10E-08 2.78E-03 1.12E-02 1.01E+00
Worst 8.64E-08 1.00E+00 5.01E+00 8.98E+00
SD 1.02E-08 1.95E-01 1.31E+00 1.99E+00
No. FS 100 92 0 0
Mean Iter 15,626 113,790 - -
Iter SD 7.93E+03 4.73E+04 - -
Mean FE 31,252 2,958,544 - -
FE SD 1.59E+04 1.23E+06 - -
BF3 : The Griewank function
Algorithm MLHSA SSWCHS CHS HSA
Mean 4.46E-03 1.03E-01 1.43E-01 6.94E-01
Best 4.22E-10 1.46E-06 2.71E-02 5.47E-06
Worst 2.22E-02 4.86E-01 4.85E-01 1.25E+00
SD 5.16E-03 9.80E-02 8.06E-02 4.47E-01
No. FS 93 10 0 3
Mean Iter 52,355 73,642 - 208,726
Iter SD 2.50E+04 4.39E+04 - 2.69E+04
Mean FE 104,710 1,914,692 - 208,726
FE SD 4.99E+04 1.14E+06 - 2.69E+04
BF4 : The Ackley function
Algorithm MLHSA SSWCHS CHS HSA
Mean 6.13E-06 4.62E-02 1.31E+00 1.58E+00
Best 3.42E-06 3.51E-03 6.10E-03 5.97E-03
Worst 1.07E-05 1.50E+00 1.65E+00 3.46E+00
SD 1.40E-06 2.11E-01 2.78E-01 7.17E-01
No. FS 100 96 3 8
Mean Iter 37,860 79,263 141,376 160,133
Iter SD 6.73E+03 6.48E+04 3.54E+04 5.86E+04
Mean FE 75,721 2,060,834 3,534,408 160,133
FE SD 1.35E+04 1.68E+06 8.84E+05 5.86E+04
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Table 3. Commercial Pipe Diameters and Costs

Pipe Diameter (mm) Cost (€ /m)
113.0 7.22
126.6 9.10
144.6 11.92
162.8 14.84
180.8 18.38
226.2 28.60
285.0 45.39
361.8 76.32
452.2 124.64
581.8 215.85
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Table 4. Balerma Network Optimization Results

Pipe Diameter Optimization Results (€)

Mean Cost 2,352,123
Best Cost 2,140,915
‘Worst Cost 2,470,671

Table 5. Comparison of Optimization Results Using
Different Approaches

Min. Cost
Applied Algorithms No. FE
Pp 4 (€ M)

Genetic Algorithm(Reca et al. [42]) 3.738 45,400
Simulated Annealing(Reca et al. [42]) 3.476 45,400
Mixed Simulated Annealing & Tabu Search
(Reca et al. [42)) 3.298 45,400
Harmony Search Algorithm(Geem [29]) 2.601 45,400
Particle Swarm Harmony Search(Geem [29]) 2.633 45,400
Genetic chtage Evolution by Stochastic Transmission 2178 45,400
(Bolognesi et al. [43])
Mine Blast Algorithm(Sadollah et al. [44]) 2211 45,400
Improved Mine Blast Algorithm
(Sadollah et al. [44]) 2064 ) 45,400
MLHSA(Present Study) 2.141 45,400

olE 7IE oA ZH7ke] HAg daelFs F3
=29 Balerma Network®] &% A7 Az}le} vlwshA
Table 59} 2t}

45,4003]¢] =A% gt ANt S VIEoR TIE
o] A4 daueFER ZAE vlas] B, 2 A
Tl A 7k MLHSA®] 7% Sadollah er al. [44]
7Wet IMBA (Improved Mine Blast Algorithm)oll
of F AR e 5% A AA AnE =& A
o2 ehtth %3 Geem [37]2] HSASH PSOSF HSA
o AHE &3t s gaEE<l PSHS (Particle
Swarm Harmony Search)¢} =1 A¥}Z v|wajHw H]-&
£ % 17.7~18.7% HAAZ] A0 & YEITh o] & 3
MLHSA®] 24 52450l e} vj7jdls AA7| el u}
2k Setle] Ao F3Hor AMdTE AL A0l

% gk

o]
o]

47

HSAS| 7 o] sigAle] &5 FA717] Slel
B A77h 0] gk of= i HSAS] w7y
B A g e g ve veE g daess
o 892 T A5 Ml el 4ol stoiHt
el Eo] HSAO +24 54§ Folsto] &S =9
7] $1gk A7} il o SSWCHS, CHS, cHS 52 1

3
o] Aghe] otk Wile] glrk Ea uRElAl
el Al we 059 BAYS g Aol Basel A
&7k .

upeb B Aol 71 HMQ 1434 Multi-layer

!
A71E=5 Soinh A B4 8L A gAS FEtelr] 9
af =94 729 Sub-memoryES TSR SIA

Layer 7toll ARE w3E & J=E 33k Yoy}t



A Eesl=EA) ATE A4E, 2016

HMCR¥ BWE wHseitko] dlahgo] upe} S4she s
R sIA A Layerol] we} T-E%F PARS] A4S 3

Al Aito] Mt} ENA O R O] FAALEE FAE
t}.

MEE MLHSAS] /Mgasts B7ebr] 918 71<
TAE 1 FHAsle] g ez de AMEEE U
7HA] EbA F A s whA Ao A 7]%—% #8319
3L, SSWCHS, CHS, HSA®}e] A3} nln
A% 4 Uk T MLHSAA !

el ohits 4

0
E)

A

ol:o HJ
oL

KN
=

)

References

[1] Holland J. H. Adaptation in natural and artificial
systems: an introductory analysis with applications to
biology, control, and artificial intelligence. U Michigan

Press, 1975.

Glover F. "Heuristics for integer programming using
surrogate constraints." Decision Sciences 8.1 (1977):
156-166.

DOIL: http://dx.doi.org/10.1111/j.1540-5915.1977.tb01074.x

Kirkpatrick S. and Vecchi M. P.
simmulated annealing." science
671-680.

(2]

"Optimization by
220.4598  (1983):

[4] Dorigo M. "Optimization, learning and natural
algorithms." Ph. D. Thesis, Politecnico di Milano, Italy

(1992).

Eberhart R. C. and Kennedy J. "A new optimizer using
particle swarm theory." Proceedings of the sixth
international symposium on micro machine and human
science. Vol. 1. 1995.

DOI: http://dx.doi.org/10.1109/MHS.1995.494215

Storn R. and Kenneth V. "Minimizing the Real
Functions of the ICEC'96 Contest by Differential
Evolution." International Conference on Evolutionary

(3]

10

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

Computation. 1996.
DOI: http://dx.doi.org/10.1109/ICEC.1996.542711

Geem Z. W., Kim J. H. and Loganathan G. V. "A new
heuristic optimization algorithm: harmony search."
Simulation 76.2 (2001): 60-68.

DOI: http://dx.doi.org/10.1177/003754970107600201

Nakrani S. and Tovey C. "On honey bees and dynamic
server allocation in internet hosting centers." Adaptive
Behavior 12.3-4 (2004): 223-240.

Yang X. S. and Deb S. "Engineering optimisation by
cuckoo search." International Journal of Mathematical
Modelling and Numerical Optimisation 1.4 (2010):
330-343.

DOL: http://dx.doi.org/10.1504/[JMMNO.2010.035430

Yang X. S. "A new metaheuristic bat-inspired
algorithm." Nature inspired cooperative strategies for
optimization =~ (NICSO  2010b).  Springer  Berlin
Heidelberg, 2010. 65-74.3.

Eskandar H., Sadollah A., Bahreininejad A. and Hamdi
M. "Water cycle algorithm - A novel metaheuristic
optimization method for solving constrained engineering
optimization problems." Computers &Structures 110
(2012): 151-166.

DOI: http://dx.doi.org/10.1016/j.compstruc.2012.07.010

Sadollah A., Bahreininejad A., Eskandar H. and Hamdi
M. "Mine blast algorithm for optimization of truss
structures ~ with  discrete  variables."  Computers
&Structures 102 (2012): 49-63.

DOI: http://dx.doi.org/10.1016/j.compstruc.2012.03.013

Paik K. "Development of seasonal tank model and
comparison of optimization algorithms for parameter
calibration." Master Degree Dissertation, Department of
Civil and Environmental Engineering, Korea University,
Seoul, Korea (2001).

Baek C. W. "Development of Optimal Decision-Making
System for Rehabilitation of Water Distribution Systems
Using ReHS” Master Degree Dissertation, Department of
Civil and Environmental Engineering, Korea University,
Seoul, Korea (2002).

Geem Z. W.,Tseng C. and Park Y. "Harmony search for
generalized orienteering problem: best touring in China."
Advances in natural computation. Springer Berlin
Heidelberg, (2005): 741-750.

Geem Z. W. "Improved harmony search from ensemble
of music players." Knowledge-Based Intelligent
Information and Engineering Systems. Springer Berlin
Heidelberg, (2006): 86-93.

DOI: http:/dx.doi.org/10.1007/11892960 11

Mahdavi M., Fesanghary M., and Damangir E. "An
improved harmony search algorithm for solving
optimization problems." Applied mathematics and

computation, 188.2 (2007): 1567-1579.
DOI: http://dx.doi.org/10.1016/j.amc.2006.11.033

Omran M. G. and Mahdavi M. "Global-best harmony
search." Applied Mathematics and Computation 198.2
(2008): 643-656.

DOI: http://dx.doi.org/10.1016/j.amc.2007.09.004

Chakraborty P., Roy G. G., Das S., Jain D. and
Abraham A "An Improved Harmony Search Algorithm
with Differential Mutation Operator." Fundam. Inform.




A3} 71 284 NS $I% Multi-layered Harmony Search Algorithm®] 7HdF U 24

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

95.4 (2009): 401-426.

Hasancebi O., Erdal F. and Saka M. P. "Adaptive
harmony search method for structural optimization."
Journal of Structural Engineering 136.4 (2009): 419-431.
(2009): 79-120.

Wang C. M. and Huang Y. F. "Self-adaptive harmony
search algorithm for optimization." Expert Systems with
Applications 37.4 (2010): 2826-2837.

DOL http:/dx.doi.org/10.1016/j.eswa.2009.09.008

Al-Betar M. A., Khader A. T. and Liao 1. Y. "A
harmony search with multi-pitch adjusting rate for the
university course timetabling." Recent advances in
Harmony search algorithm. Springer Berlin Heidelberg,
(2010): 147-161.

Geem Z. W. and Sim K. B. "Parameter-setting-free
harmony search algorithm." Applied Mathematics and
Computation 217.8 (2010): 3881-3889.

DOI: http://dx.doi.org/10.1016/j.amc.2010.09.049

Fesanghary M., Mahdavi M., Minary-Jolandan M. and
Alizadeh, Y. "Hybridizing harmony search algorithm
with sequential quadratic programming for engineering
optimization problems." Computer methods in applied
mechanics and engineering 197.33 (2008): 3080-3091.
DOL: http://dx.doi.org/10.1016/j.cma.2008.02.006

Mahdavi M., Chehreghani M. H., Abolhassani H. and
Forsati R. "Novel meta-heuristic algorithms for
clustering web documents." Applied Mathematics and
Computation 201.1 (2008): 441-451.

DOI: http://dx.doi.org/10.1016/j.amc.2007.12.058

Forsati R., Mahdavi M., Kangavari M. and Safarkhani B.
"Web page clustering using harmony search
optimization." Electrical and Computer Engineering,
2008. CCECE 2008. Canadian Conference on. IEEE,
2008.

DOLI: http://dx.doi.org/10.1109/ccece.2008.4564812

Malaki M., Pourbaghery J. A. and Abolhassani H. "A
Combinatiory Approach to Fuzzy Clustering with
Harmony Search and its Applications to Space Shuttle
data." SCIS & ISIS. Vol. 2008. No. 0. Japan Society for
Fuzzy Theory and Intelligent Informatics, 2008.

Jang W. S., Kang H. 1. and Lee B. H. "Hybrid
simplex-harmony search method for optimization
problems." 2008 IEEE Congress on Evolutionary
Computation (IEEE World Congress on Computational
Intelligence). 2008.

DOI: http://dx.doi.org/10.1109/cec.2008.4631365

Geem Z. W. "Particle-swarm harmony search for water
network design." Engineering Optimization 41.4 (2009):
297-311.

DOI: http://dx.doi.org/10.1080/03052150802449227

Wang X., Gao X. Z. and Ovaska S. J. "Fusion of clonal
selection algorithm and harmony search method in
optimisation ~ of  fuzzy classification  systems."
International Journal of Bio-Inspired Computation 1.1-2
(2009): 80-88.

Zou D., Gao L., Wu J,, Li, S. and Li Y. "A novel global
harmony search algorithm for reliability problems."
Computers & Industrial Engineering 58.2 (2010):
307-316.

DOL: http://dx.doi.org/10.1016/].cie.2009.11.003

11

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Im S. S, Yoo D. G. and Kim J. H.
"Smallest-small-world cellular harmony search for
optimization of unconstrained benchmark problems."
Journal of Applied Mathematics 2013 (2013).

DOI: http://dx.doi.org/10.1155/2013/635608

Al-Betar M. A., Khader A. T. Awadallah M. A,
Alawan M. H. and Zagaibeh B. "Cellular harmony
search for optimization problems." Journal of Applied
Mathematics 2013 (2013).

DOI: http://dx.doi.org/10.1155/2013/139464

Simpson A., Dandy G. and Murphy L. "Genetic
algorithms compared to other techniques for pipe
optimisation." Journal of Water Resources Planning and
Management 120.4 (1994): 423-443.

DOI: http://dx.doi.org/10.1061/(ASCE)0733-9496(1994)120:4(423)

Dandy G., Simpson, A. and Murphy L. "An improved
genetic algorithm for pipe network optimisation." Water
Resources Research 32.2 (1996): 449-458.
DOI: http://dx.doi.org/10.1029/95WR02917

Maier H., Simpson A., Zecchin A., Foong W., Phang K.,
Seah H. and Tan, C. "Ant colony optimization for design
of water distribution systems," Journal of Water
Resources Planning and Management 129.3 (2003):
200-209.

DOI: hitp:/dx.doi.org/10.1061/(ASCE)0733-9496(2003)129:3(200)

Suribabu C. R. and Neelakantan T. R. "Design of water
distribution networks using particle swarm optimization."
Urban Water Journal 3.2 (2006): 111-120.

DOI: http://dx.doi.org/10.1080/15730620600855928

Montalvo 1., Izquierdo J., Perez R. and Tung, M. M.
"Particle swarm optimization applied to the design of
water supply systems." Computers and Mathematics with
Applications 56 (2008): 769-776.

DOI: http://dx.doi.org/10.1016/j.camwa.2008.02.006

Geem, Z. W. "Optimal cost design of water distribution
networks using harmony  search."  Engineering
Optimization 38 (2006): 3,259-277.

Vasan A. and Simonovic S. P. "Optimization of water
distribution network design using differential evolution."
Journal of Water Resources Planning and Management
136.2 (2010): 279-287.

DOI: http://dx.doi.org/10.1061/(ASCE)0733-9496(2010)136:2(279)

Reca J. and Martinez J. "Genetic algorithms for the
design of looped irrigation water distribution networks."
Water Resources Research 42.5 (2006).

Reca J., Martinez J., Gil C., and Banos R. "Application
of several meta-heuristic techniques to the optimization
of real looped water distribution networks." Water
Resources Management 22.10 (2007): 1367-1379.
DOI: http://dx.doi.org/10.1007/s11269-007-9230-8

Bolognesi A., Bragalli C., Marchi A. and Artina, S.
"Genetic heritage evolution by stochastic transmission in
the optimal design of water distribution networks."
Advances in Engineering Software 41 (2010): 792.801.

Sadollah A., Yoo D. G. and Kim J. H. "Improved mine
blast algorithm for optimal cost design of water
distribution  systems."  Engineering  Optimization
ahead-of-print (2014) 1-17.




el eotsle g A17d A4%, 2016

0] = 9l(Lee Ho Min) (M3

0201213 29 : mehela AL3]3k
A 2~ElFsta) (FEA)

20129 3€¥ ~ &A : EH
A=A 3] 37 3-8t} _r_;(} Eu

T e

rtlo

£ & BKChoi Young Hwan) EEE)

st 1

=

e
o

*20103 24 : 3t
])\Eﬂ"sh,]. (3'61» ].)

02014 39 ~ &A : 1Y
AEAB A FE Y FALT
3 AU

o o
= El

2007 29 : st AR
A= Eeat (FEAh
02009 2€ : aHE 513

7} AT (FEAIAD
02013LL 2% Eﬂfﬂﬂ 74%A}§4

FALA 2N, A3 dne)F

0| 2| Z=(Lee Eui Hoon)

02003 2¢ : 1YL E5ET
&3t (F8hAh

02005\ 29 : st AL
Azggetid FAdest (7
)

2013 94 ~ A4 : 1
AFAB T ALY

& Ak

2
5}

oF

12 on

ol &

1o 1o
ol

12

S =(Kim Joong Hoon) [H3|§]
019841 2¢ : Ut EEF T
3 (&b
* 19861 12€ Virginia
Polytechnic  Institute &  State

Univ. (& RIS )\]_)

©1992\d 2¢¥ : Univ. of Texas at
Austin(3- MM}

01993 3¢Y ~ dA . U
AEAS) T a

4
2L
e,
ol
£
B
)
foby
e
el
ich
N




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


