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2 o HEFYAEH FAEE FoiXl AR B 9 AR AokS vhe ARoA ottt BA%SE H 24
Sfdst7] A LA £ AtolAe 719 HASE daE]EQl Vision Correction Algorithm(VCA)Y] &
783t Hybrid Vision Correction Algorithm(HVCA)S 7HEst3ic. HVCAE 7|1&£9] &1EE9] 452 /A5t
Aol &= 7HA S F85Ht A A o R AREAE o) ol WAReE AVHE-SE iAHSE st
At = HA YHOE Exponential Bandwidth Harmony Search With Centralized Global Search(EBHS-CGS)
9] CGS +ZXE HVCA F7Fstdtt. CGS ++29] 712 Qs HVCA Wi+ CGSeF VCAS] & 71| 22 4= o
Utk F 7HA] AR E A& O E ARG 5l HHEAIARE AstAA HAgho] o= R AHSES FVHI=
e A&shtt. Ate HVCAY 52 2Usk] 98] &3t &A1l 285k, 2L 235 Harmony Search(HS),
Improved Harmony Search(IHS) ¥ VCA®} H|wsto] Uetf et 4847 82419 FEHEAolA HVCAE HS,
[HS 9 VCAETH &gk 9 100919 RtEAY F A0S g 3157 gokon, HAZe] s8dts vHEA4EsE
2ot} o] B3 HVCAZL 5ol A=At AS 1T 4= ot AtE HVCAE A3t F3haA| 9 Fe&4
ojQof = 2 Foko] sl £2 ATE yehd ACog ZdidEdh
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Abstract Metaheuristic search methods have been developed to solve problems with a range of purpose
functions in situations lacking information and time constraints. In this study, the Hybrid Vision
Correction Algorithm (HVCA), which enhances the performance of the Vision Correction Algorithm
(VCA), was developed. The HVCA has applied two methods to improve the performance of VCA. The first
method changes the parameters required by the user for self-adaptive parameters. The second method,
the CGS structure of the Exponential Bandwidth Harmony Search With a Centralized Global Search
(EBHS-CGS), was added to the HVCA. The HVCA consists of two structures: CGS and VCA. To use the
two structures, a method was applied to increase the probability of selecting the structure with the
optimal value as it was performed. The optimization problem was applied to determine the performance
of the HVCA, and the results were compared with Harmony Search (HS), Improved Harmony Search (IHS),
and VCA. The HVCA improved the number of times to find the optimal value during 100 repetitions
compared to HS, IHS, and VCA. Moreover, the HVCA reduced the Number of Function Evaluations (NFEs).
Therefore, the performance of the HVCA has been improved.

Keywords : Optimization, Self-adaptive, Improved Harmony Search, Centralized Global Search, Vision
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1. M2

A= Foixl 24 HolA F239] Mgt ¢
HgkS Fol= Igolrt. HAdeE dAmRE 2 A
Ag A%t B9 £4] 5 AHATL oA H8E 5
AUrt. @2 Hopo]l ARG 7hesithe A3 Ao
Qlsf | &3tof| gt A7t K= At wekreAE &
AR FolZ] AHO| BRI} A7he] A9k v A%
oA HHSEAE sidsty] sl A=A JEE '
AL AXIR571HE d1E]E(Swarm intelligence based
algorithms), AJAIQ14] L &]&E(Bio-inspired(Not
SI-based) =Yg dads
(Physics and Chemistry based algorithms) ¥ 7]}
218 Z(Other algorithms) 502 253k 4= Q1.

R ¢18E 5 TAASVIE 4y &2 Ao
Al E & Sle JuEolA 9s w2 darejgoloh A4
]2 A3SHAnt Colony Optimization) ¥ YRAEH
2 & sKParticle Swarm Optimization)°] & A]57]
gt daejEe] qEAQ oolh2,3].

A1 &S SRS SR T

W2 oujojtt. 1A 5715 S AA JHE
Al Y Lot ABARIA] daE)E AdolA I
Hko. obyrg|=o|t}t, SARLT2E(Genetic Algorithm)
HAQI do|ThH4].
ZB7|dr Fu &S S8, ol 9 ok A|AH
=94 9 315ty H2Z mreto] ZPEEQlt) 3
A (Harmony Search, HS) @ Visual Correction
Algorithm(VCA) 5ol E213F7|5t g e|&9] 4
Q1 dflojth5,8].

XA AT G EE F EYSETIEE 4] &
SEHAH(HS)Z gt A3} 77g o2 <lsf Wol AR
E3le Search(IHS),
Exponential Bandwidth Harmony Search With
Centralized Global Search(EBHS-CGS) 52 7I&¥
L EEo] ARLEATH6,71.

HSE 7Nt ¢aelEE 5 [HS= 7I& HSY Pitch
Adjusting Rate(PAR)E €7 #to] obd ¥HEAAISIS
7} $7V85 PARC| S716te W o]&sto] x|dE
9] g5 NS EFE REEAJARSIST S7ete]
w2} band width(bw)E #As7 F¥ste 2|43
3 FeiE AH-Eotat. 3A AFe S H-85to
[HSE BHEALEIS7E S71bE Aldgh A gtdo]
75 iFTHoI.
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EBHS-CGS9] A% dag}&e] A5 M sl o
= 22 S olgsiyith A WA e
Centralized Global Search(CGS) #+-2& 715t}
CGSE AGHHZ AFPT A4 S S4¢) 3F
e 2= Aot CGSe @AM A AAus
o} & gAY v 2 o]85to] A2 A
AE AR AEA 27898 BARIQIE 85t M9
S Ak ot & WA WHOE X4 bwE
F7Fetqint CGSell 284 Al bwe 29 A5 FEH=
HHEAJALS] Skl = wfe 2R g 7RIt o &
off FHEAJARY] SRk gt | AEAE ThsoHA
SIeH71.
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FEH o= 3ot WS ARSIt VCAE
Al Modulation Transfer Function(MTF),
Compression Factor(CF) ¥ Astigmatic Correction(AF)
ol &3 nA2FS gtk MTFS} CFE B3t nIARA

o

= o

2  Z}Z} Modulation Transfer Rate(MR) 9
Astigmatic Rate(AR)Z Bofl 489t VCA= £2 2

g BAFoU AR JEsfoF ke B w7
SER Q) A% Al ojgfgo] AUtk ©xo] SAHtHsl.

2 AFoME VCAS H5 9 EAEES JiAgh
Hybrid Vision Correction Algorithm(HVCA)S A<t
k. 71E duEEe] EARE A 918 HVCA
£ AR dEsfoF sk Wi ESE AHE-SE i
HER RATo 2= ALSAS SHIAIFTE VCAS HA]
FATES FIoh=s AR 2 MRS A7HE-8F w7
2 JAs7] Y8l 1HSS] PARMNES 283 HR(Hybrid
Rate)2 ¥7351{t}h. HRS PARS] &4:3k91 MinPARO]
A PAR2] 7}l MaxPAR7ZIA] HFEA|ALSIS7) 7}
St 37 PARC] S7Fol= B AT HRE &
F 0FE Uzt 1701 AAAEISE ol &s FES
Z7IX7]= "ol HVCAE HRE E3f HHEAJARS]
7t SVEE A G A] vH2AE ol W
S A8t F71M 08 HVCAY Ay 458 7
3}517] Y8 EBHS-CGSS] CGS 322 71t} CGS
F39 2717 918lo] HVCAE A & 74 +X& Wb
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- A =

& 4 Itk HVCA Woll QI T 71 22 3
Mol| gegAoz ALy 93 them Zo HpHe
B33t HVCA= HlsAltto] R9¥sl= 59k VCAS)
TFx2t CGS 72 F ALY 2AgE Zole +
Z9] AE¥gES #ol= S A8siith HVCA=
WAL 9 WHEAARS: A5l B9t HAghs 3t
ofdl Sl o]gsto] HAgS 22 o Utk A Alb
= dyo] Hgd =9 AsS FUsh] 5|
HVCAZ HS, IHS ¥ VCA®} v|wateich
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2|2 g
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2.1 Improved Harmony Search(IHS)

[HS= HSY M3 gaE]golnh HS9l 45 7hAl
5171 9lsfl IHS= + 7HA S 28519t A WA %
o g PARS ¥W75IIch HSY PARS ¥4 7HS A&
Stgitt. HS= A19EA A3 A] PARE o]&3f g4
of thgt mAl2AS AAISHA Hoh [HS= 943 PAR
= A-85HA] il PARS] 2$:31R] MinPARF-E| PARS]
F| A MaxPARZHA] @AAl4te] sl F7Fok= W
2 A8t 715H= PARS 0|83) [HSE HHE A4
FREEOA Rk SES SVHIA F WA W
Ho 7L bw?] 7jAloltt. [HSE Maxbwi-E Minbw7t
A @RAAL] el FHadche WS 2-8-oko] RHEAAL
9] FukRof= vl 22 ke 7HAA gtk HSe F 7t
A WHS A8l THEAKRY] FHkRoA A dgy &
RS AAshs SES =Y A F2 bws
o83}, o5 Bl WHEAALS] SOl gUst A
detdo] 7H55HA gttt THSS E4 F dAjAlAL] of
3l Z71ok= PARIES HVCAS] Ui w7l 2§
5t9it}. o] B 3 HVCACIA] BHEAJ4Ae] SubR
oMz Ut Aol 7hsoHA Frt.

¢

2.2 Exponential Bandwidth Harmony Search
With Centralized Global Search(EBHS-CGS)
EBHS-CGS=  HSY /By gadsolth
EBHS-CGS= F 71 W& o83 452 7HAstal
ot A WA Yo R CGS FRE 718t CGSe
HAHAE F4cte] Gl HAIEES ARt
CGSE= @A) 24 A Aeel 24 A9 vt
gt o]-85te] M= HAHAE Aot S A
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3 HA oz A=y bwg F8s9tt A
wie =9 A5 FHE HEEH, FREALR] g
= ¢ 2R S 7HXA] "t o] B9 HHEAJAL
SukRoe Fdgt A gerdo] 7hsstA =gl
EBHS-CGS+= HSoll A9ehA 31 CGSE #7133
glo|c}. HSS] AHehle CGS7H HiAlgtchd A4 =4
Helol gt AEAS AgstA] %oty woltt
CGS F&& F71el] YA Centralized Global
Search Rate(CGSR)E 2835199t CGSRE E3fl CGS
£ 0|83t &3} HSE o83t & 5 3 71A] g
AgstA "ot HSE o83t ¥4 A3 A HMCR¥Z:
PARS Bofl HNE Mgt EBHS-CGSE CGST
ZE o3 AGHAS 3ottt WHEAALe] 27]0
L A9 gMo] g ETt Ao gfo] T
7] g&o CGST-ZRE wrgsto] HVCAS Hgg4o
gt A5 S7HIF
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2.3 Vision Correction Algorithm(VCA)
VCAE AZEuAYHAS 25 gajo] 285t
gAHolth, VCAE ¥ 6719 wi7iiE AgstA
o} 7|& HSS}F 2 duEE2 1Al SGE/NE
FES 5ol Aged 9 (geas Agsith. VCAE
Azt AGgo] {5220 BME 7] el
Division Rate(DR)E Z-83}3tt. DR AA|AJAtof A
| AgHe Fohdl gl HHgtES Folt WS
H85t7] 9J5t vi7fRis=o|t}. VCAE DR ¥ DR.E At
831t} DRi2 VCAZL A9} A & dRA|
Are] gRARIHS oA Bl ui7iHsrolch DRE HY
A A9 Al HAHS = IS Ashe wirfEseo]
o} DR:Z Ql&l A He Aed U (+) 33

EecE

=]

g

3 () W % @ 7HKolth. DR 9 DR E 283}l
VCAE | Qajo] BlA AGE Zoffjr] ol ZAS

sidstirt. VCAE AT dqeds Ay &
u2gS AAJRich Bl 242 MTF, CF ¥ AFE &
3 AtElo] AEEch MTFE 483 v MRS
53l A8Hch nP AR AFS 8% wAIRAYE AR
< &9 H8Hr

2.4 Hybrid Vision Correction Algorithm (HVCA)
2 AFoAle 7|12 VCAS 45 2 EAIRE 7i4st

7] 918l HVCAE AIStetaitt. HVCAE VCAS] w7l

& 5 A28 AASHE AR 9 MRS HRE W73}

a0 =
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k. 7129 AR @ MRE AH8AH A3 Aeishol she
s jRisel v HRE WHEAlle] AgE Fot A
AABISE A AL e e 28T
b2 wApsolet., wiEAAL] 2ol Aojgt
Apc A o] o Iu, WAL 5712 2
5% A9 FR4o] kol Wb HRE ol &
3 wREAlsbo] AWDLE A HEd e
ol Zlojch, wREALY] Suio] mlEY SES
of WHEA} SN E Aust Aeigae AN
8% HR) b 4] ()3 Lk, BAks A4 A4
Zeold], Bt HA| WALl o2 B8 W

Aite] AW BSE HRO gro] B7Hsiet,

Current iteration
HR=

o))

Total iteration

HR-2 HVCA9IA A geiS Ast 5 ujA=y A
A ofio] gt HES YEhfi= 7S]tk HVCA
£ g WARSES Be uAIRFoR A FEA9] A
58 TP 9 stk 7129 AR € MR2 0
1 Atel9] A& J=igitt. 12y HVCAS) HRLS &
1 0FE HYRl 1781 @Al w37t
A Hrt,

Table 1. Pseudocode of HVCA

Generate initial lens
Sort lens by objective function

If (rand > CGSR)
If (rand < DRy)
If (rand < DRy)
Generate new lens in Myopia search
else
Generate new lens in Hyperopia search

else
Adjust lens using Compression factor
If (rand ¢ HR)
Adjust lens using MTF
end if
If (rand ¢ HR)
Adjust lens using Astigmatism
end if
end if
else
Generate new lens using CGS
end if

Compare lens and replace better lens
Continue algorithm until satisfying stop condition

HVCAE "iZi¥is=e] 744 9 CGS +29] 371 &
4310] 7|2 VCAY] %5 9 EARE /fAstoltt v
AKX 271 HHNE S o AGRN9] JFEG
AL O] o] o At AGEME 7F3IA]7]7] sl
5EH0F HIgFME HPsle CCSTRE F715HA

64

o} oiZfEse] S B AR 9 NS gt
3H93, CGS #29] 715 5o AIgEE 46y
t}. HVCAS] 9AlZEX Table 13 Zth

Generating initial lens

I
Changing
CGSR

Changing
Division
ratel
and
Division

Improving usability
by .

factor

\__rate2 }!‘P
Changing | |~ Checking | Division [Ne §  y " ==msmm==s "
new lens

with
worst lens
. . s
Increasing (-direction) J T gmmeeeen -
HR }:_
ate | | T iaeeand -
Adjusting lens
by asti :
]
Good Changing No Good

=== |HS Concept
=== (GS Concept
=== /CA Concept

- a(isting/leﬂi?,/
results
Fig. 1. Flow Chart of HVCA

Fig. 12 HVCAY AA 5E%o|t}. Fig. 1& 29
CGS F29] 712 3] HVCAE A F 7] X2
TEtE AL & 4 Atk F 7] &2 E AR
Al CGSRE F7Fst¥tt. EBHS-CGSS] CGSR2 0+
g 1 Ato]9] AL2 JHct. vhdo] HVCAd 285
CGSR2 VCAQ] DR; ¥ DR,&} Zo] f52o= g
Het. CGS #29 VCA F& & AKX Aol
U2 729 AHIES #ole WS &5t
CGSR2 S/ 0FE 14019 g 7HAA |
o} VCA FZRE o839 &g ZA == 4$ DRi=
B VCA F+2 W9 AgeAnt A Hdestio]
AgsHA "ot VCA 729] A 9gaE AgstA ==
AF A 35 A9 95 JHE AXA Hot AdE

A} Al CF, MTF, AFell of3f wAzgo] #-8=aL, Al
%742 HRQ 2rg°f o5 A8t VCA Fx9] A
A APk 49 DRl 93l (+) o= 2 |
() ¥Fozo] SE AARIT 7]E VCAS] 72 A
g 5l A APt | B vREE 48
s3lou HVCAE Aqeoet nil2ds 4859
o}, WS AlAte] AP=EA QY F n RS she
ghgo] F7et7] Hio] HVCAS] A He4/dsol st
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bele g

g £0] BHEAAto] ZIPEHA AR A4S A7k
o] o] Al4te] HHGHT} JH o R £ Flo] e
Al == 49 CGSR, DR ¥ DRy= FAZko] 2 1
o] AegES Z7MZITh HRS 4] (1)9 9e 28
Slo] HiEAARe] SRR A2 glgo] ZUlslA Hot

HVCAS] wi7idsE & 6712 A= o9l wizid
49| 79} 7152 Table 29} Zth. HVCAS] wi7fds
% NE WHEAKe] AYEHA HAEE M-S
uj7jEg=o|tt. A7HE8R wiHe= SEE 85
o, o]Q|9] wiZf¥isE FFHRE Akl Z-8Hr)
DRi, DR; ¥ CGSR @AjAl4te] 2&ghe Fohfis
F29] AeghEg 23t o] QIS Ao wix=
EAE AT 4 U FAlOl HHzkol 24T gE
o] #& FXE TS & 4 JrF it AqHaE

AL 735 HRS B3l mAlzd A3 o558 waie.

=
=2
3

Table 2. Definition of Parameters in Hybrid Vision
Correction Algorithm

ST Range
Parameters Definition (Default)
Probability rate of X
DR: global search Self-adaptive
Probability rate of
DRz positive search in Self-adaptive
global search phase
Probability rate of
HR MTF process and Self-adaptive
astigmatic process
Integer value of 0 ~ 180
AF . .
astigmatic angle (6]
Searching range in 0 ~ 100
CF
MTF process (20)
Probability rate of R
CGSR CGS process Self-adaptive

. gEn

AIRFE HVCA9] J5= AF3H7] s F-3H2A
Agstauct. A8 A A= aFHF7 27191 5
524 27H(Batels Conn ¥ Drop-wave), AH7}
30701 4~8=Al 27K(Ackley 2 Griewank), TFA2o
2 FHEAQ Welded beam design 2410 28313

ot 28 9l 30%s pokEAle darElse] it 23
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9} HHZHOptimal value)& HlWsle] QAR Aits
Uetitt. @217} 00 TS dargjEol et At
7b HAgkol S-S 3 okt & 5 Qlok ZF £A
2 HHg AW = Table 33 Zth

Table 3. Specification of benchmark functions

Number of

Benchmark problem Optimal value decision

variables
Bartels conn 1 2
Drop-wave -1 2
Ackley 0 30
Griewank 0 30
Welded beam design 1.724852 4

Table 4= 274971 271 9 30702 49 3k
Aol dish 283 HSS] w4 9l [HSC] w70l

o

Table 4. General Setting of HS and IHS for the
Application of 2D and 30D benchmark

function

HS HS

HM 10 10
HMCR 0.9 0.9

PAR 0.5 -
MaxPAR - 0.99
MinPAR - 0.35
Maxbw - 0.05

Minbw - 0.00001

MaxPAR ¥ MinPARS THSOIA AR&3he w74
ot} HS % IHS:= PARZ ©]-&3l A=A A] mlA|27%
o] Hof st 2A4S Wt HS= 43 PARS 283t
A9t [HS= PARS MinPARYE MaxPARZHA] @A|A]
Ab8lgof| whet F7bsks WS A8tk HS 9 [HS+
bwg ol-&d AgEA Al vARAE Frh Maxbw 2
Minbw: [HSOIA AR&sk= uf7f4=olt}t. THSE bw
£ Maxbw8 Minbw7HA] @AAJARSIG=0] whe} Zhas
Sh= WS A85Hlrh

Table 5= 27957} 270 € 30702 444 8=
Aol sl -85t VCA 2 HVCAS] wj7j<=olt.

HS ¥ THSoA AR&%= Harmony Memory(HM)2¢
VCA ¥ HVCAA] AH&E= Candidate Glasses(CG)
7t 5L AT o] o] 22 #e® At
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Table 5. General Setting of VCA and HVCA for the
Application of 2D and 30D benchmark

Table 6. Comparison of Error for Application of 2D
benchmark function(Bartels conn)

function
HS IHS VCA HVCA
VCA HVCA Bout
< o m oo | 7.05E-05 | 241E-05 | 1.90E-13 0
CGSR - 0.1 Worst
Y - Emer | 0004875 | 0.002250 | 384E-06 0
MinfiR - 0 Mean 166001604 | 0000675 | 248E-07 0
DR: 0.2 0.2 Error
DR, 05 05 ) 0.001092 | 0.000425 | 5.73E-07 0
MR 0.1 - Mean | 49519 49,988 28,004 402
NFEs
CF 20 20
AR 0.1 - . . .
AF 45 1 HHZHS 2okt HVCAE A9t HS, THS ¥ VCAE

HASEA S| gt 2+ g1eE E 45 Hlash]
93l Number of Function Evaluations(NFEs)E o]-&
Sttt NFEse= AR HA| vHEAASeet 545k
o oJsf == MEL Y AFE Fotol Uil
#oltt. NFEse H&siE grpt we] Zoly=Ag &

4 Q& FFH Aot
3.1 2H 2oEH|
AHS7E 270 $5HEA|(Bartels  conn,

Drop-wave)°ll i8] HVCAS 28319t A5S 4%
5171 95l HVCAS] A-843E HS, IHS ¥ VCA9] &
|23} v watgict

3.1.1 Bartels conn

(2= Bartels conn9 A& YeRd ZAo|c}
Bartels conn A2 12317] Y3l NFEsZ 50,0002
2 443t 3 1003] =AYt

Al
=

Min f(x)=|a?+a2+zm,|+|sin(z,) |+ |cos(z,) |

Subject to  —500 < x; <500

—500 < z, < 500

@

71X x,, 2o+ Bartels conn®] ZZHS=o]t}, Table
62 Bartels conn EAIE HS, IHS, VCA & HVCAO]
A &3t Aot

HAEANE AWEH 7MY $2 FHgE Fold 4
222 HVCAoltt. HVCAE #FWAKStandard
Deviation, SD)7} 022 1003]9] ¥HEAIGEL HF

66

1002]9] WHEAYPFE BF HAE 2A Rt HS
o} IHSS] 7% NFEse ©F 50,0001 7H4A Lgleh. HS
9} IHSE= A% 50,0009] NFEsolA] Qiito] AlEm
it HVCAE o2 darg|EEe] vish 52 NFEsIA
Y. HVCA= RHEAAE 2719 CGS 725 §3
FAgh gAo] ZPHeh. CCS T2E= FAHSI9 B3t
g SRl Hoigh 9 kgl AE ol89
TS AR AL SR HAgto]
ISR B9 CGS 25§17 A3 wio] w2 o]

o}, o3t CGS9l A= Q) NFEs 27]°]
CGS 725 &3 AAFH|M 2t waA Eole
o CGS 725 &) HHua 24T g2 Zohd &
VCA 729] Adgghgo] gopdat SAol CGS 729
AEjtg2 ZolErh VCA W AHeA o] Heiggol
S7kste] mAl RS S HAge wEA 22 5 9l
o}, ©2bA Bartels conn EA41°] tis HVCA= 84

u

1000 3
E HS
b
800 ¢ IHS
k
xé 600 I'S """ VCA
& 400 :‘ ===HVCA
I
B
5

0 50
NFEs

Fig. 2. Conversion shape for Bartels conn
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ojn] HWl2A FHHZLS Fopditk= AL & = Utk

Fig. 2% Bartels conn A9 ol ¢1zj&S &8
S19S W 7 daEE EH HAHZE Fohe WslEA
< UEhd Aot} WslEAL 10039 WA Ao
B o8kt

HS9] 739 2F 50009] NFEs o]A7tA] w2 A 243}
o7} YatohA =9 obe A &4 4 ok v
HA kol =HoA= Zot3t. HS, VCA ¥ HVCA+=
gk AJAto] A1kl BAlof oF 20009] NFEs ©]H71A]
B2 &2 ZASE [HS 2 VCAE HE X2 7Hd
stlou HAZk| -5k Zok3irh HVCA= CGS
T2F B8 WG o83 2F 709] NFEs o] H71A|
w27 7435tk Fig. 2= HVCAZF 2F 1009] NFEs
i sHske FHE Eolu, CGSY HIEMol%
VCAQ] A9y m|A| 24 Bl 227t FhAsto] 402
9] NFEso|A # &gkl +=8& sttt o]F B8 HVCAE
HS, THS % VCART 8&E 5l A3t BF $ohe

3.1.2 Drop—wave

4 (32 Drop-waved A& UYetd Hojt}
Drop-wave A& 3145t7] 918 NFEsE 50,0002
AATE $ 1003 FHEARE

 1+cos(124/a? +a3)

Min f(z)=
/ (052 +22) +2) ®
Subject to  —52<x; <52
—52<x, <52

7|14 x,, z,= Drop-wave?] ZAH<=o|t}. Table 7
2 Drop-wave EAE HS, IHS, VCA & HVCA9] Z
23t Axto|ct,

Table 7. Comparison of Error for Application of 2D
benchmark function(Drop-wave)

HS IHS VCA HVCA
Best 1 47808 | 1.2E-10 0 0
Error
Worst | 063755 | 3.98-07 0 0
Error
Mean | 061205 | 83B-08 0 0
Error
sD 0012493 | 88E-08 0 0
Mean
o 50,000 50,000 27,620 19,208

ZEANE AnEH 7MY £2 HHgHE Fopd g1
2152 VCAS} HVCA®t}, HS9F THSS] 4% &gkt
9] A7} YA VCASE HVCAE & ghate] Qx7)
L3 FAl0] SD7F 022, 1003]9] HFEAHoA BT
FAZS 290tk HVCAE VCAO] B]3) NFEsgto] R
A& & & 9tk o|F 53 HVCAZF VCAQ Hl5) 23
e wEA okt A I 4= 9tk HSeF THSS]
7% NFEs= 50,0000]t}. HS9F [HSE 50,0002] NFEs
oA AikE st Q= AdEielth VCAE 27,6209
NFEsOIA 32 3192, HVCAE 19,20829] NFEsO]
A $Eg ok VCASE €8] HVCAE CGS 25 %
3t AGEAS AFete}. NFEs Z4tol] Adebde A4
3t o] VCA #2F AMB3IT} CGS #2328 B3 4
2T VCAE B3 A9FMo R QIs) HVCAE 7IE
VCARTH NFEs7t @th Drop-wave EAo] s
HVCA+= HS, THS 2 VCAQ] H|s} A7 g8 os
23 FAlof wEA e AS & 5 Atk

Fig. 32 Drop-wave A9 tis] &1&E J&
oI9S o 7 darEls H HAHS Fohe HskEA
< yEhd Aot} WslEAL 1003)9) w3 A o]
B o8kt

1R

0.6 |
HS
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2
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Fig. 3. Conversion shape for Drop-wave
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10,0009] NFEs &<t @45tti7}t thA] i 9 =3Fok=
2 gRIg 4= Qirt. 28U HAgkel oA E &
t}. HS9F THS9] 4% 44= 50,0009] NFEsolA &
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g Aejolch. VCASF HVCAE HHE:
AAF A&} BA)o) B2 &2 745k oF 1009
NFEs®E utstA £8ok= 2& & 4= Utk HVCA=
VCA©| H]3] 94 NFEsolA] =8 Asks A& &
4 9t Fig. 39 I"ol4= HVCAZF <F 1,0009]
NEEsollA] #}27] @2}7} 4ol B4e Holrh NFEs
Z719] CGS 25 B¢ Ao Qlsf eapt F
AsHA| oL} 227t £01E o|F VCAY A¥tE
o] Z7FstA =HA AqHAE B nAxFo R XA
Ol QA7 ZA gt wije A At ZHAsHH
A Sgo] AYPE7] o] Fig. 39 IoAMe <F
1,0009] NFEsOlA $=#& sk ZAAH Holub <
19,2009 NFEsolA $¥& oA "ok olE Bl
HVCAE HS, THS & VCAd] vl5| wi=A Hz2ghe 2t
L= AT HHPES FFoz FS 5 ok AS
& &t

21 sHEAIE] dis) HS, IHS, VCA 2 HVCAS
283t A3 HVCA7} b2 gaelEEd vl &gk
gHoR ST FAo] HEA Zohfjar it

3.2 30 oEH|

AgH7E 307090 sHEAl(Ackley, Griewank)ol
gl HVCAZ ZH&sidoh 52 ASsHl Hal
HVCAS] ALA7E HS, [HS I VCAS] #-gZ7kol 1]
TS L=

3.2.1 Ackley

A (4) = AckleyQ] 41& UehH Aolt} Ackley A
#257] 9181 NFEsS 100,002 24T F 100
HHEA 5Tt

Min f(z) =— QOEXp(—O.Q i/ iiojzf) 4)
30 =1

1 30
%ZCOS(ZWxi))

i=1

Jon

—Exp(

+20+Exp(1)

—32 <z, <32
i=1,2, - ,30

Subject to

714 i AR F0]1, 2,2 Ackley®] AA WS
olt}. Table 82 Ackley ¥AS HS, IHS, VCA ¥
HVCA®] #-&3t Z}o|c}.
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Table 8. Comparison of Error for Application of 30D
benchmark function(Ackley)

HS THS VCA HVCA
Best 115851357 | 1.157248 0 0
Error
Worst 1 19287443 | 18999402 | 3.55E-15 0
Error
Mean 117946714 | 3.887985 | 3.55E-16 0
Error
D 0700060 | 3.188924 | 1.07E-15 0
Mean
o 52,385 99,996 15.308 698

ZEANE AN EH 7MY £2 HHgHS Fopd g1
252 VCAS} HVCACIt}. HS9] ¢ NFEs7t 52,385
2 HSEY £2 23} vgtt. Ty 7P W2 o4
T 7HE =2 e&pgho] AloHAl WA¥sHltt. HSY| A%
HHEAE 2710 AGgAe B9 HAgENo] 75
SkA] Z3ct AgEAo] A2 AdY=]] ok Adefol A
Adgto] MYy wEol HHgke A ZHt
[HSO] A¢ HSHTh £2 o XZ27E HAATF NFEs7}
99,9969 ZIE EYr}. [HSE dA] XS APsh=
Fgols, 4AE 100,0008] NFEsOlAE S 3H4]
A=th VCAS A% £2 &3S ooy SDrt
1.07E-15% 1003]9] ¥HEAgoA B HH3rS 24|
£ Sak9ch. 28y HVCAS 49 M £2 HHgke
2kZ3t BAlo] SD7F 0ot} webA HVCAE 10039
HREAYEQr BE HAZS 29kom, NFEsglo] &
g2 Eo] ]3] Wkt HVCAE CGS +22 53t A
S o]-83] NFEsz7|o] &gkl 283 3
opdict. H Ao Tt gk Fohdl & VCAS] A=gt

1O

ZF
R

25
HS
20 | IHS
|
S15 0 o e VCA
° )
b} ) -
5o | HVCA
)
5 |
L

20000 40000 60000
NFEs

80000 100000

Conversion shape for Ackley
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Eo| Z7FH =W VCAQ] A dgAgtEo] S7slct.
HVCAE CGSeF VCAS] HHgh Ago g Qlg) tfE &
IERT W2 NFEs7F Uttt

Fig. 4= Ackley &A° tisf 2 &S A8
o 7t daEE E HAHZS gohlie HIAS
W Aolck. g4 10038]9] ¥EAYATe] Bdghk
< ol-&st3rt

HS9| 7 SHEAJAto] AlRbE & ZhAskA] gkt U7
sH XY=l AL & 4= ot 1HSQ] A9 2k 20,000
slth7} oF 50,0002 NFEsHE A

oft

2,
T i

]_

A3 s S & 4 itk HS9} [HSO AL A
2 2H7] Boles A & S QU VCASF HVCAS] 73

§ BEE Aol AlZGHL FAlO| BlEEA Fadhe A
eIt 4= Utk VCAE WHEAJAE A2t} FAfo] W2 3t
oA $3o] MPE o}, HVCAZF &F 202] NFEs ©]
T VCAETH Hl2A] HHgo] sHtitls A& & 5
t}. Fig. 4914 HVCA: NFEs 240 CGS +22 53
QA7) HEA FolEth @A} E0jE o]F VCA #&
£ B A9EA9] AegtEo] TUIsich A ggao] A
P HA v 2AGGES B3l vAlzo] AYPHrt. 1|
AzgoR Qs X7t v 2R XjolE Holw A
Stk 22 2lolg Ho|u HAsH] wfiZo] T oA
= $Eote B5E HolA T HVCAE 2F 7009] NFEs

gic}, whEka] HVCAZE oF2 gaiejEo] v

oM 58S
o 5 9tk

o ey obgAoE HHZhe Stk e

3.2.2 Griewank

2] (5)& Griewank?] 41& yebd Zolct. Griewank
EAE s1E517] Y8l NFEsE 100,00002 A5t &
1003] ¥HE-A s}

Min f(x):1+ A COS( l_ ) 5)
iZ14000 ;5 Vi
Subject to  —600 < z; <600
1=1,2,---,30

7|4 i BFWHSY 40]1, 2,2 Griewank?] 2%
o[t} Table 9+ Griewank Al HS, IHS, VCA
% HVCA°] &3t Aitolet

HEANE AnHEA 7P 22 -GS Zopd g1
=2 VCA @ HVCA©|t}. HS ¥ THSS] % 10039
HHEAIYEQN 22 oA BEgict. HSeF [HSE=
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Table 9. Comparison of Error for Application of 30D
benchmark function(Griewank)

HS IHS vCA HVCA
Best 0.010125 | 7.71E-03 0 0
Error
Worst 1 6 154060 | 0.249669 0 0
Error
Mean 16 050357 | 5.608-02 0 0
Error

SD 0.032746 | 0.044953 0 0
Mean
NFEs 99,994 99,998 8,260 322

Adfshe
F71407 9ok CGS F3& NFEs 271
AgeE APt CGS T2 HAH
AE olgsl A MAE MeA AHste] e
At 2L A AE B AGIUOE Q18] NFEs
27|10 A7} WiEA Eol=H. HVCAE CGS 725
S AAFA o] VCA 29 AEEEo] F7IIT
HVCA¥E CGS 729 VCA 73 B3] VCARTE W
NFEs 235 Wttt oS 53 HVCAZF HS, THS %
VCAETH H&ghe w2y obgAor Zethe 2e &

Aot

CGS #+&7}+
o &3l

Fig. 5% Griewank &A1 Hs] 2ars}ES 283t
Fe W 7 daElE 2 PSS gotdle HelsAe

UEhd Zojoh. Hal5A2 1003]9] RHEAR AT
TS o183t

800
| HS
600 | IHS
= |
g 400 ) e VCA
w |
I ~=-HVCA
200 :
|
20000 40000 60000 80000 100000
NFEs
0 2 \
0 o T
0 0 15
NFEs

Fig. 5. Conversion shape for Griewank
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HS 9 [HS9] A% H&3t 4L Hols A gRIg
2= 9t} ok 10, 0004 NFEs o|%=& ztasitirl oF
30,0009] NFEs o]% =#5}3itt. VCA ¥ HVCAS] 7
§ BHEAJAo] ARGl AFRE wEA A4S
HVCAE CGS F%& 53| NFEs 2710 #l24 227}t
Zo|EA =1, HAghol LM "t olF VCATXR
9] Aegtgo] Z7Ieity CGS 732 53t Aggay
VCA #2 W N9 9 g9 n g B3t
2Agkol a7t A4 AYPHh HVCAZE VCAY HIg)
AFAARA L] eap 2 ol RHEAALE z7]d
VCAETH oxp7t Wi2A] =sh= 2 SRIT 4= Ut
webA] HVCAZ} HS, THS 2 VCAO] v &g oF
dHoF gt FAf| HiEA Z=th= 2S & 4= Qitk

308 kAo s HS, IHS, VCA 9 HVCAS
A8t A3 HVCAZF the gare|sEol vish &g
dFHoZ 23} FAO| Bﬂ?E?ﬂ Zohf 1 Qltt.

2¥e 9 308g $SREAIES HS, HS, VCA ¥
HVCA©| &3t 23} ne Tdrfxﬂow HVCAE 3
e 2= S, FH 9 FHgRo R St £50t
HS, IHS, VCART £2 235 Ye 9lt}. HVCA
= T F2E ol HAHgE e 2| wEo|th
HVCAQ] CGS FZ+= NZL BAHE 443 uj 7]
£ A S ARSRITE S0 g ¢
&gk A7t LY A CGSE B9 At =
A £olEtt. LA} W2 FolE o]F VCA 729 A
ggl50] Z7I5Ith VCA FRE 53 2|98 55
FHZS =t HVCAZE e gaEgEo] His] @
2 NFEs 275 Uehd o]foltt, akzAof st At
£ B3 HVCAY 4ol v LugFE vlsl £
= %ig & 5 Stk

3.3 35EHM(Welded beam design)

HVCAQ] %2 Folslr] s AAwSrt 4749 &

Table 10. General Setting of HS and IHS for Application of
engineering benchmark function

HS HS

HM 100 100

HMCR 0.95 0.95

PAR 0.5 -

MaxPAR - 0.99

MinPAR - 0.35

Maxbw - 0.05
Minbw - 0.00001

70

A Welded beam design®ll -85}t HVCAS]
A5 AEsH] Ysll HS, IHS ¥ VCAS] Welded
beam designg %83t Av}e} v|wstct Table 10
2 Welded beam design©ll T3 2-8-3 HSS] wi7iH
4 9 THS9 wi7j#s=oltt.

Table 112 Welded beam designol i3l Z-&3t
VCA % HVCAS] Hi7fsroltt. CGS 2= HAH
9] Fak 'R gk 9 &gt ARE
ol BARIPIE 7G5kl FAZ Aot ol
ot F7Hka A7t vl B9 CGS+=9] &80] =
o= ARo] glov, Ayt HlskA] % A9 CGS +
Z9] Fgo| Wopxr}. o] TH o= QIs) HVCAE &
SHEAA VCATRE HFZH R AMEFth. HVCAE
VCAT29] HRE &3l WHEAA o] A=A vj-=
AEES F7HAIH

Table 11. General Setting of VCA and HVCA for
Application of engineering benchmark

function
VCA HVCA
CG 100 100
CGSR - 0
MaxHR - 1
MinHR - 0
DR 0.1 0.1
DR, 0.5 0.5
MR 0.1 -
CF 25 25
AR 0.1 -
AF 45 1

4] (6} Welded beam design®] 42 Yehd A0]
o}, Welded beam designg sidst7] 913l ¢are]&9]
NFEsZ 100,0000.8 A%t & 1003 ¥HEAI s},

Min f(z)=1.10471z]1,+0.04811252, (144 2,)

Subject to

g(l’): ( ) maifo

9(@) =0(@)=0,,, <0

gd(r) =r,—2, <0

g4(2) =0.104712] +0.0481 1242, (14 +2,) —5 < 0
gs(:c) =0.125— 551 <0

gﬁ(‘r) :5( ) rmu =0

97(T) =P— ( ) <0

0l<z,<2 i=14
01 <z <10, i=23
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where
’\2 1 Loy 77\2 ’ P
T(x) = T) 217 —+I(7 , T =—F——,
(«) \/< ) () Nerws
2= MR e P 2,
J
2
s xl—O—xj)
E=NTt 2 )
2 2
5 T 1y
J2{\/§.7:1x2 E-’— 3 ) ”,
6PL 4PL?
olz)=—, éa)=—7F—,
4.013E+/(2325/36) z, [ E
Px)= -
¢ L2 2LV 4G

P=60001b, L=14in, E=30x 10° psi,

G=12x10° psi, 7, = 13,600 psi,

Omax — 307000 p3i7 0, ax 0.25in

m

©

o714 i AFHSe] $o]1, 7,2 Welded beam
design® AFWoltt. 7, 7y, 7, D 7,5 Welded
beam design®] ZAZX®W=olt}. Table 12= Welded
beam designe HS, IHS, VCA ¥ HVCAo°| 283t 2
ol

Table 12. Comparison of Result for Application of
engineering benchmark function(Welded
beam design)

HS IHS VCA HVCA
Best
1.778264 | 1.725000 | 1.724852 | 1.724852

Result
Worst | 3051782 | 1934531 | 1724999 | 1724857
Result
Mean |y 70171 | 1751978 | 1724866 | 1724852
Result

SD 0.187076 | 0.049829 | 0.000027 | 0.000001
Mean -
NFEs 99,900 100,000 85,660 70,535

2§A3E dHET HS [HS= #4ghe Zohe
7}goltk. NFEs9] Ztol A4E 100,0003 A9 st
7] wjolct. Hse} IHSE 223k 7] $13) 100,000
©] NFEs®t} B2 NFEsE ¥ 2 stk 2g & 4= 9]
ok VCA 9 HVCAZ 7V & H22he vehdic. 1
#Lh VCAS] 3§ HVCARL SD7F b 2S & 5
Qlt}. o]2 B3) HVCAZF VCAS] v5) o bg=o=
AghZ gohdthal & 4 Itk HVCA= 1003]9] HHE:

_{

71

A Z 7P 2 HAZEl 1.7248570] 13] WA
1312 At YA gee W2 JHga fARH b
$7] W2 Mean Resulto]] thst gaFo] 3] okt
3R] &2 JgFOoZ 95 Mean Result®} Best Result
2 Table 12014 Z2 oz ugroyt &9l Azt
7.46B-089] Aol& EArtt NFEsQ] 739 HVCAZL
VCA®| Blsf W2 & A 4= Sltk. HVCAE= VCA
9} tt2A NFEs7t 37Fd<45 HRE &go] Z715}7]
i Eol AUt A FMo] 7hEsitt. 7]E VCAE ARY
MRo] 943t &8 7HX 1 oy, HVCAE= HRZ &
3t v 27FEEC] =OoHA7] wiiZol|l HVCAZF A &hd
9] mAIRAEE B HHRE Fohd Eo] EopIth
k] HVCAZF HS, THS ¥ VCA©Y vlsf &3k <t
HHog 2koy} FAo wEA Fopdti= A & 5
=g

HVCA= £82A0 vl TSHEAIS NFEs7h =2
AL RIS £ Y}, CGS T2 AHsES] 2jo|7} Q7]
jEolct, 5HEA9] AH9- CGS 722 AHoz QU
HAHgS w=A 2T, FEEA Y] FS CGS 29
ZFo] YerdA] it g 919 Sk g Y
o Huizt ¥ &9 ALt vE7] wRolt
HVCAE CGS #2E& Al9gt VCA +2& FJFZHo=2
ALg3te} S8kRAl0] 49 CGS 22 53 NFEs =
gko] o2} ATt Qlglov, FEEAAE CGSY =
7] A=ghgo] Yt} o] olfz FEAl H8%t
HVCAS] NFEse =SHEA|o] 288t HVCAS] NFEsH
o} 3tk
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Fig. 6. Conversion shape for Welded beam design
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