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Development of the Meta-heuristic Optimization Algorithm:
Exponential Bandwidth Harmony Search with Centralized Global
Search
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Q % E AFgAE 7|&9 Harmony Search(HS)Y A& 7338kSt Exponential Bandwidth Harmony Search
with Centralized Global Search(EBHS-CGS)& HHP-}Oﬂr:} EBHS-CGS& HSS 4% Z3Hs 98l & & 7k W
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Centralized Global Search(CGS)g} 5hH, o] 42 A2 wj7/l¥4: Centralized Global Search Rate(CGSR)9f|
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Abstract An Exponential Bandwidth Harmony Search with Centralized Global Search (EBHS-CGS) was
developed to enhance the performance of a Harmony Search (HS). EBHS-CGS added two methods to
improve the performance of HS. The first method is an improvement of bandwidth (bw) that enhances
the local search. This method replaces the existing bw with an exponential bw and reduces the bw value
as the iteration proceeds. This form of bw allows for an accurate local search, which enables the
algorithm to obtain more accurate values. The second method is to reduce the search range for an
efficient global search. This method reduces the search space by considering the best decision variable
in Harmony Memory (HM). This process is carried out separately from the global search of the HS by
the new parameter, Centralized Global Search Rate (CGSR). The reduced search space enables an
effective global search, which improves the performance of the algorithm. The proposed algorithm was
applied to a representative optimization problem (math and engineering), and the results of the

application were compared with the HS and better Improved Harmony Search (IHS).
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A9 HHs}t 7| $EE
Programming(LP), Non-Linear Programming(NLP)
9 Dynamic Programming(DP)& AR&slo] 45t &
AE sidstict. Lau ol2i3t 42814 w2 theslo]
% Q@ BZAE sidsty] ol# gtk webA Ext
S AA@Y FAE sidsh] HsliAe Dedloles I
o] AR, o|Z sl AL HolAA = ol
3t SAIRES FES] el LAE EH(heuristic
method)°] A=A HHA] LA SHES 34
A4 E(GA: Genetic Algorithm), 7R 225}
(ACO: Ant Colony Optimization), YAREFZ] &5}
(PSO: Particle Swam Optimization), 181 3h2&
AH(HS: Harmony Search) 5o°] UtH1-4].

QA AFTE GEE T HSE A3} 3ol st
of Wol] ARgE|o] gror, Tttt FEEA &85t
Asto] FaEo] Ao Tt B2 At AFP= Ak
HSE 7fEFst &4l <aeEo2E Improved
Harmony Search(IHS), Global-best
Search(GHS), ¥ Self-adaptive harmony search %
o] SItH5-71.
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A= HSeIA & st ol sfiasty] fls o2 714
who] AQt=Sict.

Random Distribution Harmony Search(RDHS)=
Mz w7 Assigng 53 FAH 2Ake sk
ZuEgolct. A2 ALgel F&H9) B4k 71E
HS9] Harmony Memory Considering I}l 715
At T2 B4R HS 118§ Harmony Memory(HM)
WollA e ZAH4(A)2}F HM HollA] F2Ha A=
H Z2HEB)E o83 MEE AL o|tt. B9
EA4H] At ohgat At} WA Bof 03} 1 Ate]9
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Dynamical Search Space Harmony
Search(DSHS)= &H Y] Z4(Shrinking the search
space)?t EZX(Ancillary) HM& 7]& HSOl 71513
t}. DSHSE 71& HS AXHEE S84 (Main search)
2 AYsty A9l FAE HEFM(Ancillary
search)Z ZYslitt. SR Q Sae 27|19 24H
ot @A APASE ol8sto] B YE & B4
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2 #Z 7= 2%8¥4s9] HE&(w)elth
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2. A4 YH

2.1 Harmony Search(HS)

HSE= Geem 5(2001)°] FAAF7Hs9] S5UFE
wHpsto] Aoket WA gapgolct, H9| s
Harmony Memory Size(HMS), Harmony Memory
Considering  Rate(HMCR),  Pitch
Rate(PAR), 18|11 bw7} Ut

Adjusting
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Fig. 1. Structure of HS
HS9] Mg At ohaatt 22 dXE A3t
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[step 2] HMS E&g4= gholl wet AEgict

[step 3] 0ZF 1 Alo]9] B&H9] £=2HR)}E BTt

[step 4-1] Ro] HMCREth 2ko1 7] HM HlolA
AAHSE TR AH3ith(A)

[step 4-2] AE2 RS Aokl PARETH 2oH
[step 4-11°14 AeHE AEHSE bw
£ Z8sto] 24ch(B)

[step 4-3] Ro] HMCRYT} 3 £29]2 AW
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[step 6] [step 51914 B4H MEL 3IE HM Hol
A 7V A 2 S} vl wste] EE T
7t o Eo9 wAgt
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2.2 Improved Harmony Search(IHS)

IHS+= Mahdavi 5(2007)°] Aotst 7izFE HSelc}.
[HSE HS9 Agede dddsle F 7k a7
PARY} bw7} A4t Zlro] wlel WS slo] 5
7Hegotdct.

YN FL FHEAAL FubRolx ATt
gA0] JFS o IA wherth J3EE vREAKkE
2 25 (99 a5 S7M7IE daEEe
2 2948 S 5 9tk olE 98] Mahdavi &
(2007 HSO| A1 S 11 PARO] A4t Slof] )
2t AR ES st A5 7SI THSOIA = Eq. (1)
I} Zo] PARC| S7FoHe® shltt.

PAR,,, —PAR
N

PAR =PAR, . + mn g (1)

of7]A N2 Hoff SHEAAE 814 k= dA SHEAJAE 3
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bw = bw,,. + Exp(c*k) @)
=1 mein /N
c=1In meaX (3)
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2.3 Exponential Bandwidth Harmony Search with
Centralized Global Search(EBHS-CGS)

[HS= HS9] As7liAdell Agstaloy A7t g
35 sk BAE MEsHAl= FSielth 11 ol
[HS9] 2/ ¥HEAARe] Shto] A== ALt ol
7A9] A HFMo|Bg 2| Hsfof| BiAH o] & Hlojur] 3
E7] giEolch & AFe olet AL iask] ¢
3 HSol M2& A9EAE 716, ds7iidS ¢
gt bwe] FEE Attt

2.3.1 Exponential Bandwidth

@A AFTt Biel o] FEet PSS 7] fIsh
A Ao Wk A4l Sl me Eofsoiof
St whebA] 2 As HS A1 &A1 9o sfigol=
bwe] A2 FeE Atetth AtH bwol Fei= Eq.
(4)Q} o o5 A4 bw(Exponential bw)g}t g},
A5 bwe 29 A= FHE A4 FHkRO)= o
S 2h2 ghe ek webA HM o] Zgwd 7o)
o7k A9 gl TR AP0 E AYUSE =

3% % 9o oS B FUF Aol 7ks3h

—k

bw = EXP\ T PAR < IIMCR

@

o714 N2 Fd| HHEAIRE B, ke @A) RESALE 3

k

bw = (xub—xlb) x Exp N x PAR x HMCR

o)

7|4 N2 Hoff vhEAA 3l ki EA HHEAJAL
=, xube 2Wa x0 S A8 xlbe 23
x2] S| Slgtoltt

3l

e
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Fig. 2. Conversion shape of bw

2.3.2 Centralized Global Search
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[step 3] 214 ZguA%ot 1 uic gt BAgl]
AR} sk A

[step 4] 2L SHAEAR AL LA,
[Step 5] 7]% a&‘éﬂfﬂ— H]_ﬁl_ \;Ll —]‘I’—‘\:‘_?}q‘

A9} 2 AL Centralized Global Search
(CGS)L 31, CGS= A2 ti7i¥s Centralized
Global Search Rate(CGSR)E 53 A¥=}t. CGSR
2 03} 1 Afo]9] & 7HAE Aot} CGSE HHEA|

Ato] AYEHA ST FYHS 7SR F4H
= 54 7HA Stk o]#dt A& CGSY A4
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Fig. 3. The concept of changing search space

2 A= CGS2 A= bws ZAdste] HSY Axtd
Al s S st A= bws &9t FURt A
=Ao] 7hssh, dare}Eo] A sfol| 7k g 2A
U HHelg FeE stelch 1l darejgo] A5l
BRI A =9 CGSE &% adtAel dgios A4l
Zol AdsiE v s itk ARt HHE AT
EBHS-CGSQ] QA E+= Fig. 49+ Zth

ro

Generate initial HM
Sorting HM by objective function
R = rnd(1)

If R bigger than CGSR
R = rnd(1)
If R smaller than HMCR
Random Select harmony in HM
R = rnd(1)
If R smaller than PAR
Adjusting harmony using Exponential bw
end if
Or
Generate new harmony in search space
end if
Or
Reset search space by CGS
Generate new harmony
end if

Compare harmony and replace harmony

Continue algorithm until satisfying stop condition

Fig. 4. Pseudocode of EBHS-CGS

Fig. 55 EW CGSE 7|& HS9 ¥xg 2gHr). ot
A CGS7t HS9| 71& AGEME At A g4
ol gt Mggrio] AgE]A] o=t} wabA CGS
£ HS9F HEE Zg=]ojof gt Fig. 5= EBHS-CGS
o] BTAS YEhd 5E5%0|n P A4k B4 Z
H 2292 PAEE 03 1 Afo]9] $xtolt,

12

CGSR process

r PAR process with
~ 7’ l Exponential bw |,
U S —— N e
Compare harmony J

o ———

&
Replace harmony

Repeat until satisfy
stop condition

Fig. 5. Flowchart of EBHS-CGS

- == CGS
— — - EBHS

EBHS-CGS®| 4% A3l 915 25wt 27)
9 %skEA] 270, AAWET} 30709 skEA] 270, 1
23 FEEA 170 A3teict. 7 240 Haee} v

Z7l4== Table 13 2t}

Table 1. Specification of benchmark problems

Benchmark problems Ofgliial Numbi;rci)ib?:cision
Easom -1 2
Bartels Conn 1 2
Rastrigin 0 30
Griewank 0 30
Three-bar truss design - 2

A K Optimal value)o] HsHA Sl FEHEA| A
ol 73 At HHg] LA ErronE 2
ARzt @&17F 00l 7PhESE oAl gk
olm|gtct. whha] $8HEA 9

ATt A& Ao R SHylth. BhH FsHEA 9
3% 4ozl HHgko] gl7] wiel gaElsol 13t 2
o R AIE ARESHTh

Pl

e
o 7S ke e AL

G
(e]

L
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W7t 270Q1 $=8HEAJo| EBHS-CGSE 2]
S AZslo] Htth B A= HS9 IHS 9
o BAol| H-gsto] EBHS-CGSY} ATHE H|ws}

3.1.1 Easom
Eq. (6)2 Easom9] 41-& YeRH Zo]il Table 2+
st duEe upiEsE yEhdch

EasomOl]|
Easom2 Fof Al4F 3145 50,000H2.2 sto] 1001

HHESHGI T}

Min f(x) = —cos(x,)cos(x,) x
Exp(—(x; =)= (x,—7)°)

Subject to —100 < x; <100

—100 < x, <100 (6)

o714 x13} x= Basom9]

7ol

Table 2. General setting for the simulation(Easom)

Parameter HS IHS EBHS-CGS

HMS 30 30 30

HMCR 0.8 0.8 0.8

PAR 0.05 - 0.05
maxPAR - 0.99 -
minPAR - 0.05 -
maxbw - 0.001 -
minbw - 1.0E-05 -

CGSR - - 0.01

Table 32 EasomOl|A] HS, IHS?} EBHS-CGS9] &
|47E Yehditt. 48415 AuEd 7MY £ 3k
HSE A3t Y =] [HS9}F EBHS-CGSollAE A7
Zlolwich  SkX|gF  [HSS] #HEWAKSD:  Standard
Deviation)7} HSET 34 U} E& &g Aokttal

& gt} ¥ EBHS-CGSE EFHA}F 002 2%
AASHA HAZS Fopdvtn T & Stk wEhA
EBHS-CGS= EasomcllAl fPgH o= HAgs 2=
AE RIS = Ut

13

Table 3. Comparison of Error for application of

Easom
HS THS EBHS-CGS

Mean 0.297685 0.093226 0
Error

Best 1B-07 0 0
Error
Worst 0832252 0.999996 0
Error

sD 0231074 0.254809 0

Fig. 62 EasomOﬂH 7 da1ejEo] HIkgAS e
Zlo|t}, Fig. 6o w=m ZuHLO] EBHS-CGSE A
YA gH 7HRITE 10,000919] HHEAJAL o] &
3] Z4sto] @xkgko] 0o] ok THSE= 10,000W9]
EAAE o]yl @ajglo] FA3% ZrAskA R gt
o] Fotgnt. HSY| A9 X|&H o= Fho] Eol&
71% ST At Y5k ZStYrh olE B9
EBHS-CGSE [HSET £8& 5L L 2jx|gt, dile ¢
2 A& gRIT £ Sl

—l> (T o

oll

Error

......

os | \

_____

0 10000 20000 30000

Iteration

40000 50000

Fig. 6. Conversion shape for Easom

3.1.2 Bartels Conn

Eq. (7)2 Baetels Conn®|t}. Table 4+ Baetels
Connell H&3% dx2EY WAHSE Yehdrch
Bartels Conn< Ftf A4t 3145 50,000HC.Z 5hH,
10091 §HESIITY.

=
T=

Min f(x) = |Xf+x§+xlxg|
+ | sin(x,) |+ |cos(x,) |
Subject to —500 < x; <500

—500 < x, < 500 ™

o714 x;3} xo= Bartels Conn® ZAW4o|c}
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Table 4. General setting for the simulation(Bartels

12000

¢conom) A" S
— EBHS-CGS
Parameter HS HS EBHS-CGS 8000 |
HMS 30 30 30 s
HMCR 0.95 0.95 0.95 2000 | 50 100 150 200 250 300
PAR 0.05 - 0.05 frerstion
4
maxPAR - 0.99 - Y -7
- P S et -
minPAR B 0.05 " 0 10000 20000 30000 40000 50000
maxbw - 0.001 - Iteration
minbw - 1.0E-05 -
Fig. 7. Conversion shape for Bartels Conn
CGSR - - 0.05
sgdon 28% SotEAle] AnE Amed
Table 5% Bartels ConnolA] HS, IHS?}  EBHS-CGSE RE EAOA P07 XS 2o}
EBHS-CGS®| #-827E yetdith. 8475 A i Qloh

H, EBHS-CGSe HAgts ooyt yz] THSS}
HSe 43S 3 B3k HSY A9+ HAdaS A
& A Zolal EEEA GA A YERgh b
[HS= #2827} &A Uehy @al= et 42 714
At 0] S=5kA] Zgitt. upR|eto 2 EBHS-CGS+ &
FHAPL 002 BF A7GoHA A Fohditt. wat

Al EBHS-CGSE th2 & &ag|&o] v]g) kgyoz
A = AL 9 4 Ak

Table 5. Comparison of Error for application of
Bartels Conn

HS THS EBHS-CGS
Mean
84.62426 0.006641 0
Error
Best 3.914447 0.00545 0
Error
Worst 566.0324 0.065918 0
Error
SD 100.9723 0.007802 0

Fig. 72 Z} €118]&9] Bartels ConnolA9] Hsl=
A& Yehd Aojt}. Fig. 79 W2W A &a2lE BF
%71 300919] WHEAAE oA F2438] Hasks B
Helry 93 ol #A2 &AYE Uds) Ed
EBHS-CGS, IHS, 18]i HS <o|t}. ol& 53
EBHS-CGS7} v & gae|&o] vls] =H&=7}

R
= | 740 oF A
Ebe A= E'].—"[-

Atk

14

3.2 30 okEA

W47 wo BAlo] igt daE|Eo] A Bl
9l 2744] 309 EEAol 288 Hotch 28et
oI &2 HL3 BAo] HS, IHS 183 EBHS-CGS
£ SAloll H&sto] 1 ZolE ERls Byt

3.2.1 Rastrigin

Eq. (8)2 Rastrigin® 41-& YePH Z o]l Table 6
2 Rastrigin®l] d-8% deE9] WAHSE Uehd
t}. Rastrigine i AJ4F 314=& 100,00010.2 5}od
1009 ¥HESHFITY.

Min f(x) = 10N+ % (x}—10cos (27x;))

i=1

Subject to —5.12<x; <5.12

®)

ol7|A = AAHS9] £}, x= Rastrigin®] 94 2
Awgeoltt,

Table 6. General setting for the simulation(Rastrigin)

Parameter HS THS EBHS-CGS

HMS 30 30 30
HMCR 0.8 0.8 0.8

PAR 0.05 - 0.05
maxPAR - 0.99 -
minPAR - 0.05 -
maxbw - 0.001 -
minbw N 1.0E-05 -
CGSR - - 0.5
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Table 72 Rastrigin®|4] HS, IHS?} EBHS-CGS9]
AEANE Vepdt). L2475 AnEY HSE ZE
AlstollAl 2 AghE A ool #EHAE IA UE
U gro] Y7gsiA] Halint. THSE EEHAT Zof HS
Hot A 7S 7R A3 2] Beioict vt
A EBHS-CGSE= #EHAPL 002 BT d4sHA 24
= gopdth. mWEbA EBHS-CGS= dvEE
o vlgto] o £2 45 Bk

= =
— T

Table 7. Comparison of Error for application of

Rastrigin
HS THS EBHS-CGS

Mean 63.78128 0.001123 0
Error

Best 27.88105 6.65E-05 0
Error
Worst 108.4651 0.003249 0
Error

sD 14.64638 0.000852 0

Wi} dhd EBHS-CGSE ¢ wl2A] #Zghol 43
t}, webA EBHS-CGSE th2 gy e]&o] H|sto] oj
B2 P& E VAT T, At 94 o 2 A
gelgh 4= 99tk

T

o

o 4o

=
A
T

il

2.3.1 Griewank
)

Eq. (9)= Griewank®]1! Table 82 Griewank®l &
23t du&F9] /S YERdSE Griewanks
o A4k 3152 100,000810.2 3lo] 1008 HHE31IT

Tl

—600 < x; < 600

30
Min f(x) =1+,

i=1

X
4000
Subject to 9)

o714 1= AW 54, xi= Griewanke] 1A 2
ol

Table 8. General setting for the simulation(Griewank)

Fig. 82 Z} &112]&9] RastriginoA9] ¥sZAS
el Aoltt. Fig. 8o k2 EBHS-CGSE 2F 5008
9 wkEAJAF Yol &gkl =Fstoict. ¥ HSF [HS
= SHEEAA SRR Ak EeokA] oyt 1
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Parameter HS THS EBHS-CGS
HMS 30 30 30
HMCR 0.95 0.95 0.95
PAR 0.05 - 0.05
maxPAR - 0.99 -
minPAR - 0.05 -
maxbw - 0.001 -
minbw - 1.0E-05 -
CGSR - - 0.5
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Table 9. Comparison of Error for application of

Griewank
TS TS EBHS-CGS

Mean 8258758 8955436 0
Error

Best 2577713 38.91589 0
Error
Worst 160.9633 186.8211 0
Error

D 2598218 3220071 0
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Table 10. General setting for the simulation
(Three-bar truss design)
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3.3 B&=EH|(Three-bar truss design)

Min f(x) = (2v/2x, +x,) X1

\/§X1+X2

subjectto g, (x) =—=5——P—-0<0
V232 42x,x,
Xy
g(x)=————P—-0<0
ﬁxf-ﬁ-ZXlXQ
1
g(x)=—=—=—P-0<0
ﬂxf—i—xl
0<x, <1, i=12

where 1 =100cm, P = 2kN/cm?

o =2kN.cm? (10)

o714 x13 xp+= Three-bar truss design®] 23w

o|t}.

— -EBHS-CGS Parameter HS HS EBHS-CGS
400 HMS 30 30 30
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Table 112 Three-bar truss designol4 HS, IHS
9} EBHS-CGSS] A&41E yehdt}. A&Z4u}o] ot
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Table 11. Comparison of Value for application of
Three-bar truss design

HS IHS EBHS-CGS

Mean 264.0017 263.9742 263.9312
Value

Best 263.9023 263.8959 263.8958
Value

Worst 264.2545 264.3255 264.0548
Value

SD 0.069243 0.095658 0.040766

Fig. 10& Z+ &318]Z9] Three-bar truss designoll
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