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HS Optimization Implementation Based on Tuning without
Maximum Number of Iterations
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(Tae-bong Lee)

Abstract - Harmony search (HS) is a relatively recently developed meta-heuristic optimization method imitating the
music improvisation process where musicians improvise their instruments pitches searching for a perfect state of
harmony. In the conventional HS algorithm, it is necessary to determine the maximum number of iterations with some
algorithm parameters. However, there is no criterion for determining the number of iterations, which is a very difficult
problem. To solve this problem, a new method is proposed to perform the algorithm without setting the maximum
number of iterations in this paper. The new method allows the algorithm to be performed until the desired tuning is
achieved. To do this, a new variable bandwidth is introduced. In addition, the types and probability of harmonies
composed of variables is analyzed to help to decide the value of HMCR. The performance of the proposed method is
investigated and compared with classical HS. The experiments conducted show that the new method generally
outperformed conventional HS when applied to seven benchmark problems.

Key Words : HS(harmony search), Meta-heuristic, HMCR, Tuning.
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Step 1

Initialization of an optimization problem and algorithm parameters
For minimizing objective function f(x)
Harmony memory size(HMS), memory considering rate(HMCR), pitch
adjusting rate(PAR), termination criterion(maximum number of search)

Uniform Random Number Step 2

Initialization of harmony memory(HM)
Generation of initial harmony
(as many as HMS)

( HMCR, PAR ) !
v Step 3

Improvisation of a new harmony from HM
(9 Memory considering
@ Pitch Adjusting
(»Random Selection

A new harmony is better than 3
stored harmony in HM

Modified HM
Step 5

Termination
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Satisfied?
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Fig. 2 Optimization step procedure of the harmonysearch
algorithm
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Table 1 variable combination and harmony probability
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E: 37 &=ol st x| of 23, e=10"°
Table 3 Results for 7 numerical examples with e=10"°
function optimal value DI Nol mean value standard. deviation maximum error success
rate(%)
fi (@) /i =—1.0316285 60 829 -1.03162845¢+00 2.40015901e-11 4.66210137¢-08 100
f, (@) f,=0] 1000 13816 3.37286817e-12 4.09493872e-12 2.12066066e-11 100
f; (@) f3=30 100 1313 3.00000000e+00 6.72664381e-10 3.01707281e-09 100
fi(2) f;=1(99)| 3000 39368 1.00001710e+00 1.70227823e-04 1.69374545¢-03 100
f5 (@) fi=174 60 788 1.74415201e+00 1.70381433¢-12 4.15200560e-03 %
fs(@) fe=0| 8000 104979 5.65285781e-07 8.67545260e-07 5.82602167¢-06 81
I () f=0| 8000 104979 8.33350531e-08 1.07475037e-07 5.38252576e-07 100
E 47 @50l o A of o =107
Table 4 Results for 7 numerical examples with e=10""7
. . .. . success
function optimal value DI Nol mean value standard. deviation maximum error
rate(%)
fi (@) J; =—1.0316285 60 1106 ~1.03162845¢+00 2.89355885¢-15 4.65101395e-08 100
£, (@) f,=0] 1000 18421 3.69743585¢-16 3.66286541e-16 1.93814761e-15 100
f3(@) f3=30 100 1773 3.00000000e+00 7.94901893e-14 4.13447054e-13 100
f1(@) f=1(99)| 3000 53183 1.00000000e+00 2.47746257e-16 8.88178419%¢-16 100
f5 (@) fi=174 60 1064 1.74415201e+00 1.63107740e-15 4.15200559%-03
fo (@) fo=0] 8000| 141821 6.69857990e-08 1.75094370e-07 9.44972668e-07 100
f; (@) f>=0| 8000| 141821 7.16015132¢-08 7.40685058¢-08 3.88138505¢-07 100
E+ 57 &0l st n™AQl HSe| Z 3, b, =0.001
Table 5 Results for 7 numerical examples with b, =0.001
function Optimal value Nol mean value standard. deviation maximum error success
rate(%)
fi1(@) f; =—1.0316285 1106 -9.72877456e-01 1.71827594e-01 8.16182324e-01 2
1> () f=0 18421 5.28586501e-01 1.01825206e+00 3.79687092e+00 3
f; (@) f3=30 1773 6.04058299¢+01 2.09777410e+02 2.07285163¢+03 1
f1(@) £, =1(99) 53183 1.00006636¢+00 5.30991763e-04 5.06030015e-03 93
f5 (@) fi =174 1064 1.74490765e+00 34214764203 2.62774489e-02 *
fs (@) f5=0 141821 1.66049708¢-06 2.79627727e-06 2.22012803e-05 57
f.(2) f7=0 141821 2.20652649e-07 7.20333391e-08 3.88489133e-07 100
A At © Ay v)E WA AF ztels el g5 &4 4 Ak b, =001S AFEE A AT AolE B
3 FE 49 Nol #E HEske] b =0001S AT 2E <1 7},
g5 MAEFE 2L Fe AHEste] X dE 334
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st ¥ B2 dHue B RE A9 Aoty whale A B =R s HS dxElEs A 34 bt Y
ol S & 5 Aok 53] I 1) - 3) 2 6)ol o 7o 2 YT FyY swteld gumEFol Ay A
s zol7h wl$- Tk S 7)Y B¢E F-E QAo it A" 443 eI FPHE Aol oiyg Y= Fd
AFELE 2oy A FEd JofrE AAlE Fale] §-4 Adzeo] 93] Aol HiE otk F 3TN F
H) g2 31 glo] Sdof 782 = HS 25l 7E 135
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