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Abstract Harmony Search (HS) is a relatively recently developed meta-heuristic optimization
algorithm, and various studies have been conducted on it. HS is based on the musician's
improvisational performance, and the objective variables play the role of the instrument.
However, each instrument is given only a sound range, and there is no concept of a scale that
can be said to be the basis of music. In this study, the performance of the algorithm is
improved by introducing a scale to the existing HS and quantizing the bandwidth. The
introduced scale was applied to HM initialization instead of the existing method that was
randomly initialized in the sound band. The quantization step can be set arbitrarily, and
through this, a relatively large bandwidth is used at the beginning of the algorithm to improve
the exploration of the algorithm, and a small bandwidth is used to improve the exploitation in
the second half. Through the introduction of scale and bandwidth quantization, it was possible
to reduce the algorithm performance deviation due to the initial value and improve the
algorithm convergence speed and success rate compared to the existing HS. The results of this
study were confirmed by comparing examples of optimization values for various functions with
the conventional method. Specific comparative values were described in the simulation.
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Step1

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 Step2

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

HMCR, PAR ) I
v Step3

Improvisation of a new harmony from HM
@ Memory considering

@ Pitch Adjusting
®Random Selection

A new harmony is better than
stored harmony in HM
No

Step5

Modified HM

Termination
Criterion
Satisfied?
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Fig. 2. Optimization step procedure of the
harmony search algorithm
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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), bandwidth(bw), termination criterion(maximum number of search

- Step 2
‘ Define each instrument scale ‘

And
Initial harmony composition
Step 3

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

HMCR, PAR
Step 4

Improvisation of a new harmony from HM
@ Memory considering

@ Pitch Adjusting
®@Random Selection

A new harmony is better than @
stored harmony in HM

riterion
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Fig. 3. Optimization step procedure of the
harmony search algorithm with scale
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Table 1. Functions for Numerical example
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1. Six-Hump . 2 i1 g 2 g £ (F0.08984, +0.71266)
= —9. — — » = —-10<z <
Camelback flx) dry —2.1z7 + 3 x] +x,3 — 4T + 4T, 10316285 10<z, <10
2. Rosenbrock [|#(x) =100(z, —2%)+(1—2,)? F1=0 —10<z, <10
@)= [1+ (2 + 2, +1)%19— 142, + 327 — 142 .

3. . Goldstein e + 302 ! ! 2 Multimodal
an Price 1 X [304 (22, — 32,)%(18 — 32z, + 1225 f-1)=30 —10<z, <10
rice + 482, — 361 3y + 2702 '
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Price 2 +5(211+12—10)2
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flx)= 100(1’2 *1‘?)2 +(1*:L'l )? Jr90(1'4 *1‘%)2
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7. Powell flz)= (1 + 101‘2)2 + 5(1‘3 —x, )2 + (12 — 21‘3)4
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Tadle 3. The results of numerical example with fixed bandwidth

Max Success Standard

FK‘ZC' iteratio| rate(%) deviation Average
n [Hs [SHS| HS | SHS | HS | SHS
1 || 1000 | 55 | 85 [0.67680.1821 '0';309 _0'382
2 |[30000| 60 | 80 |0.7069|0.5570|0.3433|0.1891
3 | 5000 | 30 | 54 |26161)% 57| 3907.4 59,054

4 |l40000| 9 15
5 1000 | 72 | 96

0.9316| 0.4701/1.7266 | 1.3566

0.0386|0.0016|1.7577|1.7444
4.2289( 2.83027.9390(7.4394
e-06 | e-06 | e-06 | e-06
2.5624| 1.2656| 8.7959
e-05 | e-06

6 |[[70000| 78 | 86

7 |[30000| 74 | 85 |1.8804
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Table 4. The result of Numerical example with quantization bandwidth

Func. Max Success rate(%) Standard deviation Average
No | ys| HS | SHS | HS IHS SHS HS IHS SHS
1.2558
1 500 76 | 91(53) 97 0.1202 | 0.0558 004 -1.0044 | -1.0223 | -1.0316
2 10000 | 71| 55(36) 96 0.3562 | 0.4850 2.0538 0.0939 0.1737 8.1892
e-04 e-05
3.7316 4.2604
3 1000 68 | 53(32) 96 o+04 40.450 | 14.3094 o+03 31.1944 | 5.7368
4 10000 | 66 | 43(38) 64 0.0322 | 0.1491 0.0241 1.0171 1.0895 1.0153
5 500 87 | 100(59) 100 | 0.0021 2.3025 2.0890 1.7445 1.7442 1.7442
e-06 e-06
1.2197 2.9940 | 1.8817 4.1351
6 30000 | 81| b54(40) 93 04 0.0139 005 =05 0.0027 06
4.2416 6.0661 3.5150 1.1735 8.6917
7 50000 | 77 | 63(55) 88 07 6.4152 07 07 e-06 07
e-07
z2713k0] FFE & 5 AE EFHEAS F¢ 2 7} 371 St SHSEL Jrke AL HojFal 9]
B 4= SAE FEoto] eSS 27086k A ot BeHoZE SHS 7IE 1%¥ HSE 900H
85 =Y BEHAY Fo|7h Fof wet WA [HS A% 468u7} &= Hojs1 ot out g
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