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Abstract In various engineering fields, determining the appropriate parameter set is a cumbersome and difficult task
when solving optimization problems. Despite the appropriate parameter setting through parameter sensitivity analysis,
there are limits to evaluating whether the parameters are appropriate for all optimization problems. For this reason,
kinds of a Self-adaptive Harmony searches have been developed to solve various engineering problems by the
appropriate setting of algorithm's own parameters according to the problem. In this study, various types of
Self-adaptive Harmony searches were investigated and the characteristics of optimization were categorized. Six
algorithms with a differentiation of optimization process were applied and compared with not only the mathematical
optimization problem, but also the engineering problem, which has been applied widely in the algorithm performance
comparisons. The performance of each algorithm was compared, and the statistical performance indicators were used
to evaluate the application results quantitatively.
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Table 1. Category of Self-adaptive Harmony Search
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H 6 7}A 7| (Parameter-setting-free Harmony
Search [18], [20], Almost-Parameter-Free Harmony
Search [19], Novel Self-adaptive Harmony Search [17],
Parameter Adaptive Harmony Search [32], Self-adaptive
Global-based Harmony Search Algorithm [28]) = 417
ato] 2 5 Azulal, £48sith

Algorithm Application field Improvement Author
Water Resource Eng. HMCR, PAR [18]
Water Resource Eng. HMCR, PAR [1
Mathematics, Water Resource Eng. HMCR, PAR [20]
Economic dispatch HMCR, PAR [21]
Water Quality Eng. HMCR, PAR, Bw [19]
Mathematics Bw [13]
Mathematics Bw [14]
Mathematics HMCR, Bw [16]
Mathematics HMCR,PAR [22]
) o Structures Eng. Bw [15]
Ssell]:v_g;;;?\e/ztll\fs Mathematics PAR, Bw [23]
Mathematics HMCR, PAR, Bw [17]
Traffic Eng. PAR, Bw [24]
Mathematics HMCR [25]
Data mining PAR [26]
Economic dispatch PAR [27]
Electricity system PAR, Bw [28]
Electricity system - [29]
Mathematics HMCR, PAR [30]
Mathematics PAR, Bw [31]
Mathematics HMCR, PAR, Bw [32]
Multi-objective Mathematics HMCR, PAR, Bw [33]
Self-adaptive HS Mechanical Eng. HMCR, PAR, Bw [34]
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2.1 Harmony Search
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2.2 Parameter—Setting—Free Harmony Search
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2.3 Almost—Parameter—Free Harmony Search
Jiang et al. [19]°] <& At =
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2.4 Novel Self—adaptive Harmony Search
Novel self-adaptive harmony search (NSHS)+ Luo
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0.0001 if, otherwise

z,+ U= 1,11 % Bw if, HMCR = U(0,1)

LB+ U0,1) < (UB— LB)
2, = HU-L1]XBw if, HMCR = U(0,1)and f,,, > 0.0001
minz; + Ul0,1] < (maxaf/ —
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2.5 Parameter Adaptive Harmony Search

Kumar et al. [32]&= HMCR¥} PAR, Bw #<] &4
M3}E A otslo] Parameter Adaptive Harmony Search
(PAHS)ZH= HS9 34 vdS A|eksloith PAHS=
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ln(PARmax /PARmin) ) )
NI <i (12

PAR'= PAR™x cxp(

2.6 Self—adaptive Global-based Harmony
Search Algorithm
Shivaie et al.olA= O W HA =l g4 9420
fEe AARE 98 2015 ol
Global-based harmony search (SGHSA)E 7l
SGHSA: HS9| w74 = Bwo| g H3lslglon,
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W
A2 AAZAE A8 o] At

Self-adaptive

2 _I

Al
A R & 9
Ao vjgS 2dskgl o, of= Bwe| Az} vt
BA4 Sigol Qe Wt (4] 13),
Bw{:Bwi.m, wqu ifj<% 13)
Bwi“i“ otherwise
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3. %2 Y A
£ Aol A= Rastrigin [35], Dixon and Szego [36],
Molga and Smutnicki [37]7} A|Qtet =814 wlx|w}=a
Zﬂe Agato] 67k daEjEe] s B 54l el
] olF FAQl Al T HrEdd HAAT)
8 5}}/\‘:}. Table 2= HA3t dugFe] 2§ 3
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Elo] HAs 3 /S (Bowl-shaped, Valley-shaped,
Many local optimum) 74|31 1o, 223} 7|He] gl
THE WA g 9loy, o] A%E AFAQ AeAE
£ AHgete] dagFe] des AWA SR Hlalgt
AT A3} AlEE o] Win7 (64X), 8GB,
Intel 3.40 GHZ Core (TM) i7 ¥7J¢llA] Visual Basic
6.00.% TN, 4714 H A5} ZAF 6714 2A
W4 (2, 5, 10, 30, 50, 100)23H-S ©]&-5}o] °L1ﬂ—%
A oW Ao AdeREsls
(Number of function evaluation, NFE)©= 50,0008 .2
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Y 27|89 Adsol HA st A
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Table 2. Mathematical benchmarks problems

58 42 ,
5o g AT o 29 Figl@e) 2%
RE AQWSE nelste] A4S S90S u, NSHS

259 455 Addd 5 =, Sphere function¥}
Griewank function®]*1+= NSHS”} Best, Mean, Worst
T EE SWAAN 7P d AnEs dEhch
Rosenbrock function®|#1:= SGHSA”} Best A ¥}ol| A=
71 $-4= 3EAINE Mean, Worst &54-2 NSHS7} 2
A5 UeRd=, o] SGHSAo] v A4 =, & &
Aol Aoz 2o HAF R 0] Ao FHEA o

F&40] ok AS 2 & 5 gl oled Aie
Table 3014 FAZAQ A#HE gl & + 3l
Table 3914+ Fig. 12] 23 5 ZHte] AAwso

L1
N0l wE Best 341

o] A5 Yed Bl R ol
ol 74 darefEe] & SRS (Al st 4
ol W BAE &9 T Qlrh

Table 39| Z3}ol] whz} 47]-X] benchmark F-A]] ol A
AH oz e 2199 49 (DV = 2, 5), SGHSAE
E]'% ??.Liﬂ j]' H]—‘J—OI'ME N $ )\6} /H%% 5]_93\‘:]'
53], HAs A v AYEE 7= (Many
Local Optimal) ZElY 7§ o]e} & Edo] &g

epste,

Ol'

Name . . . Search Global
L formulation Dimension i .
(Characteristic) domain optimum
Sphere function
Mi -co, oo 0
(Bowl-shaped) an Zglx L !
Rosenbrock function = .
Min f(x 100 —22) +(x, —1)? -30, 301" 0
(Valley-shaped) nf(z)= = [ (x Tit L") (‘L’ ) ] : !
2, 5, 10, 30, 50,
.. . 100
Rastrigin function Z
em unet Minf(x) =10n+ Y [2? — 10cos (27, ) | [-5.12, 5.12]" 0
(Many local optimum) =0 !
Griewank function M ( )= u IZZ 11[ T, 1 (600, 600]" 0
(Many local optimum) nflz)= /Z=14000 ;o 100S i * 7
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)
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]
&
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A
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Fig. 1. Statistic optimization results of Mathematical
problem (a) Sphere function, (b) Rosenbrock
function, (c) Rastrigin function, (d) Griewank
function

SR, SGHSA« AW 7} S7lshe 7449
AMe AR OE NSHS HUlv 4 22 2345 29
v}, el Pighs 7|Eo 2 Brhd, NSHSE % 24714
(@7HA 2A x 67H4] AARG) Al FollA 20714 Al
Po| A 7P 9 S Btk 53], 2w L
o Basl 249 H$- (DV = 30, 50, 100) 2 s &
Aol A5 v 671 daEFR Stk As &

Table 3. Optimization results of Mathematical problem
based on the number of decision variable
(Best Error)

# Decision
variables | 2 5 10 30 50 | 100

Sphere function
Simple HS | 643E-11 | 121E-07 | 5.08.E-07 | 238.E-03 | 1.39.E-02 | 475.E-02
PSF-HS st | 1.27.E-11 | 749.E-06 | 5.29.E-04 | 1.82.E-02 | 3.97.E-02 | 1.00.E-01
PSF-HS 2nd | 1.04.E-10 | 1.68.E-05 | 2.89.E-04 | 1.68.E-02 | 496.E-02 | 1.26.E-01

APF-HS 7.07.E-12 | 2.12.E-06 | 4.22.E-04 | 1.77.E-02 | 4.91.E-02 | 1.26.E-01
SGHSA 6.88.E-12 | 2.59.E-09 | 3.80.E-07 | 4.15.E-03 | 2.17.E-02 | 7.93.E-02
NSHS 1.14.E-15 | 1.72.E-10 | 3.64.E-09 | 4.30.E-08 | 1.69.E-07 | 7.80.E-07
PAHS 1.54.E-06 | 4.50.E-04 | 4.61.E-03 | 3.33.E-02 | 9.30.E-02 | 2.25.E-01

Rosenbrock function
Simple HS | 2.03E-08 | 649.E-06 | 8.21.E-06 | 1.77.E:02 | 460.E-02 | 1 42E-01
PSF-HS st | 4.13.E-10 | 1.72.E-05 | 1.46.E-03 | 3.37.E-02 | 8.46.E-02 | 2.62.E-01
PSF-HS 2nd | 3.43.E-10 | 1.65.E-05 | 9.67.E-04 | 3.08.E-02 | 7.56.E-02 | 2.47.E-01

APF-HS | 1.26.E-11 | 8.41.E-06 | 7.77.E-04 | 2.81.E02 | 8.73.E-02 | 2.58.E-01
SGHSA 0 0 2.40.E-05 | 1.19.E-02 | 4.63.E-02 | 2.14.E-01
NSHS 0 1.68.E-06 | 5.67.E-06 | 6.60.E-06 | 3.03.E-06 | 4.67.E-06
PAHS 1.67.E-04 | 5.86.E-05 | 1.87.E-04 | 3.77.E-04 | 1.58.E-06 | 8.25.E-04

Rastrigin function
Simple HS | 440.E-06 | 196E-05 | 9.77.E-06 | 444.E-05 | 149.E-05 | 1.69.E-05
PSE-HS st | 7.76.E-06 | 3.73.E-06 | 1.24.E-05 | 7.31.E-06 | 4.00.E-05 | 1.06.E-04
PSF-HS 2nd | 5.97.E-06 | 2.25.E-05 | 1.89.E-05 | 1.41.E-06 | 2.39.E-05 | 3.81.E-05

APF-HS 2.37.E-07 | 1.13.E-05 | 4.01.E-06 | 5.42.E-05 | 8.23.E-05 | 8.29.E-05
SGHSA 5.02.E-06 | 1.47.E-09 | 2.26.E-07 | 6.90.E-06 | 7.07.E-06 | 3.12.E-06
NSHS 1.51.E-07 | 9.57.E-06 | 4.49.E-06 | 2.62.E-05 | 8.29.E-05 | 3.71.E-05
PAHS 1.67.E-04 | 5.86.E-05 | 1.87.E-04 | 3.77.E-04 | 1.58.E-06 | 8.25.E-04

Griewank function
Simple HS |3.16E-12 | 149.E-06 | 1.78.E-04 | 1.32.E-03 | 1.94E-03 | 297.E-03
PSE-HS st | 4.57.E-13 | 6.95.E-07 | 2.56.E-05 | 7.21.E-04 | 1.29.E-03 | 1.99.E-03
PSF-HS 2nd | 6.69.E-11 | 5.09.E-06 | 3.52.E-05 | 7.62.E-04 | 1.31.E-03 | 2.08.E-03

APF-HS 4.54E-12 | 1.14.E-06 | 443.E-05 | 7.24.E-04 | 1.47.E-03 | 2.22.E-03
SGHSA 1.49.E-14 | 3.28.E-07 | 9.29.E-05 | 1.41.E-03 | 1.89.E-03 | 2.86.E-03
NSHS 0 1.82.E-11 | 3.49.E-10 | 2.46.E-09 | 4.48.E-09 | 1.08.E-08
PAHS 5.13.E-07 | 8.74E-05 | 5.51.E-04 | 1.75.E-03 | 2.27.E-03 | 3.77.E-03

r
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Table 4. Commercial pipe diameters and costs

. Construction Maintenance Material
Diameter
costs costs costs
(eum) (Vim) (Vim) (Vm)
80 65,000 6,500 15,000
100 65,999 6,600 27,583
150 76,410 7,641 40,686
200 86,028 8,603 58,716
250 96,135 9,614 81,160
300 105,325 10,533 103,231
350 113,818 11,382 125,107
400 126,797 12,680 148,836
450 136,250 13,625 155,522
500 147,792 14,779 181,823
600 171,991 17,199 211,396
700 211,413 21,141 273,528
800 307,640 30,764 339,740
900 359,048 35,905 384,619
1000 415,702 41,570 451,932
1100 482,074 48,207 547,224
1200 576,736 57,674 606,962
1350 687,390 68,739 716,075

FEZACRE HAH<S(minimum pipe velocity) S
0.01m/sec, & t--%(maximum pipe velocity)S- 2.5m/sec 2
Arstlom, olg|gh e84 AlekxE EHAIF]A]
Fahs ARkl tieiM= A (15)9h & WA

2l

=
A gate] BAYSo o]F FAL S AAte] =
s
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Table 5. Optimal design results and cost comparison of the initial plan

Algorithm Design Cost Initial design cost (\) Optimal design cost (\) Variation (%)
Simple HS 10,072,542,100 10.07
PSF-HS st 10,068,009,456 10.11
PSF-HS 2nd 10,066,397,849 10.12
APF-HS 11,200,114,720 10,006,768,400 10.65
SGHSA 9,975,644,245 10.93
NSHS 9,972,723,208 10.96
PAHS 9,986,321,140 10.84
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