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Abstract

Manufacturing and service businesses need to increase their competitive always. A business decision making tool
is algorithms, and most business problems are NP-Hard. Therefore, the objectives of this article are to review League
Championship Algorithm (LCA), to find the optimal parameters of the 10 different Benchmark Functions and
to design and analysis of experiments with the fractional factorial experiment (2¥?) and analysis of variance
(ANOVA). The results of this experiments show that f,(x), f,(x), fo(x) and f,,(x) have a P-value less than 0.05,
indicating that the value of the factor responds. So the best parameter of the league championship
algorithm should be as follows, for fi(x) set a retreat coefficient (c;) to 6, for f,(x) and f,(X) set the league
size (L) x Seasonality (S) to 56x1, the retreat coefficient (c,) and the approach coefficient (c,) is 6, and the
probability of success (p.) is 0.99999 and fy(x) set a retreat coefficient (c,) to 6, the approach coefficient
(c,) is 6 and the probability of success (p.) is 0.99999

Keywords: League Championship Algorithm, Optimal Parameters, Numerical Function Optimization,

Fractional Factorial Experiment, Analysis of Variance
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1. A1
Hymlunimnssugaaivnis lasawizagnab
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(NP-Hard) Jaymitinandszgndlddenisdrasima
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[81, [9], [10], [41], [12], [43], [14], [15], v Y 4
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[24], [25], [26]

[27], [28], [29], [30], [31], [32], [33], [34], v v
[35], [36], [37], [38], [39]

[40], [41], [42] v v
[43], [44], [45], [46], [47], [48], [49], [50], v

[51], [52], [53], [54]
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A15197 2 ATNIIRLABIVBIITNNTRYITUTNUEN

Amwsdmasvas LCA

Husla QAT
L S C [ Pc
Kashan (2009) Numerical Function Optimization 10 1,000 0.5 0.5 0.01
Kashan and Karimi (2010) Constrained Optimization min (8n, 64) Not defined 1.1 1.1 {0.001, 0.1}
Kashan (2011) Mechanical engineering design 18 Not defined (1, 1.25) (1.1, 1.35) U(0.1, 0.2)x(N-Npya)
Kashan et al (2012) Numerical Function Optimization 12 Not defined 0, 2) 0, 2) 0.01
Kashan et al (2013) The optimal cluster centroids 10 Not defined 0.2 1.0 0.9
Kashan (2014) Constrained optimization {30, 60, 90, 120} Not defined {0, 0.2, 0.5, 0.7, 1, 2} {0, 0.2, 0.5, 0.7, 1, 2} {0.00001, 0.3, 0.5, 0.7, 0.99999}

Sajadi et al (2014) Permutation flow-shop scheduling {10, 20} Not defined 2.0 2.0 {0.1, 0.3, 0.5, 0.9}

Noktehdan et al (2016) The manufacturing cell formation 30 10 Not defined Not defined Not defined

Nedaie and Khoshalhan (2016) Large-Scale support vector machine 18 {7, 8,9, 10} Not defined Not defined Not defined

Abdulhamid et al (2016) Cloud Computing Environment 1,000 Not defined 0.5 0.5 0.01

Bingol and Alatas (2016) General Optimization 10 50 Not defined Not defined Not defined

Jalili et al (2017) Optimum Design of Pin-Jointed {10, 20, 30, 40, 50} Not defined {1, 15,2} {1, 15,2} {0.0001, 0.25, 0.5, 0.9999}

Structures

Saraswathi and Srinivasan Mammogram Analysis 161 1,000 2.0 2.0 0.7

(2017)

Alatas (2017) Global optimization Not defined Not defined 0.5 0.5 0.01

Abdulhamid and Latiff (2017) Cloud scheduling 1,000 Not defined 0.5 0.5 0.01

Ebrahimi et al (2017) An inverse heat conduction 16 500 Not defined Not defined Not defined

Wangchamhan et al (2017) Numeric, categorical, and mixed- 60 Not defined 0.2 1.0 Not defined

type data clustering

Abdulhamid et al (2018) cloud computing environment Not defined Not defined 0.5 0.5 0.01

Xu et al (2018) production scheduling 30 1,000 [0.5, 2.5] [0.5, 2.5] [0.1,0.9]

Nahr et al (2018) Closed-loop supply chain (CLSC) (25, 100, 150, 200) (20, 26, 32, 40) 0, 2, 4, 6) 0, 2,4, 6) Not defined

Alimoradi and Kashan (2018) ~ Stock trading rule extraction process 20 38 Not defined Not defined Not defined

(Minimum, Maximum) (8, 1,000) (7, 1,000) (0, 6) (0, 6) (0.00001, 0.99999)
t i < @ v o
pf — f(xl_f) 1) (Threats; T) Wutadeniguan N15a319LUUINADY

f(x5)+f(xf)-2f
Avualdy 7 wag j wustunuluduavia
way xf LagAINM

< ] LA t t o w
wwnsamsaude f(x;) wez f(x]) AUEIU

v U A A t
tﬂ’JEJE‘ULLUUﬂ']T‘JﬂVIJJﬂ@ xi

n1smfrurnsefuiidunisdudiay

[N '

Turnemaus 0 84 1 [0, 1] drAntiosnitviewiity pit
A J YUz wagiiy j UW ondeilsAe u j susuaz i j
wi et Seufuidmiunisimuniiuuzuasfiuud
Juuuuaadunadengden 2 uag nnded anns
asraguuuuiinlvg (Setting up a new team
formation) nagnsiildgminlulszndldlnglémile
WnTzrignuauarnseuTeIiaugauls (Strengths;
S) wagneau (Weaknesses; W) yWudadeniely

\aue vauzlenia (opportunities; O) kazgUassa

(5]

N5IATIERNSTUARUUBNd MmUY (Wingiiy) i
(Fovindudmsunmsainesuuuuiislmidmiuda
t+1) dlesuterusinudauyfaniiy j visewewnse
7inr j Tudanidt £ wasnAlinradidavioduman

Hunalaensstegauimiegnseuvesiu i viniuey
fungded 5 1Tunalnenssangnseuvieqaudsves
7 j gﬂﬁ 2 LAAINITILATIERNITUTITULAT D UDT S
nelulazneuenvesaNyRgudmIuiiy i Tuguuuy
uHuAMLARsE U umeuN Ty
MUy fummmsaiiunviney
wih (ngteit 6) msnsgviidululsdmiuiin i Al
MNMFUATIEINTTUdUUsTulUUETauaSwEsn
ayUlaluauyAgiuvemissaien (SWOT matrix)
wandluzudl 3 dmuanagndiiugiu 4 nogns fe

S/T, S/70, W/T usg W/O I[10]
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JUN 3 m39aenfilaannn1siasieniswatu isn: [10]

2.2 Handudgywiieusfes (Benchmark

functions)

HandulguiisuiAssiuansieiu 91U

10 H9NTU LanIfInsaa 5

A15197 5 AUNITNNAMAAIFNS WAL HAGNSNLYITNT

LCA
AUNTSNANAAEAS 429 Smin
fi(x) = —50x + x? [0, 50] -625
n n
B ) ) [-10, 10] 0
R =Y Ei+[]
n ¢ 2 [-100, 0
() = Zi:l <Zj=1 xj) 100]
_ [-100, 0
fa(x) = maxi{|x;|,1 <i<n} 100]

N [-100, 0
= i +0.5])2
£ Zmaxl +050) 100]
n [-1.28, 0
_ ixt
fo(x) = zml"l +randm[0,1) 1.28]
. [-500, -
£,0x) = zi=1 —x; sm( Ixil) 500] 418.98xn
1 n n Xi
x) = —— x2 — cos (—l) 600, °
() =550 Zm : 1_L=1 Vi 600]
+1
£ [-50, 50] 0
_r i
= n{m sin(my;)
" - 2[1+ 10sin?(Ty;41)]
+Zi:1 (y;— 1) ! Yis1
—_1)2 .
FOu=1) }+Zi:lu(x,,10,100,4)
[0, 2] 0

4
fio(x,y,2) = §(xz +y2—xy)°75 42

3. N15UszENA@le3sn1s LCA

wyudan

(6]

a v dy Y o Yaa YA
ﬂ’Tu’J?ﬂ814191%’1ﬂ”liUi%Egﬂﬁﬂ‘U’Jﬁﬂ?iLL“Uﬂ‘UWN

(LCA) bBuUIAINIS LA DS N MU @UVD
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M5A15NENTI

HandutgyunisutAes (Benchmark Functions) #
LANANAY 31U 10 Handu waglanivuatdaden

o  w

d1Agy 4 Uade uwaznnladedidnuiu 2 sedv
Usenaudls au1nan (L) x 31u3uggnia () A1
Fuuszansaedu (retreat coefficient; ¢,) @1
ﬁuﬂizawéﬂﬂiﬁﬂ(approach coefficient; c,) WazA"
AuutaztJuvesnudia (The probability of
success; p.) Tngl@ivundinisifimosing 4 au

A1519% 6

AN5199 6 NNTANNUASEAUTIVENANYIVDIIDNS
LCA

o JE6U .
Uady . A
Uade
League (L) x Number of seasons (S) 2 8x55, 56x1
Retreat coefficient (c,) 2 0,6
Approach coefficient (c,) 2 0,6
0.00001,
Probability of success (p.)
0.99999
ANTPBALUUNTNAaRY 2% LLWﬂW@L%‘EJa

V1d YmTveaes 5 91 asisiunumsvaaes
WINAU 2x2x2x5 = 40 N1SNAADY F981NN158NLUY
MINPEBA 1 91nTMAaB SSuIuNSInaRIvAY 8
WARIss P59 7

M1519% 7 A159RALUUNTTNAADY 27 uAneLlSYa

AN el
RunOrder LxS Cy C, o
1 -1 -1 -1 -1
2 1 -1 -1 1
3 -1 1 -1 1
4 1 1 -1 -1
5 -1 -1 1 1
6 1 -1 1 -1
7 -1 1 1 -1
8 1 1 1 1

4. A7UuAz AN TNAADS
nadwifitosignuesiinis LCA 91nn1s

NARDIEUTUALNITHINTU £,(x) D3 f,5(X) LEAIAS

M51971 8 Fan15UTZENATIENT LCA Wud1 msmn

ANANBUNANNEAVRY fL(FX) Wag fL,x) LaAmey

(7]

ganliuau Un 7 atud 1 @nsau - dquigu 2562)

wirduAmauilsndulyniiieuifss TNes £(x), f(x)
waz £ AldRineulavinfudinouassilesdu
WgULAEN

HAN1TILATIZIANWUTUTIU (Analysis of
Variance; ANOVA) &91915841A1 P-Value vousiay
Yady wuan aunrsitendulyniiieudes £,(x), (),
o), waz fio(x) JA1 P-Value Uouni 0.05 Landin
Amnsiimesvestadeiudmanauaues (Response)
Y09n15Mnaeegelitedfy wanata a1s1edt 9-12
Taen5197t 9 \Hunavnaunisitaidulamidieudes
£ wuan ANduUsEANSRAZY (retreat coefficient;

v

¢,) @ P-Value Wiy 0.033 Fatfosnin 0.05 wans

A
R w1

71 AAUUTEANTAISUAINAN D UAUD IR BANBUN LAY

a1

KaEAITAINUAAINISITMOST dAndu +1 Ao A1

a

WY 6 Lﬁ@imﬁﬁmauﬁﬁwﬁqm LLamé’fﬂgﬂﬁ 4 wa
Mnaumsitsrduigmidleuiios £,00 wuin daders
4 fifn P-Value Ya8n11 0.05 WARIFT A151991 10
ﬂ'ﬁwwml,a?{maﬁlﬁlé’wé’ﬂmeﬁqgﬂﬁ 5 Haq1N
aunsihridulamiiisudes £, 0 wuin 3 Jade 7d
A1 P-Value Ho8n11 0.05 LaAIfen15199 11 ngaml

Aladevesladenanutantisguil 6

M1397 8 NaaNSNUReNanvaeis LCA

Function Name  f,(x) fo(x) 0 fi(x) [0
Fom -625 0 0 0 0

Function Name  f,(x) f7(x) [0 0 fie®
Fom 0 41892 092 549 0

A5991 9 HANITIATIEAANULUSUTINEMS U £,(%)

Source Seq SS Adj SS Adj MS F P

F
2748.0 2748.0 687.0 2.6 0.0

Main Effects 4
2 9 48
530.6 530.56 530.6 2.0 0.1

LxS 1
8 59
1259.8 1259.8 1259.8 4.9 0.0

(<] 1
1 4 33
440.5 440.53 440.5 1.7 0.1

C 1
3 98
517.1 517.12 517.1 2.0 0.1

Pc 1
3 64
2-Way 1241.9 12418 414.0 1.6 0.2

Interactions 6 2 03
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D
Source Seq SS Adj SS Adj MS F P
575.7 575.69 575.7 22 0.1
LxS*c; 1
6 43
271.6 271.56 271.6 1.0 03
LxS*c, 1
6 10
394.6 394.61 394.6 1.5 0.2
LxS*pe 1
5 23
3 8161.5 8161.4 255.0
Residual Error
2
3 8161.5 8161.4 255.0
Pure Error
2
3 12151.
Total
9 4
Main Effects Plot for F1
Data Means
LxS cl
610
615 \ \
6204 \ \
c T T T
’:8 1 1 1
<104 c2 pc
615 { \ \
620 \ \‘

JUN 4 nsiAnadevesadevan f£(x)

-
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