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Hybrid Coyote Optimization Algorithm With Grey Wolf Optimizer and
Its Application to Clustering Optimization

ZHANG Xin-Ming"? JIANG Yun' LIU Shang-Wang"? LIU Guo-Qi*? DOU Zhi"* LIU Yan"?

Abstract Coyote optimization algorithm (COA) is a novel swarm intelligence optimization algorithm with great
application potential, which was proposed recently. It has a unique search mechanism and the advantages to solve
global optimization problems well and so on. But when dealing with the complex optimization problems, it has some
defects, such as low search efficiency, poor operability, slow convergence speed and so on. To make up for COA's
disadvantages and utilize the advantages of grey wolf optimizer (GWO), a hybrid COA with GWO (HCOAG) is
proposed. Firstly, an improved COA (ICOA) is proposed. A Gaussian global-best growing operator replaces the
growing operator of the original algorithm to improve the search efficiency and convergence speed, and a dynamic
adjustment scheme of coyote number in each group is proposed to enhance the search ability and operability.
Secondly, in order to improve the operability and reduce the computational complexity of the algorithm, a simpli-
fied GWO (SGWO) is proposed. Finally, ICOA and SGWO are integrated by a sinusoidal crossover strategy to fur-
ther get better optimization performance. A large number of experimental results on classical benchmark func-
tions and CEC2017 complex functions and K-Means clustering show that, compared with COA, HCOAG has high-
er search efficiency, stronger operability and faster convergence speed. Compared with other state-of-the-art com-
parison algorithms, HCOAG has better optimization performance and can solve clustering optimization problems
better.

Key words Optimization algorithm, grey wolf optimizer (GWQO), coyote optimization algorithm (COA), hybrid al-
gorithm, clustering optimization
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SIOA. COA HA MRy % AR RURI 254 LS i
LA RE 77, JUHAE M ok B2 DU AL ) L 545 Wi X2
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52 [0, 1] A s A bEAL A &, o ARSI,
® FoN A ) B BN R 7y B AH 3. P S AT NI
B By

Dise = |C1 @ X () — X (8)] (6)
Disy=|Cyo X, ()~ X (0] (1
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Fig.1 Flow chart of GWO
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EHREM, N.=5, WIN, =20, HE =,
5 A% R R TE ROBHE L R A R A s e 7R
R, N.=10, W N, = 10, A5, W54 R
MIERBHER, SRR 5. Rk, shas i
HNRRE S AL = 7 RN, 17 B AT DA
I PATR R 5T RAEST. Rk, RSB S
ZJa, BENLI A, Gty DAAE 2 B AR A AL 0K B b 4
YIX AR RE, WNIMA T E S P, itiem T
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AT AR
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(11) 5 COA HPBIRIEAT b & IF Fifh, BARn=
(27)~(29).

NX, =GP - A, ®|GP —temp,| (27)

NX, = alpha — A; ® |alpha — temp,|  (28)
NX3 = cult — A3 ® |cult — temp,| (29)

Hr, temp, FoRUATAHE c MORIPRE. NX 4,
NX, Ml NX 3 ZRHNBIR G HIAE GP, alpha
cult B15] 5 FHRB MK RE. AL (27)~(29) 7T
DLEH, X 3 A7 24 T (6) ~ (8) HImTiZ
e C, ¥ GWO ML HAIFwRILAZE, BIFE
SGWO i, i C, THIHE ¢, WEWE T HE C
IAH DG TE . BT LA, X B LI GWO 7ELRIE A
BRI R Re JI M EII, S 1 TR IR PR T
HERE. T HEE—DREITE, SGWO HER
Fi COA H 11 210 42 J5 s R XBAR  2H N S5 p XB AR A
AR (N &) 5l TR, TF
FARA NI RS = AR, Witk SGWO 5
COA LE T —Fhmnskm 4. N HEHE SGWO,
KT GWO FHIHKREL IS SGWO F1 #1552
5L B L 3 BT,

) SRR (GP)
3 NI (alpha)
PRI (cult)

)

K3 GWO 5 SGWO &g L
Fig.3 Comparison of hierarchies of GWO and SGWO
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PLURG . Horh 2 R 2 4R — E MR LT,
P REAT S XA B — B RN,
MRIYEE AW R 1, ISR 4EE
SRS e, X PR DU ESAN RE AR R AT
AR — N8 R, PN I3 CRCR A =ik
Bl oA A I 52 bR BB R R AR IR R AT
KA RAFAIRIL, RIAE P 15 5% o £ 3 B 42 1) 58
SRR CR (£ 0.5 BT AT/ NG B33, Ja KR



2762 =l 3

Eitd 48 %

A

FEwkal) AT LA 2H. A RB R Y 22 A% 1 A S S
Hats N
CR =0.5x%

in (2 2 — +1
(s1n(7r><0 5><t+7r)><MaxDT+ )

(30)
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H e DRBI D 24 b ) AR YRR & 4 i
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ZE G BRE IR ) A R, R T AR
M2 FEdE, PRARRE N R M L ML ; 3) | HI7E
CR N 0.5 KB /Ng B2 e 5l e 4 R i 4
A GWO #AF LRSS MR 1 05 50 A0 i, 24
PEoR, SRALIRRBE D), JEWIFE CR 4 0.5 BT K
FEBEE), anik A R R LA — R R N T, 2
FEPEREAS, 2840 T ITRAE.

BE 3. IE5258 U

1 M IESZ A XS, L3 (30)

2. IRES p HE ¢ NRBIR

3. For j=1To D Do

4. If rand < CR

5. 5 (27)~(29)

6. new c; =(NX, ;+ NX, ; + NX3 ;)/3

7. Else
8. KM m i R KA T H= (26)
9. End If
10. End For
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v T K FE R IR R IR AE ). HCOAG 1
AR R A 4.

ME 4T LLEH, 5 COA Mk, HCOAG F#
AUINAE: 1) B 7 2R IE 5258 SRS Rl 15
4 /T A SGWO 7 2) HA IR IE
NEAE R IFAT I 3) ShiS B SR, 4) &
Fr T SRR IR S S AN L AR

4 MUK ERS S

SRR ERSHIRE

EAE HCOAG HIAA 8, A SCR 4 S R e
PRECFISKR H CEC2017 8 22 R Bt AT 4k S 56
CEC2017 BL¥5 FIE R (F~F,). ZUEREL (Fy~
Fio)s HERSEE (F11~Fa) TS A R 3L (Fa1~Fs9), W

4.1

WESH: 4 =0, BEVWIIHLRFEE, T8 RA+E
SOEMLRE ST, RIS R EMAR GP

[ S P g @ﬂg
| f= 41, AEWESE o F R |
| B |
| TP L alpha RRALSCALES cult |
N & 32
o U (25) A1 (26) SR ARG sk
‘ AR 355 SO, SO IRA K — A R Btk | % 3.3
\ ST, — 5 PR 6 0 SR AR A S %q@%; :
“H e

JUFIEATAE R, AT TSR SRR AL 2B R e,
GO PR B RS RN B A R R AR GP
MR (21) Bl AL 6 SQ S AR BA S5 582 0 4 A8 SR A 2
SOIR, TSI IERRE ), SEIIRE . RIER L)) iR
FERA S ARAR LU AR BB AR, A OB A SERAE T, SR BN
0, HEH R BB GP; T, BRI

v

R IRAE

e R AR GP

EET

4 HCOAG 2K
Fig.4 Flow chart of HCOAG

S 50 L SCHR [15]. SEERFREE SR 3245 3.00 GHz (1)
Inter(R) Core(TM) i5-7400 CPU FIN 17 8 GB ]
PC HL, #1E KGR 64 £ Windows 10, i il
R MATLAB2017A. % B X bR E AL 35
GWOP, COAY, MEGWO (Multi-strategy en-
semble GWO)!"", DEBBO (Differential evolution
and biogeography-based optimization)"”. HFPSO
(Hybrid firefly with PSO)!"™, SaDE (DE with
strategy adaptation)!, SE04 (Spherical evolu-
tion)*, FWA (Fireworks algorithm)®" A1 TLBO
(Teaching-learning based optimization)?. MEG-
WO @i 1) GWO dudt ik, SR [16]) R
BT GWO K stk bL A AR ) SIOA. DEBBO
& DE 5 BBO MIRAH L, SCHR [17] R EMLT
DE fl BBO & H Al STOA. HFPSO 72 PSO
A FA FHRAFVE, SCHR (18] RMELT PSO M
FA %5 SIOA. SaDE HEA BE MR, Sk [19] %
B SaDE it T- DE % SIOA. SE04 /2 3k Bt b H i
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AR 2 —, SCHR [20] R SE04 B#EMLT GWO
515 FWA R TLBO 2 H R & A# B 1
R, B, XL L B EBA BRI e 4.

RNAFRN, i EEN AL R BMF.
£ CEC2017 I, k¥ SCiik [15] M S Hm T,
D =30, S KR EVFT %L 10000 x D, MAS7IEAT
51 k. fEL MBI D =10 M1 D =30 |, MazDT
318 100 A1 500, FS7IZ4T 30 VK. MK HE SCRk [4] 1
e, COA MERESHKEN: N =100, N, =5,
N, =20. HCOAG (] N1 &5 100, N, FI N, T
U R At 2 HOR P A R SCRR R ) B i
wH.

— i FRLIGE R B FH SR E 5 — AN R SR R e
1, ZUERBFE R LR RG], REMEEH
g AL B R 0 B RE 7). AR SCR A M
(Mean) M75 7% (Std) 707 PEAl — D EIE R AL 1
REANAR E 1. TEAR AR /ME 0] B rp ) (A BN RO

FE M RE R, T7 2N RN FE R e tERF .
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NIGAE A S X HCOAG LAk I BE 1 TTk,
¥ HCOAG 5HAZ4HZE HCOAG; (N, =5M
N, =20 fl HCOAG). HCOAG,, (N.=10 I
N, =10 ) HCOAG). ICOA. SGWO. GWO
COA £ CEC2017 [1] 30 4 5% % _EiE 47525, 9256
ZERWE 1 PR,

MF 1 R AT PUE Y, HCOAG, 78 Bl iR % -3k

#£ 1 HCOAG S5HAEEELRILEFXT

Table 1  Comparison results of HCOAG and its incomplete algorithms
EE ik HCOAG COA GWO HCOAG; HCOAG, ICOA SGWO
Mean 7.4494x10™* 1.2099x10° 1.2813x10° 4.1072x10™ 1.9800x 107 1.0737x10? 3.3279x10°
Fy Std 1.4801x107* 1.2998 x 10° 9.6388x10° 8.5916x10™* 2.9438%x10°° 1.0569% 10? 4.3271x10°
Rank 2 5 7 1 3 4 6
Mean 1.1941x 10" 2.9013x10* 3.1831x10* 4.8580x10°* 1.8078x 10" 8.6764x10" 3.3582x 10"
F, Std 2.4077x 10" 1.1462x10% 1.5894 x 10% 3.3985x 10" 5.0208x 10" 3.5675x10" 1.3200x10*
Rank 1 6 7 3 2 5 4
Mean 9.5410x 10" 6.0573x10* 2.8342x 10" 7.6972x10" 1.0995x10° 3.3032x10* 8.7276x10?
Fy Std 1.9288 % 10° 1.0177x10* 9.2323x10° 9.8032x10" 1.6794x10° 6.8409x 10° 7.2376x10?
Rank 2 7 5 1 3 6 4
Mean 1.8113x 10" 8.4041x 10" 2.0825x10? 2.0841x10" 2.8446x 10" 4.8248x 10" 1.0495x10*
Fy Std 2.7696 x 10" 8.5306x 10" 8.4445x 10" 3.0540% 10" 3.1826x 10" 3.3517x 10" 2.4806x 10"
Rank 1 5 7 2 3 4 6
Mean 2.8433 x 10" 5.2890x 10" 9.6116x 10" 3.5884x 10" 3.0204x10' 3.4844x 10" 3.1488x 10"
Fy Std 6.8886 x10° 1.5025% 10" 3.2690x 10" 1.0115x 10" 8.8983x 10" 1.0983x 10" 9.2242x10°
Rank 1 6 7 5 2 4 3
Mean 1.7483x 1077 1.6399x10° 6.3664x10° 9.4452x 1077 1.5005x10°° 2.8782x10™" 2.0381x10?
Fg Std 4.7524x107 9.6428x10°° 3.1596x 10° 2.4080%x10°° 5.9643%x10°° 1.6254x10™* 2.7102x107?
Rank 1 4 7 2 3 5 6
Mean 6.1055x 10" 7.5148x10" 1.4460%10* 6.7082x 10" 5.9300x 10" 6.7675x 10" 6.4025x 10"
F, Std 1.0851x 10" 1.3762x 10" 4.6314x10* 1.1241x10" 9.4998 x 10° 1.1520x 10" 1.1856x 10"
Rank 2 6 7 4 1 5 3
Mean 3.2489x 10" 5.6110x10" 8.4662x 10" 3.6085x 10" 2.9446 x 10" 3.6138x 10" 3.1775% 10"
Fy Std 1.2272x 10" 1.8774x10" 2.5270x 10" 8.8063x10° 7.9048 x10° 1.0081x 10" 7.8884x10°
Rank 3 6 7 4 1 5 2
Mean 2.7362x 107" 5.6225%x10™" 5.5392x 10? 5.2270x10™" 2.5931x10" 8.8559x 107" 7.4159%10°
Fy Std 4.8298x 10" 1.0209% 10° 3.2695x 10? 8.7374x10™" 4.6957x10" 1.5656x 107" 6.7112x10°
Rank 3 5 7 4 2 1 6
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Table 1 Comparison results of HCOAG and its incomplete algorithms (continued table)
PR b HCOAG COA GWO HCOAG; HCOAG,, ICOA SGWO
Mean 2.2671x10° 2.7575x10° 3.1862x10° 2.5574x10° 2.3435x10° 2.1380x10° 2.1424x10°
Fio Std 6.1427x 10 4.6685x10° 9.7886x 10" 5.3524x10* 6.0670x 10 5.6098 X 10* 4.0691x10*
Rank 3 6 7 5 4 1 2
Mean 2.1678 x10* 4.1143x10" 4.9771x10* 2.9822x10" 2.6698x 10" 2.2685x10" 1.0908x10?
Fpy Std 2.0907 x 10" 2.7367x10" 6.4235x 10" 2.6128x10" 2.4059x10" 2.0893x 10" 3.8218x 10"
Rank 1 5 7 4 3 2 6
Mean 9.8943 x10° 1.2532x10° 4.0285x107 1.2577x10* 1.0657x10* 1.3660%10° 2.0716x10°
Fio Std 6.0932x10° 1.2555x10° 7.3849x107 6.4424x10° 6.4606x10° 9.3092x10* 1.9967x10°
Rank 1 4 7 3 2 5 6
Mean 1.9749%10* 2.0357x10* 2.8073x10° 3.0265x10° 3.1829x10° 3.6293 %10’ 1.3271x10*
Fis Std 3.8565x10* 2.6333x10* 1.6225%107 6.2901x10° 8.0719x10° 8.9975x 10" 1.5283x10*
Rank 2 6 7 3 4 1 5
Mean 8.6436x10" 8.0070x 10" 1.3112x10° 7.7150% 10" 1.0134x10? 5.6726 x 10" 1.4132x10*
Fu Std 4.3766x10" 1.9915%10" 2.3335x10° 6.0071x10" 9.2585x 10" 1.4850x 10" 1.7944x10*
Rank 4 3 7 2 5 1 6
Mean 1.8396x10* 2.0792x10° 3.3658x10° 7.1579x 10 1.7386%x10° 6.9111x 10" 6.6116x10°
Fi5 Std 2.9044x10* 7.9984x10° 7.9125x10° 1.2272x10° 2.9477x10° 1.9083 x 10" 8.3961x10°
Rank 4 5 7 2 3 1 6
Mean 3.0243 x10° 7.9869x10* 8.1416x10* 3.3715x10” 3.0883x10” 4.6416x10” 5.0252x10”
Fig Std 2.0550x10* 2.8651x 10 2.6440x 10 2.1415x10* 1.8878x10? 2.6962x10” 2.4545x10*
Rank 1 6 7 3 2 4 5
Mean 4.7111x10" 2.2439x10* 2.7004x 10 6.4809x 10" 5.3120x 10" 3.7365x 10" 1.3984x10?
Fir Std 4.0925x10" 1.3518x10? 1.3820x 10 5.3991x10" 4.7801x10" 4.0654x 10" 8.0664x10"
Rank 2 6 7 4 3 1 5
Mean 6.1013x10" 6.9910x 10" 7.1643x10° 5.1875x10" 5.0376x10* 3.9930x10* 1.8454%10°
Fig Std 5.7031x10* 1.0210x10° 8.2799x10° 3.6270x 10" 3.7592x10* 2.0034x10* 1.7045x10°
Rank 4 5 7 3 2 1 6
Mean 3.4042x10" 4.4886x10° 4.6400x10° 3.4163x10" 3.0105x10* 2.4678 10" 5.4815x10°
Fig Std 2.0528x10" 1.3325x10* 5.4998x10° 3.9687x10" 1.1322x10° 7.1259x10° 4.9859x10°
Rank 2 5 7 3 4 1 6
Mean 9.6665 < 10" 2.4290x10* 3.6059x10* 1.0084x10? 1.1637x10? 1.0389x10? 2.0165x10”
Fy Std 7.7834x10' 1.4995x10° 1.0264x 10 6.6726x10" 7.5890x 10" 8.7694x 10" 9.6673x10"
Rank 1 6 7 2 4 3 5
Mean 2.3023 x10° 2.5626x 10" 2.8298x10? 2.3713x10* 2.3135x10* 2.3724x10° 2.3289x10”
Fyy Std 8.5095x10° 1.6800% 10" 2.5684x10" 1.0815%10" 9.8453x10" 1.1261x10" 9.9428x10°
Rank 1 6 7 4 2 5 3
Mean 1.0010%10? 1.9999%10° 8.0434x10* 1.0005 %< 10° 1.0005%10? 1.0005x 10 1.2974x10?
Fy Std 4.8096x10™" 1.5970x10° 1.1113%x10° 3.4354x 107" 3.4444x10™ 3.4443x10™" 2.0703x10?
Rank 4 7 6 1 3 2 5
Mean 3.7755x10° 4.1635x10° 4.7029x10* 3.8706x10” 3.7831x10* 3.8441x10* 3.8854x10”
Fys Std 1.0911x10' 1.6898x10" 2.9324x10" 1.3271x10" 8.1817x10" 1.0543%10" 1.3692x10"
Rank 1 6 7 4 2 3 5
Mean 4.4827x10° 5.4044x10* 5.2489x 10 4.5484x10* 4.4530x 10’ 4.5862x 10" 4.5671x10*
Fy Std 1.0757x10" 4.5778x10" 3.3902x10" 1.1783%10" 1.1461x 10" 1.2203x 10" 1.1956x 10"
Rank 2 7 6 3 1 5 4
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Table 1 Comparison results of HCOAG and its incomplete algorithms (continued table)
R Frife HCOAG COA GWO HCOAG; HCOAG, ICOA SGWO
Mean 3.877T7x10° 3.8706x 10" 4.7784x10° 3.8747x10* 3.8729x10° 3.8698 x10* 4.0239x10”
Fos Std 5.4462x10° 8.0647x10™" 2.3819x10" 1.5625x%10° 1.2735x10° 5.4095x 107" 1.5135%10"
Rank 5 2 7 4 3 1 6
Mean 1.2578%10° 1.6520x10° 2.0116x10° 1.3249x10° 1.2449x10° 1.3138%10° 1.5024x10°
Fog Std 1.9807x10* 1.7070x10? 5.7618 x10” 3.1093x10? 3.4947x10* 1.9599x 10 2.8691x10”
Rank 2 6 7 4 1 3 5
Mean 5.1091x 10 5.0430x10° 5.9279x10” 5.1349x10” 5.1088x10° 5.0560x 10 5.3331x10”
For Std 7.7116x10° 8.2707x10° 3.8462x 10" 8.6401x10° 8.6837x10° 7.3827x10° 1.1175%10"
Rank 4 1 7 5 3 2 6
Mean 3.3558 x10” 4.0555x 10" 5.9941x10” 3.2930x10° 3.3793x10° 3.4828x10° 4.5710x10”
Fog Std 5.3866x 10" 3.6156x10" 6.9788x10" 5.1585x 10" 5.1950x 10" 5.3564x 10" 2.3392x10"
Rank 2 5 7 1 3 4 6
Mean 4.5991x10” 6.6978 x10” 8.5036x10” 4.8821x10” 4.6287x10” 4.5683 %10’ 6.2453x 10"
Fog Std 4.4075x10" 1.7459%10? 1.8235x10? 5.5772x10" 4.3839x10" 4.4800x 10" 1.1861x10?
Rank 2 6 7 4 3 1 5
Mean 2.9823x10° 6.0618 x10° 4.0643x10° 3.1036x10° 2.9323 x10° 1.9586x10* 6.1880x10°
Fy Std 6.1135x10° 4.7022x10° 3.1688x10° 8.4665x 10" 5.9332x10* 7.3086x10° 2.8250x10°
Rank 2 4 7 3 1 6 5
Count 10 1 0 4 5 10 0
Ave rank 2.20 5.23 6.87 3.10 2.60 3.07 4.93
Total rank 1 6 7 4 2 3 5
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Table 2 Comparison results on the 6 classic functions
D=10
SR P B
HCOAG COA GWO HFPSO DEBBO

Mean 6.0684x107° 1.7833x10? 9.0799x10™" 3.4157x107° 6.7086x 107"

h Std 4.8458x107 6.3524x 10" 2.4849x107™ 2.4485%x 107 3.1056x 107
Rank 2 5 1 3 4

Mean 8.4133%x10°° 2.3737x10° 1.3222x107° 1.3703x107* 2.8483x107*

f Std 3.7531x10°° 4.0964x107" 1.1382x10°° 6.5582x 107" 7.0993x107°
Rank 2 5 1 3 4
Mean 0 1.6180x 107 1.0000x10™" 0 0
5 Std 0 5.0787x 10" 3.0513%x10™ 0 0
Rank 1 5 4 1 1

Mean 1.2498x107"° 4.0253x10" 1.5325x10° 3.5760x107" 1.8575x107*

fi Std 2.0501x107" 1.6104x10° 9.4192x107 4.1539%x107 1.0158x107*
Rank 1 5 3 2 4

Mean 2.0046 x10°* 7.1619%10° 2.4093%x10°° 4.6770x10° 2.6132x107

fs Std 5.9686 <107 1.5819x10° 1.4121x107° 5.6661x10° 1.0613x107?
Rank 1 5 3 2 4

Mean 4.1921x10™" 1.7228x10° 1.2593x107? 4.9377x107 3.5149x107*

fs Std 4.3501x107" 5.1829x10™ 6.8779%x107° 4.8665x107" 1.5826x107*
Rank 1 5 4 2 3

D =30

Mean 1.3966x 10" 3.2554x 10" 5.4432x10™" 7.2595%10°° 2.7076x 10"

h Std 3.2255x107"7 5.9567x10° 7.1605x10™" 7.3446x10° 1.1010x10™*
Rank 2 5 1 3 4

Mean 2.8862x 107" 1.3998 x 10° 6.0158 X107 5.3463x10° 1.3264x10°*

b Std 4.6435x107"° 1.9835%x10" 6.2049 X107 3.9178x10° 2.3103x10™"
Rank 2 5 1 3 4
Mean 0 3.3700x 10" 3.3333x107? 0 0
f Std 0 7.9877x10° 1.8257x10" 0 0
Rank 1 5 4 1 1

Mean 1.0451x107"" 3.8002x10° 1.5129% 10 1.7278x10? 6.4886x10°

fi Std 3.0738x107" 1.3163x10° 1.0471x10? 3.9296x 107 2.7878%107°
Rank 1 5 3 4 2

Mean 5.3309x107"" 1.8376x 10" 1.6587x 10" 3.2962x10°* 5.0150x10™"

f5 Std 1.5184x107" 5.8919x10° 1.1940x 10" 5.1211x10°* 2.1237x10™"
Rank 1 5 4 3 2

Mean 1.2484x107" 1.8049%10° 7.9738%x10" 8.2480x10°* 8.5930x10°

fs Std 1.7135x107" 4.9152x10" 7.4565%x 10" 4.5176x107? 3.9292x10°
Rank 1 5 4 3 2
Count 8 0 4 2 2

Ave rank 1.33 5.00 2.75 2.50 2.92

Total rank 1 5 3 2 4

AG MR HHE 2 R 1.33, KA EVE R T34 HE4
KX N: HFPSO (2.50). GWO (2.75)- DEBBO
(2.92) F1 COA (5.00). XELEHELH HCOAG A

e X A LA ) R A 4 X054, 8 506 R A B A
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Table 3  Details of 6 classical benchmark functions
Byt [BapA B BiRAE SneM R f/MA
D
Sphere IROED I [~100, 100] 0
i=1
D
A I TR B Schwefel 2.22 fa(@) = > fwil + [T lail [-10, 10] 0
=1 =1
D
Step fs(x) =" (las +0.5))° [~100, 100] 0
i=1
s
fa(z) = B{l()sin2 (mys )+
D—1
(yi — 1)2 [1 + 10sin? (7Tyi+1)] +(yp — 1)2}+
i=1
Penalized 1 i u (z, 10, 100, 4) [=50, 50] 0
i=1
vi=1+4 g @i+ D)
k(z; —a)™, z; > a
e ¥ u(x;, a, k, m)_{O, —a<z;<a
2R k(—z; —a)™, z; < —a
D—1
Penalized 2 f5(z) = 0.1{sin2 (m@1) + Z (@ —1)° {1 + sin’ (37rmi+1)] + [-50, 50] 0
i=1
D
(xp — 1) {1 + sin? (27rmD)] } + Zu(z,, 5, 100, 4)
i=1
D—1
Levy fo(@) = 37 (@i = D 1+ sin® (Bmazia)] + -10, 10] 0
=1 ’

sin (3721) + |ep — 1 [1 4 sin? (3771,3)}
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Fig.5 Convergence curves of HCOAG and the comparison algorithms on the 4 classical benchmark functions
F 4 FE 30 4k CEC2017 B 2% # L HIALAL S AxS HE
Table 4 Comparison results on the 30-dimensional complex functions from CEC2017
R BRiUE HCOAG COA GWO MEGWO HFPSO DEBBO SaDE SE04 FWA TLBO
Mean 7.4494x10™ 1.2099x10° 1.2813x10° 4.5517x10° 3.9338x10° 2.7849x10° 3.0714x10° 3.2930x10° 4.3987x10° 2.9846x10°
Fy Std  1.4801x107* 1.2998x10° 9.6388x10° 1.0677x10° 5.3689x10° 4.0364x10° 3.5072x10* 4.2328x10° 1.4055x10° 3.1471x10°
Rank 1 2 10 8 7 3 5 6 9 4
Mean 1.1941x10" 2.9013x10* 3.1831x10% 2.8884x10° 5.3485x10* 1.5057x10" 8.6275x107" 3.0802x10" 4.1397x10" 1.0448x10'
F, Std  2.4077x10" 1.1462x10% 1.5894x10% 8.0571x10% 3.2847x10° 3.5179x10" 4.9357x10° 1.1694x 10" 1.5680x10" 4.7082x10'
Rank 2 9 10 4 3 8 1 5 6 7
Mean 9.5410x107" 6.0573x10* 2.8342x10* 2.2633x10* 1.5595x107 3.6772x10* 3.0045x10* 9.7974x10° 2.4748x10* 4.0488x10*
Fy Std  1.9288x10" 1.0177x10* 9.2323x10° 1.7031x10* 2.3334x107 5.8394x10° 7.3017x10%> 3.4377x10° 6.3467x10° 1.6647x107°
Rank 3 10 8 4 1 9 5 6 7 2
Mean 1.8113x10" 8.4041x10" 2.0825x10* 2.4815x10' 6.9386x10" 8.4851x10" 6.0423x10' 8.5881x10" 1.1370x10* 5.9054x 10"
F, Std  2.7696x 10" 8.5306x10° 8.4445x10" 2.8995x10" 2.1364x 10" 2.2848x10™" 2.9825x10" 1.1251x10" 1.7315x10" 3.0429x 10"
Rank 1 6 10 2 5 7 4 8 9 3
Mean 2.8433x10" 5.2800x10" 9.6116x10" 5.6912x10" 8.5624x10" 5.8216x10" 5.6192x10" 4.1688x10" 1.8456x10* 8.5717x10"
F; Std  6.8886x10° 1.5025x10" 3.2690x10' 1.0725x10" 1.7427x10"' 6.5957x10° 1.4216x10" 8.1545x10° 3.3933x10' 1.8601x 10"
Rank 1 3 9 5 7 6 4 2 10 8
Mean 1.7483x107 1.6399x107° 6.3664x10° 2.4470x10" 1.0170x10° 1.1369x107** 8.9317x107* 7.5481x10° 5.1770x10° 7.2903x10°
Fg Std  4.7524x107 9.6428x10° 3.1596x10° 8.1620x107? 2.3644x10° 0 1.3955%x 10" 3.9880x 107 3.1351x10° 4.4538x10°
Rank 2 4 9 6 7 1 5 3 8 10
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Table 4 Comparison results on the 30-dimensional complex functions from CEC2017 (continued table)
¥ i HCOAG COA GWO MEGWO HFPSO DEBBO SaDE SE04 FWA TLBO
Mean 6.1055x10' 7.5148x10' 1.4460x10* 8.9106x10' 1.0407x10* 9.9725x10' 9.4945x10" 7.2448x10" 2.0998x10* 1.3661x10’
Fr Std  1.0851x10' 1.3762x10' 4.6314x10" 1.0935x10" 1.9791x10' 6.4285x10° 1.9879x10" 7.3495x10" 4.4817x10' 2.4846x10"
Rank 1 3 9 4 7 6 5 2 10 8
Mean 3.2489x10" 5.6110x10" 8.4662x10' 5.9398x10" 7.2842x10' 5.9299x10' 5.3942x10" 4.4194x10" 1.4508x10° 7.1339x10"
Fy Std  1.2272x10" 1.8774x10' 2.5270x10" 1.0663x10' 1.7967x10' 6.0788x10° 1.2792x10" 6.5834x10" 2.1470x10' 1.4852x10"
Rank 1 4 9 6 8 5 3 2 10 7
Mean 2.7362x107" 5.6225x10™" 5.5392x10* 7.8267x10" 3.2733x10' 4.0125x10™ 8.3556x10" 3.0839x107" 3.5295x10° 2.4197x10?
Fy Std  4.8298x107" 1.0209%x10° 3.2695x10° 1.1815x10' 1.3249x10° 5.4870x107 6.2643x10" 8.4139x107" 9.5511x10* 1.4491x10"
Rank 2 4 9 5 6 1 7 3 10 8
Mean 2.2671x10° 2.7575x10° 3.1862x10° 2.4369x10° 2.9908x10* 3.2911x10° 2.3253x10° 2.3267x10° 3.7800x10° 6.0667x10°
Fip  Std  6.1427x10* 4.6685x10* 9.7886x10* 4.4542x10* 5.9210x10* 2.7284x10% 4.9247x10* 2.8457x10° 5.9660x10* 1.0625x10°
Rank 1 5 7 4 6 8 2 3 9 10
Mean 2.1678x10' 4.1143x10' 4.9771x10* 2.9612x10' 1.1553x10* 3.7430x10' 1.0032x10* 4.1343x10" 1.6164x10* 1.2672x10’
Fyp Std  2.0907x10' 2.7367x10' 6.4235x10* 1.0347x10' 3.9628x10' 2.3672x10' 4.3101x10" 2.7994x10" 4.5263x10" 4.5717x10'
Rank 1 4 10 2 7 3 6 5 9 8
Mean 9.8943x10° 1.2532x10° 4.0285x107 1.5983x10" 9.9670x10" 1.3866x10° 6.8629x10" 1.1143x10° 4.6351x10° 3.3042x10*
Fi;  Std  6.0932x10° 1.2555x10° 7.3849x107 4.0434x10° 1.0658x10° 9.2097x10* 3.8252x10" 8.1422x10° 3.1121x10° 2.8646x10*
Rank 1 6 10 2 5 7 4 8 9 3
Mean 1.9749x10° 2.0357x10" 2.8073x10° 2.0450x10* 3.0927x10' 8.1265x10° 1.1211x10" 4.6063x10° 3.7320x10* 1.4857x10"
Fi3  Std  3.8565x10° 2.6333x10* 1.6225x107 2.7028x10' 2.7301x10' 7.8066x10° 1.0535x10" 4.8590x10° 2.6480x10* 1.7072x10*
Rank 2 7 10 1 8 4 5 3 9 6
Mean 8.6436x10' 8.0070x10' 1.3112x10° 6.1985x10' 6.7377x10° 4.9240x10° 4.3238x10° 7.1204x10" 2.6955x10° 3.5454x10°
Fiy  Std  4.3766x10'  1.9915x10' 2.3335x10° 8.6647x10° 5.5695x10° 3.2902x10° 5.7159x10° 5.9323x10" 2.4525x10° 4.1276x10°
Rank 3 2 9 1 7 6 5 8 10 4
Mean 1.8396x10° 2.0792x10° 3.3658x10° 5.1634x10' 9.7487x10° 4.9944x10° 2.1676x10° 2.2013x10° 3.2784x10° 3.9091x10°
Fi5 Std  2.9044x10°  7.9984x10° 7.9125x10° 1.0713x10' 1.2114x10' 6.6468x10° 3.0178x10° 1.9756x10° 1.9819x10° 4.3347x10°
Rank 2 3 10 1 9 8 4 5 6 7
Mean 3.0243x10* 7.9869x10* 8.1416x10* 4.4823x10* 7.7229x10* 3.9643x10%> 5.6072x10° 4.9392x10° 1.2266x10° 5.0039x10’
Fig  Std  2.0550x10* 2.8651x10* 2.6440x10* 1.3443x10* 2.2590x10* 1.1932x10%> 2.0850x10* 1.7309x10° 3.0034x10* 2.7575x10’
Rank 1 8 9 3 7 2 6 4 10 5
Mean 4.7111x10' 2.2439x10* 2.7004x10* 6.9544x10' 2.5591x10* 8.1642x10' 8.7684x10' 1.4116x10° 5.5825x10* 2.3994x10’
Fi;  Std  4.0925x10' 1.3518x10* 1.3820x10* 1.7296x10' 1.2971x10*> 2.2037x10' 9.1289x10" 8.5026x10" 2.3401x10* 8.8703x10'
Rank 1 6 9 2 8 3 4 5 10 7
Mean 6.1013x10" 6.9910x10" 7.1643x10° 2.0505x10%> 1.1409x10° 3.2225x10° 1.0034x10> 2.1361x10° 9.8409x10° 2.0609x10°
Fig  Std 5.7031x10* 1.0210x10° 8.2799x10° 4.7536x10' 1.1535x10° 1.2197x10° 1.1019x10° 1.3261x10° 1.1184x10° 1.5131x10°
Rank 2 3 9 1 5 8 4 7 10 6
Mean 3.4042x10' 4.4886x10° 4.6400x10° 2.9977x10' 8.6631x10° 8.3686x10° 5.9612x10° 2.0723x10° 5.2207x10° 6.3203x10°
Fiy  Std 2.0528x10' 1.3325x10* 5.4998x10° 3.3897x10° 1.9974x10' 9.2795x10° 7.1112x10° 2.1685x10° 3.9175x10° 1.0793x10*
Rank 2 4 10 1 9 8 6 3 5 7
Mean 9.6665x10'  2.4290x10* 3.6059x10* 1.1363x10* 2.6516x10* 5.5205x10' 1.2989x10° 1.7303x10° 4.6345x10* 2.4392x10?
Fyy  Std  7.7834x10' 1.4995x10* 1.0264x10* 5.2411x10' 1.1737x10* 3.5413x10' 7.0970x10' 7.2015x10" 1.7129x10* 8.4432x10'
Rank 2 6 9 3 8 1 4 5 10 7
Mean 2.3023x10* 2.5626x10* 2.8298x10* 2.5458x10* 2.7446x10* 2.5950x10% 2.4896x10° 2.5047x10° 3.7768x10* 2.6988x10’
Fy;  Std  8.5095x10° 1.6800x10' 2.5686x10' 3.3247x10' 1.9517x10' 7.6690x10° 1.3195x10" 8.4442x10° 7.9462x10" 1.9589x10'
Rank 1 5 9 4 8 6 2 3 10 7
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Table 4 Comparison results on the 30-dimensional complex functions from CEC2017 (continued table)

g
¥

48 %

PR FrE HCOAG COA GWO MEGWO HFPSO DEBBO SaDE SE04 FWA TLBO
Mean 1.0010x10* 1.9999x10° 8.0434x10* 1.0022x10* 1.4532x10° 1.0000x10* 1.0228x10° 1.0211x10° 2.1380x10° 1.0232x10?
Fao Std  4.8096x107" 1.5970x10° 1.1113x10° 4.3917x107 1.8286x10° 2.3100x107* 3.2279x10° 1.2872x10° 2.2149x10° 4.0114x10°
Rank 2 9 6 3 8 1 4 7 10 5
Mean 3.7755x10% 4.1635x10° 4.7029x10* 3.8959x10* 4.8447x10* 4.0323x10* 4.1472x10* 4.0247x10* 5.8963x10% 4.5003x10*
Fy3  Std  1.0911x10' 1.6898x10' 2.9324x10' 6.8787x10" 4.4709x10" 5.6348x10° 1.8742x10' 8.1687x10° 8.8792x10" 3.0546x10"
Rank 1 6 8 2 9 4 5 3 10 7
Mean 4.4827x10% 5.4044x10* 5.2489x10* 4.8972x10* 5.6079x10* 4.7430x10> 4.8169x10° 4.9840x10* 7.9489x10° 5.0152x10?
Fyy  Std  1.0757x10' 4.5778x10' 3.3902x10' 1.6597x10' 5.7847x10" 6.0055x10° 2.0610x10' 1.3899x10' 8.6391x10" 2.3700x10'
Rank 1 8 7 4 9 2 3 5 10 6
Mean 3.8777x10* 3.8706x10° 4.7784x10* 3.8374x10% 3.8818x10* 3.8691x10* 4.0124x10° 3.8779x10* 4.1099x10° 4.0877x10*
Fos Std  5.4462x10° 8.0647x107" 2.3819x10' 1.8246x10™" 3.4076x10° 7.5524x107% 1.9489x10" 1.1319x10° 2.1657x10' 2.2401x10'
Rank 4 3 10 1 6 2 7 5 9 8
Mean 1.2578x10° 1.6520x10° 2.0116x10° 2.5051x10% 1.4922x10° 1.4821x10° 1.7344x10° 1.5337x10° 2.2418x10° 1.8645x10°
Fye  Std  1.9807x10> 1.7070x10* 5.7618x10° 4.1112x10" 9.6940x10* 7.2015x10" 7.1347x10* 1.9051x10* 1.7373x10° 1.0276x10°
Rank 2 6 9 1 4 3 7 5 10 8
Mean 5.1091x10* 5.0430x10* 5.9279x10* 5.1286x10* 5.3523x10° 4.9807x10* 5.4289x10° 5.0744x10* 5.7919x10° 5.3827x10*
Fy;  Std  7.7116x10° 8.2707x10" 3.8462x10' 6.1632x10° 2.1095x10" 4.7270x10° 1.7086x10' 3.6242x10° 3.5317x10" 1.6907x10'
Rank 4 2 10 5 6 1 8 3 9 7
Mean 3.3558x10* 4.0555x10° 5.9941x10* 3.6492x10* 3.5331x10° 3.2281x10* 3.3257x10° 4.1364x10* 4.6256x10° 3.6806x10*
Fos  Std  5.3866x10' 3.6156x10" 6.9788x10" 3.2477x10' 5.9179x10' 3.7880x10" 5.2165x10' 2.5577x10' 2.3601x10" 5.3388x10'
Rank 3 7 10 5 4 1 2 8 9 6
Mean 4.5991x10%> 6.6978x10° 8.5036x10* 5.4385x10* 6.7006x10* 5.1851x10* 5.5826x10° 5.4778x10* 1.0120x10° 7.8922x10?
Fy9  Std  4.4075x10' 1.7459x10* 1.8235x10° 5.4241x10' 1.4475x10* 3.4859x10" 1.0040x10* 8.1960x10' 2.1872x10* 1.3560x10°
Rank 1 6 9 3 7 2 5 4 10 8
Mean 2.9823x10° 6.0618x10° 4.0643x10° 3.6855x10° 1.8733x10" 5.9405x10° 5.0147x10° 4.9671x10° 1.5965%x10" 5.9572x10°
Fz  Std  6.1135x10* 4.7022x10° 3.1688x10° 3.3042x10° 3.4470x10* 2.3158x10° 1.9712x10° 2.0934x10° 8.7877x10° 3.9139x10°
Rank 1 7 10 2 9 5 4 3 8 6
Count 15 0 0 7 1 6 1 0 0 0
Ave rank 1.73 5.27 9.10 3.17 6.67 4.37 4.53 4.63 9.03 6.50
Total rank 1 6 10 2 8 3 4 5 9 7
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el =1

Wilcoxon £F 5 #4230 #0 Friedman 3§

Wilcoxon 5 Bk 16 77120 & —MAES s
THEAREE ik, B BIAE TAEIE AN REA B 2 18]
BEZR. HPpEB RTA RFEAE, RYER
IEFREF, R Rox Rk E A, Bk L= (34) F15X

(35), di NP EIEAE n AN AR 2 G A R E )
HERE B ZME. 24 HCOAG Bk 5X b Bk Re
FHIEN B, F B2 RS- 23 25 R A R-. A HCO-
AG 5% 4 R BRI R EEZ R, 54 IBM
SPSS Statistics 24 _5ZE Wilcoxon 56, 25 5B an
% 6 R, & 6 1, n/w/t/| FRoRIE n MRS E HCOAG
ST R EE w ik, SXTHCEEMSE ik, £
TR SE IR

Rt = Z rank (d;) + % Z rank (d;) (34)
;=0

d; >0

R = Z rank (d;) + % Z rank (d;) (35)
;=0

d; <0

MFE 6 nLAEH, 5 COA F1 GWO L, p1E
43518 1.3039%x 107 A1 1.8626 107, #J/1F 0.05,
FWH HCOAGC BEMT COA A GWO, FF—Xik
B COA fl GWO =& Mt 5B & =6 2.
HCOAG 5 MEGWO. HFPSO. DEBBO. SaDE.
SE04. FWA 1 TLBO Lt p {H¥/NT 0.05, &
B HCOAG 5 L Fix sexf LAk,

Friedman &5 /& — M HES E00 A 77 2 8 7
VR H B TR I AN B 2 AN WL B 2 TR R
. BARSEIERE RN 3 25 1) IEBAE
VB ) A LI 45 s 2) T AEAN R R AN 1
(RUFEER) Bl ke (IRESR) WHERE, & 30N
(1 <j<k); 3) fEATA M@ R A F LR FYY
Hi4, BFIBRHE% R; = %ZL vl AERABT
A EERAT AL (EATHER R; #H5E), Friedman
Gt Fy 57 R0k (36), 4n Mk 285K
B (IRAELK n > 10, k> 5), EREEBL-1HH
FER) 22 A ). O T FIREE HCOAG 2 31
s R 4 X HCOAG FIXf LA IETE R AF IBM

#* 6 Wilcoxon fF SRR IR

Table 6 Wilcoxon sign rank test results
P a =0.05 Rt R™ njw/t/l
HCOAG vs COA 1.3039x10°7 YES 453 12 30/27/0/3
HCOAG vs GWO 1.8626x 107 YES 465 0 30/30/0/0
HCOAG vs MEGWO 2.7741x10°® YES 339 126 30/23/0/7
HCOAG vs HFPSO 5.5879x10°° YES 463 2 30/29/0/1
HCOAG vs DEBBO 9.0000x10°° YES 429 36 30/23/0/7
HCOAG vs SaDE 3.5390x10°® YES 458 7 30/28/0/2
HCOAG vs SE04 1.3039x10°® YES 461 4 30/29/0/1
HCOAG vs FWA 1.8626x 107 YES 465 0 30/30/0/0
HCOAG vs TLBO 3.7253x 107 YES 464 1 30/29/0/1
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SPSS Statistics 24 52 Friedman 556, H45 840
R 7R,

12 s k(k+1)°
Ff*k:(k+1) Zg‘RJ’* 1

M 7T ATLAE Y, fE 30 4 4R B b, it
Friedman £ 56 3875 08 3 2 25 1% p (B4 6.3128 x
107, H 18 2 ik B 25 /N 0.01, BT BATE 30
4k I HCOAG 55 th vk 2 (R B I 2 7.
HCOAG BIEMFRIME (1.73) &/, BEJE KX &2
MEGWO. DEBBO. SaDE. SE04. COA. TLBO.
HFPSO. FWA fil GWO, £ HCOAG HIftfbit
B IF. 45& Wilcoxon 55 HAs 38 A1 Friedman £
et BT LIE H, HCOAG Mk ol Bk T-5e ik
X LS.

5 HCOAG £ K-Means 231t LR
N F

SRR BHR A2 0 A R 15 5 oy EEL IR,
JE I SR 2R A 23 B T LA 2B 1 B A o A
0 UL S B R B ST R A . Horp ) R MR
F 77k K-Means /74P, FLAE n ANFEAREIE F1 (1)
ARSEIUEFR R B4 K M1+
O, RETTHBMEALS S REFOMES, #&
PRSI S RIT R B ORI B —ANHN, #
R K AN, s BB RN H N BT A AR ME
VE R S O AT R — kR 4, e iEARPAT
K)o 3ok A 20995 2 & 1k 4 M1k, K-Means 7775 H
A BT B TR T T DA SR L, (BT
TEXT WG AU 5 T e i e 2 iml . H A
HHFFH SIOA 15 H 3] K-Means S, 15 1t fig
YT K-Means 512 AFAE ) — B8 ] 12> 27 AR5 %
HCOAG 14k K-Means 52 DA v H X5 41U w5 88
JEREE ), R B AR R R XN

K
E= Z Z 2 — ekl
k=1z,€C}
Hh, B BRI B SR R SRR R R
HOLIEE R A, K R REPONE, o 2k ANE
KA E, Oy RHE NRER, o ZEEIEC,
HRER AN B L K HCOAG R 3] K-Means_ I,

B RSB AR ke AL AR, A 1)

(36)

(37)

HILERON SF T b x B FEA AR E S, H bR EeR
=R (37); #25HUT HCOAG, B 23 & Fikm &
1ESFA, B LR b,

SEEGRH UCT £ (http:/ /archive.ics.uci.edu/
ml/datasets.php) H 7 MrfEEIE S (WK 8 2
1 41]) K5 ik HCOAG £ K-Means S 1
AR, BRI RS IR R AR
JeE P BN SR S HUP) 5 AT LR LS COA.
MEGWO. HFPSO. 8 J A0 1 5ok i w1
AL FLVE (Improved PSO, TPSO) Ayt i ist £4 5
7% (Improved genetic algorithm, IGA). HHr,
IPSO 1 IGA K H “http://yarpizcom/64/ypml101-
evolutionary-clustering”. Frf Bk AL H %
EAE: N =50, MazDT =200, Num = 30. % 8
F& 6 FhEEMSTIEAT 30 OR1FIMIAMAE . 77 2= FI 4k
XS

M 8 W51, HCOAG fE 7 A4 & Eidf
MJTEAG RIS — 5k, HIGE HFPSO M
IPSO #1241 Ik, COA. MEGWO Fl IGA #J3k43 0
R —. HCOAG ~FXHE4 v 1.43, HAb LR
-3 He 44 AR TPSOL IGA. MEGWO,
HFPSO #1 COA. DL E45 R AR W] HCOAG fE K-
Means R bt Re . B2, HCOAG £
K-Means BRI TG FVERIIALERE, BEW
B0 i A P SRR AT A )

6 LHRIB

EFXF COA FFAERIA R, AJHEH T —F COA
5 QWO MR & 5% (HCOAG). B4k, Bk COA
(ICOA). 1) fER KT, 1Rt —Frm i & /G
K E T, $em TR TT; 2) IR — Ml
HAETT 5, R TR B AL, s AR sl
I IE R R, stk R R e 1, IR 2 A
H, yom 4 Fey S AU AR I IE B E L, SRR BE T,
HEEm AT EA R ARG, X GWO BTG, 32 T
— RS GWO (SCGWO), 78 K1 RS R it
JIsRIPL A EIRE, $Es 1 el ENE. &5, SR IETX
T XIS E ICOA 5 SGWO A HLEL &, 1R 1T it
5 7 H N RBIRAIR R 5K A8 S, TSRS T etk
efttre. RELMRES CEC20178 Ak il
PSEIG e R, AL MR E L, COAR K GWO;
ERIRRE E, GWO A K& COA; 1T HCOAG £

* 7 Friedman 5645 &
Table 7 Friedman test results
D p HCOAG COA GWO MEGWO HFPSO DEBBO SaDE SE04 FWA TLBO
30 6.3128x 10" 1.73 5.27 9.10 3.17 6.67 4.37 4.53 4.63 9.03 6.50
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Table 8 Comparison results of the 6 algorithms on K-Means clustering optimization
e HCOAG COA MEGWO HFPSO IPSO IGA
Mean 88.6271 116.7307 91.5916 93.622 89.8617 89.564
Wine (178, 13, 3) Std 3.4479x107* 2.9398x10° 2.5237x10° 6.7353x10° 3.9148x10° 2.0321x10°
Rank 1 6 4 5 3 2
Mean 283.7680 295.3786 284.5731 284.7653 285.0072 284.4112
Heart (270, 13, 2) Std 3.9989x10°° 2.3404x10° 2.3896x 107" 2.3804x10° 5.2425x10° 2.1715%x10°
Rank 1 6 3 4 5 2
Mean 29.2053 31.0511 29.2659 29.3578 29.3578 29.2607
Iris (150, 4, 3) Std 8.8033x10°* 5.7768x10™ 1.3448x107" 1.0048%10° 1.0048%10° 9.2414x10™
Rank 1 6 3 4 4 2
Mean 55.0255 75.4621 68.8816 62.7114 57.3102 60.8651
Glass (214, 9, 6) Std 2.2242x10° 2.1402x10° 2.8975x10° 3.7975x10° 3.5444x10° 3.5855x10°
Rank 1 6 5 4 2 3
Mean 40.0538 42.0033 40.4736 41.8087 40.8213 41.9155
Newthyroid (215, 5, 3) Std 9.8154x10°° 7.6493x10™ 4.0104x10™" 2.8501x10° 2.0086x10° 2.8122x10°
Rank 1 6 2 4 3 5
Mean 90.3443 93.5344 90.3849 91.0246 90.3365 90.3698
Liver disorders (345, 6, 2) Std 3.8530x10™* 1.0160x10° 2.8148x107* 2.6310x10° 2.1424x10°* 2.0447x10*
Rank 2 6 4 5 1 3
Mean 356.1247 357.6041 356.502 356.0165 356.0802 356.4092
Balance (625, 4, 3) Std 2.3618x10™ 4.0943x 107" 3.3785x10™" 1.5930x 107" 2.0303x 107" 1.4966x 10"
Rank 3 6 5 1 2 4
Count 5 0 0 1 1 0
Ave rank 1.43 6.00 3.71 3.86 2.86 3.00
Total rank 1 6 4 5 2 3

AL R AR RE, U S EH R A B
B R 5 H A Sk 6 EE SRR A B, HCOAG
BAE A BE. K-Means BHEMAL LS B %
], 5xf A, HCOAG 3K T 324 PRI
b1 E.

M2, 5 COA M, HCOAG BA I FAL#:
1) @ PR, 28R BOMN B 2% R Bt A0 DA R R AR
b 3 i 45 LW, HCOAG #AH BT &M
2) FEMF b DR A B AT (48 R R 3) A ISk
R 4) BRI RS E MRS, 5) AT AR S .

COA R HafE i i—Fh SIOA, A £y
BRI E 3 AU — PR A ot it 78 1 2
R, AR HE— Bt COA, X HBHTIR A ELE
WFFT, FE4h FE B Ak,
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