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(L=MFRE L TRF R, B =9 365004; 2. A bkl K e TR, RAT % RIE 150040 )

B OE: AN C-HY(H RSB 1L (fuzzy C-means clustering, FCM) X T ) Ui 16 58 2 O BIURR . WL SOH 18, B2k
BORATRE HAE S ARSI E R, #2108 T — ok 263 (SMA) 55 D4E S0 & (AISA) HHRELG 1Y F 3G B
LB C-34{HR L (AISA-SMA-FCM), ZBILH Sl 5l A AISA vk i D 4E & PUH, 0% SMA &
L& R RAH I ETERE . TRIR T SMA X T 55 4k 03 B 4 TR s 5 AN S50JR% A e o , 3 ot Ak o 00 3K
B Ut JE TR A AISA-SMA B35 SRR MR RE B2 S 08 55 LR LBk A F FCM SR 383k 1 & AR AL o,
3K AISA-SMA BRI A FCM Bk RIS R B H, i FCM B8k 3K B 18 DA A0 580 76 A [R) 10 45
P, BIRVR AR G UGE AP A B SRR AT B WA T 82, IR IBIE A AR BOM Y L, SRR RS R,; e
At UCK b o BE 42 05 B X, ) FH @ B B ST 8 5 RIS IE 0 R PP T iR SRk iR e S Ak, 5 32,
AISA-SMA 5.3 FH T FCM 2 2% n] 15 3% JL 45 4, AISA-SMA-FCM 35 12 85 Al 28 26 77 = AR 1 (9 A Ak 4 R LG i
SEGHUE R LSRRG B AR

KB B CHME RIS, B kUL B T AE SR HE S BUIR RS ; UCTE08 12 ; G Bk
FESES: TP391  XEIFEEL: A XEHS: 1673-4785(2022)05-0999-13
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17(5): 999-1011.
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An optimization fuzzy C-means clustering algorithm based on
the hybrid identity search and slime mold algorithms

JIA Heming', ZHANG Zongqi’, JIANG Zichao’, FENG Yugqi’

(1. School of Information Engineering, Sanming University, Sanming 365004, China; 2. College of Mechanical and Electrical Engin-
eering, Northeast Forestry University, Harbin 150040, China)

Abstract: The fuzzy C-means clustering algorithm (FCM) has many shortcomings, such as high sensitivity to initial
clustering centers, slow convergence, unstable clustering results, and ease of falling into local optimums. To address
these problems, an adaptive optimization fuzzy C-means algorithm based on the fusion of the slime mold algorithm and
the adolescent identity search algorithm (AISA—SMA-FCM) is proposed in this paper. First, the algorithm improves the
global search and local development performance of SMA by introducing the youth social mechanism in AISA, thus
overcoming the limitation of SMA of not being sensitive to high-dimensional data and some mixed peak data, along
with an excellent performance of the improved AISA—SMA algorithm in optimizing and solving problems verified by
the standard test function. Second, the novel proposed algorithm adds the AISA-—SMA clustering link to the iteration
process of FCM, enabling it to have the same characteristics as the adaptive optimization algorithm—undergoing two
processes of exploration and development in each iteration, adjust the proportion as per the number of iterations, and
solve the clustering results. Finally, through the simulation test on the UCI standard data sets, the stability and effective-
ness of the algorithm are evaluated based on the fitness average and the clustering accuracy rate. The results show that
the AISA-SMA algorithm demonstrates a good effect when used in the iteration mechanism of the FCM algorithm, with
a faster convergence speed and a higher solution accuracy when compared with other clustering methods and corres-
ponding optimization technologies.

Keywords: fuzzy C-mean clustering; heuristic optimization; slime mold algorithm (SMA); adolescent identity search al-
gorithm (AISA); social mechanism; fuzzy strategy; UCI database; fusion algorithm
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Fig. 1 Heuristic intelligent optimization for FCM clustering
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Table 1 Comparison results between AISA-SMA and other optimized test functions

PREL MRFO GWO PSO SMA AISA AISA-SMA
1 2.78x10 "* 1.43x10° 1.15x10° 1.42x10 4.56x10 ' 4.21x10 ¢
2 1.20x10" 5.34x10 " 2.15x10™* 3.45x10 *° 1.59x10">° 4.06x10™"”7
3 3.96x10 " 8.77x10" 2.18x10° 1.39x10 2.68x10 " 5.45x<10 "
4 1.14x10"° 4.48x10" 2.33x10' 4.28x10 7 2.39x10 " 6.32x10 '
5 2.99x10 2.98x10° 3.61x10° 2.52x10 " 4.54x10°° 2.72x10"°
6 6.45%10' 4.86x10" 1.17x10° 4.66x10 " 2.11x10" 2.32x10"°
7 6.11x10 " 2.55x10 " 1.98x10" 1.78x10"* 1.26x10" 6.96x10"*
8 ~9.54x10° ~4.08x10" ~1.77%10 ~1.25%10° ~1.25%10° -1.26x10°
9 0.00x10° 3.02x10" 3.31x10° 0.00x10’ 0.00x10’ 0.00x10°
10 4.58x10"° 2.04x10" 8.59x10° 8.88x10 '° 8.88x10 "¢ 8.88x10 "
1 8.05x10 1.16x10 ' 1.51x10"° 2.99x10° 9.59x10 ™ 3.54x10°
12 9.98x10”" 3.64x10° 2.09x10° 9.98x10 ' 9.86x10 ' 9.98x10”"
13 1.09%10° 4.83x10 " 3.60x10 6.05x10 331x10 " 8.46x10"
14 —6.66x10 " -3.86x10° -3.86x10 -3.86x10" -3.86x10" -3.86x10"
15 —5.62x10 ' -1.05x10" -9.33x10’ -1.05x10" —6.12x10° -1.05x10"
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Fig. 2 The fitness function curves of the proposed and other algorithms
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Table 2 Details of UCI data sets

Kt FAIE  HEA%C ok HiS
Iris 3 150 3 1
Breast cancer wisconsin 9 683 2 2
Urben Land Cover 147 507 9 3
Haberman’s survival 3 306 2 4
ARTI1 2 600 4 5
ART2 3 250 5 6

3T AISA-SMA-FCM # k5 HoAth % Ho 3592
(BRSPS 3E I BE(E N 45 3 s . Rh B 4s
FH, AISA-SMA-FCM 7 - 1438 )] B w26 R A
T, ME T HMA WA LT RREN, B5T
FCM 53k F R B % i L #4545 AISA-SMA Bk
Mk, Fh T4 FCM B 5 92 #8484k K-
means 33k LB A O MERE . IR, AR SC AT
IR A AISA-SMA FL G A FCM R4 1T
FIE AL AL B

R 3 AISA-SMA Hft A EE R TRENEN EE
Table 3 The fitness value of AISA-SMA and other optimization algorithms for clustering

7S Iris Breast CW UrbenLC HS ARTI ART2
SMA-Kmeans 2.2x10° 2.46x10* 2.31x10* 2.73x10" 2.84x10° 1.22x10°
MRFO 8.58x10" 1.60x10" 2.31x10" 2.36x10" 1.30x10° 6.12x10"
FCM 7.99x10" 1.61x10" 2.31x10" 2.31x10" 1.28x10° 5.38x10"
SMA 7.91x10" 1.56x10" 2.31x10" 2.20x10" 1.25%10° 5.35x10"
AISA-SMA 7.84x 10 1.55x10* 2.31x10* 1.52x10* 1.23x 10’ 5.34x10*
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Fig.3 The ANOVA graphs of the fitness function of the proposed and other algorithms
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Fig. 4 The fitness function curves of the proposed and other algorithms
x4 AXEZRSHEMMAEL Wilcoxon #38 p E
Table 4 The Wilcoxon rank sum test p-value of the proposed and the other methods
B SMA-Kmeans MRFO FCM SMA AISA-SMA
1 6.80x10" 6.81x10"° 6.33x10 " 9.73x10 ° 1.0x10°
2 6.77x10 " 6.77x10 " 6.18x10 " 1.04x10 ° 1.0x10°
3 8.01x10" 5.74x10 " 8.01x10° 4.57x10"° 1.0x10°
4 6.80x10 ° 8.60x10 ° 6.80x10 ° 6.80x10 1.0x10°
5 3.37x10 ° 5.72x10° 421x10" 2.25%10° 1.0x10°
6 3.39x10 ° 3.39x10 ° 7.58x10 * 6.19x10" 1.0x10°
55 ANEESHARKNSEEESKHE W, BOFIER R, PEANSE RN 6 BiR . iz

Table 5 The Friedman tests of the proposed and others

¥ SMA-Kmeans MRFO FCM SMA AISA-SMA

PEL 6.8 4.6 44 23 1.9
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Table 6 Average correct rate of the proposed and others %

Bk Iris BreastCW UrbenLC HS ARTI1 ART2
SMA-Kmeans 64.8 67.9 36.8 63.9 70.7 66.5
MRFO 85.5 95.4 43.0 52.5 93.1 92.3
FCM 84.4 94.7 51.8 52.6 64.8 85.3
SMA 87.0 95.2 48.8 53.2 96.8 94.3
AISA-SMA 88.9 95.7 554 573 97.2 95.3
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Fig.5 The Clustering process of the proposed and others
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