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Adaptive switching learning model based on forgetting
factor stochastic configuration networks

Qiao Jinghui Zhang Yan Chen Yuxi Zhang Kaiji

(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Stochastic configuration networks (SCNs) have been successfully applied to big data analysis with their general approximation
capability and fast modeling properties. Based on the SCNs, stochastic configuration networks with block increments ( BSC) use block
increment mechanism to improve the training speed, but increase the complexity of model structure. To solve the above challenges, an
adaptive switching learning model based on forgetting factor stochastic configuration networks ( FSCN-I and FSCN-IT) with (ASLM) is
proposed. FSCN-I adjusts the size of node blocks by error values and forgetting factors to improve the training speed, and FSCN-II
introduces a node removal mechanism to reduce the complexity of the model structure. ASLM consists of FSCN-I and FSCN-II, both of
which are randomly switched according to the adaptively changing boundaries to improve the training speed of the model and the
complexity of the model structure is reduced based on FSCN-I. Finally, the effectiveness of the method is demonstrated with the
underlying dataset and industrial examples.
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FIMEL, T LAFE R FHAS SCHE M Y ND2 fic 79 5 S50
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%3 UD, ND1 #1 ND2 7l Zx &£ 503k & H ) RMSE
Table 3 RMSE of UD, NDland ND2

in training set and test set

T gk YgrdE _ M4 _
e PRifE2E ¥fE R
uD 0.008 8 0.001 2 0.009 1 0.001 4
20 ND1 0. 009 0 0.001 3 0.009 3 0.001 5
ND2  0.008 7 0.001 2 0.009 1 0.001 4
UuDb 0.009 1 0.001 1 0.009 4 0.001 3
80 ND1 0.008 7 0.001 4 0.0092  0.0016
ND2  0.008 5 0.001 6 0.008 8 0.001 9
uD 0.008 9 0.001 2 0.0092  0.0013
140 ND1 0.008 9 0. 000 9 0.009 2 0.001 2
ND2  0.008 8 0.001 3 0.009 1 0.001 6

F 4 F15 5 UD,ND1 H1 ND2 78 JL b B 4 F gl
YRFa] Y B BB RMSE fYXFEE, 36 4 Hhal L
FIAE 4 DR ND2 R CT YRR, M
55 AN A DI RIS ) R AR Y 2540 5 R A
T LEAPERE

oA HRTRI A A B B XGE 5S4 )11 225 Hsf i) A ASE 7
SER SRR E B RE ), A 3 3T PRI (20) BOE 4R I Al
HARFE A, BEEX BTN, T, = 20, L4,
B 3 FiR,

MK 3(a) FI(b) ol LA A A, Hw Fil o A
SR N KT s BRI G [ AR, 24 A, =
[5 1} B SO /Y EI g Rl g, i HL, SEBR
o7 FH R AR XS B R B A AR AR AL B RN LA,
W, R B i I el B I B A R S5 R 1 B 2 FR B L A,
AR RAR
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Table 4 Performance comparison of UD, ND1
and ND2 on benchmark datasets

B ik ! L k CT
UD 0.43  38.44+2.2 38.44+2.2  4.46
DB1 NDI  0.25 39.28+3.5 39.28+3.5  4.14
ND2  0.25 35.42+2.4 35.42+2.4  4.04
uD 1.82  46.16£3.9 46.16£3.9  7.87
DB2 ND1 1.32  46.58+4.2 46.58+4.2  6.77
ND2  1.29  44.50+3.2 44.50£3.2  6.66
UD 1.84  38.14x3.1 38.1423.1 7.83
DB3 ND1 1.58  37.04%£3.3 37.04£3.3 7.20
ND2  1.43  37.50+2.8 37.50+2.8 6. 88
UuD 4.84  48.58+3.4 48.58+3.4  15.32
DB4 NDI  4.54 50.60+£3.5 50.60+£3.5  14.65
ND2  4.19 43.10£3.3 43.10£3.3  13.66

%5 UD, ND1 %1 ND2 & RMSE 3tk
Table S RMSE comparison of UD, ND1 and ND2

KR ik Ullé}%%ﬁ“ iﬂﬂiﬂi%ﬁ“
HE b 22 HfE b2
UD 0.049 3 0.0006  0.070 1 0.014 2
DB1 ND1 0.049 1 0.0009  0.069 0 0.016 7
ND2 0.049 1 0.0010  0.0703 0.014 7
ub 0.0795 0.0004  0.0812 0.001 0
DB2 ND1 0.0794  0.000 5 0.080 7 0.001 3
ND2 0.0794 0.0006  0.0809 0.001 1
ub 0.0449  0.000 1 0.046 3 0.002 0
DB3 ND1 0.0449  0.000 1 0.045 4 0.001 3
ND2 0.0449  0.000 1 0.045 3 0. 000 8
UD 0.0294 0.0006  0.029 6 0. 000 6
DB4 ND1 0.0295  0.000 5 0.029 7 0.000 5
ND2 0.0294 0.0007  0.029 4 0. 000 8

¢, \Cy i A, BRI S, HBYEX TRIED
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WA RINE 4 s, TEE 4Ca) Pl RIEH o) o, B4
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Fig.3 The influence of A, on the performance of ND2 method
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% 6 SCN-II,BSC-II,FSCN-I #1 FSCN-II & RMSE i Lt
Table 6 RMSE comparison of SCN-III,
BSC-II,FSCN-I and FSCN-II

ik LERS _ il _
H1E bRz HiE brifEZE
SCN-IT  0.008 8 0.001 2 0.009 1 0.001 4
BSC-T  0.0182 0.001 9 0.017 9 0.001 9
FSCN-I  0.017 3 0.002 7 0.017 3 0.002 8
FSCN-IT  0.008 4 0.001 6 0. 008 7 0.001 7

E 6 Hrtn] LLE H FSCN-I iR 22 {E F B B B bt
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Fig.5 Performance comparison of SCN-III,
BSC-II, FSCN-I and FSCN-II
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Fig. 6 The error variation of SCN-III, BSC-II,
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27 F1°8 Jy SCN-III, BSC-II, FSCN-I Fl FSCN-II 7
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Table 7 Performance comparison of SCN-III, BSC-II,
FSCN-I and FSCN-II on benchmark datasets

BEEE ik ' L k CT
SCN-III  0.43  38.44+2.2  38.44x2.2  4.46
Bl BSC-II  0.22  49.12+4.4  20.062.2  4.31
FSCN-I  0.16  35.48+2.9  24.08x3.1  3.87
FSCN-II  0.16  34.4822.6  24.88+2.6  3.84
SCN-III  1.82  46.16%£3.9  46.16x3.9  7.87
B2 BSC-II  1.11  56.24x4.3  23.62+2.1  6.49
FSCN-1  0.89  46.24%2.7  26.52+2.4  5.81
FSCN-II  0.92  45.1022.9  27.0422.6  5.85
SCN-II  1.84  38.14+3.1  38.14%3.1  7.83
BSC-II  1.39  47.04x£6.2  19.02+3.1  7.01
DB3 FSCN-1  1.33  38.42+2.8  31.72+2.8  6.67
FSCN-II  1.38  37.5623.0  32.24#3.0  6.76
SCN-III  4.84  48.58+3.4  48.58+3.4  15.32
- BSC-II  4.17  60.48+4.6  25.74£2.3  13.95
FSCN-1  3.49  44.38+3.1  29.20+3.1  12.04
FSCN-II  3.51  43.96+3.2  29.46+3.3  12.08

G N P E S BT (ASIM) |,

3.3 B iﬁﬁitﬂ?&ﬁﬂﬁﬁ!'ﬁ“‘ﬁtt

A% FSCN-I Fl FSCN-IT #4740 4, &1+ T 4 # A

ASLM(l)jﬂ FSCN-I A, =5



5 8 3]

%8 SCN-III, BSC-II, FSCN-I #1 FSCN-II #J RMSE 3Lt
Table 8 RMSE comparison of SCN-III,
BSC-II, FSCN-I and FSCN-II

A T WL 5 POV B S 138 o )4 ) R .79 .
[ Rt AU —e—1s ] s
SOF & Jo4
I —40.3 @
25 I I =402
I b0

el o ﬁlléfﬁ%ﬂ » ‘iﬁlﬂiﬁ%ﬂ ‘

¥IfE brif 22 ¥ PR

SCN-III 0.0493 0.0006 0.0701 0.0142

BSC-1I 0.0487 0.0011 0.0686 0.0193

DBl FSCN-I 0.049 1 0.001 1 0.0728 0.0138
FSCN-II 0.049 3 0. 000 7 0.0715 0.014 3

SCN-III 0.0795 0.0004 0.0812 0.0010

BSC-1I 0.0791 0.0007 0.0807 0.001 1

DB2 FSCN-I 0.079 1 0. 000 7 0.0809 0.001 3
FSCN-II 0.079 2 0. 000 7 0.0805 0.0013

SCN-IIT 0.0449 0.0001 0.0463 0.0020

BSC-II 0.0449 0.0001 0.0463 0.0018

DB3 FSCN-I 0.044 9 0.000 1 0.0459 0.001 3
FSCN-II 0.0449 0.0001 0.0455 0.001 3

SCN-IIT 0.02904 0.0006 0.0296 0.0006

BSC-11 0.029 2 0. 000 7 0.0292 0.000 8

bB4 FSCN-I 0.029 4 0. 000 5 0.0295 0.000 6
FSCN-II 0.0294 0.0005 0.0295 0.000 5

FIFSCN-IT A, =5 A4 4 ; ASLM(2) Jy FSCN-TA, =10 FlI
FSCN-II A, =5 Y44 ; ASLM (3) y FSCN-1 A, =5 F
FSCN-II A, =10 f2H 455 ASLM (4) iy FSCN-I A, =10 Al
FSCN-II A, =10 (414, I35 SCN-IIT F1 BSC-IT 7F 4 >4k
AR LR PERBIEAT X L . 1 N Y4 2% S AR Y S0
S =0.72=0.52=5, PG TSRS35 0 A, =
110,

SCN-III, BSC-II, ASLM( 1), ASLM(2), ASLM(3)
5 ASLM (4) PEREXT LA 7 Bk, 4 B ASLM (kAR
BUHE SCN-TIT /b | Y123 B He SCN-TIT B 9 219 A B0k 8k
P, HAR BSC-II Y 3 ARk B /2 {H ASLM (2) i
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ASLM (4) 1) CT (B S5/ N, TEAR T 5 2 B Rl 2 B 5
HEA R LG R, £ 9 S SCN-III, BSC-1I #
ASLM FEYIZRAEFIMILE 155/ RMSE HI{HE.,
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Fig. 7 Performance comparison of SCN-III, BSC-II and ASLM
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Table 9 RMSE comparison of ASLM

el pres ﬁllé}%%ﬂ » ?ﬁlﬂiﬁ%ﬂ ‘

¥i(E brif2 ¥ brif 2
ASIM (1) 0.049 0 0.001 0 0.0709 0.0210
DBI ASIM (2) 0.049 1 0.001 0 0.070 7 0.0149
ASLM (3) 0.048 9 0.001 4 0.0738 0.0132
ASLM (4) 0.049 2 0.000 7 0.0698 0.0117
ASIM (1) 0.079 0 0.000 7 0.0806 0.0010
DR2 ASIM (2) 0.079 1 0. 000 8 0.0802 0.0013
ASLM (3) 0.078 9 0. 000 7 0.0806 0.001 1
ASLM (4) 0.079 0 0.000 9 0.0807 0.001 2
ASLM (1) 0.044 9 0.000 1 0.0469 0.003 1
DRB3 ASIM (2) 0.044 9 0.000 1 0.046 0 0.0023
ASLM (3) 0.044 9 0.000 1 0.0454 0.001 0
ASIM (4) 0.044 9 0.000 1 0.0457 0.002 8
ASLM (1) 0.029 3 0.000 5 0.0294 0.000 6
DBA ASIM (2) 0.029 5 0. 000 5 0.0296 0.000 5
ASLM (3) 0.029 3 0.000 5 0.0294 0.000 5
ASLM (4) 0.029 4 0.000 7 0.0295 0.000 7

F* 10 ASLM 7EEMEIESE FEaEXTE

Table 10 Performance comparison of
ASLM on benchmark datasets
6/ VRS t L k cT

ASLM (1) 0.16 34.38+2.7 30. 04+3.8 3.84
DBL ASLM (2) 0.12 36.60+2. 6 17.94+3.3 3.83
ASLM (3) 0.14 35.46+2. 8 22.68+3.0 3.83
ASIM (4) 0. 10 36.74+2.5 14.40+2.0 3.79
ASLM (1) 0.91 45.34+3.2 29.84+3.2 5.83
DB2 ASLM (2) 0. 60 47.72+3.2 19.26+2.5 5.20
ASLM (3) 0.71 45.88+3.6 23.10+3.2 5.40
ASIM (4) 0.51 48.48+3.2 15.92+1. 4 5.01
ASLM (1) 1.24 38.06+3.0 35.14£3.0 6. 46
DB3 ASLM (2) 1. 14 37.74£3.0 28.98+3.5 6.22
ASLM (3) 1.25 37.76+2.9 31.34+3.3 6.47
ASIM (4) 1.02 38.32+2.9 27.84+3.0 5.97
ASLM (1) 3.62 43.70+3.9 31.98+3.9  12.33
DB4 ASLM (2) 3.03 46.72+3.3 23.00+4.0 11.00
ASLM (3) 3.39 45.92+3.9 27.38+4.2 11.84
ASLM (4) 2.67 47.06+3.3 19.22+3.3 10. 16

y(t) =f(T.(t),Ts(t),Ps(t),T,(t),u(e),T, (1))
(22)
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Fig. 8 Process flow diagram for raw meal calcination process

% 11 SCN-III, BSC-I, FSCN—, FSCN-II #A
ASLM THREXT tE
Table 11 Performance comparisons among SCN-III,
BSC-II, FSCN-I, FSCN-II and ASLM

(=R7R ' L k cT
SCN-III 0.78 36.78+9. 2 36.78+9.2  5.21
BSC-II 0. 40 40.82+10. 3 16.02+5.2  4.53
FSCN-1 0.36 34.48+3.8 16.48+3.8  4.28
FSCN-II 0. 46 32.60+3.0 20.68+4.6  4.43

ASLM (1) 0.43 35.48+3.4 18.16+4.6  4.46
ASLM (2) 0.12 34.04£2.3 6.44x5.2  3.78
ASLM (3) 0.35 32.96+2.9 15.92+5.5  4.22
ASLM (4) 0.08 35.80+1.8 4.28+2.6  3.74

% 12 SCN-II, BSC-II, FSCN-I, FSCN-II #1
ASLM #J RMSE ¥tk
Table 12 RMSE comparison among SCN-III, BSC-II,
FSCN-I, FSCN-II and ASLM

pres UERS _ RS _

HE bR HE PR

SCN-111 0.009 0 0.001 0 0. 009 1 0.001 2
BSC-II 0.008 9 0.000 8 0.010 5 0.001 4
FSCN-I 0.007 9 0.000 7 0.008 5 0.001 2
FSCN-IL 0. 008 0 0. 000 7 0. 008 2 0.001 8
ASLM (1) 0.008 2 0.000 9 0.008 4 0.001 9
ASLM (2) 0.008 3 0.000 8 0.008 4 0.001 5
ASLM (3) 0.008 3 0.000 9 0.008 5 0.001 4
ASLM (4) 0.007 9 0. 000 7 0. 008 6 0.001 5

211 Fa] LUIE R FSCN F1 4 Fh ASLM 7E3)11 255
JERBIR P 52 3 A B2 30T SCN-IIT, Hi 4R FSCN-11 il
ASLM (1) FOI 2558 % 1 BSC-11 48 (H 3145 T 8 Sk A
RUGERE . AE T B il CT (B n] A1 ASLM (4) 7F
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Fig.9  Approximation characteristics of the model
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