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FE R 5 ANARAER K R HOT $ 2 AEHCFARAL(MGTLO) Sk #4745 A iE  SH R AL R B &
A EFHAC(TLBO) Hik A28k H ik (SFLA) | £ 5 34 (DE) F ik A F BMAL (PSO) F k09
17 B RAT b, AR MGTLO x4 F A T XL =240 2 MW %4 (GRNN) | 2 @) K AV & B 4
(RBF) | £ #& ZAHL(SVM) BEA 7T oY 0 4 BE AL 64 3R AR BEA) A S fw 21 6 & 30, 4% B MGTLO-
GRNN-RBF ,MGTLO-GRNN-SVM ,MGTLO-RBF-SVM , MGTLO-GRNN-RBF-SVM 4 F 28 & Ff ) A% A |
VAR 5P AL T A By K I sk A & B K IGE R R FTON A Bl BEAT T L6 AT, R TAm 4 R
5 MGTLO-GRNN ,MGTLO-RBF .MGTLO-SVM #= GRNN .RBF .SVM 6 # 3 — 85 A 64 25 R 3k 47 2+ bk 5
M. 5R AW MGTLO ik F A5 E £ T TLBO ,SFLA \DE #= PSO ik, B A7 2 4F 04 f ik o
RIBALFARAE A s AR A 72 & T MGTLO H 5 GRNN RBF SVM A2 A 370 9 48 &, £ TR A5 2|
ZACRE A F @M T — A MGTLO ke A A Z B EEA X AR FoRE R 2K,
MGTLO-GRNN-RBF-SVM BEA T 4% 2 5 &
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Combined model of multi-group teaching optimization algorithm-neural network-support vector machine in runoff
prediction application//CUI Dongwen( Wenshan Water Bureau of Yunnan Province, Wenshan 663000, China)

Abstract: Five standard test functions were used to verify the multi-group teaching optimization (MGTLO) algorithm, and
the simulation results were compared with those of the basic teaching optimization (TLBO) algorithm, shuffled frog leaping
algorithm (SFLA) , differential evolution (DE) algorithm and particle swarm optimization (PSO) algorithm. MGTLO was
used to search for the optimum model parameters and the weight coefficients of the combined model based on the generalized
regression neural network ( GRNN), the radial basis function neural network ( RBF) and the support vector machine
(SVM) model elements. Four combined prediction models, including MGTLO-GRNN-RBF, MGTLO-GRNN-SVM,
MGTLO-RBF-SVM, and MGTLO-GRNN-RBF-SVM were proposed and case studies of the runoff prediction were performed
at the Yamadu Hydrological Station of the Yili River in Xinjiang and a hydrological station in Yunnan Province. The
predicted results were compared with the following six single models, MGTLO-GRNN, MGTLO-RBF, MGTLO-SVM,
GRNN, RBF and SVM. The results show that the optimization accuracy of MGTLO algorithm is better than that of TLBO,
SFLA, DE and PSO, with good convergence speed and global optimization ability. The combined model merges the
advantages of MGTLO algorithm, GRNN, RBF, and SVM model elements. It is superior to single models in terms of
prediction accuracy and generalization ability. MGTLO algorithm can effectively optimize the parameters and weight
coefficients of the combined models and the MGTLO-GRNN-RBF-SVM model has the highest prediction accuracy.

Key words: runoff forecasting; multi-group teaching optimization algorithm; generalized regression neural network; radial

basis function neural network; support vector machine; parameter optimization
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20 RFREE R F-IEE Brif 22 K V-2 Bz A7 i)
) (2R 2) X & Fp 3 9 AR AL PR BB EATIRAR . I,
SR FH T S B B ) SRS B 5 A v 22 T R
B RS E M Y aa 47 s TE) A T vk i SR
g

By e ik @) TU{H i PR R
D
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i=1
D-1
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i=1
1 D D X
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D
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R2 BHMAXILLER

; - o FEHIEIK

PRE Bk FHME FrifE2E S s
MGTLO  2.01x10™*  8.96x107° 0. 468
TLBO 4.87x10™*  1.45x107* 5. 860
Quartic SFLA 4.04x107  1.91x1073 20. 600
DE 2.26x1072  5.54x1073 4.070
PSO 2.03x1072  4.44x1073 2.350
MGTLO 19. 20 3.03x107! 0.322
TLBO 23.70 6.27x107! 4.010
Rosenbrock SFLA 21.80 1.41x10" 17. 500
DE 27. 40 4.50 6. 480
PSO 99. 30 5.71x10" 0.537
MGTLO 0 0 0.784
TLBO 0 0 3.520
Griewank SFLA 9.72x107*  1.11x1072 25.500
DE 9.81x107'"  9.83x107"! 8.210
PSO 6.69x107"  2.15x107! 8. 890
MGTLO 0 0 0.978
TLBO 7.24x107! 1.08x10% 5. 480
Rastrigin SFLA 69.70 14. 40 22. 800
DE 59. 40 5.48 10. 700
PSO 47.20 1.36x10' 10. 900
MGTLO  4.11x10™"  7.88x107'° 0.814
TLBO 6.70x10™"  1.69x107'% 6.320
Ackley SFLA 2.88x107"  5.02x107" 17.700
DE 6.22x107  1.38x107’ 8.290
PSO 2.10 4.84x107! 8. 600
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2.1.3 ZEHEGEM
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K(x;,x)=exp(-glx-x %) (4)
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RBF-SVM 4 & £ 7 #4213 A% J8 g 2. T
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X
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3.1.2 H#12
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VIR IEACE R AR REAE 0. 056 ~0. 727 Z[6], AH
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AR (1) X AR S T — 1A 2R

3 EERES1—10 AANRENELERE

Aty LIPS Aty LEBSEY
1 0. 056 6 0. 681 ™
2 0. 185 7 0.593 ™
3 0. 088 8 0.727™
4 0.374* 9 0.713™
5 0.576 ™ 10 0. 684 ™

VE e " FORAE 0,01 AKCF (AU b BB, * " For e
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3.2.1 BAME
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f ) MGTLO-GRNN-RBF, MGTLO-GRNN-SVM
MGTLO-RBF-SVM ,MGTLO-GRNN-RBF-SVM 4 & 15
A J% MGTLO-GRNN, MGTLO-RBF, MGTLO-SVM ,
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ST A0 6 FiA 1 Y 4 2L A B R
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(R) X AAR Y By B R A TN
3.2.2 AHERE

PIA B ) = B0 B 4 AR ), B MGTLO B33k
T=100,N=50,6=5, BRI S E0E R 25 1]
WEHN:0e[0.0001,10] . ee[0.001,10].s e
[0.001,10] Me[1,100] . Fe[1,100] . Ce[27,
27 ge[27°,2] e [27,2"]. V=5, MGTLO-
GRNN-RBF, MGTLO-GRNN-SVM, MGTLO-RBF-
SVM \MGTLO-GRNN-RBF-SVM ¥ %1 D 43514 6 .5 .8
F10  BE REEE R AL 2. 2 5 e e,
3.3 FNER
3.3.1 H#01

FIH MGTLO-GRNN-RBF . MGTLO-GRNN-SVM
MGTLO-RBF-SVM .MGTLO-GRNN-RBF-SVM 4 & #5
%l K MGTLO-GRNN, MGTLO-RBF . MGTLO-SVM |
GRNN RBF SVM F.— #5760 X6} #fE 2 38 7K SC b AR AR I
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MGTLO-GRNN-RBF # B AL &5 SR an T . f, =
118.57 ,0=0.0051.e=7.6962 s=10.0 M=1 F=
1 @y =0. 393 1; MGTLO-GRNN-SVM #5 %I {1, £k 2%
BT, f =13512, 0 =0.004 7, C = 2%
g=2"""" £=2" W, =0.103 6; MGTLO-RBF-
SVM FIURALEE AT o f, =139. 47 .e=0.0010 5=
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x4 HEFEARDELRESRETNER

Fo6 ZHEARKXHFRREMUER

ki My /% R FETR My /% R
MGTLO-GRNN-RBF ## %! 4.31 21.8 MGTLO-GRNN-RBF # % 3.10 1.70
MGTLO-GRNN-SVM #5171 4.54 23.0 MGTLO-GRNN-SVM ##%1 3.23 1.52

MGTLO-RBF-SVM ##1 4.70 23.1 MGTLO-RBF-SVM & #1 2. 14 1.40
MGTLO-GRNN-RBF-SVM &7 3.28 21.0 MGTLO-GRNN-RBF-SVM &7 2.10 1.15
MGTLO-GRNN #5% 8.30 36.3 MGTLO-GRNN ## %1 5.18 2.18
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