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®1 HEBZABZWET

Table 1 Factors influencing the number of students studying abroad

N B AR R BN/ HEZRHEN, LB AEHELAN WAERAY T LBEN/
o 7 A 1A 1A A .
2006 13. 40 219 028.5 981 5 306. 8 11 619.7
2007 14. 40 270 704.0 12 148 447.8 13 602. 5
2008 17.98 321229.5 14 500 511.9 15 549. 4
2009 22.93 347 934.9 16 502 531.1 16 900. 5
2010 28.47 410 354.1 19 561 575.4 18 779. 1
2011 33.97 483 392. 8 23 869 608. 2 21 426.9
2012 39.96 537 329.0 28 655 624.7 24 126.7
2013 41.39 588 141.2 30 365 638.7 26 467.0
2014 45.98 644 380. 2 32 806 659. 4 28 843.9
2015 52.37 686 255.7 36 129 680.9 31 194.8
2016 54.45 743 408. 3 38 866 704.2 33 616.2
2017 60. 84 831 381.2 42 557 735.8 36 396.2
2018 66.21 914 327. 1 46 135 753.3 39 250. 8
2019 70. 35 988 528.9 50 178 758.5 42 358.8
2.3.2 REXBEH L RAF T LR Al SZRCIA i A & B N AE R BP B2

(1) K (2) AT E N, R 2 AT
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PR A KL (r=0.731 7) , NP IBOK (0 5CHKEE r>
0.7 193 MR, BIBH 2 2 A | R AR
A IR RS AT SO W N=3,
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Table 2 Grey correlation coefficient
L VAR I FE
B K &R 0.9959
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2.3.3 #HMHHF

FH /N Tl al 45 GM(1,3) BRI S K filiit
fl:a=-0.796 4,b,=0.000 043 2,b,=0. 000 037 8,
b,=-0.000 169, FEHRHET (3) >R HH GM(1,3) BT
{EL R TR HE TR 3 P
2.4 BP #HZ M EEE TN

EIE R (BB 2 A R R Y

LA R 2 N )2 R A S R 22
JCANECH 4, T 2 0 28 0 A B AR LA )
B 1), AR SO S0 1 [ B3 4 80 [ L 55
HEM IR E N 1 RS EE 80 6, sREGEIR
FNSEE 22 43 99 A - 11 25 R 50 FH 3801 6 3T R 1%
trainrp , it KYINZEE = 50 000, 45 FE=0. 004 5,2
R y=0.01, %0k E =50, BIRBE ERAEWE 3 B
/8o H MATLAB 3217 5 AT A5 I 4% 52 Br i 14 (65 10
SR A, 25 R RS 2R 3 i,

A 2447 %

[ mEm B
UL R

B3 BP HZEMEELRIE
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Table 3 The prediction value and prediction accuracy

of each single prediction model

F4 BT LIEHMASTINERENES TS E
Table 4 Prediction value and prediction accuracy

of combination prediction model based on L1 norm

CM(1,1)AA  GM(1,3)8%  BP 2 M%RA

TAVE AL T Fond g e Rl E
2006 813.40 13.40 0 13.40 0 1275 692
2007 14.40 21.02 45.98 13.12 8.89 15.91 10.51
2008 17.98 23.39 30.08 17.18 4.45 19.51 8.54
2009 22.93 26.02 13.49 24.61 7.33 2220 3.19
2010 28.47 28.95 1.70 28.19 0.98 26.80 5.87
2011 33.97 32.21 5.17 3226 5.03 33.10 2.57
2012 39.96 35.84 10.31 37.70 5.66 39.38  1.46
2013 41.39 39.88 3.66 43.37 478 42.93 373
2014 45.98 44.37 3.51 46.47 1.07 47.07 2.36
2015 52.37 49.36 5.74 50.29 3.97 51.35 1.95
2016 54.45 54.93 0.77 5467 0.40 55.29 1.54
2017 60.84 61.11 0.44 58.85 3.27 60.13 1.16
2018 66.21 67.99 2.69 6438 2.76 64.33 2.84
2019 70.35 75.64 7.53 69.81 0.77 68.18 3.08

£ A

2.5 ETF LI EHRIAE TR T
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G 2 G AR (5) , TAR 3R T L1 Y54
SO ) e A4 A T AR AR

minF (1,,1,) = 1 0. 044 5/, = 0. 123 3 | +
10.039 1/,-0.020 3 1+10.038 7/,-0.092 8/ |+|-
0.014 17,40. 074 11 1+1-0.039 2/,+0. 048 3 |+1-
0.080 6/,~0.014 0/_| +1~0. 071 9/,~0. 035 3/ |+~
0.029 5,-0. 024 41_|+1-0.006 7/,-0.029 71 | +
10.019 81,-0.025 6/ 1+1-0.054 71,-0. 115 3/ |

l]+12:1
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FIFH LINGO B fAx} ik X >R i, 153 2 i Ak

BLRY (1 i
[, =0.5171, [," =0.4829

PRI R AL (4)  ITHRASEET LG

B2 A UMY Fou (B FIFUNAS BE ANk 4 s

F R A TR A B
2006 13.09 2.342
2007 14. 47 0.467
2008 18.31 1. 808
2009 23.45 2.251
2010 27.52 3.341
2011 32.67 3.840
2012 38.51 3.625
2013 43.16 4.270
2014 46.76 1. 696
2015 50. 80 2.994
2016 54.97 0.954
2017 59. 47 2.255
2018 64.36 2. 800
2019 69. 02 1.886
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Fig. 4 Comparison of different models

MIEN 4 ATELEDUM A H: GM (1, 1) B 5 52 pR{E
RTINS AEE, GM(1,3) 1LY BP i1 22 [0 25 45 of
SEBRE R FRCRAS T HE T L1 JEEU AR Fl
RORERAE, T 2D BT L1 Y84 245 Tl
B 55 3 A B — TR R 2 [E] R0 45 , M Pt i 22
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Table 5 Evaluation index system of model prediction effect

ﬁfi‘ﬁ?gﬁ‘ RSSE RMAE RMAPE RMSE RMSPE

gz OM(LD) 148.331 2531 2.5 0.8314 0.042
gy OM(L3) 20357 124 124 0.3638 0.011

BPAPZ M4  23.512 1.199 1.156 0.4526 0.012

WAR ATLIEX
B A 18.727 1.009 0.988 0.3531 0.007

M5 AT 3 A4S B — R f) 25 T 45 AR 12
ZVI R T AT L1 0O 20 5 TS AL Y 1R 22 HE AR
(B BIEET L1 S E ot it 2 Pt A5 50 ) 1 00 2k
R, I BASOUA A 7 — SRR AR5 B A
AR i 1 TR R, wl LASE o o fe b T e 11 11 )
B A N, AT IS M) T 2 00 3 ) oA SR JLAF H
P B = N, S5 2R3k 6 o,

&6 2020—2021 & HEEF AHFHN
Table 6 Forecast of the number of students studying
abroad from 2020 to 2021

F 2020 2021
BB F ARG T A 71.42 73. 60

3 HRiE

HE BB NI E AT s S E &
)y Xz —, FL B A A S Ry flly i B 2
HE WA EEIEbR, WA D Z B — A AR R AL
AR SRON YH b Y000 114 6] B 2 A, FE T ST AF5E
BYFERH b PEE GM (1, 1) By Xof FR AR | ] Bt Ay
BT GM(1,3) 1R BP 22 WK AAFIEL T L1 i
B A T AR 25 5L R BT 2 R R AR
GM(1,3) A5 (1% T K 3 AR X T DA B — PR 25 A
B GM(1,1) BRI 42 T ; [R5, BP A 25 [0 28 5 7Y
FAHRG BE AR T GM (1, 1) BEA S — k4 g, i 2 T
L1 JE%089 GM(1,3) Fil BP #1258 [0 4% %) 2H 45 5 80 T
DUPKS B SR T 3 A B — AR T oRS B, e g vy
T L1 R AL A T ASS AR X T o — 55 A 7 i
R 2R NBCE A PR3l SEUE 2 B T g, Kok
B NS KBRS Al F—ERR LS
1, AR SRl fE AL HEE R R R R, S X
TMEE SR = A 52, O B A B AR LR &R XY
HIRETE T B 220 Kk SR it — 21 .
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Research on Combination Forecasting of the Number of Students
Studying Abroad Based on L1 Norm

HU Zhen
(School of Science, Hubei University of Technology, Wuhan 430068, China)

Abstract; In order to more accurately explore the trend of the number of people studying abroad in China, a
combination forecasting model based on L1 norm is proposed to make a prediction about the number of people
studying abroad. The factors that affect the number of students studying abroad are selected from multiple
perspectives, and the typical factors that affect the number of students studying abroad are extracted by grey
correlation analysis, and the GM(1,3) model is constructed. BP neural network model is established. Combination
prediction model based on L1 norm is proposed, and the optimal weight coefficient of single model is determined by
solving linear programming. Subsequently, it forecasts the number of students studying abroad from 2006 to 2019.
The GM( 1, 1) model is selected as the control model, and the prediction accuracy of the model is compared
through the control model and the prediction error evaluation index system. The results show that the combination
forecasting model based on L1 norm outperforms three single models, which effectively improves the prediction
accuracy and makes full use of the information provided by the single prediction model, thus more accurately
predicting the number of students studying abroad. In the next few years, there is still a large space for the
development of the scale of studying abroad in China. The prediction results can provide reference for the relevant
work of studying abroad in China under the global epidemic situation.

Key words: GM(1,3) model; BP neural network model; L1 norm; combination forecasting; the number of

students studying abroad
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