Advances in Applied Mathematics N %223, 2021, 10(9), 3169-3177 Hans )0
Published Online September 2021 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2021.109331

GM(1,)RBE TR E R EH TR HY
Rz H

g

il TR EH =R, i
Email: cxx19931021@163.com

Wk HiA: 202148 H22H; A HEM: 2021489 12H; kA HiH: 20214F9H23H

R

BERER (FEZHELY 2011~2019FREFAEH TRV AL, HEAE. ERABSHREEE,
MEGM(L,1) R X 2020~2025FREHAEREMARNREBBEHTHAUSI . ERER,
2020~2025EREH A EBEAE(BFEEV AL, BEA. ERAR)EFRERK, FrErfs
I RES /N T 4%, RIRERESHET, BEARENTIEE. BEREREITER ETR
EHE R RBORN R4 — B8ORS EKIE

XK ia
GM(1L, )RR, BRALHEME,

Application of GM(1,1) Model in the
Prediction of Graduate Education Scale
in China

Xianxiong Chen

School of Management, Shanghai University of Engineering Science, Shanghai
Email: cxx19931021@163.com

Received: Aug. 22™ 2021; accepted: Sep. 12", 2021; published: Sep. 23", 2021

Abstract

By selecting the relevant data such as the number of graduate education graduates, admissions
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and enrollments in China’s statistical yearbook from 2011 to 2019, a GM(1,1) model is constructed
to predict and analyze the development trend of China’s graduate education scale from 2020 to
2025. The results show that the scale of China’s Graduate Education (including the number of
graduates, admissions and enrollments) will maintain a stable growth from 2020 to 2025, and the
average relative errors of the established models are less than 4%, indicating that the model has
good fitting effect and high prediction accuracy. The purpose is to provide some scientific refer-
ence for relevant departments in formulating relevant policies for the development of graduate
education.
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1. 5|8

W I8 A 208 IS T4 B A i 70 A B 3% o 1) oo 55 Bt RS RN A 2 A DGR LR 15 75 (R 90 A2 S N4
— AR A AT AR AT e A . A H IR AT AR AR A HRIRE FC2E 1] M 1978 SEEE H0 s AR K AT 7T
AFRAE I AR, FRER A A U (R HE S A A NE TERANEOE WK, BUAE AR R Sk
SAELE R T AE B0 KIE 1], 2020 4E 9 H 22 H, #HEHENH CT YU AR A8 E e R R
PIEILY S5 DL 52 3], #0bF] 2020 FRE AR A CEE 313.96 77 ARHIE2], B O R
CEM SR AEBBRE “+H=37 MR #2020 S8 £ AEZE ML 290 75 AIFEFR3].

WA 2 MU RS R R AT IR E B A OB KRS A e 5. 249 7 A, JiFadhid
ER TR A ZE TAEMEZR R Y, WA BE SRR RSN T IR DN Jrkr, BEHERH
AOVRFI OGRS, IR ANHEMEZRL L L%, $2F-RINBMEAKE, e AAEEFRER, MREEFRER AT
M EIRAA” FBER, 2R T IRET R AERE REARIT R K@, KigR, £RAM0
N2 TAEMIRAERERIT SR [2]. T HIRGEHFHAR, SERAF R E 5% SRS A E
JI5t A R E TR IR 2R, DRI 7E A6 0 0 e P R L R I R IR, 4R R e 2 3 S
NS, B TR EERE KRB, PR R DO 4R O 1, REVFRAHE E
TEE I NKBRIFEAR, ENEG R BRI ETI R, @R RN, NREER T RAERE
7RI FEAL[2].

BT, AUFRER T (PESHEL) 2011~2019 FERER T AERE R EW A B4 A, 7E
RNBEA AT, M GM(L, DAL, xR E 2020~2025 G0 78R BOE BN K R a3 kAT i B
TIN5 A, B A DRI ) W 0 AR 2 E AR GBS I S ik — S BN R I S KA
2. FORBRIRR 54

(—) BERBRIE

AT TR BRI HRIET 2011~2019 4F (HESGHESE) , BdiRIEESD, A%,

(=) WFFTTE
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IR AT FEARAR ARt R G B — L8 AT P22 U Bl AT 2r 5 80, AEEON B M
FRAHEE, IR RS AR R 52 8. AFTFOR RN GM(L DR, JI—F— Jo AR (s R 15
T390 BETTIEX Bt FCIRIAE AR K 5 R 0 A 803 AT A R, & PR 4]

IR AR 2/ AT @A A AT M M. B s, TSI KB R 2 U DURECH TR T S
R B AE A M M AT YD @A, B TOE e AR, W I SR AT A AR B, B
FIA R IAET s R, BB RERE N TR, &5, TR A NS TAE(5]. 3%
DRSS O TR @R ATIE, 35 E R I A e el id, R xR AT T AR AR
Wb, EHTAALHERELSRR: @ MELI XOUAT R EM, AGO (R4 ) N:
=3 O k=120 @ WEEIEEFE B KEHEIE Y, SRAFHIBA R @ X BRI 45
RHATH IR SS, WA 1o

Table 1. Comparison table of GM(1,1) model accuracy test
F 1. GM(1, IRENFE IO X IR

LTRG24, P c
L () >95% <0.35
I e (EH%) >80% <0.50
1T % (k) >70% <0.65
IV (&%) <70% >0.65

(=) guitibr

TR PG TR IR IE 2011~2019 R T8 AR 2CH MU K FRORBLCELAFE S A8, FEAE AL TERA
HOREAT M, FEFI GM(1L BRI IR [F 2020~2025 4E0F 728 20 MU (B e N K. 828 B, 6K
NHBOBEAT T 53 HT o A SCHIr 5 20808 PR B B0 5 R N VBB (0 g 37 A RSR i AR Y9 4E EXCEL A 24T [6]

3. LRI

(—) FRERF A B R R IR

FHE 2 AL, 7E 2011~2019 £E [P LAERS T B, FRIEAT LA 208 MU FEEE L N B, A N B TR
NED) R IAWIG S, Bl AN 429,994 NI 2 639,666 N, F-FIIEK ATy 5.14%; #HANE
M 560,168 HEKZE 916,503, F-FHIEK RN 6.49%; TER A 1,645,845 NHEK % 2,863,712 N, #-F
BN 7.56%:

Table 2. Scale of postgraduate education in China, 2011~2019
3 2.2011~2019 FHREMTEBHERER

A LIYN(UN] HAENHN) TERNHU(N)
2011 429,994 560,168 1,645,845
2012 486,455 589,673 1,719,818
2013 513,626 611,381 1,793,953
2014 535,863 621,323 1,847,689
2015 551,522 645,055 1,911,406
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2016 563,938 667,064 1,981,051
2017 578,045 806,103 2,639,561
2018 604,368 857,966 2,731,257
2019 639,666 916,503 2,863,712
B2 (%) 5.14 6.49 7.56

Bl PEARICEEZ SR CPESTHEE) .

(=) GM(1, )RR FRTi e 2 J 45 R
1. gL R P41

x© = (x<°> (1),x9(2),-, 2" (9)) = (429994,486455,---,639666

0 (k )

RIS, PRSI LRI T AER o () == 5

M, BILX [1(0.818730753, 1.221402758)
X

W, FORSEAIE I LAS I, ATARER AT IR A T
I R A
(429994, 916449, 1430075, 1965938, 2517460, 3081398, 3659443, 4263811, 4903477)
3. MEHERE B MR R Y
1

——E[x(l) (1)+x" (z)] 1 o

. —%[x(l)(2)+x(l)(3)] i 20 (3)

—%[x(l) (8)+x"(9)] 1

: - . . b
%it5 B'B , (B"B) "= (8"B) "BTY ,/2F: a=-0.0355363, b=468117.7882 , = = —13172946.6 .
a

DR, AT ST B B 70 A 30 Bl A B GMI(L, 1) TS 2
M) (k+1) = 13602940.6e" 5 —13172946.6

A, REGRAERE RSP REE KRR, 25, S35 AR A N

a=-0.070627867 , b=491084.0173, 2:—6953119.7750 ik, g REFRAERERHENEW

a
GM(1,1) T e
XU (k+1)=7513287.775¢""F _ 6953119.775

ITEE, ZoH5, FRIEBE T 508 ek N X0 A B A 52 47 NEIX 1]

o (k)=2 (lz )I)Vﬁ HIIXTA](0.818730753, 1.221402758)A, KonJoik e el R e, 7 2% e
xl

(0)
5 X MET R A AR, B L 7 AEIK I o, (K) = (( ))w HOR AL m 1T R A

xz
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L[\EE’
X (k)= X1 (k) +m, (m=1000000;k =1,2,--,9)
Wi 3 fion, S PR AR A S 1 E

X = (7 (1),47 (2),+,24" (9)) = (2645845,2719818, -,3863712)

Table 3. Scale of postgraduate education in China (after translation and Transformation), 2011~2019

5% 3.2011~2019 EHREMREH B RIE(EBTIHRLIER)

ity AL AKON) KON ERAHO
IR (IR CTR AL
2011 - - 2,645,845
2012 - - 2,719,818
2013 - - 2,793,953
2014 - - 2,847,689
2015 - - 2,911,406
2016 - - 2,981,051
2017 - - 3,639,561
2018 - - 3,731,257
2019 - - 3,863,712
P K (%) - - 5.03
= ok " o A . 0 (k—1) .
2R, RO A A ) e A vE NAE X o, (k) :ng(k) W, BIIXE(0.818730753,

1.221402758) N, R7R AT 4k S AT A R f 5T

B B iE A AT HIA, (2645845, 5365663, 8159616, 11007305, 13918711, 16899762, 20539323,
24270580, 28134292).

F RSB AERE B A & Y

__%[xg” (8)+(9)] 1

ZHHE BB, (BTB)", &:(BTB)" B'Y, 18%]: a=-0.057923365, b=2349417.829,
D 40560796.86 . DRI, AT N 3R A 5T AR 20E ER N B GM(L, 1) Tt AR A

a

X (k+1) = 43206641.86¢" 7% —40560796.86
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4. RBIEIE

25, RE AT A NS P AT IRZEN 0.94%, ERZHE C 24 0.100509612 (/M T
0.35), RAVKSIE P ¥ 99.06%, XEMEEAE R . FH, 2itH, RETHRAEBEHEE NS
FIXHRZEN 3.72%, JEIZEHE C 4 0.250555172 (“ITF 0.35), BEAUEEE PN 96.28%. &, &iH,
T T A BE ERNB IR ZE A 3.46%, JE5ZE LUH C N 0.303305865 (/T 0.35), HEASKE
PN 96.54%. SRR NTIGIE, T G562 E C ¥/hT 035, S0E 1 AL, BT rp L (RS B A
AF TG A L, BB A BRI TS . Rk, w72 I B BT g AR AR R R A 9 A OB A R
J AT AT A A i AT, SERME S TIME A 2 0K 4~6, BAA MRS WK 1-3.

Table 4. Comparison between the actual and predicted numbers of graduates of graduate education in China

= 4. REMREREEW ARSERMESTUNER L

Bl NHL(N)

FE0r

SepRiE e AR R 72
2011 429,994 / /
2012 486,455 492,090 —0.01
2013 513,626 509,891 0.01
2014 535,863 528,337 0.01
2015 551,522 547,450 0.01
2016 563,938 567,254 —-0.01
2017 578,045 587,774 —0.02
2018 604,368 609,037 —-0.01
2019 639,666 631,069 0.01

Table 5. Comparison between the actual and predicted numbers of admissions of graduate education in China

=5 REMRERERE ARERESTUMNER L

fAENE(N)

FE0r

SepR{E e AR R 72
2011 560,168 / /
2012 589,673 549,836 0.07
2013 611,381 590,074 0.03
2014 621,323 633,256 —0.02
2015 645,055 679,599 —0.05
2016 667,064 729,334 —-0.09
2017 806,103 782,707 0.03
2018 857,966 839,987 0.02
2019 916,503 901,459 0.02
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Table 6. Comparison between the actual and predicted numbers of school enrollments of graduate education in China

= 6. REMREHBERAREIMESTUNERT L

TERENHI(N)
F4 - — —
LprfE TiNE AR R 2
2011 1,645,845 / /
2012 1,719,818 1,576,576 0.05
2013 1,793,953 1,730,227 0.02
2014 1,847,689 1,893,040 -0.02
2015 1,911,406 2,065,563 -0.05
2016 1,981,051 2,248,375 -0.09
2017 2,639,561 2,442,087 0.05
2018 2,731,257 2,647,352 0.02
2019 2,863,712 2,864,858 -0.00
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Figure 1. The fitting of GM(1,1) prediction model for the number of graduate
students in China
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Figure 2. The fitting of GM(1,1) prediction model for admissions of graduate
education in China
B 2. EMTEHFBEAS GM(,HFUERBIE1ER
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Figure 3. The fitting of GM(1,1) prediction model for school enrollments
of graduate education in China

Bl 3. REMREHFERAR GM(1,HFMEERBIE1ER

(=) GM(1, B Tl 25 5 5 22 3 A

B 7 AT, 2020~2025 FRRE BT AEZE DB (BRI AL BAENE ERANE)K R
K. b, ZEMAE 2020 459 A 22 HAHE CET MR A A B E SE R ERE L) %56
FAFDLIRE], HUEF] 2020 FREF AT CLIE 313.96 JTNMIHAL[2]. X AR IH Fr g A5 2 1) 7]
{65 SEBRE W) SRR RERGE, R T DY T R 0 90 AR 808 IR e a3 5 HLAE 2011~2019 R
SR R A AT

Table 7. Prediction results of GM(1,1) model for graduate education scale in China

7. RERREHERERN M1, DIERTNZER

FE0 Bl NH(N) HENEN) RN
2020 653,898 967,430 3,095,334
2021 677,553 1,038,228 3,339,554
2022 702,064 1,114,207 3,598,338
2023 727,461 1,195,747 3,872,554
2024 753,777 1,283,254 4,163,123
2025 781,045 1,377,165 4,471,020

% 8w, REM A BB AR BT, GMA,DEREER PR R 2R 0.01, FEHAEN
O, CPYIMXHRZEN 0.04, EERANETH, PR IRZERN 0.03. BT, FrEsm i =AM
TR A FE #0 EL A B = i K

Table 8. Relative error of GM(1,1) prediction model for graduate education scale in China

% 8. REMREHBHEN GMA,D)FUNER BITRE

4 LN ¢ RENE TERNEK
2011 / / /
2012 -0.01 0.07 0.05
2013 0.01 0.03 0.02
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2014 0.01 -0.02 -0.02
2015 0.01 -0.05 -0.05
2016 -0.01 -0.09 -0.09
2017 -0.02 0.03 0.05
2018 -0.01 0.02 0.02
2019 0.01 0.02 -0.00
S A R 0.01 0.04 0.03
5. 1ig

WA BB AR N A E KR 7R M B IR A BT S, R mE RN E T HE - 1949 i
[ o F a6, 3 EHE A B0 FUE O 22 IS B 22 AL 600 SR, K SN 4 1T 300 73 N BRI .
DBV IE, FEAMIEE H/DZIR, FRMRA IR, B Ar3E et 78 AR 208 1R 4T A KRAZ 51
(1 B 22 ) sE R [2]

IRAE AR O 25 Rk, DY T A R A T AR BB B, ot SRl N, 8 A NHOE R AERS
NH, #ORORFERRD K, X — IR B R E BN & B & Z R THE, RrEMRR i R HE 1
BN, BREZNEBERANA . B RIS 2 E KA 5 060E, Wl RZMILE LS BE S
Jo, BlEp AR, FERIARRIECE KA, 04 B RIS R it 7 AR B0 RN, X T2 S
BAR—A CEMEE” NRRES

SRIM, TEAfhEil “ARS¥] . K557 FRGFAEH A R IE & E R EE W LA i
A G TR AR BT AR BB R AR RO R[], ARe—Ry KR40, 18
SRIAAE M EEAR . & W ZFNBUR 205 5 AL AR BOE , AR AE R O, BRI AR A 1)
HEREES—, M RAEREEN . BRIk RRE)2].
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