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Abstract

China and India are the two emerging economies with the fastest economic growth in the world,
and both are playing an increasingly important role in the new world geopolitical structure. China
and India have many similarities, but there are also many contradictions and conflicts. The contest
between these two countries is known internationally as the “dragon and elephant contest”. Some
scholars proposed that India is about to surpass China in economic terms. Based on time changes,
this paper conducts a basic non-linear relationship research on the economic development of
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China and India, and makes predictions. It mainly uses logarithmic function, growth function,
Chebyshev function models to fit and predict the GDP trends of the two countries, and reasonably
infer the most likely prediction curve based on actual conditions. And then we draw the conclu-
sion that India cannot surpass China in the short term, and the reasons for it are explored and
some suggestions are put forward.
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1. 518

T AR B S5 R BRI BN X AR AR B R, “ Rz 47 mhas gk, S EFIED
EEEIRZ UL, WMEEADRIHRAT G, FLMEE. SR, & sag . Gk ErE
ik, Gur bR, (R E O R TR A2k

HEFEELMA EAORZMER, 2RAMKEFEE, WEE “ErflE” f “—id—%E
W IR o R ED RS 225 R R AR L — B2 BBk, RHR SRR, KIAZ T AR K
B, ARREE D MRS KA I R AT R B . GO R R 2019 EFEHE) fah, TREM
N RIAE ) ELL (GHr X450 11 [F) 2018 E 457 S AR I A5 R 0 N 30.4%, 4% [ S0 457
BT WA 23.6%, (EHFAZGFHREATZAMER . MANEGFHKERE, FairikE R
KRR AR [1].

FNATHREZ A, WANRKIIRERER ——R EMEENEGFRN TR, —4m, HEIE
TE 51 At SR 28 50 B0 BRI a9, T LR R s A R R . 7 — 5, i A& G B AR (1 22 5 i 55t
TR ER AT T3 A I N IR T oK, A [ R 8 B T R0 R e s [ ) tHE L2 DR 3 K 45 28 2
BREMEH. NZAMEEER, DR EKSF G KSR 0E.

SR, 51 1] B DG B R AN v B LA 20 B 3 A A, B i [ A R o B K 72 et
HHENTE E RS . N2 7T EE AL, (HE5 R BB RS, FERIE P E S B0 45
WA SRR, PEEREHEE. T3S, BERERES; B PO o5 m 8 Tl 4k Se 2 5 i
K, filE AR, B R T, BIEEESTT Tl fmiE BT DURS A = SRS K2 B,
HRSM, SAFEHRAIRS SRl % FIE IR 45 St R, WA “tERIAE”

JE R ENHE AP KA A EZE 5, (A EERIUE T AR T PR R RALE, #=
ZENT PN AR B A R M R LLR] o T B A AR A ERAL G P I A PR SRR, AR AR TE 14
PSS, A B RN VLR AR 2R T 2R, B S e ST P 7 M 5 R DA 0 5 1 K
J2 1 B 75 T I (B Bk i

2. MRAZSEEME
2.1. MRFENEHERIEF
ASCHEF AR, St o [ RTER S (R 28 5 R AR BLAEAT T LA JE RS RBFAE, JF i .
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BRI TR SRR DTS R R B S I A, X [ i) GDP AE S AT 7 LS ST, MR 4R

SE PR 0L G BEHEDN Y fc T RER T i 2k, IFEAT TR e T

ARSCIERC T EATENEE K SE PR GDP fE N EE Y, £y 1990 % 2019 Jy HAL R X, B ki T

HHEFERAT BT W . FAREE WL

2.2. 1RBIE
A FE R I R BB AL G
221, EEH
e x NEZE, a. b ASE, W—HBx EeRHonT LLR IR A
y=a+blnx 1)
K AR e
Y=y, X=Inx 2
XA, AT DATS B SR A G H bR B AR A AR
y, =a+bX, +¢ ?3)
BRI, T DR — 2 I 2R 7 8] A 7 R
Y, =a, +a X, +a, X2 +--+a X+ 4)
AR T
Yo =a,+aInx +a,(Inx ) +--+a,(Inx )" +¢ 5)
WRCEER TAEY WWNE, A, SIEESERHEE:
Y=y X=¢ (6)
Phb, ie{l,2,-,mp FoRFEAN G IR r=n Fox B BHE KD,
222 WKEH
% x NEZE, a. b ASE, W—FRpFEEE K R EmT DR R N
y= ea+; (7)
K AR 4
Y =Iny, X 1 8
X
TXHE A ] DA B A K pR B AR B A
Y, =a+bX, +¢ 9
B, ] DR — % 2 I SR A7 (R
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Y=oy +a X+, X+ a X+, (10)
B AR Y T
2 n
Iny, :ao+a1(i)+az(ij +---+anaz[iJ +& (11)
X X X
WERCOLAR 7ARY WFNME, Ba, MIRE 5530 HRE:
y=e", x:1 (12)
X
AE, ie{l2,-- m} FRFERFE: ZUAFE r=n FREHERND.
K R HOY At vT PLsCR I R R
b
y =eex (13)
M2, 3L PO H, AT DA TR R Z Pt ek 2
Iny= a+E 14)
X

2.2.3. YILEXREH

REARE x AEAR, ARy NHERE;, MEEA 0 MR RIEREEENB,.L.5,
To (X), T,(x), T, (x) AT RZ B % B4, W TEENEie{1,2,--,n} MoK, WRFEHIRE
WA &, M IRYIHE K2 AR -

Yi =ﬂ0To(X)+ﬂ1T1(X)+,B2T2(X)+‘9i (15)
ZKHE, r=2 NHHBEE. /el HR SRR A B A T R SR ZE T A B i /N R L

By Bri B -
3. ERTAMER 7
3.1 =MEHTHPESSEFR GDP #l& RNk
X E R E . GG R BORI ) EE 25 SR R T 1 [ S2BR GDP UL T 2k an sl 1. 14 20 18] 3 P
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Figure 1. Logarithmic function—China
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Figure 2. Growth function—China
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Figure 3. Chebyshev function—Chin
E 3 YIEEXRERE—FPE

FATR =R BT B FE 2 fr GDP LA R EE A 7R, H ARk 1 ps.

Table 1. Goodness test of China’s real GDP under the three functions
= 1. =MERBETH T ESFR GDP A& E RN

b Xof 40 e 4 BEK e VI E Kk %
Regression coefficient [b, a] [9.5489e+14, —7.2557e+15] [-564173.0939, 309.941] -
Regression logarithm polynomial 9.549e+14x, —7.256e+15 —5.642e+05x+309.9 -
cheb - - ([1.0852e+13, 1.4881e+13, 4.8600e+12])
poly - - ([5.9918e+12, 1.4881e+13, 9.7199e+12])
R_Square 0.8537 0.9885 0.9877
R_Sart 0.924 0.9942 0.9938
Adjusted R_Square 0.8485 0.988 0.9873
Spread of the error 1.76667E+12 0.136 512,049,743,364.78
Root mean squared error 1.70676E+12 0.1314 494,687,049,592.57

BT R B S, a=—7256000000000000, b =954900000000000, E &R F.
y = —7256000000000000 + 954900000000000 In x (16)

EMKEET, a=3099, b=-564173, MKEHEAETERN:
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309.9-284173

y=e ” (17)
Iny =309.9- 564173 (18)
DI T 5k 2 T ek B A R KON
y = 4860000000000T, +14881000000000T, +10852000000000T, (19)
y = 9719900000000 +14881000000000x + 5991800000000x* (20)

A 1L P 20 (B3 A0 1 mTn, ARG IR S R? B i HH A A ACR A i K e BRI D)
PO R BRH, T H K R B U B S5 5 R B0 5 28 R

PN RIRATA = o K 1) PN 5 T AT L i, dE MU 2 BN IS & IR A =P e R
Hh[E GDP FFREINME AN T h £ 3 il an e 2 R 4,

Table 2. China’s GDP forecast under three functions
2. ZMERB TR E GDP FUMMEBEAL: 2ETT)

Year GDP_Chebyshev GDP_Growth GDP_Logarithm
2020 158,622.55 204,173.79 118,194.65
2021 171,165.93 234,432.40 122,920.68
2022 184,195.32 269,138.56 127,644.37
2023 197,710.69 308,940.57 132,365.73
2024 211,712.07 354,580.43 137,084.76
2025 226,199.44 406,907.30 141,801.45
2026 241,172.80 466,892.81 146,515.81
2027 256,632.17 535,648.59 151,227.85
2028 272,577.52 614,446.27 155,937.57
2029 289,008.88 704,740.29 160,644.96
2030 305,926.23 808,194.00 165,350.03
1el3 Comparison curves between three models
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Figure 4. China’s GDP forecast curve under three functions
Bl 4. =FERE TP E GDP FNphzk

FH2% 2 AP 4 FATT0T LA, X B0k B e )N, D) B 5 I R BT JE A, 16K R 550 TR £ = o

BATIATI S KT 25 RN &, AL E, WEEEHIME, fFEPELFE e,
R B R ERIUR . AR, JEF) 2030 FH)SLFr GDP KZAgE K EE] 30 Jife3E6, b 2019 4
RAR T —3F
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3.2. ZFhER¥ T HIENEESCRR GDP & R T ehzk
SRR IR R RO PSS X e i BN B GDP 40 el i 2k 1] 5. 14 6. 1 7 P
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Figure 5. Logarithmic Function-India
Bl 5 R H—ENE
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Figure 6. Growth function-India
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Figure 7. Chebyshev function-India
B 7. YItEERRE—ENE
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Table 3. Goodness test of India’s real GDP under the three functions
%< 3. =R BT AYEN B SEFR GDP #l &t A&

b o 40 e £ BEK e L VI E Kk %
Regression coefficient [b,a] [1.7565e+14, —1.3344e+15] [-369069.72, 211.5088] -
Regression logarithm polynomial 1.757e+14x, —1.334e+15 —3.691e+05x+211.5 -
cheb ([2.1166e+12, 2.5624e+12, 7.3516e+11])
poly ([1.3814e+12, 2.5624e+12, 1.4703e+12])
R_Square 0.8980 0.9801 0.9935
R_Saqrt 0.9476 0.9900 0.9967
Adjusted R_Square 0.8943 0.9794 0.9932
Spread of the error 264656397172.42 0.1172 66,984,234,759.70
Root mean squared error 255682370647.65 0.1132 64,712,918,797.20

BT R B S, a=-1334000000000000, b=175700000000000, E k%%,
y = —1334000000000000 +175700000000000 In x (21)

WK S Na=2115, b=-369070, KR EAERN:

5115369070

y=e X (22)
Iny=211.5- 369070 (23)
VIS E 28R A W R
y = 735160000000, + 2562400000000T, + 2116600000000T, (24)
y =1470300000000 + 2562400000000x +1381400000000x> (25)

I 5. [ 6. [ 7 F1c 3 m A, XEECR AL IR S R? 1 i H A A CRAS 4 K e ORI D)

PO R BRH, M pR BN ) BU S5 K R B30 5 2 R

PN RIRATA = o K ) FEIMAE 5 T e dEAT EEB i, T 52 HH RN IE & BB AL =M eR R

E[EE GDP F 000 AL AN TR0 i 25 43 53 an =6 4 Fne 8.

Table 4. China’s GDP forecast under three functions

F 4. ZHERHETHFE GDP FUME AL 123ETT)

Year GDP_Chebyshev GDP_Growth GDP_Logarithm
2020 30,301.67 32,219.00 24,179.79
2021 32,354.77 35,267.47 25,049.14
2022 34,481.40 38,600.92 25,918.06
2023 36,681.53 42,245.68 26,786.56
2024 38,955.19 46,230.46 27,654.62
2025 41,302.36 50,586.59 28,522.25
2026 43,723.04 55,348.27 29,389.46
2027 46,217.25 60,552.79 30,256.24
2028 48,784.96 66,240.83 31,122.59
2029 51,426.20 72,456.76 31,988.51
2030 54,140.95 79,248.99 32,854.01
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1el2 Comparison curves between three models
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Figure 8. India’s GDP forecast curve under three functions
Bl 8. =#EH THIENE GDP Fulghik

14 4 R 8 FRATTRT LA, 3o B ok Bt die /), U1) U5 % o APt L e v » 4964 ol 50 ) o0 A e
FATINVIH S RTINS R B G B, BeA M, Wsa iR, 76 EELst R RBR .
LR AMEAL, BN R 2030 4 [¥)5CFr GDP KLIREA &SI 5.4 J11236 7T, 2019 £ RZE 17—

3.3. YILEEBERABW T FEMENE GDP ittt

BT LR AR, VILEE R ETCIex T S 2 M 5, AR oy & B TR,
b, FRATEFEY) LS O% R Hont Hh [ A EDZ () GDP A #4 kAT LB MM, nEd 9.
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Figure 9. Chebyshev function-China and India
9. PILLEXREHK—PEFMENE

M 9 FTLAE A 2], fEARK T4, PEEFREEANTHE, £ “kReg” Fh, PETMLT
ez A\ 2012 42 2019 4P [E 1) GDP $53E 73 7)) /& : 7.86%. 7.76%. 7.3%. 6.9%. 6.7%. 6.9%. 6.6%.
5.95%, [FHAENFER) GDP 83 /3 /&: 5.46%. 6.39%. 7.41%. 8.15%. 7.11%. 6.68%. 7.4%. 4.18%. M
THEZF AN R REKEN B, GDP MGHdELE, Ml LFEERT R IR, GDP HdE&. /a4
R, R ZHUFE Gy E GDP S T 5, EEE GDP i b E AT JUAE, REACE, ZEFM A A & A
ATk, DR br A R ED R ) GDP s i 22 80 ] g 28 /N TR AL i FE R O 45 51

4. FPEFIEDE L5 L =R R E
4.1. RENR SRS R AL
R A A O A IR AN S %, SRS RS R AR BB, XA
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ROGKATE =, R AINERN, 2016 4£~2018 4F, FREZEH D2 BT, SFREKEN 12%, 1
i ZE AWk . 2018 4, SUIRZEIE 1070 143670, kiR EE 70%. SubEIR, HER S8R 3 ik
TG, U EASRLEREE O R R A5 [ 2]

RS SR Gpadh th DR B R, W BOFEE AW KRS, RS H 5 L ER & . EVEE 2018 4R
e i e AR 45 30 VAR HE 15190 5l 6430 4235 7N 5370 235 5C, 1 v Rl R 35E H A ENFE A 4 1522
FRUEENFE X AMT A T R RIRE &, (H BN A TED AN GRS 5, I EBUaHI R, 75X —idt
FERRAE. B4, EIEEXTINE 5 IR AN BEE A Kb

4.2. SNEIEERHE

BT UM X AR HC T SR BOE, I ERERRMN 5730 71, 5 MEIEAT R T, &
E A Wsl T REMA S RN, BTANEER B 05 b E 7 B B ™ AR, A B
Pt H Sk — BEARRRINZE o (HIXFh ZFEAE BB /1N, WM IR R SIE K 16%, i & T 5%t 5t
Ko 2016 AFFRE HAZHEIH BB T 417 A2E oz, X2 T a7 EUHETINE T
D AME R AR XU IR E AR SR P RE 2 SRIFFREE I REM AR . EREES PSR T
R R Re 2 KA RS, XM TR g — B HES) B (= b A 2.

2T, ENEIR T AME B s R 2 M E K. (HE24R, BERI R E—H
BEHEREFIVRA o AN WS R FHTC AR VR U, (B3 BN I B R A BRI S . 480 2016 411
“IREBA” AN 2017 AEMY GST SEBUR M, EDEERWIHh T T 5l NSRS “REA” o 2019 4F, ENFEML S|
AN BT 506 123500, B0 Be, (A EA S EE 13,

AR, PEX N BT RITTE E, SMRRANET R, WAMETEAWNY K, &5k
JEM B B BB BRI R Ak R A, (RAEMRYR A3 5 T 5 AR ZE S, R4 Bk B4k
R, AR T B [a] 2 R %

4.3. EIEHIE

B [ A e JE AT TR e, AR AR IR A T s ZEEYTK, A AT R B 2 e
RAPAE ISR G 2L AR R IS, RS SRR PER IS H .
(1125 JE R AUAE 2010 4F A JRIARIE(E, BLJETHR T . OWEIE, BAPrRLIR, 30 Z AR K.
B fE 5T 2018 FEAERI & R R, AFR U3 MIZTH N DEAEEENE, 15 s A 1 10% A DR 1
L T1%HIW R, BN E RIS S ZZERAAS Ak 2 BVATE SR AN R SROKP R DO i B A L Aofiek: l
FEBERISE, g ENEAST Rt Rk 1 BRI BER[3] -

5. G REW

I E IR R SEBR GDP K RARBLIEAT LU, AR F B L5100 E S EIEE) SR GDP #f %
W TR, Hrp Bk R — AN adess, EIBENRIERE# [4]: i HeA M E GDP K2, AT K
W [E 1) GDP IR ALE, TMENER GDP i B A IR KA e, AR, FIb A5
XZLE W UL E S5 IR, ISR AR

i, RFEFRERIBUR. YaTERRREEE 2R, NG s, [ERab KRR,
Bl Eor, 3 A EHE R IWA e 40N 51.9%, b B BT 13 AN A, el SEsh e B
56.3%, tb FA FF 4.9 ANE S, RESTFBARESY KASH5]. EIEE 3 A4 liERIgZ B AT84(PMI)
M EASH ) 575 24 55.4, Nt 7 DMHRCA: IRGHIERIBZ BN FeEN B4~ H 1) 55.3 [%% 54.6 [6], 3
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HW G, B E TS T iiaE0, AOCH T BUR IR IE B s it sgm 1kl 2 . Rk,
TERINEIAET KA T A 2284k, EISKE N ARFF BRI e, NETTRE R Z i, iRk “ e
DA 7]

B, EECASGE I M GDP R R, ROZn KX G N, B b E 7R & B R g
O TR KR, S m sk REMNRCDHERE, (AIEERBREIKAREZ . KT Hp BRI ED BER T,
TEAE RCR B MR T A T 55 1. AR Z AR B A RS 55 33 AR m AR DG, Tl “4
AR FEC Y T 37 BE & — A BRI A Bh R, $Em G 8ee 5Tl # N 1% A 5 A
THA[8].

B, HETEIEATGK R BAGMA D 2408, BUFEMNFKBE MR, FRAMEES,
T H 2R, (R EEEUT 2 T ISR SR ZE W e . Hp R E B30 B i B a3 AN R A e
PR ERERL, N TITEAR, IFHIEE. TEREARBE MR EREEBERIRE, HES R ZEE. [
i+ 2 B AT AR ol )@, B b IR R I R AN N DB B 7 ) TAE AL [9]

FE, “Ar—HEASGEET RO RAERE BRI, P AEE S E RS, iEikne
VA 5 R TG S LS, AR R N, SN EEE b KN FE, LAkt
R ER U P ] B i 26 5 G5 A B B T I A SR S R BRR E0. FP LR BN R AE [ PR 2 SRR SR 5 P 5 4%
M, ROz EspHEH SR, GRS L ECREEE, DISRBREE. SOERCNFIA, HEHE5 &R

&K fE[10].
E&ImHE
A B T ETEF SR ZTRS: Python W45 %8 /047 T H AACK(E T )R A B
PR 2 5] RS2 HF
SEHk
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