H [E # R E AR A0 oK >k

L e e e L RIS
1.2 HHEBERL S FRBE L oo eeeveenrneneonseseresarersrorasorarerasasessssssssssssanssanosassssse (]
T e e o i O s Y
2.1 WEII ZEARTEY AR BAETETR JE vvevvevrrerereneeereenruesioneeenseerrenuennennsseses (4
2.2 HIVERIEE YT HE H TEM K R B [ BT veveeveeveereesesnnensenrenrenrennuniesians (5
LT R R e S S VPO S U UUP PO TP SRRV TS PR
D0 e e T e U SR
3.3 VEEY L (A SRR JE cvoeveoerrenrrrnsorneseressnensuorssesassanennssnssnssesesans (7
3.4 BEFNAEIR A B TREL ] E AR e eerveevrerersreserersnsnssasseresesseensessisnessnens (7
4 FSTHEZEE BRI —HEIE I coeeereereerreeneeeeereeetie e seeeeereaenaas
4.1 HOABHL A FTHEE Gl veverereesereererrenreoiionieenererueiieiiennseesnesnennsonssneseeses (7
4.2 BTG E HERBR AL v oev oo eeeeeeerereeseesrnsnnseeseessesnesneseesse e sseasenseens (8
4,3 B BITAIEE R IRIE e vvevereseresareraroraserereresarersnorssesasssnsssssssosssssnessns (0
4.4 JIERTRIAA TR AL EEE o ververereenernereeiiniesiencersesseennenneeesensnsnssnnens ()9

LG HrahE ER e S o oo T R SO e PR (1)

5 ZEIE e TR
B 1 JE EEI R LR EEZ T oo -ev veeo0e sssweonunsanocsnonuenove sasissscos unsasossinsivaonuuanhESSNIE)|
5.2 JNURAT B RS A H oo eeeeeeeneneieen ittt ittt e st e e e e ()



CONTENTS

The Present and Future of Mathematics in China

1 The Development of Mathematics in China and Beyond ---------eeee.

1.1 The Development of Mathematics in Ancient China «ssseceseceserecerecececees 12
1.2 The Development of Mathematics in Other Countries es=seseeeseceracecacees 13
1.3 Key Moments in the Development of Mathematics in China «=+«ssseeeeeceeeee 16
2 The Urgent Need to Establish New Indicators for Evaluation -----
2.1 Problems in Chinese Existing Academic Evaluation System «tcsesesececececes 17
2.2 Suggestions to Take the “Frontiers of Science Award” as a Benchmark for

Reforming the Evaluation System R D R R R ¢

3 Reflections on the Development of Mathematics in China -------.--..

S

3.2
3.3
3.4

The Level of Chinese Mathematics Compared with Its International Counter-
The Need to Focus on Laureates of Chinese Descent «seeseseseeeecececcecececes 20
The Cause of the Problem: the Undue Emphasis on Tangible Rewards —«<««+=--- 21
The Requirement for Encouraging Youngsters to Have Clear Goals for

Study B R

4 Suggestions for the Development of Chinese Mathematics «---------

4.1
4.2
4.3
4.4
4.5

To Seize the Opportunity to Transcend the Predicament <esseeesecseceseecece 22
To Think out of the Box for Exploration and Innovation ceseesececeececeecess 23
To Create a Favourable Environment for Academic Research «sseeeeeeeeeeee 24
To Strengthen the Cultivation of Top Talents at Home  +t=eteeteeeecceceeces 25

To Promote High-quality Education of Popular Science  <esteseceecececcecees 26

S5  CONCIUSION rreereoscersrreaateertestesoiossiesssosssssessosssssstcssessssssssossssssasscns

gl
5. 2

To Seek Opportunities in Crises — sesesssessesseeereeeeteetieeieiiiinin. 26

To Formulate Better Plans for a Promising Future -r=<sr-s=<recsecosicnenaaan 97



F1E FHoW Bl 2% B/ W Vol. 1 No. 2 2023

h E #1 F R PR R SR
R AT

(il K5 /1 R R =)

HFIF 2 40 4 7 AER REUFREAS S T o EAR L ER, EZ 5K
PR, ARk N R IR AR L 5 R T R A A R, B T R Rt L 7R 22 T
TR TP A AR R RS | A PR T SR o AT A %R 2 B 3
7. R I v S ER AT T 4 I A5 A 5 1 s o v X T A R 1 [ P Bk e
A, AEJEFRAR, R BN AR ROk A2 v [ WS 22 O SC R Y 4 . 7E P8 7 &
FEL P A9 5 00T S FRATT e A H — 2R 5 [l I 9k 2 Jif . 22 OB TR A 2 o o B A TR B b i
Do, AT AR X LERE AR R T AT P U A SRR R . AR AR i B
e J H B BT 6] Al SRR A BE AT T A

BLAl Bl 2 B 2R B R BB P A AR B R A R BS Y , TECE R Y
PAE R BEA 2 — U] TR B A BEAR L B DU AT — > 5 R iy BRACAR 1R 5K, B0 A il
Rl EIER

1 v SIS B R
1.1 FEHZELAREE

AT BT e i & S Dy . A ob I B R G 3] DRI . o [ 0 7 1 5l S
W rp RG22 DOV I O 3, FUR IR AN UN A B o S R 22 AR WK AR OO Ak T JR 5 s A, BTz
1A B Z BB — E A o R0 BE S T TG LY 5 2R 45 o (EUJE DT B e I s R R I 4
FAWE. B TSR LIS P SCEE % BB R R AN TR o B T iR
Rigvefa Ty, EREAR PEECERA IR IR MZ Baa 5.5 F B il 1
250 AR Z AN TMIIX 250 AFEN 5 PG TN B b Ao AR B R ER A IR, ZE5E b IF A

1.2 #HRBFLARERMA

1.2.1  BRNEE
i [ B 25 K% T 41 (Isaac Newton) , 4=l 2 J5 % AMRUT. K2 80 4F 5. F 19 4
WIS D4, H B 448,

«@»



- Bl pavad P
e £1%5 B2 M
FRONTIERS INSCIENCE

I EECEE G T 3% S (Pierre de Fermat) (B ~/K (René Descartes) % N T AN, —
NS T8 EARZ AR g7 ] 52 T 8CE s LA 4F . 245 R EECE 2B et A2
AT .

75 [ B 2 bR T 3647 JEé 9% (Gottfried Wilhelm Leibniz) . 17 48 it 2 J5 . 7 [ %02 K
U B MR T 18,19 g, AW R EE ., KM RZE @l (G. C.F. Gauss) (3¢
2 (G. F. B. Riemann) . 75 /R {1 45 (D. Hilbert) %5 — K H A K 050 R A S\ # . (5l
T U SO T B oA E S A & AR R I TR . AR IR R R SRR
BOATE, B T 1950 AF 18 SRR B — A E A B

U AR Rk S R R RS SR A 25
1.2.2 XEH*

N TR A N 1880 4R IR UKk B8 2% AR B BRI . 76 IR LA . 58 FIRA 2 AR5
A E R R AR 55 2 A0 R R g R it . — 7 9 B 28057 K 74 7R BT 4 (James
Joseph Sylvester) 3| 15 258 8 3 4 1 K2, A AT A6 2 RAMAIT 52, 36 18K 2% 222 % R
WF B35 B0 A TV RS o Wb DR 2 2 IR R 2 HR A R AR DT i & R B 2 L i At AT T A
PSR IR S AR B E R E R E B, BT 1910 4F, 7E 1A 588 R (George David
BirkhofD) (453~ , 2 FECF WS I G A 1R, A0 w88 R 1 — > Rl i AR A o) 2
b D& T BR ) 2% A2 = A ) R %) 5 4 R 9 2% D D 3R 2 i gl AL e e A S () R, AR SR
T — e REREZHT W& AR EBC Rk 0 E R, TR E R
U T IR B R R S . AR SR B S g AR e R
PITTFENE R EARZH T RN BM TRELS ., 12 Ta 4 i RBFRIFR T
B 2= IR ALHE 51 SR 3 B 1Y B i« 25K it (Marston Morse) 5 32483 $h 25 1 81
Iy N0 3 « B4F JE (Hassler Whitney) 5 i % 23 7 F2 BLACAE 2 M BROG A9 61 46 N 5 L
(Charles B. Morrey) #l Morrey B 2% — 32 [& 4 218 41 4 A A 45 (Joseph Doob) . [A]
B, & R PR ot 5 R R AL 2 R R R i B K. BT 1960 4R, R EBE D
2T A

v [ B A Bk A TR B 6 I 20 4D 40 AEAURIKAF

QAT A P [ R AE e — B[R] B9 852 ik 2 FA Tk 285 [a] — BeitIa] iy, PR L K
Gy MR T 20 R LIS i T FUE AR 50 AR HE BT R AR EAR SR . 19 T4l 40 AR B H
e Em a2 E 2L AR AR R . i EACE R EE AN B
TEIX — B 242k 138 8 AR BA JUAS 22 AR U RE 68 38 B AR 1Y K F- . X2 AT 4
LN E=al) PSR
1.2.3 ®REHHKF

e B W K s iR T 18 42 B (Leonhard Euler) 57 3858 B 45 2 17 , 4 i1 55 41 e

«@»)



FopRARE . o B R B AT R 3k E=EiE0

FRONTIERS IN SCIENCE

HAWIETEZ AT R FE R . R B B E AR R 19 w3l T &
L) e i % (Nikolas Ivanovich Lobachevsky) ¥ H 25 K (Pafnuty Lvovich Chebyshev) » A 43
B U RIS L R TR A T S . BT 20 A b, B gnT LUF 35 [ B
T o BRRRLUG B AR RA Kt 2= B Ja S5 RO , R A HOEE . BAR Nt ik %
b B AR R A — I 22 3 W A — AR NS B K B B 5 1 i AN
AlZINERL

1.2.4 H#&#%E

H AR IR E SOl e 230 . WA 4RI 0, IR 1R D2 3 30 [ vk [ LA [ B 47
T T L) 44 3 W 5K DTYR (Teiji Takagi) o fih7E 19 20 A< 31 48 [ BF 22 AR K 2% BR B — 1R K
Uiy R 4E (David Hilbert)222J . 1900 4F . {01 8] H 4% J5 , FF 45 2o 45 B A (9 30 07 s, 13
HTALHRAT, BT 1915 4 A AEBOR T7 ik T 8% o 320 SEBE TAE e T A
IRAA R 9 23838 (Class Field Theory) » FF8 T %8 BB FE 5 ) . At A4 7F 58 A 4 30 1l
25, SR R i, X KR« BITAE (Emil Artin) 28804 % #E— 48 kR, R 508
) —ANEZOI I . SR DA A B AR B AR B KA O KRB B AR AW AT IFEA +
g 5 5 — A Y AR

)T 1940 FFARKH, HARAFE I FH AR O LW A, BT 2482 kA
R BCFEFE ., F—D /N E (Kunihiko Kodaira) & — 42 d13F 44 (Hironaka
Heisuke) .55 =~ J& 7% # 3C (Shigefumi Mori) , i A A% {75 (Kenkichi Iwasawa) \ & 1o
RB (Goro Shimura) A+ Kk (Mikio Sato) . X (Kiyoshi Oka) % , 3 $6 #5 A 2 315 3 19 54
RGNS T — A2 R 2 DLt FBCE R R R . RN — A O
(Kiyosi Ito) . i 7E 1938 4E (i SCh 51k T REAL o 7 B2, 2 T 20 22 HE 2838 1Y
R,

AT ZE B A XU E R LB R B3 T3 AR 1 Gy it . L
ST IO s A T R ) DR AR AT — A E B 2R A, LR R L T AR AR S 5
EIEHARZA) A FRE S TEE SRR TEE AR ERZ
TERE. BAIIAZ T HA, XELFHNAREBFZR R REANTAHE O 4 SRR A 1
HiE . X RREENSE.

H B8 TR VA IS B AN R A I A SRR R R LGS A R U 1)
SRR

1.3 FEHFLRXERZ

e [ R ) 25 A AR A By R, Z 0 BE ], 24 )8 R 45 & (Chern Shiing-Shen,
1911—2000) 564 . BRIEAETE 20 2 RH RIVECR 2, ffE 1945 AR R R SCE R I T

«@»)



- Bl pavad P
e £1%5 B2 M
FRONTIERS INSCIENCE

PRI 7 o 2T 24 D\ 5 B LR 450 HE I BB K. 22 AR 22 80 4F T, BRIGZE 1946 4F Ak
S s S TS B B s L T — A I i E e K LR b T R E L R EE
AT — R E R R R R R R . ER 19 Al 80 ARAUH I, BR S AR R [
e BB 2L 122 7 537 A 22 22 RER o B 22 i o AR 20 40 AR, AR
VR AE 25 I [ P9 22 57 AR, oo — A B RUIA . AR 5T A G 41 4 oS I 1) 7 38 B2 g 1% 1
] 15 5% 0 R R K, T Wy B o [ o 8 i R o e b Y A AL L TR DT B B A8 4k 2t ) L

1979 4RI — W EE AL BT, B HE T — T, o2 —55 —H . R @B AA AR
TrAARK YRS o R/ [ A8 T A BA A 2R W, IR O B 2 2R B SE I LR 22 T L JF L
FIABSBARIRL . WA 240 A DB g D23 B E R LB IR R 2 Al
RN TIEFENA . @i E A, ERFELG o E LT .

H2A R Z B, ShER SR BOAA] , JCBRAT I, BHE B 1E 4038 5 2 Ul B9 I ik
fERFT-Z R,

2 aRAFEE T PR b

— > G A A ELIE SR AN TE T RE 7 2550 MU Rl L BRAE FOA [ 51 2 3 i — se i
A TAR i AE T HESE I — 2RI T ) A SR S B e TR R B R oK R B
o] o B AT Ak R B KPR IR TR D B i AR B K . RSk = AR
S I W S ) S B 5 22, kAN B [ B L A i B M 2D, Rt SR Y S A R B M T I
RFEN AL F BT o8 A A e By~7 & B b DR Wik e A e i v B
bz AT I SR B Y S R FR B A AT TR S R R T

2.1 HEABERNTFMEREFESRE

PR — DRzl — DN E KRB W E DI — DR RS, BATZAF A
[ PR [ 7 - Ak AR F B — PR R RN I 2 )

{EPSNERE NE NSNS a6k 4 € 00 R NNEEE D5 e ) O L 4o R 1 R 0 R A S R
AHRIERE . — O UL, P EPPAG I A T AR SR [ PR L KB L L R B L
N — e TR g . (R Z L2 R, nT U L TR R 871 . i [
W BT 70 T B2 3 AR 20 i R, A A PRLO S T o 1 BB o T i A A RO AN 4 i
BATTXS — LT X6 B T Al IR AN 008 0 A

TERXFE R 5 N AR Z A SR A BTN 5L 52 71 v AR R 22 38 A B B % NG 7
IH,BA RS A 2l 25 E — 2% B C A, 0 220 3 A 5 AT 80 I 1 %90 .

«@»)



FopRARE . o B R B AT R 3k E=EiE0

FRONTIERS IN SCIENCE

BRIl [ BRFEA L AR 22 2 AR S LA S0 /0 e A 1 i AR S R Ak i o SRR Y 7 1%
X T s ) b B3 A 5 L E S X T R BT A 2 1) AR I I AN S Y

TAERT IR B — AN 1 59 S8 K B TR 1 AR — L T AR R IR AR T Ul
AR 1 TR R PO o i B2 — o R GAR 20 2% (R R S0 HURIIE , R4S B T2
[BE  39r LR D2 I R 2 AR 58 ] 0 15 45 44 4 B TR FE I T DR A i AL AT A BT R 40
A BV SO A R UMY i I I B i B AT AP 44 s i 2 A 1Y 5 Rk A AT
R .

MK A FATT I AL A 4R 55 R D ORI AG 2 B R s B — WA 7 1%
FAFI XAV F AR 58 [ 0 24 8, Qe Bl R = LRR A B T 22 e L i dH AR K o
MRATIUA 7 I R S S A 204 S0 A T 5 — i 9 2 2 AT A X AT A9 22 R R A
(7 FEIN_E R T W (peer review) JRIEHE A B BYKF . — Ok UL, 1A 224 7 b
ITAY RO o 1T el g 2 B ikt = i T Bk 2 K, SRR A IR SR A BR e R0 UL 5 B AR SR,
Z /R TR 7& BARA 2T T,

2.2 WERFERAEDENERLENIRT

T2 o] 4 17 v 5 1 R P MR 7 N 1979 AR FRAS — R AL 5 £ L T E) B
5 R AFAEAR 23 B rp [E], JCI8 2 N M A i e 5 1 L Bk AR B LA A B e
1713 3] AT 2B 19 56 [ R oy 2 20 B i [ 1 ) 2 3 R AR 2 B b X H 2 AR RITT R
o5 0] [ QA 2/ NEC LG T TS R R Y BE L. BAnA el e T E S T 8 AL
ERIBCEEAT T 3 A O S I R R A R | B R AN EE B IR X
Her ROl e A —E W 1, E RO Gt Fok b R 1 T BB S A IR AL

2022 AF, Fp IR B} Bip A T R T 4R DR S R DL AT, A B R Al e I B A T B L E
— A C B . FEILETTBUR SCRE T A A8 R B Bl v b S e ) 15, i 2
B9 B 11 [R) 2 A 5 8 1248 1 Do ] B R At B 2 R 800l 17 A i R e iy B i
b rona R RVIRSEEPSE RS SR I i QNI 20 o S| e pite 4: T DS LT

FATBESL T — 0 H 2 A [ B I —— A B2 2 . RAODREEC: B 4 B, g
RS E BB AU 34 AT5 . B T7 R B K2 5 A7 % U8 R 15 BR 1 & 5 ik
FrvEe AT ok A e kR SR R P LS B AR BT AR

O B Jm E PR EA R 2% K422 (The International Congress of Basic Science) T 2023 427 A 16—28 H fEJL 524847, X — [E PR T0 44 24 R %
2L RIENARA TR ER WEINERLZ¥ES S BT ARG AR A TR CER ) BRahdb st 1 e F U
DUl TR 2L BTEE T — S AR A B AR RS . Ko R R AR SRR B R AR B SRR R AR,
FE] 5L b Bk 2 U T TORE 97, S SRR U BR A AR AT TR A A R Rk i R Tk T A

«@»)



- Bl pavad P
e £1%5 B2 M
FRONTIERS INSCIENCE

ATEEF IR A 4 ARG T 1 A0 DURSEAS 3 4 LB R AR 3,54 fi
DR 525 FE Be -t 0 56 07 [ P R Al 2 BHOTBE B2 e o b A NIRRAG I R R %, 2 2
190 2 KR53 . Hik 88 — B PG, el 2% 5 AR R R i IB 30, X EEIE UM% fE
g R AR SR R R B T 1) T LR H WO S B A A

FATHIE R 190 ALiFZ S — D2 Aok H AR B IHE . 80w Bk il 17 110
Fi A AR R AR I IR S0, 9 T &AL FRATT SORSE T — i 30 Z2 A8 Hi 2238 4
MEHZN & Pk T 86 MR, BEARMNENLEXSEBENITFH IR, +
o3 P BARE R B A T PR L e |

3 X EECE R R B E
3.1 MR EHFHELATE

AT DL B AR S 22 0 o SR SR T I | 7R R U 86 R AR e S0, A
6 s 2 FE AR 22 O A0 A i LA 2 1 S0 R = B AT VR 3 O e SO i ad = A
FORIE I BT W RPN IS AR o o B R S HA AT A RN B [ 22 3 1Y
ATREPEAN K AT RE A 2 A P e 45 2R T L R A D H e R 550 wir v U A 7 0
Foh5 B B UK 7 B T A R0 B ELSKAF

S5 AT R PR AR LB AR 2 R Y PR SE R AT LLTE M A
] A BT A PEA AT LS A o [ 5 3 B SR AR OKP s ok . e AR 2 A NS R
H BRI 2 H A TR BRI A AR S X U WA AT A8 BIF 5 R B0 A 2R AT 5 B 1) o i
B B A 2 E PR TR AT A3 A AT

3.2 HBFFEREEGRE

R PFEEE R B R T —MEREBNRER . FLREEEHRIESCRA KRS AH
B2 2 A 20 AL, RMWEAE T (HX e F R I AT N . BR T AT 32 5
(16 Fei [ N BE KR SOk A — ML AR T AR 3 Sl [ B AL AR . XA B R E 15
FATAEIT 0] 25 B R

F—HEARTHE R S 2 X ARk P R SRR, B A R IR LA ERE L E
JE [ A H 2 3 A 3 B0 30 B R 5 10 9% B 2 i e 1 DR o 56 [ A B, DRI L TR BT
25 M 7 #RA R BRI . TR VLA A A RIS AT 3 R R AL T O AR TR
RICH T AU IR R NI g o (R R A A A 2 X S8 2 0 4 30 4 3 9 A 2 I

WIS CHITES .
Ty AN — A (A EUIE: | A A A ST 2 e S I 24 W 0T LAY B BTV ) 2 TR) 8 v [ 44 1EAD
R ME,

BV A T A AR T 2 3 X DU T AR R Y A L B 1 gk i O T AR AR R 44 TAE L

@)



FopRARE . o B R B AT R 3k E=EiE0

FRONTIERS IN SCIENCE

Bb RS AE R B S LR ARy JLATT LA Ji i R Se A2 (Chow Wei-Liang) 7e UKL b A 5
FE T AR TC AT LAY !

A RE VLR SN T8 B o B AR ) — i B2l AT TP B AN D At g b R
B FE B L B AR S5 AN A Bl . AT A AR R A B e A B AR AR L, SE A X
AR I8 !

3.3 FEEWRRHE & RIE

Xt XA RS TRA MG IEIE R PEETEEMEENRINE RS EEY
J A 2 il B A BRI~ (B A AR B KF . FATA RERILE F T NEF SRR 72
R Z M RURE AT 45 3 24 8 17 1) 2 2 4R L 2 T8 0 3 K B A B R0 DR MG P A AR
A2 TR T Bk U TR B PR A RIS L A A R R T A AR
A R AN R R U N B Y AR IR NS R A BT I B 2 R TR D R R
A BE I ) P AL A X SE R T A IR A P R AT LU AT A 2 A —
Z M

3.4 HEERAMBEEERNBR

SR A AR ST B I 9 F AR R AR T B TR A RO AR AR
e ALKV H L B RSSO IR — R AR R RS R it = A0 —
AN AR A A O TSR — Y A O R 9 T AR RE RS AE 2 R B 51 T
B MR AL AR R R

FATABEAS L FRATAY A AN — A2 (0 35 S i &= WO A A O 08 17 A B 1 B 2 45
B DR . e IRl A F AR B4R B R B SR B AL , 4R 3 — U1 1 A AL )

4 PP EIRE A i — i
4.1 HBENSITHR M

Hh I RO 8 B R O I ) R H IR SR L (R D s R B B R
TR D BihZ . B H A RO AN 5 Mk B 5RO T b B R WE R L AT DL S
MAR . 22 [ BUR G 1 A 8] T Bl fil o 2 w vh L 22 1R 5 b A AR S L = R R Y
PR . ENEAL 2RI N EEE, —FGEPE. XM EEELH 0. H
JE » KRG PG J5 5 3 3 S A BN S~ A A UL s ok AR ATI B2 o s A 1 i o AT 145
AR GEZ T E I — 2R 2 F AT SR B AR . FN 2022 4F 9 A AT 4 %5 45 [ By
LR R DI, 2% [ 2 S AR w0 BRI, A TTAR v 2 R 3 o [ 7 22 57 1V Ak TR 1) )
I, BEAE 3l th o 0 2 Ak SR % A ) = 1) i i o AR 114 07 20 A A2

«@»)



A G055 135 28

FRONTIERS INSCIENCE

4.2 BTRBEARECH

PUAEFR AT I8 B A 1] O, o AR 50O SR A N ECH L A R B R T ik
KA — A G I A B PR 127 W S AR R AR (1911—2009) SE A Wil 1] [
IS S A TAE R A R I & K G, S B A A 43 RFEATN . Zad
JES RPN A BE R E) 50 2R E R EE. BURAGE— JIY), FRIR 1K B0 75 2R B — 28 48
HER IR o R A 2R b [ R RS RE A8 4T s B A LA AR .

PR AE o P ok SCREFR G AR AR L S B B SR A B SRR IF T T AR K
2R B A BE ISR AR O R R Y D7 s LT A B R = A =
BN PIR GV Al

5 /R 75 (Israel Moiseevich Gelfand) J& Hif #5 I 522 Bt — A K, 1978 4F 8 Ji IRk /R
RBRAGE R T — KA Wi TR B4 K . 3R PR AR R B 802 N A 8 5%
HF I X oA ok T0 9 MRl B2 G AT 02 B 35 3R 0 2 N 13~ 16 & AR - dn . A 2
B ARAT FE IR 25 R TR W B AR A T = VU % )t 44 D4 050 2% 2D T s T i . A
N 6 RV AR AR R P Wi ke T 5 A4 E L K 2% ST (David Kazhdan) ({1 B 7 38
(Joseph Bernstein) | 3t HL 3% 5% ( Alexandre Kirillov) 45 1 4> ( Simon Gindikin) P4 K fth 4 JL
TR 5« &K 08 (Sergei Gelfand) . FEMhE A 25 2 T, X A %) 2 AH 1 B2
K,

A AL 6] T, 8 B H AR 2 R B A2 H ok A 2 EH 2 b2, X e rp 2 )
SRR S0 AR 2 B R PR I . SR TRAR B R 2E AR O h K2R
AT 22k 205

A ] T B, A S 2 AR T TR S A AR A R AR AR I R) 2 3 v [ g sk
H EE S A R R AR R R A E S EE A

A NI AT A A B S AR BE B A N N R AT T AA R 3R A, I RR A
RN ALK AT KA 2 A R L 2 A — R B T R NS AR, AR, R EE
A AR BERBE 7 . SR T B AR R B SE B L T DIIESEFRATT Ak R IE A . 4R SR BB
PR —2#AES T & EEHE T R RRET &R AW THHK,

1 2022 FEEMAAXFEEHEZTERO NS

1%, A7 T g

SEHT S i T B 1 e K—AE G
OB 8 5541 97 1 il KA
8BRS 418 7 T il K—IE

«@»)



FopRARE . o B R B AT R 3k E=EiE0

FRONTIERS IN SCIENCE

AN BICHE BT A RS SR AL A9 B D 22 0 T A L BR TN SR AR i A R A A B R B
HE Y R EAE T 8RB LAY A (S PG AL . Z S P A 5 R n] LA Y A
W E - RGAEREE T, ERRETE R R U T e R AR

LS, A b AR 2248 T A P S B ZOR T R S Bl (H B B A 5 — S R
) A0 A AR B = . FR B R A — 0T 220K, 38 DL A gt X A TRl A, R An R AT] 32
P— AR 2 A AR PRI RE i PR SC SR A A T AL

4.3 EERFHNFARRME

T2 0 e R A7 A2 RIREE L R 5 [ R — R B~ R B AR . Bl R R~ REREE
W BUEAT MR AT Y SR TR 2 R A ke F A R R WT S IR L I B % Ay,
o B AT XA IR A AT i) DU B R B R B 2 R H A TR iy T
M X AR BT L DL A [ AT T 2 R 2 R AU A

B . HATAYAR 2 BOR © 20 i 55 2R B2 9 Bz, A B v e R ) S L AT AT A B
L ER 2 AU B BEAS A £ AOM AR A RN A . B AT SR T AR SR R
SR 2 ] USO8 (B 5 245 31 e R B9 524 |

4.4 MEETMR ANFARTHIES

R IR B A A 2 T IR E 2 25 1, FATT Il — A 7 IR B BRI, gt i 25 AR
S— R R0 H B T U TN AR AR AR IR AR T — AN T BB SR SR
TRV LA AT 95 A T i 45 A ] S e T B R (AR IR AT R T W E— R, [
FERYIE B, fEA R R I — AU A — U A o 2 N A A SR AR AR eI ik . FRARA
feD s i E R 2 5 AR k2 & LR AR R B R A, F A R AH R P/ 2R A K AY I 1]
5~ 10 4, P E WL REAEAS L0 7t — Lt 57— i 2 [ i BEAR A b iff D AR 22 T 22 A0 2K
I, RE—EBE1E. HBUil R A K.

AR AR E BB RAF I 100 Z 4 & THEARMIT IS th 2228 2 BB AT 5L 5 al
NECE R ERSENY L K T80 AR B0 o B R 2B W A

FRATHER T — R A A R B A ] AR TR T 2 RS I AR AR R 22245 EH VIR -
HR AR IR (Caucher Birkar) #4373 28 1144 Z52 18 25K A5 Be 49 00 I o 28 L #8704 s
IHTETH R R ER B, BRI 5T .

A H OREABEE/E 7B AR, B 258 ok —HE A — i K i R A L i)
DLW BN FE S 2z al L Fefl] b —O B8 H A i K

4.5 EHEREMNLEHE

TEFSRERME] T, B AP H H A RO 32 ORISR 21, X 2 R EOATE A R 2/

«@»)



- Bl pavad P
e £1%5 B2 M
FRONTIERS INSCIENCE

AT o A A e R A s 4 S 40 iR R SOMTE 2R 25 2R b AR I, LT T

FNTZ T A BB WL JE R B R o SR I S8 A PR D iU FR
17 ME AR L T REIE A LR 55—t ol 9 I, ALY 1 iR B A A, 3 B0
TSR RO ARG A b 223 1 3 AR BB WA R R AR RS

T EER I HESI R B R AR, R A S A A L E 3 b R A SCAE R
AL AL BATH 2 FA AfE ORI F Bl BRI S R A AR T S — L HOIE
ML FAM R E LT . BHEWEE MR — KPR AT 2T &% R i
B AR A% T RE A A 2 f 7 A Bk 2 Bt » 19 i e 2 e A BT 1) 41 T8 XUAS

5 & i
5.1 feHkilimpEE

AN R R T el O 1 i 2 9 I SR ESE R S 1D E R g R B A e O S VS I N
2, 2 AR A BRI AT BA DA Bl 04 7 BT 0 1k AR AT L EE B A AT IR R R EE O
MR (B NP RATEE R T — D SR . X =4k R 2 222 3 AL
75 0 A A T i A Rl [ R SRR SR ) U, o AR R JLAR Nt 2 A R ez

TR BB T oL WIS I TR 200 F) T HE ol B9 1 a4 FRATT 2 28 i
FIEE T AN R R E R . XH PR AREFERBARE — ARG ELEVIUR - I
IRRIR ABE AW TR 2 T 58, I HoAli GUE — R B 45 e 09 77 A= 501 1 20 # ARt v
IEo WAIMAELREE ST W51 E — N ER 2 . & FRFENE T EERA
FHE2BRAHES E S H 2009 4195 96 ALERTHEI ALY SE 24 7,

5.2 hnsEfmBARETH

AT 40 0 A v B AT 2l T 2 AR R 55 T RO B0 B B S OKF T
s B A0 Her R EOE RBULRT B LRI RR e

R B 2 BT TN B A AR AR R U AU S R R R B A RS R E A
FEARKE M SORT . AR T o JLTSh i [ 27 35 7 s 28 22 BH U A4 J80ORE A7)
HE T H A3 T T A% ] [R]AT Al iy B R 76 A9 56 08 2 50 R RO IE L R4
Hh R ED SR RO ) o i —Se SR 1] AR ST o O R AR M B AR L R
FIRERITEIE . AT — L2 B0t R fE 8 LIt FOK-F 1 B 20 AR 2 UG, il i
AE X R SRR —F S G RIEERZ IR,

Un 2R B BE i E A ABUR R T SR X B ST 1], B R — O IR A AT Ry
FASCTT 1) A A BAE 8 HAF R B BRI & L HX —EA SRR ET. AaK
S ERIS TG T 22 W R AN AN R S 45 [ ik 5 S 52 | R FH 807 1) e R s B A S A Rl e
KERETHR T IR 5 TRIES

«@®»



FopRARE . o B R B AT R 3k E=EiE0

FRONTIERS IN SCIENCE

EWMATEBEXNSR hEEEAD HEEEAENAZ  RHERIER.: b
14 107 T8 2 GO B A IR R AR, FRATHE I SR 4R 52 22 AR I, — S ke A AT
RTINS | WA 20 A LS A B Rl R 2= U Sk s A e & R I Bk AN LI PR Ry 2R

20 A AT K822 F A RN R 9 2235 87— Wir miissen wissen, wir werden
wissen”, FIF N AR A, AT HIA,

AT 1) 28 T 2 a7 2 IR) %) 2 2 A SR B2 I B AORE h  OFE A T
DR Bt . A — R TN CHRE & ) ek g o ok i —— A L Z AT, B OJLAE
faf n] 47

WATER R EI A RRER SR, A 75w EELS A iy 2 m) 82 711
fife, EIEAREEN— M, AERIERANS I

«@»



1 FH2W FRONTIERS IN SCIENCE Vol. 1 No. 2 2023

The Present and Future of Mathematics in China

Yau Shing-Tung

(Harvard University/ Tsinghua University)

It has been more than 4 decades since the reform and opening up that turns China
into a peaceful and prosperous country. Many great achievements have been made as ex-
emplified by the large amounts of completed infrastructure works thanks to the joint ef-
forts of Chinese people. The next decade shall be a key period to the emergence of Chi-
na. China has to find a breakthrough and to emerge triumphant independently, which
undoubtedly necessitates the endeavour towards developing advanced science and tech-
nology whose foundation, namely the basic science, should be fully understood. And
then we still need to go further beyond to steer towards some new directions and spear-
head the current trend of science and technology so as to lead the world in this field.

Although basic science is a diverse collection, mathematics and theoretical physics
always play the role as its core while math is the basis underpinning all the physics and
engineering theories. So outstanding achievements in mathematics study is the prerequi-

site for a strong and modernized country.
1 The Development of Mathematics in China and Beyond

1.1 The Development of Mathematics in Ancient China

Let’s first take a look at the history of Chinese mathematics. Before the successive
period consisting of the Wei Dynasty (220—266AD) , the Jin Dynasty(266—420AD) and
the Northern and Southern Dynasties (420—589AD), the Chinese math study, mainly
emphasizing practicality of math in real life, was of moderate quality compared to other
ancient civilizations but was obviously dwarfed by that of ancient Greece. Then Europe
was plagued by the dark era of the Middle Ages and some progress in mathematics was
made by the Arabians when China witnessed the vicissitudes from the Sui Dynasty
(589—618AD) to the end of the Song Dynasty (960—1279AD). It was in this period
that Chinese mathematics outran its Western counterparts in some aspects, but not by a

big margin as a whole. After the middle of the Ming Dynasty(1368—1644AD) when the
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Western world enjoyed the Renaissance which fueled their mathematical development to
gain momentum sweetly, Chinese mathematics began to lag far behind the West. It was
not until the end of the Qing Dynasty that Chinese mathematicians started to understand
calculus and complex operation, more than 250 years behind the West! The two and a
half centuries are included in the part and parcel of the most remarkable period of human

history, so it is not easy for China to catch up.

1.2 The Development of Mathematics in Other Countries

1) Mathematics in Europe

The blossom of the British mathematics can be best represented by Isaac Newton’s
achievements. But after Newton’s death, the discipline was trapped in a slump for about
8 decades until the beginning of the 19" century when the development of the British
mathematics was revitalized. Since then, the sound momentum has remained to
this day.

When it comes to the French mathematics, Pierre de Fermat and René Descartes
stand out from all the trailblazers. These two mathematicians pioneered many different
new directions and exerted a strong influence on math study for centuries. Consequent-
ly, the French mathematics enjoys a long-lasting boom and still leads the world today.

As for German mathematics, Gottfried Wilhelm Leibniz is regarded as the founding
father. Other succeeding masters of mathematics in this country mushroomed especially
after the middle of the 17" century, such as G. C. F. Gauss, G. F. B. Riemann, D. Hil-
bert and the like. German mathematics thus led the world in the 18" and the 19" centu-
ry. However, the two World Wars displaced many German mathematicians from their
own country, leading to the downturn of German mathematics. Thanks to the impres-
sive accumulation of science and culture throughout history that hadn’t vanished, it
didn’t take too long for the subject to make its comeback in Germany after 1950, enab-
ling the country to be equipped with advanced mathematics again.

It is admitted that China in this field falls far behind these forerunning European
countries with a long and glorious tradition of mathematics.

2) Mathematics in the United States

In order to develop mathematics, the United States in 1880 began to send their
students to study in Europe. Before that, there was no academic research whatsoever in
the United States, and the main task of their universities was to teach, as was the case

at Harvard University. It was only when a British mathematician, James Joseph Sylves-
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ter, visited Johns Hopkins University and pressed for more research that the emphasis
on teaching rather than research in American universities started to change gradually.
Harvard, along with the University of Chicago and Yale, soon began to develop scientif-
ic research. And the priority was to send students to study in Germany., France, and
England. In 1910, under the leadership of George David Birkhoff, breakthroughs were
made in American mathematical research, which can be exemplified by Birkhoff’s fa-
mous work that marks a milestone by proving Poincaré’s “Last Geometric Theorem”, a
special case of the three body problem. Birkhoff represented a new generation of schol-
ars who got their education entirely in the United States and changed the way that
American mathematicians thought of themselves. A large number of important break-
throughs ensued at Harvard under Birkhoff’s leadership. According to the American
Mathematical Society, Birkhoff’'s “academic descendants” added up to almost 10, 000
and can be found across the United States. Among them were four great mathematicians
who pioneered new schools, including Marston Morse, who introduced Morse’s Theory;
Hassler Whitney, who laid the foundation for modern topology; Charles B. Morrey who
stimulated research on general nonlinear elliptic theory throughout the world; Morrey’s
student, Joseph Doob, the pioneer of American probability theory. At the same time,
the United States took advantage of the two world wars by offering shelter and citizen-
ship to numerous European mathematicians. As a result, the American mathematics
started to lead the world by 1960.

The mathematics of China today is still nowhere near that of the United States in
the 1940s. You may ask, how to compare the mathematical achievements of two coun-
tries in a certain period? I think the yardstick is how many relevant academic outcomes
they made respectively in the same period of time that can affect global mathematical re-
search for half a century or even longer. Chinese mathematicians, together with foreign
mathematicians of Chinese origin, tried their best to narrow the divide for more than a
century, but only made a few academic achievements that can equal the outstanding
brainchildren of their American counterparts in the 1940s. This is the reason why we
must work harder.

3) Mathematics in Russia

The history of Russian mathematics began in the 18" century when Leonhard Euler
was invited to Russia while the Bernoulli brothers were also working at the Royal Acad-
emy in St. Petersburg. Nikolas Ivanovich Lobachevsky and Pafnuty Lvovich Chebyshev

then laid a solid foundation of the Russian mathematics from the 1800s to 1850s by get-
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ting down to the analysis, geometry and probability, breathing new life into relevant re-
search. By the middle of the 20" century, the Russian mathematics was on par with that
of the United States. But the glory was gone when a large number of Russian mathema-
ticians emigrated to the US and Europe after the collapse of the former Soviet Union to-
gether with the economic downturn. For all that, the Russian Academy of Sciences is
still an assemblage of a large number of world-class researchers, together with some
good mathematicians. So the Russian mathematics cannot be underestimated by any
standard.

4) Mathematics in Japan

The Japanese culture shares many similarities with ours. During the Meiji Restora-
tion (from 1868 to the end of the 19" century), Japan sent a lot of native researchers to
England, France and Germany. Teiji Takagi was the most outstanding one among
them. He went to the University of Gottingen, Germany in the late 19" century to learn
from the erudite mathematician David Hilbert. Takagi returned to Japan in 1900 and be-
gan to write many textbooks as a way to reform domestic teaching methods. In 1915, he
made an important breakthrough in number theory by introducing the Takagi class field
theory generalising Hilbert’s class field and pioneering a new direction of research.
Those studies of Takagi turned out to be inspiring in Germany after being introduced to
Europe and then became an indispensable part of number theory after mathematicians
like Emil Artin completed some further research based on Takagi's academic outcomes.
Takagi's achievements encouraged other Japanese mathematicians to believe that re-
search carried out by native Japanese can be world-class.

By the end of the 1940s, the Japanese had already stood in the hall of fame of global
mathematics with dozens of active mathematicians who influenced the world back then,
such as Kunihiko Kodaira, Hironaka Heisuke, Shigefumi Mori, and there were also
Kenkichi Iwasawa, Goro Shimura, Mikio Sato, Kiyoshi Oka, etc. Mind you, they were
not just ordinary mathematicians, but elites who pioneered a direction of study that was
enough to change the development of global mathematics. Among them, the most
prominent one is Kiyosi Ito who introduced stochastic differential equations in his doc-
toral thesis published in 1938, which kept its long-lasting impact on the probability the-
ory throughout the 20" century.

Most of the achievements of modern mathematics are made by mathematicians in
the above-mentioned countries. It can be spotted that almost without exception, the

boom of mathematics in each of these countries was led by an important figure whose
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work in mathematics was able to influence the academic community for a century: New-
ton in Britain, Gauss in Germany, Fermat and Descartes in France, Birkhoff in the
United States and Teiji Takagi in Japan. These figures successfully encouraged the de-
velopment of mathematics in their own countries and guided young researchers to make
progress, which is a very helpful experience for China to learn from. But Chinese math-
ematics today is still waiting for the world-leading subjects, fields or directions of stud-

ies that can rise to turn the tide.

1.3 Key Moments in the Development of Mathematics in China

In modern China, the most important math master is no doubt Mr. Shiing-Shen
Chern (1911—2004), whom I believe to be the greatest mathematician of the 20th cen-
tury. His article published in 1945 whereby he proposed the most important mathemati-
cal structure of the Gauge Theory, the so-called fibre bundle, which has been influential
for almost 8 decades till today. A group of outstanding Chinese mathematicians emerged
thanks to the training of Mr. Chern after his return to China from the Institute for Ad-
vanced Study at Princeton in 1946. A few years later he went back to the US, where he
was later the teacher of a group of Chinese mathematicians studying overseas, including
myself. It was not until the mid-1980s that Mr. Chern stopped shuttling between the
two countries and began his long residency in China. At that time, he was already in his
seventies and most of his successful students took up their abodes abroad. So it was very
difficult for Mr. Chern to replicate his fabulous performance in the 1940s. Still China
back in 1980s still suffered from the weak domestic economy. In his declining years,
Mr. Chern spent all his time in education with two dreams, one of which was that some
of his students would be great mathematicians in China someday. Another one, more
importantly, was to make China a strong nation excelling at mathematics science. These
were his dreams, and I, as his student, look forward to carrying on his lofty causes.

When 1 first came to Beijing in 1979, I traveled around the country and found out
that it was really poor and that there was a startling disparity between China and the
West in the quality of both infrastructure and talent. Comrade Deng Xiaoping, the lead-
er of China back then, made a wise decision to send a large number of Chinese students
to study in the United States and Europe, together with the endeavour to bring in more
investment in science and technology. In the past 4 decades, many foreign students and
visiting scholars have returned to China and numerous students at home have been

trained to become excellent talents. Our country has finally emerged as a strong power
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after all of us work together for a better future of the whole nation.
However, what our country encounters today is that it is surrounded by powerful-
competitors. I would like to quote a famous saying of Zhuge Liang, the celebrated advis-

er and statesman in ancient China, “our very survival is threatened right now”.

2 The Urgent Need to Establish New Indicators for Evaluation

If we only know to follow researchers in other countries to bridge some fiddling
gaps, the rise of Chinese mathematics will always be a long shot. Instead, it is necessa-
ry for Chinese researchers to blaze some new trails of scientific research on their own, so
as to attract foreign researchers to follow our study. Although we have not yet been
such a leader in mathematics, luckily, we have started to play a bigger role in certain ar-
eas. The next three years will be a critical period for China mathematics to be stronger.
If we fail to lead the world in mathematics, I am afraid that all the top researchers China
has brought in will gradually leave and all the previous successes we have made will be
futile! This is not an alarmist prediction, because many capable researchers come to
China with the aspiration of staying active on the world stage of mathematics. So if Chi-
na cannot provide them with a satisfying academic research environment to fulfill their

dreams., they may choose to leave.
2.1 Problems in Chinese Existing Academic Evaluation System

It is indispensable for our country to formulate a system for fairly evaluating the
mathematics research of a university and a country. A very important way to equal our
international counterparts is to know both our competitors and ourselves.

But until now, the Chinese mathematical community has no idea about the quality
of Chinese mathematics compared with the global frontier. Generally speaking, when
China evaluates the qualifications for certain awards or for promotion, international
experts are seldom consulted. Instead, decision-making mainly hinges on domestic
peer review. But modern mathematics, with dozens of different directions of aca-
demic research, is very complex even for most of the famous active mathematical
researchers in China who are somehow challenged by their approaching senility and
getting somewhat old-fashioned in passing judgment. Consequently, their under-
standings of the development of modern mathematics are far from comprehensive
and they do not understand some emerging disciplines, resulting in the inaccuracy

of their assessment.
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Given this background, many researchers in cutting-edge fields got the cold
shoulder. Younger generations of the academic community have no choice but to be
stuck in a rut, not having the ability or interest to chart a new path of their own, and
gradually falling out of tune with the world’s frontiers on this subject. Moreover,
many domestic universities set their standards of international assessment according to
indicators like the number of papers published and the impact factors. Such an evalua-
tion is reliable for only common studies but far from reasonable forthe most cutting-
edge ones.

Ten years ago, I read a piece of news that the engineering discipline of the National
Chiao Tung University in Taiwan, China was ranked first in the world. I have also
heard in recent years that the engineering discipline of Tsinghua University also got the
same ranking. Heartened as we are. it was tacitly understood that the engineering de-
partments of the Massachusetts Institute of Technology, Stanford University, and the
University of California at Berkeley and the like, are actually stronger than the foregoing
two Chinese universities. Besides, these world-renowned foreign universities have con-
tinued to publish world-leading theses and develop the most advanced technologies in the
industry, whereas such breakthroughs are extremely rare in academic research of influ-
ential Chinese universities.

From this point of view, I must say that it is self-defeating to assess whether a dis-
cipline is world-class by searching for relevant impact factors through mere machines.
Famous universities in the United States, such as Harvard University, Massachusetts
Institute of Technology (MIT), Stanford University, Princeton University, University
of California, Berkeley and so on, are known for their world-class researchers who have
in-depth understanding of themost advanced research in their own sectors and are assis-
ted by justified peer review, so they are very clear about their own situation. But they
do not make their opinions public in general. Chinese universities, by contrast, lack do-
mestic academics of front-line science and seldom seek the opinions of foreign experts;
even if they do, the sounding board they choose mainly consists of researchers of Chi-

nese descent, which only gets one-sided feedback.

2.2 Suggestions to Take the “Frontiers of Science Award” as a Benchmark

for Reforming the Evaluation System

How do I evaluate the achievements of Chinese mathematics? From 1979 when I

first set foot in Beijing until now, I pay a visit to somewhere in China every year, be it
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the Mainland, Taiwan, or Hong Kong, spending a few months each year in this country
on average. | have also seen a large number of Chinese visiting scholars and students
come to the United States to learn at the university where I am hired as a professor.
Over the past decade or so, not a few of my students have returned to China, including
two extraordinary academicians of the Chinese Academy of Sciences. Besides, I have to
date established at least eight mathematical institutes in China and my own studies cover
basic mathematics, applied mathematics and theoretical physics, so it is fair to say that
I come to know about, more or less, the basic situation of Chinese mathematics. But
my understanding still appears to be superficial until this year.

In 2022, leaders of the China Association for Science and Technology came to Tsin-
ghua University to meet with me, hoping that I would lead Chinese mathematics to
blaze a new trail with global influence. Later, with the support of Beijing Municipality,
I. together with my colleagues from Yau Mathematical Sciences Center of Tsinghua
University and Beijing Institute of Mathematical Sciences and Applications, hosted the
first International Congress of Basic Science” where researchers from all over the world
who had made important contributions to mathematics, theoretical physics, theoretical
computer and information sciences were invited to gather in Beijing to discuss the most
cutting-edge science. The Congress witnessed the establishment of a very important in-
ternational prize called “Frontiers of Science Award”. We have divided mathematics,
theoretical physics as well as the theoretical computer and information sciences into 34
areas of study and invited for each direction about five of the most active experts from
countries like the UK, France, Germany, the US, Russia, Israel, Japan and India to be
jury of the competition.

The judges we invited consist of about 190 influential scientists of which over a hun-
dred have won world-renowned prizes of science, including 4 Fields Medalists, 1 Nobel
Prize Laureates, 4 Turing Award winners, 54 academicians from Europe and the United
States as well as 56 holding fellowships of major international societies in the field of
basic disciplines. These scientists worked together to select the best 110 papers pub-

lished in the past five years. So it can be ensured that these papers can be the epitome of

@ The International Congress of Basic Science was hosted from 16—28 July 2023 in Beijing. More than 800 Chinese and foreign scien-
tists, together with more than 400 students attended this international academic event with high visibility where more than 500 ac-
ademic presentations and dozens of other thematic activities were held, accompanied by parallel sessions in Beijing, Shanghai,
Nanjing and Hong Kong. The historical event, with the theme of “Advancing Science for Humanity”, marks the first international
congress for basic science wholly conceptualized and hosted within China. It aims to provide a robust platform for scholars from all
nations to communicate, establish partnerships, and engage in interdisciplinary dialogue, with the ultimate goal of advancing sci-

ence for the betterment of humanity.
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current mathematical development and all the winners of the “Frontiers of Science

Award” should be well deserved.
3 Reflections on the Development of Mathematics in China

3.1 The Level of Chinese Mathematics Compared with Its International

Counterparts

I have to say that I am very surprised by the results of the competition for the Fron-
tiers of Science Award because only 6 of the 86 papers selected in the field of mathemat-
ics are the work of professors from Chinese universities, and the rest were papers writ-
ten by overseas professors (Many papers were co-written by more than three authors).
All meetings and discussions involving the selection are convened by professors from
Chinese universities so discrimination against Chinese researchers is unlikely to exist.
The results of the competition is a strong evidence of the actual level of Chinese mathe-
matics compared with the world’s frontiers.

Comparing the winners of the Frontiers of Science Award with those of major do-
mestic prizes in the same field, it is clear that the academic capability of Chinese re-
searchers cannot be “precisely” revealed by the existing domestic assessments. For ex-
ample, the papers of many scholars who have been winners of major awards in China
have not been selected in the competition for the Frontiers of Science Award this time,
which indicates that their research drops behind the global forefront of mathematics and

has not gotten general recognition from their international counterparts.

3.2 The Need to Focus on Laureates of Chinese Descent

The results of the competition show another noteworthy phenomenon: 20 papers
written by Chinese have been selected, which is not so bad though the number is
dwarfed by that of European and American authors. However, most of the authors of
these 20 papers are Chinese working abroad. Except for the domestic mathematicians
who are the authors of the foregoing 6 papers, only one or two of the rest have recently
returned to China. This phenomenon is worth taking time to ponder over.

The truth is, Chinese economy has been booming in the past ten years. Although
the personal income per capita is still less than that of the US citizens, outstanding Chi-
nese researchers have already enjoyed salaries and house grants that exceed those of
most American professors, and there are extremely rich bounties offered in places such

as Shenzhen, Shanghai, and Hangzhou to encourage academic research. 1 have also been
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informed of the “Kunpeng” program of Zhejiang Province that provides talents with tens
of millions of RMB yuan and several domestic mathematicians have benefited from it.
But unfortunately, none of them were selected by the Frontiers of Science Award this
time. Why? This is the first question.

Another question is, why overseas researchers of Chinese descent can carry out cut-
ting-edge scientific studies with fruitful work at prestigious American universities, but
have difficulty in doing the same thing at Chinese universities?

Besides, we should never forget that even all the achievements made by overseas
researchers of Chinese descent in the past 4 decades, with the exception of Zhang
Yitang's influential work on twin primes, cannot match up to the studies finished by
Mr. Shiing-Shen Chern in differential geometry and by Mr. Wei-Liang Chow in algebra-
ic geometry.

It is not proper to state that overseas mathematicians of Chinese descent are all
driven by sheer aspiration for scientific truth, because many of them are also lured by
the honour and title of being a Chinese academician, not willing to strive for excellence.

Unfortunately, their achievements are absolutely no match for those of Mr. Chern.

3.3 The Cause of the Problem: the Undue Emphasis on Tangible Rewards

I have reflected on these two questions for a long time and have concluded that rele-
vant decision-makers in China put undue emphasis on tangible rewards for researchers as
almost the only way to encourage them to be dedicated to academic activities, thus fail-
ing to highlight the scientific significance of a study itself. It is a common practice in the
Chinese academic community to pursue academic titles such as National Outstanding
Youth (You Qing), “The Member of * A Thousand Young Researchers’ Project”
(Qing Qian) , “Distinguished Young Researcher” ( Jie Qing). The list can go on and
on. Universities only provide decent salaries and housing allowances to researchers with
those titles which become the only goal that virtually all of the young scientists in China
work so hard for. The situation, together with the lack of international assessment by
distinguished experts, is the root of the problem that people tend to exaggerate or ex-
press dilettante opinions during academic evaluation. Young generations of researchers
are afraid of pursuing cutting-edge studies because these studies may be voted down in
the application for academic titles as some judges’ ignorance of the most recent scien-

tific ideas or concerns that they will be out of date when these studies become popular

in China.
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3.4 The Requirement for Encouraging Youngsters to Have Clear Goals for
Study

A pressing and prominent requirement for China today is to encourage universities
and young researchers to be driven by clear goals. I hope that in the next decade., at
least ten domestic universities, including Tsinghua, Peking and Fudan University, will
become top-notch of their kind in the world. Chinese youngsters must dream bigger,
which means that at least a small group of young researchers should have the ambition
to be world-class by completing ground-breaking work, becoming front-runners in the
global academic community and positively affecting the development of mathematics in
the decades to come!

The dreams of our young generation should not be spending their entire lives to get
a title granted by the government, nor should they pursue the recognition of being an
academician or even a Nobel Prize laureate. Instead, the goal of study and research
should always be to reveal the mysteries of Mother Nature and to understand all mean-

ingful laws in the universe!
4 Suggestions for the Development of Chinese Mathematics

4.1 To Seize the Opportunity to Transcend the Predicament

The reform and opening up of China has obviously turned out to be extremely suc-
cessful, but history tells us that sitting on a throne is much more difficult than winning
it, let alone the ever-changing world today. At the moment, most international re-
searchers are happy to communicate with us out of academic interest without any politi-
cal stand, so China needs to choose a path supported by researchers and to contribute to
the world’s science community. Since September 2022 when we started to prepare for
the International Congress of Basic Science, scientists from all over the world have been
very supportive and they are very pleased to witness that China, with its rapid economic
development, has finally been able to lead the development of basic sciences around the

world to benefit mankind in a peaceful way.

4.2 To Think out of the Box for Exploration and Innovation

The problem now confronting us is that Chinese officials are always haunted by the
fear of getting the short end of the stick and dare not assume the responsibility of finding

effective ways to promote a group of researchers who show leadership and world-class
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capability. Policies cannot impose a simple solution without any better alternative to be
fit for special circumstances. Besides, I hope that Chinese universities can stop working
in silos and join hands with each other.

Two years ago, the central government supported my idea of setting up a special
program for cultivating leading talents in mathematical sciences and establishing the Qi-
uzhen (meaning “in search of truth” in Chinese) College at Tsinghua University to in-
struct teenagers because almost all the mathematical masters throughout history started
to cut a figure at the age of 13 or 14. I would like to take Israel Moiseevich Gelfand for
example. He is a master in mathematics in the former Soviet Union, winner of the first
Wolf Prize in 1978 and instructor of a large number of top-level Russian mathemati-
cians. Gelfand believes that the professional training of talents for the goal of turning
them into outstanding mathematicians should begin when their ages range from 13 to
16. In fact, several Russian mathematicians who won the Fields Medal started to be in-
structed by a famous teacher at the age of 13 or 14 exactly. To test his theory, Gelfand
selected five young children in Russia, including David Kazhdan. Joseph Bernstein, Al-
exandre Kirillov, Simon Gindikin, and his son Sergei Gelfand, all of whom finally be-
came masters of mathematics with the guidance of Gelfand.

Let’s also have a look at the example of the United States, where the number of do-
mestic high schools from which top-level mathematicians have graduated is more than
50. In these high schools, students are enrolled at the age of 13 or 14 and receive train-
ing with extremely rigorous standards. In the last two years of their period of schooling,
they start to learn the undergraduate textbooks and are taught by instructors whose ex-
pertise is not eclipsed by that of professors in universities.

However, by contrast, after Hong Kong was returned to China in 1997, the offi-
cials of the Hong Kong Education Department thought that there was too much burden
of study on Hong Kong students and that they didn’t need to spend time on the Chinese
history and language. The aftereffect of this reckless decision has been impinging on our
society for so long that the younger generation of Hong Kong today virtually knows
nothing about their motherland!

It is also admitted that some people cannot understand our method of selecting
young talents, alleging that we run counter to the law of talent training and that these
gifted students should study in universities at the age of 17 or 18, just like other
students do. However, I think the age ready for university depends mainly on the ability

of students. As a matter of fact, the proven record of Qiuzhen College over the past two
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years can confirm that our method is effective. Last year, the freshmen students of Qi-
uzhen College took part in the S.-T. Yau College Student Mathematics Contest, a na-
tional competition. What surprises me is the result that a freshman won a gold medal

and two others won bronze medals, as shown in the table following.

Tab.1 A Part of the Results of S.-T. Yau College Student Mathematics Contest in 2022

Name Event Prize Grade

* %% Analysis & Partial Differential Equations Gold Medal Freshman
KKK Algebra, Number Theory & Combinatorics Bronze Medal Freshman
KK% Algebra, Number Theory & Combinatorics Bronze Medal Freshman

The roots of the fear of further expansion of innovative talent training mechanism
are manifold. Apart from concerns over personnel and interest, I think the most impor-
tant problem lies in the absence of a reasonable and reliable assessment system. The
possibility of developing a method for fair evaluation has been proved to exist by the
clear and unbiased process for selection in the aforementioned Frontiers of Science A-
ward, as long as the decision-making throughout the whole process is satisfying enough.

Many provinces and cities in China are now trying to develop high-tech industries at
the request of the central government, but the first major problem they encounter is the
salient lack of talent. It is exactly this problem that plagues Sanya, Hainan Province to
which I have visited for many times. If we are determined to nurture a group of young

talents, we will soon be able to solve this problem.

4.3 To Create a Favourable Environment for Academic Research

We need to materialize the best conditions that we can offer to attract world-class
researchers to work in China. The so-called favourable environment means a home for
numerous, cutting-edge and substantive academic achievements so that researchers will
feel excited about the condition for academic research in China with the feeling that they
can tap a lot of their potential in this environment to solve major academic problems of
global interest. The current national strength of China can absolutely create such an en-
vironment with flying colors.

But we also need to notice that currently many policies are outdated and drastic
changes are required, so I hope that the central government will strongly support this

cause! Besides, vested interests can never be untouched in a reform, which is also true
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for academics, but I still predict that the reform will have an essential positive impact
and will be successful eventually, so I feel compelled to reiterate that, it really needs to

be strongly supported by the central government!

4.4 To Strengthen the Cultivation of Top Talents at Home

The era of sending a large number of best students to study abroad has passed. In
the 1950s and 1960s, the Central Government insisted on protecting a group of out-
standing Chinese scientists and engineers so that they could devote themselves to the
most advanced scientific development in their motherland without any concern, thus en-
abling our country to scale new heights in science and technology. By the same token, a
group of world-class Chinese talents in the future is the fundamental solution to scientif-
ic and technological self-improvement today. 1 am very confident that with just five
years of hard work, China will make a big difference. Although it is much sooner than
someone may have thought, within five to ten years., China will be able to develop re-
searchers with top-tier expertise on this planet and completely solve a lot of important
mathematical problems. That's why we must work with collaborative effect and encour-
age young scholars to make progress.

Every year, Qiuzhen College at Tsinghua University admits one hundred outstand-
ing students who show aspiration for mathematical research, in the hope that they will
become leaders in mathematical sciences after graduation and that they will make a name
for themselves by changing the global situation that the United States assume complete
control of the most advanced knowledge of mathematics.

Consequently, these students are under the guidance of world-leading researchers
who have been recruited as outstanding foreign experts, including the Fields Medalist,
Professor Caucher Birkar who has taken up a full-time position in our college. These re-
nowned professors were thrilled by the quality of our students and felt that they could
finish some meaningful research with the excellent conditions offered by Tsinghua.

Today, after being founded for less than two years, Qiuzhen College has already
produced a number of excellent undergraduates who will surely stand out compared to
their international peers. Those achievements give us the confidence to make our dreams

come true by uniting as one for a rosier picture of our country.

4.5 To Promote High-quality Education of Popular Science

Since our country is currently pressed by international competitors. narrow-minded
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and blind nationalism is particularly salient, which will distract people from the path of
scientific development. The most famous event in history that we should avoid repeating
is the Boxer Rebellion in the late Qing Dynasty, which resulted in such a disastrous de-
feat of China that the country was then on the brink of being annihilated.

So we need to teach our children about basic science, especially basic maths. But
some domestic media assert themselves in a grandstanding way because of their limited
knowledge, which may be counterproductive for the education of our country! Another
common phenomenon is that when people on TV programs give long-winded speeches a-
bout the dissemination of science, what they are talking about is still only the works of
Chinese academics in ancient China or in the period from 1840-—1949, with virtually no
reference to modern mathematical science.

It is imperative for China to actively promote the dissemination of scientific knowl-
edge among the public. together with a moderate way to introduce Chinese profound
culture and remarkable achievements without any vaunt, so that our researchers and
youngsters can have the self-confidence to strive for excellence. Exaggeration that devi-
ates from the truth will defeat our own purpose. A group of real experts must be called
upon to shoulder the responsibility of pressing forward with the education of science.
Such an education must also be aligned with the most effective practices around the
world. We need to inform our children of correct and cutting-edge scientific knowledge
to help them understand what are the “best” scientific achievements rather than being

swayed by the press sensationalism.
S Conclusion

5.1 To Seek Opportunities in Crises

As the old saying goes, “What goes around comes around”. Major Western powers
try to present hedges around the scientific and technological development of our coun-
try. which has indeed created a salient crisis for us. If we do not respond properly, the
nascent Chinese teams for scientific research will lose confidence and disband under such
suppression. But a silver lining is still in sight that many influential academics and out-
standing students who have studied overseas have returned to China for a career over the
past three years. As long as China continues to make progress in improving its policies,
big changes will be about to happen in this country in the next few years.

When the Yau Mathematical Sciences Center of Tsinghua University was estab-

lished, the members were all newly graduated PhDs. But today. the Center has man-
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aged to bring in at least five senior professors. The aforementioned Fields Medalist
Caucher Birkar, who has settled in his new home at Tsinghua University, is the most
outstanding one among these professors and is leading a group of students from Qiuzhen
College to immerse themselves in the advanced research. Another piece of encouraging
news is that, thanks to the hard work over the past decade, the global ranking of the
mathematics of Tsinghua University has achieved a leapfrog from 96th in 2009 to
24th now.

5.2 To Formulate Better Plans for a Promising Future

I want to propose a careful analysis of the future development of mathematics in China:
after the devoted and painstaking work for more than two decades, the research of core math-
ematics in China, which includes number theory, algebraic geometry, differential geometry
and representation theory, has begun to catch up with the global trend.

Most Chinese mathematics researchers can be found at Tsinghua University, Pe-
king University, the Chinese Academy of Sciences, Fudan University, the University of
Science and Technology of China, as well as the Chinese University of Hong Kong. Ex-
cept for differential geometry, Chinese scientists in these studies of core mathematics
are still eclipsed by Japanese, though outperform the rest of their Asian counterparts
(that said, I am afraid that Chinese and Indian mathematics are evenly matched if A-
merican number theorists of Indian descent are taken into account). It is also the case
for other studies pertaining to this discipline like analysis, differential equations, and
mathematical physics.

It is encouragingly true that when it comes to scientific achievements, some of our
academics has already kept pace with their most excellent international counterparts.
However, it is still not yet possible for them to make further breakthroughs and take
the lead in the world, which surely requires a long trek with many hurdles to clear.

Painstaking as it will be, if the Chinese government can formulate more effective
policies to strongly support these researchers to work together, it will be possible for
the core mathematical study of China to catch up with that of European countries in five
to ten years. On the other hand, our progress in combinatorics, probability and statis-
tics are lagging behind by the European countries and the US by such a big margin that
more complementary endeavors are desperately needed! Moreover, the development of
applied mathematics needs to be built on a strong foundation laid by basic mathematics

and be integrated with engineering. Otherwise, the consequences will be like the current
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situation of domestic artificial intelligence which is delved into by many Chinese scien-
tists without any real creative thinking. Domestic applied mathematicians do not have an
in-depth understanding of basic mathematics. Consequently, when we train young Chi-
nese students, we must correct their misconceptions because one must be proficient in
basic science before being committed to developing applied science rather than the other
way around.

I will end my speech with two aphorisms, the first of which can be foundin the epi-
taph of David Hilbert, the mathematician widely regarded as the greatest of his kind
throughout the 20" century:

“Wir miissen wissen, wir werden wissen. ”

My translation is: “We have been seeking truth and we will eventually know it.”
The reason why we choose to be an academic should be to fully understand the essence
of what we investigate, which is the spirit of scientific research, rather than to enjoy the
vain glory of being a Nobel Prize laureate or an academician.

Another aphorism is my adaptation of a sentence in Chuci, one of the best-known
compendium of ancient Chinese poetic songs: “If an immutable truth of the universe is
discovered, I won’t regret it even if I will die for it for many times. ” I replaced the origi-
nal text with “If an immutable truth of the universe is discovered” to remind all of us
that what we pursue is the truth, not fortune or fame. With this lofty aspiration, there
are bound to be solutions for all the problems in our pursuit of learning. Understanding
this idea is of great importance for the future of all the young researchers in China. And

I hope those youngsters will spare no effort in going an extra miles and beyond.
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