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N - M%?Eﬁ%iﬁ\$@%%5%mﬂ%?%%\{Tg%m%ﬁ\#%ﬁ%&
AIFIERE . Fehith 558 B9 B A
4 R BT RS R R . A\ TR [ e
X g SEROIBER: . FREAEEE . RATISEE . S UAE B . A IBE s U
w Be. Aokl . WS B ARSI | A S AR AR RIS . B R
] i | TEVOISEBE A TRAEUABE . B RAIERISERE . EILB B . B
N SRR . RGBT B
, sy | POREAIIIEDE . RORBTTORB . BALIEOIIERE , 2K I BB A9
- TERBFFCBE . HTRb R BT S e
. - PR TAR S IR | SRR A . FBRAIERICE: . FILpe2em
- SeB . BORRRERIICRL . A
KRB . A2 . R R | RS SE | S
9 R A e
TERERART | ks . & B TR LR S IIT L FRRERE 5 s BB

BRI AR

o028

=. FRARBRLEER

(—) EfRHHE XN ERNRRBERIES, RIS

TR

S AL TR LT AR E PR SO S OL, LT 24N R A B SR 2 5L
BIESITHEE R, B9 0K (Science Citation Index, DA FfjFR SC1) i fTR#5



F—E FRKRRGZR

THSREEM I R ZA R T, ORIV . S5 m ) R ), 322 e SLr A
FeRL; THREESG| (Engineering Index, LA TF IR EL) FEHE T TR, NHBFFAHRII O
W) BT S5 30 5] (Conference Proceedings Citation Index—Science, LT TR R
CPCI-S) MIWGR T AR B2 Rl B T RRER S A 23Ok, 75—
SEFRRE b T REE RS A F S 8l . Scopus J&— BRI SCIRHE SRS 251
Bl e, LA A RIERRIUR I PR, R TR AR FSCRR R EEE T HZ —,

1. B4R = L

M8 SCIBHE R e 5% 138 SCHFAT e 11, 2022 4E R RHE 18 SC Sk 25544 Tk, 1
2021 AFHETIN T 2.2%. 2022 AR T ERHE IS S 73.56 Tike, R HERE —0r, AR
WA 28.9%, T (40 1L 2021 AR T T 44 AN E AN S HETESS A EE, 8 ScE
5478 Tk, HHEFUREIN 21.4%, TE2EEESAEE I RFIL L 68.19 TikE, L
2021 AN 22.4% , (G HERSEUY 26.7% . FE—AFERSCEEET, THEOHREI RS

E@ 50 17 2022 AR TS SC B0 116.26 J7 ks, Lb 2021 4R K 11.8%, Hirfiep
S SCH 46.10 Tk, S HEFAS OB 39.7%, BRI 2021 4R 25.3%, FIF 5 1 4
K 4.3%, HAEHFRE AL, HEZEFEENE - EE AR 43.55 70 ELIRSC, 11 2021
AERIK T 20.7%, SR A 37.5%, BEAEEHK T 2.8 M EA .

CPCI-S % 4i& J& 2022 4 Wi 5% fH A F 2 25 W08 S0k 26.34 J7 5, L 2021 4R in 1
44.9%, Horpfesk T EAE 8 S0 3.46 JT R, L 2021 AE N 13.4%, 7 A B R
13.1%, HEFESE A7 CPCI-S WA — 1A 507 0 h E ML R 213808 3C 31T 3.04 77
e, HHERLEEY 11.5%, 2022 4F, 7 68 ANEZK (HLIX ) FIpA 1389 SlE BRaBURR T
TR A R RIS

Scopus 4 2022 IR PIRHISSCEECK 313.39 TidE, H b ERHGE SO
87.38 Jikw, (it A A 27.9%, HEAES —0, PREF 2019 4F . 2020 4. 2021 4R HES
(F£1-13),

F1-13 2022 £HEERIEXHE L

[Iilkpg‘ e [Ek/‘g .
BiF | AERIESCRE | PR | ety | i | e fEE R A
. " . . TS SCEE WICHE TR
W | i) RED | e () | RS,
(TikE) (%)
SCI 255.44 73.56 28.9 1 68.19 26.7
El 116.26 46.10 39.7 1 43.55 37.5
CPCI-S 26.34 3.46 13.1 2 3.04 11.5
Scopus 313.39 87.38 27.9 1 — —

A CPIBHE 605 S 2023) 7

@O FEBFHARGEEIRN. PEBGECEIER 2023 [R]. JUat: HEBAHAMFEIIF, 2023.
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2022—2023 R K EIR S 5SS

DA SCI i R s B JELBTE 3C (Article ) FIZERIESC (Review ) AGEIT 4R, £ 1-14
HIE Y 67 EHFE V2021 —2022 4EiE 30 HE K, FRIE 2022 4F SCLE S8Rl
T3 TIARE, B 2021 4R 63 T4, KT 15.06%, G7 E S 2022 4F K& 2021 4E SCI g3
BB TIRE, HARRE R,

£1-14 hE5 G7 EXR SCligxX~HIER

P 2022 AE IR SCE () 2021 AFIBSCEL () AR (%)

GHE| 731018 635312 15.06

Eg 397058 449912 -11.75

T 120846 135764 -10.99

e lx] 112702 128549 -12.33
ERH] 91268 99487 -8.26

H A 90859 99972 -9.12

P 77973 87824 -11.22
JIEVN 77460 86020 -9.95

Bk Ii . SCLEWEAE, KigmfEhy 2023 47 11 H,

2013—2023 4F (#( % 2023 458 H ), HEFHE A Gtk 3 SCIE FRig 3 444.40 T
e, S 6748.23 JTUR,  H 2022 SEGEHHH SIEIN T 11.7% F118.3%, HELEIEFAE —
o HEPERAERISSCHEEIH 1519 K, AFEEGETIT Y 14.34 RS T 5.9%, A3k
FEIS ORI IR (2143 %), S5THERRE IR (15.85 k) Wik fFfE—E 20
(£1-15).

7 2013 —2023 4 & R RIS SC BIHEE 20 TR LB EZRIEE 23 4, R es]
BRHET , T EHEESS 16 1. FIETIR K T AP At w2 FHE .
Pl BEE A 14 MER (£ 1-15) o BEBHIRE LRI SO 2E R 2 ) BAE R TE,
85 RR3E 45 K 3k 5O A AR — e 2180

R 1-15 2013—2023 F£% % SCI EFRBHELEXE 20 AE M EHWERISXIER

K B TR
i i (D278 Ve:i4 (D278 W) {2l
Fit: 358048 17 9388895 14 26.22 1
= 469138 14 11874097 11 2531 2

@ PEEEGER (Group of Seven) , JEFEE TV FEZMEHIHEHORMISIA, WO E@EERE . JmE, &%
M. R, BA . BICRIRER 7 A4k

80



F—E FRKRRGZR

gk
- ISR B 1HIR T s AR
T AL A/ UEL /4 W ik

Frzé 221068 23 5485822 19 24.82 3
oA 259174 21 6176302 17 23.83 4
s 1212355 4 27898625 3 23.01 5
Fif it 323039 20 7428464 15 23 6
I 757139 10 16617387 7 21.95 7
EgH 4502454 1 96474093 1 21.43 8
JIEVN 796359 9 16751977 6 21.04 9
i ] 1240813 3 25753665 4 20.76 10
% 822426 8 16959808 5 20.62 11
EORA] 827114 7 16082475 8 19.44 12
UYL 696459 11 13073597 10 18.77 13
U E UE DA S| 228060 22 3845589 22 16.86 14
| 677474 12 10381968 13 15.32 15
Hh | 4444003 2 67482257 2 15.19 16
HA 892415 5 13469355 9 15.09 17
PR 410422 15 5519680 18 13.45 18
b= 336272 19 4406281 20 13.1 19
E1)5S 854415 6 11005953 12 12.88 20
e 539338 13 6849830 16 127 21
T HI 348317 18 3790271 23 10.88 22
% 405151 16 4014603 21 9.91 23

Hethd . ChERGE ST HIE 2023) .

2. BFA = B

Bl 1-6 & 2021 4281 2022 4F SCLIS SCEUR IR 2 1) 10 248, nTLIE H, AR
AR % 3¢ SCLIS S TOP10 “AREALRFEAAS , 1B SCECR IR 21 3 1 2E R o TR
IR B2 FIfb s, Al BHF7E 2022 4E & SCRE A T A Sitfe<, # AT TOP10
FE, 2022 4R 3C TOP10 “#RHE SCEUR 4 2021 4FH R IG Y, B KR = R PR 5T
Pl 5AR, HREN 30.45%.

M SCIL & SCit it S 5 A 2ok R, REMR ST 40% f2=8HG 34>, 405t
BELE (47.26% ) . THAPLEFE (43.08% ) FI T RES (42.24% ) o BRUILZAN, ol B2,
AW SEEY . I SEYNE . BUEREERE, BARESCRAXN S, (FURI S TR
YAy, ARG R B 2 B AR R G AR &y, (HA S S8R 14.21% (3R 1-16)

o087
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s, ] 130775
TR 112062
e 1 I 2 ] 92705
iR B [ 83968
o ] 91716
e [~80790
S A ] 84388
RLR [ 75438
A e e | 45391
2 | 41094
g [ 37665
TR i
E O 20224F8 308 D202 4F 308K
RRLL 32638
e 1L
»2, »2 27610
S E‘ 26533
g 25754
R e R
4 gy s A 20924
O PR EI 21450
0 20000 40000 60000 80000 100000 120000 140000
W ()
1-6 2021—2022 F£FHKE SCl it XFHEHRZH 10 PN2Rl
BRI InCites Bl i, AIZMIIEIDY 2023 4F 11 H .
Fz1-16 2021 —2022 FHREZER~H SCI it X 5H R FHKFELLE
SR W | HIEGE | Bk | SEERE | s R | RS | AR
% 3} iy A
(5 (%) (%) (%) AR (&) R
TR 242837 4224 1733967 49.66 1 7.14 1.18
e A P 2 176673 14.21 664978 16.29 2 3.76 1.15
k2% 172506 35.98 1363922 44.85 1 791 1.25
AR 159826 47.26 1537638 58.05 1 9.62 1.23
IBERl R A s 80188 30.86 624140 39.68 1 7.78 1.29
LPLES 78759 333 420228 38.15 1 534 1.15
THHEHURR2E 65710 43.08 420114 50.33 1 6.39 1.17
HuERFL 59794 38.22 330623 452 1 5.53 1.18
LY S A 54143 25.18 323031 26.86 2 5.97 1.07
AR 47119 30.05 325421 41.03 1 6.91 1.37
THY 53 45884 21.33 201889 29.22 1 4.4 1.37
ALY/ Lo priy e 42374 33.18 284804 33.87 2 6.72 1.02
2P 38539 26.36 198028 30.2 1 5.14 1.15
e 34947 28.08 89262 36.25 1 2.55 1.29
PHERLE AT R 26486 15.55 108118 16.26 2 4.08 1.05




F—E FRRESZR
sgy R | R | s DR | SRRV | wisDBaR | el | ARXT
(F) (%) (%) (%) TR (%) Al
FRZ 2 50 20800 12.29 65417 12.08 4 3.15 0.98
ki 18328 18.21 112790 18.93 6.15 1.04
DX ks 16847 24.07 84178 21.87 2 5 0.91
75 (Bl Rl2E 6094 16.82 37684 16.99 8 6.18 1.01

BERIR : InCites KRR, KIZRINE Dy 2023 4F 11 H .
BT AR T R 85 B S %A RHIE R P R AR

WO, MWBGIBUCRE, FRETRY: . e MRS 11 AR A e
i, WIREES . AW e S5 A St e 6 MERHIER S, MERE
SRR DR S iR B T —F . WG| ZHAX R, FIEAR
Bhag o MW SEcE . BeEEE 12 DR R B0 BRI B K 109% DL,
WG . B AT A 5 ARG R TP RKCE, 2 ss 50
ez AR R T TSP R
AR EST R 2023 4F 11 A HUEdE, FRETE BST AR 2R R R e SO 0
(B ESTBR ST A R B0 e SRR TIR S0 ) skl # ank 1-17 Fis . K-Fig
SCRHRSORE, 12 19 DR AR, BRIGIREES: . MERE RAT e shiaiie
OB ey AR S A GUSIRE LS AR R A =, HR 14 R A T
HEARTAZ A, Hop, TREsE . e, MORRRS: . IRk SRS L THRHLRL A
et AW RLA RIS SRR A

®1-17 HEE ESI ZRGBHEKFR X HEMHETHEZ

e WIChE He44 e WChEE He44
TR 10586 1 Aol Rl 1956 1
1 9940 1 AR S 1625 2
MR 7874 1 ST St 1076 2
LB 4054 2 2P S 1030 2
i PR 2 27 4026 8 PREE AT R 614 5
Rl AR 3421 1 T s 8 b
AR 2783 1 P 50 B 402 7
HhEREL 2 2639 2 Gt 386 4
TP 5 S 2591 2 25 [l Bl 240 13

B 2210 1

BARAUR . ESUEIREE, KrREHR Sy 2023 4511 A,
e AR HER U TR E R 12248 EST BACEE SCR eSS, AR RESE R T248 & K-

0338
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3. W% A

(1) FFEHTT

o E B2 BB SR S ST BE . SCBRAR R O R O R AR I B R A WA T
Bl fagsh, XA B E R F R AU AT TG BRRE B A T IR, . R i 4
BRIEZLNRMIHE S, WFIE e SChls DRI BRI S, Rl e 1) e a5 18 SO 26
LIS |G 0ok K B ZE VR o T SRR S RiTVR BORE5 138 SCH 43 M, 0T L& B0
TR SR R SN R R J5 1] o SRV AR FE BOR A B DF S AV & BR R BE IO 25 B VPl 48
B, a3 AAZ O SCRIT S 18 SRR Bt A5 VTR AR A5 AR B, TRE T ik B s i J32 79
FEbR, ARG A2 B SRR 5L

PG 2023 FFsE iy AR ), 2. hE . HE . fEE . EE SR
PUEFERHEZ AT R E R . 1+ — KA RHIUR A 110 DN PGE R 18 ANHT 4RI, 26
FE AIF 5 R WP B HE BICHE A% R — AR AC N 69 4, 5 4EB 128 ANHTHYAY 53.91%; FEHES
W ETEECH 311>, 15 24.22%; Y 8 METITHEA S —; 1EE 7 DT HER S —; ik
FECA HEA S — PR AT . Ok E, TETE 2 SRR kBl Y
SRR CAEF L OEE D A SRR U HE A A — A A T A
B, £ “ESS5HEERET SRR S — R Sos 58 EIFIB B, X SR TR [ A X
Peghanitg, Hepre “fb2rSpPRRE” SIk EA 8 M HER S —, N HisE] 66.67%,
T G R, (HRAE “HiERRR " M IR B2 S, o E A AR HEA S —
(R 1-18) . 3R 1-19 41 T EWFFEHT AR RS ECHES 55—/ 31 RIS .

*1-18 +—XKFRHTIBETER TOP5 EXRFRENEHER £ —HEEMLEL 5

. Wr5E T HEA2 S — R AL e (%)

RO | e | b | R | e | EE | EE | PR | KR | EE | R
Aol Bl | A

- 11 4 5 0 0 0 | 3636 | 4545 | 0.00 | 0.00 | 0.00
HE SN 2 11 4 4 1 1 0 | 3636|3636 | 9.09 | 9.09 | 0.00
HhIRAL 2 11 10 0 0 0 0 |9091 | 0.00 | 000 | 0.00 | 0.00
I PR 25 15 11 0 1 2 0 | 7333 ] 000 | 667 | 1333 | 0.00
R 14 9 1 1 0 0 | 6429 | 7.14 | 7.14 | 0.00 | 0.00
2 SRR 12 3 8 0 1 0 | 2500 | 6667 | 000 | 833 | 0.00
B 11 9 2 0 0 0 | 81.82 | 18.18 | 0.00 | 0.00 | 0.00
KI5 Ry B 12 6 2 2 2 0 | 5000 | 16.67 | 16.67 | 16.67 | 0.00
e 10 7 3 0 0 0 | 70.00 | 30.00 | 0.00 | 0.00 | 0.00
{5 ER 10 4 3 1 0 0 | 40.00 | 30.00 | 10.00 | 0.00 | 0.00




F—E FRKRRGZR

G

Brgci HEA S — TR bt (%)

A5k N
RO | e | o | SR | AR | okl | eE | hE | SR | e | kE

Zopet . DHELL
ot 2R
BRI : (2023 BIFTHTIT IS H) @,

11 2 3 2 1 0 18.18 | 27.27 | 18.18 | 9.09 0.00

F1-19 HERRIGAERESHAE WG

75 Ak T 44 VAR
1 NLR e 2 RN B Se e pL I POHTE
2 PR i 25 A B I U SE AR5 PO HTE

AR A ; ) .
3 o F EWE AL EIRN S5 5T 68 Sy
4 1EYZ F R A5 E N IpfE)
5 IR RIHALER NP5 2 57 7 HLHT
6 FIFH B FAA A Ao SR R R PO HTE
7 i FRBERR R FIURT X 15 Y0 (1% W o PSR
ERSHERE —— —
R PR BT R A A A R PR
9 r ] LG R B AR XU PO TR
10 YRl HIAET: A7 T e e AE T L BT
11 7K AT HOSHTHY
12 AR S IR AR A S A5 1 P RIR
13 i S | G PR
14 . N HLAHE L A i 4 f A TR
fh2: S kbR # - —
15 NToFHlas PO HTE
16 TR S AT
17 i PERE HER Fl ORR SGHEALA 1 FF K SILAE K FHRRIAENG B IR | B ity
18 RA WA TS 1 1 B HLHTR
19 7 H# FHA R AV,Shs BRI FY PR
Yy —
20 Wyt F- 5 & ST
21 KI5 KA PRI P52 MU 4E Einstein-Gauss—Bonnet 5| JJFE STy
22 BIIES FA A e A T A R R T SR A UL HSHTTY
23 LR AL RS SOni T 85 PR
24 piEs FEA SRR AAG IR 5E HOSHTIY
25 T HriigiEfasE BDF B A%l P HTR

il

@ PEBEGR S TR 2023 FIAHTITPVERSE (R ] dbat: HEREA BRI A AT
BE, 2023.

o035
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2022—2023 R K EIR S 5SS

Yk
e i, s o
2% TR P
7 | R i) R P
28 R ) (e b Py
2 S RV L FI2 R BT 9 R P
N R R T K e ST

Il Lol

3 DA . TS AT R Tl 5.0 K0 P

BRI - (2023 DIFCRTIIABERSHO)

(2) TAEFTT

o TREBEVE R R TR R A m o 25 L WAL, A 2017 RS R
BMELIT R APR T RIS H o 2023 4F B 2Bk TR AT I H DIEEE 1 L0,
LB FUFHI L, NE T S @ RIS & . BARIZIE S % e TEARE . TR
DRI 5 TR R RIR I E A, BELRARAS 93 /4 TARRIFFE ATV Al 94 A TR R H
SR 28 S TR RV A 28 A T AR T A AU, JERFAIEE 2 TR BT AR 5~10 4R
KI5 I Rk

F 1-20 HIRETE 9 KEL TOP3 TR FATHTE . SRR E, FRETE 9 KEE
TOP3 TAERFFTHIHTH, 4 25 4~ TRRFFFE R AR08 SC b T Bt =47, Hop 16 4
F A e S T e (7 o R 7 B 24 10 AR S0 A2 28 1) 22 A A R AE IE 5 R A
DB Z, M 2488 K (ERETR-SH b T FE 4k At IR ¢ U5 8 BB AR A PRGN 2 T T
Wi 30 BRI DI SC B, 35 97.22%; 1Efk~ . a4 SAPRE T R4 i 1) — 421k
Bl A FE ) o 8 LA AR 5 S R 2R BT e 30 IR e, o 251.39 1k AT, R
FE— ST AV SC T BEEAIG, i an T AR A A i JC AL 5 AR AR ST R
FIPAEE 545225 T ARSI 8 95 SRR TR, 01830 O 11.11% F 11.79%.,

£ 1-20 PEELRSE TOP3 TREMAREIEER

- T E OB S

¥ | Gk TREBFFEHTIY é}éﬁjﬁ% O e | sl | sy
(%) k| #l

(ST R s N 50 43 1 86.00 | 4183 | 97.28
1 *ﬁﬁf JRRRR S RRANAL K SIHILE AR 47 16 1 34.04 1755 | 109.69
: AT AR S L as N ERRE 11 10 1 90.91 803 | 80.30

N AT Je HAH A R G e S HAR 34 9 2 26.47 419 | 4656

2 Ef;;ﬁ TR ELI £ o ER s OGS AR 31 21 1 67.74 1097 | 52.24
[ Wit S e Y 56 11 5 19.64 1603 | 145.73




F—E FRKRRGZR

- R EROIESC
" BRAZ O
FE | e TR AT Y y; s | s | EEB| w3l |
B 1 H
e (%) | sk | w3l
A AR IR ARSI A R LA AL — 92 38 1 41.30 5087 | 133.87
T g | ARG AL BRI SR - o
3 E 58k | 1R2RmIRTEHEZ R AR 120 40 1 33.33 3192 | 79.80
e T — SRR AR TR 107 71 1 66.36 | 17849 | 251.39
I B YA ’ ’
WK HAER A AT 455 249 1 54.73 7803 | 31.34
BBV 570
4 e B AR TR AR M e TR S A 468 130 1 27.78 959 7.38
AP TR
AR IR 8 5 B A5 AR A A DN Ty 9% 36 35 1 97.22 2330 | 66.57
FETF TR RERIZ5 I 0510 S
e 54 14 3 25.93 929 | 66.36
+ A, K PERE TR
5 FISEEST | WRATEH P A S ER 45 25 1 55.56 1560 | 62.40
LB | g N A S B
) 109 84 1 77.06 4731 | 56.32
A PEA
TG Y RS AU 86 29 1 33.72 2276 | 78.48
i 5%
6 zﬁil;f LT Ph2e P2 Y 5R TI T 125 50 22 1 44.00 1978 | 89.91
5 1Tk
KR IR e TR 246 29 6 11.79 2556 | 88.14
BEl 2SR it MR I BB 38t P 2
) 58 37 1 63.79 2288 | 61.84
SER S 4 9 4%
7 Al - N
[EIL B2 ol NiizE SR E ot ] 50 19 2 38.00 924 | 48.63
FEFURIE 2 > BMRA 2 W 18 5 2 27.78 263 | 52.60
5279590 1 22 L AR I 9 9428 2488 2 26.39 | 196360 | 78.92
bR BRI AL S 504 173 2 34.33 12280 | 70.98
8 BEZh TS AT ' o ’
NN G N A s
82 23 2 28.05 2065 | 89.78
FEML
Tl 5.0 255 AMLILEE RER]
29 7 2 24.14 569 | 81.29
YERFSE
9 TAMEH | PR AU SR e st 45 5 2 11.11 444 | 88.80
AT RAH SR G2
45 21 1 46.67 397 | 18.90
KGR

BRI (AR TR 2023) Vs

@O HETRRE R TRATIH L. PR TR

2023 [M]. dbmt: m5%EE R, 2023
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(Z) EREHEX S ELF, HrFRERNSR

1. B4R L

AR [ 0 b R R B R s, FRE T 2013 —2022 4R & RRHE S
1551.09 Jiks, A4S CHOE iR 1-7 Fis. 2013—2018 4, FRIE [ s 30 H Al 4%
R BTHEH, 2018 —2021 4FH#EZE FRE, 2021 4R 10 AFREAME, A L3 127.1 Tik,
2022 AEF T, KSCEH 136.6 Ti k-

1800000 1707846

1612999 ] 1639000
1500000 [ — 1613)24 ]

1641794 1690451

1551794
% 1200000 418400
0% 900000
~

4 1270949
« 600000

1365672

300000

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
AE0
B 1-7 2013—2022 FHEEHARI~HER
BRI R R

2. Z2FH = BE L

MR8 A AR 168 L R4y 260K 22, TR 2022 4E F I8 S0k SCHERZ Y 20 2R
F 121 PR, ROSCHTAT =4 2 RHE R 2 5 TR L TR HLEE Kt AL AR
Rl SEEAH, BT 2022 4519 & SCE 51018 95233 f . 85686 F . 70305 FE o AH
bt 2021 4R X s B rp g SO K iR 2 1 R ER 2 SRIEA A (+229%) . B TALF T
W (+16.0% ) FIA HLAL T, (+14.8% ) ;5 [F) b 6708 K de 2 (0 J2& 1T S HL AR B vk B3 1L
(-14.6%) . WEE2 (-12.5% ) FIAMNERE (-10.8% ) .

Fz1-21 2022 £HEERIEXAXE TOP20 Z7

2022 4F 2021 4F Bt
¥ CNKI % | ey B
RICHE | Bl | BFE | K3 | HE4
IR (%)
1 AR TR 95233 | 59456 | 20311540 | 0.62 | 213.28 | 86147 2 10.5
2 HAMLAE KATEHUN T | 85686 | 82859 | 27324728 | 0.97 | 318.89 | 100281 1 -14.6
3 IREE R} 5 A 70305 | 80896 | 28558501 | 1.15 | 406.21 | 57214 4 22.9




F—E FRKRRGZR

2022 4 2021 4 -3
i CNKTR R | Bl | AN R R K| HE# e

. - wal | TR ‘ (%)
4 Il R =2 65329 | 43403 | 12613964 | 0.66 | 193.08 | 74693 3 -125
5 L7 Tall 63944 | 55448 | 14897292 | 0.87 | 232.97 | 56667 | 5 12.8
6 Jiriga 47620 | 26462 | 7100810 | 0.56 | 149.11 | 49830 | 6 -4.4
7 ERZIHZEZN 47024 | 51501 | 16232274 | 1.10 | 345.19 | 46132 7 1.9
8 BTAFTE 46697 | 36447 | 13060011 | 0.78 | 279.68 | 40240 | 9 16.0
9 NP IK B 44055 | 26648 | 6999497 | 0.60 | 158.88 | 42646 8 33
10 R 39380 | 36791 | 10673494 | 0.93 | 271.04 | 37500 | 11 5.0
11 SR 35144 | 20742 | 3757553 | 0.59 | 106.92 | 39418 | 10 | -10.8
12 FHHUE T 33085 | 19059 | 7456902 | 0.58 | 22539 | 28817 | 14 14.8
13 Bl T 33059 | 24472 | 4560295 | 0.74 | 137.94 | 33746 | 12 -2.0
14 BRI 30988 | 22175 | 5391275 | 0.72 | 173.98 | 31100 | 13 -0.4
15 AR Tl 28548 | 16659 | 4685989 | 0.58 | 164.14 | 26562 | 15 75
16 SR REB TS 25473 | 13973 | 4321747 | 0.55 | 169.66 | 24858 | 16 25
17 Hh T2 24224 | 19213 | 4676613 | 0.79 | 193.06 | 23503 | 19 3.1
18 CIREESN 24166 | 15507 | 4805910 | 0.64 | 198.87 | 24608 | 18 -18
19 | EZH T4 EsR Sk | 23832 | 21378 | 5913511 | 0.90 | 248.13 | 22714 | 21 4.9
20 BRPAES 23028 | 31576 | 10405230 | 1.37 | 451.85 | 22708 | 22 1.4

B P EA R

(=) TRHEBLFS, BEEIESH—LMN

1. B4 §iF

LRERARGH Y, & AR BT AT DA B—A~ [ S sl b LA 1 A1 16 BREE
FART= WK AT R J7 o MRS S= A2 (WIPO ) A (AT AL
$645:2023 ) ( World Intellectual Property Indicators 2023 ¥, W T kIR PEA m) 44 4F A7
PR LR R (B 1-8) ATLAE W, FAE 2013 4%, v [E 22 30 L R H a5 4L
L C 2t T3 E S A YRR AR, B — BRI R E A R R I R 2
%K, IHRFRER I

B, PEMSARGETIN TS 2023 4F 7 H 31 H .

O HFFHAHA . AR AGERR 2023 [R ). it tHEAAERAHE, 2023,

089
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PVVVV VN D CEbbbte Sl St EEEEE TEELLE TELEEE SEEERE SEEbbts ShEEEE
1 1 1 1 | |
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
R

1-8 BREFHBEELHBEFETHES
BRI CHEFURPU= R AR 2023) .

FRAE TR P2 A FE AT 2023) , 2022 4R Bk AL AT 345 T4 F L RIS Wi, [
IR T 1.7%. b, i 5 0 R R ™ AUR) 38 & R 50 | T 5 8 i 1Y 84.87% .
2022 4F, HEEZAR AR (CNIPA) FRI®] 161.9 7L R, & 2021 434 1
2.12% AR RUR BRI R 2 B LR phs R (USPTO ) (594340 ) . HAKRFT
(JPO) (28953014 ). #EFEHEFAT (KIPO ) (237633 ) FERIEF])E (EPO) (19361014 )

(#1-22).
R 1-22 2021 —2022 FELBREMILFI HIFFR
2021 4 2022 4 HRAE (%)
TG FU AR AR G 3400500 3457400 1.7
R ARR AU (CNIPA) 1585663 1619268 2.12
E LR @ hr)s (USPTO) 591473 594340 0.48
TOP5 H AT (JPO) 289200 289530 0.11
gl EAHAT (KIPO ) 237998 237633 -0.15
LA s (EPO ) 188778 193610 2.56

B CHEA AR SR bR 2023) o

MHTE N E SRR A, 0 s ATE 2022 4R4E32 T4 158 TR ARG, &
o N RN E SN AR R X, B 235 E (505539 #F) . HAS (405361 14 ) . #fi
(272315 14 ) FIfEE (155896 14 ) . MIEK KA, HE (+3.1%) . #E (+1.9%) %
(+1.1%) 7F 2022 R G = T 2021 45 S22 AR, HEE (-4.8%) FIHA (-1.6% )

TE 2022 4F A HIIE A 2021 4FA5 BT R %

2021 4%, TR HLEAR IO 2 ER A A B LA G T BUBCR e AR, 5 Bk i
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B 11.1%, (i35 Z S (6.4% ) . i (5.8%) . BEIFHAR (52% ) FECTHE
15 (4.9%) o TEHEZTT 15 AAEORSUS S, L2 TR (+11.4% ) . HHEHEAR (+11.0% )
S B AREHITEE (+13.7% ) 42 2011 —2021 4ESCPEPI A K 1y 3 ARSI,

HREHE 2019 —2021 4F & 2 A G & Rl B B AR GUB0or f ig B, o B AR B LB R
(12.1% ) GG REE R Z, RO & (7.1% ) FMEPL. X85, GBI (6.2%)
Sl EE LM FEEREHENEAR (129%) . BEIFEAR (94%) . BUriaEls (7.8% )
G, HARLFIN FZ 2L, UH . BB (9.9% ) @i, & E A E L E 2 b1
THEALEAR (8.9%. 8.6% ) ikill; FEFEFIVELE LR FEIZiaH (11.7%. 11.3% ) ik
(F£1-23),

F 1-23 2019—2021 £FEAHHBEEF AT HER

ditk (%)

HARGUR,
i EqE| HA I ] 21 Yl
BHL, A, B 6.2 4.1 9.9 8.2 9.4 6.5 53
(RS %N 2.6 2.8 42 49 15 1.7 1.9
AE 1.6 22 2.0 2.4 0.9 1.4 1.4
Beies 5.0 7.8 3.0 5.7 2.1 3.1 2.7
B 0.4 0.8 0.7 0.5 0.6 0.6 0.7
THENEA 12.1 12.9 6.1 8.9 4.0 5.0 8.6
IT 4 W7 2.7 2.8 2.1 3.7 0.7 0.8 1.3
ERSTLN 1.8 2.6 52 6.7 1.8 24 1.4
plie 1.5 2.0 5.4 2.7 1.8 2.1 1.9
HkSSs 7.1 3.9 49 3.6 6.5 5.0 45
PR 0.5 0.9 0.4 0.5 0.6 0.8 1.1
il 2.6 22 2.7 2.0 2.5 1.5 1.6
BRITHAR 3.4 9.4 3.7 43 45 5.4 7.6
BHUKG Ak 1.6 2.6 1.4 2.0 2.7 45 3.7
WA 1.6 45 1.2 1.7 2.0 3.1 5.3
i) 1.8 6.4 1.3 2.1 2.4 4.4 7.6
AT REW 1.5 1.2 2.5 1.5 1.9 2.0 0.7
i 1.8 1.0 0.9 2.0 0.5 1.1 0.7
LRI EME 2.4 2.1 22 1.7 2.7 2.4 2.3
ME 164 2.8 1.1 24 1.8 1.9 2.5 1.4
EE S N 1.4 12 2.5 14 1.6 1.8 1.0
DRSPS I#N 0.2 0.1 0.1 0.1 0.2 0.2 0.2
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ritt (%)

HARSGU
i B HA LS| Tl N B[]
fhf TR 42 2.2 1.5 23 2.6 2.9 3.0
EEHR 2.8 1.1 1.1 1.6 1.4 1.4 1.6
YL 3.6 2.1 3.3 22 3.4 2.5 2.5
Gl 48 15 25 1.8 3.6 1.3 12
RHHL, . wEAL 1.3 1.7 2.4 1.5 4.5 45 3.6
iS4 1.4 0.9 2.4 0.8 1.4 0.7 0.9
Fofl e b 43 32 3.0 3.0 4.1 4.5 2.9
TR 2.0 0.9 1.8 1.9 1.5 1.6 1.0
HUATCE 2.0 1.7 2.8 22 6.4 42 3.0
ey 32 3.6 6.0 4.6 11.7 113 49
FHE KR 1.8 2.1 4.6 2.6 1.8 1.4 2.5
FAb 2 1.6 1.8 1.6 3.1 1.7 2.6 6.0
AT 4.6 2.8 2.3 3.7 32 3.0 44

Bt CHEFRARR - SR bR 2023) o

2. R EAL

MR (2022 4E LRI AR ) NZS, (PR BEZ AR P AR Fis A )
Wi B AR R R AL, SCE SR G TR AR R ™ o 2022 ARL R A i
~, REEF AR TATE, BRIV, Rk s FAaEa it s, kel s Kor
TRETRR, HRRAROKE R T,

MFR LR P AR B AT, 2022 AEFRE & WL Rk A0y 36.7%, % 2021 4F4%
13 AES A, H 2018 FELISKZAER L B, MASFEERFIBACER, il L=k
IR, N 49.3%; BHFRAIHIR, A 14.3%; iRk, U0 3.5%.

IR L RV AL DL b, 2022 4F R EAG RLE R0 %N 9.5%, 45 2021 4F
PR 42 N E . WARRIERIBUOKRE, A BE R R R 9.9%, Fk 6.5%, F

WFEAN N 5.3%, 2022 AFEFRE K AEFIFELEZ N 11.5%, 8 FFERR 4.1 MEA S, Sl
TR,

MK BE R AT = AR RS 80 0 A AR LR, 2022 4F & B APl A 25 7K T g
FARTE, g A U7E 100 J7 78/ 2F L EFT 500 J7 58 /445 LAY & B R A 23 9K 56.4%
F134.7%, 5ril%s 2021 45 115 F1 9.3 AN A 4.

3. TARFF K BT B A H A AT s

7E (2023 £ER TRERTHT ) AR 27 44038 TOP3 TR FF & A, & ETE 19 AT
WL RIAFFRHER S —0r, 7K AR NS 5 ARy, FRERBLD LR



F—E FRKRRGZR

TR KT 90%., 3o FEE R 55227 T R85 A 575 K 0 AT 2 TR T & i A%
DEMANFEERSZ, 270, Mk 98.51%, HAZHI L FI:o St , ik 2543 I
(F£1-24),

R 1-24 hEEETIE TOP3 TREFLMIBRZOLDEFHNAFER

ANFFE | AFFE B 1K

4k TARFFFE AT Lol | w51 Ll
B B (g, (%)

. ZHlas N RPEL AL AR 416 | 1 | 8946 | 1518 | 78.13
mwéfﬁ AR AAS T [l A2 AR 2 72 | 1 | 5070 | 327 | 5343
VN € R IN 178 | 1 | 9622 | 454 | 88.67

N SRR P R 184 | 1 | 7077 | 529 | 49.76
ﬁ’é‘is% FEF ML H e N R A AR 370 | 1 | 7974 | 1047 | 77.90
I ) Z2 R I 5 ) 2 R e A 13| 2 | 1771 | 328 | 1081

\ FT Al A RRIR AT A IR AL A 5131 1 | 9865 | 218 | 97.76
Eijﬂﬁf% FET AT R RISOE F R L TR Sl | 177 | 2 37.34 877 64.77
T [o el PR 1) 2 R B S S R B T S ol 4 520 | 1 | 8876 | 892 | 86.35

" ‘ EIPALERNSTSACINNG= S E S 217 | 1 | 46.77 | 5840 | 36.67
ﬁﬁv},ﬁi‘?gﬂk PHES JRIRELRU ALY . BRACPI LIRS AR R T 162 | 1 | 5192 | 237 | 46.75
b T A B R I R R R 87 | 2 | 2544 | 952 | 17.40
HK B I8 BB 5B HoR 22 | 1 | 10000 | 43 | 100.00

Eg fﬁi(:“j SERG AR IR AL ATHE L v R 46 | 1 | 8364 | 85 | 8947
Il 7T 3 SR SR IR AR S AT A AR R R 15| 1 | 7895 | 114 | 93.44

TRBRIET5 KR T2 927 | 1 | 9851 | 2543 | 86.70

W5 5%y . N ; o

T MR KR A YDA T O LRI AR 193 | 1 | 4478 | 364 | 2613
PR SHUA ST bR 722 | 1 | 7220 | 1002 | 2543

HTER LY s A2 )y T 7 5 | 631 21 0.96

Al Tl B AL A R T o 64 | 1 | 8767 | 62 | 8158
KPS S E T HAR 52 | 1 | 10000 | 25 | 100.00

T 4 AZ PR TR T A 712 278 | 2 | 3337 | 691 | 1745

B2 A UMW) G e B IR T 61 | 2 | 1826 | 240 | 1322
AL S ) S AR 61 | 2 | 3765 | 190 | 20.17

LR RS FIREHC R 5K fie 61 1| 5922 | 182 | 5549

TREER FET P HIR AN I R RE T Is 4t R 58 35 1 | 53.03 88 8.07
BETURBE T R A SO S RS 1 3 | 385 0 0.00

BRI (BRI 2023) 5
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PO, EfFRESIERN 2

FE| R R R Bt . RIS IR [E A BB R AR i T 22
BRI, R SCHE R R A R A R (P M) 4R IED SR A
Joy I 58 B RBH RIS, $ i S A A AR . SR B A ARBHE B IRUR | [E K
SPAMRRA AR (R AR R G, st s R s i e Al i, A
FRHIHE SO S B s 57, HETHE TR ASRE . IRk 5r B Z E AR A
BriE LER

(—) EREBARHEMRIEIRS R F RN B

RPN R AT KB A SR 51RO AR B S A FRAFF 5T T
By KBS P2 BRI T S B R G . R LA Bt 2 i B ™k “ R 1]
A SRR D BRTOE | IRIEZ TS R I E R 2R BRI, 248 b 2Bk
PR MRS AR S s s 2 b . 0 2023 4F 8 7, F [l sl 6 5 E R
PRI 84 &5, Hp LHIIE It 41 &, ASHELE 31 &5, A&kt 12 5.
AT, R E BRSO BTG 1 39 AR, X A U AR A R 3 2
SCEAER o T E AR IR Bt~ B A oL IR 1-25 B, SR SR EERL Bt
ZHERO SRR Wiy Slis i TR . R EEOR R BOR | B A

*1-25 HEERBEEMZEFHSH

s 2RI o () || 79 SERHATU ot (A4S)
1 HERRl 22 14 At 6
2 YypzE 16 15 REURRIE A 6
3 B i TR 10 16 F AR S R GRLE 5
4 IR BRI AR 10 17 TR TR 4
5 AWy 10 18 RS PNTE 4
6 IS 9 19 It PR = 25 3
7 MEELE 9 20 HERALI 3
8 i 8 21 MR A 3
9 FIORBLAARE TR S R 8 22 25 )R 45, 3
10 ias . ARRHERE AR 8 23 2 3
11 R 7 24 | FERYSREFFHE TR SHEAR 2
12 TR S E AR LAl 7 25 Behip= 2
13 IKE 7 26 BB EHAR 2
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gk
aes EaKin Kok () || 5 EaXin Heat (4)
27 HEHURL R AR 2 34 B T A 1
28 hEs e Sy 1 35 s 1
29 K/ 1 36 KR T A 1
30 Vi 1 37 . BEERE 1
31 A SRR TR 1 38 23 [ MR R Ge R 1
32 T 1 39 T FEROR 1
33 Koy 1

Kl FAPHIERIBEE AR AR E R A T, B8 A PHERITSOERE B M5t

“puT” ST R i B R R BRI B S A U, A s O S B
SCHERY L FIRES IO RASPIGERY, AT AR 1-26 TR

F1-26 (“THA” M) EREARHEMIZIE

A i 4

o | VRSB EREAALEIN RS JGHIUR, ARG S S
- B | AR HE T R Gl A BT i

— EREFDEARSDEE . BB AN IO B BT S ORI IR0 B I SRR B

) Fo2

AW . AR AR S
B XSGR A A RO R T A LI | SR A O SR | AR T RAR
SRS I B0 . RS R M ISt . Sl T T S
AT S RO . A3 RO AW 2 AR B0E . WS R S T B . el
SFSY) . MR RGO RAR
Bl . (e N RSN [E RZF A 2 & A DA AR ALK A 2035 4RI 5t FIARNEL)

SERIE” Lok, HSUS I E R R AL 4 &, A0l MSERRL. &
VR T I . WOR I . W5V 101 BRETEANY, SIS SRR LIRS R SR &
T RSP

1. MEERRR

SORIRARSGE, WAR IR VI F A A4 KL L, A AT S
SR © L it T AR, 20214E7 A 22 H, RSB Ss KAE BAIH S bR
R FRE S B2 R IR R G F R Sk, BAEREIT, HaatmkSEmEER
FL2s AR R R A AT LB AT A2 IR O Y, Ry AR R 4TS . EIBRSEHEK

@ SEHIHAR. fizsEik, 2 R BSEaLE [ N/OL ], (2023-08-17) . https://epaper.gmw.cn/gmrb/html/
2023-08/17/nw.D110000gmrbh_20230817_1-16_htm.
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-, IR AT R

2023 4F 5 H, HERFEBEE AT T E R R A KA B A e . T E
FlEBe v A SIEEFEBE . o ERb GRS 2 i Bk 2= S EOR QU 78 Be L BRI 7
A AT A TA N\ DK | H DR s R R Ge Al A St vk ) B I 2 5 b TR
FhEsimy . SO EPS FEROT AT 6 0 PIL/VHF =3B (P kB, LB, 5
BB ) BRI A I R S5

2. BT H AP 5L

R FE ARG, ( LHAASO, i) (i E AR EE i, HHmig
136 5 Tk, Rt Ft ik . AT . RS R i - PRI B . A% O
b2 HAR R SRR T SR IR DL S G T AL AR RE AR TG 3, I SR 1
AR T IR AR R AN S SRR A 2023 4E 5 H 10 H, FrRIURE S E K
ik

BT RSN R, W REYIL ST IR QRS 2R R e RO, B4 fE
BT R PN A IR R R T I AR R A, e SR ZSIN E ) e S AR G T, A
W5 T ARAEROCERIR 2 2 (B R RE B2, R 1000 JTCH TR Fa 545 . hri g )
FE bR, 2023 4R 6 A, ERFAEBE = REY BRAF T TR 5138 i hn R kT
B RS G LR T T o8 W, R A IR BRI SR B — = Be R R LA 4 i
T, PRI ZRAE (Bl ) (Science ) 2+

3. B3R = B

T 388 2 Mk Do) 24 1 i Bl R it 5 i T 1 [l R E RIS oK, ST — AR I 453 £
BRE TR AR BIRTZM , HEShECTF AT P (e & R 1 OGS R = B . IS IR = i 1T 258
MAERER, T A REAE ALS R, R EAR RSN, 2ENE A2
BB E g (REAZAK) FReE &,

MR ” BOPERETEFLAE . 2022 4F 11 7, W83z TS24 GraphSO0SSSP 1 fig
Berp R TR B S ERE 500 HEFTRE (AIPerfS00) WROiJEAEE s WA, XLAEXHEAR
Pe#AAT 48K 10500 HEAT DT L) FLi%E 56 . #E MLPerf Training v1.0 JEAEMRAH,  MS3K 2 ki
T 345 A SRIEF AL BETEIE (256 RIFSFRUEL ) S5—44 . WAk, 1EREZES, Mzl
ST T SR TS BOBIIAE AL I TN, SR T “MoRe - &l Mg -
A7 CMEEE - KET MO - HEE - S0 CHRIE 2.0 SR AL KRB, S8 TR
TR . R REACH AF T e SEBR N, TR T A R ) AT KBERI N FHE AR IR R,
ST TR AR R R IAT R, R EEEPR AL EARSE S £FEE E— i LR
i, 1 ELR A A AR5

TEAEWFHI M3k 2= o ™ — A3, SRR Mk = 106 TR 16 5%, Ra i dk 2L nh )
FE N TR REE™ B Em A S LR,
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4. Bk 101 AR

WV 101 SR A MR TR D A O R AR5 9 [ 2 B 8 A B AR R TR . T
A Sl PRI . BB ST L AT . AR S R IR Y KR TR A R
gc, Biss EBRICE RS B A FTH RS RS, e Rs OB O 7R 5 R 52 &
PR, IBEAOERGEERE . . SRR, A RE S M AR KA S E 4L,
I B [ PR SE R AR 751

W 101 SIEANE A AZILOK, Je)a 58 7 B [ ARBRE S A I Mo s B0 2
MR . EIGA A IHAT | B GEIRRAT | ek e R K sl R IR AT
SRS, A E R ABHI B BTG R TAE, S4B it S

(Z) Sk R EE BB E

HR A5 5 R JE Al B0t A R R A 1R S ) 28 A - 5 8O r il #iE 2023
8 H, TR AR RBMIFBE T, FRE A KRRMIMUES 12.8 T4, Hphdt {U# 9.4
T6, HH72.92%, EKA 53.41% (68882 15 ) IFLEALER . BT 2019—2023 4 1)1Y
w29 iRt HoEUE 8717 &5, 73K 29.20%, X —LEIAHLL T 2014—2018
AER18.13%", HRES T 11.07%, FWIF E Ersm i g e 7 T B AR ik, [HiR A TR
KA EE . ARSI 1-27 pos, nTLIAE N, I AT E DS A48 5 b
g B R 2 BT, BT 15000 &, 5 Bt 50%. [ R g i 1 2 L
MHFERS (E7379.52% ), E7R2afRi2 0y C(E7 % 14.40% ) o 53l
TR OGRS, FRIE. Tl R JRERA & T KEPER, (& H FIHEAR
FIMEET, AR MO 2, JERFAER, YRTRERERE AR, FRE T AR X
— A SR 1 ] P R B R AR T 2014—2018 4E SR 7.3% 255 T HEE—1f%, (Hifk 2+
BLRAGE LT, AR IR TR EESS I R i SRR AR n)

*1-27 BATF 2019—2023 £&FH= N EHESIT

&= s () Wanadtae (/) 74 (%)
I3 LA 2224 15445 14.40
T AR 1335 2322 57.49
YyBPEREIIIA 851 2280 37.32
LA 476 1386 34.34
LR 570 1357 42.00
B 2ERHIH S 204 894 22.82
HEHL A E RS 330 415 79.52

@O FEBFHORDI2. 2018—2019 FRERIRESEE (M ], JUat: HEBAHAR R, 2021
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&Sl E AL (/) R LR (/) 4% (%)
HOERFEIAL 138 351 39.32
RERRINAS 145 322 45.03

eV e 149 334 44.61

Bt 100 362 27.62
RIS 160 336 47.62
e 24 79 30.38
R 50 69 72.46
HoA AL &% 1961 3897 50.32
it 8717 29849 29.20

Btk T RRHIF AR A TR % 5 W 28 5 P15

2022 4F 7—8 H, BHEH . WEER&FA G, ZIEEFRHESER A5 o,
HAUTFRE T 2022 45 rf g = AR ¢ T 5 B BB it 5 A3 T R AN 25 4% T A
A 24 NERT] 345 FHNL S IR F A%, W S JRE 50 J1 o b LRGSR 3T 47 T 6
(£), TAPHIHERIL 85 1 Vo MIEENR, 52021 AL, SITAAD IS
A, TR SRR R, XFAMIRSS s B, AR K — T S
VR BRI AR A3 B TAEDLES Ry 1351 /N, A LG 2021 421 1278 /N T T 5.71%,
NN E R NG B & 5 — A BRRALES A M ELBIA 100%, 48 2021 4FFE (98% ) #2651 2
ANE G . BRI 85 A E KRBHIF LR B itiiE 1T AP U S ey, 16 S E R | AR
WHESS . S B ARGET . AR5 15 AR 75 K A ] R R R e A5 T AR T 4
FE

(=) BEHIERRGA R AELE, JEEXRHIZERI0NR

B R BA M, REF AU . 182545 KB, B
AR AT XA B i) AT P2 I ANER S AU o Bl B 2T R 2SS A BT K BL Y
T EEARPEAOE TR, TR A R S, AR AR A L K
TRAFANSEEE L, KA R B AR B R T, e BERLARR A Re . A
{H, HESIRFAFR SRR SR THRE A 8 A & s g, v R R
AT R R R 2 e SR IR RE T o

AR, EZMAT NG —RIBEOE ., S, RIRRHERBUTEIEIT A . #2401

O PBHEHES. BHEEERIAIT  WBEINAT T A AT 2022 4F S g m A FIRHIE e T 45 LA E Rl s
it AR I BT R L SN A% 25 038 41 [ EB/OL 1. (2022-09-23 ). https://www.most.gov.cn/xxgk/xinxifenlei/
fdzdgknr/qtwj/qtwj2022/202209/t20220927_182645.html.
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IR FEIEEIEE R R B O AR TRk, 2022 4F 12 A, (pdbrpae H4
5% 56 T AL B Sl o T PR B R AR 0 ) A, e B gy A S
P 7 2T PRI B, s B SRR A A B T AL B S AR
SYERERGETTAL], HoOh i IR LR eI AT s B A
BUE SR, WA IR E R S B AR R, R EE 5 B i ) kSRR B T RURAE A
202342 H, b ESSREEN A T CECT R RO R ) L R E AR
PVER, SRS A IEICRAA, @A TAE | BHE . 205 4 F 2 S 540
PRURIE, JFSRIE SR L S RBERE ) o A5 ML X YT ST L T TEOR,, AN E
BOM B IE T L, BURIR R B EIT L FIH. 202248 1 H, IWARA kA CILRE S
HHHRTF I ), SRR A AR TF A, $Emet STREEEE S A A LIRS 7K P, 2023
3, bk g TA BRI (RAT ), #E— 20 o8 A A B
JERZR . LA IR R R BN L 0 . 2023 483 1, IRk Z Bk Rl
B o IR ATING ), BMNBAEEE S T4k . 255 s BV . sEo PR . 38511 H
28 5y B 4 T WA A B R

AR, RS PR B P K, AR R E R B E B A E R (B
Bk il (2022 4F)) Box, 2022 43K EAE - =ik 8.1ZB, [HIGK 22.7%, 4BR5
LIk 10.5%, fifEiAes —, #RE 2022 F4EE, REHIEF06 L 724.5E8, [F K
21.1%, 28K ik 14.4%.

B mRTERm, M2 2023 4F 6 HK, 2ESMBENAR. ZS8dtZn
AL o ik B 44 7%, SEREARZE 5 i sE Gy A T R BT B e oe g, H 2k
AR, 2023 Hf [ E BRI ML Y 2 A EE R, 2022 AR AR IR E B AL
Gy T8 G REIR 40 A TC e fr o TN ZE 5 BT F 2022 4F- 9 4, # = 2023 48 J,
RGBS 16 1470, WINEHES S I 2022 45 11 A IERE AL, #E 2023 4F
3H, Bitzeg ik 16 147t.

P2 I 2 R R QR R R AR E B NE, TR0 W I S i 55 B
J1, SRR A TR A RALE], 0T LU KRB R R A A A R R
PRALIEA SR . Bl O R R R R T O i A, FRE R
5 0T LAY N E R PEAE G . BREEE TG . R AR BE IS o DA A
FEAEER PG U, e, BERYEGE o EE HERNME, 2019 4, BHEGT.
PR B LR T 20 AN FE R BREEEE 0, PR A B o 7R S R R 2 B4R
SRR . AL ARBEIN T ST ST TR T AR, R
SR [ OGS i ORI R 2 5t o | B A SR A R O RN R R A R

@ etk b [E 55 B C TR A EC R ) R T L R R R AT [NOL ] (2022-12-
19) . https://www.gov.cn/zhengcee/2022—12/19/content_5732695.htm.
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O BRI LU BR A 05

1. B Rl #3538 s

] G0 ORI B A5 v R FE P R e s KAR BAUB s pedi i HILAEER
FATA P B O EF S S, RIS T b B R L5 oI £ 22
3 (China GEOSS-DSNET, L6 ), P& SREWE ok ik 5] 2.5PB,

2022 4F 11 H, G MO AR EE Hob Rk (CRACTEAR ) s 96 4 o 1E X
BT, Z RO ERFE RAUT ST BE AR SAR TR 22—5 | S — S FIR K B & 5T
HRMEFT IR SAR T2, JFJE SAR BB BIR AR, 4B, fEfE Mo & TR, IF
BreE . 2Ci  RbR . KR BBy 2 SRS P SAR IR DR SERH S . R Eh g a kR
M REATARAE S L 2023 4F 9 H I SO0 IR FBEE Hue [ SRR 3R E
AMIE AT W MLE A RS T 6 L4, %76 3T A TR R AR BEH AR Se it R
F) AT Al o B = 4 Wl ) 7 e RN O W 1 (= S N9 (= s £ 5 S | A i 7o
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YIE N 1.487, G7 [EHZh WICH 48 50 (H e g ) [ (2.854 ), HRJEERE (2.784)
S G7 FE WICT HREIEX oA, S9E . EH ., SEEARKER, BT m

£

WICIHI{E

TR ERRIREA (E1-9) .
3 2.854 2784 7 4500
— -4 4000
25k 3977
-4 3500
3085
2F [ -4 3000
1.487 -4 2500
1.5F
-4 2000
1.053
1F 4 1500
831 4 1000
0.5 F
ﬂ 164 194 214 319 7500
0 1 1 1 1 1 1 1 1 ,_l 1 ,_l 0

W[ gk T gk I =l BN
O Pl —e— WICIH(E
1-9 2022 FhEE G7 BXREIT WJCI F55391E
BRI CWICT 5 ) (2023 FT) -

T (Fh)
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73 RHAZ MRRFSATK

A MR — D E R & E R E 2GR . BB — AR A A AR A
K, RITRIERIER R AA TR, AR s B R e R MR
FTRE M S A D AR i L B 2, AR R&D A B, EREAAT i RAT:
HOM BEFCERUEE A RHE A SE T Wi AR R 3R 25 2 R ML K A O

(—) FARARBMAIFES X

1. R&D AR BA K@K

R&D A B3 I BN 28 o S P 3R ERHE QHTRE 01, SCai IR =R & R R B AR 8
BILRRAAE . R&D A G2 Y45 ik A SO AE 2k A G4 TAE 75 R 4k A B4
HYART, B AN A AR BUR BT K IG S N T REL . 2018 —2022 4,
FE R&D A Gl g Faeii e, 2022 4558 635.4 7 N4, 2021 3400 63.8 J7 A4,
Wk 11.16% (1 1-10) .

7000 O R —e— - 14.00
635.4
600.0 - 5716 412,00
_ 523.5 e
4 L 480.1 L6 210,
B5000F ' . . ] 1000
R 4000 F  [860 ' 9.04 919 {800 &
)
= 3000 1{6.00
% 2000 | 1400
100.0 | {200
O 1 1 1 1 0
2018 2019 2020 2021 2022
Ay

1-10 2018—2022 F£h[E RAD AREH S E
BERE : (R EGEARSE 2023)

PR MRS, R&D 16 sl ] LLor I EERITF ST . N AT AR & e = K2, 2022 4F
R&D A G4y, 5 Hle K2 il & B 1Y R&D A B, Bk 510.3 7 A4E,
hiHE 80.329%; MR FHRFFE AL 7401 T NAE, (HH 11.66%; MIFRIEREBFIEI A D1 N
50.9 T NAE, (51 8.01% (& 1-11) .

2018 —2022 4F, =R N AR R R e K A, 2021 —2022 4%, FERlbFSE
ANBGIHEIN 3.7 7 N4, YEER 7.84%; NHBFSE AN 5.0 J7 A4, B5EE R 7.24%; 145
KIEN NN 55 T3 NAE, G R 12.08%



2. AT Rl %

O EaLAETE ORHITE  m A

B—E FRERREGE

r 74.1
539 615 e Sl
39.2 L 42.7 47.2 . 50.9 ,
2018 2019 2020 2021 2022
Ay
1-11 2018—2022 f£hE R&AD A RMNEBFRELFR ST

Bl s . ChESETHEE 2023) .

FREAATESAT M AU b B 35 00k 55 MR AR B E 2 5, 2 s Ak Al A2 ™
TR R LA RCR R Sy AR (AR R R RS AR ) Y,
2018—2022 4F, & [F HAT IO B A& UE A5 30 47 58 55 Gk 45 19 AN B0 IR 2k 3
2022 4FE K 12343 J7T AWK, #2021 4EHY 898.8 J7 AVKIE K T 37.33%., 2022 4F U5 Vi L
MR A IE S SR B RE SE IR A KOk 35.6 7 ATK, #2021 4RRY 30.2 7 ARIE K
T 17.88% (£ 1-42),

R 1-42 2018—2022 F#H EBSER FHKIE B BRI 8E ZE RIE B AL

(BfL: 7AW

Ay BT AL TATH M LL_E - A KL
2018 903 35

2019 861.9 284

2020 962.6 2538

2021 898.8 30.2

2022 1234.3 356

BUERTE: 2018 —2022 4F {ATTBEIRAAE PRI A R GETH AR

3. AR EERIPHERY RI
PR LAT BT A CHESh T B Sl A . AA B SR A 2 BRI T A B 2 )

O AIGEEFE L ORRERS . A PR 2 Rl & R Ge T AR [ EB/OL ]. (2023-06-20 ) . http://www.
mohrss.gov.cn/SYrlzyhshbzb/zwgk/szrs/tjgh/.
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i, HBUERUKE X S IR E R AR 1, SCBURME K F ST A SR R L AR
(AEEE KRG A ) ©,2018—2022 4EF [H 55 %52 K L AT BN/ 31 167.28
TIAL 17401 7N, 18330 5 A, 188.52 71 N 197.78 T N, EZAEFLIGK G, [FLL
AN 4.02% . 5.34% . 2.85% F14.91% (& 1-12) .

200 - O HREEAN 197.78

195
190 188.52

185 F 183.3

180
175 +
170 + 167.28
165 |
160
155 |

150 1 1 1 1 1
2018 2019 2020 2021 2022

A
1-12 2018—2022 FHESEFREFER I E T
Bl (S EEE R R AR ) .

174.01

N TN

4. FRAEBFABRET K

F 5 A0 1% 95 MBS AR R R e 1 1, AT LU T kg [ BLAF BA AR 2 AT 6 I . AR 9
2018 —2022 FFHH P ( 2EBF F W KRG ITHAH ), REMFT AR =R K,
2022 AEARIFZE A 124.25 TN, [AFEIEK 5.619%, Hoptd+4: 13.9 7 A, At/ 110.35
TN Bl Brged: 86.22 TN, [l HEK 11.57%, s+ 823 T A, fii-+-4: 77.98 J7
N, L5 AR PAH I, Wk 1-43,

£ 1-43 2018—2022 E£FHEH T LB S EE N#TL (BfE: TN

AN LN
‘/E’i,fﬁj\ red - red ed ed - ed e
e s [ S | R O B 16 1| e oI A [ | R O B 1 1 e
2018 85.80 9.55 76.25 60.44 6.07 54.36
2019 91.65 10.52 81.13 63.97 6.26 5771
2020 110.66 11.60 99.05 72.86 6.62 66.25
2021 117.65 12.58 105.07 77.28 7.20 70.07
2022 124.25 13.90 110.35 86.22 8.23 77.98

BRI 2018—2022 4F ( 2FEHH R LRI ) o

@ HEHW. SEEEFWLEGIH AR [EB/OL ] . hitp://www.moe.gov.cn/jyb_sjzl/sjzl_fztjgh/.

o74



%8 FRERGH

(Z) FRMEATSIFERIL

1. BR / E 5

HRPEFHEMEL R AT 2022 4 BEFN 2023 4R FE “mplg I BH45” A5, kA 48R 60 4
[ 2 FL ML X 11 6938 44 1 6849 #4 Bl R AL m 951 BHA R 44 5, 52021 419 6602 A K
Sy 5.00% 1 3.74% AERFERTEL K THE T EEFAREM . £ 1-44 )2
2022 AEFEFT 2023 A RE m 5 B AR AR KHEZ T TR E KM 5, aTLUE L,
(AT A X ) B2 DB KR, 2023 4E ABERMFZ L 2022 41 1169
A (i 16.2% ) 89K 9.07%, EIFE11275 AR (5 17.9% ), SiEEZ G, il
TR A FEBEF AR PROR 5 £ S0, R R A ROK AR IR T A4
Se, AR R EA T TR

F1-44 2022—2023 FESHSIRZFHK EENXREI 10 BR /X ZE

2022 4% 2023 4%

P g R e o | e | FOATER ] AT
1 ESE| 2764 383 S 2669 375
2 | 1169 16.2 ] 1275 17.9
3 el 579 8.0 Y lx 574 8.1
4 e 369 5.1 =IE| 336 4.7
5 HFIE. 337 4.7 TRORAAE. 321 45
6 IEVN 226 3.1 IEVN 218 3.1
7 fir =% 210 2.9 fir= 195 2.7
8 P 134 1.9 215 139 2
9 Fii+ 112 1.6 o A 120 1.7
10 By 106 1.5 BEH 115 1.6

Bk : Highly Cited Researchers 20227 , Highly Cited Researchers 2023%,

2. FHAHHT

2022—2023 4FBE, T EE G RE R FERHEER I S 1-13 R, 2022
FEATER 1169 A2, A3 10 NIRIVZERHE 124>, T 2021 45300 14>, 2023 42 Ak
1) 1275 5, I3 10 AIRIVAARHE 124>, 5 2022 4£45°F. 5 2022 44 L, 2023
AR AEOG KB 10 AR EA MR (B 17 k)« APRERE (3K 14 Ak .

O FlEMEZ: . Highly Cited Researchers 2022 [ EB/OL | . (2022-11-15) . https://clarivate.com.cn/2022/11/15/.
@ FIEMEZ: . Highly Cited Researchers 2023 [ EB/OL ] . (2023-11-15) . hitps:/clarivate.com.cn/2023/11/15/hex2023/.
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WGP (K10 AR |« s (K 10 A0 o Ss I B R i =R fi

THO S IR ES S L RAF LA 6, W T 3R E A /K R 28 F AR AR 2 B el 1)
RS,
k2 F 1118 k2 F 1124
R ] —— T IRl 1108
BN e— T BN 7L E— )
HIHR: =—=43 HERRlE 47
L SR =30 L s smRe: =40
ey FA R =130 iy HELHLRE: ==135
HiBkR2: =30 LAV Fl# 135
Rl A Ak =125 YRS == 20
Py = 20 PRl A A 19
HeEEaie WY 16
ewppemieEERs L emeEsEwferfe

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
AWK NV
20224F 20234F

1-13 2022—2023 FETEHSHSIREREBRZRN
BAEAUR: Highly Cited Researchers 2022, Highly Cited Researchers 2023,

. EBRINEASIERARH#
( - ) Bﬁiuwéf’E

B SRR R R, A2F Rk bR sc i S5 G /E AW, SO HEshRHE . Sk
MR R E IR Ty Wit @KF . SR RIS S ER G AR, iR AR R
I SLmIPRAR, EREUEAYS | g, SCHMILRINESESE, RSk, 2R at
ICXT 25 AR E PR AR . EIPRACH 2% 2] ZUAE 2R iR, FRIE S FARHE PR A 1ESS
TR RUBRISZ IR ) IEAEB T K, IREB Y R ST A1, Fshfl A 2sREHE A1
IS

1. BiRe I #HESAHELERLET K

b5 Bl RR R AR A HERE, FEPRGEH ) 2200, SRR SChigKRY]
WKEPHE & R Efe SRR Padim &, EBRRHE A VRSt Hlim o [ PR A IS 3G —
BT DRI, 4 SCLEdE ST, 2022 4R E A R EFRS S, EFRE1EIR S 15.92
Tk, P E R RIS SO 21.6%. EFRGEISSCH 2021 ARSI T 1.00 R, WK T
6.7%. FREFI¥FESS5ERA RS AR IEFREAE R . 2022 45 1 E R AR ST,
HEEAERN 4.89 Tk, A EPREEESCEEIY 30.75%, H 2021 4FNIT 0.59 Tk .

2022 4, T EEEERS —EF N ERGER S 11.67 70, S P ESEBR G
YEIESCHY 73.3%, SV SCIR L 2021 416 14.51%, S EIKEEE K 173 ME%E (M) ,



F—E FRKRRGZR

A HEAERT SR iR 6 E L SR RRNE . gk, fEEAMHA (K 1-14)

HALEZIEHS E—1EE, PEEESS TAENEPREIESSCN 425 7k, 5 2021
EMZEARKR, BEKER K 184 MEZE (HIX ), fEEKA 34 KL EZKIE S
(47.62% ) %2021 4F (46.46% ) AP,

40000 - O%F—EE OZS561E

35000 | 4304

30000 |
&2 25000
20000 -
Zaso00f | 4395 15030
= 10942

10000 7761

6231 6137 5588
5182
0 1 1 1 1 1 1
ES e TRRFIE PN T HA
FEx

1-14 2022 FhEEZSEAZE—EBNEASSA-HEERXRZH 6 MER
B (O ERHE S S R 2023) V.

2. BRAFERSHERA LT

HAJE SCI X [ PR B e SO R A M GE T HEdE , 2022 42 [ 2 38 e R E PR & 7R iR
SO, BB ZIER A, ke, B S AR, MRRRE, IEIRES,
THREAR, YRy, R e RHR MR E R 2E TS SRS E 25 SR
BLAREoT A B4 (36 1-45) .

& 1-45 2022 £FHEEEEREEEXRSHER

TS AR ThEEHR IS 507
kg g i?g;;& azwfze)mwu sp i(@g%& .Eﬁi%jﬂ;%)jc H
1 EX kS 11535 15.53 EXEs 5014 6.75
2 2 10657 13.78 IGRE2: | 4960 5.58
30| B EfESHSMER | 8890 19.48 2 4098 5.30
4 EEE 8494 14.94 Bypeg 2809 6.44
5 Il PR 2 2 8338 9.38 FORRLE 2730 4.80
6 HHEEA 8335 24.62 R 2632 6.62

BRI (P ERHES SR 2023) 2,

0@ HEBABARFEEIRIN. HEBSGECIEEA 2023 [R ] et hERRERORFEEBIZLNT, 2023.
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3. BRRAF T AUk =

HE WA DR, A UCETFE] 2021 ARARJR, TR E A2 E B A N BUBCR TE 800
TAeAn, Rl ielE 82 N GUEGE 550 T4y, BR2E A Dl S At 5 160 227 [ SR A b X (1)
L T2 2022 4 S 5520 E W B B B A NEUR Z R A 36 (290086 A ) . R
KA (152715 X)) . Ffd (150720 A ) . R (105265 A ) . HA (94063 N ) . &
(40122 N ). HRZ W (39939 A ). #:E (27950 A ). BEAH (16754 A ) FgivG =
(11880 A ) ™,

W CRE SR RS (2022)) %, ZPE 0 RAPERTEm, oIE2 A b 35 B 24
TERFELRE L, 2020—2021 2447, E7E 36 B 22 AR A T 2019—2020 “E4F 87 14.6%,
AR R A 2022 AFESEEITT P O ) R, 2021—2022 22 4F 7 55 [E #2
T FEHE NP EYAECAESEWAERE TR, S E R R 34.7% TR
30.6%, HNEABA RS —fi. H TSR ENATEHE, AT E 2= E
B 2 A T VG ) e 45 B 2 PR S A U O T AU I L b X AR S B R R A Y
(2023 HEEAEAL A ), AW AR 2020 47 il )5 6 A 2RSS, 2022 47
BRI R LG 2021 AESEKC IR EE IR T 23.4%, HrRAHIT (FKIE 84.9% ) Mg ( 7k
M 32.8% ) [AlLL 2021 AFAA B - Fh. AR “#A S5 MR, B0t B34 oy v [ 2 20 B Ak
BT, di 81.2%, AFHI L 16.6%, A7k 0.5% 1B 220 g P R AR
£ 10%~15%, 2022 FFEAHLL 2021 4F3EK T 21.8%,

FERA SR R BT T, Bl JLA2AAE, T E B A e B LMl Jr ) 32 31 H i [ 25
BRI, A5 E R & T H#5> STEM Ll B3 224 2800, (RO E, RS
B Lok, vEE . EE L ORI R R A DLEE STEM Ll FRTRL . k&R &,
A, ARG B o ok (6 1-46) o HAT, BARLIEE a0 AR S E
FNGTE N Ty 1) £ B Sl I PR R Bk B 2%, IR — e R EE F B8 1 XF STEM <53 B 2
FIRR, [ 7E— S SR AR U AT X B A A RS B, JF T RE S 2 B T P48 1 & i A
FIER PR

b B 2R 21 20k ), Il B A RO R BT, A 2000 AR
0.9 77 A INE] T 2019 4F1% 58.03 7 N, [, RIYAR a8 248 5 E g 2 1,
M 2000 A9 23.3% BEINE] T 2019 4510 82.5%. 2020 45, EIBRICZR AR AL FH e 1 55
FSIE &5 S 71 157 ) W2\ N I b/ < = YN AU I ES RSN € Tl by < - PN ES P S
R RBE K SRR X 2021 AR IR G /b, 2021 4F [l E ol 2= AR | o E T, ik

© PEAA. 2023 PEE AR BES KM [EB/OL ], htps:/cn.chinadaily.com.cn/a/202303/18/
WS641564€2a3102ada8h2342{d.html.

@ BRRMEE, PEIRAT, WA RFRIEDITE. PR RS R R (2022) [M]. deat: #haflE
SCHRIARAE, 2022



B—= FRERSE
#1049 TA Y,

F1-46 HEBFERFIZERBFHTUFMALL

FEP3 AR T BR 2 A M B A ) R T
B S RARE (222% ), TRESE (17.5%) . TREH (16.6% ). thakls
(9.6% ). PRI mFLE (9.1%)

LRI (27.3%), $F . HHRENLSHEEREE: (16.9% ). #2517
(14.0% ), TEESTEER (125%). B#584E (10.7%)
NICFHIEF Y (39.6%) . ARBIESIBEIE (324%) . G s Sitafly
(247% ). HESEIRY (22%) . E¥RMELE (1.1%)

T 2019—2020 TAE (4% ) BFE (14%) . ASREIE (9% ). B (8% ). 2R (7%)

SRR S, (41.8% ). f5EHEA (11.4% ). #a54k (11.0% ). TFHA
(9.6% ). BIEZA (6.9%). HRFYHIRE (6.4% )

B (iR B2 R ey (2022)) o

P! 2020—2021

JIlE-WN 2019—2020

W 2018—2019

BT | 2020—2021

U (2022 v B2 R UG ) S, 2020 47 ey B 2 2 2 o
KR A 33.9%, FLTE 2021 4R FFEERIF 3. BIRMIS £ Ay (2022 [
VAL I A ) TRTRE S, 2022 4 o LR HELBA A MO QUG P HH S 8.6%. 45
IS, ol [ 7 o Al 9 5 T AT 38

(Z) ERZRETF

1. B AR AL ) RurE iR

MR 5 F 60 0 e [ R R TR A A, 2021 —2022 4F, 3R FEI I 4 2R 8 S 263.66
ik, Hohh ENZ AP EE GER RIS 66.13 Tik, 1 25.08%. #% 2023 4
7H 31 H, ERZVMEIERSCHR IS IRy 2.19 K. FE3EFEMKCh 318.92 1k,
HHECAR Z P A VRS SCRYR IR DIRCN 1.33 Ik, R R8I0l 221.95 %k, 24
VEW SCHAF R J) o 2022 438 E 2 AU 2= 5 AR e o B ) R R RS 18 5C
33.74 J7k, 2021 AEMEIN 1.36 Tiks, WK 4.2%, EREGRUE, 3R E S SR E
PR & R R 18 SO RIS IEAE R

MG TR I R & RPHR G & 10 SR I G EdiE . 2021 —2022 SE 2P G %
WICHER R ZART 10 P2ERHINER 1-47 Fs . ZHU A0 SO0 N Fes 19 3 8k
SRER ) Tl . FRER R SRIER A . hEE2E,

O PEEEEL. PEYA B EE AR 2022 [ EB/OL ], hitps:/www.eol.cn/e_html/report/Osr2022/
content.shtml.

@ OLWAM. & B, W& 2023 4F B 2 3 [ EB/OL ] . hitps://epaper.gmw.cn/lx/html/2023-01/05/nw.
D1100001x_202301052—04.htm.
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R 1-47 2021—2022 EEZHTIEXHEESHIET 10 MEFER

SR AR () dITAERA IR | T IR %‘iﬁ%)‘i%l%ﬁ‘(k
LAl (%) () (%)
ALl 38854 4.28 118686 3.05
IR 5 A 38722 427 134412 3.47
2 38679 4.26 100831 2.61
HRE S TR 36584 4.03 71789 1.96
LA BTSN T 31776 3.50 87611 2.76
Jig 2 30003 3.31 42147 1.40
Hh A 26641 2.93 60797 2.28
H kA 25912 2.85 78345 3.02
I R 2 25188 2.77 50373 2.00
izl 22909 2.52 76613 3.34

BRI EER R, PN bRGT AR E 2023 4F 7 H 31 H,

2. R ARSRAR LI BT

e 160 1R v TR R R R ISR Y 2021 — 2022 2R AR R4 AR A L 2 i e Ak
1152.39 ks, HEMRIMEEATE SHIE30N 12.66 Tk, (5L 24.17%.

R4 [ P 2 048 A A | B2 A8 SRV I GETH RS, 2021 —2022 244
G T WAt e B AN SNV Y b Y S S o SN IR AN 7/ S SV K A BN 7
BiRbF SR IR S, A0S SCRIITE 600 55 LA L, o5 BT 2R A A8 SR LB 7 4.5%
DI (3R 1-48) o WiEF AR B A B3R 2 1 F R T SO MUV . H sh ik
AR EFRES TR, BTl AERESRIERHE, SAA0esCdE 1 TR,
o A 2B RS SR LB TE 6% L L (8 1-49) . FREIRIFSVEF RS A 5 3R 02
PR o> AR AR T LY 5T o

* 1-48 2021—2022 £ EIMIESELFMIEXHESHIET 10 MER

SR LIRS0 | ST FERRAAOE SR | BRI | R DK
(&) e (%) (&) (%)
EEE 774 5.62 291 0.38
e 723 5.25 221 0.31
Wy Tl 704 5.11 434 0.62
YERa 673 4.89 147 0.22
HHULT. 673 4.89 319 0.47
PR 5 IR R ] 654 4.75 559 0.85




F—E FRKRRGZR

spy LRI RFAIR IR | TR EREOOE SR | BEEIIIK | RS DK
(%) il (% ) (%) ()
A iR 578 4.20 417 0.72
G7/ea 544 3.95 215 0.40
DA B AL 465 3.38 286 0.62
SR LRERT L 432 3.14 224 0.52

Bl PERRGERGIE, TP HEFRETTHIN R 2023 45 7 7 31 H.

&R 1-49 2021 —2022 £ ZSIMESTTFMIEXRZHIET 10 MER

- Z MR FFAECE | NI FREAOR SR | BEIBIR | REEE K
(5) et (%) (%) (%)
BRI BTSN 14617 8.13 6231 0.43
B kA 13094 7.29 5966 0.46
HEHR S TR 11912 6.63 5982 0.50
1y Tl 11378 6.33 4688 0.41
IR A S IR 10802 6.01 4731 0.44
HPLET 7640 425 2131 0.28
BT 5881 3.27 3843 0.65
s 5467 3.04 986 0.18
RRL: 5391 3.00 1209 0.22
GIRFRBIRT L 4668 2.60 1711 0.37

BERE . P EEUR IR, PP ERGTIT I R EE 2023 457 H 31 H,

B SRR

AR, FREBARIITOK AW, FEbREm ) g, FNsAARRs. &
MGG BRI, PRSI E, WS RCR SR 5 I G 5F R R AR AN B 5
2022—2023 4, AARHIUR T — R85 GTHE S A OSCR, BRI KPR A 57
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Flom “[EARGREE" , FORDITE ST SUB A QIR A R 438" , NI 25 K
JEFRAERE “PREAL” o ATHLEMER 1A S AL 25~ E RHR AR B R, IF
S5 HAWRL - BOR GU A B ERT IR, 5 B AU T 79 Aok 1) BB AT S 0 R A R s DG T
W drm, DURRA R R e sl

—. VB

TEICAGU, WV R 22 R R A BA S LS VEE A TR L T CRNEO LI 5 2 IR R Tah 45
FTE LTI o DB RS 1 b B R 3R 1], S 1 3 3 b ELAT B A3 A B
AP R ES R K i =4k (3D ) FLHEZ], IR i ekl S AR R B &
TE LAk e SR AN ER IR | A WU TROIR I 250 CrpiR PR h R B0 B ke et If
R Tk A 3D AN TE R R m K a5 B . e M/ MR R RGT Rk
901 Micro-LED F1|[4, SZBLT 1080p 4l shar R a4 B R, R/ T MM
5 T 23 (IR RS A R BS F-28 e A, TFHR T CRDOE = i il 1 B B R
R,

PR e S, B EDE AR 2 E BN, A K AE T A . AR A
A5 bR B T 24 B e A BA G A, SEERTE SO A “/r B9k AR, RIRAE T
58 AEHIAE E Py H 2 R AT - W/RTEMBIS TS . W5 ITRE T IR WA . S0 A b
FF IR LR EAR A BN 55K . SRR B TR S BRI S, IR R
FE 14 WA T BB AR X B A 8 SR . 302t 3R R4 GORSe il S kI 4=
Brim i AR R, R A HAT RIS AR AR AR U SR, R SRR T S
HERME . XA AT S S A R AL, A R e AR
ARE, M SEGEEREA . TnT. By, AW B RISSH s A5 S S |12 (W N
Mo HFRHERS AT PN 36 FEAT IR A=A M0 - PUSiel . JUo RO b 55
YOG, BN T FOoRFIRRRSE, TREHEAFRZPARHaRERE, %R
Fy PR RE RS I D A S A R Y BRI . A e m Y EE T . sE AR IR P
FETRMEIER, XHENARARGEREAE T P R LA R = R e FAR I AR 0 & e B &
BHES R SE PR o B TR R AEAT RS . RUR, RN KRR, TERRE IS
JEoR T —Fp T T i S T g R R A R, ST B AR IR 25, o
T B A A IR RT . ZT R T R TS I, R
T R A AR R A T A TSR T )

A SRR 2 W TR 2 5 T B ) — R S I A, SRS E KR R R
7o 2022 4F, ERERFHEILAIE “FRASIRAIA SRS S E K. 8 H 12 H,
“FaSREEI LA E " IR A WEARLE 26.9 JK LAY LRI T A1k i 45.22 TR s
SREGY, RO IR T 23 4R AR 45 T1 iR S iR pg gt Al sk, O R ERRAE SRR



F-E ¥RERGR
Ui AR )y F I R R A R R e E LR

k=

TERRMRHIUE, Rl B A 2= 58 BT A (e AT BA B T —Fios ik [F) 28 R (e ——
JRRAE Coo Hiliho R —FRFRER AL, | Co FRIELET- 11 L3 C—C A
BN EESTE RN ARG . ORBRADEHGEON 0 2] 1 AR, XA DL E A
TR B TCH SRR B 71, EE B TFRE T — MM RIS 1. BZR A Co HAT R4
PRI 2E R E R, B HEE B e A AR D B B A5 ) S ) 75 R R, AR A ER
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1 Mathematics

11 Introduction

Mathematics is the basic subject which mainly studies on numbers and forms. It is vital to the
foundation of natural sciences. Mathematics has provided a precise language, strict method and new
research paradigm for scientific research. Looking back on the history of sciences development, it is
not difficult to find that almost all major discoveries were related to the development and progress of
mathematics. Mathematics is also an important theoretical basis for major technological innovation.
Many of our country’s “bottleneck” technologies are due to unsolved mathematical problems.

To implement the policy of accelerating the realization of high—level scientific and technological self—
reliance proposed by the 20" National Congress of the Communist Party of China, this study, under
the support and promotion of the “Discipline Development Leading Project” given by the China
Association for Science and Technology (CAST), the Chinese Mathematical Society has set up a special
research group to carry out a comprehensive study on the current development of mathematics in China
through expert discussions, mathematical journal biometric study, and expert interviews. This section
discusses the current situation of discipline development, makes an international comparison, thinks

about problems and challenges, and puts forward countermeasures and suggestions.

1.2 Latest Research Progress of Mathematics in Recent
Years

1.2.1 The importance of mathematics as a knowledge and tool has become

increasingly prominent

Today, mathematical science permeates almost every aspect of daily life and is an indispensable
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and important support for many research fields such as Internet search, medical imaging, computer
animation, numerical weather forecasting and other computer simulations, various types of digital
communications, business, military optimization, and financial risk analysis. For example, there are
still unsolved mathematical problems in general relativity, the mathematical description of black
holes and their rotation, and the Hilbert space operator provides a natural framework for quantum
mechanics. In addition, statistical research as a data science methodology has accelerated the
completion of human genome sequencing. The great challenges facing astrophysics depend partially
on advances in scientific computation and engineering. The rich data resources provided by satellite
clusters and large ground—based instruments require integrated analysis with statistical, scientific
and engineering calculations. Mathematics is an important theoretical basis of natural sciences, and
the interaction between mathematics and natural sciences provides tools and knowledge to promote
the development of natural sciences.

Mathematics, as the most universal tool and method, changes the way of scientific research, and
provides a new paradigm for scientific research through the intersection with computer science.
For example, emerging interdisciplinary disciplines such as computational fluid mechanics,
computational materials science, and econometrics have emerged. Scientific and engineering
computing can simulate physical processes that cannot be solved analytically and are difficult
to experiment with, such as tsunamis, climate, nuclear explosions, etc. Therefore, simulation is
recognized as the new paradigm of scientific research after experimental and theoretical reasoning.
The analysis and use of big data is becoming an important means of scientific discovery, known
as the fourth research paradigm after experiment, theory and simulation. The development of
mathematics has promoted the emergence of data science and has become the theoretical basis and

methodological means that big data analysis must rely on.

1.2.2 High-quality development of mathematical scientific research in the new era

At present, China has formed a multi-level collaborative innovation system of “government—
universities—scientific research institutions—societies—journals—awards” in mathematics.
The 5 societies relevant to mathematics are Chinese Mathematical Society, China Society
for Industrial and Applied Mathematics, Operations Research Society of China, Systems
Engineering Society of China, and Chinese Association for Applied Statistics. There are
9 relatively high-level journals of mathematics in China include Acta Mathematica Sinica,
Science China Mathematics, Acta Mathematica Scientia, Chinese Annals of Mathematics,
Peking Mathematical Journal, Communications In Mathematics And Statistics, CSIAM
Transaction on Applied Mathematics, Mathematica Numerica Sinica, Journal of the

Operations Research Society of China, etc.
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By examining the development of mathematics research and the scale of output in recent
years, we can focus on 4 important mathematical journals. These include the Annals of
Mathematics, Journal of the American Mathematical Society, Inventiones Mathematicae and
Acta Mathematica. These have great influence in the mathematical community, although they
can not cover all the important fields of mathematics, they are recognized internationally to
reflect the mathematical research level of the research object to a large extent. From the output
data of these four journals, from 2001 to 2005 and from 2006 to 2010, the number of Chinese
publications was 13 and 21 respectively, accounting for 2% of the total number of publications
of the four journals. From 2011 to 2015 and from 2016 to 2020, the number of Chinese
publications of the four journals of mathematics increased to 44 and 39. The proportion of the
total number of papers published in the four major journals increased to 5%, an increase of 3
percentage points compared with the previous two periods, indicating that the number of papers
published in China’s top mathematical journals in the past ten years has significantly improved

than before.

1.2.3 High-quality development of mathematics science popularization in the new

era

In recent years, we have promoted the popularization of mathematical science and the cultivation
of mathematical culture in different ways. Taking the Chinese Mathematical Society as an example,
the society has actively innovated ways to popularize science, spread mathematical culture, and

improved scientific quality.

1.3 Comparison of Research Progress in Mathematics
Domestically and Abroad

Since the 18" National Congress, the level of mathematics research has been steadily improved.
According to the statistics from WoS (Web of Science), since 2019, the total number of mathematical
papers issued in China is more than that of the United States, ranking first. However, in the four top
mathematical journals recognized by the global mathematical community, the number of publications
in the United States is still the first, followed by France, Germany and the United Kingdom, China
ranks the fifth. In terms of paper output efficiency, China also ranks the fifth, with an output
efficiency of 4.21% from 2011 to 2020. Here the output efficiency of important journals refers to

the share of the number of papers in important journals published in a country to the total number
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of papers published in that country@. In addition, the citation impact index of China’s mathematics
discipline standardization is 1.03, ranking 10" in the world and exceeding the average.

The development of mathematics at home and abroad can also be viewed from the International
Congress of Mathematicians (ICM). The International Congress of Mathematicians is the largest
and most important conference in the international Mathematical community sponsored by the
International Mathematical Union (IMU). The conference is an international conference for
mathematicians to exchange mathematics, demonstrate and discuss the development of mathematics.
It is the grand meeting of the international mathematical community. The conference is held every
four years. Presentations are divided into one—hour presentations and 45—minute presentations. It
is a high honor to be invited by the General Assembly to give a one—hour or 45—minute presentation
From 2010 to 2022, 195, 211, 238, and 226 people gave presentations respectively, including
20, 20, 22 (21 sessions), and 175, 191, 216, and 205 people who gave 45-minute presentations.
According to the statistics of the nationalities of the scientists who gave presentations at the four
mathematical congresses, the top ten are: 301 people from the United States,124 people from
France, 58 people from the United Kingdom, 50 people from Germany, 34 people from Israel, 33
people from China, 29 people from Canada, 26 people from Russia, 25 people from Japan and 25
people from Switzerland. Among them, the United States ranks first with a global proportion of about
34.6%. China ranked sixth, with about 11 percent of the number of speakers in the United States
and about 3.8 percent of the world’s total. In the four conferences, the United States ranked first in
one—hour speeches, and the number of speakers fluctuated but remained flat; China had only one
one—hour speaker in 2010 and one in 2022.

In short, the development of Chinese mathematics has made many breakthroughs, but at this stage,
there is still a gap of mathematical strength between China and the world’s first—class countries,

facing the transformation from a big country to a strong one.

1.4 Development Trend

Looking forward to the future of mathematics, we aim to build a strong country in mathematics,
train international mathematics masters, and put forward mathematics problems with high
international attention. In the field of mathematics, can China open up new topics, new directions

and new branches that can lead the future of international mathematics? Can a Chinese School be

(@D The definition of important journal data in this book: Refer to the international journals in the Classification
of Mathematical Science and Technology Journals of the Chinese Mathematical Society (2020 edition) T1, and the

comprehensive, high-level journals recognized by the academic community.
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formed? Can we cultivate and build mathematics awards and competitions with a high international
reputation? These are worth thinking about and looking forward to.

First, the development of global mathematical science shows an obvious trend of inter—crossing
and interpenetration among various branches of disciplines. On the one hand, there are many new
knowledge growth points between the branches of mathematics. On the other hand, the extensive
cross—integration of mathematics with natural science and engineering technology provides
important support for aerospace, national security, bio-medicine and other fields. It is hoped that
the quantity and quality of high—level mathematical papers in China can be further improved in the
future, and the internationally influential Chinese mathematical journals and mathematical science
popularization brand activities (such as IDM) can be continuously developed and consolidated, so as
to improve the overall level of mathematical research and science popularization in China.

Second, China’s mathematical research will maintain a rapid development trend during the
“l4th Five—Year Plan” period. In the field of basic theory, it is hoped that a certain number of
Chinese mathematicians will become leaders in mathematical research, make China one of the
countries leading the development of international mathematics, continue to train and bring up
some young mathematicians with global competitiveness, and hope that local mathematicians will
make breakthroughs in the Fields Medal, Wolf Prize and other internationally famous mathematics
awards as early as possible; in the field of practical application, mathematicians will continue
to be encouraged to care about practical problems, undertake and solve the country’s major
urgent problems, promote the rapid transformation of China from a mathematical big country to a
mathematical great power. They will promote the research of key mathematical problems in science
and technology which are related to national defense and people’s better lives.

The third is to look forward to more science and technology policies to support the development of
mathematics. Until today, China has formed a top—down policy environment from the three levels
of laws and regulations, policy measures and industry norms, and constantly improve the system
mechanism in mathematics evaluation, discipline layout, ethics and other aspects, creating and
consolidating the cultural atmosphere of the whole society to respect mathematicians and attach
importance to mathematical research. The future development of mathematics must be a strategic
basic discipline that matches the overall development of science and technology in the country
and is coordinated with the development of national science and technology policies, laws and
regulations. It is necessary to put an end to short—sighted policies that rush for quick success and
short—term benefits, and to have concentrated efforts to do major things. It is expected that more
policies conducive to the development of mathematics and the cross—application of mathematics will

be introduced and implemented.
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2 Advanced Scientific Instruments
and Equipments for Integrated Circuits

Instrumentation and equipment serve as the “tools” for people to understand and transform the
world within a technological society. They are not only the outcomes of technological innovation but
also the foundation that supports the progress of technology. The theoretical prototypes of advanced
instrumentation typically originate from physics, and through integration with fields such as
electronics, automation, and software, they form systems that can be applied in cutting—edge areas
such as materials science, chemistry, biology, and integrated circuit (IC) manufacturing. The demand
for advanced scientific instruments is growing, but the market is largely monopolized by foreign
enterprises, leading to a “bottleneck” issue in domestic technology. Particularly in recent years,
the IC industry has become one of the key areas of economic and trade disputes between China
and the United States. Advanced instruments and equipment are closely related to the IC industry.
To develop an independent and controllable IC industry, China has increased its investment and
determination in the research, development, and industrialization of domestic instruments and
equipment. Meanwhile, the United States has implemented strategic restrictions on the export of
advanced manufacturing and testing equipment. This has intensified competition hetween the two
countries in the field of IC equipment, creating a “Cold War” of science, technology, and trade.

The development of disciplines related to advanced scientific instruments and advanced IC
equipment, and the progress of their industries, are mutually reinforcing and interdependent. In
this era of globalization, advanced IC products rely on advanced manufacturing equipment, and
mastering the technology of advanced instruments and equipment has become a significant reflection
of a country’s comprehensive strength and strategic competitiveness. The development of advanced
instrument and equipment technology cannot be separated from a favorable scientific research
environment and professional technical talent. Ultimately, in this competition, the cultivation of

talent and the capacity for scientific research and technology are closely related to the development
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of disciplines related to advanced scientific instruments and advanced IC equipment. Addressing
the current challenges faced by the discipline, such as talent shortages, weak basic research, and the
disconnection between industry, academia, and research, will promote the high—quality development
of the discipline and greatly enhance the overall strength and international competitiveness of
China’s IC industry. This concerns not only national security and scientific and technological
progress but also promotes global scientific cooperation and benefits human society.

Based on the classification of IC manufacturing equipment and the technological progress of
advanced instruments, we provide a concise description of the core technologies and corresponding
research progress in front end of line (FEOL) and back end of line (BEOL) equipment, respectively.
We analyze the technical characteristics, development trends, and core technical challenges,
and point out the domestic and international development status of related technologies and the
technical bottlenecks faced by China. FEOL equipment primarily includes photolithography
machines, etching machines, coating equipment, ion implantation equipment, cleaning equipment,
heat treatment equipment, CMP equipment, and measurement equipment. BEOL equipment mainly
includes thinning equipment, wire bonding equipment, flip—chip bonding equipment, electroplating
equipment, wafer bonding equipment, sorting equipment, dicing equipment, test machines, and
probe stations.

In terms of the global development and competitive landscape, the IC equipment field generally
maintains a high growth momentum, especially for equipment that is automated, intelligent, and
efficient. This provides foundational support for the rapid growth of the IC industry under the drive
of Moore’s Law. However, there is an inversion in the consumption and production of IC equipment,
with the development of China’s IC industry facing a significant “shortcoming” in the equipment
segment, which has become an important hidden danger affecting industrial safety and the stability
of the industrial chain. Looking at the leading companies in the global IC equipment industry, the top
giants have absolute control capabilities within the industry and have become the dominant forces in
determining the technological direction of industry development. However, due to the multi—process,
high—precision, and high-reliability requirements of IC manufacturing, driven by specialized
division of labor, small and medium—sized enterprises have gained certain competitiveness in some
niche areas. This also provides an “opportunity window” for the development of China’s IC industry,
which is in the stage of catching up from behind.

Scientific research cannot proceed without the support of disciplines related to Advanced
instruments and equipment. In the context of IC research, we have primarily analyzed the
instruments and equipment used for manufacturing nanoscale devices and exploring new materials
and phenomena. This involves instruments designed based on various physical principles such as

photon, electricity, magnetism, and force, as well as trends in related technologies. The equipment
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includes electron beam lithography systems, magnetic measurement devices, atomic force
microscopes, high—frequency electronic instruments, X-ray devices, pulse laser deposition (PLD),
and molecular beam epitaxy (MBE). We discuss the potential application of scientific research
instruments in the IC industry and analyze the future trends of scientific instrument technologies in
IC applications.

The application of scientific equipment in the IC field is a significant factor in promoting industrial
upgrading and serves as the “maternal technology” driving the development of IC equipment.
Therefore, it is a crucial element in analyzing the development and technological research
of the equipment industry. There are clear differences between traditional IC equipment and
scientific instruments in terms of functionality, design, performance, and application areas. In
terms of functionality and application, traditional IC equipment is mainly used for large—scale
manufacturing processes, such as lithography machines and vapor deposition equipment, while
scientific instruments are used in scientific research and laboratory environments, such as atomic
force microscopes and Raman spectrometers, for exploring new materials and phenomena. In design
and manufacturing, traditional IC equipment focuses on engineering needs to meet large—scale
production, while scientific instruments are more flexible to adapt to diverse research objectives. In
terms of performance and precision, IC equipment needs to ensure consistent product quality, while
scientific instruments must provide high—resolution measurement and analysis. As for automation,
traditional IC equipment is highly automated in the production process, while scientific instruments
usually emphasize the flexible operation by researchers.

From the perspective of the development process of IC equipment technology, the advancement
of traditional IC equipment has been inseparable from the influence and inspiration of scientific
equipment. With the rapid development of information technology, integrated circuits, as the
core of modern electronic products, have become increasingly complex in manufacturing and
research. The use of advanced scientific instruments has provided the IC industry with more precise
measurement, analysis, and control methods. Especially in the research and development of the
next—generation integrated circuits, scientific equipment has significantly propelled technological
progress in the industry, helping to ensure the performance and quality of integrated circuits and
promoting technological innovation. The potential applications of these scientific instruments in the
IC manufacturing process encompass process research, quality control, and fault analysis, playing
a vital role in improving production efficiency, reducing costs, and optimizing product performance.
Although the scientific instrument industry is not large in scale, its role in the overall development
of the IC industry is crucial. In the early 1990s, the U.S. Department of Commerce’s National
Standards Bureau issued a report stating that the total output value of the instruments and meters

industry accounted for only 4% of the total industrial output value, but its impact on the national
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economy reached 66%. With the continuous advancement of technology, the application of scientific
instruments in the IC industry will continue to evolve, bringing new opportunities and challenges to
the industry’s development.

Instruments empower human beings to observe and transform the world, giving rise to the birth
of new fields and technologies. The innovative development of instruments and equipment is
essential for the sustainable progress of science and technology. It not only caters to the needs
of various industries but also allows scientists to explore the unknown, significantly promoting
the advancement of human civilization. Advanced instruments and equipment represent the
crystallization of interdisciplinary and multidisciplinary basic research, as well as cutting—edge
engineering technology. However, China’s development in the field of IC equipment is relatively
insufficient, with gaps existing in basic research and key technology areas. Hence, it is imperative
to support industrial technology accumulation and strengthen basic research while constantly
embracing cutting—edge engineering technology to bridge these gaps.

China is grappling with a scarcity of talent in the field of advanced instruments and equipment,
particularly in the cultivation of top—tier talent, which requires substantial time and investment.
There is a discernible discrepancy between the quality and quantity of talent trained domestically
and that trained abroad. A significant challenge exists in the siloing of academic disciplines, with a
particular shortage of foundational disciplines. The advanced instrument industry is characterized
by long production cycles and a limited ability to attract talent, both of which impact the size
and composition of the R&D talent pool. Consequently, there is an urgent need to bolster the
development of relevant disciplines and expedite the training of high—demand, high—level talent to
underpin China’s aspirations to become a manufacturing and scientific powerhouse. To this end, it is
imperative to encourage collaboration between universities, enterprises, and investment institutions
to foster industrial incubation and enhance the cultivation of scarce talent.

Advanced instruments and equipment are instrumental in driving scientific and technological
innovation and national development. While China faces challenges in this domain, it also
encounters tremendous opportunities. By observing the development of the IC industry, it is evident
that government—led technology alliances have been pivotal in swaying the geographical competition
of the IC industry at various stages. Examples include Japan’s VLSI Program, the United States’
SEMATECH, and other technology development alliances. In light of this, China should enhance
top—level planning and establish its own technology alliance to navigate and capitalize on the
opportunities in this field.

Furthermore, China should maintain strategic focus and persist in promoting the development
of independent and controllable advanced instruments and equipment. The 1C industry chain

requires significant investment and has a long payback period, necessitating continuous dedication
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and financial support. It is essential to reinforce the industry chain, prioritizing autonomy and
control over immediate commercial gains. The advancement of IC equipment should outpace IC
manufacturing by three to five years, with due attention given to forward—looking layout strategies.
The development of EUV stepper, for instance, has spanned 20 years from the initial stages to
another 20 years for mass production, underscoring the need for sustained investment support. We
should leverage cutting—edge applications as a driving force, integrate the upstream, midstream,
and downstream industries, enhance the stability and competitiveness of the industrial chain, and
prioritize the establishment of an independent intellectual property system.

Assessing the recent development and technological trends of China’s advanced scientific and 1C
equipment, it is evident that China’s strength in scientific and technological innovation is on the rise.
However, the market for advanced scientific and IC equipment remains predominantly controlled
by foreign firms, posing a ‘stranglehold’ risk to domestic scientific endeavors and impeding the
development of disciplines related to China’s advanced scientific and IC equipment. It is imperative
to acknowledge the strategic role of high—end scientific instruments in driving scientific and
technological innovation and national economic growth. We must prioritize talent cultivation, refine
scientific research system guidance, enhance policy support, and expedite the development of
disciplines related to scientific instruments in order to achieve self-reliance and reduce dependency

on foreign technologies.

3 Chemistry

The field of chemistry, as a fundamental discipline that investigates the properties, composition,
structure, and dynamics of matter, serves as a primary tool for humanity to comprehend and
manipulate the material world. It plays a pivotal role in addressing sustainable development
challenges encompassing resources, information, environment, life sciences, and health. This section
summarizes the achievements of Chinese chemists in scientific research and education in the past
four years, covering six major branches of chemistry: physical chemistry, analytical chemistry,

inorganic chemistry, organic chemistry, polymer chemistry, and chemistry education, as well as
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the latest developments in interdisciplinary fields such as nuclear chemistry and radiochemistry,
chemical biology, public safety chemisiry, environmental chemistry, organic solid chemistry,

molecular medicine, energy chemistry, and combustion chemistry.

3.1 Physical Chemistry

Physical chemistry is a discipline that investigates the behavior, properties, and laws of chemical
systems by employing physical principles and experimental techniques. The frontier of physical
chemistry research internationally focuses on developing advanced in-situ characterization
techniques, deepening understanding of the structure, processes, and mechanisms of chemical
systems, establishing new theories and insights, and realizing rational design of materials at the
atomic and molecular levels. Since 2020, China’s research in physical chemistry has entered an era
characterized by continuous breakthroughs through deepening comprehension of chemical systems,
with deepening understanding of chemical systems and the emergence of new theories, concepts,
and technologies.

In the field of chemical thermodynamics, Chinese scientists have proposed new concepts such as

EEINTS

“spatiotemporal phase—change materials” “acidity heterogeneity in solutions” and “generalized
excess spectrum”, established quantitative measurement methods of ionic liquid ionization rate,
new methods of characterizing thermal conductivity and interface thermal resistance of microscale
materials with Flash DSC, and technologies for measuring thermal effects of chemical processes
under extreme conditions.

China has achieved international leadership in chemical dynamics and kinetics. In the field of
gas phase reaction dynamics, the quantum interference mechanism and geometric phase effect
of important series of elementary reactions related to H, have been revealed, providing a new
perspective for understanding the quantum effects in chemical reactions. In the field of cluster
structure research, a new method using VUV free—electron laser light source—high resolution
tandem mass spectrometry has been developed, providing a new technology for solving protein
structure. In research of ultrafast dynamics of carrier in energy materials, a number of new
femtosecond spectroscopy technologies have been developed, revealing the microscopic mechanism
of energy transfer and charge transfer process of quantum dots, perovskite solar cells and other
systems, realizing the rational design and performance optimization of energy materials. In the field
of quantum computation and reaction dynamics, the construction of high—precision potential energy
surface using neural network algorithm is in the international leading position.

In the field of catalytic research, Chinese scientists have made significant contributions to the
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optimization of catalyst selectivity and catalytic activity by quantitatively describing, redefining, and
expanding important catalytic theories and concepts. Through deeper understanding of the essence
of catalytic action, they have successfully resolved the challenge of achieving high selectivity and
high catalytic activity simultaneously, while also developing various methods for high—throughput
screening of advanced catalytic systems. Furthermore, by integrating chemical processes with
biological engineering, they have achieved the catalytic preparation of high value—added substances
such as starch from CO,.

In the field of colloid and interface chemistry, Chinese scientists have enhanced their comprehension
of the influence on the properties such as chirality, catalysis, and assembly of of micro— and nano—
scale materials, and discovered the importance of nano—scale curvature matching for chiral transfer.
They proposed the concept of “emulsion droplet fixed—bed catalysis”, which solved the difficulties
of immobilization and continuous use of enzymes, coenzymes, and homogeneous catalysts. They
established molecular self-assembly in the solid—phase, and realizing the leap of molecular self-
assembly from solution dispersion system to macroscopic continuous material.

In the field of electrochemistry, Chinese chemists have integrated advanced electrochemical
research methods with theoretical calculations to demonstrate that changes in chemically adsorbed
water coverage with potential contribute to a negative capacitance of the electrochemical interface.
This finding expands our understanding of the classical double—electric—layer model for the
electrochemical interface. Additionally, they have elucidated that the hydrogen bond network within
the double—electric—layer may serve as a source for pH effects in the electrochemical hydrogen
evolution reaction, providing a novel explanation for previously controversial issues in this field.

In the field of green chemistry, Chinese scientists have developed a series of advanced chemical
processes aimed at achieving non—toxicity, harmlessness, waste reduction and maximum atomic
efficiency. They have promoted the utilization of waste plastics as resources, designed a new green
pathway for vitamin K3 production and achieved China’s transition from import dependence to
becoming a leading producer of caprolactam.

In the field of biophysical chemistry, Chinese scientists have elucidated the physical and chemical
mechanisms underlying various biomolecules in vital processes, while also pioneering novel
technologies and methodologies for advancing biophysical chemistry research. These contributions
have significantly bolstered China’s global standing and influence in this domain. Furthermore,
they have independently developed SPONGE, a high—performance molecular dynamics simulation
software that serves as an invaluable theoretical research tool and platform for investigating
biophysical chemistry.

In the field of theoretical and computational chemistry, Chinese scientists have successfully

developed and integrated mobile robots, chemical workstations, intelligent operating systems, and
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scientific databases, and have developed a data—intelligence—driven full-process robot chemist,
demonstrating the enormous advantages of a new intelligent paradigm guided by the “strongest

chemical brain”.

3.2 Analytical Chemistry

Analytical chemistry is the scientific discipline that investigates the chemical composition, content,
structure, and form of substances, serving as a crucial pillar in science and technology advancement.
From 2020 to 2023, China has consistently demonstrated robust progress in bioanalysis and sensing
research. Continuous advancements have been made in areas such as single molecule and single
cell analysis, in vivo bioanalysis, functional nucleic acid—based bioanalysis, nano bioanalysis, and
there has been a steady increase in the publication of research papers in top—tier international
journals. China’s chromatography research has achieved remarkable breakthroughs encompassing
sample pretreatment techniques, chromatography stationary phase and column technologies,
multidimensional and integration strategies, as well as complex sample separation and analysis
(including proteome analysis, metabolome analysis, traditional Chinese medicine group analysis),
making important contributions to the development of life sciences, precision medicine, new drug

creation and public safety.

3.3 Inorganic Chemistry

In the field of inorganic chemistry, China has made outstanding achievements in the construction,
regulation and application of framework materials such as COFs/MOFs/HOFs; engineering and
performance of cluster/functional complex crystal; assembly and properties of supramolecular
crystalline compounds; structural design, growth and performance of functional crystalline materials;
preparation, structural regulation and performance of low—dimensional crystalline materials; and
synthesis, structure and performance of other crystalline materials. Chinese scholars continue to
take the lead in the research of COF/MOF/HOF materials. The research focus has shifted from
precise analysis of crystal structures and discovery of novel structures to exploring the structure—
activity relationship and industrial applications of crystalline compounds. Many high—quality
achievements have emerged in the fields of high efficiency/high selectivity adsorption/separation,
high efficiency and high selectivity catalysis, high efficiency luminescence and high sensitive

photoelectric response, fuel cells/hydrogen energy/energy storage and so on. In the high purity
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separation of chemical materials and efficient storage of hydrogen/ammonia, MOF/COF materials
have made further breakthroughs, which is expected to promote the development of China’s fine
chemical industry and new energy industry. In addition, significant advancements have been made
in the exploration of crystalline compounds such as coordination polymers and inorganic non—
metallic compounds, the synthesis of low—dimensional crystalline materials, and the functional
group arrangement within crystalline materials. These achievements demonstrate promising
applications in areas including new energy, quantum information, life sciences and healthcare, as
well as national defense and security. In the field of molecular sieve research, Chinese scholars
have achieved a series of important breakthroughs in synthesizing novel molecular sieve topological
structures, developing advanced analysis and characterization techniques for molecular sieves,
as well as applying molecular sieve catalysis and adsorption separation methods. Based on
major national demands and the forefront of rare earth science and technology research, we have
conducted investigations in four directions: green separation chemistry and purification processes
for rare earth elements; advanced functional materials incorporating rare earth elements; structural
materials involving rare earth elements with sub—microstructure regulation capabilities; chemical
biology studies related to rare earth elements along with nano biomaterials development. Substantial

progress has been made in these areas.

3.4 Organic Chemistry

In recent years, China’s organic chemistry has made great progress, has approached and reached
the international advanced ranks, and some areas have made leading research achievements.
Numerous original ligands have been successfully developed, enabling efficient and highly selective
transformations of a wide range of organic chemical reactions. These ligands are widely utilized
by scholars and enterprises worldwide for academic research and industrial production. Notable
examples include Zhou’s catalyst, Feng’s ligand, and the Ullmann—Ma reaction. Chinese chemists
emphasize the originality and systematic approach in their work, proposing innovative concepts and
strategies. A number of distinctive and influential chiral ligands and catalysts have been developed,
reaching the international leading level in some research directions. Furthermore, remarkable
achievements have been made in China’s organic chemisiry regarding the synthesis of important
bioactive natural products, creation of novel structures, and discovery of new functions. For instance,
natural product chemistry has gradually merged with chemical biology to explore small molecular
biological functions within new structures as well as discover new targets, drugs, materials, and

environmentally friendly bulk chemical manufacturing.
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3.5 Chemistry of Polymers

The year 2020 marks the centennial anniversary of polymer science’s birth. Over the past four
years, China has witnessed continuous advancements in polymer science research, with a growing
emphasis on cross—disciplinary integration. Notably, significant progress has been made in
biomedical polymers and optoelectronic functional polymers, leading to breakthroughs in treating
major diseases using polymer materials and organic photovoltaic materials. Furthermore, remarkable
original research accomplishments have emerged in polymer synthetic chemistry, particularly
within olefin coordination (co)polymerization, ring opening (co)polymerization, sulfur—containing
polymer synthesis, and closed recyclable polymers. Additionally, several new catalysts (systems)
with independent intellectual property rights have been developed; some are currently undergoing
industrial transformation. These advancements lay a solid foundation for the production of high—end

and high—performance polymer materials in China.

3.6 Chemistry Education

Chemistry education plays a pivotal role in fostering scientific literacy and critical thinking,
promoting environmental conservation and sustainable development, enhancing health and safety
awareness, as well as instilling scientific and social ethics. From 2020 to 2023, Chinese chemistry
educators have made significant strides in advancing the curriculum reform of fundamental
chemistry education, cultivating highly skilled secondary school chemistry teachers, and elevating
the teaching quality of tertiary—level chemistry education.

China has revised and released the chemistry curriculum standards for general high school,
chemistry curriculum standards for compulsory education and four versions of high school
texthooks. In terms of curriculum materials research, in terms of texthook content analysis, Chinese
scholars have deeply explored the knowledge structure, teaching objectives and learning content
of textbooks. In terms of textbook design and evaluation, Chinese scholars have systematically
analyzed the principles and methods of textbook design, evaluated teaching strategies, learning
activities and organizational structure. The relevant research results provide guidance for textbook
design and improvement, and promote textbook innovation. In terms of teaching design research,
they have further deepened the structure and connotation of chemical subject ability literacy, and
systematically developed assessment tools such as scientific ability test, chemical subject ability

evaluation, and scientific attitude evaluation. In terms of student learning research, researchers have
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carried out brain science and brain cognition research, subject understanding research, scientific
demonstration, scientific thinking and scientific identity research, modeling ability evaluation,
experimental innovation, and gamification teaching research. By studying the process and
characteristics of students’ understanding of science and chemistry concepts, they have revealed
the chemical concept structure and learning mechanism in students’ minds, and provided ideas and
approaches for optimizing teaching. In terms of interdisciplinary practice research, researchers have
carried out in—depth research and practice of project—hased teaching and deep learning, and have
deeply explored the teaching practice to promote the development of core literacy and chemistry
core literacy. In terms of information technology research, researchers have carried out middle
school chemistry experiment research by means of implementing modern technical means such as
handheld technology digital experiment, sensor, information technology, photography technology,
and visualization technology. The design and development of chemistry educational games can
provide support and guidance for teachers, and promote the innovation of chemistry education and

the improvement of teaching effectiveness.

3.7 Interdisciplinary Subjects

3.7.1 Nuclear Chemistry and Radiochemistry

In the past three years, the overall level of basic studies on the terrigenous elements has been
significantly improved by Chinese scientists, and major breakthroughs have been achieved in the
theoretical chemistry of super plutonium elements, the synthesis of terrigenous elements compounds,
and the cluster chemistry of terrigenous elements. The Cf—C bonding properties have been revealed
and the UV-vis—NIR spectra of terrigenous compounds have been accurately simulated. The
largest terrigenous—silver cluster [Th9Ag12] has been prepared by the induced decomposition—
recombination strategy. A number of advanced separation technologies and new methods for the
back—end of the nuclear fuel cycle have been developed. The protective—group that can accurately
match the coordination configuration of hexavalent terbium has been innovatively designed, and
the unconventional valence stabilization strategy of terrigenous elements has been developed. The
long—term stability of hexavalent terbium in aqueous solution and solid has been realized, and a new
strategy of safe, efficient, and green lanthanum—terbium separation has been derived, achieving the
best separation effect between hexavalent terbium and trivalent lanthanide reported so far in the

world.
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3.7.2 Chemical Biology

In the past four years, Chinese chemical biology research has witnessed a significant advancement,
with groundbreaking work conducted in the following pivotal and cutting—edge areas, leading
to remarkable accomplishments: (Defficient synthesis and assembly of biomacromolecules and
biological machinery encompassing protein ubiquitination, sugar biosynthesis, glycosaminoglycan
chemistry, DNA chromosomal features, and metabolic pathway construction; @in vivo regulation
of biomacromolecules and life processes through utilization of small molecule probes, bio—
orthogonal chemical reactions, and other innovative tools; (3)dynamic chemical modification
of biomacromolecules along with their labeling and detection within biological processes;
@ mechanistic elucidation of bio—macromolecular machinery as well as life processes; () target
validation and development of targeted compounds based on strategies derived from chemical
biology. These endeavors have exerted a profound international influence while attaining global

parity across most research domains alongside international leadership in certain directions.

3.7.3 Public Security Chemistry

The major of public security chemistry has made obvious progress in new theories, new technologies,
new materials and other aspects, and has made innovative contributions to national security, military
security, anti—chemical terrorism, chemical accident prevention, drug prohibition, emergency
response and other aspects. Notably progress has been achieved in the study of drug metabolism
mechanisms. The development of rapid, accurate and intelligent detection technologies for
hazardous substances has been emphasized, and novel technological breakthroughs such as single
hair micro—segment drug detection, sewage—hased drug monitoring systems and explosive safety

detection methods have been preliminarily implemented.

3.7.4 Environmental Chemistry

In the past three years, Chinese scholars have carried out a large number of internationally advanced
researches in the field of environmental chemistry. The researches in the following aspects have
attracted extensive attention both domestically and internationally: identification of novel pollutants
through non—target analysis technology, pollutant traceability using stable isotopes, elucidation of air
pollution mechanisms, development and synthesis of new materials for water pollution control and
soil remediation, assessment of quality and safety in agricultural products, as well as investigation
into environmental toxicology and pollutant—related health effects. Several research domains have

assumed a pioneering role in the world.

288



234

2022—2023 R K EIR S 5SS

3.7.5 Organic Solid

Since 2020, there has been a rapid development trend worldwide in the field of organic solids.
Currently, the overall performance of organic light—emitting diodes continues to optimize and has
been widely used in the field of display. The key performance indicators of organic photovoltaic and
thermoelectric materials are steadily improving, surpassing conventional limits on energy conversion
efficiency for molecular materials. High mobility organic semiconductors have gradually achieved
coupling regulation between mechanical and electrical functions, resulting in stretchable and
repairable intelligent organic field effect transistors. Breakthroughs in organic bioelectronics and
single molecule technologies are revolutionizing human—machine interfaces and molecular circuits,
fostering new interdisciplinary growth points. Notably, China has made remarkable progress in the
field of organic solids by achieving pioneering research accomplishments in high—performance

molecular design, multi-scale molecular assembly techniques, and device function regulation.

3.7.6 Molecular Medicine

Molecular medicine research encompasses the molecular—level investigation, diagnosis, treatment,
prevention, and mechanism exploration of diseases. The crux lies in the identification, design, and
application of molecules capable of specifically targeting diseased cells and disease markers to
significantly enhance the accuracy of disease detection and treatment efficacy. Major pharmaceutical
companies in Europe and the United States have acquired a substantial number of pivotal core
patents in monoclonal antibody research field, which has caused Chinese pharmaceutical companies
to be at a competitive disadvantage in monoclonal antibody drug research and development, facing
huge barriers and difficult to break away from the status of followers. In view of these factors,
Chinese scientists have exerted tremendous efforts and achieved a series of original research
breakthroughs. From 2020 to 2023, numerous cutting—edge innovations have emerged in China’s
molecular medicine research domain encompassing single—cell protein mapping based on nucleic
acid aptamer sequencing technology, molecular diagnostics and therapeutics techniques, nano

biomedicine advancements as well as in vivo bioanalysis.

3.7.7 Energy Chemistry

Energy chemistry uses chemical principles and methods to study the basic laws of energy
acquisition, storage and conversion, laying a foundation for the development of new energy
technologies and playing an important supporting role in the development of energy science. In
the past three years, Chinese scholars have made a series of breakthroughs in the basic science

and engineering application of energy chemistry. Fiber lithium—ion batteries, synthetic synthesis
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of carbon dioxide to starch and in situ direct electrolysis of seawater for hydrogen production have
been selected as the top ten scientific progresses in China. They have attracted great attention
from academia and industry, and greatly promoted the dissemination of basic knowledge and the

development of energy chemistry.

3.7.8 Combustion Chemistry

Combustion chemistry is a multidisciplinary subject that faces the needs of major national strategies.
The development of combustion chemistry for advanced power equipment is of great significance
for breaking through the barriers between basic research and engineering applications. Chinese
scientists have made significant progress in the fields of hydrocarbon fuels, combustion dynamics
simulation, combustion mechanisms, and engineering computing software and databases in the field

of aviation power.

4 Water and Environment

41 Introduction

The water environment is a general term for the environment in which water bodies in various layers
of the Earth’s surface system are located. The discipline of water environment is a discipline that
studies the characteristics, evolution laws, mechanisms, and regulation theories, methods, and
technologies of water environment systems. According to different research objects, the discipline
of water environment can be divided into lake environmental science, river environmental science,
groundwater environmental science, and urban water environmental science; according to different
research purposes, it can be divided into water environment monitoring, water environment
evaluation, water pollution control, water environment management, and water ecological protection.
In recent years, the quality of water ecological environment in China has been continuously

improving, and significant achievements have been made in water ecological environment protection.
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Water environmental science has shown new development trends in theory, methods, technology,
and other aspects. In theory, sustainable development theory has become a guiding ideology
for studying the water environment. Traditional disciplines such as hydrology, hydrodynamics,
hydrochemistry, environmental hydraulics, and water pollution treatment intersect deeply with
ecology, economics, and other disciplines. Methodologically, water environment science integrates
multiple water environment elements and conducts research on river basins and regional systems. In
terms of technology, interdisciplinary and organic integration of existing professional technologies,
high—tech is continuously applied in the field of water environment, and emerging technologies such
as artificial intelligence and big data are constantly being applied in the field of water environment,

greatly improving the depth and breadth of research in water environment science.

4.2 Recent Research Progress in the Discipline of Water
Environment

In recent years, major progress has been made in the water environment discipline in the areas
of water—quality and water—ecology evaluation and environmental benchmark and criteria
establishment, water treatment theory and technology, and lake governance theory and technology,
as briefly described below.

(1) The control object pays more attention to the identification and control of new high-risk
pollutants and the synergistic control of compound pollutants. The types of pollutants in the water
environment continue to increase, new pollutants continue to emerge, and the characteristics of
compound pollution are increasingly prominent. Focus on conventional single pollutant in the water
environment pollution formation mechanism and control principles, has been unable to meet the
increasingly complex water environment pollution management needs. Therefore, the identification
of new high-risk pollutants, microscopic transformation mechanisms and control principles, water
quality standards set the basic theory, the theory and technology of synergistic control of complex
pollutants has become the main direction of development of the discipline of water environment.

(2) Control objectives pay more attention to water ecological protection and restoration and water
ecological health protection. In China, water environment management goals have been cut from
conventional pollutant emissions to improve the quality of the water environment, water ecological
protection and restoration and water ecological health security development. Therefore, water
ecological restoration and safety and security theory and technology system, water ecological health
evaluation theory, methods and technology has become the new development needs.

(3) The control means pay more attention to the new theory and technology of pollution reduction



=5 EXFRERSEDY (RX)

and carbon reduction and resource recycling. Low—efficiency and high consumption of water
environment pollutants at the end of the governance model, is not in line with the new needs of
China’s socio—economic high—quality development. The whole process of water pollutant prevention
and control, pollution reduction and carbon synergistic theory and technology, water ecological
recycling as well as efficient recycling of resources and energy theory and technology breakthroughs
are receiving more and more attention to achieve the recycling of resources, the whole process of
control and fine management is the inevitable requirements of the future development of water
environment discipline.

(4) Research methods to the development of microscopic analysis and macroscopic simulation.
Water pollutant migration and transformation research methods to electronic transfer tracking,
ultrastructural analysis, micro and nano—interface observation, water pollutant ecological effects of
research methods to the molecular, cellular, microbial community direction, the water environment
system simulation methods to the regional simulation, watershed simulation and global scale
simulation development, the application of information technology means of big data will be more
extensive and in—depth.

(5) Theoretical innovation is more concerned about the in—depth intersection and deep integration
with emerging disciplines. The development of basic theories and cutting—edge technologies of water
and environmental disciplines is becoming more and more in—depth and closely integrated with
modern biotechnology, information technology, biotechnology, new energy technology, new materials
and advanced manufacturing technology. Diversified disciplinary crossover and the introduction
of big data, artificial intelligence and other emerging technologies provide a strong impetus for
the original innovation of the basic theories of water environment disciplines, breakthroughs in
disruptive technologies and the development of comprehensive solutions to multi-scale, cross—basin

and cross—regional water ecological and environmental problems.

4.3 Comparison of Recent Research Progress at Home
and Abroad

From the perspective of the overall research progress of the water environment discipline, the
development directions, including wastewater resources and energy recovery, low—carbon optimal
design and operation of water systems, and the application of artificial intelligence, are both research
frontiers and hotspots at home and abroad.

At the same time, for the “14th Five—Year Plan” period, according to the new needs of water and

ecological environmental protection in China, the research focus has been from wastewater pollution
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control to synergistic governance of water resources, water ecology, and water environment.

In the field of water quality, water ecology evaluation and environmental benchmarking standards,
comprehensive indicators for complex environments, regionally differentiated benchmarking
standards and systematic evaluation studies are the main development trends. At present, the
traditional water quality indicators at home and abroad focus on the evaluation of physical and
chemical properties of water resources, and the evaluation results are difficult to provide a detailed
and holistic analysis of the relevant environment. Chinese scholars face the non-linear changes
in the complex system of the water environment and the qualitative characteristics of the “three
water integration” as the core of the innovative concept of “water feature”, to understand the
water quality of the water ecological situation to provide strong support. Developed countries have
established relatively perfect technical methods and systems for water quality benchmark standards,
and Chinese research on water quality benchmark standards started relatively late, but developed
rapidly. Since the “Eleventh Five—Year Plan”, China’s ecological environment benchmark work
has made breakthrough progress, based on China’s regional differentiation characteristics have
been issued a series of water quality benchmarks and their development of technical guidelines;
after many years of development and revision and improvement of China’s water quality standards
have been gradually formed in line with China’s national conditions of the complete set of systems.
The development level of China’s water quality benchmark standards has basically reached or
even exceeded that of developed countries or regions such as the United States and the European
Union. The study of ecosystem health assessment began in the 1980s, but there is no uniform view of
“ecosystem health” in the international community. In China, after continuous research, the research
on ecosystem health assessment has been extended from rivers to lakes, reservoirs and other water
environment types, and gradually formed its own system, which can provide data support for the
development of ecological restoration objectives, assessment of ecological restoration effects, and
environmental legislation and law enforcement.

In the field of water treatment theory and technology, the synergistic effect of pollution reduction and
carbon reduction has been the hotpot in the international water treatment industry all over the world.
With economic and social development, although the pollution intensity is increasing, and the types
of pollutants are becoming more and more complex, the public environmental awareness has been
enhanced, and the requirements for the quality of the water environment are constantly improving.
Therefore, wastewater treatment plants in some developed countries are developing from biological
nitrogen and phosphorus removal to enhanced nitrogen and phosphorus removal. Meanwhile, the
application of advanced treatment technologies such as advanced oxidation, nanofiltration and
reverse osmosis is becoming more widespread to achieve the removal of emerging pollutants such

as environmental endocrine disruptors, pharmaceuticals and personal care products, and to meet
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the demand for a healthier and safer water environment quality. Low—carbon treatment and energy
development, climate change issues and energy crises require urban wastewater treatment to achieve
low—carbon, treatment process to achieve energy conservation and improve energy self-sufficiency.
Developed countries in Europe and the United States have carried out research focusing on
wastewater reclamation and reuse, wastewater biomass recycling, nitrogen and phosphorus recycling,
etc., in accordance with their respective national conditions. Domestic also carried out a series of
research and development work represented by the concept of municipal wastewater resources plant,
with a view to promoting the transformation and upgrading of the water treatment industry.

In the field of lake governance theory and technology, following the concept of ecological
civilization and the harmonious development of man and nature, the health of lake ecosystems and
the comprehensive restoration of ecological functions are becoming new goals and requirements.
As a result, lake governance is changing from pure water quality management to the synergistic
improvement of water quality and water ecology. How to achieve the new goal of higher—quality
protection and governance of lakes along with rapid socio—economic development of the watershed
is a key issue to be addressed at home and abroad. In recent years, the domestic lake governance
research and practice, combined with traditional water quality management theory and technology
system, drawing on the path of lake governance in developed countries, but also constantly exploring
new mechanisms and methods of ecological restoration of lakes to meet the current and future
governance needs, lake protection and restoration of research and practice level basically reached
or even exceeded the level of developed countries or regions. On the one hand, the technical level
of lake basin environmental management has been effectively improved, through the optimization of
the traditional technology to obtain the best management efficiency while continuously integrating
the latest theories and technologies, looking for the technical increment of lake management, and
improving the scientific and technological support capacity of lake management. For example,
new type of passivator, new type of wetland, bio—habitat restoration and constructive technology
and new lake environment monitoring technology based on Internet of Things, satellite remote
sensing, artificial intelligence, eDNA, etc., have achieved better application effect in the process
of lake management. On the other hand, the concept of coordinated governance of lake basins has
been strengthened, the industrial structure of the basin has been optimally adjusted, the scientific
scheduling of water resources has been strengthened and lake ecological restoration projects have
been carried out, thus promoting the organic combination of lake governance—related legislation,
policies, planning, standards and other management measures and governance technologies, and

gradually forming a systematic governance system.
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4.4 Trends and Perspectives in the Discipline

In the future, the discipline of water environment will focus on the major strategic needs of national
ecological civilization construction and international academic frontiers. In response to the water
environment problems that have emerged in China’s urbanization process and social development,
we will implement the concepts of green, low—carbon, and sustainable development, promote
forward—looking, original, and disruptive theoretical innovation and technological breakthroughs,
continuously enrich and improve the basic theory, method system, and technical system of water
environment discipline, and form innovative ideas. A new situation in the development of disciplines
is characterized by the gathering of innovative talents, the emergence of original innovative
achievements, and the improvement of the ability to solve complex water environment problems.
During the 14th Five Year Plan period and beyond, the development of water environment discipline
should focus on long—term layout, rational planning, and key breakthroughs.

To promote the future development of water environment discipline in China, the following

suggestions are proposed.

4.4.1 Basic research

The research methods, water environment standard formulation methods, water environment
measurement standard materials, basic concepts, terminology definitions, and basic data of the water
environment discipline have a fundamental position in the field of water environment, and play an
important foundational and driving role in the development of the discipline. However, China’s
research and accumulation in this area are still insufficient, and its fundamental contribution to the

development of the discipline needs to be improved.

4.4.2 Systematic research

As of 2023, most of China’s water environment discipline research has focused on the principles
of water pollution control technology. The phenomenon of “technological isolation” is prominent,
including the integration theory of water pollution control technology, combination process design
and control theory, safety guarantee theory of drinking water throughout the entire process,
construction theory of urban-rural integrated water supply and drainage system, and overall
optimization theory of water environment treatment system in key river basins The research on
the construction theory of regional recycled water recycling system is still insufficient, and the

systematicity of water environment discipline research urgently needs to be improved.
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4.4.3 Discovery based research

Discovering new water environment problems and pollution mechanisms has breakthrough
or disruptive significance in ensuring water environment safety and promoting disciplinary
development. China has obvious advantages in solving existing water environment problems, but
the discovery of internationally recognized new problems, phenomena, and mechanisms is still
very limited, catering to international academic frontiers and major needs in China. It is urgent to
propose and implement a Chinese approach to solving water environment problems, leading future

development.

5 Refrigeration and Cryogenics
Engineering

51 Introduction

Refrigeration and cryogenics technologies use artificial methods to obtain temperatures below the
ambient temperature. Its basic task is to study the principles, technologies and equipment to obtain
and maintain a temperature and humidity different from the ambiance, and to use these technologies
in different scenarios. Its scope includes the cooling output to maintain low temperatures, as well as
dehumidification, environmental parameter adjustment, and heat pumps. Refrigeration and cryogenics
technologies are closely related to almost all sectors of the national economy and people’s daily life. In
addition, cryogenics technology is an indispensable means for cutting—edge research in physics, while
it is also used in medical and health care, industrial technology, space exploration, etc.

Under the background of environmental crisis and international technology competition, the
implementations of many major global issues and national policies and the solution of scientific

problems rely on the development of refrigeration and cryogenics technologies. Therefore,
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refrigeration and cryogenic technologies have attracted more and more attention. Currently, driven
by policies and markets, traditional refrigeration technologies are facing mandatory upgrading;

meanwhile, new refrigeration and cryogenics technologies are developing rapidly.

5.2 Recent Development

In recent years, the discipline of refrigeration and cryogenics engineering has focused on the
forefront of international technology and major national needs. A number of significant achievements
have emerged, supporting the development of urban and rural construction, clean heating, waste
heat recovery, logistics, new energy vehicles, air separation, etc. The development of various fields
such as natural gas liquefaction has also played a major supporting role, especially in assisting the
rapid development of cutting—edge scientific and technological fields such as cutting—edge physics,
quantum technology, and superconductivity in China.

In the field of refrigeration technology, the substitution of refrigerants is a research hotspot.
Meanwhile, advancements such as the design and application of the cycle, the improvement of
compressor and heat exchanger, and intelligent regulation have been made in the vapor compression
refrigeration. In the field of heat—driven refrigeration and heat pump, absorption refrigeration and
heat pump technology has mainly developed two types of absorption heat exchangers and promoted
the engineering application of heat pumps and refrigeration systems. Moreover, sorption refrigeration
and heat pump technology has evolved high—performance composite sorbents such as multi—
halides and constructed multi-stage combined cycles and systems. In addition, thermoacoustic
technology focuses on the development of dual traveling wave—type and gas—liquid/solid coupling
thermoacoustic refrigeration systems. As for the solid—state refrigeration, magnesium—based
thermoelectric materials have been developed; additive manufacturing has been demonstrated to
produce elastocaloric materials with customized shape and functionality; durable, low field intensity,
and giant caloric effect were discovered in a cutting—edge electrocaloric polymer material; fluid—
free compact electrocaloric cooling devices have received much development and improvement;
elastocaloric cooling is moving towards kW-range cooling capacity.

The application of refrigeration technology has rapidly developed. In air conditioning systems,
controlling the indoor thermal environment is important, including independent control of
temperature and humidity, system process innovation, and new desiccants. The research on key
components of air conditioning systems is also significant, including the upgrade of chillers such as
magnetic suspension and aerodynamic suspension, as well as the optimization of heat exchangers.

Further, low—temperature air source heat pumps and multi-split air conditioner systems have
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been developed rapidly, while the development of online performance measurement and big
data technology has reduced energy consumption and maintenance costs. In terms of cold chain
equipment technology, the main advances include differential pressure precooling equipment based
on flowing ice, mobile differential pressure precooling equipment and intelligent three—dimensional
freezing tunnel. The latest research progress of high—temperature heat pumps mainly includes
efficient high—temperature water vapor heat pumps using twin screw compressors and water spray
cooling, large—temperature—lift cascading compression heat pump cycles or absorption—compression
coupled heat pump cycles with both low—temperature heat source utilization and high temperature
output, and direct steam supply technology of high—temperature heat pumps combining open and
closed compression. As for the heat pump in vehicles, there have been new thermal management
technologies such as vehicle thermal management frost—free operation control strategy. Some models
have promoted battery direct—cooling or direct—heating technology. The use of highly integrated
module products in thermal management loops becomes more popular.

The development of cryogenics technology has also enjoyed a fast development. In the field of air
separation, recent research progresses have focused on high—precision prediction of the thermophysical
properties of cryogenic mixed working substances, development of efficient components for air
separation equipment, and implementation of flexible and reliable control for large—scale air separation
systems. As for the LNG technology, the process selection of large natural gas liquefaction plants
is highly concentrated; China has rich practices in the small-scale and unconventional natural gas
liquefaction; floating LNG (FLNG) used in offshore gas fields has developed rapidly; large scale and
offshore floating storage and regasification units (FSRU) are the focuses in the field of LNG storage
and transportation. For the large—scale cryogenic devices, Chinese researchers have completed the
development of hundreds of watts and kilowatts of liquid hydrogen and liquid helium temperature
zone refrigerators. In the field of small-scale cryogenic devices, in terms of regenerative refrigerators,
commercial products on miniaturization, low temperature and large cooling capacity refrigeration have
been realized in China recently. In terms of ultra—low temperature refrigeration below 1K, adsorption
refrigeration and magnetic refrigeration are still in the research stage, while the minimum cooling
temperature of dilution refrigerator can reach below 10mK, and its commercialization has been started
already. In the field of cryotherapy and cryopreservation, the domestic application of cryotherapy
still lags behind that of America. We are the currently frontrunners in the development of hiomimetic
materials and the preservation of small-scale samples, but we still need to catch up with the world
class level on the preservation of large—scale samples. Additionally, the construction of biobanks is

rapid in China, but it is still necessary to learn from the advanced international institution.
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5.3 Comparison Between Domestic and Foreign Research
Progresses

In recent years, China’s refrigeration and cryogenics technologies have continued to develop
rapidly, narrowing the gap with foreign advanced levels, and even being in a dominant position in
some fields. However, there is a lack of original innovation in basic mechanisms, and there are still
“bottleneck” problems in key technical fields.

As for the refrigeration technologies, except for the development of low—GWP refrigerants and the
recovery and destruction of waste refrigerants, China has taken the leading position in the field of the
component development and integration innovation technologies for vapor compression refrigeration,
and leads the world towards an advanced technology path of high efficiency and low carbon. As for
the heat—driven refrigeration and heat pump, China is also leading in the engineering application
of absorption heat pump systems coupled with compressed heat pumps and the miniaturization of
absorption chillers. In the field of heat—driven refrigeration and heat pump, the development of
sorption refrigeration technology in the progress of composite sorbents and multi-stage cycle and
system construction is faster than in foreign countries. In thermoacoustic refrigeration and heat
pump, China is dominant in the conventional thermoacoustic refrigeration systems, while the novel
wet thermoacoustic refrigeration cycle is becoming an international research hotspot. Although all
solid—state refrigeration technologies were born abroad, domestic activities in material and system
research have been competitive with those from international leading groups in the field.
Refrigeration technologies serve many fields of the national economy. China is the world’s largest
country of manufacture of air conditioning systems, but many core technologies are still governed by
overseas producers. As for the high—temperature heat pump, research has been conducted abroad
on high—temperature heat pumps with natural and low GWP working fluids, as well as megawatt
industrial residual heat source high—temperature heat pump. China started the research on high—
temperature heat pump relatively late, but there has also been the emergence of novel technologies
like air source high—temperature heat pumps. As for heat pumps for vehicles, with the introduction
of the P=Fas Act in Europe, the popularity of HFO technology such as R1234yf has declined;
domestic enterprises have dominated CO, refrigerant, while foreign enterprises also have CO,
products, and have begun to carry out the research on R—290.

Cryogenics technologies provide fundamental support for the industrial field and cutting—edge
sciences. As for the air separation, domestic companies have successfully achieved the indigenization
of complete sets of large air separation equipment. In the field of LNG technology, there is a significant

amount of engineering practice and exploration in small (including skid mounted) and unconventional
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natural gas liquefaction plants in China, but there is currently no practice of large—scale plant. A lot of
attention are being paid to floating liquefied natural gas (FLNG) abroad, but there is no specific case
in China. The construction of large LNG storage tanks and transport ships in China is approaching the
world’s advanced level. As for the large—scale cryogenic devices, countries in Europe and the United
States have mature experience in the development of large—scale cryogenic systems. China started late,
and now has the capacity of independent development of 2500W@4.5K refrigerator and 500W@2K
refrigerator. For the small—scale cryogenic devices, most kinds of the regenerative refrigerators on
miniaturization, low temperature, and large cooling capacity refrigeration in China have prototypes or
products comparable to those of developed counties, but the G-M pulse tube refrigerators and dilution
refrigerators in China still need to be further improved since most of which currently used are imported
from abroad. In the field of the cryotherapy and cryopreservation, the application of cryotherapy still
lags behind that of America, but we lead the way in research and equipment development. We are
currently frontrunner in the development of biomimetic materials and the preservation of small—scale
samples, but we still need to catch up with the world class level on the preservation of large—scale
samples. And the construction of biobanks is rapid in China, but it is still necessary to learn from the

advanced international institution.

5.4 Trends of Development

Overall, high-level original researches and products have emerged in this field, and the gaps with
the international advanced level are becoming smaller and smaller. In the future, we will further
enhance interdisciplinary integration, promote original innovation, develop key devices and basic
technologies, break away from dependence on foreign countries, and better serve national strategies
and economic construction.

As for the refrigeration technologies, breakthroughs in vapor compression refrigeration should be
explored, including oil—free compressors, substitution of high—temperature heat pumps for boilers in
industrial production, life cycle management of refrigerants, and deep integration of refrigeration and
air conditioning technology with artificial intelligence technology. For the heat—driven refrigeration
and heat pump, absorption heat pump technology should focus on developing new processes and
systems for the flexible transformation of thermal energy. Sorption refrigeration and thermal pump
technology should concentrate on the development of high—adaptability working pairs and multi—effect
cycles and systems at variable heat sources and ambient temperatures. In addition, the thermoacoustic
refrigeration system should enhance the level of sound field regulation, develop heat exchangers with

alternating flow, and a new thermoacoustic refrigeration cycle that enhances mass transfer performance.
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As for the solid—state refrigeration, thermoelectric cooling is expected to penetrate more into markets
requiring thermal management of high heat flux, high temperature precision, and flexible devices. The
three major caloric cooling technologies are expected to witness more breakthroughs in both materials
and systems, while their application scenarios need further investigation.

In the application of refrigeration technologies, the residential building air conditioning is the most
well-known. The future research focuses on reducing the carbon emissions of residential building
air conditioning systems. As for high—temperature heat pumps, the future development mainly
includes high—temperature heat and steam supply based on high—temperature heat pumps, and heat
pump technology for on—site consumption and utilization of industrial waste heat. For heat pumps
of vehicles, the future development should focus on green and efficiency, functional integration,
structural modularization and intelligent control.

In the cryogenics technologies, for the air separation, to achieve the large—scale, energy—saving,
and intelligent operation of cryogenic air separation systems, it is urgent to develop new processes,
innovative subsystem designs, and novel operation control strategies. For the LNG technology,
offshore natural gas liquefaction will be a focus of attention in the near future; research on carbon
reduction in the LNG field is becoming a hot topic. The liquefaction of unconventional natural gas,
especially natural gas containing hydrogen and ethane, may become a research hotspot; the new
optimization algorithm for liquefaction process simulation is expected by the industry. Continuous
efforts are still needed to research the localization of large gasifiers. In terms of the large—scale
cryogenic devices, scientific research workers in our country continue to deepen on the existing
basis. At the system level, the ten—thousand—watt liquid helium temperature zone refrigerator and
the kilowatt superfluid helium temperature zone refrigerator are developing. As for the small-scale
cryogenic devices, the developing directions of regenerative refrigerator are still on miniaturization,
low temperature and large cooling capacity refrigeration, including the commercialization of
G-M pulse tube refrigerator. The 4K J-T refrigerator needs to be further improved especially on
the performance of its valved linear compressor. For the refrigerator below 1K, aiming to break
international monopoly, great efforts on the research and productization of the domestic dilution
refrigerator are still needed. As for the cryotherapy and cryopreservation, it is crucial to achieve
precise regulation and control of energy and matter transfer in cryobiology and to optimize the

construction level and thoroughly improve standardized laws and regulations of biobanks.
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6 Artificial Intelligence

6.1 Introduction

Artificial intelligence is a science that uses computing technology to simulate intelligent behavior
in the world. It utilizes knowledge computing, machine learning, deep learning and large models,
natural language processing, computer vision, speech processing, information retrieval, multi—
agent systems, embodied intelligence, adversarial technology, and other technologies to help or
replace humans efficiently complete some intelligent tasks. To provide important technological and

theoretical support for the development of human society in the era of intelligence.

6.2 The Latest Research Progress of Artificial Intelligence
in Recent Years

Due to the continuous and rapid development of artificial intelligence, new research directions and
topics are emerging one after another, and even the discipline itself is in the process of updating.
Therefore, the following will showcase the latest developments in the entire field of artificial

intelligence from some of the currently popular branches of disciplines.

6.2.1 Knowledge computing

Knowledge representation has been further extended from traditional symbolic knowledge models
to implicit knowledge models. Recent research progress has mainly focused on knowledge
representation of neural networks, large language models, extraction and expression of dark

knowledge, and collection and construction of knowledge graphs.
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6.2.2 Machine learning

The unsupervised training method represented by self—supervised learning has greatly improved
the model’s ability to utilize and process data, thereby guiding machine learning algorithms to

continuously achieve breakthroughs in practical applications.

6.2.3 Deep learning and large models

Deep learning technology automatically learns features from a large amount of data and models
complex tasks by simulating the neural network structure of the human brain. Large models have a
large number of parameters and significant advantages in handling large—scale and complex tasks.
The combination of the two has brought many innovations and breakthroughs to the field of artificial

intelligence.

6.2.4 Natural language processing

Natural language processing has achieved significant results in pre—trained language models,

sentiment analysis, machine translation, and text generation.

6.2.5 Computer vision

Computer vision is a technology that uses computers to simulate human visual functions, aiming
to obtain information from images or videos and process and analyze it. Computer vision has made
significant breakthroughs in object detection and recognition, image generation, enhancement, and

super—resolution.

6.2.6 Speech processing

The introduction and application of deep learning algorithms have significantly improved the
accuracy of speech recognition. In addition, significant progress has been made in speech synthesis
technology, which can generate more natural and realistic speech through technologies such as
generative adversarial networks, providing a more realistic and smooth experience for speech

interaction.

6.2.7 Information retrieval

Information retrieval has made significant progress in areas such as deep learning based information

retrieval technology, cross language information retrieval, and multimodal information retrieval.
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6.2.8 Multi-agent system

Multi—agent systems have achieved results in collaborative control, such as convergence analysis of
consensus algorithms and robust control strategies for delay and uncertainty. In terms of intelligent
agent modeling, agents based on large—scale language models exhibit strong perception, decision—
making, and action capabilities, providing a new direction for the implementation of artificial general

intelligence.

6.2.9 Embodied intelligence

The perception and action fusion technology of intelligent agents has been able to achieve efficient
environmental perception and precise control, and advances in cognitive modeling have enabled
agents to simulate human adaptation and learning mechanisms to cope with complex and changing

environments.

6.2.10 Al security

Al security technology has made significant research progress in adversarial attack defense, privacy

protection, and model security evaluation.

6.3 Comparison of Research Progress in Artificial
Intelligence at Home and Abroad

Artificial intelligence, as a strategic emerging technology leading a new round of technological
revolution and industrial transformation, plays an important role in promoting scientific and
technological progress, industrial upgrading, economic development, and is becoming a key area for
countries to compete for development. There are significant differences in the application fields and

development levels of artificial intelligence both domestically and internationally.

6.3.1 Knowledge computing

In terms of knowledge representation and modeling, China has gradually developed distinctive
knowledge representation methods, continuously improving its ability to express and model
knowledge. In terms of knowledge acquisition and inference technology, China has closely followed
the pace of the big data era and made substantial progress, especially showing obvious advantages in

data scale and processing speed.
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6.3.2 Machine learning

Compared with foreign countries, China has made certain progress in algorithm optimization and
traditional machine learning applications, especially in the fields of big data processing and pattern
recognition, showing many advantages. However, there is still a gap in the innovation of machine

learning theory and exploration of cutting—edge technologies.

6.3.3 Deep learning and large models

China has shown obvious advantages in algorithm optimization, model compression, and application
implementation, but there are still shortcomings in the original research of large models, the scale

and efficiency of model training, as well as the generalization ability and robustness of models.

6.3.4 Natural language processing

Compared with foreign countries, China still has gaps in theoretical depth, technological innovation,
and cross language processing capabilities in natural language processing. In terms of application

technology, China has successfully applied natural language processing technology to many fields.

6.3.5 Computer vision

China has conducted in—depth research on visual feature representation, sparse encoding, and visual
attention mechanisms, and has achieved a series of important results. However, in the fields of basic

theoretical research and some cutting—edge technologies, China still needs to further strengthen.

6.3.6 Speech processing

In terms of key technologies such as speech recognition, speech synthesis, and speaker recognition,
China has reached an international leading level. However, there is still a certain gap in basic
theoretical research on speech processing, innovative original algorithms, and adaptability across

languages and multiple scenarios.

6.3.7 Information retrieval

Compared with foreign countries, China has obvious advantages in Chinese word segmentation, part
of speech tagging, named entity recognition, and other technologies. However, there is still a certain
gap in the basic theoretical research of information retrieval, innovative original algorithms, and

adaptability across languages and fields.
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6.3.8 Multi-agent system

China has made innovations in communication protocol design and information sharin—strategies,
but there are still shortcomings in the basic theoretical research and experimental facility

construction of multi—agent systems.

6.3.9 Embodied intelligence

China has shown a positive trend in the field of embodied intelligence, especially in the interactive
applications of robot perception and control, virtual reality, and augmented reality, forming its
own characteristics and advantages. However, there is still room for improvement in areas such as
biomimetic materials and structural design, brain computer interface technology, and long—term

autonomous learning and adaptive optimization of intelligent agents in complex environments.

6.3.10 Al security

China has achieved significant results in model security, multi—party secure computing, and
differential privacy protection. However, there is an urgent need to further strengthen the
construction of Al security basic theoretical system, cross domain security attack and defense

research, and standardization formulation.

6.4 Development Trend and Prospect of the Discipline

Artificial intelligence has obvious characteristics of multidisciplinary integration and strong
technical synthesis, and with the continuous progress of technology, artificial intelligence will play
an important role in more fields.

First, the multi-modal model promotes the deep integration of image, text and video. From video
generated videos to cultural and graphic generated videos, the development of multimodality
emphasizes achieving richer Al generation results with less user input information.

Second, high—quality data has become a magic weapon for the value transition of large models. At
present, algorithms with supervised learning have a much greater demand for training data than
existing annotation efficiency and investment budget. Basic data services will continue to release
their basic support value for algorithm models, while the value of high—quality data processing,
data annotation services, and a comprehensive data collection and evaluation system will be further
highlighted.

Third, artificial intelligence chips are developing in the direction of diversification and ecology.
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Large models are not the ultimate form of Al, and the next wave of Al will be multimodal embodied
intelligence in 10 years, which combines intelligent algorithms with robots to enable machines to
perform tasks more intelligently.

Fourth, embodied intelligence has become a new form of Al development. At present, the
interpretability of algorithms is still in the early stages of development, and how to make people
understand and trust artificial intelligence systems has become one of the important directions for

the future development of artificial intelligence.

7 Industrial Internet

71 Introduction

Industrial Internet (I1) is a new infrastructure, application mode, and industrial ecology for the deep
integration of new—generation information and communication technology and industrial economy.
IT builds a new manufacturing and service system covering the whole industrial chain and the whole
value chain through the comprehensive connection of people, machines, things and systems. II
provides a way to realize the development of industrial and even industrial digitalization, networking
and intelligence, and serves as an important cornerstone of the Fourth Industrial Revolution.

The II discipline is a knowledge system centered around relevant theories, technologies,
applications, and management methods. It encompasses various cutting—edge technologies,
including the Internet of Things (IoT), cloud computing, big data, artificial intelligence (Al), 5G,
and others. This interdisciplinary field combines knowledge and methods from multiple disciplines,
such as manufacturing engineering, communication technology, computer science, and more.
Its primary objective is to cultivate engineering, technical, and management professionals with
expertise in Industrial Internet technology and applications. It aims to drive research and application
of Industrial Internet-related technologies and promote the transformation and upgrading of the

industrial manufacturing sector.
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This report aims to comprehensively reflect the research status and development trends of the
Industrial Internet discipline. It systematically examines and analyzes the development history,
research status, application scenarios, and technological framework of the Industrial Internet
discipline. The purpose is to provide strong academic and intellectual support for the development

of the second phase of this project.

7.2 Recent Research Development in China

7.2.1 Industrial Internet perspective and architecture

General Electric (GE) has systematically introduced the concept of the Industrial Internet in its
publication “Industrial Internet: Breaking the Boundaries Between Intelligence and Machines.” In
this publication, GE systematically presents the concept of the Industrial Internet, emphasizing that
its purpose is to enhance industrial production efficiency and the competitiveness of products and
services in the market. The German government views Industry 4.0 as the combination of production
methods with advanced information and communication technologies to conduct production in a
more flexible, customized, and sustainable manner, thus achieving intelligent production processes
and new business models. The United States defines Advanced Manufacturing as improving
innovation in the manufacturing process of existing products and utilizing advanced technologies
to produce new products. Cisco, a globally renowned digital communication technology company,
considers the Industrial Internet of Things (IloT) as an ecosystem consisting of devices, sensors,
applications, and related network devices that collectively collect, monitor, and analyze data from
industrial operations. The Industrial Internet Innovation and Development Action Plan (2021-2030)
points out that IloT is a new industrial ecosystem, a key infrastructure, and a new application mode
formed by the deep integration of next—generation information and communication technologies with
the industrial economy.

Academician Hequan Wu of the Chinese Academy of Engineering believes that the Internet of
Things is the foundation for the digitalization, networking, and intelligence development of industry.
The second generation of information technology needs to meet the requirements of high security,
ultra—reliability, low latency, large connectivity, personalization, I'T and OT compatibility, etc., and
requires the development of ICT technologies optimized for the second generation of information
technology. Academician from the Chinese Academy of Engineering, Bohu Li, proposed that China’s
IIoT development has entered a new stage of “Intelligent Industrial Internet System—Industrial
Internet 2.0”, initiating intelligent connections for everything. Similarly, Chinese Academy of

Engineering Academician Yunjie Liu predicts that by 2030, [IoT can upgrade and transform
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traditional industries in China, with an economic scale exceeding $5.6 trillion, driving the transition
of the Internet from “consumer—oriented” to “production—oriented.”

The architecture serves as the fundamental guideline and leading document for the development of
the Industrial Internet, playing a vital role in its development. Under the guidance of the Ministry
of Industry and Information Technology (MIIT), the China Industrial Internet Industry Alliance
released the “Industrial Internet Architecture (Version 1.0)” and “Industrial Internet Architecture
(Version 2.0)” in 2016 and 2020, respectively. In April 2015, Germany released the “Industry
4.0 Implementation Strategy,” which includes the “Industry 4.0 Reference Architecture” jointly
developed by the German Federal Ministry for Economic Affairs and Energy, the German Federal
Ministry of Education and Research, and the Industry 4.0 Platform. This reference architecture aims
to improve productivity, reduce costs, enhance flexibility, and improve quality. In the United States,
where architectures are developed for commercial purposes, the Industrial Internet Consortium (I1C)
released the “Industrial Internet Reference Architecture” in June 2015. Its value lies in promoting

interoperability through broad industry applicability, positioning applicable technologies, and

guiding the development of technologies and standards.

7.2.2 New achievements and new journals in the field of Industrial Internet

I patents play a vital role in the research and development, protection, innovation and cooperation
of Il technologies. Through retrieving with the keyword “Industrial Internet” contained in the
patents’names in the State Intellectual Property Office while restricting the application date prior
to December 31,2022, a total of 1,735 domestic II patents were found. The number of patent
applications shows an overall rising trend, in which the China Academy of Information and
Communication Research, Shenzhen Xuanyu Technology and Shandong Wave have applied for the
largest number of Industrial Internet patents. By analyzing the categories of Industrial Internet—
related patents, the report finds that the proportion of invention patents in Industrial Internet—related
patents is the largest, up to 70%. Additionally, foreign patents were searched in the Derwent Patent
Intelligence Database under the titles of “IloT” and “Industry 4.0” with application date before
December 31,2022, and a total of 67 foreign Industrial Internet patents were collected. There is a
general upward trend in the number of foreign patents, in which engineering and computer science
are popular topics.

In terms of Industrial Internet papers, with CNKI as the search platform, high—quality papers with
the title “Industrial Internet” were searched, and the time range was limited to January 1,2018, to
December 31,2022, resulting in the retrieval of a total of 258 Industrial Internet papers. The number
of papers demonstrates a rising trend, and the research fields are mainly concentrated on two

disciplines: information economy and industrial economy. Foreign papers were searched in the Weh
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of Science core library, with the terms “IIoT”, “Industria 4.0” and “Industrial 4.0” in the search
title, limited to the time range between January 1,2018, and December 31,2022, and a total of 5,321
relevant papers were retrieved. The number of papers also shows an upward trend, and the foreign 11
research field is extensive, mainly focusing on the two major research directions of computer science
and engineering.

In terms of the development of Industrial Internet journals, through the search of CNKI database,
computer research and development and China engineering science are the journals with the highest
impact factor in the column of Industrial Internet, respectively, and they have opened the column
of “Topics of industrial Internet security technology”, “Development of new—generation Industrial
Internet security technology”, and “Strategic research”, respectively. The columns “Industrial
Internet Security Technology Topics” and “Development of New Generation Industrial Internet
Security Technology and Strategy Research” are respectively opened to carry out research on the
security field of Industrial Internet. The column with the most papers published is “Industrial
Internet System” under the Journal of Control Engineering, where 82 papers have been published
so far. Their research areas encompass the architecture, technology and application of Il; security,
privacy and trust of II; data analysis, mining and intelligence of II; standards, specifications and
testing of II, etc. Other journals with columns relating to II include Network Security and Data
Governance, Information and Communication Technologies and Policies, Introduction to Software,

Industrial Technology Innovation, and Standardization and Metrology of Instrumentation.

7.2.3 New methods and new technologies of Industrial Internet

In terms of 5G, China established the IMT-2020 (5G) Promotion Group in 2013, which started the
research in 5G. Michae Gundall and other scholars analyzed the specific case of 5G in the industrial
field, identified the main challenges and requirements of the communication network in Industry
4.0, and predicted that wireless communication technologies in future industrial systems will better
meet the requirements of Industry 4.0. In the following year, Zhang Yunyong introduced the network
characteristics of 5G for industrial development, pointing out that 5G will continue to consolidate
the foundation of the Internet of Everything, fully empower II, and accelerate the integration of
multi—-industry Internetization. In 2022, the General Office of MIIT issued the guidelines for the
construction of 5G fully—connected factories on August 25, guiding various regions and industries
to actively carry out the construction of 5G fully connected factories. The guidelines also call for
driving the development of the 5G technology industry, further accelerating the deep expansion
of “5G+Industrial Internet” new technologies, new scenarios, and new modes into all fields and
segments of industrial production, and promoting the quality, cost reduction, efficiency, green, and

safe development of traditional industries.
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Cloud computing and edge computing solve the difficulties of II in data processing. Mohammad
Aazam and other scholars defined a middleware that is used in both cloud and edge middleware,
fog, which can provide local processing support with acceptable latency for actuators and robots
in manufacturing. The article also discusses how fog can provide local computing support in IIoT
environments as well as the core elements and building blocks of IToT. Luo Junzhou’s team focuses
on investigating and summarizing the current state of research and challenges faced by several
important directions involved in the field of combining cloud and edge computing, and proposes a
solution for a new type of cloud—converged II architecture and related key technologies. Li Hui’s
team discussed the II edge computing architecture and the core technology that promotes the
development of Industrial Internet edge computing, and elaborated on the current situation and
challenges of 11 edge computing.

In terms of II security, in 2016, Tao Yaodong and other scholars innovatively proposed overall
recommendations and a PC4R adaptive protection framework to guide daily security operations
based on existing 11 security challenges. In 2018, Du Lin and other scholars argued that the
connection of the Il opened up the industrial system and the Internet. Compared with the closed and
trusted production environment of the traditional industry, in the era of the II, the network security
and the industrial security risks are unprecedentedly complex. Thus, situational awareness will
become an important technical means for safeguarding Industrial Internet security, and endogenous
security defense will become a major trend in the future of Industrial Internet security protection.
In the Industrial Internet Architecture (Version 2.0), II security is listed as an important part of the
functional framework of the Industrial Internet, in which the key technologies include encryption
algorithm technology, access control technology, privacy protection technology, intrusion detection
technology, digital watermarking technology, digital signature technology, blockchain technology
and so on. In the same year, foreign scholars such as Jayasree Sengupta mainly introduced the
security problems and challenges in IoT and Industrial IoT. Firstly, various attacks were categorized
and each attack was mapped to one or more layers in the [oT/lIloT architecture. Then relevant
countermeasures and cases are discussed and the application of blockchain technology in solving
the problems posed by centralized architectures is presented.

In 2017, Yang Zhen and other scholars believed that logo resolution technology is the key technology
to solving the problem of “information silos”, completing the convergence of industrial big data, and
forming the information fusion and understanding based on this technology. In 2019, Ren Yuzheng
and other scholars discussed the design principles and key supporting technologies of Industrial
Internet marking resolution systems, including marking scheme, marking allocation mechanism,
registration mechanism, resolution mechanism, data management mechanism and security protection

scheme, etc. They also discussed the importance of identity resolution systems in the IloT, provided
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a comprehensive survey of identity resolution systems that may be used in the IloT, and compared
them from the perspectives of IloT requirements and technology selection.

Concerning Al, the industrial grand modeling represents a key recent application of artificial
intelligence technology. It is an important and forward—looking technology for applications within
the II domain, providing a comprehensive, real-time understanding of industrial systems by
integrating large amounts of data, simulations, and analytics. Germany’s research on the integration
and development of II and Al is relatively thorough. The German Research Center for Artificial
Intelligence (Deutsches Forschungszentrum fiir Kiinstliche Intelligenz, DFKI) has been working on
the field of Al and II for a long time, and from 2006 to 2023, the DFKI has carried out a total of 145
completed or ongoing Il-related projects. One of the newest projects for 2023 is titled “Capabilities
and Skills for Reusable Robots Handling Parts in Manufacturing Environments”, which aims to
provide components for automated planning and control of grasp—release and contact—assembly
tasks, and to propose innovative electro—adhesion—based gripping concepts to handle many different
products. These components will make production lines more efficient, flexible, and reconfigurable.
The main technological objectives are self-monitoring recognition and control of gripping strategies,
learning and control of assembly techniques based on human demonstrations, development of
Al-based multimodal perception for visual control and continuous monitoring during handling
operations, and development of multifunctional and dexterous soft grippers with electrically active
fingertips.

Furthermore, digital twins have also received plenty of attention. Digital twin technology allows
organizations to create, simulate, and test virtual copies of their physical devices, systems, and
processes in the digital world. Digital twin technology functions in the following ways: (I improve
productivity: Digital twin technology allows manufacturers to simulate and optimize production
processes, reducing waste and unnecessary costs in production; (2) increase productivity by allowing
problems to be detected in advance and improvements to be made through virtual testing; 3 reducing
maintenance costs: Digital twin technology can create virtual copies of physical equipment, monitor
its status in real—time, and predict potential failures. This helps to reduce equipment maintenance
costs and minimize downtime due to equipment failure; (@ product design and innovation: Digital
twin technology enables product design teams to test and optimize product prototypes in a virtual
environment, accelerating the development cycle of new products and improving product quality;
® real-time data analysis: Digital twin technology can integrate a variety of sensors and device data
to provide real-time data analysis and prediction capabilities to help companies better understand

their operations and make intelligent decisions.
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7.3 Comparison of Chinese Domestic and International
Research Developments

Induatrial Internet is the cornerstone of the Fourth Industrial Revolution and occupies the forefront
of the 11, helping our country to lead in the new global industrial transformation. Industrial Internet
has been an internationally highly regarded field in recent years, with various countries listing it as
a national strategy and increasing their investments. Notable examples include Germany’s Industry
4.0 and the United States’ “Advanced Manufacturing.” Currently, China, the United States, and
Germany are the three fastest—developing countries in the global II.

In terms of the number of 11 projects, the development trends of these three countries are similar, all
having emerged in the last five years. This is partly due to strong policy support from their respective
governments, such as China’s “Internet Plus Advanced Manufacturing” initiative launched in
2017, Germany’s well-known “Industry 4.0,” and the United States’ Advanced Manufacturing
Partnership program in 2011. Furthermore, the rapid development of information technology and
its timely integration with manufacturing have promoted the continuous renewal and iteration of the
manufacturing industry.

Regarding the funding amounts for II projects, both China and the United States have made
substantial investments in Industrial Internet development. However, on average, the funding scale
and amount for II projects in the United States are higher than those in China. This is partly because
the total budget of the U. S. National Science Foundation is larger than that of the Chinese National
Natural Science Foundation. Additionally, the U. S. National Science Foundation not only supports
scientific research but also funds educational and technology commercialization projects.

As for the keywords of II projects, different countries have commonalities and specific focuses.
China, the United States, and Germany all emphasize the importance of data, considering it the
lifeblood of the II. Each country also has its own emphasis, with China focusing more on networking,
Germany on production and processes, and the United States on equipment and security.

As for the disciplinary background of II projects, China and the United States have similar
disciplinary divisions, with a greater emphasis on computer and information science, supplemented
by engineering and management science, among other fields. Germany, on the other hand, primarily
focuses on mechanical and industrial engineering, with computer science as a secondary discipline,
and involvement of other natural science departments in II applications. The main reason for
the differences between China and Germany may be that China’s II places more emphasis on
the technological aspect, while Germany emphasizes practical implementation, aligning with

the respective architectural designs of II in these countries. Germany has a wider distribution of
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disciplines compared to China, covering basic areas like physics, chemistry, and humanities, as well
as application areas in earth sciences and agriculture.

In terms of project affiliations, the United States has a larger number of projects and affiliations,
with George Mason University being one of the most prominent affiliations. In China, institutions
like Beijing University of Posts and Telecommunications, Beijing University of Aeronautics and

Astronautics, and Dalian University of Technology have received a significant number of projects.

7.4 Development Trends and Prospects

Firstly, the development of the II discipline is a crucial support for the II strategy. 11 has become a
vital direction for industrial development in countries worldwide, and governments are continually
advancing related policies and plans, aiming to achieve industrial upgrading and economic growth
through II. International cooperation in the field of II is increasing, and competition is becoming
more intense. The development of I discipline will continuously provide talent and technological
support for II strategy.

Secondly, the development of the II discipline is an important foundation for driving the digital
transformation of industries and enterprises. Digital transformation leads to the continuous
emergence of new industries and the transformation and upgrading of existing ones. Through digital
transformation, the efficiency and profitability of enterprises are continually improved, while
also effectively enhancing their management efficiency and decision—-making capabilities. The
development of II discipline will provide multidisciplinary professionals for the digital transformation
of industries and enterprises, serving as a crucial foundation for their digital transformation.

Thirdly, the development of the II discipline is a crucial area for nurturing talent in the era of
new industrialization. With the rapid development and widespread application of 11, talent for the
new industrialization era needs to possess a wide range of capabilities. They must not only have a
solid technical foundation but also exhibit innovation, interdisciplinary collaboration, and systems
integration skills, among other comprehensive abilities. Traditional disciplinary education alone
cannot meet the talent requirements of the new era. The development of the II discipline is an
integral part of nurturing talent for the era of new industrialization, providing a platform for the next
generation of students to become highly skilled individuals with II application capabilities and
innovation spirit.

Looking at the development trends of II discipline in the next five years, several key characteristics
become increasingly prominent: its foundational nature, comprehensiveness, practicality, and

personalization. The cross—fusion of II discipline with other disciplines such as computer science,
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engineering, and various fields like energy, aviation, and chemical engineering will deepen and
broaden. The establishment of diversified and international “digital craftsman” training centers
will expand further. These developments will facilitate the synergistic development of the three
sectors and the cultivation of talent with an innovative spirit, promoting the transformation of new

industrialization.

8 Aeronautical Science
and Technology

Commencing from 2016, under the steadfast leadership of the government and bolstered by sustained
and stable funding, China has witnessed rapid advancements in aerospace science and technology,
marked by several notable achievements. The realm of aeronautical science and technology spans
a multitude of specialized disciplines. This report delineates the latest research progress made
since 2016 in eight key areas: aerostat technology, advanced composite materials, aerospace engine
development, maintenance engineering, the field of reliability engineering, innovations in rotorcraft
and their systems, unmanned aerial vehicles (UAVs) and their systems, along with advancements in

management science.

8.1 Aerostats

The “Dream” airship developed by Beihang University and the stratospheric airship technology
research under the Honghu Pilot Project “Near—Space Scientific Experiment System” led by the
Chinese Academy of Sciences Aerostat Center have both continuously carried out related flight
validations, achieving long—duration controlled flights across day and night. Several key technologies
have made breakthroughs, marking a high level of maturity in critical technologies and laying a

solid technical foundation for the early application of near—space platforms in engineering. This
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holds groundbreaking significance. The “Ji Mu Yi Hao” tethered balloon, developed by the Chinese
Academy of Sciences Aerostat Center, ascended to 9,032 meters in the Qinghai-Tibet Plateau

scientific expedition, setting a new record for scientific observation.

8.2 Composite Materials

Composite materials account for 12% of the domestic large passenger aircraft C919. The C919’s
composite material wing has successfully completed typical box section static and damage tolerance
tests. The long—range wide—body passenger aircraft composite material fuselage curved stiffened
wall panel process verification piece has been developed, and the wide—body aircraft composite
material forward fuselage full-size barrel section has smoothly come off the assembly line.
Additionally, the development of several models of all-composite general aviation aircraft, such as
the Shanhe SA160L and ZA800, has been successful.

In terms of functional aerospace composites, structural absorbing composite materials were first
applied in stealth integration assessments of third—generation aircraft and have now been extensively
used in fourth—generation aircraft. Structural transparent composite materials have evolved to
the current low moisture absorption, low dielectric, low density, and high integrated mechanical
performance, expanding their application and supporting the enhancement of the detection

capabilities of aerospace equipment.

8.3 Aerospace Engines

China has entered a favorable development path primarily based on indigenous R&D in aerospace
engines, achieving comprehensive domestic coverage across all types of aviation engines. In 2015,
substantial progress was made in the field of aviation engines and gas turbines. In May 2016, the
establishment of Aero Engine Corporation of China (ACC) marked a significant shift in the nation’s
approach, elevating the status of aviation engines to be on par with aircraft and forming the “separation
of flight and engine” system. This move also facilitated the implementation of the “Two Engines
Project”.

Significant technological and product breakthroughs have been achieved in military aviation
engines. The successful development of the “Kunlun” engine ended the long—standing dependence
on foreign technologies for aviation engine manufacturing in China. Technologies like the WS-

10 “Taihang” series, representing third—generation military turbofan engines, have matured and
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are extensively deployed, marking a historic leap for China in aviation engines from turbojets to
turbofans, from medium to high thrust, and from third to fourth generation. The development of
fourth—generation military turbofan engines, such as the WS—15 “Emei” and WS-20, is in the final
stages. Post the “Two Engines Project”, indigenous civil aviation engines have become a new focus
in China. The development of large aircraft engines like the CJ1000 and CJ2000 is progressing well,
achieving significant milestones.

In the realm of ultra—high—speed propulsion technology, multiple hypersonic wind tunnels have
been constructed and put into use, laying a solid foundation for scramjet engine research and
testing. Northwestern Polytechnical University’s “Feitian Yi Hao” kerosene—fueled rocket—scramjet
combined cycle engine has completed flight tests, verifying its multi—-mode stable transition and
broad—spectrum integrated capabilities. Tsinghua University’s “Qinghang Yi Hao” novel rotary
detonation scramjet engine successfully completed its flight demonstration test, positioning China
at the forefront of new aerospace propulsion technology. The Aerospace Science and Industry
Corporation’s “Tengyun Project” has completed China’s first flight validation of mode transition
in a liquid rocket—scramjet combined cycle engine, achieving a major breakthrough in combined

propulsion technology for space flight.

8.4 Maintenance Engineering

Domestic civil aviation maintenance in China adheres to global advanced models in maintenance
management and production, overall ensuring safe and economically effective operation of civil
aviation flights. The main progress in the military aviation maintenance sector includes extensive
exploration and application in Condition—Based Maintenance (CBM) and on—condition maintenance,

new advancements in maintenance technology, and fresh explorations in digital maintenance.

8.5 Reliability Engineering

Applying systems engineering theory and methods, reliability engineering has evolved into reliability
systems engineering. A series of standards and technical specifications for aerospace equipment
products have been formulated, establishing a reliability technology pathway that spans the entire
lifecycle of aerospace equipment products, from fault prevention, prediction, diagnosis, to treatment.
A foundational theory of “Integrated Reliability” has been developed, with application technologies

such as “Model-Based Reliability Systems Engineering” and “Fault Diagnosis and Prediction”
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continuing to be practically applied in representative aerospace equipment products like the Y-20,

J-20, Z-20, C919 large aircraft, and new types of military/civil UAVs.

8.6 Rotorcraft

Significant advancements have been made in the development of the civilian helicopter AC series,
with models such as the AC312E, AC332, and AC313A successfully completing their maiden
flights. The AC352 has been awarded a type certificate by the Civil Aviation Administration of
China. The new military general—purpose transport helicopter Z—20 has completed its development
and is now being mass—produced for the armed forces, marking a monumental leap in China’s
helicopter technology from the third to the fourth generation. The eVTOL (electric Vertical Take—
Off and Landing) aircraft has emerged as a new popular direction in rotorcraft. In 2023, domestic
companies such as Fengfei, Wofei Changkong, Wolante, Shide, Yufeng Future, and Zero Gravity
Aviation successively achieved maiden flights of their full-scale prototypes. In October 2023, the
Civil Aviation Administration of China issued a type certificate for the EH216—S unmanned aerial
vehicle system to EHang Intelligent. This demonstrates that China’s eVTOL technology and industry

development are now in sync with leading countries worldwide.

8.7 Unmanned Aerial Vehicles (UAVs)

There has been a surge in enthusiasm for UAV development in China. Military groups, state—owned
enterprises, and private capital have established specialized UAV companies, developing various types
of drones. Currently, there are thousands of UAV enterprises in China. Through intense competition,
UAYV technology has made significant progress, continuously improving in performance and leading to

arich and diverse UAV system. Various types and functions of UAVs have been put into service.

8.8 Management Science

Key enterprises are vigorously advancing the construction of operational management systems.
Aviation Industry Corporation of China has established the AOS system, Aero Engine Corporation
of China has built the AEOS system, and Commercial Aircraft Corporation of China has developed

the COMAC management system. These advancements have enhanced management capabilities,
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ensured strategic implementation, and improved management efficiency. Research progress is
mainly reflected in strategic planning management, end—to—end process management, innovative
R&D management, evolution of enterprise management information architecture, quality
management, and comprehensive risk management in aviation enterprises.

Building upon the foundation of the latest developmental research in various domains, we have
undertaken comparative studies against the backdrop of internationally recognized advanced
standards. Additionally, we have engaged in forward—looking assessments to chart the future

trajectory of these fields.

9 Aerospace Science and Technology

9.1 Introduction

Based on the development of aerospace science and technology disciplines in the past five years,
and in accordance with the principles of major landmarks, key urgency, and technical feasibility,
the research team selected 15 major disciplines to conduct comprehensive research. This report
summarizes the latest research progress of 15 aerospace science and technology disciplines in
China, as well as evaluates gaps between domestic and international development status, and

forecasts future development trends and prospects.

9.2 Latest Research Progress

In the past five years, China’s aerospace industry has made a series of brilliant achievements, and
the aerospace disciplines have made rapid and innovative progress:
(1) Aerospace transportation system has accelerated the updating and upgrading, driving the

development of a series of key technologies.
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(2) Communication satellites, navigation satellites, remote sensing satellites, and space science
and technology test satellites have heen improved steadily. For example, China’s launched first
high—throughput communication satellite, ChinaSat—26, with a transfer capacity of 100 Gbps. The
completion and operation of the 30—satellite BeiDou Navigation Satellite System represents the
successful conclusion of its capacity to serve the world.

(3) Due to the great progress of small satellite technology, the low orbit large—scale constellation has
shown great value in a series of application fields such as space—based global communication and
remote sensing, and has set off a boom in the development of low orbit giant constellation. The small
satellite industry has changed from a “trend” of rapid development to a “normal” development.

(4) The three—step process of the Chinese manned spacecraft project has heen successfully realized,
and major progress has been made represented by the completion of the assembly and construction
of China Space Station. It made comprehensive breakthroughs in a series of key professional
technologies in the design, construction and operation of space station. China manned spaceflight
has entered the space station era.

(5) China has successfully completed the last step of the three—step lunar exploration program ( “orbit,
land, and return” ), and carried out a smooth interplanetary voyage and landed beyond the earth—
moon system by Tianwen—1, followed by the exploration of Mars. It has mastered a series of deep
space exploration key technologies, and established space infrastructure and capabilities. A large
number of scientific achievements have been obtained.

(6) Outstanding progress has been made in fundamental technology fields, such as aerospace
propulsion, space energy, aerospace guidance, navigation and control (GNC), aerospace detection
and guidance, aerospace intelligent detection and recognition, aerospace telemetry, tracking and
command, space remote sensing, advanced aerospace materials, space biology and medical payload
technology, spacecraft recovery and landing technology, etc. It has enriched the content of aerospace

disciplines and set up a solid technical foundation for accelerating aerospace development.

9.3 Gaps between Domestic and International Development

In the past five years, China’s aerospace industry has achieved a series of brilliant achievements,
accelerating China’s step towards a strong space presence. Space vehicles have broken through
the bottleneck of high—frequency and normalized launch, and speeding up the development
towards non—toxic, pollution—free, modular and intelligent direction. The technological level of
satellite systems has steadily improved, supporting and constructing national space infrastructure

with multiple functions and orbits; the space station system has broken through a series of key
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technologies in space station design, construction, and operation; the field of deep space exploration
has broken through a series of key technologies; significant progress has been made in numerous
fundamental technical fields. However, compared with the world’s aerospace powers, China still has

many gaps in the fields of key and fundamental aerospace disciplines.

9.3.1 Main gaps in key aerospace disciplines

In the field of space vehicle technology, compared with the international mainstream level, there
is still a gap in the core performance indicators such as the carrying capacity index; the carrying
capacity of China’s new generation of rockets has reached the level of large launch vehicles, which
is equivalent to the United States’ Delta IV. However, it still cannot support the demand for manned
moon landing and large—scale space infrastructure construction; China’s Long March series of
launch vehicles do not yet have the ability to be reused.

In the field of satellites and applications, compared with international in—orbit and under—
development satellites, there is a gap in the system capacity of China’s communication satellites
in terms of load weight. Taking the ChinaSat—26 as an example, its communication capacity is 100
Gbps, and the system capacity per unit weight is 12 Gbps/100 kg, while the system capacity of
ViaSat-3 has exceeded 1Tbps, and its system capacity per unit weight is 50 Gbps/100 kg. There
is a significant gap in the quantitative detection capabilities of remote sensing satellites, and there
are still certain deficiencies in detection elements. For example, the detection methods for gaseous
substances such as PM 2.5 and ozone are still blank.

Compared with SpaceX, there are many gaps in small satellite fields, such as the development
of small satellite technology iterations and breakthroughs, system cost reduction and efficiency

improvement, batch launch deployment, ete.

9.3.2 Main gaps in fundamental aerospace disciplines

In the field of aerospace propulsion, the development of solid propulsion technology is slow, and
there is gap of generations in terms of performance and scale. As for cutting—edge propulsion
technologies such as nuclear propulsion and tethered propulsion, China is still in elementary stage.
In the field of space energy, in terms of high—specific energy long—life batteries, the specific energy
of domestic batteries has exceeded the international technical level of similar products; there is a
significant gap in terms of integrated development and batch preparation of power generation, energy
storage, and energy control products.

In the field of aerospace intelligent detection and recognition, China lags behind international
research on brain—inspired theories such as neuron models and pulse spatiotemporal dynamics, and

development of hardware such as brain—inspired chip and neuromorphic sensor.
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In the field of aerospace telemetry, tracking and command, China has shortcomings in theory and
standards; full-area coverage and ubiquitous interconnection capabilities are insufficient.

In the field of advanced space materials, the system of metallic materials and non—-metallic materials
is not yet complete; basic research in the field of advanced functional composite materials is

relatively weak.

9.4 Development Trends and Prospects

Driven by national strategic needs and the market, the capacity and performance of space transport
system will be continuously improved, towards the directions of reusability, new model development,
heavy—duty, and diversified applications. It will make space entry and exit more efficient. China
will continue to improve its space infrastructure, and integrate remote—sensing, communications,
navigation, and positioning satellite technologies. Besides improving the performance of satellites,
satellite system technology will be further developed towards systematization and integration. While
large—scale low—orbit constellation showing an explosive development trend, the main direction of
small satellite technology and applications development will be satellite—ground integration, and
communication—navigation—remote sensing integration. Towards reusability, low cost, long—term
on—orbit operation, and manned deep space exploration, manned spacecraft technology will focus on
the plan for a human lunar landing, develops new—generation manned spacecraft, and research key
technologies to for exploring and developing cislunar space. Deep space exploration will promote
a series of breakthroughs in core key technologies through national aerospace major missions and
produce fruitful space science achievements. Related fundamental technologies such as advanced
space materials, aerospace GNC, space energy, and space biology will achieve further breakthroughs.
As cutting—edge technologies such as intelligence, multi—domain integration and collaboration of
air—space—ground are increasingly used in aerospace engineering, the multidisciplinary fusion,
boundary crossing and knowledge integration of cutting—edge academic achievements in hoth non—

aerospace disciplines and aerospace disciplines will become an important direction.
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10 Modern Advanced Damage
Technology and Effects Evaluation

101 Introduction

Damage is the final link in the chain of military strikes, which affects the course of the battle and
determines the end of the war. The scientific essence of damage is “the process of releasing and
transferring energy to the target”, and when the energy density used for the target exceeds a certain
threshold, it will lead to the destruction of target materials and structure or loss of function, so as to
achieve the combat purpose of target damage. The energy used by conventional weapons to destroy a
target is derived from the chemical energy released by the explosion of propellants and explosives, which
is very limited. It is difficult to achieve “one-strike destruction”, with a greater degree of randomness
and significant probability, so that is referred to as the “probabilistic nature of conventional destruction”.
The basic scientific problem of this discipline is “high—density energy storage, harnessing, efficient
utilization and evaluation”, which is a cutting—edge cross—cutting field integrating many disciplines, such
as mechanics, engineering, material science, chemistry, explosion science, condensed matter physics,
computational science and so on, and it has typical cross—scale characteristics. In this report, the research
progress and future development trends of modern advanced damage technology and effects evaluation
are discussed regarding the energy enrichment and creative technology, energy release and control

technology, energy efficient utilization technology, and energy utilization effect evaluation technology.

10.2 Latest Research Progress

In terms of energy enrichment and creative technology, this discipline need to mainly focus on
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solving the problem of damage energy sources by using the energy—containing materials as carriers
to realize energy enrichment, research on energy storage and stabilization pathways, master the
mechanism of energy excitation and transformation and then expand the energy spectrum of energy—
containing materials. At present, the researches on the second, third and new generation of energy—
containing materials are very active, showing three major development trends: Firstly, the second
and third generation of energy—containing materials are developed in the form of systematization,
and the related technological research is also being deepened. Secondly, the energy—containing
materials are developed from the traditional single nitro energy storage unit to the direction of
combining multiple energy storage units. Thirdly, the energy—containing materials are mainly
developed from chemical bond energy storage to the direction of combining high tension bond and
chemical bond energy storage.

In terms of energy release and control technology, focusing on solving the problem of high—density
energy utilization, the traditional carbon—hydrogen—oxygen—nitrogen (CHON) type of energy—
containing materials are close to the energy limit of nitro. So it is time to pay attention to the reaction
zone of the propellants and explosives detonation, and enhance the energy level through dynamics
regulation.

In terms of energy efficient utilization technology, precise controlling of the power field, such as the
strengthening of the thermal effect of the charge blast, the superposition of multi-domain energy
coupling, and the modulation of the destructive effect, which can achieve the efficient use of high
explosives.

In terms of energy utilization effect evaluation technology, focusing on solving the problem of
evaluating the efficiency of high—density energy utilization. It has constructed a target system based
on damage, an analysis of the damage characteristics of the target and the damage standard, the
damage criterion of a typical target and an equivalent target design method. Then the valuation of
energy utilization efficiency is carried out by combining target vulnerability characteristics, power

field distribution and environmental factors.

10.3 Comparative Analysis of Research Progress at
Home and Abroad

10.3.1 Energy enrichment and creative technology

The United States is attempting to realize new technologies with more than 10 times TNT destructive
effectiveness by 2040, focusing on the development of metastable nanomaterials, high—energy

hydrogen storage materials, high—tensile bond energy-releasing materials and other subversive
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energy—containing materials, with the aim of raising the destructive capability of conventional
weapons to 6 times, 15 times and 100 times TNT equivalent, thus completely changing the
performance of weapons and equipment and subverting the shape of war. Comparatively, China
has mastered high—quality, low—cost preparation technologies for second—and third—generation
energy—containing materials. Its application level continues to rise, and the research progress of
the new generation of energy—containing materials has accelerated significantly, catching up with

international development, with some of the research results ranking among the world’s top.

10.3.2 Energy release and control technology

The United States has deepened the explosive reaction dynamics research, mastered the shear
ignition, hot spot growth, ignition suppression and other mechanisms, realizing the reaction
dynamics of aluminum powder, detonation reaction dynamics and other technologies. Compared to
them, China’s propellants and explosives technology has broken the technical bottleneck of single
formula design method, energy output structure and other technical bottlenecks, so that the energy
density has been greatly improved, and the technical indicators have reached the advanced level of

similar products in the international arena.

10.3.3 Energy efficient utilization technology

In the area of anti—armor, France has adopted the multi-purpose tandem armor—breaking
technology, and the penetration depth of rolled homogeneous armor is 30% higher than that of
existing anti—tank missiles of the same class. In the area of countering solid targets, the United
States has developed a 13.6—ton giant drill bomb, with a penetration capacity of more than 8 meters
on super—strength reinforced concrete. Correspondingly, China has established new principles and
methods of energy utilization, such as adjustable power/effect selectivity, Low—Collateral, high light,
electromagnetic pulse, etc., and the destructive performance has reached the technical level of

similar equipment in Europe and the United States.

10.3.4 Energy safety applied technology

The proportion of safety ammunitions in service in the United States has exceeded 50%, and the
proportion of safe munitions in its Navy and Air Force has exceeded 70%, which indicates that the
level of energy release control of foreign propellants and explosives is constantly improving, and
the risk of large—scale chain explosions triggered by munitions safety problems has been basically
eliminated. China has mastered the preparation technology of many kinds of insensitive energy—
containing materials, synthesized a variety of heat-resistant compounds with decomposition

temperatures exceeding TATB, and put them into engineering applications; mastered the technology
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of quantitative testing and characterization of reaction intensity, as well as has formed model,

methods and specifications for testing and evaluating the ammunition safety.

10.3.5 Energy utilization effect evaluation technology

The United States has accumulated a large amount of target vulnerability test data, formed
generalized assessment methods and software, and established perfect target vulnerability
assessment methods and databases, such as the Modular Unix—based Vulnerability Estimator
Suite (MUVES). Correspondingly, China has established methods for evaluating the vulnerability
characteristics of common military targets and for designing damage—equivalent targets, and
developed a variety of damage evaluation software systems and databases. The research on energy
utilization effectiveness evaluation technology has shifted to the study of dynamic power distribution

law and the evaluation of multiple damage effects in the complex conditions.

10.3.6 Energy enrichment and utilization of the whole process of simulation

capability molding

The United States and European countries have developed a variety of specialized series of
simulation software, such as LS-DYNA, AUTODYN, Material Studio, Cheetah (USA), which can
achieve rapid design and performance prediction, saving the research cycle and funding, and
improve the efficiency of research and development and evaluation. Compared with the United
States and European countries, China has established a database on the properties of propellants
and explosive materials and testing, formed a physical model of high—density energy release and an
engineering model of the damage effects of energy utilization; mastered the solution algorithm and
a method of accurate analysis and simulation for the whole process, including high—density energy

enrichment, output, transformation and utilization.

10.4 Development Trends and Prospects

Due to the application of new technologies, in the future, the warfare will gradually become
intelligent, all-domain operation, precise, diversified, and autonomous. Accordingly, the weapons
systems must have high technical performance, such as advanced destruction, long-range
suppression, precision strikes, high—speed mobility, rapid response, battlefield survival, and
round—the—clock operation. Modern advanced damage technology and effect evaluation need to
focus on energy merging and utilization, damage precise control and characterization, damage

effectiveness prediction and verification, target damage characteristics, and so on. Meanwhile, the
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following methods including energy enhancement and regulation of explosives, energy excitation
and transformation mechanisms, regularity of coupling effect between energy and target, all—
domain precise control of explosion and combustion effects, and damage energy merging should
be possessed. The key critical technologies, such as, multi—domain energy coupling and new
destruction mechanism, need to be developed desperately. On the basis of the above—mentioned, we
will gradually build an efficient damage technical system with complete spectrum, comprehensive
technology, and advanced level, realizing adjustable weapon force and power, improving the
application level and forging efficiency of advanced weapons and equipment, and then driving the
development of modern advanced damage technology and effects evaluation.

In conclusion, the independent innovation and development of advanced damage technology and
effect evaluation will promote the change of combat mode, give birth to the new quality combat
force, and enable our country to grasp the initiative of cutting—edge scientific and technological
competition; at the same time, it will also drive the rapid development of basic disciplines such as
materials science, high—pressure physics, computational science, etc., and the results obtained will
be widely applied to new energy, new materials, high—end manufacturing and other related fields,
so as to enhance the scientific and technological innovation capability and industrial manufacturing

level, and promote the overall improvement of national scientific and technological strength.

11 Mining Engineering

111 Introduction

Mining Engineering is a key discipline supporting the sustainable development of China’s national
economy. It is a practical fundamental discipline aimed at the safe, efficient, and environmentally
friendly extraction of mineral resources, and it is a second—level discipline categorized under the
first-level discipline of Mining Industrial Engineering. The Mining Engineering discipline has a

long history. After the reform and opening—up, China’s mining industry has gained remarkable
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achievements, and the Mining Engineering discipline has entered a new era of robust development,
ensuring the increasing demand for mineral resources in support of China’s national economic
growth.

In recent years, China’s mining engineering has made significant progress in green mining, deep
mining, and intelligent mining. China’s production of ten non—ferrous metals has ranked first in the
world for consecutive years. In 2022, the national coal output reached 4.56 billion tons, exceeding
54.7% of the global coal output. However, compared with international status, there are still
significant differences in terms of high—quality development, mining depth, and mining intelligence.
In the future, carbon—negative and efficient backfill mining, co—exploitation of mineral and
geothermal resources, in—situ fluidized mining of deep solid resources, exploration and exploitation
of deep space resources, and mining of deep—sea resources are important trends in the development

of mining engineering in China.

1.2 Latest Research Progress in Mining Engineering
Discipline in Recent Years

11.2.1 Latest advancements in research on mining science and technology in metal

mines

11.2.1.1 Theory and key technical equipment for paste backfill in metal mines

Paste backfill technology is the key technology to realize green mining. The rheological behavior of
full tailings in deep thickening, the rheological behavior of paste in mixing, the rheological behavior of
paste in transportation, and the rheological behavior of the filling body have been thoroughly studied,
and a rheological framework system for paste in metal mines has been constructed. A complete set
of paste backfill technology and equipment has been developed: (Dtechnology and equipment for
full tailings paste deep thickening; @technology and equipment for paste homogenization mixing;
Bhtechnology and equipment for long—distance and steady—state transportation of paste; @Intelligent
control technology and equipment for the entire process of paste backfill. The National Standards, such
as Technical Specification for The Total Tailings Paste Backfill and the Technical Specification for
Total Tailings Paste Production and Disposal, were formulated.

11.2.1.2  Theory and technology of mine slope disaster prevention and control in complex environments
The induced mechanism of rock fracture was elucidated, and the rock strength criteria were
constructed. An innovative deterministic solution was presented to address the uncertainty of safety
factors in slope design, and the Specification for Rock Slope Engineering Design of Open—pit Mine

was formulated. A slope deformation monitoring equipment with completely independent intellectual
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property rights, S—-SAR synthetic aperture radar, was developed; the “double—body catastrophe
mechanics theory” for landslides, based on Newton force change measurement, was put forward
for the first time; the “reinforcement—monitoring—early warning” integrated prevention and control
technology for landslides was formed; and two diaphragm wall structures for water containment
and slope stabilization were put forward, namely single diaphragm wall structure and anchored
diaphragm wall structure.

11.2.1.3  Cloud platform for monitoring and early warning of mining disasters in metal mines
An intelligent mesh division algorithm for structured hexahedron with hundreds of millions of
degrees of freedom, elastic—brittle damage constitutive model, and a dynamic correction algorithm
for temporal and spatial variability of rock mechanics parameters driven by microseismic data
were proposed, forming a dynamic simulation cloud service propelled by monitoring data and a
disaster prediction and early warning method combining monitoring and simulation. An algorithm
for constructing an early warning index system based on case mining was proposed; finally, a “four—
in—one” dynamic evaluation method of mine disaster risk was formed, including geological disaster
case base, field monitoring big data mining, simulated cloud computing analysis, and expert system
evaluation; and a cloud platform for monitoring and early warning of geological disasters in metal
mines was built.

11.2.1.4 Efficient and intelligent collaborative technology for the entire activity chain in
underground metal mine production

The core challenges, such as “continuous, accurate, and rapid acquisition of mine production
operation data and integrated management of multi—source and heterogeneous data”, “automatic
driving of underground trackless equipment”, “visual integrated management and control of the
underground environment and working conditions”, and “real-time scheduling of production process
throughout the entire activity chain”, have been studied and overcome, realizing efficient and
intelligent cooperation throughout the entire activity chain in underground metal mine production,
and achieving intelligent mining of mines. The operational mode in underground metal mines has
been innovated. The efficient and intelligent collaboration throughout the entire process of the
activity chain in underground metal mine production has been realized. A typical metal intelligent
mine demonstration has been established.

11.2.1.5 Key technologies for intelligent management and control of open-pit metal mines

A new comprehensive intelligent production management and control system for unmanned mining
in open pit metal mines has been established, and the key technologies for intelligent management
and control have been overcome: (Dopen architecture design and integrated control technology for
unmanned driving vehicles; @unmanned autonomous operation and obstacle avoidance technology

in the complex environment of open—pit mining area; @all—factor intelligent fine ore blending
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technology for multi-metal and multi—target open—pit mines; @data—driven unmanned multi—
vehicle collaborative intelligent scheduling technology for open—pit mines; (Dintegrated management

and control platform for unmanned mining in open—pit metal mines under cloud services.

11.2.2 Latest advancements in research on mining science and technology in coal

mines

11.2.2.1 Mining stress and rock mechanics theory

The distribution and rotation regulation of mining stress in the deep long—wall working face with
ultra—large length are studied, a fractional order model is proposed to describe the mining stress
attenuation mode, and the mechanism of mining—induced fracture propagation driven by rotational
mining stress is revealed. The optimization principle of working face advancing direction is proposed
based on the rotation trajectory of ground stress and mining stress. The relationship between the
principal stress rotation around the roadway and the asymmetric failure of the roadway is expounded,
and the butterfly failure theory is developed. The hydraulic fracturing technology in the overlying
thick and hard roof area of the coal seam is developed, and the destressing method of rock burst
prevention named “artificial liberation layer” is put forward.

11.2.2.2  The basic theory and key technical equipment of thick coal mining

Based on the combined effects of top coal fracture distribution, stress loading and unloading, and
stress rotation, a prediction model of top coal broken degree is constructed, and a “cantilever
beam—articulated rock block™ structure model of overlying rock in fully mechanized mining caving
face with large mining height is established. The relationship between coal wall stability and roof
pressure, coal wall strength, coal wall height, support resistance, and other parameters are obtained,
and the timing rule of coal-gangue—rock caving flow is revealed. The technology of fully mechanized
caving with large mining height of extra—thick coal seams and top coal caving of steep thick coal
seams have been developed, and breakthroughs have been made in intelligent fully mechanized
caving and intelligent top coal caving technology and equipment.

11.2.2.3  The Key theory and technology of strata movement and surrounding rock control

A thorough rock strata control theory and technology system has been formed. The intelligent control
technology framework of “multi—parameter sensing, analysis pattern discrimination, equipment
independent decision—-making, quick execution of processes, dynamic evaluation of effects” is
established in mining face, and intelligent control technologies such as intelligent mining system,
adaptive cruise of equipment and in-situ sensing of rock formation movement are innovated.
Intelligent underground sorting and in—situ backfilling technology has been developed. The
integrated safe, green, and efficient mining of “mining, selecting, backfilling + X are realized. A

method of far and near field cooperative pre—control of hard roof combines surface drilling fracturing
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with underground roof pre—cracking is proposed.

11.2.2.4 Coal mine intelligent mining equipment and technology

The three major equipment of “mining, supporting and transporting” in the intelligent working
face has made considerable development and progress. With the help of CAN bus and industrial
Ethernet technology, the shearer realizes the detection, control, and protection of oil level, frequency
converter, motor, sensor, and other parameters. The maximum support height of the full-height
hydraulic support has reached 10.0m, the maximum support height of the fully mechanized top coal
caving hydraulic support has reached 7.0m, and the weight of a single hydraulic support has reached
100t. A new idea of intelligent mine construction based on “digital twin + 5G” is proposed, and a
smart mine platform with global perception, edge computing, data—driven, and auxiliary decision—
making is constructed.

11.2.2.5 Green mining theory and technology

The pressure behavior law, key strata movement, and surface deformation characteristics of backfilling
mining are studied, and the key strata filling control theory aimed at controlling the bending
deformation of key strata is constructed. Under the engineering requirements of groundwater protection,
low surface damage, and near—zero discharge of gangue and gas, a green mining mode of “mining
separating and filling + X was formed, and key technologies such as “mining separating and filling
+ control”, “mining separating and filling + retention”, “mining separating and filling + pumping”,
“mining separating and filling + prevention”, “mining separating and filling + protection” were

developed, which promoted the application of underground separation and in—situ filling in coal mines.

11.3 Comparative Analysis of Domestic and International
Research Advancements in Mining Engineering
Discipline

By promoting carbon peak and neutrality strategies, countries globally are expediting the shift toward
intelligent production, information—driven management, and cleaner coal utilization while ensuring
a secure and stable energy supply foundation. The forefront of international research includes
automation and intelligent technology, cost—effective mining techniques, green mining, machine
learning and data analysis, and deep—sea mining. Combining the latest research advancements
in this discipline in recent years in China, a comparison is made between the domestic and
international research progress in this field as follows.

The high—quality development of the coal industry, both domestically and internationally, reveals

significant disparities. After over 40 years of development, China’s sub-level caving mining
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technique has achieved a globally leading position. However, imbalances persist in the efficiency
and technological levels of coal mine exploitation, market structures, and the cleanliness and quality
of coal utilization in China. Simultaneously, the coal industry in China is not fully developed in
terms of safety, green, low—carbon, human resources, international cooperation, and enterprise
transformation and upgrading.

Significant differences exist in the mining depth of metal mines between China and foreign countries.
Currently, the maximum mining depth in metal mines in China is 1990m, which has not yet reached
2000m. In contrast, several countries, including South Africa, India, Canada, the United States, and
Chile, have already achieved or exceeded depths of 3000m in metal mine exploitation. South Africa,
in particular, has more than ten metal mines with depths reaching or exceeding 3000m, with the
deepest reaching 4800m. It is evident that there is a substantial gap between the depth of metal mine
exploitation in China and that in developed mining countries abroad.

A considerable gap exists in the deep intelligent mining of metal mines in China. Currently, most
mines in China have established underground optical fiber backbone communication networks,
and most are equipped with environmental sensing devices, automation control systems, disaster
monitoring systems, mine management software, etc. However, compared to foreign mines, the
development of intelligence is relatively lagging: weak intelligent sensing technology for mining
environments; lack of efficient mining technology under deep high—stress and high—temperature
conditions, high mining costs, and slow progress in shaft and roadway engineering; poor matching
of mechanized equipment in mines and low manufacturing levels of large underground mining
equipment; and a relatively backward development of integrated information platforms for mining

production control.

1.4 Development Trends and Prospects of Mining
Engineering Discipline

11.4.1 Theory and technology for carbon-negative and efficient backfill mining in

coal mines

Innovative theories have been developed for the structural topology and strength of carbon—negative
high—porosity backfill materials as well as theories on carbon sequestration in backfill bodies, rapid
reaction kinetics for quick—setting cemented materials, and conceptions of carbon—negative efficient
backfill theories, including backfill mining for preventing rockbursts in mining areas. The key
technology system has been developed, including the preparation of rapid and efficient cemented

high—porosity backfill materials from gangue, green and efficient preparation technology for quick—
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setting cemented materials, carbon—negative and efficient backfill mining technology, multi—side
simultaneous backfill mining technology and process, and full-cycle three—dimensional efficient

backfill mining and impact prevention technology.

11.4.2 Theory and technology for co-exploitation of mineral and geothermal

resources

To strengthen exploration of mineral-thermal coexistence zones and promptly initiate mining—
thermal resource co—mining pilot projects. To develop rock breaking and tunneling technology in
deep, high—temperature, and hard rock stratum. To strengthen the theoretical and experimental
study of rock mechanics in deep multi—field coupling environment. To establish a classified

utilization system of thermal energy for co—exploitation of mineral-thermal resources.

11.4.3 Theory and technology for in-situ fluidized mining of deep solid resources

To overcome the limit of critical depths in solid mineral resource extraction and to construct a
fluidized mining technology system that realizes unmanned and intelligent mining—processing—
backfill and thermal—electricity—air transformation in underground coal mines in situ. To develop
theories and technologies for in—situ leaching and integrated mining, processing, and backfill in

deep metal mines.

11.4.4 Exploratory research on exploration and exploitation of deep space

resources such as the Moon and Mars

To study the remote sensing detection and acquisition technology for lunar and Martian resources,
to innovate the in-situ true—core sampling technology for large depths on the Moon and Mars,
to study the concept and technical implementation scheme for the utilization of underground
steady—temperature layers on the Moon and Mars, and to develop supporting technologies such as
underground activity space, underground heat storage, thermoelectric power generation, and mineral
mining structures on the moon and Mars, thus forming new theories, technologies, and schemes for

the development and utilization of the underground space of the moon and Mars.

11.4.5 Theory and methods for the mining of deep-sea resources

To study the hydrodynamics of deep—sea mining systems, to explore the coupled response
characteristics of deep—sea mineral rocks and mining stripping equipment, to establish a joint
system of lithology detection reporting and online numerical analysis, to develop intelligent
decision—-making and intelligent mining stripping methods of mining equipment, and to establish

response mechanisms and models of the deep—sea mining system to changing ocean environments.
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12 Seed Science

121 Introduction

The country is based on agriculture and prioritizes seed production. Seeds are the “chips” of
agriculture, which are irreplaceable, basic, and important means of production in agricultural
production. They are also the foundation of human survival and development, and play an
irreplaceable role in the entire agriculture and national economy. Seed science is the study of
the characteristics, physiological functions, and life activities of crop seeds, serving agricultural
production and solving various scientific and technological problems in seed production. Seed
science is an ancient and young discipline that has been systematically studied for over a hundred
years. Early seed studies mainly included seed biology and seed physiology. In the 20th century,
with people’s recognition of the important position of seeds in agricultural production, the
development of seed science research was promoted. In recent years, with the rapid development of
the seed industry and the process of seed industrialization worldwide, seed science has expanded
into seed science and technology on the basis of traditional and emerging disciplines such as
molecular genetics, molecular biology, and genetic engineering. Research has expanded from
population to individual, and from cellular to molecular levels. Seed science is a discipline that
closely combines basic research and application. Seed research and production need to be closely
integrated to serve agricultural production on a broader scale.

This section reviews and summarizes the development of seed science in China in the past five
years. It reviews and summarizes the current development status of new theories, technologies,
methods, and achievements in seed science in China in recent years. Combined with major
agricultural projects since 2022, it summarizes key technological advances related to crop breeding
and briefly introduces the progress made in the field of seed science research, and analyzes and

compares the latest research hotspots, cutting—edge trends, and development trends of this discipline
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internationally. Based on the current development status of seed science in the past five years,
compare the gap between domestic and international agricultural technology development, analyze
the development strategy and key development directions of seed science in China in the next five

years, and propose relevant development trends and strategies.

12.2 The Latest Research Progress in this Discipline in
Recent Years

12.2.1 The latest theoretical and technological research progress in seed science

12.2.1.1 Seed and crop yield and quality

As the “chip” of agriculture, seeds are an important guarantee for increasing agricultural production
and food security. Good varieties play a crucial role in increasing and stabilizing agricultural
production. It is estimated that the breeding and promotion of good varieties contribute more
than 50% to the increase in yield per unit area. For example, due to factors such as breeding and
cultivation, the yield level of soybeans and corn in China is only about 60% of the world’s advanced
level. Behind the yield gap is the difference in density and stress resistance of varieties. In the past
decade, the country has continuously introduced a series of policies to promote grain production,
and China’s seed industry has steadily developed and continued to strengthen, with significant
results in high—quality agricultural development. The compound growth rate of the number of seed
related patents in China has reached 28.8%, and the contribution rate of high—quality seeds to
grain production has exceeded 45%. With the improvement in living standards, people’s demand
for high—quality grains has increased, and the direction of scientific research and breeding has
gradually shifted from focusing on yield to emphasizing both yield and quality. The transition from
eating full to eating well, and then to eating nutritious and healthy, has put forward more demands
for the breeding of good varieties.

12.2.1.2  Seed production

Seed production is the first step in agricultural production and has made significant contributions
to ensuring food security and sustainable agricultural development. The self—sufficiency rate of
seeds in China’s main agricultural products is at the forefront of the world. Currently, China has
established an efficient breeding technology system for super rice, dwarf wheat, hybrid corn, and
other crops. The area of independently selected crop varieties accounts for over 95%. In recent
years, with the continuous progress of technology and the continuous development of agricultural
production, new progress has also been made in seed production, including gene editing technology,

haploid breeding, molecular design breeding, intelligent agriculture, and plant factories. The
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application of these new technologies and models brings broader development prospects and more
opportunities for seed production. The progress of technology has empowered innovation in the seed
industry, achieved changes in breeding models and processes, and played an important supporting
role in ensuring food security in China.

12.2.1.3  Seed storage and processing

Seed storage technology is the process of preserving seeds under suitable environmental conditions
to extend their shelf life and ensure their quality and availability. The key to seed storage technology
is to control temperature, humidity, and oxygen concentration. The newly built National Crop
Germplasm Resources Database in September 2021 has been officially put into operation, basically
achieving ultra—low temperature preservation of seeds, as well as the preservation of test tube
seedlings and DNA. The entire preservation process has achieved intelligence and informatization,
and the seed storage life can reach 50 years. The application of seed storage technology can not only
improve the efficiency of agricultural production, but also reduce resource waste and environmental
pollution.

Seed processing technology refers to the treatment of seeds to improve their quality and adaptability.
In recent years, China’s attention to research on seed processing equipment has significantly
increased. China’s agriculture has basically achieved full mechanization of operations, and
equipment such as dryers, cleaning machines, selection machines, and coating machines have
basically achieved digital control. Under intelligent control, sensor measurement is achieved,
improving the accuracy of seed processing. At the same time, new technologies such as wind
balancing cleaning, self balancing gravity selection, optical color selection, and precise granulation
treatment have gradually been widely applied, and the quality of processed seeds has been further
improved.

12.2.1.4 Collection and protection of germplasm resources

Crop germplasm resources are the source of innovation in crop seed industry. Germplasm resources
are carriers of genetic information carried by organisms, with actual or potential utilization value.
Their forms include seeds, plants, stem tips, dormant buds, pollen, and even DNA. During the 13th
Five Year Plan period, China accelerated the construction of a germplasm resource protection and
utilization system, and established and improved a national crop germplasm resource protection
system consisting of one long—term database, one duplicate database, 10 mid—term databases, 43
germplasm nurseries,205 original habitat protection points, and a germplasm resource information
center. As of the end of 2022, the total amount of collected and preserved resources in China
has exceeded 540000, protecting a large number of rare and endangered resources; every year,
more than 100000 copies are effectively utilized for scientific research, breeding, and production,

providing strong support for crop breeding and agricultural technology innovation in China.
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12.2.2 The application of seed science in the seed industry

The seed industry is a systematic engineering that mainly includes five systems: breeding of
excellent varieties, production and reproduction of seeds for field production, processing and coating
of high—quality seeds, seed quality inspection, packaging, storage, circulation and sales, and seed
industry management. After years of development, China has made significant breakthroughs in
the research of major crop seeds, greatly promoting the development of the seed industry. In the
identification, evaluation, and innovation of germplasm resources, a series of achievements have
been made in seed development, seed dormancy and germination, seed deterioration and storage
tolerance theory, new variety breeding theory and technology, seed breeding technology, key
technologies for high vitality seed production, hybrid seed production technology and key equipment,
and seed processing. During the 13th Five Year Plan period, significant achievements have been
made in scientific and technological innovation in China’s seed industry. Firstly, large—scale precise
phenotypic identification and whole genome genotype identification of crop germplasm resources
have been carried out, providing an important material basis for new variety breeding and basic
research; secondly, a number of favorable genes for important traits have been precisely mapped
and cloned, providing important genetic resources and pathways for crop molecular directed design
and breeding; thirdly, significant breakthroughs have been made in core key breeding technologies
such as crop gene editing and haploid breeding, accelerating the rapid application of efficient crop
breeding systems; the fourth is to comprehensively utilize plant molecular design, chromosome cell
engineering, mutagenic biotechnology, and hybrid advantage utilization technologies to cultivate a
batch of high—quality rice, drought resistant and water—saving wheat, high—yield machine harvested
corn, early maturing and high—quality vegetables and other new crop varieties. China’s seed industry
enterprises have become one of the top ten in the global seed industry through technological and
product innovation, providing strong technological support for ensuring national food security and

promoting green agricultural development.

12.3 Comparison of Research Progress in this Discipline
both Domestically and Internationally

In recent years, seed science has achieved significant success in both basic and applied research
that promotes the development of the discipline itself, as well as in the cross development with
related disciplines and the expansion of new application fields. This has had an important impact

on promoting the independence, self-reliance, and controllability of seed sources in China’s seed
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industry technology. The level of crop breeding, excellent varieties, and supply capacity in China
have significantly improved, with over 95% of the planting area of independently selected varieties,
achieving the goal of “China’s grain mainly uses Chinese varieties”. The self-sufficiency rates
of pigs, cows, sheep, and some characteristic aquatic core species have reached 75% and 85%,
respectively, providing key guarantees and support for the stable production and supply of food and
important agricultural and sideline products. At present, China’s seed industry market size has
ranked second in the world, second only to the United States. However, from the perspective of the
seed industry itself, the protection and utilization of germplasm resources are still far from enough,
and the independent innovation ability is not strong, especially in the theory and key core technology
of breeding, which is still far from cutting—edge countries.

In terms of excavation and identification of germplasm resources, although the total amount of
preserved germplasm resources in China exceeds 520000, ranking second in the world, there are still
many shortcomings in China’s existing germplasm resources. The structure of existing germplasm
resources is relatively single, mainly domestic resources, with a small proportion of foreign resources,
poor resource diversity, and many disease resistant, stress resistant, and high—quality breeding
materials have not yet been collected. In terms of basic theoretical research in seed science, China
has made significant progress in biological breeding technology innovation and patent inventions. In
some sub fields, the gap with developed countries represented by the United States has significantly
narrowed, and in some aspects, it has even surpassed developed countries. However, there are few
discoveries of important functional genes, and the biological basis and regulatory mechanism for the
formation of important economic traits, quality, and Research on the coordinated improvement of yield
and resistance, as well as the interaction mechanism between abiotic stress and crop development,
is weak. In terms of key breeding technologies, there is a significant intergenerational gap between
China’s breeding technology and the international advanced level. International breeding technology
has basically entered the “4.0 era” of intelligent breeding, which deeply integrates life science,
information science, and breeding science. A smart breeding research and development system based
on genotype phenotype environment data collection and simulation analysis has heen established,
and it has expanded from greenhouse phenotype technology to field phenotype technology. The data
processing capacity of research and development is increasing exponentially every year. However,
most breeding in China is between the 2.0 and 3.0 eras, where hybrid breeding and molecular assisted
breeding are the main methods. There is still a significant gap in breeding quality, efficiency, and
regional adaptability compared to the international advanced level. In terms of research tools and
equipment used in the field of seed science, China is currently highly dependent on imports, and
some technical equipment is still unable to be obtained from abroad. The lack of advanced scientific

research tools and equipment seriously affects the development of seed science research in China.
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124 Development trends and prospects of this discipline

The world today is experiencing unprecedented changes, with a new round of technological
revolution and industrial transformation advancing rapidly. The paradigm of scientific research is
undergoing profound changes, and interdisciplinary integration is constantly developing. The new
round of technological revolution and industrial transformation is reshaping the global economic
landscape, and international forces are deeply adjusting. The international environment is becoming
increasingly complex, and ensuring food security has become a common challenge faced by the
world. To carry out the research and development of seed source bottleneck technology and aspire to
fight a revolutionary battle in the seed industry, China’s agricultural biological hreeding technology
research and industrialization development has entered a new stage of self-reliance and leapfrog
development. However, there are still a series of constraints in the research and development of
biological breeding, including weak original innovation, lack of key technologies, and disconnection
in the innovation chain. Therefore, the development of seed science is particularly important.
Only by vigorously developing technological innovation in the seed industry can we accelerate the
research and industrialization process of biological breeding technology in China, enhance the core
competitiveness of modern agriculture, achieve technological self-reliance and self—improvement,
and ensure national food security, ecological security, and national nutrition and health.

With the development of technologies such as artificial intelligence and big data, the field of seed
science research will gradually achieve intelligence and precision, with the main research goal
of improving agricultural production efficiency and reducing resource waste. Through advanced
bioinformatics data analysis, molecular biology technology, and artificial intelligence, the
performance of seeds will be rapidly improved to improve their response to the challenges brought
about by climate change and environmental degradation. In terms of seed science talent cultivation,
the advent of modern seed industry and digital information era has led to an increasing trend
towards applied and interdisciplinary talents in seed industry disciplines. In recent years, various
universities have established new technology interdisciplinary majors to reshape the knowledge
cultivation system of seed industry talents, providing a good fertile ground for modern seed industry
talent cultivation. In terms of the construction of basic conditions for seed science research, we
will build an internationally first—class seed indusiry technology innovation platform, and create a
fertile ground for seed industry technology self-reliance and self—-improvement through open sharing
support and guidance of basic research in the field of seed science.

National policies play a guiding role in the development of the seed industry. Therefore, there is

a need for more support and tilt at the national policy level. By continuously strengthening the
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strategic significance of the development of biological breeding, improving the national innovation
and development system of biological breeding, and promoting scientific and technological
innovation in the field of seed science research, we can promote China’s rapid transformation from
a major country in the biological breeding industry to a strong country, ensuring the independent
and controllable control of key common technologies, and “China’s food in a bowl”. In addition,
seed research should only focus on the production problems that urgently need to be solved in the
development and innovation of China’s seed industry, with more original innovations at the technical
level, and further comprehensive development and promotion. In response to the significant needs
of China’s agricultural and rural modernization for food security, green development, healthy living,
extreme climate response, and the development of strategic emerging industries, we will precisely
cultivate and create new agricultural resources that increase production and quality, reduce
investment and efficiency, and reduce losses to promote stability, achieve leapfrog upgrading of

existing varieties, and lead the development of precision agriculture.

13 Materials Science

13.1 Introduction

All materials were strategic in space and military technologies, when the “materials” first appeared
in the language of science policy makers. The discipline of Materials Science and Engineering (MSE)
emerged from metallurgy and solid—state physics, and then combined math, physics, mechanics,
chemistry and informatics principles. The intermingling of science and industry has launched to
solve real-world problems associated with nanotechnology, energy, mechanical manufacturing,
biotechnology, information technology and engineering disciplines. A large amount of research on
electronic and magnetic materials, and advanced materials for batteries has been conducted under
the umbrella of physics or within solid—state—chemistry departments.

Materials Science and Engineering aims to clarify the interaction of structure, properties,
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performance and process. A tetrahedron can be visualized them at the four vertices, with emphasis
on their mutuality. A wide range of research fields can include metals, inorganic non—metallics,
organic polymer, composites, biomedical materials, energy materials, environmental materials,
electronic information materials, nano—materials, material genetic engineering, material surface and
interface, material failure and protection, material testing and analysis technology, material synthesis
and processing.

Here we review the eight frontiers of Materials Science and Engineering over the last years,
including quantum materials, two—dimensional semiconductor, energy materials, metamaterials,
biomaterials and nanomedicine in space environments, materials for extreme environments,

materials genome engineering, as well as materials fabrication and characterization.

13.2 Frontiers of Materials Science and Engineering

13.2.1 Quantum materials

The new generation of spin quantum materials is related to ultra—high density, large capacity,
nonvolatile magnetic storage and logic storage integrated devices, which is expected to become one
of the main directions of the development of information industry in the “post—Moore era”. Magneton
spintronics can be used to, detect and control magnetons, as well as the mutual transformation
between magnetons and various quasi—particles such as conduction electron spins. The excitations
of spin lattice can form spin waves and their quantized elementary elements—magnetons in magnetic
materials or insulators. This sort of magneton (spin wave) has wave—particle duality like photon (light
wave) and phonon (sound wave), which can be used for directional and long—distance transmission
of spin information, due to its electrical neutrality without Joule heat, less energy consumption, in
order to realize the functions of data storage and non—Boolean logic operation. As an information
carrier, magnetons have unique application prospects in new logic computing, neural brain—
like computing, and even quantum computing. Therefore, the magnetic metals, ferromagnetic
semiconductors, ferromagnetic semimetals, magnetic topological materials, spin—wave materials and

antiferromagnetic semiconductors can contribute to the spin devices.

13.2.2 Two-dimensional semiconductor

Two—dimensional semiconductor has dominated the advanced materials and electronics in recent
years, especially transition metal dichalcogenides. The better properties have been achieved
in the atomic—scale ultra—thin layer, high carrier mobility, layer—dependent tunable band gap,

spin—valley electronics, ultra—fast response speed and easy back—end heterogeneous integration.
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The main challenge can break through the physical limitations of the mainstream silicon—based
complementary metal oxide semiconductor (CMOS) chip technology in further miniaturization, such
as short channel effect, which is one of the candidate chip materials to replace silicon in the post—
Moore era. The large—scale wafer—level materials and multi-layer structure heterojunction can be
fabricated for the high—density low—power storage, high—efficiency photovoltaic, high—sensitivity
photodetection, ulira—short channel, and ultra—fast computing. Two—dimensional semiconductor can

be expected to serve in the wearable electronics, sensors, and hiomedicals.

13.2.3 Energy materials

Energy materials are ever increasing in the global demand for sustainable energy. The better
performance, sustainability and environmental friendliness can be optimized the synthesis and

preparation of electrode materials using various advanced microscopies and spectroscopies.

13.2.4 Metamaterials

Metamaterials are macroscopic dielectrics that composed of artificial microstructure units.
These artificial metaatoms can be tuned by the size, structure and spatial periodic or aperiodic
arrangement. The metamaterials can be obtained to alter the macroscopic electromagnetic
parameters (including dielectric coefficient, permeability coefficient, refractive index coefficient,
and absorption coefficient). Different propagation properties of electromagnetic waves can also be
achieved, including refraction, reflection, transmission, absorption, and wave vector dispersion.
A variety of novel and exotic electromagnetic applications have been realized, including negative
refraction, perfect lens imaging, perfect absorption of invisibility cloak, and radiation cooling.
Metamaterials are originated from microwave and visible light wavebands. The current research
focuses on the electromagnetic wave frequency ranges such as terahertz, infrared and extreme
ultraviolet. Metamaterials are beginning to be applied in the fields of national defense and
economic construction, such as deep space, deep sea and deep earth exploration, high directional

electromagnetic countermeasures, 5G/6G wireless communication, and green energy.

13.2.5 Biomaterials and nanomedicine in space environments

Medical micro—nano material is one of the important strategic frontiers of nanoscience and
nanotechnology. Physical, chemical and biological properties can contribute to the disease
prevention and diagnosis, treatment and prognosis monitoring in life science. Medical micro—nano
materials have been widely used in disease diagnosis, targeted drug delivery and controlled release,
tissue repair and regeneration, intelligent biological devices in medicine and health, and medical

devices for life support of future space survival.
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13.2.6 Materials for extreme environments

Extreme environment service materials are mainly used in many strategic national defense fields,
such as extreme high pressure, extreme temperature, extreme radiation, extreme impact and strain
rate, extreme energy and combustion reaction, extreme corrosion and hydrogen environment in deep
space, deep sea and deep earth, where metal alloys in the conditions of extreme impact and high

strain rate, while advanced ceramics at high strain rates.

13.2.7 Materials genome engineering

The generative Al ChatGPT can be extended to the high—throughput dynamics with data—driven
technologies (such as machine learning and artificial intelligence), in order to accurately and
rapidly screen thousands of microstructures and/or chemicals. Data and theory can be coupled to
drive science. Current research focuses on machine learning that are trained on synthetic datasets
to speed up computer simulations. Emerging data—driven methods are used for material synthesis,
spectral interpretation and experiment optimization.while positive data—driven methods can promote

the experimental chemistry and materials science.

13.2.8 Materials fabrication and characterization

The controllable preparation of materials is one of the cutting edges in new materials. The nucleation
and growth of crystals can determine the preparation of solid materials. In—situ transmission electron
microscopy has promoted the spatiotemporal resolution and high—throughput data analysis. Spherical
aberration correctors with in—situ tensile function have equipped for the direct observation of the
microstructural defects under strain at the atomic scale. Since the properties of metal materials are
controlled by lattice defects, an automatic atomic column tracking can be used to characterize the

grain boundaries sliding of bicrystals in real time during strain using in—situ electron microscopy.

13.3 Academic Discourse of Chines Materials Science
and Engineering

The research and development (R&D) field of Materials Science and Engineering has achieved
in the great leap in China over the past decades. New materials science, technology and industry
have shifted into the high—quality development to fully meet the national strategic needs in the
international competitiveness. The rapid and sustainable development of New materials science and

technology need to improve the knowledge innovation system of materials, and then to promote the
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mechanism of discipline system and R&D innovation, finally to strengthen personnel training and

international exchanges and cooperation.

13.4 Concluding Remarks

Artificial intelligence (Generative large language models) can greatly contribute to the reverse
design of new materials, even new paradigm of material design. Green recycling and sustainable
regeneration of new energy sources have also delineated the inter—discipline boundaries for
materials science. The development trend of materials science can be promising potential to the
integrated design of material structure, function and performance, the integrated manufacturing
of material synthesis, components and devices, the normalized prediction of material service
performance and damage failure, and the integrated research of green manufacturing and life cycle
of materials.

The R&D strategy can emphasize the central engineering disciplines of materials science and
engineering. The frontier areas can be focused on, such as the inter—disciplines of physics,
chemistry, mechanics and life sciences. The decision making of materials industry can be expected
to implemented the scientific and technological innovation, in order to coordinate the respective
advantages of industry, university and research funds for the new material application scenarios. A
new Al design paradigm is urgent for the computational materials and material characterization.
Disciplines of materials science and engineering can be extended to practical engineering training in
the primary and secondary education system, such as the multi—level talent training. The academic
surrounding can be given to foster the knowledge system of materials science and engineering,
covering the scientific spirit, scientific ideas for the scientific quality—oriented education in the

academic discourse, national science and technology.
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14 Grain and Oil Science
and Technology

141 Introduction

In the past five years (2019—2023), grain and oil science and technology discipline of China
overcomes multiple scientific and technological problems. Fruitful achievements in scientific and
technological innovation of subfields empowered the development of the industry and improved
the overall level of discipline construction, which has made an important contribution to ensuring
national food security.

In the next five years, the discipline will actively adapt to the new round of scientific and
technological revolution and industrial transformation, and the strategic deployment of building
an agricultural power. It will focus on the main problems and needs of scientific and technological
innovation and industrial development, strengthen the basic research and key technical research in
key areas, and constantly improve the capability of independent innovation, and support and lead
the high—quality development of industries with the support of disciplinary construction to ensure

national food security.

14.2 The Latest Research Progress in the Last Five Years

14.2.1 Steady increase in the level of disciplinary research

14.2.1.1 Significant improvement in scientific and technological innovation capacity for grain
and oil storage

A number of storage grain application systems have been established and applied. The molecular
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regulation mechanism of reproductive and hypoxia adaptability of stored grain pests, pheromone
biosynthesis of the main storage pest, the phosphine resistance of stored grain pests and controlling
postpartum loss of rice by infrared and microwave drying were studied, and the intelligent monitoring
system of cooling and ventilation was developed.
14.2.1.2  Significant improvement in grain processing technology and equipment level
The moderate processing technology system of rice and wheat was established, which realized
the flexible rice milling and rice brushing/polishing and reduced the crushing and electricity
consumption in the rice milling process. The smart wheat milling system can significantly improve
the yield of wheat flour products and the retention rate of nutrients. The improvement of technology
has effectively solved the outstanding problems in corn processing progress. New breakthroughs
have been made in flour products, high activity yeast and coarse grain finishing equipment, etc.
14.2.1.3 Comprehensive advancement of oil and grease processing technology and equipment
Precision and moderate processing leads scientific and technological innovation. The processing
technology of food specific oil and fats has realized full substitution of partial hydrogenated oils.
Functional oils and fats products has been marketed, and protein products of vegetable oil tend to
be serialized. New Breakthroughs have been made in the research on comprehensive utilization of
oil and fats. Intelligent and digital technology has been applied in oil processing and oil equipment
manufacturing enterprises.
14.2.1.4  Overall improvement of grain and oil quality and safety standards and evaluation techniques
Significant progress has been made in the standardization system, the institutional mechanism, the
orientation of standards and international standardization work. The technology for evaluating the
physical and chemical characteristics of grain and oil, for evaluating the quality characteristics of
grain and oil, and for evaluating the safety of grain, oil and food have developed rapidly.
14.2.1.5 Digitalization and intelligence shaping the new industry of grain and oil logistics
Research has been carried out on digital empowerment of food supply chain innovation, new
business forms and models of food logistics, optimization of inter—provincial distribution network
layout, emergency logistics in the context of COVID—19etc. The new technologies have been applied
in intelligent packaging, unmanned forklifts and robotic arms, etc.
14.2.1.6 Feed processing technology and equipment continue to innovate and promote high-
level development of the industry
The basic research on feed processing has been constantly deepened. The manufacturing quality of
feed processing equipment and facilities has been significantly improved. Various feed processing
technologies focus on the entire industrial chain and sustainable development.
14.2.1.7 New achievements in basic research on grain and oil nutrition and food development

The database on nutritional and functional components of grain and oil has been improved. A new
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model of moderate processing of healthy grains and oils has been established. Whole grains and

staple foods with a high content of grains and nutritious convenience foods have been industrialized,

and the development of personalized food and oil products has tended to diversify.

14.2.1.8 Achieve a high level of basic and applied research in the discipline of grain and oil
information and automation

The information and automation of grain and oil storage and processing have been significantly

upgraded. The logistics information and automation technology of grain and oil gradually mature

providing new models and paths for grain circulation, and a series of information platform have been

established.

14.2.2 Fruitful development of disciplines

14.2.2.1 Excellent scientific research results
(1) Science and technology innovation gives new momentum to industrial development. (D 4 second
prizes for the State Science and Technology Progress Award; several provincial awards; 2—second
prizes for the State Technology Invention Award; 4 special prizes and 25 first prizes for the Science
and Technology Award of China Cereals and Oils Association; 2 applied 17159 patents and
authorized 1946 patents; (3) about 25910 published papers; and multiple monographs; @ initiate or
issue over 190 national standards and 164 group standards; ) a series of new grain and oil products
and equipment, and grain logistics equipment.
(2) Undertake national science and technology projects to enhance innovation capabilities. During
the 13th Five Year Plan period, multiple national key research and development program projects
passed performance evaluations; during the 14th Five Year Plan period, multiple national key
research and development projects have been successfully undertaken.
(3) The construction of scientific research bases and platforms continues to deepen.20 national
and ministerial scientific research bases and platforms, and four original national engineering
laboratories have been successfully integrated into the new sequence management of the National
Engineering Research Center. The gap in research and development capabilities has significantly
narrowed with the world’s level.
14.2.2.2  Discipline construction strengthens the foundation and lead stable and far-reaching
future
In the past five years, the grain and oil discipline has formed a relatively perfect discipline
development system with coordinated development of basic science, applied science and
engineering technology application. Formed a complete vocational education, bachelor, master and
doctoral personnel training system; increasingly various active academic exchanges; group standard

construction leads industry development, and science and technology awards promote achievement
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transformation; continuous strengthening of team building; a series of professional textbooks,
monographs and academic journals have been formed; popular science education and publicity were

carried in various forms.

14.2.3 Major achievements and applications of the discipline in industrial

development

Several major achievements in scientific and technological innovation of grain and oil have been
promoted and applied, generating significant economic and social benefits. The representative
projects include: The successful pilot construction of grain gas film reinforced concrete dome
warehouse; the key technology and system of real-time monitoring of grain inventory quantity
network; the integration and demonstration of paddy low—temperature storage and rice moderate
processing industrialization technology and equipment; construction of oil processing integration,
data management system; precision and moderate processing technology of grain and edible oil has

been widely promoted; construction of the world’s largest milk fat database; and so on.

14.3 Comparison of Domestic and International Research
Progress

14.3.1 Current status of foreign research

(1) Both basic and technological research are emphasized in grain storage, forming a relatively
complete research system for grain harvesting, storage, and transportation technology.

(2) Equipment manufacturing is more refined in grain and oil processing, new products and leading
technologies are constantly emerging, quality testing equipment and testing technology are leading,
and resource development and high—value utilization of processing by—products are fully utilized.
(3) The quality and safety standards and evaluation systems for grain and oil are relatively complete,
and advanced, efficient and non—destructive testing equipment ensure that testing capabilities
continue to improve..

(4) Efficient and intelligent innovative equipment for grain logistics is constantly emerging, and the
application of digital technologies for logistics systems effectively improve the efficiency of grain
logistics system.

(5) The health effects, dietary patterns and functional factors of grain and oil foods have been
intensively studied. Functional factors have been studied more deeply, and their diversified
influences have been mined.

(6) The grain and oil collection and storage information and automation focused on the combination
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of block chain, big data and cloud computing, and deepen with the supervision information in the

grain field.

14.3.2 Gaps and reasons for domestic research

The existing gaps are mainly: Compared with developed countries, the combination of pre—and post—
production of grain and oil in China is not close, and the weak links in the whole industrial chain
are obvious; the difference between Chinese and Western food culture and structure was ignored
when tracking the international frontier, just imitates or copies, and does not focus on the study of
traditional Chinese food; the basic theoretical research is not deep enough, the high—value utilization
of processing by—products and the kinetic energy of technological innovation are insufficient, and
the types of high value—added products are few; the integration depth of fork disciplines is not
enough; product homogeneity is serious; the standard system of grain and oil is not perfect enough;
and so on.

Reasons for gaps:

The mechanism for cultivating high—level scientific and technological innovation talents is imperfect
and team building is relatively lagging. The foundation and the integration between theoretical
research and practical application is weak. The investment in scientific research funding is limited
and scientific research is disconnected from the transformation of actual achievements. The level
of standardization of data sharing and exchange in the industrial chain is low, and the degree of

aggregation of grain information is not high.

14.4 Development Trends and Prospects

14.4.1 Strategic needs

The construction and development of the discipline will focus on the national strategies needs, take
national food security as the purpose, accelerate the transformation of the economic development
mode, support the major national strategic goals, and actively promote the high—quality development

of the grain and oil industry.

14.4.2 Research directions and R&D priorities

(1) The discipline of grain storage. Strengthening basic and applied basic research. Focusing on
the research and development of new green grain storage technologies and equipment and integrate
grain storage technologies. Carrying out typical regional application demonstrations.

(2) Grain processing disciplines. Strengthening the intelligent development of equipment and



=5 EXFRERSEDY (RX)

expanding the functionality of by—products. Promoting graded and precise processing of corn.
Carrying out research on processing and preservation technology for products. Construction of yeast
strain resource libraries. Research on key technologies for basic and high—-value processing of
miscellaneous grains.

(3) Fats and oils processing disciplines. Focusing on the traditional scientific research contents,
combined with new disciplines to promote the interdisciplinary and integrated development.

(4) Grain and oil quality and safety disciplines. Improving the standard system of grain and oil;
developing and improving rapid, intelligent testing technology; improving the grain and oil quality
and safety database and early warning model.

(5) Grain logistics discipline. Carrying out research on the layout of grain logistics, the development
strategy in the context of the “Belt and Road” Initiative and the new technology and equipment in
grain logistics, and so on.

(6) Feed processing disciplines. Strengthening the applied basic research on feed and tackling the
bottlenecks, the development and industrial application of feed resources and new feed additives
Enhancing the intelligent level of feed processing equipment and technology.

(7) Grain and oil nutrition discipline. Focusing on the applied basic research and established
a platform for building and sharing big data on grain and oil nutrition and health. Tackling key
technologies and striving to enhance the development capacity of healthy food. Improving the standard
system of nutritional and healthy grain and oil of China, and leading the healthy development of the
industry.

(8) Grain Information and automation discipline. Establishment of an automated system for the entire
process of grain and oil collection and storage. Construction of grain and oil processing intelligent
factory and intelligent warehouse control system. Building a data center for the entire grain process

to promote the full chain traceability of grain quality and safety.

14.4.3 Development strategy

First, continuously deepen the reform of the grain system, optimize the collection and storage system
and strengthen pricing capacity. Second, actively participate in global grain governance. Third,
build a major platform for grain science and technology innovation and fully leverage its leading and
supporting role. Fourth, continuously carry out the “Five Excellence Linkages” and “Three Chain
Synergy” in the grain industry, and deeply promote the “Six Improvement Actions” and the “Quality

Food Project”.
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15 Basic Agronomy

151 Advances in Crop Cultivation and Farming System

Crop cultivation and farming system, a fundamental discipline in agricultural science, is pivotal
in enhancing agricultural efficiency, productivity, and sustainability. This report highlights recent
developments in theoretical and technological innovations within this field in China, emphasizing
its role in boosting farmer incomes and fostering sustainable practices. Additionally, it reviews the
historical progress of crop cultivation and farming to advance the discipline further.

During recent years, the crop cultivation and farming system discipline mainly focused on the
following six aspects and has achieved great progress. (D Green—high yield and high—quality and
high—efficient cultivation on the three major cereal crops, rice, wheat and maize; (2) transformation
of crop production driven by full mechanization, especially on the maize mechanical kernel
harvesting technology; 3 smart crop production based on the modern information technology:;
@ innovative multiple—cropping systems construction, including cereal-legume rotations and the
modern intercropping systems; (3 development of the theories and technologies of conservation tillage
systems; © climate resilience and low—carbon green farming constructions, especially the
development of climate smart agriculture.

In general, seven major progress/landmark achievements were achieved in the crop cultivation
and farming system discipline during the recent years. (D Chinese Academy of Agricultural Science
acquired landmark achievement on the physiology and molecular mechanism of crop high yield
with the results published on Science in 2022; (2) water saving, fertilizer saving, high yield and
simplified cultivation technology for the wheat—maize double cropping in the North China Plain;
3 integration and application of key technologies of multi—cropping system in China; (4) optimization of
crop cultivation techniques adapting to climate change; (5 new zoning of farming system based on

the big data platform; (® high yield and high quality cultivation techniques of regenerative rice;
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@ theory and technology of corn—-soybean strip compound planting. These achievements
contributed greatly to ensure China’s food security and agricultural green development with higher
environmental and climatic pressures.

Compared to leading crop—producing countries, China’s crop cultivation discipline lags in large—
scale efficient production, specialized quality, integrated management, and diverse market supply
based on high, stable yields. The strategic focus for the coming years should include mechanization
and precision in all crop cultivation processes, new farming systems for resource—environmental
protection and green development, and low—carbon green crop production management models. Key
areas and priorities are precise and intelligent crop production technology, composite planting modes
and technologies for grain and legume productivity improvement, mechanisms and technologies
for enhancing crop yield and quality, precise zoning for farming systems, climate—smart cultivation
technologies, and sustainable techniques to boost farmland ecological function. Strategic measures
to advance this discipline include adapting to new production demands with modern technology,
strengthening interdisciplinary integration, expanding research areas, and enhancing training to

align with international standards.

15.2 Advances in Plant Protection

Crop productions are often threatened by crop insect pests and diseases worsening the insecurity
of food. Globalization has rapidly increased the introduction and threats of invasive pests. Climate
change results in a changed suitability of landscapes to pests, further increasing the threat and
uncertainty of their impact.

China faces numerous complex crop pests, posing significant threats to food security and safety.
Over the years, plant protection research has evolved from basic methods to integrated, eco—friendly
strategies for effective pest control, leveraging improved understanding of pest behaviors, crop
damage mechanisms, and advanced disease control technologies. As agriculture evolves during
the 14th Five—Year Plan period, plant protection is adapting to new technologies and changing
scenarios. Future research will focus on: (D study on the new regularity and countermeasures of crop
insect pests and diseases adapting to the new situation of agricultural production; 2 study on new
theory and method of plant protection adapting to new development of modern science and
technology; (3 research on detection, monitoring and early warning technology of insect pests and
diseases to meet the requirements of large—scale and long—term effect; 4) research and development
of new technologies and new products for prevention and control of insect pests and diseases to meet

the safety requirements of agricultural products; 3 research and development of intelligent new
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equipment and application technology for plant protection to meet the requirements of automation
and intelligentization.

Future plant protection aims to ensure national food security, revitalize rural areas, and modernize
agriculture. Advancements in science and technology will help prevent new pest outbreaks, control
agricultural losses from major pests and diseases, and implement eco—friendly pest management
strategies. Ultimately, developing a comprehensive national plant protection system will support food

security, environmental safety, and contribute to global sustainable development goals.

15.3 Advances in Agricultural Information Science

Agricultural Information Science is an emerging discipline formed by the intersection and
integration of agricultural science and information science. It is based on agricultural science theory,
uses information technology as a means, and takes agricultural related activity information as the
object to study the acquisition, processing, analysis, and application of agricultural information.
Agricultural information technology has provided a strong driving force for the construction
of modern agriculture and new impetus for the progress of agricultural technology. With the
continuous progress of agricultural information technology, information, like human capital, land
resources, agricultural inputs, etc., is playing a decisive role in agricultural efficiency and industrial
competitiveness. According to different dimensions, agricultural information technology research has
different classification methods. According to the agricultural information workflow, it can include
aspects such as agricultural information acquisition, agricultural information analysis, agricultural
information management, and agricultural information services.

The agricultural field is increasingly adopting technologies like the Internet of Things, big data,
intelligent equipment, and advanced artificial intelligence, marking a widespread application
phase in agricultural information technology. In information acquisition, intelligent search engines
and integrated remote sensing technologies have gathered extensive agricultural data, alongside
breakthroughs in specialized sensors and machine vision, enhancing digital transformation. Progress
in information analysis includes advancements in agricultural production models for understanding
growth mechanisms, individual identification, and decision—making, as well as improvements
in analyzing and predicting product demand, consumption patterns, and behaviors. Agricultural
monitoring and warning systems have also advanced in theory, technology, and application. Al
developments in machine learning, intelligent systems, and agricultural robots are notable. In
information application, key technologies in agricultural robots have led to unmanned farms and

widespread facility factory production, like plant factories. Significant strides have been made in the
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intelligent transformation of animal husbandry and in enhancing breeding efficiency through digital
crop breeding technologies.

The development of agricultural informatization based on the new generation of information
technology has become a new driving force for promoting high—quality agricultural development.
In the coming years, the key areas and priority development directions of agricultural information
science include new high—performance agricultural sensors, basic research and core technologies
of agricultural big data, animal and plant growth models and algorithms, and agricultural
information services based on artificial intelligence. We need to focus on the major needs of
improving agricultural quality, efficiency, and competitiveness, concentrate our efforts on tackling
major scientific issues and key technical challenges such as agricultural information acquisition,
processing, analysis, and application services, and comprehensively promote the “replacement of
human resources by machines”, “replacement of human brains by computers”, and “replacement of

imported technologies by independent technologies™ in agriculture.

15.4 Advances in Agricultural Resources and Environment

Agricultural resource and environment studies focus on the interaction between agricultural
production and factors such as soil, water, climate, and organism. It aims to maximize the efficiency
of these resources and minimize their environmental impact. Key areas include arable land, water,
climate, biological resources, agricultural waste management, and non—point source pollution
control. The integration of informatics and biotechnology with this field is set to enhance the
transformation towards green, low—carbon, and high—quality agricultural development.

This report summarized the development history, development status, significant achievements, and
dynamic progress of agricultural resource and environment of China during the period of 2022—
2023. This report also concentrated on the representative achievements, such as “soil fertilization
and improvement of cultivated land, and rehabilitation of degraded farmland”, “water—saving and
quality regulating irrigation of crops and drought resilient and rain—adaptive dryland agriculture”,
“response mechanisms and adaptation strategies of agriculture to climate change”, “comprehensive
prevention and control of agricultural non—point source pollution throughout the entire process”,
“resource utilization and high—value utilization of agricultural waste”, and “collaborative regulation
of biodiversity and multi trophic level biological interactions by nutrient resources”. This report
also compared with similar foreign disciplines from six aspects (including quality improvement of
arable land, efficient water—saving and circular utilization in agriculture, adaptation and resilience

of agricultural environment to climate change, prevention and control of agricultural non—point
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source pollution, and high—value utilization of agricultural waste and protection of biodiversity), and
clarified the overall research level, technical advantages and gaps of the disciplines in the world.

Aiming at the development requirements of the agricultural resource and environment discipline in
the future, this report confirmed the key areas and priority development directions for six aspects of
this discipline. This report also proposed the strategic thinking and countermeasures for discipline
development in the next few years: to strengthen the top—level design and systematic strategic
layout of the cross integration of agricultural resources and environment; to integrate the advantages
of agricultural resources and environment, and build a new technological innovation system that
integrates resources and environment; and to strengthen the capacity building of agricultural

resources and environment discipline and build national strategic science and technology forces.

15.5 Advances in Agricultural Biotechnology

Agricultural biotechnology, encompassing genetic, fermentation, cell, and enzyme engineering,
aims to enhance agricultural organism production, breed new varieties, and produce biopesticides,
fertilizers, and vaccines. With advancements in genomics, systems biology, synthetic biology,
and computational biology, it’s reshaping the global agricultural biotech industry and driving
socio—economic development. China’s agricultural biotechnology has seen rapid progress,
marked by significant achievements in basic research, including comprehensive germplasm
collection, systematic trait genetics analysis, and in—depth agricultural process evolution studies.
Furthermore, the development and advancement of new breeding technologies like phenomics
and intelligent design, along with cutting—edge biotechnologies such as transformation, genome
editing, and synthetic biology, are revolutionizing the biological seed industry. The variety and
maturity of biotech products are increasing, yet China still needs to deepen its basic agricultural
research to reach international standards. Facing challenges in innovation and industrialization,
China’s agricultural biotechnology must prioritize strategic areas, focusing on cloning high—value
genes and decoding complex traits. Developing genome editing tools and an intelligent breeding
system using multidimensional data is key. Innovating seeds and fast—tracking transgenic and
genome editing products are vital. This requires a strengthened strategic approach, technological
innovation, and international cooperation to enhance China’s global bio—agricultural impact and 1P
internationalization. Building national strategic technology forces and fostering cross—departmental

collaboration is essential for the field’s advancement.
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15.6 Advances in Storage, Transportation and Processing
of Agricultural Products

Storage, transportation and processing of agricultural products is a discipline that studies the
physical, chemical and biological characteristics and changes of edible agricultural products such as
animals, plants and microorganisms during the processes of storage, transportation and processing,
as well as the scientific and technological issues related to the quality such as nutrition, safety
and flavor of the processed products. It mainly includes key areas such as storage and processing
technologies and equipment for grains and oils, fruits and vegetables, livestock products and aquatic
products. The future development trends of this discipline are initial processing localization of
agricultural products, tiered deep processing, intelligent moderate processing and standardized
quality system of the whole chain.

Future trends in the storage, transportation, and processing of agricultural products include:
(D fostering technological innovation through interdisciplinary integration, combining high—tech
fields like biotechnology and nanotechnology with agricultural processing to create new healthy and
functional industries, and utilizing big data and blockchain for intelligent processing and delivery;
2 developing new theories and methods to overcome natural limitations in agricultural production,
diversifying the food supply, and utilizing natural energy cycles; 3 strengthening cold chain logistics
and storage, accelerating systems for fresh products, and developing green storage and pest control
technologies for reduced losses and sustainable processing; @) focusing on nutrition and function—
oriented processing, meeting higher demands for nutritional health, exploring agricultural product

components, and creating personalized health products aligned with “Healthy China 2030”.
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16 Plant Protection

16.1 Introduction

Crop pests, diseases, weeds and rodents are important biological disasters in China, and they are
important factors restricting food security, agricultural product quality and safety, and sustainable
agricultural development. The subject of plant protection is to control crop biological disasters,
protect agricultural ecosystems, control environmental pollution and foreign biological invasion, curh
the continuous loss of biodiversity, and provide important scientific support and technical support
for protecting national agricultural production safety, ensuring the quality and safety of agricultural
products, reducing environmental pollution, safeguarding people’s health, and promoting sustainable
agricultural development. In recent years, the discipline of plant protection has made two—way efforts
in the fields of basic science and applied science. Adhering to the four orientations, the discipline has
continuously innovated and enriched the microanalytical methods and theories of major agricultural
biological disasters, innovated and developed green prevention and control technologies and products
of plant protection, and continuously developed and improved the prevention and control technology
system of major agricultural biological disasters, making a practical contribution to promoting high—

quality development of agriculture and rural areas and rural revitalization.

16.2 The Latest Research Progress of the Discipline in
Recent Years

16.2.1 Proposing a number of new theories and new methods to lead the

innovation and development of the discipline

Plant pathology: Pathogenicity of pathogens. It was found that the effector protein MoCDIP4 of
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Magnapor the grisea targeted the mitochondrial division-related protein complex in rice, and
regulating the mitochondrial division and immune response of rice. It was found that the effector
protein Pst_A23 of stripe rust directly binds to the specific RNA motif of the alternative splicing
site to regulate the alternative splicing of host disease resistance-related genes and inhibit the
host immune response. The mechanism of action of multiple soybean Phytophthora effectors was
identified and analyzed and why effectors could promote pathogen infection had been revealed.
Plant disease resistance In terms of pathogen—associated molecular pattern—triggered immune
response (PTI) pathway, E3 ligase PUB25/26 was found to mediate the degradation of non-activated
BIK1, and CPK28 negatively regulated plant immune response by enhancing the above process. It
was found that the NLR receptor protein of broad—spectrum resistance in rice protects the immune
metabolic pathways from pathogen attack, synergistically integrates PTI and ETI, and thus endows
a new mechanism of broad—spectrum resistance in rice. The main effect gene Fhb7 of resistance
to stripe rust from long—eared earwig was successfully cloned, and its molecular and genetic
mechanism of resistance was revealed. Multiple disease—sensitive genes in wheat were identified,
and the resistance of wheat to stripe rust was significantly improved by gene editing technology,
realizing broad—spectrum resistance to stripe rust in wheat.

Agricultural entomology: Regulatory mechanisms of metamorphosis and diapause of insects. The
promoting effect of epidermal growth factor receptor (EGFR) on JH synthesis and the mechanism of
JH on insect egg formation and production were found. The mechanism of 20E signaling pathway
mediated by dopamine receptor in regulating metamorphosis of insects was analyzed. Insect
migration patterns and laws. The declining trend of the abundance of migratory phytophagous insects
and natural enemies was found. Two key environmental factors were screened for the migration of
Vanessa cardui, and a control model for the migration of Nilaparvata lugens was proposed.

Weed Science: Weed biology and ecology. The adaptation mechanism of weed rice and cultivated
rice to low temperature was clarified. The tillering regulation mechanism of Jiujiu wheat under high
distribution density stress was revealed, which provided a theoretical basis for effective control.
The mechanism of herbicide safety. Herbicide could accelerate the degradation of appammonium
in rice, reduce the lipid peroxidation and oxidative damage caused by appammonium in rice plants,
revealing the mechanism of alleviating herbicide damage by selectively inducing the up-regulation
of rice GSTs gene expression.

Rodent damage: Develop the ecological threshold research of rodent damage control, and objectively
evaluate the function of rodents in different ecosystems. Important progress has been made in the
invasion and outbreak mechanism of major rodent damage R. norvegicus in agricultural areas, the
population outhreak mechanism of R. orientalis in Dongting Lake area, and the succession law of

rodent community in this area.
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Green pesticide innovation and application: Molecular targets and mechanism of action of crop
pests and diseases. Original molecular targets and green pesticide varieties have been found. Chitin
synthase PsChs1 in soybean Phytophthora was analyzed by using freeze—electron microscopy, laid a
foundation for the precise design of new green pesticides with chitin synthase. Studies on pesticide
resistance and control. It was found that the resistance mechanism of cotton aphid to fludioxonil and
the potential adaptive costs such as feeding behavior and life history were reported.

Biological control science: It was found that miRNA of parasitic wasps could cross—regulate the
expression of host ecdysone receptor to inhibit the growth and development of the host, obtain venom
protein genes from bacteria through horizontal transfer, and regulate the host’s immune response.
Invasion Biology: Disaster—inducing mechanisms of major agricultural invasive organisms. The
omics database of alien invasive species, such as coding moth, tomato leaf miner, was constructed,
revealing the invasion mechanism during the global invasion process.

Monitoring and early warning: Development of radar monitoring technology. The rotating polarization
vertical insect radar, the distance measurement accuracy of the insect radar was improved a lot,
and the radar blind area was largely reduced. The Ku band phase—coherent high—resolution
full polarization insect radar with both scanning mode and beam vertical observation mode was

developed.

16.2.2 Key technologies and products to promote industrial upgrading

Key control technologies: A high—resolution multi—-dimensional cooperative radar measuring
instrument consisting of a high—resolution phased array radar and three multi—frequency full
polarization radars has been developed. The intelligent trap based on machine vision uses adhesive
insect plate plus machine vision system to collect insect images, plus insect image automatic
identification and counting method, making up for the photoelectric intelligent trap, and achieving
the desired effect. The field application technology of a batch of new herbicides such as triazole
sulfonazone, bicyclol sulfonazone on rice, wheat, corn and other crops has been established.

Key control products: The first new wheat variety Shannong 48 carrying the gene Fhb7 was bred.
The green prevention and control technology system was constructed, which has been applied to 116
million mu. The first genetically engineered microbial pesticide in China, Bacillus thuringiensis
GO033A, was developed. The first registered and commercialized nematode Bacillus thuringiensis
preparation HANOS55 was developed. A new type of mesionic insecticide, such as isozolidacil,

epoxidine, pentapyridine, epoxoline, and so on, has been developed.
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16.3 Development Trend and Prospect of this Discipline

Global climate change and the continuous adjustment of crop structure had promoted the
development of plant protection and took new opportunities. In the next five years and longer, we will
consolidate the theoretical innovation system of major plant protection, prioritize the development
of forward—looking green plant protection technology, improve the promotion system of green plant
protection technology, make up for the shortcomings of platform construction, further improve the
capacity and level of major epidemic prevention and control, and make greater contributions to

China’s food security, biosecurity and ecological security.

16.3.1 Consolidating the theoretical innovation system of major plant protection

In the future, the research on the basic research will highlight the original scientific and
technological innovation work from 0 to 1, and should promote the establishment of the theoretical
innovation system of plant protection in China from many aspects. The first is to strengthen the
development of interdisciplinary research. With the opening of the post—genomic era, the combined
analysis of multi—omics big data provides the possibility for in—depth research. Second, more
attentions will be paid to the expansion of emerging fields. The continuous emergence of new found
will open up the study of the occurrence law and disaster mechanism of diseases and pests, but also
promote the innovation of new plant protection technology. The third is to strengthen the orientation
of industrial demand. Basic research of plant protection needs to be closely combined with the actual
agricultural production, and promote more scientific and more accurate pest control technology

innovation by analyzing the new laws and mechanisms of major pest occurrence.

16.3.2 Give priority to the development of forward-looking green plant protection

technologies

We should make full use of monitoring and early warning, plant resistance to diseases and
insects, biodiversity, biological pesticides, etc., to develop the most economical, effective and
environmentally friendly damage control technology. Focusing on the research of forward—looking
green plant protection technology, the basic and applied research of new green prevention and
control technologies such as plant disease resistance utilization and induction technology, crop
pest ecological prevention and control technology and biological control technology, RNAi and
genetic precision control technology will be given priority. Support the use of artificial intelligence
to develop modern pest control technologies, and integrate the construction of green plant pest

prevention and control technologies to overcome obstacles to continuous cropping. Starting from the
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multi—species ecological food web, we should increase the investment in macro—control and macro—

network research to break through the bottleneck of macro—ecology.

16.3.3 Improve the promotion system of green plant protection technology

Establish a public plant protection service system, and form a joint prevention and control
mechanism supported by a monitoring and early warning system and a professional prevention
and control team. Government, research organisms, enterprises and farmers should strengthen
communication and establish feedback system.strengthen the publicity and guidance, responsibility
fulfillment and social supervision of green plant protection. Continue to improve the new agricultural
pest prevention and control theories with Chinese characteristics, including “public plant protection,
green plant protection, scientific plant protection, and smart plant protection”, make sure we could

fully support the biosecurity, food security and ecological security.

16.3.4 Strengthen the construction of platform for plant protection resources and

other conditions

Resource advantages will be the key to the identification of core pathogenic factors of pathogens
and important crop disease resistance genes in the future. We did not have national natural enemies
and biological control microorganisms resource banks so far. It is urgent to rely on these resource
advantages to promote the development of research level. Crop pest monitoring and early warning
has become an important means for the prevention and control of migratory pests, however, the
current monitoring system is scattered and lacks of a nationwide monitoring and early warning
platform. Existing resources need to be integrated to carry out long—term monitoring and accurate

forecasting.
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17 Crop Science

171 Introduction

This section offers a comprehensive analysis of recent insights, new viewpoints, emerging
technologies, novel theories, achievements, and the forefront of developments in the field of crop
science. It is based on the strategic needs of China’s modernized agriculture development, national
food security, food safety, ecological security, and increase in farmers’ income. It delineates the
research directions and key tasks for the future development of crop science. In this report, we
aim to provide a window for various sectors of society to gain an accurate understanding of the
developmental trends in the field of crop science; to serve as a scientific foundation for optimizing
the structure of China’s unique subject and professional system, rationally allocating innovative

resources, and achieving independent control over the agricultural industry chain.

17.2 Recent Advances in Crop Science in China

Significant progress has been made in the collection, preservation, and innovative utilization of crop
germplasm resources. The total number of crop germplasm resources has reached more than 540000,
making China the second—largest holder of such resources in the world. Over 1000 new germplasm
resources, including wild rice with warty grains and perennial wild soybeans, have been salvaged.
The National Crop Gene Bank, a newly—constructed facility, started its trial operation in September
2021 and has the capacity to store 1.5 million samples of crop seeds and resources for long—term
preservation.

Breakthroughs have been achieved in the genetic analysis of important crop traits. Convergence

selection gene KRN2/OsKRN2, which simultaneously enhances maize and rice yields, and
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OsDREBIC, the high—yield gene in rice, have been identified. The major effective resistance gene
Fhb7 against Fusarium head blight in wheat has been cloned. The first principal gene, THP9,
controlling high protein content in maize, has been cloned from the wild maize. A transcription
factor, MYB61, controlling cellulose and nitrogen utilization efficiency in rice, has been cloned.
The indica-japonica hybrid sterility gene RHSI2 has been identified in rice. A new mechanism
underlying broad—spectrum disease resistance in rice, involving NLR receptor proteins, has been
uncovered.

Innovations in key breeding technologies for crops have yielded significant impacts. Simultaneously
created mutations in four genes in rice has basically solved the technical bottleneck of unifying the
production and breeding of “one—line method”. Engineered double haploid technology for maize
has been put into practical use. New wheat lines developed through chromosome engineering and
mutagenesis have increased yield by more than 25% over control varieties, such as Zhoumai 18.
Genetically modified insect-resistant maize, herbicide—tolerant maize, and herbicide—tolerant
soybeans have been granted safety certificates for production and application. The foundational
gene—editing tools Cas12i and Cas12j have obtained patents in Mainland China, the Hong Kong
region of China, and Japan, marking China’s eniry into the forefront of the international gene editing
technology.

Significant progress in creation of novel germplasm and breeding for new varieties. Remarkable
advancements have been achieved in the creation of novel germplasm and the development of new
crop varieties. A multitude of superior wheat varieties, each of them incorporating more than 10
disease resistance genes such as Yr30, Lr27, and Sr2, have been developed. Several maize varieties,
such as Yufeng 303, Denghai 605, Dongdan 1331, MC121, Zhongyu 303, and Chuandan 99, have
been chosen as the national leading varieties. The highly rust-resistant inbred line, Jing 2416K,
has been used to develop more than 40 widely grown rust-resistant hybrid varieties (including
Jingnongke 767). A new soybean variety, Heinong 84, exhibits resistance to the three major diseases,
gray leaf spot, viral diseases, and cyst nematodes. A new high—yield rapeseed variety, Zhongyouza
501, is suitable for dense planting. Cotton variety Zhongmian 113 has expanded the north boundary
of cotton cultivation in northern Xinjiang with superior quality over “Australian cotton”.

Substantial breakthroughs have been made in unlocking the high—yield potential of crops and
harmonizing the theory and technology of high—quality, high—yield coordinated cultivation. Crops
like rice, wheat, and maize have continually achieved high-yield records. Wide refined sowing
planting has become a leading technique in northern wheat producing regions. Compared to
conventional row planting, wide—row planting has maintained stable quality of strong—gluten wheat
while increasing yield and nitrogen utilization efficiency. The primary approaches to unlock the

yield potential of maize have been elucidated, with innovations in practices such as dense planting,
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integrated water and fertilizer precision management, and mechanical grain harvesting.
Advancements in efficient utilization of crop resources and the development of “double reduction”
green cultivation techniques. We have developed rice light and simplified nitrogen fertilizer
management technology, wheat nutrient optimization management plan, rice field water—saving
irrigation measures, wheat full film micro-ridge sowing technology, maize mulching drip irrigation
technology, etc.

Crop production has seen a trend towards full mechanization, informatization, and smart cultivation
technologies. The “high—yield full mechanization technology for densely planted maize” was
included in China’s top ten agricultural technologies for the years 2020-2022. Drone—based digital
imaging and monitoring platforms have provided a technical support for dynamic assessments of crop
leaf area index. The “unmanned green and high—yield cultivation technology for rice and wheat”
was selected as a leading technology by the Ministry of Agriculture and Rural Affairs of the People’s
Republic of China in 2021.

17.3 Comparison of Domestic and International Research
Progress in Crop Science

Research on crop germplasm resources: the National Crop Germplasm Preservation Center ranks
the second in the world in terms of the number of preserved germplasm resources. The accuracy
and scale of germplasm resource assessments are approaching international standards. Research
on genome analysis, crop domestication and improvement, and germplasm formation rules of crops
such as rice, potato, cotton, and edible beans is at the leading level. The following gaps from the
international level are defined: the quantity and quality of our germplasm resources need to be
improved simultaneously, the excavation and breeding application of excellent allelic variation lag
behind, the innovative utilization platform of germplasm resources is not perfect.

Fundamental research in crop breeding: China is transitioning from “catching up” to “leading” in
crop breeding research, particularly in fields such as rice and wheat genome researches, which is
leading at the international forefront. However, China’s foundational and theoretical researches
in biological breeding is not in depth compared to developed countries. For crops like maize and
soybeans, basic research is still catching up. The genetic basis and regulatory networks responsible
for the formation of important traits have not been systematically studied.

Crop breeding methods and technological innovations: Compared to the developed countries,
China’s utilization of heterosis in rice, wheat, soybean and rapeseed are internationally leading, and

breakthroughs have been made in molecular breeding, cell engineering, ploidy breeding, and other
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breeding technologies. However, the theoretical and technological innovation ability of crop genetics
and breeding and the support ability for the seed industry still need to be improved. The original
innovation ability of breeding technology is still weak. Some key technologies are subject to others.
Breeding for new crop varieties and cultivars: the unit yield of maize and soybeans falls short of 60%
than that of in the United States; the import of soybean is still on large scale; major varieties research
and development lag behind; and there is a significant need to upgrade crop varieties. Intellectual
property protection has led the seed enterprises in developed countries to become the main investors
and innovators, whereas China has yet to establish a commercialized breeding system centered
around enterprises.

Foundational research in crop cultivation and farming: Developed countries place greater emphasis
on high—quality, green, low—carhon, ecological, and safe in crop cultivation and farming, and
have strengthened the research and application of crop stress resistance cultivation mechanisms,
efficient resource utilization mechanisms throughout the production process, and carbon footprint
quantification assessment methods to address the frequent occurrence of non—biological or biological
disasters such as high and low temperatures, droughts and floods, and diseases, pests, and weeds
caused by climate change. China urgently needs to strengthen research in such areas, and form
Chinese characteristics based on the research of cultivation and farming with high yield, quality, and
efficiency of crops, accelerating the transformation from “following” to “leading”.

Key cultivation and farming technologies: Compared with the developed countries, China has
significant gaps in protective cultivation, efficient resource utilization, and large—scale production
due to regional diversity and complexity of planting systems, which seriously restricts the
improvement of comprehensive production capacity, efficiency of land.

Innovations in crop cultivation techniques: Developed countries such as European countries and
the United States have achieved mechanized, intelligent, and standardized production, while Japan
has a complete range of small-scale intelligent agricultural machinery equipment and intelligent
control operations for crop production. China’s research and development of high—throughput
crop phenotyping and equipment development are relatively lagging behind, and there is a lack of

accurate crop phenotype and growth regulation models.

17.4 Trends and Prospects in Crop Science

Original innovation in basic theory of biotech—breeding: Initiatives such as the Agricultural
Biotechnology Innovation Action are being launched to focus on fundamental research in

agricultural biotechnology and cutting—edge technology innovations, supporting the development
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of breakthrough varieties of major crops. This will involve the continuous use of multi—omics
collaborative technologies to explore major—effect genes for important traits, as well as the genetic
regulatory mechanisms underlying these traits.

Continual innovation in elite crop germplasm resources collection and utilization: Through
implementation of initiatives for creating and applying excellent germplasm resources, a
comprehensive innovation technology system is being developed. This system aims to create
groundbreaking new germplasm resources at scale, promote significant research collaboration for
superior varieties, and breed new germplasm with prominent target traits and excellent overall
characteristics.

Breakthroughs in major key crop breeding technologies and management system: To advance seed
industry innovation, essential and core technologies for seed sources are being pursued. Major
biotech—breeding projects are being implemented, with a focus on promoting industrial applications.
This involves combining resources, data, information, talent, and technology to facilitate
breakthroughs in a series of new and major crop varieties.

Research on cultivation techniques for crop stress—resistance and disaster reduction: Comprehensive
research on the mechanisms and regulatory networks of crop responses and adaptations to abiotic
stresses is essential. Research will focus on uncovering the key cultivation and farming techniques
that enhance crop stress resistance and disaster reduction. This includes understanding the
collaborative relationship hetween plant stress responses and growth and development.

Establish new models for smart, high—yield, green and ecological crop development: The
development of precision and efficient fertilization and pest control methods, as well as the reduction
and control of pollution, is a priority to drive China’s transition from resource—intensive to green and
efficient crop production. Researchers are working on new theories and technologies for efficient
crop resource utilization, reduced fertilizer and pesticide use, water conservation, and carbon
sequestration.

Innovations in multi—cropping models and efficient complementary cultivation techniques:
Researchers are combining multi—cropping systems with modern agricultural technologies to
establish a wide range of high—yield and efficient planting models for grains, cash crops, and forage.
This includes combining agriculture with animal husbandry, and agriculture with forestry, and

introducing efficient integrated cultivation techniques.
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18 Malignant Tumors

18.1 Introduction

Oncology is a discipline that studies the occurrence, development, prevention, diagnosis and
treatment of tumors. In the past century, especially since the 1940s, with the increase in the
incidence and mortality of malignant tumors, people have increased their awareness and attention of
the harmfulness of tumors, increased efforts in tumor research. Both theoretical and clinical research
have developed rapidly. It has not only become an independent discipline, but also formed many
sub—disciplines. The scope of research involves multiple disciplines including basic medicine,
clinical medicine, preventive medicine, physiology, biochemistry, psychology, sociology, economics
and other areas related to tumors. In the past five years, the Chinese Anti—Cancer Association
has actively implemented the Healthy China strategy, adhering to the core concept of “cancer
prevention and treatment, winning through integration”, and completed the task of “building a big
army, holding conferences, writing big hooks, establishing big rules, creating big journals, and
opening big journals”. Guided by the two development goals of “expanding the team” and “improving
academics” proposed by Academician Fan Daiming, in order to promote the construction of local
guidelines in our country, the Chinese Anti—Cancer Association organized more than 13,000
experts to compile my country’s first integrated tumor diagnosis and treatment guidelines, which
has effectively promoted the progress of standardized treatment for malignant tumors. This section
systematically summarizes the period from January 2018 to June 2023 in our country. An overview of
the development of important disciplines in the discipline of malignant tumors in terms of technical
methods, academic theories, research progress, talent training, academic structure, research teams,
etc. At the same time, the research progress at domestic and abroad is also compared, and the future

development trends and prospects of the subject are proposed.
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18.2 The Latest Research Progress in Recent Years

18.2.1 Lung cancer

In recent years, with the development of targeted and immunotherapy and innovations in genetic
testing and radiotherapy technology, the S—year survival rate of lung cancer has improved, reaching
17%~32%. Progress in targeted therapy for lung cancer is mainly focused on the expansion of
indications, treatment options after resistance to common mutation targets, and the development of
new drugs for rare mutation targets. Progress in immunotherapy is mainly focused on the expansion

of indications and multiple treatments that are organically combined with radiotherapy, etc.

18.2.2 Breast cancer

Breast cancer is the most common malignant tumor among Chinese women. Progress in the
treatment of breast cancer is mainly focused on domestically produced targeted drug treatments
such as DAWNA-1 research and PEONY research. Clinical trials have been widely carried out,
and international guidelines are constantly being rewritten. In terms of basic research, the Fudan
classification of triple—negative breast cancer provides a new research direction for the precise

treatment of triple—negative breast cancer.

18.2.3 Gastric cancer

In recent years, basic research on the pathogenesis of gastric cancer is no longer limited to mutations
or expression changes of a certain gene, but has shifted to the multi-gene/multi-locus or even the
whole—genome level. Minimally invasive surgical treatment of gastric cancer has been explored
for more than 30 years. Especially in the past decade, the Chinese Laparoscopic Gastrointestinal
Surgery Study (CLASS) group has launched a series of high—level clinical studies on laparoscopic
gastric cancer surgery, leading the paradigm innovation in this field. The discovery of combined
treatment models and new therapeutic targets has further improved the efficacy of targeted therapy
for gastric cancer. ADC drugs have become the standard treatment option for late—line treatment of
HER2-positive advanced gastric cancer. Immune checkpoint inhibitors (ICIs) have shown better
efficacy than traditional treatments in both first-line and late—line treatment of advanced gastric

cancer.

18.2.4 Colorectal cancer

At present, the proportion of minimally invasive surgery in domestic hospitals at all levels is constantly

increasing, and it has become the mainstream of colorectal cancer surgery. Optimizing the neoadjuvant
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chemo—-radiotherapy model for rectal cancer, strengthening concurrent chemo—-radiotherapy regimens,
full neoadjuvant treatment, and short—course radiotherapy combined with chemotherapy can further
improve the efficacy and give more patients the opportunity to preserve organs. Targeted therapy
remains an important treatment for metastatic colorectal cancer. As the main signaling pathway in the
occurrence and development of colorectal cancer, research on molecular targeted therapy of metastatic

colorectal cancer targeting the RAS—RAF-MEK pathway continues to be in—depth.

18.2.5 Esophageal cancer

In recent years, the role of microorganisms in the occurrence and development of cancer has
become a research hotspot. ERAS has obvious advantages in reducing postoperative complications,
accelerating patient recovery, shortening hospitalization time, reducing medical expenses, and
increasing patient satisfaction. Total thoracolaparoscopic radical esophagectomy is currently the
most minimally invasive radical esophagectomy. A form of philosophy. Targeted therapy targeting
EC genomic drivers has become a research hotspot. As a new treatment option in addition to surgery,
radiotherapy and chemotherapy, immunotherapy has rewritten the treatment landscape of esophageal
cancer. The immune combination therapy model is not only the main application model in current

clinical practice, but also a direction that needs to be explored in depth in the future.

18.2.6 Primary liver cancer

In recent years, artificial intelligence (Al) —assisted pathological diagnosis has developed rapidly in
liver cancer, including automatically extracting lesion areas, determining disease types, analyzing
diseases more accurately, and processing some details and characteristic textures that are difficult
to distinguish with the naked eye. At present, surgical treatment of liver cancer is still an important
means for long—term survival of liver cancer patients, mainly including liver resection and liver
transplantation. Molecular targeted drugs are the main means of treating advanced liver cancer. In
recent years, research on molecular targeted drugs for liver cancer has made many new progress.
With further exploration in clinical trials, immunotherapy has also become an important treatment
method for neoadjuvant therapy and conversion therapy. In China, multiple immune checkpoint

inhibitor single drugs have been approved for second—line treatment of liver cancer.

18.2.7 Biliary tract carcinomas

Currently, how to perform appropriate regional lymph node dissection and ensure negative
corresponding margins for individual patients is an important part of precision biliary surgery. At
the same time, with the development of new medical devices such as 3D laparoscopy and robots,

BTC’s minimally invasive treatment continues to achieve surgical innovation in this field. In the
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past decade, many studies have been carried out around the ABC-02 phase III trial, but the GC
regimen is still the standard first-line treatment for advanced patients. As the understanding of BTC
gene mutation spectrum, different subtype characteristics, immune escape, etc.gradually deepens, it
is worth looking forward to the combination of chemotherapy with other treatments such as targeted

immunity to improve the efficacy.

18.2.8 Urinary tract malignant tumors

In terms of prostate cancer, with the development of surgical technology and the popularization of
robotic laparoscopy technology, robot—assisted laparoscopic radical prostatectomy can shorten the
operation time and reduce intraoperative blood loss. RC48—ADC showed good efficacy and safety in
HER2+ locally advanced/mUC patients. ICIs have been used as second—line treatment for patients
with unresectable and metastatic MIBC, and as first-line treatment for patients who cannot tolerate
platinum and are PD—-L1 positive. In terms of renal cancer, 3D reconstruction combined with robot—
assisted partial nephrectomy has been a hot topic in the past few years. Targeted therapy remains

the first—line treatment strategy for advanced renal cancer.

18.2.9 Cervical cancer

Since the LACC trial, many studies have confirmed that open radical hysterectomy is safer than
minimally invasive surgery in the treatment of early cervical cancer. Radiotherapy for cervical
cancer includes external beam radiation and brachytherapy. The three—dimensional inter—tissue
implant brachytherapy that emerged in recent years improved dose coverage of high—risk clinical
target areas. Immunotherapy represents a new treatment option for cervical cancer with survival

benefit in patients with recurrence.

18.2.10 Ovarian cancer

In order to delay the recurrence of epithelial ovarian cancer, a number of drugs are currently
approved for first—line maintenance treatment of epithelial ovarian cancer. Currently, various
clinical evidence and domestic and foreign guidelines show that the drugs recommended for first—
line maintenance treatment of epithelial ovarian cancer mainly include PARP inhibitors and anti—
angiogenic drugs. ICIs have been clinically studied in both first-line and late—line treatment of
advanced ovarian cancer. Unfortunately, no breakthrough efficacy has been achieved in first—
line treatment. Patients with platinum-resistant recurrent ovarian cancer and high expression of
folate receptor o can consider using the FR a —targeting antibody conjugate drug Mirvetuximab

Soravtansine.
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18.2.11 Bone and soft tissue sarcoma

Uncovering the characteristic landscape of the immune microenvironment of osteosarcoma is crucial
to improving the effectiveness of immunotherapy of osteosarcoma, and basic research continues
to make progress. The development of existing medical 3D printing technology provides ideas for
precise resection and personalized reconstruction of pelvic tumors. For advanced osteosarcoma, a
consensus has been reached on the treatment of anti—angiogenic targeted drugs. The GALLANT
study suggests metronomic chemotherapy combined with ICIs for the second/third—line treatment
of advanced sarcoma. Cell therapy is expected to open a new journey in the treatment of advanced

sarcoma.

18.2.12 Hematological malignancies

After decades of stagnation, several promising therapies for newly diagnosed and relapsed DLBCL
have received FDA approval or are in the final stages of development, including enhanced
monoclonal antibodies, ADCs, and bispecifics antibodies, etc. Currently, CAR-T cell therapy
has received widespread attention as a second-line treatment for R/R DLBCL. ICIs have made
significant progress in the field of lymphoma in recent years. Hodgkin lymphoma has mainly
progressed in patients with advanced or refractory disease in recent years. In recent years, targeted

therapy, immunotherapy and cell therapy have provided new treatment strategies for acute leukemia.

18.2.13 Head and neck malignancies

At present, there have been some studies on cetuximab combined with immunotherapy to achieve
good efficacy in recurrent/metastatic head and neck squamous cell carcinoma, and have been
included in guideline recommendations. Initial results of immunotherapy in perioperative treatment
of HNSCC. As an emerging treatment model, neoadjuvant targeted therapy is expected to increase
the R0O/1 resection rate of locally advanced thyroid cancer and improve patient prognosis. In
recent years, with the advancement of molecular detection technology and clinical breakthroughs
in targeted drugs and ICls, the management of anaplastic thyroid cancer has entered the era of

precision diagnosis and treatment.

18.3 Comparison of Research Progress at Domestic
and Abroad

Through the development of medicine in recent years, the treatment level of malignant tumors has
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been significantly improved. The improvement of the overall treatment level of malignant tumors is
due to our deepening understanding of their biological behaviors and the progress of comprehensive
treatments including surgery, chemotherapy, radiotherapy, endocrine therapy, targeted therapy, and
immunotherapy. In terms of basic research, although there is still a certain gap with foreign countries,
Chinese scholars have made significant progress in the pathogenesis and molecular classification
of malignant tumors in recent years. Taking breast cancer as an example, Fudan University Cancer
Hospital independently developed a multi—gene sequencing platform and drew China’s first breast
cancer gene mutation map for 1,000 people. It comprehensively analyzed the clinical characteristics
and genomic characteristics of breast cancer in China and found that identified unique precise
treatment targets for breast cancer in China. Professor Shao Zhimin’s team has drawn the world’s
largest multidimensional omics map of triple-negative breast cancer and proposed the “Fudan
Classification”, which has pointed out a new direction for the precise diagnosis and treatment of
triple—negative breast cancer. In terms of clinical research on new drugs, due to the long—term leading
position of European and American countries in the field of new drug treatment research, related drugs
have certain advantages in the quality of overseas clinical trials and the speed of new drug review. In
recent years, domestic reforms in pharmaceutical administration, clinical trials, new drug approval
and other aspects, especially since 2017, China has officially joined the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), providing better
opportunities for Chinese researchers. With the joint efforts of a large number of Chinese researchers,
and with the continuous accumulation of clinical experience and data in China, clinical trial data
on Chinese patients are rapidly improving in terms of quality and influence. With the enhancement
of domestic innovative drug research and development capabilities and the improvement of the
international influence of local researchers, more and more “Chinese data” have appeared on the world

stage and are constantly rewriting international guidelines.

18.4 Development Trends and Prospects

There are nearly 4 million new cases of malignant tumors in China each year, and 2.34 million
cancer deaths. Overall, the incidence of malignant tumors is on the rise. Especially for tumors
related to environmental lifestyle, the overall mortality rate is on the rise. The “Healthy China
2030” Planning Outline sets out the important goal of increasing the overall 5—year survival rate
of malignant tumors by 15% by 2030. In order to achieve the goal of “Healthy China 20307, high—
quality development of the discipline of malignant tumors is very necessary. The development

trends and prospects of malignant tumors are mainly reflected in the following aspects: deepening
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the development of precision prevention; optimization of individualized and efficient screening
strategies; precise exploration of adjuvant/neo—adjuvant treatment of early operable malignant
tumors; molecular target exploration and genetic testing help achieve precise treatment of malignant
tumors; surgical treatment of malignant tumors is developing towards precision, standardization,
minimally invasive, appearance—focused, and function—preserving; immunotherapy is in the
ascendant; domestic original drugs are constantly coming out and clinical research is booming;
combination therapy based on different treatment strategies is expected to optimizing treatment
options; artificial intelligence will have greater room for development in the subject of malignant
tumors; and tumor science will continue to play an important role in the prevention and treatment of

malignant tumors.

19 Obstetrics

19.1 Introduction

Obstetrics is a traditional medical discipline that is concerned with ensuring the health of
pregnant women and facilitates in the birth of new life. Modern obstetrics has achieved a deep
integration of clinical and preventive medicine concepts. With advancements in fundamental
medical disciplines such as molecular biology, genetics, immunology, and clinical diagnostic and
therapeutic technologies, obstetrics has expanded in its content and scope. With declining fertility
and population growth rates, as well as increasing population ageing, planning and developing the
obstetrics discipline is of great significance in ensuring the population security and promoting the
sustained development of our country’s economy and society. This report summarizes the major
advancements in the field of obstetrics in China over the past five years (2018-2023) from three
aspects: the physiological mechanisms of pregnancy, prevention and treatment of major obstetric

diseases, and the evolution and innovation of obstetric medical service models.
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19.2 Advances in Obstetrics

19.2.1 Research on physiological mechanisms of pregnancy

In the study of early embryonic development and embryo implantation, Chinese scholars have
identified pathogenic genes that cause disorders in oocyte maturation and spermatogenesis from a
genetic perspective. They have explored the molecular mechanisms of early embryonic development
and embryo implantation across transcription, translation, and protein synthesis, and have mapped
the spatiotemporal landscape of early embryonic development. Using multi—omics technologies,
they have revealed potential causes of embryo implantation failure. Additionally, some teams
have attempted to establish in vitro culture systems for non—human primate embryos, providing
an crucial theoretical basis and technical support for understanding embryo implantation and
development. In the field of placental development, researchers have studied the development of
placental cell lineages and discovered various finely regulated mechanisms in the differentiation
of trophoblast cells. They have innovatively elucidated mechanisms related to nutrient transport
and metabolism, immune tolerance, and infection defense at the maternal—fetal interface. By
harnessing human induced pluripotent stem cells, they have constructed placental/uterine—
like organs, providing significant means to further explore key events in placental development.
Furthermore, the “physiological clocks” of pregnancy, including the immune clock, endocrine clock,
membrane clock, molting clock, and uterine muscle layer clock have been systematically described.
The spatiotemporal landscape of physiological changes during pregnancy maintenance and labor

initiation has been depicted.

19.2.2 Research on the mechanisms, prevention, diagnosis and treatment of major

obstetric diseases

19.2.2.1 Prenatal screening, diagnosis, and prevention of birth defects

Chinese government and medical institutions have taken various measures to promote and
standardize prenatal screening for pregnant women. Further development of the testing efficacy
of cell-free fetal DNA in maternal peripheral blood has been carried out to achieve detection of
common/sex chromosome aneuploidies, chromosomal microdeletion/microduplication syndromes.
Various prenatal diagnostic methods such as CMA, CNV-Seq, WES, and even WGS are developed
well and widely used. Breakthroughs have been made in some new prenatal diagnosis technologies,
such as embryo diagnosis gradually shifting from monogenic diseases to polygenic diseases,
providing a theoretical basis for the prevention and control of chronic diseases closely related to

genetics.
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19.2.2.2  Prevention and treatment of maternal severe and complicated illness

In the studies of postpartum hemorrhage, it was preliminarily found that abnormal immune
inflammatory coagulation state during third trimester may be associated with atonic postpartum
hemorrhage. With the use of randomized controlled trails and other high—evidence level studies,
more progress has been made in the selection of preventive and therapeutic drugs, the development
of hemostatic balloons, and hemostatic operation techniques. In terms of postpartum hemorrhage
management, the National Obstetric Quality Control Center integrates domestic and international
advancements, utilizes new strategies and tools to establish a comprehensive management strategy
for postpartum hemorrhage that is multidimensional, well-organized, and combines prevention
and treatment. This strategy is then promoted in various grassroots hospitals across the country.
For placenta accreta spectrum, a placental implantation scoring system has been established in
China to guide clinical prediction, typing, and perioperative management, and the blood transfusion
rate and hysterectomy rate of patients with placental implantation have been significantly reduced
through innovative surgical techniques such as the Nine—Step Surgery Method for invasive placenta
accreta. For hypertensive disorders during pregnancy, Chinese scholars have taken the lead in
analyzing the role of cell subtypes and trophoblast differentiation in the onset of preeclampsia at the
single—cell level and revealed the role of the intestine—placenta axis. Preliminary development of
a prediction model for early—and mid—pregnancy preeclampsia based on clinical high—risk factors
and biological indicators and a perinatal management plan have been developed. In the field of
gestational diabetes, a standardized diagnosis and treatment management model for pregnancy with
diabetes has been established and formulated, and researchers have participated in the formulation
of international GDM screening and diagnosis standards and clinical guidelines. In terms of obstetric
critical illness, the multidisciplinary team model in China is becoming more mature and popular,
and the application of some new diagnostic and treatment technologies such as extracorporeal
membrane oxygenation (ECMO) has greatly improved the rescue success rate. The issuance of some
representative guidelines or consensuses in recent years has provided a basis for the standardized
diagnosis and treatment of critical maternal diseases. “Clinical management guidelines for acute
fatty liver of pregnancy in China (2022)” was rated by the Guideline STAR as the best guideline in
the field of obstetrics in 2022.

19.2.2.3  Prevention and treatment of fetal and neonatal illness

The preterm birth rate in China is rising annually. Domestic scholars have identified proteins
and cell molecular signals related to the initiation of childbirth through multi—omics techniques,
providing intervention targets for maintaining pregnancy and preventing spontaneous preterm
birth. Many teams in China have reduced the occurrence of medically induced preterm birth to the

greatest extent by developing predictive models for high-risk pregnancies. The treatment of very
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preterm infants have greatly improved, and the survival rate of extremely preterm infants of 26—
28 weeks gestation is close to the level of developed countries. Progress in the field of stillbirth is
focused on epidemiological research, pregnancy management, and placental pathology. Prospective
cohort studies have found that stillbirth is related to ethnicity, age, education, parity, and pre—
pregnancy body mass index. However, the current situation is that the low rate of autopsy of
stillbirths and the lack of attention to the results of pathological examinations of tissues such as the
placenta and umbilical cord limit the exploration of the causes of stillbirth. In the research on fetal
growth restriction (FGR), the largest twin FGR birth cohort in the world has been established by
Peking University Third Hospital. For the first time, it was revealed that genetic factors and adverse
intrauterine environment shape the early life microbiota, and key gut microbes and their metabolic
products are related to the physiological and neurobehavioral development of growth—restricted
newborns. For the first time, it was found through animal experiments that platelet—derived growth
factor nanoparticles can strengthen placental blood supply and promote nutrient uptake ability in
fetal skeletal muscles, thereby achieving fetal development intervention during the intrauterine
period. In terms of twins pregnancy, a standardized diagnosis and treatment and referral process
for twin pregnancy has been established in China. Placental perfusion, placental blood vessel
anastomosis, and Doppler blood flow characteristics are used for etiological exploration. The focus is
on multi—omics analysis such as placental omics, twin newborn gut microbiome metagenomics, and
metabolomics, exploring the occurrence mechanism of complex twins from different levels.

19.2.2.4 Obstetric pharmacology research

China has formulated a number of norms and standards, such as the “Technical Specifications for
Pregnancy Drug Teratogenic Risk Consultation” and the “Expert Consensus on Pregnancy Drug
Registration in China”, to establish a unified domestic standard for consultation and pregnancy
drug registration. For the first time, a nationwide registration of epilepsy medication use during
pregnancy has been carried out, laying a foundation for the future establishment of a pregnancy
medication data registration system guided by specialty disease medication. Accurate medication
research for pregnant women based on the PBPK model is being conducted, and an in vitro model
of drug transport through the placental barrier has been established to evaluate the safety of drugs
for the fetus.a placental barrier microcurrent biomimetic chip and a “placenta organoid” model were
expected to be used to evaluate the safety of drugs during pregnancy. Currently, the use of drugs
for pregnancy complicated by immune system diseases lacks high—level evidence—based medical
evidence as guidance, which requires multi-disciplinary teams to jointly carry out multi—center
clinical research in the field of autoimmune diseases during pregnancy, and to evaluate the safety of

standardized treatment options.
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19.2.3 Innovation and evolution of obstetric service content and model

In the past 5 years, there has been a significant change in the content and model of obstetric services
in China. The connotation of obstetric services is constantly being extended and expanded, from
solely obstetric treatment to comprehensive support for physiological, psychological, and social
adaptation, from focusing on individual medical care to emphasizing health education and group
health care, and improving the self—care ability of pregnant women; the service targets have also
expanded from pregnant women and infants to all family members. Evidence—based practices are
gradually being applied to obstetrics—related fields, and the development and application of new
scientific technologies such as internet medicine and artificial intelligence have brought obstetric
medical services to a new stage of development. At the national policy level, China is promoting
the construction of national medical centers on the one hand, allowing high—level hospitals to play
a leading role in medical research and practices nationwide and even globally; on the other hand,
it is building national regional health centers to promote the vertical and horizontal flow of high—
quality medical resources, improve the technical level of medical services in the country and various
regions, and narrow the gap in medical technology and service levels between regions. At the same
time, the implementation of the Five Strategies for Maternal and Newborn Safety has built regional
cooperative networks of maternal and newborn care centered on the referral and treatment center
for critically ill pregnant women and newborns. The concepts, systems and framework of obstetric
quality management are continuously improving, and the evidence—driven and goal—oriented

obstetric quality improvement work is being promoted nationwide.

19.3 Comparison of Research Progress in Obstetrics

19.3.1 Comparison of research quantity and quality

From the National Natural Science Foundation of China and the National Key Research and
Development Program, funding for research projects in the field of obstetrics has been increasing
year by year. The number of articles from China is relatively leading internationally, but the number
of high—quality articles still needs improvement, especially in clinical research such as randomized
controlled studies. Compared to European and American countries, the percentage of international
collaborative research is less than one—fourth, indicating the need to strengthen international

collaboration and communication.
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19.3.2 Comparison of research methods and techniques

In recent years, several domestic interdisciplinary teams combining basic science and obstetric
clinical research have been at the forefront of using various emerging cutting—edge technologies,
including single—cell multi—omics techniques and organoid technologies, to explore the mechanisms
of obstetric—related diseases in—depth. However, the clinical translation of existing research
achievements remains challenging. In contrast, foreign research places more emphasis on addressing
clinical problems and conducting high—quality studies on the mechanisms and therapeutic strategies

of maternal and fetal diseases.

19.3.3 Research hotspot areas and competitive situation analysis

Research in the field of obstetrics still focuses on the mechanisms and prevention of high—risk
pregnancies. China has achieved international prominence in terms of research on early embryonic
development and cell differentiation in humans and non—human primates. We have caught up with
the international community in areas such as the mechanism of metabolism and nutrient transfer
at the maternal—fetal interface, and immune tolerance regulation. Prenatal diagnostic technology,
placental implantation surgery, fetal surgery and other technologies have reached an internationally
advanced level. However, overall, our country’s research on the pathogenesis of many complications
and comorbidities is not deep enough. The number of national multi—center large—sample cohort
studies and randomized controlled clinical trials is limited. The translation and application of
scientific research results are not enough. The quantity of high—level research teams and high—
quality research results lags behind developed countries like the United States and the United

Kingdom, resulting in limited global influence.

19.4 Development Trends and Suggestions

Faced with new challenges and opportunities under the current population development trend,
obstetrics needs to innovate across various aspects, such as talent training, discipline planning,
research transformation, service models, and quality management, in order to achieve new
breakthroughs in discipline development.

The development of obstetrics in China faces prominent challenges brought about by the complex
changes in the characteristics of the pregnant population. Future research should be driven by major
scientific issues and clinical needs in obstetrics, achieving a bidirectional development driven by

application and basic research, and performing clinical studies such as multicenter cohort studies
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and randomized controlled studies. Actively exploring new diagnostic and treatment technologies
and management models such as multidisciplinary cooperation in treatment, and improving obstetric
clinical diagnosis and treatment strategies in our country with high—quality evidence—based medical
evidence.

Current major challenges, including the long—term health impact of advanced maternal age,
management of major obstetric diseases, integration of large obstetric data information resources,
development of sub—specialties such as fetal medicine, etc., urgently require an overall planning,
and top—level design for disciplinary development and industrial layout. A nationwide or regional
multi—center interdisciplinary joint research network needs to be established to provide a powerful
support platform for original innovation. Using national key projects or plans to promote collaborative
innovation, supporting multi—disciplinary, multi—center aggregation of scientific research resources
to overcome difficulties, and promote clinical practice and health decision-making.

The formulation and implementation of standardized guidelines/consensus, strengthening of
medical service quality monitoring, optimization of the quality assessment system and performance
management mechanisms, establishment of a scientific, efficient, and fair obstetric quality
management model, and exploration of innovative models for quality improvement should be
emphasized. Through optimizing medical resources, integrating service content, promoting the
improvement and quality enhancement of medical services, a high—quality service chain for the

entire childbirth process can be created, promoting maternal and infant health.

20 Urban Science

20.1 Introduction

As component of science and technology, Urban Science has been researched with the goal of
building socialism with Chinese characteristics and trying to government policies and discipline, which

focuses on important and difficult issues in the progress of urbanization. With the development of our
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world, the urbanization rate has exceeded 50%, meanwhile Chinese urbanization rate is 66.16% at
the end of 2023. As it is a crucial period that urbanization rate is approaching 70%, China would
improve developing quality, and urban science is more and more important for the progress.

In the information age, everything in a city is subtly interconnected in networks, and data has
become more and more significant. Cities are no longer just containing information of place or
space, but a complex system with various elements of urban, which are connected with each other as
networks and flows. Urban science has become synthetic discipline supported by complex adaptive
system theory, information technology, social physics, urban economics, transportation theory,
regional science, and urban geography to study structure and dynamic of urban development and

urbanization.

20.2 Latest Research Progress in this Discipline

20.2.1 Theory of urban science

Urbanization is the trend of human social development and the symbol of modernization. According
to human settlement theory, following the laws of development, adapting to the situation, seeking
benefits and avoiding disadvantages are the ways to promoting urbanization and our living
environment. Complex adaptive systems emphasize on agent’s adaptive ability which is main
difference compared with traditional complex system. Cities as multi—agent system, is complex
adaptive system exhibiting various properties: adaption, interconnectivity, scaling and so on. It
is necessary to use the theory of complex adaptive system to study urban science in urbanization
process. Urban science also emphasizes on inheritance and innovation, that not only continues urban

history but oriented to the future of city.

20.2.2 Focused areas

20.2.2.1 Heritage conservation with new technologies and methods

Nowadays, the research and practice of historical and cultural heritage conservation should be
carried out with new ideas, new methods and new technologies. Computer, informatics, internet
technology, digital twinning, urban information systems and other technology methods are used in
the process of historical and cultural heritage conservation. The data and information of historical
and cultural resources have been gathered on a three—dimensional information platform by some
cities. Combined with digital technology, twinning technology, protections and application of
historical and cultural heritage could be performed effectively, which is useful for urban tourism and

development.
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20.2.2.2 Intelligent city converting to smart city

The design and construction of smart cities should be based on the third generation of systems
theory, Complex Adaptive Systems (CAS) theory, which organically combines “top to down
composition” with “bottom to up generation”. In the process, the government should pay more
attention to smart cities’ public goods. Building the “multiple pillars’ of smart cities” public goods
and guiding market agents to use CAS’s three — generation mechanisms (building blocks, internal
model and tagging) to generate a bottom — up smart city that can evolve autonomously according
to the needs of the public. This will further enhance the ability of urban governance and help city
governments to become a qualified service oriented government.

20.2.2.3  Low carbon city, healthy city and resilient city

The development of low—carbon city theory has four stages such as concept proposal, connotation
definition, evaluation indicators, and practical exploration, Low—carbon city, is still improving
and innovating. The core issue of low—carbon city theory is how to construct a low—carbon city
development model, which is how to optimize the urban industrial structure, spatial structure,
transportation structure, and energy structure for maintaining economic growth while urban carbon
emissions is decreasing.

Entering the 21st century, with the rapid advancement of industrialization and urbanization, human
society is facing new challenges brought about by population, aging, new diseases, and ecological
environment changes. Many countries have proposed goals and strategies of healthy cities at the
national level.

Resilient city is the inevitable choice to deal with Black Swan. Iis resilience is reflected in three
aspects: structural resilience, process resilience and system resilience. The new sources of
uncertainty in cities can be summarized as extreme weather, scientific and technological revolution,
corona virus and sudden attacks. Ten steps are needed to build a resilient city: first, change the
ideology; second, innovate design research institutions; third, make management plan, included
in 5—year—plan; fourth, work out the transformation plan of lifeline engineering group; fifth, in
every community, every group to supplement the original microcirculation; sixth, use information
technology to coordinate each cluster and the micro—circulation facilities within the cluster;
seven, transform the old community, make up for the shortcomings of the community unit; eighth,
the combination of epidemic disease and disaster should be considered in the construction and
reconstruction of public buildings; ninth, build the “micro—center” of “anti—magnetic force” in the
surrounding area of the megalopolis; tenth, deepen network format management and build smart
cities.

20.2.2.4 Sponge city, eco city and livable city

Sponge city refers to a city that, like a sponge, has good “resilience” in adapting to environmental
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changes and responding to natural disasters. When it rains, it absorbs, stores, seeps, and purifies
water. When it is needed, the stored water is “released” and utilized to enhance the functionality of
the urban ecosystem and reduce the occurrence of urban floods.

Ecological city, as a widely recognized urban development model, has been first proposed by
UNESCO in the Man and the Biosphere Program in the 1970s. After 50 years of development, its
theory has continuously evolved and deepened, and practices have been widely carried out in many
cities around the world, covering all continents.

A livable city refers to a city where the economy, society, culture, and environment develop in a
coordinated manner, with a good living environment that can meet the material and spiritual needs
of residents, and is suitable for human work, life, and residence.

20.2.2.5 Urban renewal and new urban science

The term “urban renewal” comes from the West, and the definition of urban renewal varies
internationally. Broadly, urban renewal refers to the urban reconstruction of European cities since
the end of World War II, while narrowly, it refers to the urban construction methods to solve urban
problems. Urban renewal in China can be divided into four parts, urban old blocks, old factory areas,
old residential areas and urban village renovation.

New urban science, which relies on quantitative analysis and data calculation to study cities brings
innovation to urban design, with the support of various new technologies such as urban computing,
virtual reality, human—computer interaction, and so on. New urban science also proposes that city
research should not only focus on urban space, but also learn about urban networks and flows for

shaping cities. New urban science can improve understanding of urban systems and structures.

20.3 Comparison of Research Progress in this Discipline
at Home and Abroad

Internationally, sustainable development has become consensus, the development of information
and digital technology, prompting cities to be smart. In China, new urbanization and carbon peaking
and carbon neutrality goals are carried out to promote the high—quality development. Urban science,
combined with complex adaptive system and promoted by smart city, which is supported by internet,

big data, artificial intelligence, information systems, digital twins and other technologies.
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20.4 Development Trend and Prospect of this Subject

20.4.1 Urban science theory system is forming

Urban science relies on traditional economics, geography, sociology and complex science,
informatics, artificial intelligence, etc. Combined with complex adaptive system, urbanization and
human settlement theory, based on multidisciplinary theoretical research, urban science is gradually
formed a theoretical system, which has city as its research object and takes complexity, diversity and

mobility as its main characteristics.

20.4.2 Urban science is compatible with disciplines, and becomes more scientific

Urban geography, urban sociology, urban economics, urban management, urban history, urban
ecology, urban geographic information systems, and complex science are applied to study city,
urban science is supported by kinds of theories. Urban planning and construction change from
practice with engineer to practice with research. In recent years, the development of urban science
in our country has changed from urban and rural planning to regional spatial planning, which is the
same as the trend of international urban planning. Urban planning is more and more concerned with
urban economic, social, environmental and so on.

This trend of international and domestic disciplinary transformation, interdisciplinary research on

cities, enriches the content of urban science and promotes its development.

20.4.3 Urban science is multidiscipline

Urban science has formed special characteristics through the intersection and recombination of
corresponding disciplines. Urban science research is based on the requirements of the country’s
urban strategy, focuses on the ten major areas, such as history and cultural city, smart city, low—
carbon city, healthy city, resilient city, sponge city, ecological city, livable city, urban renewal,
and new urban science, and is forming multidiscipline and interdisciplinary subject group, which

includes sub—disciplines.
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