PSR 2025,43(18) i

MEMRERMEE:-ET AIHHTENX

B HiF T 520w

KW HREN, ZER, TUF, BT, BEE, RXH, Mg, F8%E, R Ff, HAEE

HE AIFRADGRZRREELEDHFHARE AT ERIESD A H SRR, X2
BREWH it S RBERHZEHH— AR LE, 9B TR m L igk, 24T
ALEFSHHFN AR EZF @ AN E "G # AT 4 R T RER KRG LRSS IIR, FIRKTT
Al EAHFFE 2 A FRR AR ELERB T ERAGF ., FFRAI, Al RS F B AR F 3R
SRR, o BLAR 9% S 35 F AR E A5 AT, R Y Y A KA A e A R X AL A 4200 09 % Ak AHAT
A, BB R T AR 4790 T AR LR R A4S IR RSS9, AL Tk, 3 B TS AHBE ALAR &,
AN BRI IR, TEFFFE L BURAE R, migss AR A, 2 2 A AHE 2 5 AL A T AR

), AR AL RS AFHE X TR SR RS H iRk,
KR AP KRR AR AL B RSHRAL

1 AIEZHEISE 5 BESESS

e — PR
1.1 BoeXEHhRiEH W, R
s s e s . IR
2 R 5 (3 3 36 IR 122 ’
Jim Gray $2 H i RMIFE CHE 2L $E
O O

h, SR A T 4 IRFEE Y
V7S EREZT v i) Fl: W (Sl )

19—201ik22 Hnt:

PARIRAE)]
B rava. BdniEae
5 Rl
R R
R[Nt

19142 2 B 20fttgg it — 20234 F 4

S LA T o b R R T 7 PR, ARFE 2Afltgy s Ak
TR K S AR UK Bh | B s 1 sy

W, B —IRATHEER S T A B, g W B H R PN LTS

H S LRIER

FIIAFE MM ALEARIEAEALES

K1 RMIRE R R

5 Ry iEA:, HEShRHIFE AT [n]
ATERBN 2R 5 BHFEC (B DR,
1.2 #eX#THIREE

TEIL )55 5 0 2 1 B 5 e
o B T A

Bhf SOl & 5SS T ALE,
R ERE 2), BHFE 52
T e RSB II T ALEOR Y
% HE. A for Science(AI4S)Y Al
for Research( AI4R) {2478 A Mk
BRI SN .

REKFH G IHEFH, XE 300072

1.3 H5 MR E

5 5 P RUR U T fE
NRZAIREN T, BRI iR
REAL A RBETE IR R, A BN
(1) FHFeAs: MAZEEFEIAML
PR AL, FERC AR PR R e

Wi H 1 2025-03-07; & 171 H #8: 2025-05-06
PEB TR MK, 2082, W95 07 7] R BETE AL, FLF(5%H: zhupengfei@tju.edu.cn

SRR RIS TE, WA, 22 ML, 45 R0 B RRALAL . 6 T AT MBS HARIE (1], B SAR, 2025, 43(18): 16-22;

doi:10.3981/j.issn.1000-7857.2025.03.00022

16

www.kjdb.org


mailto:zhupengfei@tju.edu.cn
https://doi.org/10.3981/j.issn.1000-7857.2025.03.00022
https://doi.org/10.3981/j.issn.1000-7857.2025.03.00022
https://doi.org/10.3981/j.issn.1000-7857.2025.03.00022
http://www.kjdb.org

Hili)

B SR 2025,43(18)

[ BTG AIEL 5 ]

BRIk Bl . (2) FAREA: T
WA R IR B AR, F A ik
A SR IR TR A B
REFAPR . (3) JHiRAR ™ FEFRAR
1) T B RE 71 S B 24 B R R
A, 2 NI AR B 5 S i
BELR
1.4 Al RZMHFARIZEN

1) (B R N, AT AR o 5
SRPAR R G R AL S B4R RIBR,
AR E AL B B AR R
BB B HELE, ik AE Ak
AR RN SRAT R e A8 R 2R
SRR IR R, AL B
A R, A T AR T
WIAEAE . BN, A-Lab R 453

K2 B S

T A8 B SO B, AL
WA LT, A B 41 FogiAbEL,

2) LI, AL EECF L
B R G0, AT M SE Rl A R Be TG
ko AT BERELEL Y R 2) R G i Ky 22
A 2825 ], AR T I TIR
REA IR R, SIS
B it . A RoboChem F &
TEAPLE WSS B 358 Ui
6000 WS b S ALAL

3) BRIk . AT RERUX A
AT S ARAL B S b AL
b, HEAT PSSR
MBI R, s A —
B s Ak 2 > PA, EA TR
0 B FIENALE] . AT BRER AT

Bl > SR, R IE DRI B
INTHIC R RS AR AR 5 RE E
&5 .

ARSI 5 BHFE AN
TRIAEF A TF BB Ho8 b, BAET
AR RS ER . P
BT RVEIEIALS, W5 | & RIS
AR, FIRRLFRE S A S

2 BHRFHHXEREN

21 KEBEBEZRHE

ANTRHEH 1956 ki
SV LK, 2T =R
7% —3 AR SIS 2 IR
LR (E 3) . WA 5 2
B E L, B A M % 5 LR R
48, PRI ) 5 R BARR sl i
AR, R YIRS HE B B R R A
[] i 288 vk AN, R R, 5 | &2 0F
SEAIEBE S

21 thad, JLHE 2014—2024
A, At AT PR R R . TR
A AR AIE R L 1B SUARSE
AT SR, AR 22 AR
H, BEREZ: T HARER, A AT
BRE R BITE 1 ST RE(E] 4)

/'y (i gl | - BRRG | - GREE 2]
- ZETIYY ! - FR R ] - BEREAT
! ! 20164F 20244F
| l AlphaGo 20234 KHIAIER
: 19934EXCON-RIE 5 | FTI A 20004 ARBULR SEAET)
. REHAE R A AR TURHLT maauy  TIGUR BT,
| ERE STl en : gt AR, GPTolf
o " 19864EHinton’ 20214F  jemavgg,  AEIPUE SBUZERERY
19634F ( Principles ofolthematlcs): R 1] DeepMind fDALL-E2 BAY, B AR
SRS R v Stble RS HATE
Logic Theoristilt ] : 20127 AlphaFold 2 piffusion W, 0 HERERE
: CHERGH zoosi AN i R4 tmggen, ~ BLIP2.
KE NS, B! Hinton%: ImageNe 2L Wy wen-VL4
: MHRIG. | Ly BRx G ChGPTE
Mogomsss e TR HASES {ATfitkny LI B g o
20122 704F4R : S S A EE IS & : WEMZ ’Jzi% o MR gp g g
HREIA | yym bz SO0 ATE g0 SUER24
195G IR A ATHBERE | prog ector/i}ié AEAE A2 RULES
LU, W B 1 2
AT fE ZIVRIRAT | '
1 1
R I Bl .|
K3 AL RRH = EWME”
www.kjdb.org 17


http://www.kjdb.org

FHESR 2025,43(18)

Wl

A aRAL
KisH B
LIS FAIY

What Are the

DeepSeek
FRIR S AR 4

Limitations of

AT RER SRR AR KA Pl
“=RPET Il Py -5 [ 51 KAERIFE S
ERARAR 5 Rk

K4 KRB R DR

22 KEEBFREFH

FARAY & Vs, o H R K
AL (LLM)HE 3l 1 SO A i A
XA RGN, I HAR I R 2
R4, 2022 4EJFE ChatGPT ]
T, bR il AT B i, B [
AN LLM SE MBI, 2B E 455
iRy T (& 5)P,

CERARE, YT KR GE )
FEEARRRFLT . (1) &
PR 5 A A KA R RE SR B
il S AR08 AR NGRS, (2) #
A 5 A KB BRI AR Y 4
ARG BT IS g4k B, 75 2 4
Wr, 56 2 24 ) 2 0 AT 55
(3) HHRAAAE S K2R A A] LA
o A58 DA DI R 1) SR v B A
KA B, G HEHL M [l R, (4) #
B 5 2R FOBAY (AL SE B AR

748 H B 8RS T i BT BRI AR
AT PARTE G o o E A 55
(E6),

23 KRIRBEHEHNSARE

KABE AL 3E o SR KA RE 1A
BRI FAT SR AL T SR AR,
ABEARATY T W AR A ) S BR 1 5
TR R (] 7)1,

1) 21584 . LLM Ry 49
JEAEALA A B 25T fig 5 SEBR
T BUASSF o B2 5 AR

2) nIfEREE2E . TR 2
TR A TC L B AR AR ] D
AEHE P REBURRAE, DL Anfar AR 4
IXCLEREAEAE T

3) MAHMEEE )15 . LLM
TEW KT B U0 G A i &2
ZAESSIE, EATRARTIA G

4) AR, LLM A RE7E

INEZ 3|
ENIAC EIRMA SBFEFH4il ELIZA  1974—
19454E  19504F 19564 19665 19804F

LRRYE

1980— ATZEXIL

O N N A A

TeE IR M ISOTALREA TN ES, il
TR ERE S S (TN SN A/
JREAA, KB FpLk s | 40
N TR Ren iy, S &7
REE KR, FERHIFaE, A X
AL(N GPT—4, Gemini) & % # 1%,
FEE AR T, R KR T
TRHIFRCR S5 A8

3 KEREVHBIRERERIEE

& 52 BT 45 B A2 26 36 M
2ERHEE 2N B AR . ALK
BAUWERSE 5 BIREAZO, #E3h
RO B AR 55, O ) AI4XT 5
“XAAD" WA K AE: Al Hi R B 32
FHE R, AR BiEs) AL A, 14
2B A R RS B N 4
(K 8).

D) BHFE B AW 2R
ABCE R RE @I (1) K%)E
P (MR BE )« 38 1 Fle 7 AR AR el
P EEPIRMI IR R E TR, 8
oAl X —ia " Bk A g, SCBL T
B 5 U5 5 2B A Je ARG i DT
Bit. (2) Bt RIZHR(BAREEE): A
TR e B O 2= L
#, I & BSI2EF {1 R4,

it NN
19874F  1987—19904F 1990—20004F 20064

= = AGI...... ASI

S
20144F 2024%F
Attention Transformer Scaling Laws|GPT-3 RLHF|ChatGPT ol/R1
20144F 20174 20204F 20224 20244F
O \ O AL
20234 20254F
DS/~ HEIMS. DS LLM Base DS Math/Coder DS-VL DS-V2 DS-V3 DS-R1
2023.07 2023.11 2024.02 2024.03 2024.07 2024.12 2025.01
W, A ) U/ W, \ ) O, U DeepSeck

18

&5 LLM % ALk

www.kjdb.org


http://www.kjdb.org

Hili)

FHE SR 2025,43(18)

15 5 RS K I S HRRERE S5 KR Wbt 5 284
SRR Q=T ] - FR R R - BUGKEHERHT
- XS A - JHEEHENT - BRekE e IR ER AR H
- 5 B AL - ik - FELR MR - RS AR
; ® Largs Lanauage podel m—.-
e 1
22 an _
Model
. J
K6 LLM RYE:AEGE
s N
T T ST, T,
- BT A RIS L ] - T EARA TR | - ASBUR B CILHC - HARSERIL F I8
- B IL] - SEFRIR AT IRARRE | | - Bz IAOCRIME | |- MEERAEOC AL
- REIRZEINL] < SETA AT REE| | - MO TR AR - R TR
Teach LLMs to hallucinate
2 O L 7 ¢
== A m=p - .
st . - Q%“ ! ] =
U Y

K7 LLM A9 )RR 15 e B a) 8t

PRI 2R HE 4 A8 Ak, B
BESTL . (3) #1290 (FRAEH
fE): I FH 22 fe i 0 FLA BB
B AV SRk, R T 5 R AT 55 TR
IR € S R U G R
FF R B AL AR, 40 R Vs 1
Sl

2) BRI & B ST
AR #i . (1) B
RSB 5| 45, 38 3 DeepSeek f5

FHFAS L

AT A [ei] &5 485 1% NP T LA TG 4 AT
2, S FHIF P BN $ AL PR e fige e 7
%o (2) FIAEAEW: Gemini 24
BRG] [FR AP SCAS | EIE, H
A, S AR BSOS LA
R, M B At it i, (3)
RESE S T 55: AL KRBALA 7] L Ky
ARSI TT R A S AR S
A4 L3S B, e fe T BB T3
T,

— RHIFF- 5 2 3 —

3) T BE R A R As
AL . (D) HFiRESR
DPRAR: HEZ) AL 5422 FH UR Al
& BRE AR AAY, (2) &K
WA HE R LR TR AT KA
IR 5 ANAREF%, B stk
B R, (3) BORKELHR:
N TR BRI 5o e, &
T AL R A & R
b, MR 55 R RS 2K

4) BHF A B DI FE
il R R A, (1) 1
AR ENE: PRI = H )
AEE, SEIAA G0 R GEPL T
SR PR . (2) HIBAE BE2
GPT—4 KB Y& BEI2 W R 45 H 3
AL S R G R AN 2 T R
FEAHAFEYL. (3) ﬂﬁ?ﬂiﬁﬁ}\
AWERE]: it IR LR =
Iiiﬂﬁ?%:{'ﬁ%ﬂikzl‘ﬂ@ﬁﬂﬁ
T, e R AR AR

BiE H B eE 2R
Al GlE, BHFE BOR E A AMLIE
et AR AL E A
Iﬁﬂ‘lﬁiﬁ A R R R e

CIETPNE 73 VNS IBUR TS0 /)
ZBEO

E‘]i &deepseek

(@\ | (02 g 5 (3 4 31 & deepseek
‘- s | (FHBFETR 7 AR | e
(RHIF I A |
‘%@j ...... (Q} —l»ﬁ?ﬁi%;{b@iﬂ' | {5 GEmma
BT %B?W"J _____ i

| (CBmasTE |
[ ARBOEAR |

www.kjdb.org

“AZERP "

Jﬂd%ﬂ)]jdtmi*r

UNImeres e LINIVERSITY OF

(-R‘.\ U(ﬁ@ﬂhy‘ RD

_’ | CEra i m |
e I

8 Al KAFAUH BB #E

19


http://www.kjdb.org

FHESR 2025,43(18)

Wl

4 KEBIGHBhEORIF RIS &R

D ANRmaE w3k
JUTHARHL, BRop s OB R
KA W — H IR )
AR, R T B S A
BLA o DA 2 e O B4 Y
WA 7S, e USRI B Rl
REfEA L ESE™, B,
Bl Zf i + A DT R 5
FALAEA R AE &, BT HH Bk
AT o 1 A AR R A 1 Y
i AL, 2 R S AR
AR (Y AR ST

2) FTWAL GOV, £
RAR SRR, W50 TR
PR AR (R 22 BRI R,
FEMARR S RO LR
ko KRR W AR 1 I
KU R 58 NSRRIt 88 4 LA 5t
“FRIEE 22, O 1 AR R
B BT S R T AN B R A A
WU o 3 LA BE Z A5 AT 9K
SRR TR L L EE 22, ik
R TR RGeS VAR BEY A T U
(Nature )RS SR T AL AUATIT
A B R B A, SCEtin
kAN A AR
ok LR
RRERATIL
EHRREAAA 2
LIPS TN G ;}

S A TR v
A AR

o e ==
w: 9
Iy

3) M ANLIMERR . AT
TG b A1) A v 7 S PR
AN E R AT AT R 2 R R
B, KA St ABLEMER L
PREWE, 51 DR AR R IR 1
SR G . W 5 A
ACBRSCIR R S 40l SR e —
SCHRAS 2R 5 DGR S IR AR L —
BT R MR A R iR A
2 2] kAR Ak R R PE AL
(9,

4) Al ALBY Iy 2 R A
i BHFE 523 1 p e 84
HIER T SRR T BRI,
B Bt R AT A RS e
ARG AE R Bl AR v A
FEMRNS A Rl S U (] 10),
LA AlphaFold3 fil GNoME M1t 3
() Az RS R AT A I 7 Ak P
PERe T, AR FE e fkEiie
T, WP TR, S
B A E N 10 a 4 & 2~
3 a, {Nature Methods ) ] — I &
5% K LRI LLMs, 1 GPT2.0, 1E
R ITie kMM RE S R AL 5
WA B G E— BN AL R D Re A R,
WTERLEN TR T 26
A f#RE" . Gemini 2.5 Pro

CN
SR L

SRR Z IR

PSR Y ==
o o
-rﬁgisﬂ
%‘}2 o H@o |
T - - O {%&, sk (Y
TE S TR A ; - =& I e ¢,’ TP I AR S
BN,  — e 4= BRI E B, A
TR RR PO, AR UEYE
DS 55 A BB A B
T
9 MBI B ARk e A i AR
20

PR AERE DL SR T TR A R
28, HAE 18 15 L R8s
A5 ATV U N IEAE S AT DA
THEPEmBHSEE BRI .

NEE ZHPLETH A E RER
FEREA AT 7S X E s A al
{1952 NI 25T P 0 e 2T 1A |
ﬁ%%ﬁ%ﬂ%ﬁ%ﬂmﬁym
i 401 3k
WG T TSRO0, SR B s
[ 14 [ 31 2, e 00 H A T A7 {1
B, I B s BHRE AR, JT iR
BB 5

5 XIRBHBMIRXE5TH

BlE N TR BeR AR 1y Pt &
Ji&, J6H I KA A AR (19 Wl 2, )
AFF S50 T A T 5 A v T
BHF TAER AT, REEELAR
I E T T RMIRCR, R 2B AR
LA RS AEEA T R G
F,

D) #EBIRCE . fFEEXE
YR, KABRIAE SCRRZEA . 508
Br 5 5 AR B A5 7 R B A
Honl B shke R It b sk, 7 B R
WF s A R AT R U, T HAE
PE2ERMIE ST o, Al DL AR A 240
BRI LAY, [FIRE, KR
RUJRRE U B SE 00381, A 5T
FEZR 554 BT B, HESh B =
ST

2) B HE B IRE . 1
FHIFI H g b, KA 5 1
PR R SRR, IR HIE AN
], FCAT A B G B R LA 2 5
NS, 38 m 18 B R TRV
B J 58 oY o L 4R T A
BRI, D RN

www.kjdb.org


http://www.kjdb.org

Hili)

PSR 2025,43(18)

FRHE A I

CAILEH RN

BRI
PREIPAL s, P
AR RL A B
5 38 T R R E £ 44

GNoME
O O O oO—>
S (AR . GNOME
WA RRIL T ™
s [ V0T R i, o Ry e
Ve @iy | COBTRISR; Befkfil '
[FESE TS BRE(R S
, I © R R A
eb( L DamsswRUER, S SERETAS T, Dok
4 S BEHLIEE AL &, AR R B
, rL Eji 2R IS A B8 i FiasE 454
/\lplmFm‘d?;\ s ~
A 8 E EE e
bk RN hul SN e BNCTIAGE; S
VAR AR Ry W gy, AR
[FESE TS EETIT

%l 10 GNoME 5 AlphaFold3 {Ri% 5 it Fe

M B AR T RO RS
BERE RGALKF, BTN 3§
IR

3) FAE R, A
SR E R 2R RE Sy, KRR
AIFESCRRERE . J7 k18 5 45 R
WAL Ry (FBA
SRR SN AR, SRR
B BRI N A R I SCHE
20, I P THE F Kb 5 R AR,
TGRS A 1], S AT 57
ARHLE G PP 2R

4) B REALIE ST T H P
TR RIS 38 SO i PR
R RN TP R AR
Jie: b PR A KRR R AR
Ao RE T £ 5 70 M, BE SR TR
e BRI A DR AR A
L, SR TTAN IE IR S R 1, 6k
DL o T, A ] R
A AT 55, DAL TE B IR e,

www.kjdb.org

TR AR R

5) Al AT 5 5 HS Y fE
() AT 5 BEE AR el ATCn
GPT—4, Gemini) 55 255 fE R
e, BHIFRE B E A SR
) 1) 52 4k 6 A5 A B0 Ak R
. AR AL TE HARIES A
i 2 Ah, WAL G ZHEE R,
B AT LR, TERS S
BHEVES, Kb {E SR G 5%8 6
B, B ) SC RO S0

KR AR W T T BT
RO, BEE A AL 515
BOSE RemE—P Kk i, BHF 4R
R BB AR RrEdit i, 2R
BB A 2 BHEME SR AL T RE 1

Z3 18]

6 FERETEXRE
A N T RE A il S 5 5

PSR e RGP K R, R
TR T IR AR &, 3k
HEH AR BB T SCAR . BMRS HdE
ZIA AR B, A5 S
A REAG 2 S5 4 B, Bl BIFFE A B2
FEZAFHIF IR TR SE IR B 28 B
SPrE AR . o, BATSE
R ME R MSER . flE
Al 5 H s b B AR H R A AL 5256
FES, BEAETOL. TARE T
AL AT AL &40 H £ 58 EER
Wit Bl REMG R4
TFEEMIME S 1B T Ak, X Fh
B A B S B A i AR A AL B ) A
W, I TS RIS

b2 [l 2 AL ] R, 2
SRR g 5, St e DA TR B
BOE M Z 2B e . I A
B H2A AR S T B = f S R TFLR,
£ B AWE ey SR 0 AR IR N 7
B &bk ARV I RE BN AW
W22 5% 2Bt B4 N AL
FESS 2T LA, BB R SCF 0
5 H TGN 2R AT AL AR 0 8 R R
TR . RAREINE RGN
RIS N LFA RN E
ERE 3 FVRHI S B A R 8 ™ IR
FIPRAR . T AT LU A AR
7%, LR THRLRE ) AR REOK O,
A RO AR RN )2 iR 1
THSEIS g ke, ITTSE & T
T00 )22 () Rk 2 [ 81 5 5 R R ¢ 2k
4. 5 ubE e, Bl eE R 2T
AL R A= B B L Ak
PE RN 2 4 PR R e R A8 11
AL B2 X RE, B 244
T ™ B . AT SR —ERLT]
G, JTRBHF TAEE e T
HHGF AL Bl Kok A figE Lo
) e S I

21


http://www.kjdb.org

FHESR 2025,43(18)

Wl

% 3 Tk (References)

[1] Tansley S, Tolle K M. The fourth
paradigm: Data—intensivescientificdis-
covery[M]. Redmond, WA: Microsoft
Research, 2009.

[2] E KR, 2. N TGRS AR
AT ATASEI Y GEFL 2
[]. "PEREEBERE T, 2023, 38(4): 536—
540.

[3] Peplow M. Google Al and robots join
forces
Nature, 2023, 10: 1-7.

[4] Slattery A, Wen Z H, Tenblad P, et al.

Automated self—optimization, intensi-

to build new materials[J].

fication, and scale—up of photocataly-
sisin flow[J]. Science, 2024,383(6681):
eadj1817.

[5] Zhao W X, Zhou K, Li J, et al. A
survey of large language models[J].
arXiv preprint arXiv: 2303.18223,
2023, 1(2).

[6] Matarazzo A, Torlone R. A survey on
large language models with some
insights on their capabilities and limi-
tations[J/OL]. arXiv. 2025: https://doi.
org/10.48550/arXiv.2501.04040.

[7] ZE[E 8. DeepSeekd | & [ ALK & 1%
2 B[] B T4, 2025, 43(3):
14-19.

(8] 2> 6/ T 1), BHUFE A2 He e 5l
5 BRI Z AS[EB/OLY]. [2025—
01-20]. https://news.sciencenet.cn/ht-
mlnews/2025/2/539078.shtm?utm__
source=chatgpt.com.

(91 2K F, 3, BN, 55, W5l
. AR AA T E KB
N B e ) FE PR 58 5 e 7R ).
B B B BE T, 2022, 37(9):
1300—1310.

[10] Gruber H E, Koestler A. The act of
creation[J]. The American Journal of
Psychology, 1966, 79(1): 163.

[11] Wong F, Zheng E J, Valeri J A, et al.

[12

[13

[14

]

]

]

—

Discovery of a structural class of
antibiotics with explainable deep
learning[J]. Nature, 2024, 626(7997):
177-185.

Hu M Z, Alkhairy S, Lee I, et al.
Evaluation of large language models
for discovery of gene set function[J].
Nature Methods, 2025, 22: 82-91.
Bengio Y. Learning deep architec-
tures for AI[J].
Trends in Machine Learning, 2009,
2(1): 1-127.

Jumper J, Evans R, Pritzel A, et al.

Foundations and

Highly accurate protein structure
prediction with AlphaFold[J]. Nature,
2021, 596(7873): 583—589.

Raffel C, Shazeer N, Roberts A, et
al. Exploring the limits of transfer
learning with a unified text—to—text
transformer[EB/OL]. [2025—01-21].
https://arxiv.org/abs/1910.10683v4.

The intelligent transformation of scientific research: A new paradigm

driven by artificial intelligence and its profound impact

ZHU Pengfei, YAO Xinjie, JIANG Guosong, FAN Yan, CAO Haifang, GAO Xiyuan, XU Xingxin, TAO Boan, LI Weihao, WU Jiahe,
HU Qinghua

College of Intelligence and Computing, Tianjin University, Tianjin 300072, China

Abstract The rapid development of artificial intelligence (Al) is propelling scientific research toward the fifth paradigm, characterized
by intelligence—driven inquiry, following the earlier paradigms of experiment, theory, computation, and data—driven science. This paper
reviews the historical evolution of research paradigms, analyzes the logic of transformation from "human—centered" to "human—Al
collaborative" research, discusses the development and current state of the large model era, and examines the applications of Al in
research management, hypothesis generation, and academic writing and projects. The findings indicate that Al not only reshapes research
processes and improves efficiency but also facilitates cross—disciplinary knowledge recombination and innovation, gradually forming an
intelligent research ecosystem centered on large models and generative Al. At the same time, challenges such as hallucinations, poor
interpretability, and ethical risks cannot be overlooked. Accordingly, this paper proposes building a trustworthy Al system for scientific
research, advancing innovative models of human—Al collaboration, improving governance and policy frameworks, strengthening
interdisciplinary integration, and enhancing mechanisms of research ethics and social responsibility, in order to ensure the sustainable
development and orderly evolution of Al—driven research paradigms.

Keywords scientific research paradigm; foundation models; generative Al; cross—modal intelligent systems
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