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Al4R: The fifth scientific research paradigm

Abstract

This article refers to “Al for Research i Al4R 1 " as the fifth research paradigm and summarizes its
characteristics, including: (1) the fully integration of artificial intelligence into various scientific and
technology researches; (2) machine intelligence has become an integral part of scientific research; (3)
effectively handles the combinatorial explosion problem with high computational complexity; (4)
probability and statistical models play a greater role in scientific research; (5) realize the integration of
four existing research paradigms, cross disciplinary cooperation has become the mainstream research
method; (6) scientific research relies more on large research platforms characterized by large models.
This article points out that Al4R is a scientific revolution, and the opportunities and challenges it brings
will affect the future of China’s science and technological development. It calls on scientists in various
fields to achieve transformation of intelligentization.
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1 BaetbBR (A4R): BEERYIRY

AR IR B 2 22 /00T LB W3] A JCHT 6 T
it A s, DO R 208 RO R A AR R R
FMFFEFAEL THEZETTE . CRHE R T 16
—17 e BB gy, AR . e I RS
H &, 20 2t i LA J LA 4ER], BT 7
FHAPIR . © LT UWEFAG LA (55—
X))y @ TR BB EEEN ISR
W) . BFIFEVLRATLOR, TRV B ZBA W
PiE N SRR 2 (B =380 . B T EE MY
W KB R BAEARAE , T 20 4F A BT Kl A R
W50 R .

20074F 1 A, BIREGEEW - 4% (Jim Gray)
AT — R, 4 T TR 558
AR B . A R H JE “eScience: BRI
B — R, AAEEE 2 AR AURHIEE 1 eScience Y2
W2 —, FESRIAEIE AL R PR
WRNTAGE (AD HARLERHIE P 7R M, <K
P B BRI AR, B BK 3 ) B O A7 B
o ABBAAl R R SR Bl A BT Y s R, ALK S
BRI — A, TG .

“Blagiiz” (scientific paradigm) &3S -
RPEH A2 (BleEEan ity e sefl - ARTE
FEIEAR S ERE—E Ty S I B X 5 b il
FRA DL SR BRI R B AR AT 44
W, FXE@Zh. AXBHE “BHHERX" 248N
TSR BRI TJUEER, A
TR TR, 2K E A5 IR
HI TR 5T B f i AR SRR 55 TRMIRE R, ST 1
) Al4Science BFFE H ™. 20194E 11 A, E#H K%

I TH 66T AR IR, RTE (P EFRHEREB
Tl) 2020455 121k R T Bl S5 ERE: A
. E S LRI, SCE 4 BT S
AT B, R R AU
LG MR E R, BEX ARG MIRE AT, o)
PN S SEALA A LRGP BUS FRd 10—204F,
AT W R B B W B B AT Y 0 E L
z—,

AL RARMEXS 27 TR AR ™ A e ), (R
FECE A Bag ok, MEEREFEL T 6 : O A
TR ma AR | HARM TR, HIN A
b, FHFe BRI @ APLRLG, HLasim B Re
BRI A BRI RAIL A G ARUNE A2 T A
@ LIE RGN BTG, AR5 24
FEH R RS @ T AR E PR, AR
MG EAERE R RIE; © B2ERa1E
AR R, ST 4 R R RS, AR
S R 55— DL % A K s AN 50 O B )
© BHITEANAEE AR AU R R -5, BHEIFE
HITRENEILEEE .

SR P SR 50K “Al for Science” BN B}
SRR, XAMARECEIRTAT, AT/E RS BT
TWE 2 SRR, (PR REAL O RHIE A B T S A
FHERFSE, G H AR B TR stk
FHARIRE R BRI RS T AR RER Al
for Science” L IR A “ N T8 REIK 3 iR} 258
BFES S8 . Bt PR . ks a4
PRI, CRAFAGER R, FELL AR b, A
SO HARHPRIE AR B BE LB (AT for
Research, fAjfk “AI4R” ), SCFAHIXDREHE—LE, NE
Bz, A AR,

D EHF49ELLFL %855 for 48 F) , ¥ 42 “ Al for Science” ¥, YAk 5 4 /X, % 3 344 for, A i & = 4 “Al4Science” ,

%5 4 “Al4S”,
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2 BeetkRlaf (AI4R): RRIHZESHI

VLS W et VS (RN 2 TP E
TER e I B A B e R 5 RO
P, HEBAL /N R LA, AT AR
FARLEAY) . R, B2 ES R =T AR B
ZR Y, AR BERT DR S RMFAOR, RBIRIERIF
FURMREHIE, WO RREBIT RS %, AR
MR BIR L, A5 v R B S AR B
FOOT (LUNTRIFR “THRAR ) A G 3540,

(1) Fam=gessthmn . FIRRE2:SHARM
IR P R B = 25 F 2 ATAR B R AR A RHIT AR
FHATA 1, AlphaFold 2 T HU 1785 100 J7 4~ b
(2. 1442 P BT = 4R 250, JLT- IR 1 ek E T
T T, AlphaFold 2 AN 454 AR 124 45U 14
WU PESEmE, T B SURTRR TRA AT
RN LRl BRSE T AR A A8 %, o LB
TR} 27 5 AR 1R it T 1 4 P T = A
WHINHRFTE TR R, DAY KM
T OWRSLR” DURA S, MTEAEY)ER O RS
B ANTE BTN, SORBE R B R, 1
AlphaFold 2 #f 4 DART, 158 0T 7E 28 11 5T — 4E45 4 T
7 TSRS 2 i [ B 45 S A R IR

(2) 5 F#HFHH. TEEVEMRESFERI
R A BT IR S 1 50T 8 1Al e
Tk, W B SR —PEIFERG BE (14 53 F 80 ) A LA R
PR AR+, HARCREET 1000151 o X2
[l PR b S U RE S S W B RLAR S 5, 51T
LA 5 AL ge iy TSR X ) 8 R R 59 ) Tk
W8 S S5 — 1 B4R 2R H BT TR T TAE . 2022

G, AT B2 AT AR T 2 17042 5T
TR B B 1 74, — RABIE AL 11.2 0AD 1Y
PRt AR, HE 2020 AEARAG R - DURS A RUR AR T
1—2 R

(3) %K & adhikit. 2022485 A, AR
AN TR REH AR BT 4R 34 A 2h A i 3247
9 ACKS 45 A (RISC-V) e b FEZ8 (CPU)
— “RFE1E Bt E LS BO k1
1000, L 5/INHEEAE IR T 400 J 1855117 . X —BIH
BRI N T REAE 2% 0 TRR BT S B (1 Tk %8
W, Wim# “Al for Technology” 5 “Al for Science”
—FE, BA TR NTR . CPU BRI HERf R 2k
99.999 999 999 99% (134~91) DL I ifi#v R
ML TT T, ARG RN T RIE F R, H ek
PRAEREE o VTR 2= 58 BN & BT 3k sl 4l ]
(BSD) RF/m BB E AR, AT LK — A /K b
BRI MR B R 2 A%, A5 157
M —EERIE, NIURIET A M 5 S K
B, APPSR BSD WA T\ B RE . X —EAMY
RITIR T AT 22 10 2% 2 SN BEH AR B 3 3,
HEROR R 2%, HAh A N T4 REH AR n] REH 2
RS TIEE.

3 BaekB (Al4R): AERERAERHF
H BT RHAET

PSR N A7 ) B A AW o ARl
A S, Tl iR A s — sk, 1R
SR BUE = Fs S, BUAE A4 T SRR
MR REALR B, IEAEmE RER AL BE, B RERHIIE
L A= o

@ Xu Y I, Liu X, Cao X, et al. Artificial intelligence: A powerful paradigm for scientific research. (2021-09-28)[2023-12-26]. https:/

doi.org/10.1016/j.xinn.2021.100179.

(3 Cheng S'Y, Jin P W, Guo Q, et al. Pushing the limits of machine design: Automated CPU design with Al. (2023-06-27)[2023-12-

26]. http://arxiv.org/abs/2306.12456.pdf.
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N 1936 4E & RAR AT, THRHLRL A4
REZEWIB0ZAET o MAERF T wIN Ky, FrA it
SENLER S P RO SE I, OS2 P R 222 R A
SO BN THEME . 194344 K% 70 (McCulloch)
Mo (Pitts) HEH T AT AR, XM 7
ATHEEE S R RERUR N, (HXS A SR
H. ATREILE REAEA M. 5 - WHRECE
‘B EMAAPZ BB SANRET —HETRHAR
TR WA T iEMmEAR T k. McCulloch #a Pitts %} J&, &
B RME T AR L, TRFEEF L LB s8
#; BREXT AP, SFRA PRI ARG
Ttk EMREARMBE — B S, REME ML
BERLZ BIHERT AT e, ARG IR A 15 IR B9
—HF| 20124, Hinton 557734 & W TR 2 > OT ke
ImageNet QU HEFE b — M 0N, 28 [0 25 A5 A0
— Tkl k.

IRAE AT B A 22 ) 25 485 8 55 McCulloch 1 Pitts £
BRI SRR O, BRAEIRR . 1SR
FIH SRR R IS R, B TR S 1) (4 7%
FOBREE R RESILSL, AW R T IR,
AN E S R ss 7L RS, AR SR TR
Ar . - PR RERE (AEH ALY Vi
L H SIS O BE R TR e, R
ARG H A EH”, JHR R — A E S —
A BE. IRTEBEBRENRS, A
IRFEHL, 2k T REVEBERN RS, e h TEEdE
JE B BRI AS S AR TR WAL, R LUBOR PR HE
FHFY,

BUTE R A 28 SRR BT AL 2 BT AL S,

@ 2 - IR T 5 W T 5 - 40 AT 1966 4 K 7R

H]REC 4T REAL R IRIE (R ) 52 2 JEE B (EL T . A2
LR IR E BRI SR RO, RS R
REMINGSUE” o BUAE AT 0045 U 28 0 2 Be A8 1] T4
T—ATFRA A FEMATTE R AFE RS,
TR 25 A PLAR SIS A AR CAEIRL”, AN
JE CTRALT, HR R IR M AR R R T R
BERL i o 25 AT RO N T RE AR 2B o i1 —
M, B R IR BIE A, HAB A TR e A
ARERBLIV P TR I hRE . B REALRHIT AR Bk A%
TN T BEBORTERMIE TAE TR KR
NTHERERARZ T 60 ZAERTITEMAR, 7E8ds
MBI REFEFRFIT, SRS RHIEF AR
FEEAIGS A R YRR . RS S EIERY
WA TR B ZER K AR, (HZI0kEm], & aefk
2N AU EEHER . WA AR RESL
B, R I AL ML R 52 g S PR S T ol

4 BaeH (A4R) BItRE: VZSRIE

&
BE, AVEEERLS
5 HRHIRE X RS 42, 7€ AlphaFold 2 5
LR 1 5045 H ORI ok GPT-4 ZE 3 H: 119 4 AIeHa 1
Yiferh, HLESR AR R T CHEI, DU Y
LR >0 i 26 00 2% 0 3 00 ) 5 A 8
RTS8 A RHLAS H IS B2t fe =
PERG, (BSZERCAEM, EARZAT, LSRRI
TERRAY o 3 FRRE I T T B0 M 17
REBREINHIE B, e — DRI A1

FEiE “WBL”, A8 2R G0 P A AR A 2 4
VU, 3 3o B R L PR R — S AR, — 2 4

® kP AL AR &R A %A A 6 ChatGPT = X 5 F AL & . (2023-03-11)[2023-12-26]. https://www. sohu. com/a/

652716004 _121124373.

© Arme . AT AL 69 20 AZ & 3 A % 89 A JE A& ChatGPT. (2023-06-01)[2023-12-26]. https://it. sohu. com/a/681255835

121124373.
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AN JE P R R RTE R SR B, B &
GusE d Bl LS ECR ST B ENEARAET .
AL, WORE . SEEROREIRYEAT 0, AR
B, NREZHSATN SRR WL TR,
211282 R MRS, L SRR
AMERR A R A TR, G SRS AR ST IT 1984 4F it
THR R B M2 b prm T, QS —Fhae
— RSP ROk IR, RSN
B AL IR — TP AR = (R T

PLaw A N R AT AR “IE IR, XXk
18 22 A AR 2 — IR B R bt . A7 262255 A
N, HEHUL BB AT NS AR, AN RTBE
BRE. (H B T2 A Bl A B 2 B0k I N T 22 1 245

S AT RN ARG, HIm AL
AREFRIE DU R BRI AR, JEALAS B 2
KAGHACHAR . UM SR, NAAHE,
PBUAHL B APLEANE SR ORI A 32 2R E
Z—, SIREFRUMBEI M TR 25 B A,
BRI U,

CHLFTUR “HLas A RIBE ™ AR T AR
RETT, “PLARERME” WAFT AREM. Bl “Hlds
R JEAR, WERHLERE 2 TR e, w] LA
SR —AT S 2S[O SCS [ T, B E XA S
23 [ B —E R BRARAE S o A, ALAS BNl LUA
S, HEER RS B BIHABIE S, WA RS
Fefuhid i)/ NTERE . N TR BER R W] LU E S
L, (HREMUEE B R TIHOE RS TR . X
FIREE—FogrA e “HRT B, —PhRENs S BB
MEEARE . Rl FRAT AT AU “HLEA 5 SRR Y
RATRES—HE, A gEHLariy “HRT R AE
— . B ARGRA AR, A BRRE R
A AR B RREE S A RE IR, AT
REAR A TR N T RE B4 JLAD AOZMEL . LA > JE
KA R R 22 BA RN AIRBLRE T, AR

\am

SHEA AR, Hinton 25 IHZCRAE, N T4
ZMZE R R 2T BAR T, (HE ZRRIPLER = T M2
N R A SRR EE AR . St T
BEIRERI R R IX — 1 A5, BRBBHASILH4E, 4
BA RN TR RE AR KRR ., E&HY N
ChatGPT Al “C.0—F7: “PLES e~ 2HMEAH
fE?” ChatGPT [n1% . “HLERHCHA AR AE” .
SOL—FT W& CHB R, PLESE
BA EIEMR AR LAY & 5 B P2 >
FHEIAC, WiF, hRPIEZEXLEERERA
Al AU 5 BB KRB & 198 5 19 5 )5 5L
Z—

7/

5 Eaelk®eR (Al4R) MEEBMR: BN
X ¥ERRAVER S IR VER) R

G R A AMERESR 7R A AR A — L AL, Tl H AE
FRRAR Z2 IR MERY T AR (AR, 1A RLAY s . —28
REHA LA AR, POAFRATI A B R
TR, IR ERBENRENZE B 2, HE
R 2 EHATMER Z P XTI, RIEERA]
R T ZI, IR REAR R SRR S
=y, OS2 RGN RERIE BOF A= A
WML EZ A, FEEY . i MR 25 5EF
Z, Bhes B RS RO, BNy
VLG R RCEAG T 100F, Al RESCH BRE A4 R A
B2k 10M, BT, AR RATH
LI CHRIRET, BRI N IR Fedl]
A TR RITIEARL, JIBA J1 BT E R R
fEIT . 40l 300 ZAEMRHAIRE, HIRZRIR)Z 1R
LREAZEICT , AR IR LPAR I AE Y
SRR o i ARG 2O LA D ) 20 5 H e ]
R AR Ty E RN

NTERER) HAR AR — R LIE T . 5. 1F
B AL A B RFEASRE, TR ELE AT R A
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AR A U FURISGE e P Re 1 . A rhOF e
BE MRS, MR UG . B, KLk, A
FE A 7 R BN 1 52 2tk . 1 - 2RI
MBE, “Femibaim Rk SHKGE L
R 0943 &k DAMRE LT A R 0943 & b R T
AR H It 2T 2" EIVELA T E R
B, FERRA T MPRGIRE, XMRAIATE LT
fifp 1) IR R A T A AT o WL > 0L T It RUBE A
(T, ARSI Y BRI T R AT,
SRR L, R oE s AR A a5 R, JESRGEHT R L
DRGSR 2 M . G R SR B T S
THELFR P 09 7" 4 TE 0 P 2 i R 5 24 1) R ) AN ] JEL B
N T REWFIE AR K AR I —Fh i 3. 3w 4 Xf
P, PIIEAEE M, BY SRR sl i — e KR Y
fift o XBVFRIX RN TRRE AN B ER)E
JEAH

AL RO R R, R 2 —
FE,  FUA S SRR AN 2 L S A S AR A A
AR FE, A BRI A L i FR g
FROIGANER & P [R) R 52 A B AR 11 328 T 4
AR o AT HE 8 A NP PR 7] 80 % 18] 5 1S R
. FARTEF A% . AU 55 NP JRIYE ) B 7 A
- REA R, A OEF AT (LLM) Xk 2[n]
R SR AR e R A Pl R TSR . ATAR 1 LT A
J AR RIS A, T AR T AR ) e A

R E ZEA R R, NSRRI s
Cy I N = S (S D G o | o S O [ [ E I R
PIXELABRAS “ AR o B2 5T AT LA A
CRARTIT ALy AR R, BT R
WG B BRAN T A2 A5 i 2 ) 70 43 B FC N ER AL
JH . B REALRITERETRAT], — I N R
X2 CRERTA B R WA, B 5
A 0 LR (M — AR AE” IS, RN R G
AL BERDRREE R G R, AR HIERE T RIEAMISE,

6 |2024E-%39%-'§§Wﬂﬁ

PR BERL 2 BORR T s SR IR T AR Y R P O R
R, UBHC PRI

6 ZREMWRIER (A4R) HIEZRIFIE: FEE
ReR

A RBYBHITIE 5 ZARSE R TAE S N IR A
BRG], G DS R SE R Y B2
WG, BRI TAE R M AR = 2R . &
Bt AR | e SRR RR R AR RE T . I
JUAE, X3 ERMBETER Y R, KR . K
BV ) O I IR U ] S RO 5,
B AR R 25 R 2 ARE

ChatGPT 1 [ HAHGES 1 i G B AL B, 85
eSSBS T i DN (BURPSiF:E SN i ]
SR T — L MERUA B R DI RE AP RE , (H R A
FEREMEN Z RMBA Bk, IR A TR, K
TUMRTEZRT T, IR RBRLTG Z E R 5]k
TAATRYHRDE, AR AR SRR R IR 1 AR A2
PR ERT R RS, Rih R BT £ 22 8 Al 7
AITTIR, AEASREIL TR & B Gl AR,
RABR AR R AL — S B Rl A R IR, B mRE R
BRIZALRE ), R EIRR A E R, LR
BRI TR RRIE A e R R IWI , BAERI N
TRRETT HAR Y TR A P LR
RTINS SN SR WD N2 T

BAEFAT VL KAt ar i, X Rk
SR TR BT BRI, TE—E R B
IERRRY . (BRI A f R, VD ReIT R RE TN
PR fif PR 1 NP R [ 850 ) SV AT AR S P )
PR A AR REZS . R FEIRLY K H] 20%20 11
BURL, FUHITE 19%19 RYFEAS E RSNG4 200 1 4k 4K
EEF A R A5 T B3 10745 . Ik R AL 4
R BN BGWERALE 5 BT R REWER (L B Y LL LR TLF-
g5 /INEC (107°0) o TH5E T4 F 3t CPU S 20
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JLPIE55 RIHE R A5 [ EAR E 100, JX 8 i 2l 2= AT 5
B, AR Y B SR TR A AR s ], X AR AR
SRR ABRLLAE L TR 4 AT 2 R W i
ER—PEIEBE e, GERT T B AU RS, KBS
BORA T ERb RS © B EfEl TILE A K
RANINBIRL G IR, (AR R /MBS
B, ATERLRIPEAE . B BRI X 57 AR i3
Ve H BRI, REWaRR T, ML/ E
SMYZER

FURT, A AT ) i I8 A7 75 P 4 AR X
ATH . LL OpenAL 22 7] A AR B —LE B2 500
Y BRI EE AORLRE, SRS, R A A
TUAR AT RE 2 M PG BRAE A BB haE, B 401l
. HZ252E AN, KR & — B R PIAR Y
KRS, SHHAMBAR—HE, 22 A KE 1A 1
o P FRTN SRR R ) 34> A B — 25 A0
R, WRIELE104F, eS8 1 JTiess, X
JEANTTRER AR RS . BUTE T S5 1R WA ) TE Aff ik o if
R R ] BN S N T REAY A
B, RN AR R R — DO BUrERAR,
(L LRI T BE SR B A SRR
fHo FE AU G/ MERBETIRHITS 7l AL F 15
ShZERE, GEMATE EE AR K SR 2 e, Rl 55
TIRFEAF T REA N TR iR

S AT U 2R RHITROF & S8R BRI o
PHIF = 22K 008 REAL RIS AL B0t , BRI R R
Frep RN TR, b G 46 i p B2 Bl L
W, SR ERMEE—HENR . T REE
(0 FT R 2O P AR AR O | BRI R Y A
& TR 1 RVSERY B 15 R 0, gt R A a4
A RBMEIRKBANTEGE (AD i 55 —Fh i

o

B Al=Automation of Intelligence (% &£ 49 B 3 1L ) o
PRI, A BRIk Y S At w5 R ok 5
W AU A AU e o RSO, 25870k
HE. KR O3S, Ho, SR R AR AR A 5 B
B AR L Y B R B s 5 R R B R, AT
BRER RIS AU, 2RIz LR Ty, IR
M3 KWL KRG — AT A B . HE ]
PRI —DARXEE, AR B A HAT 2 00 11438 ]
PE, RN T REAS WA FE AL 1 i F AR A o — B 5K
SN p T AT N = N i e e A R B A E A
R, BERSA . BEE A TR R R DIE 752 20
AELL YRS RIARESE L, 3 20 4 PN LR HGE HI A&
IFE IR PEL . B MR B E IS I 1
MR, WEEIE KR WIS, &
AN TR] AT LA I T2 A8 s S8 1) R TR A = 1Y
Ll

7 HaetkBeF (Al4R) MEESLWRR: B
FRRXE ZHHEEE RS

HERE S AR SRS, EERE)— R
MR Ry, PSR E R R RO AR AH T,
SfRE 58 SR AR A LRI 20— Rk 1L B
(AHM4R) WMEZELMIRRZ —. EAFERK, FPHR
A . 1900 5294 500 17 F, 2000 4K 272 5000
1T, 100 4FHEI 105 . W AR Ak S B A AR R
2100 4F AT RESE NN 50000, Fe EHHFFRITBE 2
FHILE MO L, 55BN E K R A e 575 18 11
B Wl FEHE S R AL R L AR o, R ek
IR EE , (Ef s .

AT S Z R 1267 4 FRRE R, it
JE H LI SR A THRE AL BB AT . AT AR

(D Jiang Z Y, Wang R, Bu D, et al. A theory of human-like few-shot learning. (2023-01-03)[2023-12-26]. https://doi. org/10.48550/

arXiv.2301.01047.
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R EPUEIL, 2R e Bz s, N T8 6
BORERRAR T RBERE M . 28 RS HOF5cA U
JESE 4 R, FURAERT 4 FEICHE N T B B
TAMBEME ). B ARRE X EA SRR
HERYZEE, S JRTTREH B ASRHIE L LR
oo TESH HARMIRE RO SK AR 3R 37K
FERLA, CBAET R CJEET WTDIAHEL AR, N 8K
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AI4R: The fifth scientific research paradigm

LI Guojie
(Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China)

Abstract This article refers to “Al for Research(AI4R)” as the fifth research paradigm and summarizes its characteristics, including:
(1) the fully integration of artificial intelligence into various scientific and technology researches; (2) machine intelligence has become
an integral part of scientific research; (3) effectively handles the combinatorial explosion problem with high computational complexity;
(4) probability and statistical models play a greater role in scientific research; (5) realize the integration of four existing research
paradigms, cross disciplinary cooperation has become the mainstream research method; (6) scientific research relies more on large
research platforms characterized by large models. This article points out that AI4R is a scientific revolution, and the opportunities and
challenges it brings will affect the future of China’s science and technological development. It calls on scientists in various fields to
achieve transformation of intelligentization.
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