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Al for Science: Al enabled scientific facility transforms fundamental research

Abstract

In recent years, artificial intelligence (Al) has achieved numerous disruptive breakthroughs in frontier
scientific and technological fields, such as AlphaFold2 for protein structure prediction, intelligent control
of nuclear fusion, and drug design for COVID-19. These achievements indicate that Al for Science is
becoming a new paradigm in research. To achieve fundamental scientific innovation and major
technological breakthroughs in the era of intelligence, two core issues should be addressed: 1) how to
harness the generality and creativity of the new-generation of Al, especially generative Al and large
language models (LLMs), to promote the formation of new paradigms; 2) how to empower and transform
traditional scientific facilities using Al. To tackle these challenges, this study proposes a concept of Al-
enabled scientific facility (AISF) that caters to the requirements of both establishment of totally new
intelligent scientific facility and Al empowerment of existing scientific facilities. It aims to construct an
infrastructure system for Al for Science, enabling innovative functionalities such as scientific large
language models (LLMs), generative simulation and inversion, autonomous intelligent unmanned
experiments, and large-scale trustworthy scientific collaboration. These advancements will accelerate
scientific discoveries, synthesis of transformative materials, and application of related engineering
technologies.

Keywords
Al for Science, generative Al, large language models, scientific facility

Authors

Xiaokang YANG, Yanyan XU, Lu CHEN, Yunbo WANG, Yue GAOQ, Jidong TIAN, Kai YU, Yaohui JIN, and Hong
MEI

This vigorously promote scientific research paradigm transform is available in Bulletin of Chinese Academy of
Sciences (Chinese Version): https://bulletinofcas.researchcommons.org/journal/vol39/iss1/8


https://bulletinofcas.researchcommons.org/journal/vol39/iss1/8

TRl RIEEREE SR

Vigorously Promote Scientific Research Paradigm Transform

VAR B, B, BRE, % . Al for Science: % At AL A5 %56 T K A1 5% . F B A5 [ i Fl, 2024, 39(1): 59-69, doi: 10.16418/j.

issn.1000-3045.20230820004.

Yang X K, Xu Y Y, Chen L, et al. Al for Science: Al enabled scientific facility transforms fundamental research. Bulletin of Chinese Academy of
Sciences, 2024, 39(1): 59-69, doi: 10.16418/j.issn.1000-3045.20230820004. (in Chinese)

Al for Science: EHEHFIF IR
TEEMMHR

R wERE' BB TR

SRk

EFE @A RWE SR

1 EBRERE AISEEMRE L& 200240
2 EBRBERE HEHNBESIER L& 200240

3 tRKZFE BEEMFEERAFR 1R

100871

WE BmHFk, ALK (AD £ EAHABRIIG T ik 40 AlphaFold2 . # R T & akdsd] . A%kt F
% % AAHE B R, AU A for Science EE/L M A —FFHT R BT X, 5 IUAT A BT 09 Jh sh A 5 TR Sk 1 37 2
T ERBEARAF, FAMIAT@GZSEA: (1) AR H—KRAL (FAZERKAIRKBEA) 698
JA A IR AL XA TH R (2) e dTA A AL IR At a0 KA 5 kg . 4R — AP A7 Ak AL
FP R EEME, M GHEFRLGHZIER F ARG T AT REE” 2NEEHER, B
3 Al for Science 89 FHF R AR &, T RATFAIMKAER | A RAEME BLE. B 25 M RAE R R KHAEET
SH AR AT Ak, ik XA F A, RERDRER, WEAERIBEZRKEA,

XKHEIE AIFREAAFHRE, ERIAALER, &3 KER, A5k

DOI  10.16418/j.issn.1000-3045.20230820004
CSTR  32128.14.CASbulletin.20230820004

1 BIEHFREHTER: Al for Science (F%
Hae)

1.1 BZEHFSERREH
NTHRE (AD) FERTERNA 5 H AR S ) v 2

AR
FoR B . LEETALEREXRER (2021SHZDZX0102)
WS AEMkE B #40. 2023512 A 268

2 T4 NIE H A E R . 7R, 2021 4F
(Bl2) 2454 AlphaFold2 3R “2021 4F i -+ ARt
SO Bl FEMRAE, ATSEEE T AZRASFG R
T 5 5 B S B I e A R EZG s, AT
T HGE PR, AR R SR E A R

® FEAEI 7| 59



_ L ANHERIFTERTE

JE#HE R, Al for Science 1F 7E 1 A — FlHT I AF 5%
FlEs:we

2007 4F, R4 Jim Gary 2] “4FhiE”
IR T Bl R B P s, B SRR ILEE . BRI
S BT R BRIl (EDECE A R R )
(B 1) o JUTAERT, A3 5250 WL 28 56k il A
HAML, IElami =), JLAEAHT,
FHAZIT R U HE S AT R 20T 5, JE T BIE A
BAUSERE ARG, a0 17 a2 A e FE A e A, X2
Mg G =), 202t ok, BleEZaE
PR B A G, HEATEE R, TR T
IR G =), T 10 24Pk, A8 AREL
PR, A RBEE T LB . EIEE ARG, 15
HZ BRI R B, B T S s e (58
PYE) o AR, T A IR T RO R SR A ],
RIME e 2 AR LAY R 2T U, BB
R R LKA T %5 R b Tk = A5 s
TELE A S5 1 SR b, 2 7 R | e AR
WHE ST

A AR, B IHOR, Rl A it ALY
WG R e, A2 AR FERT LU HIVR B 2% 2] ORI i
AR, IR ROREE T S R,
A B BSCHE A JC i T 2, R e S 0 WL 840 1 A PR A
SEERL R EIE RS, S RA AR A, 28

AT MRIEAE A SCRR IR B 4G . U R R
LHRES), BB KNI R G SR EBIR IO
R R AL I DL PG UME” Sy B RAE T
B TR S B F 5% Bt Bt 1 Chrris Bishop 4544 Al for
Science FR A UK S RHE RS 5E HEa ORI ATFRIAL
PR HEA TRl BB FTT ) P SR 4R
[, EAUKE T EAEEA R, 1 E AW E L
RAE I ARG, HEWT I SRR R, 4R
PR o 0 RCR P e v, SRR T RE 9 T e e s
fia], AL ) s ) g s ]
1.2 ERSMNT Al for Science BIEFNENE S TR

YT ALATRE R R SRR E K )y, JeE R
TR MBS B N TR BE” (AT for
Science and Government) 131, &£ ALf#DeR 5L
FARAEREAR R, 6 EERRH# RS2 (NSF) T
2021 4EJFJ T —T5 Al4Science (P55, i ALHES)
ORI BA AR 2 & . 20224F, k[ E KR E
WFgEey (CNRS) Bz “ AN T BE 5RHA0EE 3
UK 3l 1) #5 2= Bl P07 (The Artificial Intelligence for
Science, Science for Artificial Intelligence Center,
AISSAD), HESIA[RITRIR] 32 5 &1, Hh )% ATTE
BHERFFE R ROR . 2019458, P Rk B S AT
B BE P TE 24> FRHMIUEIT I T Al for Science #H5¢
WHIE, MR AR EES: . APRRLE L TR

1 2% (LFEa0)

2 Bt (JLEFH)

Qﬁiiﬁgiﬁ(

SRR

3 it8 (L+5a0)

tﬁ%@ﬂi

4 84 (HLFH)

HAEIR D

T i8R

5 Al (BIE)

t\igﬁ

Bl HEARE MR

Figure 1 Paradigm shift in scientific research
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Figure 3 Conceptual architecture of Al enabled scientific infrastructure

an RIAtER T
SESHEABER. RGRER. NP EEER
TE R ZEFg Ay RESERE [, DLAER R AR
. ERRENE R
Tl ExRA. 2B, DFENTUSERFNRER. MEENS KB llﬂ%ﬁjﬂ EF"E), *"yﬁ “Alﬂ;,:l,ﬁﬂbzﬁ_AIﬁgﬂgm%gk_%l
35 7AH E ERIE T . e
[B), 8 ) SRR R fBse A B— R 1 —TC
- B ASHIASERIFHAE I .
FIfEthE PRSI LR, AL, 2. 7 NSE” wmEakEAt HEVE R R RE L 1Y AL for Science
B4 A RACHS LAk 613 i BRI, YU R ALERIRL S R . IR AERL S

Figure 4 Innovative functionalities of Al enabled scientific

R PSR T BHIRA R

infrastructure

3 RlAER
A, BRI R O

FERTIUE; @ XAAE T AAE I X BE | A ChatGPT S A 5 il R T 5 B 161
PERR AR, SRR AR BRSO BE 1] MR — (R ALEOR . ZEERE B SR> |, i
PR, I W, ER R R OAR Bl REER SRR R SR, i bR SRR

62 ‘2024&-%89%-%1%@



Al for Science: ERELAIFIGHET B ERFA _

B s ALAE S SRR E AR I 5, AT T
BRI RS, A BIE AL S HEA Rl Z A 22 5.
sfk . R AL 5 R R

(1) ALE& 3Ry KabhAts . —Jrm, A AL
Bl e i B FERAYE . DLW B2 AR AR RE
T1, BRI R R A ), (R 2RI 5E
SRE KRB R I, 55—, AU G RHE
WA AT, AT RERTH LIRSS . B (i E
BB BngR s %k

(2) AmhAts LG I Al D A5 KA 3 A 47
BORABEA 09 KA T HAAFAF . EEEMHIN A AR
T AR TR E T RIS S BORSERL |, Bl ALK
BOARLR B A BE A PR e T M
FIEGH . SRR SRR RIS R RS
Bk, AT LA AR AR ) & R BRVEVE R . @) Andk
F@ e LA R R 6 ek KALR @ éy 4 AR A
$ R IA BRI kR ik B IR, BHER
TR 1) e 55 % G2 M RHIFE T A& R A2k, LR i
T O 7 A B (R ) R 125, AT LR A2
P IR REAE SO R =R . B 4 AT KA A &
ZHF WA RMAE RIS FH Bk, XTHEMN
JRUR . ATH 2 A e WIFRM R E , T

FEFSEIDN MR T AIEA
: e VB | RS T
: 2 lFE | Alph
U | mmmEr R, ‘: Bl —) A
' FRELSHT I ' :- )ﬂVlsual Studio Code
[ -
! W7
“ER : % RES5RIK
®E (=) 3 ke
. .- AR
BN EREENRE -
= 08 .
3 e : oLt
"""""""""" wEENER

5 R KRB ERRAE

Figure 5 Architecture diagram of scientific large-scale models
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Al for Science: Al enabled scientific facility transforms

fundamental research

YANG Xiaokang' XU Yanyan' CHEN Lu'? WANG Yunbo' GAO Yue' TIAN Jidong'
YU Kai'? JIN Yaohui' MEI Hong™
(1 Artificial Intelligence Institute, Shanghai Jiao Tong University, Shanghai 200240, China;
2 Department of Computer Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3 School of Electronics Engineering and Computer Science, Peking University, Beijing 100871, China)
Abstract In recent years, artificial intelligence (AI) has achieved numerous disruptive breakthroughs in frontier scientific and
technological fields, such as AlphaFold2 for protein structure prediction, intelligent control of nuclear fusion, and drug design for
COVID-19. These achievements indicate that Al for Science is becoming a new paradigm in research. To achieve fundamental
scientific innovation and major technological breakthroughs in the era of intelligence, two core issues should be addressed: 1) how to
harness the generality and creativity of the new-generation of Al, especially generative Al and large language models (LLMs), to
promote the formation of new paradigms; 2) how to empower and transform traditional scientific facilities using Al. To tackle these
challenges, this study proposes a concept of Al-enabled scientific facility (AISF) that caters to the requirements of both establishment
of totally new intelligent scientific facility and Al empowerment of existing scientific facilities. It aims to construct an infrastructure
system for Al for Science, enabling innovative functionalities such as scientific large language models (LLMs), generative simulation
and inversion, autonomous intelligent unmanned experiments, and large-scale trustworthy scientific collaboration. These advancements
will accelerate scientific discoveries, synthesis of transformative materials, and application of related engineering technologies.

Keywords Al for Science, generative Al, large language models, scientific facility
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