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TEA BRI H T ARA Z KRR R A 5 2T,
ChatGPT 1& 2022 4 i — 284t A HGE Br— 48 N TR e
(AL) TR, LA ChatGPT AR ER M KA A5 e 45
BRI, TEHES) ATHAR IRFE IR AR A5 sl A
MATH AR, SOOIV my = TR, A2E4E
IR REAL AT C SR TR

KR %A% F Jim Gary IR EIIR & T4 %K

H

Fatklcs| B 2023 %4 A 7R

. BEYERC, HHAER . B IKEE R A 4 il
Ko YHT, FEZRH R A TR R 1
X, WEFHER, FHEA R LT . FATEKE)
B9 ATEOAR A%t DURTHR RN X B by a5
NEBE AR R . FEP 5T, 5 FE U d
Tl 5.0, T ALBRBFIRFARTFSE (AL for Science,
A4S ), FEEHE A LRI A TR BRI
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A TSR EOR S FARHER: M A4S FISEERIS _

I, BRI R E S A RR R E T S
JRgh N TSI REDTTE” (AL for Science )
LIRS . AR SGE R AT4S KRR . 43 AT
B ALRL RG], 2E—2D 0] A14S JECBIE 2 i

1 Al4S R RIVIA IR

PEILAEK , FEIRBE % 2] 55 AT R HES) T,
AWS TER: . W3y . AWIBEs . BPRERLE S SR
i TVFZ4 NIE B S

(1) 2B 2017 4ELISK, Bl2Egsaid il
MLER2#>] . ResNet. seq2seq 15574 55 4 AR K i il 53
FRE, R T HEARE AL R . 2021 4F, DeepMind
TR T IR BB 5 H 0 RIBR LA 7 T HELE , 5 Bl
FerF M ALIFFE A AE Knots FRE T T A P 2 3,
UERA T 282 40 42 2 A 1Y Kazhdan-Lusztig 275,
20224E 10 A, [AIFESE DeepMind 7€ Nature % 3C, H#EH
1 AlphaZero ([ BJ& 3 44 1 AlphaGo ) J&fll I & Y
AlphaTensor, Ff3 i 5 fb 27 ] #6211 5 AR SR 1y e
k. DeepMind R TAE, A AL SRS EAIF 5
( Al for Math ) £241 T ] 221 aC.,

(2) WA ALJTIERR T TS0 50 4 Ak 2
MorFrzoh, ERBRER BRIk S %
201122 90 4EAX, R AE- 9 A% W A BT A 2 I 2%
MEFS ALRTIIIEGE . 2014 4F, A T2 W 4% B9
T ATLAS S5 UM AAS g (5 7 RO BE . 2015 48,
KRN A% F 1 55 4141 CERN BaL T HL#S 2 2] TAE4L R
LB K R SE FXHREHL (LHC ) 7= Az B I B 5508
2022 4E2 A, DeepMind 7 Nature 153 T H. T4k
2o TR B R AL 2 2T XTHE R B v AR B AT AR
2022 4E 8 J, WyRA M T A2 283 1 BT
HELERRTE N %48 % 7 (intrinsic charm quarks ) AYIE
i, X — KRB RE S i A I E I BERH

(3) AW EFA4H. AlphaFold J& AI4S 45l g
A2, M 2016 - 4f, DeepMind FIHE AT R4k

PR R 1T = 425 AT 55 . AlphaFold 4 Tl i 24
A5 /N RO, T 1) MBS 45 s B 5003 4
BERTH TR, DeepMind B A7 H: 2 /248 H R 45 H
FRCI ) 525 3t R R BRATFRCUT ), 50 R 24
YIFIE HAT B R L. B AlphaFold 41, AR K24
&1 RoseTTAFold . ' ER}2AHR K0 K 1) SCUBA
SERIRL, AR IZ SRR IER

(4) MR AR B 2011 4F, EEEH BB
BRI (MGI) |, BEMIS BRI A [ 2H B
SR RIPERE R R E R, Bl El T R
ATSEEOR , AR R T MORMIE R SR . B T IR
A, 2016 4F Nature AT T 5 1 W Sh AR A~ e Al R
FHREFE R, BHEA GRS = D 5k, ) R
W B S R T OB RS I, X R AL
S5 ALEOR B M BB 1 BRI 0 =

EARFRATTT UL, ATFERL =I5 i) A (Bl G TR B
B SN R A T AR, RN, AL FURAE
By TR, BB e i, s, ALTEC O E
AR5 (e BER . 5B R B ) St
RO AR . ALBTERWIHR =R, “A
TR REI S MR ET T LIRS H A R W
g Ak ROCESIERSARL, W Rk s2g R
R A A AL

2 MEEENAGER D

FER . BE . B S RE MRS T, R
SBHRT AL s, AlphaGo . AlphaFold .
ChatGPT % Bl ALK T 0 b — AR J3s LR A . Z3HTix
SRR, REERINER, XF ALRZM AR
MEA o EEMNEEE X.

2.1 AlphaFold FiZESER

DeepMind #f i} f8) AlphaFold 25142 AI4S fit i 83
PRz —, JUHESE — 1t AlphaFold2 7F 2020 4F 45k
FEAREE BN LSE (CASP14) Hhikfsk%, HEAMK
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= YESE AT VR PR T SE R 45 . AlphaFold2 1 H
P AR i A — 2 Z LR P 47) TR0 2 1 I ) — k45
AT AT LA PR 45Uk e R TR R 2 ST T R AR
Rl

MR 3] 89 A kA, AphaFold2 7 3 AN5E 5o
(D AlphaFold 2 YA IK 1 55— R 1 45 R bl 28 1 2%
(CNN) FRAESEIEEH , B 5T & AL no 1
AEH SR U Evoformer, (2) AlphaFold 2 AN J2 i B it 8 ) kb
PR, R R ] TEREAALAL . 3 AlphaFold 2 7]
I A A 25 RN AR B 28 O BCE HEA T I 281 5, -l
NG A ZE AL B ReAORT , AlphaFold 2 &— M
2RSS 2] RIS R G T

MEn iR k609 A B R A, AAxT T Ay 2 W &R &
&84 #7, % LHmit b9 & T Fe ik A7 AphaFold2 ¥ #
WA LA KA e O AR EIE %l
Jita), BREEZGE BRI R T E SR RIEUR
BdE . ApphaFold 2 fifi 1 T 2 MU B4 . — P
JFHEHESE, 41 UniRef90, BFD, MGnify %, T
[ S RRAE YRR AAERY, 2 AR TE AL
BRI L X —40 AR, AlphaFold 2 A
B VEEE E E ZOF 2 )P SI EX (MSAs)
I MSA Wi it Pt T ApphaFold 2 [ 7 il i
PEs MR a5 AR S, 40 PDB Al PDB70 %%,
ApphaFold 2 M iX SE45F £ 40 48 il 2744 ik ik 2 ]
FKRBECKT (pair) Fon, X R, —4Em=IE
12 e 510368 3 VR B AR AT 78, B2 A~
Y X FRFR . @ Evoformer H2I MSA il Pair %R, 1F
1. B0 2 MBS AT I B TR, S 2 P RO 3E
MG W ETEERNE, TERN (pair) FRMTET
PRSI T UM AR, BIVE R 22 1] 1 I s 200 1
SAAEXAR, @ LM TIELY T, R =4
(] 25 ¥ 1B e e S 2 IR, ApphaFold 2 5L A T A
iRy (IPA) 5. MR IPA fii ) i 5R BEAH XA
FeMiE’% , AlphaFold 2 #F— 5 T J5 7 (1 45 [ &
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@ 5] OpenMM H ) Amber F1374 AL T B, LIAfif44
HH I = RS R AR R AR

MK AphaFold 2 i 58 1 43 BT vl LA 1, A
MR HAR SRR AILES, Whas T
WOBE . Bk, B 4 e SR ATIOR DR,
P, FZEEREE42], DRFTANARE, Ailgos . Al
WL, AR, BN A Sk, R AR
%217 RALUE, kUM Al4S BFFE R RGE AL A
RAHEZR, N5 30 AL BURIRLE S0 LR SRR 4%
Ao
2.2 ChatGPTHIASER

[ 2022 4F 11 A, ChatGPT {iGEBr—4% AT 4Bk
TR, ChatGPT HILREIEHEAT Z A0 XA | ARIART R |
J52 5 T T AR 4 [ 5 AN 224 14 ] ST A S
ChatGPT 7 [ 25 [7 51 1) o B 1k 132 208 5 4k 1
TIAWIBIRMLEE A, fEREFEE ., B, R
WAHIRHR)EI . ChatGPT J& OpenAl ITAFMF & 1Y —
F 5 GPT AL TG (WS, A 3 A HARRHE

(1) ChatGPT A& F KMALF )| 44iE 4R, 77
449 GPT-3 27 (GPT-3.5) . 7EtRMJLAER, KM
B TR LA AL R JR TG, KRS TN A 5 g2
R IATEEIE K2 > B 7 KA S
Bz, R 2 A4 280U 55 i dr Tk R4
SE, R ) N T SRR AT AT AR

(2) ChatGPT 4% il A% Bt 3% 4L 5 5] (RLHF)
fe GPT-3.5 Lt AT 4R o TR 2 DB R i it
e, 38 B2, W2 A ATV T 48
KA R (prompt ) 8 = X% AR O SR B 48
FF GPT-3.5 Wi &, 45 R FR N A WaBs it il AT A
(SFT) . $, it ALRFUIRATGR LS A Z (8]
AT ISR LA B A, X SET B4t A4 Z2 445
B, W AT BRI ZS Rl 3 e 22 AT 43 HE P . 2
J5 . XA HEP B RN SR A > 2 Y, i
AR A MR, S0, AT SRR A
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A TS HEIREROR FIFSHTE: M A4S BIEAERIS _

(PPO) %%, HIMJhBEAIAE B reward, #4358 1L
2 b SFT AL, 55 B REE = HE LK,
B JE133] PPOA5AY, Bl ChatGPT,

(3) GPT AR “FA-3%F HELKERT
o KV TT R SE RS 2k, S P SR
BRSs, HCEE T SR 58 BRI Ryt — 20
AR R JERY . FFR (2220 ) Rk (M) TBRL
PRER, gk AR PR T 3R s A e R 5 R 5 FH KU
A 2 OCHEZRME

ChatGPT Ju 2 K /R T Bl il 2k R IR 7R (Y 54 R
hRe, T AL |5 AR SR A SR T T )
FEMEM . Ukl i, EEF BRI O . R S0
2L HRREE | SRR )R AL E BT 1)

3 RZAUSHARFHER

AT A SR BERWEEAE . [ ATIEAZ
B, NATHET LA EEAR S (Wr 534 . Markov
JEMEEE ), (HHRF I (G Perceptron®s ) Y& A
e (IR — ook mIHSE) |, Jfdk
T 3 FHEAE A —— W] | TC R ) s AL
> o AHTXS S R I, X SEEA S AP AE SRy BRAE
P, BEE BRI (BPHEE . M2 UI%S% ) Mk
R (CONN., KEBHCIC N THIZ % LSTM %5 ) (1
W, ALBWIR RN T8 | i) | AgE2)4%
Brinal, dT4Ek, AlphaGo il ChatGPT %5 it JiE LA
FOE AT OB S | 90 T R — A AU AR . M
AR RE R R N TR BB R, X HEIR R A14S 4]
BN EAEEAME, i, DUNAED . B %
i R AR EAETT AT T
3.1 BA

HiERATRER A D . MR AUERER P Y
BIEAURTHLERE 2, 8 RO N TR Re i,
AR RMAERL, Fl, AlphaGo B9 E RS54 Ki%
RHER (MCTS) Sk, EARIBAEI AL, #iln

Z TR R WY B ( Diffusion Model ) , 7EAI
ANA (AIGC) 4Rt E R ). ke LIE
th, Science for ALXf Al EQIH L HAEEZ L, I
357 A4S —FERY AL
3.2 1REY

MLEF IR ZIENALEEAR
e dy dos & F . JU IR B g B
M M-P #2715 Perceptron, M LeNet %l ResNet,
M LSTM #| Transformer, AlphaGo Ll CNN kX
2, T HEEBCHURRRAE | i B E A o S AL e A
AlphaFold 2 ffi Transformer ( EvoFormer ) #{ CNN i
B, R AR L — U BRI R EE RN 2
—. ChatGPT # fERAIIEAS (GPT-3) Z |, FE43A
FH T RBLTIN 50 5 B Jf o R R A A (i R
BRI, WFFERIH prompt 55 75 A5 | 3 KA REON TE
ReSr, RAUS EEIMZ—,

3.3 iR
HBERREFINZ KBS 2 —, 2454k
AR Z V. FERAD . 0F T8 BRIk 5

E T sbj e - I FS e SRS I O e 2 BN B e e |
TR R ) 5 K, BT — B L s IR
FERIARE; MRS . B Jue 2 A
#o), ME—ERRE BRI [ AT 55 Z 18] 7 75 B 4
AN )R RIS~ T R g Rl e 4 A R FA )
b

B TERAE 5 A B 258 5, Syn2Real
1 Sim2Real S A= WU AR BBOR B 1y F AL, ]
., AlphaGo 1 467E AEHLR EIZRsms, @it A3k
Xt g 7= AR 22 A B A I 2R T iR SR R 465, kI
FEA T Z R R I SRR KA 44 . AlphaFold 78
IR bR C LT Ak S S PO N S B i O R W
FHAARE B R SR AMR B YA /2 o ChatGPT {611
N TS B S 0k GPT-3.5, i id prompt 785
KA NFN ALY 2 6] £ i SE 22 s, k2Dl
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GRS R A S R A Bk, XS A —
ANEFRAE, B e TR S bR B i 2% 184 e
DA PERE
3.4 FiR

AT EEAYE AR A 5 AR, (B ER R 5
(1 CNN) B LA R 2E (bias) WAl AR AEZSEE
R, R E A 3T A AR O HEE
(WEDhF) ) s (iR ) a2k~ Hems
MBI RS 5 2 PERE s @ A M SE AT 55 SO AL
155 (B ) 200 ARk B B 24 24155 . Bl
mn, AR BT uE | AR A
® G bk 2 FoOrk, BRI AR
b il Pu s ) 2 8= 2 3 1 [P S S

FIET, KRZEWLE 23 AR TR i A R
N, DMER ARG B2 2] s (R 2 A
G, BB 2E ] FIAAN: 2, BT EA AT AR
FE o FRATTE & BBt T2 2 i AR A
Hafb 2 e E %, w0 = B R, i,
AlphaGo eI AR T8 (AT E1E—FhAIR
IR P2, AR5 A FEAER (& —FhRn ) il
PR A ST MRS, D A TR PR A
HJa . AlphaFold % & T /AEWF o & L, LLAOR A5
B2 - BUF R U R, R R 2 =L R
AR, A4S i PR R EE S %,
ChatGPT YAl 2 KA 251 S A8 (GPT3)
] ATV It 5 v B b ke e R, i
7RI A2 (prompt engineering ) J&5 | AT A: BN 25
XFFFRIASE TS . ARG A 1 A

iz AR IR JAR KRR RS F U T2 fg 1. SR
M7, AR BN &2 > i A2 rh A TR AR AR,
FRMERI . Fo . A, IR T AR
WZ5, “ANLERRISBEPIE” LS R
SRtk . BERIBESE . AL B . BRI &k 55
TR, AR R S PESR 1Y) AT4S G ot 28
o it FFRBAN TR AR T, AF5EIR S TR
PR A ST, RS R AL4S 1Y AR
8
3.5 AHNEZE

FEVRBES: 2] Z 00, KT NS RHIE TR AE AT AR
FE I PE PRI R o REE TR RE 9% B SR,
TR B2 27 2 fiff DR 7 3K A (R, T 2 i 48 I 45 BE 1% 1
B WER . ERCHIRBUREAE, R, o B 2] A
ORI . SRT, FEHESER I, A s B
M, I EoR . BoE Bhs . SRAIR, S
il PATPEAESE . R, o B ) AR R B,
ANRETT B LK A AL A2 S i B A B . A ZRAEER
( human-in-loop ) = (B AE ChatGPT B L) o i
Mz, sk 0 AR5~ (RLHF ) k4%
T OREER

BrlA EHZEZ AN, TP A4S BFFE Y44 0 o2
AN [k ) EE R, YT, PR A X
KW DAO (JrAi TPl A L) FIE X SERIF 5T
i DeSci (IR =23 ) IEEFGE, Fream
EAHEGERA S EA (IST) |, ST XHEEMEES
LI EF UL FBCFEIR B, ChatGPT IYIEAE AT -4
R XA, DeSci fl DAO {ESFRATIHH:,

T FTEHFRAFNARTALAAEAZLEHNALTLEZRE I M. AR, PEARFRXFFAZF54A0%4
RF IR, FhHFRS LEAFAREERK. TZ2MATE: FATRANG T ELS B A A2 FATFRALIRA
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