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Science for Al

THE NOBEL PRIZE
IN PHYSICS 2024

Geoffrey E. Hinton

“for foundational discoveries and inventions
that enable machine learning
with artificial neural networks”

THE ROYAL SWEDISH ACADEMY OF SCIENCES

2024F10H8H, InHERMFRE,
1520245 E N/RIPIEFRIEFJohn .
Hopfieldf1Geoffrey E. Hinton, LAZ
2200 " AFIRAA SRR TS
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Nobel Prize for Al

Al for Science

THE NOBEL PRIZE
IN CHEMISTRY 2024

John M.
Baker Hassabis Jumper

"for computational “for protein structure prediction”
protein design”

THE ROYAL SWEDISH ACADEMY OF SCIENCES

2024F1089H, mHERR=FREM,
2024515 WN/RFREEFDavid
Baker, FREHMAITEERRRKIRITAE
BEN, B—FNHEFERFDemis
HassabisflJohn M.Jumper, LAREZE
FEEERETUN 5 EERER.
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MNEe, FUEIREAYE,, ZAl4ScienceFsE

F—Bl: fek, ETERIINER, 2RFEFNA
PRARHNEBE, WAERRORICF RIS, MBI
RREHRINZITHINE.

SsIEn: HigEl, BRFRNEINHTEFHSR
#EE, AT HASHENZIFINEEEE, BXRE
IR R R AT B/ RGeS

F=En: iTEE, BETEVAIAE, AM1FEs

BERBSZIOMESTE. L, BYERTHEER A
ENBICRIETWASTE, NS T ALY TFRSTRE FHREANSER |
BH TS AT, 20074

BIE: SiRRaRel, X MIEFML (H2E5)
WEEIFREERAR, AMERMLUEERSITEYE,
SHEHE, FRRITIE,

FhiBil: AldScienceiBil? , EaIlUMSENIENE
&, RETLEMEeEENEK, MBAFITERZE
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AlphaFold, AlphaGO,
ChatGPT, Pangu Weather,
AutoPilot
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Al for Science
SilE. Rl FERSE

Phase‘aiagram

small molecule SRURERSE, kR SEFIER A T2 AR AT
NMRE (Mesoscale) N
R AEERE. GUKRHS. SRR, RS v

G
Cell

«

Atomic orbitals

HMARE (Microscale)

<ERL YRR, ST, BFUE. DFEVMFES

A BFEEITE, DFNFE, WERMNEREESHT
. DFIEEEERRAR, MRBIMERT

ik BEFNFATE (BEZREICDFT) | FHEEL
DFIH. WERRIENL

[ERYRER

Crysfal structure

Electromagnetic simulations

(B SRFRFENNNZE, BRESHEIEISR, BERSHNK
CENITORK, EXTARIRERFMR, MRS SAMMERZ

ok EENBRE, 5FN%F (MD) &, SAFRESEIU,
SREZEER, IFFENHFEL
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Weather forecasting

ZMRE (Macroscale)
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Al for Quantum Mechanics

FermiNet ( DeepMind 2024) LapNet ( It X&FT5 2024)
FermiNet 2H DeepMind IZHIVEMREEN, BEBESHILATK LapNet2HRF Lk SR AFH RHNETHEMNENETFE
REEETAE TTUERGEZHETFETFRE, BH 7TBFEET PLESFERRPNN-VMC NREFEIZEME, BRI T —
BRUBEMMER, FermiNetitBIRFFID FHIBEER, NI T Forward Laplacian RUItEEZR, BIENHRIREEEERT
30NMEEFAHEEID FES LSAHER T 97 %HItEXEER. BE5HEMEIERAY Laplacian (X&Z NN-VMC AJRER) .
LapNetsEI 7 EZRIIMER, MimmkAiss NN-VMC BHEHRA
M REIE KRS,

O —— |9 r
(=) (=l
0 (=]
g AN ANE
2 e H ]
E @) I3 =] [ 131
Co— " LfJ: LBl :
ay (-99.5%) o B
(Z/ N J . J

Correlation energy

Do0 -0
Individual

stream  Atentivestres

David Pfau, et.al. Accurate computation of quantum excited states with neural Ruichen Li, et.al. A computational framework for neural network-based
networks. Science, 2024 variational Monte Carlo with Forward Laplacian. Nature M. 1., 2024

PRMLIEZ MR, MERESKRE, AEFHFRGTHEFERLIERE 7HhEY!
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Al for Molecular Dynamics

DeePMD ( iR¥%l% 2023) SPONGE ( {t5TX% 2023)
DeePMD-kit @ FRBERFFRIN— M EERANENRIREZICE, SPONGERIL KFIRYIIELRE=FANENENFENER D F
BIEE— M FIEREE. LWEsEI I RIEUER G A= EHIVHAESR, SRR 72 FEE 4RI o] SEEFIERE)RT,
BEITEEREES, eBUFE— RIS EIEE IR D Fal FRtE AN TEER AR D FIRIAUHAIZE, SPONGESHA
HEFaA, DeePMD-kit BEfEEIRSIRIMEENRER, BT MindSpore&1E, HEHTASAIEATERERID FIENLE
BHER, BRTEAREINAEFIEESITEEZERIFE. MindSponge, SPONGERIFFAEEITEARFRF = RIS,

DeepModeling Landscape

RRABENA TR FEILSFERITnE.

=3 &1 ] &
t &0 |
[ ag_, ] 4 g ; X
[M]
js_. o | Em J."j_ rediCe bl L el N MindSpore
Weinan E, et al. DeePMD-kit v2: A software package for deep potential YQ Gao, et. al. SPONGE: A GPU-Accelerated Molecular Dynamics
models. 2023 Package with Enhanced Sampling and Al-Driven Algorithms.

FRIRNREISTZ, (FEERDFREMKIEARENSTHNSHIEAZTENH
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Al for Fluid Mechanics

=581 (BIALES, 2023) HH-#IX (F¥&iES, 2023)

FHE T WA EABR A4S, HEHER GTRIOARTAEE "2 HER SXELTERT K, SEEL T THERRSERET, =R
E |, SRERFA RGN, MeEEastst KRB EWAICERRSAILR

T < S Il e e 3DRRIGR A A EL TR
17, AISCFDXX#=si85, T MimmniISaEERE. el - ~ R R TR
BRI R B AT R (S ELATE] 1000f%
— ¥ETRALIE AlFEE WEiE SR —
> CRMIRGERSERNS || > EUAERERRHESE || > SEACFDRRES, P
RIS RIALIE FRBAOXE AR E, SASEIS It I
> MAYEBSERUSENE || > MLPEE, ERRABEEIS TR S AERIE R ESNavier-Stokes HERME, 7t Navier-Stokes A o]
r BAF7 SRR TIFEKAR L ES UL
KR BN A BN At ‘i BeE
G XF5TEEREU Gs RIESE (25;5;))Y/* HEESTB ‘ ‘ -
W | w2 % ST SRRV K A S TR RISIE, 12FH LS S
a0 B -1 a EEER®sig (V) [V + Utan(a)] RALRIMAERTTNREE
| JEEERISTE arctan(LD) a ZHA T R
- oy BT ASRRA FRAEIH S TR IHTAEN, A RS
T KIS
 EZEEIEAhE =7
Pl BB 44,0598 15580 < N,
B

EIIRAREIAIREUES—IRGT, ERZMMEEDR

IR NARERIINERE, BEERA T SARHMRATGNEED. KREFNEFhZ
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Al for Materials Science

GNoME (DeepMind, Nature 2023)
DeepMind & HIGNOMET E A 72205 #shEik, Hp3851
TREENEEANK, et T— i, BSASERAT
GNoMEEJEMEMEE (GNN) &8, ARl =98
REOFIREENE, NIBIDEFMERVAINERE. SERISERTTA
HEEE, ARRBLEEFERGRTEINTRNE B A rt, MM4erE 7 ifRE
H, PETAKEXLWA,

b .
400,000 ==1 > ;
xternal databases o4 g,.,o' lg - N 3 °
3 300000 ’ % osey Vo S °
2 ) NP
E . 'ﬁ i ,) Ja(
3 o b
§ 200,000 iClg Li,MgGe,S, Mo,GeB,
12
; / o4
£ 100,000 : e
= , A A\
2019 2020 2021 2022 °6 A 4
Year d é *bO 3
KV,Se, Rb,HfSi;0 TmyPdgP,

Amil Merchant et al. Scaling deep learning for materials discovery
, Nature (2023)

MatterGen (Microsoft, 2024)
MatterGen 2HUERARRF AR —FEA RS, BFiRitEE
FREM R, MatterGenfefig4 iiiae B SHMSRMARGSH,
FETFRNE T SRIERSRRMURE TR, AiRfERR &
1B, ZEEALIRIEISTEREENRHITRHE, ERESTHENL
%E’\J‘%EM *4 HD%MQHEJZ\ XIFRMELAR AN, BB RO RE,

a Forward (corruption) process c ~ ~ ~
| ! Tl | ———
- f - ¢ < N ® -~ | ... _’\
Stable J _+ e 0@ ® o o Random 2 '
material TPR o . # e ,e material o & 4§
— bab,--8"0 .
! !
pet Lt ot Chemistry 80
(A0, Xo0,Lo) (Aw-1,Xe-1,Li) (AyXyL)  (Ar,Xr,Lr) © @ .. 1 »
AN b b\
Reverse (denoisin g) process { SRS oe, ol LiCoO,
e L YR
o
TR e e ok L A- —Y- _L ————————————— Symmetry
A, X, L
Ll iy O] o®% Wl
Eq it Equivarian it @
:‘ score network |, : score network || Adapter modui .
_ : :
et B B e iy A
. A ( .
{ e, ) V_AeXola o OQEER e o Fe
________ .'.

Pre-training with structure data Fine-tuning with labeled data for condition ¢

Tian Xie et al. MatterGen: a generative model for inorganic materials
design. (2024)

Al RiETEEFIFGUFMFIRTERE, (B 7THEhRITRYCIFR. INE 7 SEiEiHiE
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Al for Small Molecules

Uni-Mol (GRZF$E, 2023 LCLR)
Uni-Mol @R$BRHT202255 B R Ml—mET 5 F =HE50H
BRADFRIAEFIEZE. Uni-Moli§n F=4HEEIREURN,,

FHERL2ZNND FERFIB00 5N ERREESEN, FBRIRF

RENARAR F AR R B i E{ESS AR TI) |15,
Pretraining Finetune A ,’ :

* 3D Position Recovery
* Masked Atom Prediction

Molecular Property Prediction

\;'{,.: ¥ ‘:';%:5’_’ Backbone | .| % Sudlc
o Hle ¥ ~
._f };—‘- ABol ™ [ A e Coanfarmatinn Conartirnn

T Backbone ey
Z Sy i
! ., L —] Backbone i 7
i N ; ‘\.5}".*,'*2;.._: ;) Pocket mode! = B —~—=
Q)’ - f‘ .
~ 2'_ % ® \_)’ % $ > %
7 -Ligand Binding Co

Protein

Figure 1: Schematic illustration of the Uni-Mol framework.

Weinan E et al. Uni-Mol: A Universal 3D Molecular Representation
Learning Framework, LCLR (2023)

Pangu Drug (#8&H#}Ez, 2021 SCLS)
HERIRRIREE TREZIH FARE, St RARHRE
TG (graph2seq) 4G, BT 17/Z3E05 FtHTHONI,
BEBTRMS THR, ERAAD T, ZEEIE201 SIS
cRE/SATEREE. RIS FIERUEF T AR, BATA
RIS IRTFS.

7 BNERABK 2 AIXBERAR. £HK

BEENSFAIRE

BAE—HFI NS FHAEN
SR AT

ZINC
DrugSpaceX gﬁ BEARACE
UniCham [x1, x2, x3, ..., xn]
ATZ WA fanmsTaN
ZREHK HAMERRL

g
:
&

®
QO

{EAMBIERE

@,
e 0000
o o000

£

&

SEHMS FAME
FEVZESITRICAN
(AMEETRNG amkis

"z 100% 20+ 80+
FIENS T s {E5IHASOTA FRARE RN

Nan, Qiao et al. PanGu Drug Model: learn a molecule like a human. SCLS
(20217)

AINET 3Figit. ERFNFNZSMAMANITE, Hah T HRESHA&RISEH
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Al for Protein Science

AlphaFold3 ( DeepMind 2024)
AlphaFold3gEtBLARF KA IRIFEE TN ST EN 75 FRISHEFIE
B{EFE, 81EERRK. DNA/RNA, N\SFHIEFE. EEARKR-E
MBEE(EA. BHR-ZBREEERF(ESS, AlphaFold3a9TEN
HEREEESTIEIA,

- WA/EH: BEEHR. DNA. RNA, EAREEND F/EY7 FRLEEFE
B{FH

- HRBUZEH: Pairformer, MSAHTRHERREY, E£RMEIRERDiffusion
Module; BUIEREERSWIGLU

B e w—

Template MSA
input ~+—> module — module —

d )
fam ;ZC‘::)' pay | (2blocks) (@ blocks) Pairformer
ar i (48 blocks)

1
W
Diffusion

‘-*f @ module =
5 -~

A |(3+24 + 3 blocks) R

covalent i Single o

Recycling Diffusion iterations

Abramson, J et al. Accurate structure prediction of biomolecular
interactions with AlphaFold 3. Nature (2024)

MEGA-Protein ( {Jt5K%E 2023)
It XS RN ER A TMEGA-Protein TR, SiFEHER
EMIFTNIHEEMEGA-Fold, MSA4ZEEIE T EMEGA-EvoGen,
ERRGEEITED TEMEGA-Assessment=8734H/k, 1
CAMEO-3DEHRLMFTNREZ RIKERESE—.
* RFEAMMSeqs2fYFFIIEZRAEN, fAELTAlphaFold2iR iR F+2-315
- =Y IULRFA" AT ERY AT
- REERXNERANGEARNE, BRI OFERFIIHEE

WEE - CGreedy delete MSAs === [ |

mm with sequence overlap mEE EEEE
EEEEE

Filter by MSA -

length +depth -

No templatt
+————  Emm
|
| 1]
]
P
IF
i hhsearch
templat rch

sssss

YQ Gao et al. PSP: Million-level Protein Sequence Dataset for Protein
Structure Prediction. (2023)

AMERRNSE. IhEIdEREEEER, BWMNESYRT. ERRLNERRY
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Al

Minimal Cell (University of lllinois & NIH, Cell 2022)
KEEEFMBEFAFINIHAYFR IR LER "SR |
HERNHARR TEEANESR, SERN, iR T =4,
TSR EN SR/ AR NFRE, RYUCIMARTPAERS
8. %AREIEEEIRIN T HE RS, BESREMEREM TR
R, BETHRRENENRE, FHENERRFIUSRIARHE.

Cellular Processes - R, D Whole-Cell Simulations
4Peet) — RP(x,t) + DP(x,t)
L] [ ]

Kinetic Data From
Experiments

Time
Initial Cell State - xq Time-Dependent Cell State - x(t)

Zaida Luthey-Schulten et al. Fundamental behaviors emerge from
simulations of a living minimal cell. Cell (2022)

IERARITAMENSIENSSRER,

for Cell

scDiffusion (i&%#X%, Bioinformatics 2023)
B AERH 7T —FE T SRRV KEREscDiffusion,
BeEE AR EMREURS LIaE)1%, FISEFRIEIEL,
EiTl|Zx, scDiffusiont] LRI BE X BIERMEKFREGTE

N33
PERERIXIE.
% —  SCimilarity
g M
= [ e
o
& e
g B — — |:| Diffusion process U
> . .
s B :
5 = ‘
£ || Xo X,
2 Encoder
S Y
© [ x (T—1) Denoising network
= =
S
s ¥ Block
S [ I
§_<_ — —gHE— — -6 O - <,I<._
s [ ] o 2 :
2 [] X1 T Xr
2] Decoder
— Gradient
Cell type Organ i
— | B
Developmental stage
Condition Classifier

Xuegong Zhang et al. scDiffusion: conditional generation of high-quality
single-cell data using diffusion model, Bioinformatics, 2024

HERIEEZHER. MEEERTTIAREYFHRFR
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Al for Neuroscience

BrainLM (Baylor & Yale, 2024)
M EFRBFERE AFAIAREIAFIFBEATA T EREEIE 7 —
EAMARIGEINRE, TRAKIGESEE (BrainlM) , BE5Hr
840,000 311 &HI80,000MMRIEFFEHE, 1|45 T BrainlM
#&8, BrainLMBEg/EETillImARZ TR, EBFICIAERIE
f&t8, HFUUARRAARIRIAS. BEENE, ZEENTERNE
RYSNERBAZIZRILREF

Input data Zero-shot inference
Latent Space Attention visualization
i S
ings .‘.‘ \’ NN
o }J‘,_Mi\" A
M 3 P, -
B (T (A
. = TR
. .
/ UMAI
whity
1\1\1\ Fine-tuning tasks
ik - Predicting clinical
41,986 individuals Predicting activity variables
(UK Biobank and N -
Human Connectome Project ) S
|2 -
3 M S -
o [

Time

Josue Ortega Caro et al. BrainLM: A foundation model for brain activity

recordings. ICLR (2024)

MindEye2 (Stability Al, 2024)
Stability AIRSFFRARFF R HMindEye25iR, {NA1/\EFRILS
REHLIRP G SR MBEE AN RIER. PRTEEBEEHEA
BINERES, SRS TBEGIEHER T, HEfHR5
HIF— I ASERERIRIER. X—IDREESMindEye27E
RN R EE SR ErYERE.

Seen image

| 257 x 1024

ﬁ Diffusion prior A [1256%i664
: — = OpenCLIP CLIP
- ST > [ viTbigG-14 VIT/L-14
Subject 1 SDXL \{magGeIZTTex;;
(1 hour of scanning)  Shared-subject N unCLIP
15,724 latent space Residual MLP : “A surfer
MRI voxels (4096 dim) backbone | > = 256 x1664 is riding
—,Y L & DESGEE
One model trained end-to-end across 7 subjects, MLP
then fine-tuned on new subject with minimal training data Projectors

&P subj2(4ohours) 14278 —» 00 e e e e e m — =
&P Subj3(32hours) 15226 —» f Low-level
&P Subj 4 (30hours) 13153 —» : submodule
BN 5D subj —» < |
& S ROeE ] 13,039 | Retrieval submodule
&7 subj6 (32hours) 17,907 —» — 1
. @ Subj7 (40 hours) 12,682 —» 1 Neaest neighbor in image pool 1 il v s
Bl D subjs 30 hours) 14386 —» ! ﬁ i i | = ;
’ ; B _Emie U] | Reconstruction

Subject-specific linear mappings, then subject-agnostic pipeline

from brain

Paul S. Scotti et al. MindEyeZ2: Shared-Subject Models Enable fMRI-To-
Image With 1 Hour of Data. (2024)

Al BNDHREMLEERIR, IEmiZBPAR iEtEON LR, ENXIXREIEREFRF.
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Al for Earth Science

GraphCast (DeepMind 2023, Science)
DeepMind ZRHIIE FEIMEMEHIRSTUNEELGraphCast, 8

B DTPARFTUARE 1 0RIIHBE N RSRE, BEERE LR

REFTURESR. GraphCastfEFultkin K SSE4, NREXEREF
WimEE S ERIRH, 1Bt&SA%, GraphCastBELAE(KEEE
RMEERE, BRI, TEERSTIRRANENHE, HA
RESIRARFRE S A,

e) Processor f) Decoder

g) Simultaneous multi-mesh message-passing

)

MO MW MZ - M3 . M4 MS’ S M6
AL \ * N .
: ( )

Remi Lam et al. Learning skillful medium-range global weather
forecasting, Science (2023)

BS(E . it

==

o

Pangu Weather (HUAWEI 2023, Nature)
N RONIEESRARESEH 7 AIRSFNAISEFIRERRIR,
B ABMEEERERIETHRAVAIRRE,, ZIEEREE R E
BRSSIN, RELUES T ARETT100001S, (EREDHEREUE,
ROSRAREGHEFIARSTURPRIILE®, FeesErml
WimKSE=. SHBEARREEL, EEmHFIEREERES, B
RERMHEMERIRSTOUMT, mEERSIMRRANEKRHL,

3D Earth-Specific Transformer

l Layer 1 Layer 4

/ Earth-Specific Blockx2 ["1™™| Earth-Specific Blockx2
(8% 360 % 181 x ) (8 % 360 x 181 % €)

: : )

£

- . Upper-air Variables
: up-sampling =

(13 X 1440 x 721 X 5)

Upper-air Variables

(13 x 1440 x 721 X 5) : down-sampling ;

v v :

- Layer 2 Layer 3 e ——

i A Earth-Specific Blockx6  [~[—*| Earth-Specific Blockx6
B2 rotch (8 x 180 x 91 x 2C) (8 x 180 x 91 x 2C)
| Embedding ]
[ =
— Encoder Decoder e
N i ——

Surface Variables Surface Variables
(1440 x 721 x 4) (1440 x 721 x 4)

Qi Tian et al. Accurate medium-range global weather forecasting with
3D neural networks. Nature (2023)

mn), RSEAFERMR, ARIREN. BARETRIHRILIEER
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Al for Electromagnetic

MaxwellNet ( EPFL 2021) 0 BN (FREAAFEEN 2022)
ERRBHZEI KTt E RSNk RS, WBIRTA KRS I REAEERD (tRisfFEIARE) fIRA ( SGERILEX
(FEM) FMBIRESEEIE (FDTD) |, XEETSEAMGEITK, M %, BEaNEW) ZNA, EFEFIRERIBEFIIER. BTk
BLAERH TR, MaxwelINeti@iTiEE el B 512007 S, BREREERHE, S BEIRENESET I RES e
ZEYIIRIRENAUHRRRES,  PIhil|ZeH BetB R B R kiR b, AIRBRGEBLUESR D AR 10+(5, BEEE7IET
IR LS, EER T IHMEF KRR AIKH. AREIEK, BERH—TRTT .
(a) Physics-driven loss
VxVxE koo Residual VxVxE koo Residual HH—: Nig, 3 WHZT: 9PEMTT AL o T A i O i
L/ g PEITTIRREL E(m'a,jiﬂ, 3MER) . _
. % % % % % % FTERETMASE FEpEN | ?“E?%fiﬁ@ﬁ |
% III IZI II' | P A TR\ |
5 OO00008 ;
DDDDDD + |z| |Z| - Imﬁmmitmmﬂ
0 ! Oooooo  LIEIG] —
(b) Main Idea N o HiNNEN | A |
Sample shape Deep Neural Network : Electric Fields  Physics- driven Loss SEDEE&E—]’—I’EE%EO(N n 9M) i B ) ‘
| 4= : M) e (BTN @O + 9m)-> O(1+9M)

MaxwellNet: Physics-driven deep neural network training based on Maxwell’s
equations. Lim, Joowon and Psaltis, Demetri (2021)

AIFEFREBEENILIRITRE, MARANERSRE, HEREEAHS.
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Al for Mathematics

AlphaGeometry ( DeepMind 2024)
AlphaGeometry ER—MEE-FFSREERS ( Neuro-Symbolic
Al) , HEPRGESHERET Gemini, HELLEHAISS—ER
HEREHE LMNLTFHE)I4. XBB T RERRE R PRI
AR, BFEEXMNGEHLARBEE. tHlsiEE S ERmR,
AlphaGeometry 2 BJLAf#RITZE 25 SEARE IMO JLA SRR
B 83%, MHEBISFAIMERZER({N/T 53%. & IMO 2024 H,
AlphaGeometry 2 fEWZIBIf4/5 19 AFRR T E.

A simple problem AlphaGeometry Solution

A A

i {% Language model ] i i

B ¢ Gt Not B D €
construct .-.--.--- . | solved
Theorem premises: :",» """"""""""""" Construct D: midpoint BC
Let ABC be any triangle with AB=AC X . Solved ‘ + AB=AC, BD=DC, AD=AD = ZABD= ZDCA
Prove that angle («) ABC= «BCA * Symbolic engine » £LABD= £ZDCA, B C D collinear =
L J k £ ABC=£BCA

Trieu H. Trinh et al. Solving olympiad geometry without human
demonstrations. Nature (2024)

OptVerse Al Solver ( L3z K847 2024)
OptVerse Al Solver 2 R AFEAFERAIKEERE. BB
IR B4 RREIA B E 2R SAT F1 MILP 3L, &2 BRSL/a)RAY
SIFEET, RAR T HFAKIEHIRRAYEE. EhHEFRNER
BB K fREEEEEHans Mittelmann benchmark EBEix
SCINERHR, SIEERERREEH.

OptVerse Al Solver

Classical Operational Machine Learning
Research Algorithms Techniques Insides Solver
T;';::‘rg HEBO | Transformer80 | DE Family

Single-Module Enhancement

LP Relaxation MILP Algorithm
Presolve Primal Hueristics
Policy Variable Selection Node Selection
Layer

Cut Selection Cut Selection

Reasoning METS

Algorithm Sequence Learning Reinforcement Learning
Data Adversarial Training | Data Augmentation |
e Model Clustering | Model Generation | Model Representation |

Feng Mao et al. Machine Learning Insides OptVerse Al Solver: Design
Principles and Applications.aRxiv (2024)

ALEZ BaCHEE, HRHFERICRISIFFIRA
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Al for Science
RIS MR T B = R ZE LR

Materials Small Molecule Protein Aerofoil Weather
421,000 new stable crystals 100 million new molecules 200 million protein structures Millisecond-level inference 10% increase in forecast accuracy
Computation crystals increase 'I‘ 10X Drug design success rate /1\40% Accuracy increase /1\65% Simulation speed increase /[\ 1000X Speed forecasting 1‘10,000)(

7PNM

Ground truth shown in gray

(@ Application |

. — Mathematics — Physics — Chemistr — Biolo —  Fluid mechanics — Meteorolo e T
= Field

s Geometry solver, theorem proving, Quantum chemistry, interatomic . . Protein structure prediction, I . . Weather forecasting, extreme
( 5 Obijective ‘ —— algorithms discovery, operations — potential energy, force field, __ Molecule modeling, retrosynthesis, _ pathogenic missense variants, Cell — Navier-Stokes equation, multiphase __ weather, atmospheric processes, — ...

= ) optimization materials discovery chemical synthesis yield digital twin flow, turbulence, airfoil flow field, climate modeling

— Peer W AlphaGeometry (DeepMind) FermiNet (DeepMind) Graphormer (Microsoft), AlphaFold (DeepMind), . - )
(l = | . . — AlphaProof (DeepMind) — GNOME (DeepMind) — MegaMOolBART (NVIDIA), RetroSub — AlphaMissense (DeepMind), Minimal — u F’(\‘Nca)rﬁr:anlfr?srt(iittjtne“gefr'srlé?l-.ﬁgwR)ANS L G(;\‘:igggjfs‘;f 8?:&&"(‘3;;?;‘;2?53 ||

Q Appllcatlon AlphaDev (DeepMind) DeepMD (Deep Potential) (Microsoft) Cell (University of lllinois) Wing %, '

( Huawei ‘ OptVerse Al Solver SPONGE (Beijing University) Pangu Drug Molecule Model Mega-Protein (Beijing University), Dongfang - Yifeng (Commac), Pangu Weather Model

. . . —— (Chinese Academy of Sciences, Shanghai —— PDEformer (Beijin Universit’) ——  (Chinese Academy of Sciences), Pangu —— AutoGenome ( Chinese Academyof —  Qingling - Aoxiang (Northwestern ~—— (Shenzhen Meteorological Bureau, Hong — ..

N Appllcatlon Jiaotong University) ving Y) Yeild (GuangZhou Lab) Sciences) Polytechnical University) Kong Observatory)
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Al for Science
FEAlphaFold B AREIFEIFEEZFRIFIZ RELUENRS

10m Wind Speed, Pangu-vres ime: 72 hoursgon

Phase diagram Aerofoil sulaton

Small molecule

60°E 120°E

er forecasting

ZMRE (Macroscale)

Rl FHYIRZ TIEZ. MERZ. MWBERESE

J[BJRR: EMENZFDHT, MRS HEFAENL, PAESFIRD T,
FHTRAAHIEARIL, R SETY

J5ik: BIRTTHOMT (FEA) |, IHERMAENNE (CFD) , ZAshH
¥ (MBD) , #HOSHUEHAER, KRENZER BREDIEIS
PRIAFDE, HEKRIFFIAE TRRFIHREEFISIE AT

Rl MERIZE. YUKRIE. TYIEYIE. £YYEBEE
B ZRFEFNNNE, HRESHEHIEISR, B
LR, EXRNURE MR, MRV SS =R
BRYRE

FiE EENRIER, DFIHE
ZREZE, IFFENHFELS

VXV xE

%ﬂiﬂﬁ‘g (Mic 0 =
Rl YHRE. DFIE. EFURE. DFENFE

AR EBFENHE, DFNNFERI, WERNTIEMERESHT
, DFIEEEERIAR, FRRIMEITN

ik BEFHFATE (NEEZREICDFT) | 2FahIFEHL
DFIH. WERNEY

4

™
samae | s SR
>

Electromagnetic simulations
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Scaling Law in Al for Science

S EFRIERELHE

Atomic orbitals Crysfal structure  Small molecule Proteins

Universal
Material
Model

i
Universal
Life Model

Universal _
Al4Science Universal

Fluid
Model Model

177
Universal
Electroma
ghetic
Model

Residual

Bomn Field

Wy

2000

Coanconm)

Electromagnetic simulations Geophysical Electromagnetic
Inversion

Aerofoil simulation

10m Wind Speed, Pangu-Weather, Forecast Time: 72 hours

60°E 120°E

Weather forecasting
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Emergence in Al for Science

17\l e B re

Universal 7E
Model

Universal Material Model

FRIEE
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BT SigE RSN ERERI

1hI?im£ ' “ | Eﬁ?iﬂ

FRRE
: i Universal .
Universal Fluid Model Electromagnetic
Model

3

Universal Life Model
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Al for Science 2035
Al4SciencetRR ARSI E AT BIFERE

BT @B RS R LS
o 1. AUBRETEIERIRIS, A
s “§0 @ 0 RIEFABRRITWS 2035 2 MUEFHIZRA
0‘ ,l; %ﬁlﬁﬁfmﬁﬁ%_ﬁgﬁ 2. AT 2RI
) A 37 R EEHER IR 3. ALEFRFTURmRS
ik \0 ‘\1 |\ 4 SRERIRN. 4 ArEEFIbEH,
T, AR
N
i e S5 24 1. ARIATRHEBSHE.
Fow - BYTENE R 2030 ok, mi, B
<N\ v 72 > k. 1%, HESIIARL & A SCIN R,
AR, 2. ALRIT4HRRSRIIRUE
P> | R
AEESSRINNEE, L
gIpL MR R 2025 oot
B e g N ﬁmﬁﬂg%’i%%;ﬁ 3. AIFEHRITERIRIE,

25 Huawei Proprietary - Restricted Distribution sa H UAWE'



18

NS

REIZRA

U

Universal Cell Model
HHR—oF. @A, BE=TRENSIECESR—MAEIEE, sSCIIXSdapEiRET

ES AT 35 BRIEY RS

mhems, = owmmer ML amemgit [ mEEssmn

Y

Universal Cell Model
Transformer/Diffusion/GNN

Phenotype Data Spatial & Temporal Data

. Molecular/Imaging/Medical Spatiotemporal omics, Subcellular
K, ety il Phenotypes localization

Genomic Data
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EXEHERAZE. ERRRHAGLTTMR-F L ABESSHNRZERBECell&3: AIEMMAEHTIER

Universal Cell Model

Physical cell Al virtual cell
A Cellular building blocks, B Building the Al virtual cell through
environments, ... universal representations (UR)
- - - S Target DNA RNA Proteir
A Multi-modal measurements Al virtual cell Universal Replication >4 —
across different scales of the cell foundation model representations w DNA
BN | &
- % Transcription w %
Genomic information Molecular UR s ® b ) o Ligand =
‘ (e.g., whole genome sequencing) 5 4l RNA  Molecular k<3
: Phenotypic information é 5 WM interaction | 3
] (e.g., multiplex imaging, single-cell RNA-seq) & % Translation = %
e Cellular UR | B s 2
Spatial subcellular molecular localization %
s = > \
(e.g., fluorescence microscopy) £ Siatain Metabolites
Spatial information Multicellular UR
(e.g., spatial transcriptomics)
J [}
B Capabilities and applications of the Al virtual cell C Community and development @ P 2
5 . s
e 3
Reference atlas Continuous dynamics " Intrinsic pertubation | ([ Extrinsic pertubation é ° °
g%-:* - Interaction 3 ™ £ (&)
== e sy e
A 9 LS
0}10}3 - Tissue
valuation [}
q; )
l 1 II.I = "
Q 0
Q 5 5
o A0 : g =
@) : 3 Receptor 2
-— Interpretability © o Spatial o
Cellular UR / £ =S | organization |E
= : 2
2 Cellular
interaction Multicellul ® \ 2
@ o ? ﬁ | — Privacy ulticellular universal representation
(o] ... behavior, and dynamics D ... and virtual instruments
Manipulator virtual instruments
¢ . ) y e.g., chemical or
: . ’! Collaboration =5 z i ] %~ genetic pertubation
' Spatial niches Novel cell state In silico [ Digital twin - f;} x b=/ o l
- i experi i ! ﬂ& 4 S ﬁo
24 \2 \ 1 ) é ¥ Cell division Responses to extrinsic = Unpe;;t\clrged 'Pertl‘:ﬁ):d
\ . i insi i cel
b ./5 o ‘ K Ly ’ Responsibility and intrinsic pertubations : Oi cel
J s =
=
= o e.g., changes
B = ") in phenotype
/ — 1= Cell UR [ Y
Soes \K/\ 5= = 2 ¥ O‘IEIE‘
Cell differentiation Cell migration
Decoder virtual instruments

How to build the virtual cell with artificial intelligence: Priorities and opportunities, Cell 2024
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Universal Material Model
SRR R EIENE R — MR R

}—‘— iz 2 SEtH A4 B $SFHH REY #z5
W =2 R A EREE BRI A BSRTA F SRR A RiEkiit INGF. RDF

1711 0 Universal Material Model
1: ﬂx*@ Transformer/Diffusion/GNN

¥ MR HENE RS E . *’Jmﬂlﬁlﬁ%ﬂiﬂlﬁ _
= RSN, FFHS), EitiE N e R e L

localization
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Universal Material Model

AlphaFold & RoseTTAFold All-Atom for Biomolecular

a b
L Ligands PoseBusters set Nucleic acids
1004 q sars 1
Fosa TTAFOKENA
Alchery_ANA2 (has human ingut)
80 | 4 . ove R
E;: 60 | 1 I I .
g | Lt
E 1 ‘
| 2
20 . ‘ - -
0 T T T T T T T T R A
AF3 AutoDock  RoseTTAFokK PDB FDE CASP1S Bonded Glycosylation  Medifled residuas Al Prodain- Protan
2019 cut-off Vina Al-Alom proten-ANA  protein-dsDNA ANA Sgands n=28 Profein DNA  RNA proten-protein  antibody MONOMers
nea28  ned8  ned2 n=25 n= =8 =66 B oSy = 1064 n=65 =338
d “
. Template §l »
search =~ &
= e ) Confidance
nputs | < module
. Genetic 3 . E |
search == S X l | l » (4 blocks)
Input Tempiate MSA v !
3 4~ motule —» module — 0t =100
-~ Corformer % ?amumom)' Par | [2blecks (4 biocks) Paidormer Ditfusion TN
Sequences ke | {48 biocks) ‘ - modle ﬁ;‘—- -
hwlds'« . ¥ [@+24+3blocks) g‘,\ )
covalen S T A i {
bonds ore id i i
RAecycling Ditfusion itarations
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Protein
Sequence
MVETSQLRY

Nucleic Acid Metal Small Covalently
Sequence lon Molecule Modified Residue
ATCGGA Fe smiles, mol2, sdf (N8,NDE),(NAG,C1)

RoseTTAFold All-Atom (36 main blocks + 4 refinement layers)

~

Fo

Protein Protein Protein Protein Covalently
Structure Nucleic Acid Metal Small Molecule Modified Protein
Complex Complex Complex Structure
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Universal Material Model
Material Project & MACE-MP-0 for inorganic materials

MATERIALS PROJECT
e, OEOEDE

The Materials Project

Harnessing the power of supercomputing and state-of-the-art methods, the Materials Project

provides open web-based access to computed information on known and predicted materials as

well as powerful analysis tools to inspire and design novel materials.

Login or Register Browse Apps

The Materials Project by the numbers

MATERIALS REGISTERED USERS DATABASE ENTRIES
700k~
169,385 560,000+ g P it
% 600k-| = ij;ﬁ: MACE-MP-0
E4 m Ten er . -
g 500k :;:j ypyiog; (Elastic, D P ) _,_J-’j Equivariant Graph
INTERCALATION ELECTRODES CITATIONS 9,5 400k B = Tensor Network
] =
g 300k m— < (SCAN/R2SCAN)
41678 421000 + 2 = Crystal Crusires (GGA/GGA*U)
S 200k
b1
£ 100k
z
MOLECULES CPU HOURS/YEAR L 5, 5,
0, 0‘ 0; > 0, > 0; s 0 6 "0/> 0, 0, 0; % 0, 0,
577,813 100 million Year

Materials Project H55{CHISLIERMEE T FRAE2011FEAE, B
EESSHER, ARECHE, RFUHRTEAT, UgEEiR
HEXESFWRIARERR, FELUCEY). RS, Bitirl &M
BIRMt T FERIEUES .

Figure 1: A foundation model for materials modelling. Trained only on Materials Project data (19

V2 HUAWEI

30 Huawei Proprietary - Restricted Distribution



Universal Fluid Model
FTIEE SRR A KSR, STk, SRS SRR A TR NG,

A S e s = o
o wryrsm=s N emsnnng 0 oueaes sy o/, oo
NAAZE LR TR RNl Wil TINerspiml ik EERE. B

e Universal Fluid Model
*Eﬁgglgﬁg Transformer/Diffusion/GNN

" ISR TR &R SRS/ AR PIEE R
= EtEsER, BRGRE, BESR, SR 2D/3DJMZENE i R, EHIRIESE, SR
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BAEHER CHIEFRS X, (FENETERA, RIR23FEWAICKRFIRSAILIR

AR FRIEHS. FAH 55 ER: TR EREET
e

SEEE AT i DI R TR
= IA
BB AT BeE{EE S ERRHTED 10004
kf#ENavier-Stokesj5F2 ﬁﬂi:gczpu -
~ MBS RS -
MindSpoggFiow flz;:gé%éﬁw ier-Stokes STERR, 1RF e
=5 avier-Stokes T2 KR, 12 Navier-Stok Al i
" WOSGHEEE o ekw | Em 1000
X _ §iTias
T —
FEEE RN AT i ——
o RIRARIRE R SHERH TR, 1R LUl
PRALTRER B TS S
s S of p24 e 7 'R 4 R
ANIERGARIRTE, O SRt ——
D
FRMBEREHEHR - ARTRFHTIGSHEIE - FISNBEFHAA BN AR A MRREIH ST THED, e LN
B 7 KIBRTFHHTIEEUR AR
¢ O\ e SR a3l %if%
e 7 EFABIAINSIRS— RS, ERSHEEGR )

u—‘ﬂ:” E,J._-_. S =2 \\'-7|=§j:l'\“)5§, =Y LAY %Ejﬁ%jt 1 Ejlﬁ % ﬁﬁﬁ? ,’/'?7’3— ﬁl],—' " j( *EE:E’J%BEJJ Z_*EE [-‘—_1;$Eljr
{EE. Hjlajzcsﬁgﬁ*ﬂg'l / 25" e

| ]5 =)
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MindSpore
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BREREZESHNDMRASEERL, FiE "NE" ERAIMGITKIRRES,
ERASNRIHERBEESIZTER

B EBEIRITERR

SHRHARET S

SAIMRIHERMERENEIBRATE
. RIS RAR

o (NEERRXHIEAARZ, BHTIERMIRT

© FEDEHEREE. SHWRITRRE. SENKIHEIHKEEER

MindSpore Flow

SEEEER TRERER  TRER
U o R
B IR, O, RERPAE K. (HBSIET
! VisAEE B

indSpore Flow

i s
TR EY

MindSpore 2.x

BERARENNRETN R RE,
TEIRATEETIE

Patch Embedding

3D Point Clouds

33

NEEAN ST ARSI RERRITE, RiTAKEBRGEEI S, HER
REZFERY ERIMEMK/A SR EERISEFS M, I T RSN AGERENERUARE.

SR=HSHIMZERIE

RARZSEINE, -0 TR RFNEEAIPRE
Encoder+DecodersEIAELEHE R = HURAVR4ERRIE

SENEREIRE iR

FillREncoder+EIIAMIES, SENMEREEIERE
SEMRBIMAELLTE TR FRYSanERER I

SHSHIM IR iR Y

LUSTHER AR E R SEINZRHES AR
XHHEFR)14k89Decoder, RTINS EPRER

{REIAT A R E AN A RHEFMYSENSME
ERBENSHIEISE

STIIREIGIER, FMEERGERMBIRREE<5%

REMSSIHER
RIRITEK,

—hE TR E&HERk LT
S
I ER

MindSpore



Universal Electromagnetic Model
MRS SRR R IER, TR, RIS B BRI

oELEE MK B RSB HhiR
NAZE Blaadoen BAI, fas RISHRANR, 9 = Goan ) FIRMENRARR, K

FRRFREIRITHUL FRRLT SN AR BRI HhFE A

1711 0 Universal Electromagnetic Model
1: ﬂx*@ Transformer/Diffusion/GNN

HiE FREER ROE - SRS/ AR PIEE R
x FH/PEFIRL/ TinEh R AR SHERT. IR, HREES Mt E8E, BEinsh. REiEaiEin
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BT SRR EGE T

m=NE: BEVHESERBESFIERATIESYA (g, B - é"EEﬁ?*i: ?F AR SR E RS AR T GAN R4S
HIBS S . E%J‘fﬁ]‘) , #SciencePF/a+ RIS, EHtEMHIR . 34

289loss

B AIAAIS RS, SEARER, BaMk | =g
WHANEERE. RIMIE, REHEIZBRMUL. REFES 1 |
J757% (GAN/Diffusion%) EABTBIENRGT i B . W !’
N2 1. Training Process 4%104_: 4 | k ‘\“Vh ,'zﬂ ".‘3 “‘J ‘ “‘\ 1 ; [” % M,f M ;
TR BN (s AN . 'y U Vi
\Ql\w E] E (xc 1 1%, B
Dataset
lTraln po (x¢_1|x;) to approximate q(x,_1|x;)

* T T T T T T
° | E/J 2:':% 0 100 200 300 400 500

MetaDiffusion Output Aft:

1.0 0.5
I 0.4
5 054

a F 0.3 o
5 0.0 k 2
5 Fozw

N —0.5 | oa

5o
=1.0 1< T T T T T T—- 0.0

30 35 40 45 50 55 60

Noise €g

S-paramets

g g L]

Condition |
t

o (xs—11)

SLMGAN Output

‘ l 1.0 }{x 0.5

O\ _ A Foa
3 pé)(xt—llxt £ 7 { A Fo3 o
<+ < L é § 0o 9{/ \< foz'igJ

& 054 { g Lo

Generated 2. On-demand Inverse design through Denoising Process s S A

WGAN-GP Output

1.0 4 0.5
g 054 ﬂ‘ o4
H » / \{ [03 5
. . e . s 00 / 5
Zezhou Zhang Chuanchuan Yang* Yifeng Qin* Hao Feng Jigiang Feng Hongbin Li, Diffusion Probabilistic Model g . f . oz
el 0 Foa
Based Accurate and High-Degreeof-Freedom Metasurface Inverse Design SRR SR | [T |

30 35 40 45 50 55 60
Frequency (THz)
Target-real Target-imag »— Generated-real Generated-imag Error-real Error-imag
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BFEMERER CITeRR IR

=IM4R: BHLEBET ¥Tss (KH/EANE) &2 KT, - ERER: AIGESEREMoMARERE—, MEEEERERET
ERLATEERCENESISEAEIK, AlSAEEIT R HERE

BRAE AlF5i% iRE RCSxdLL

MoM Current PhiGRL Current

BRI BRENEISEREE, INERAE
(a) 9E: (b) t=EBY:

&%

Uit = ug + Ay
A =V (Rg, Ok)

Rk f— b — Zu;; - e
930
- GNN 0.01s
@ — () L{|b —[Z-u) |3 |bi—[Z-u ]i|2]
i 1 g 2+ g1 112 'f?é}\ﬁ 33.2s
2 [ Ny, Ny, 6396
GNN 0.087s

I, — w13 [fu, — w3
Ny, Ny,
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BIFXEBISMETE

NLPFOVisionFypLIHZR e LUELEZE|Al4Science KIEEIAIZIT

Discriminator

GAN: Adversarial ! X
D(x)

training

Encoder

VAE: maximize X
75(2[x)

variational lower bound

Generator

G(2)

Decoder
po(x|z)

Flow-based models: x Flow A - Inl"frse -
Invertible transform of f(x) f(2)
distributions
Diffusion models:_ X0 X1 " Xo N
Gradually add Gaussian - - - - - - [ —-m-—--- RRE R -+ --- -
noise and then reverse

Vision&piEEIZENy, I iisRE| BT,
=S BFIERYEHE
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BERT (QOurs) OpenAl GPT

E, E, E,
‘ BERT (Bi-direct Encoder ‘ GPT (Decoder only +

+MLM) Next Token Prediction)
‘ Transformer (Encoder +Decoder)

NLP )[4 RHRE2R4), AT HSRE!
By WHIERIEUE £
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Original expression profie

New expression profile

(X

(X

i
¥

oX

3D Point Clouds

SCimilarity

T EURERSRMEAEENE, By

DRz

process

|

Denoising network

[ 1

Ceitype | Organ 1

Deveolopmental stage [— L‘
Condition Classifier

Diffusion solver steps
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Rebuild Point Clouds

1sBQUSD)

BIFXEBISMETE

FERMHEMNELEY (CNN/Transformer) |, BESSIEN ARSUHAVE

a Forward (corruption) process
-+ e e o |
v k2 ‘ ®
Stable | = e - Random
v ¢ v :
material . - . 0 w9, e material
v Cev.--0"'0e ’
*/ ¢ */
(Ao, Xo,Lo) (A1, Xeo1,Li-y) (Ae, Xi, L) (Ar,X7,Ly)
Reverse (denoising) process
— q(zi|x. h)
(= Latent Space Conditioning NO.T) =
—' & Hri——  Diffusion Process ————» Eemam'q
— > Denoising U-Net €g Text
T SV | Repres
— ﬂ ‘ s entations
ol | LIy 14 I'I'Iages
£ / K Vv K v/ 1 K v K
Lo== ; Figure 2. Overview of the Equivariant Diffusion Model. To generate molecules, coordinates 2 and features h are generated by denoising
" z 27r-1 = — variables 2 starting from standard normal noise z7. This is achieved by sampling from the distributions p(2: 1|z, ) iteratively. To train
Pixel Space 1 the model, noise is added to a datapoint @, h using g(2¢|, h) for the step ¢ of interest, which the network then learns to denoise.
1 ’7'0
Pq KV oA ] N
= 5T
denoising step crossattention  switch  skip connection concat =

Diffusion model

<
<

¥

TR AT LUERTSMREERIEEE (R,
2D, 3D, Graph, FAx)

Forward (noising) process
Single

¥ )
step

<3 \ s
&8 < . %
& N R

X A X X, A X

Reverse (generative) process

- W

Noy

Protein
structure

Gaussian =
noise




fiZi3DeepSeekYBIERZiE
=RiEBEHIREE
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fEf3DeepSecktlFiziE: =RIREEHIREE

7>

DeepSeekiEBIFR =&, MDeepSeek-LLM (V1) BI2KIEZRTE, ZEIV2HIMLAFIDeepSeekMoE
ZRIGEIFT R GRPOEIIZR, BEIV3IEI 21N EIZRLIME XFIEMoEIZEL, DeepSeek R1{EHAIGIEE

RREIH, AT —HREERRIERT M,

DeepSeek-LLM (v1)
https://arxiv.org/html/2401.02954v1

1. SESHIENEE: WET—MAKN2HIZ tokens NEESHIEE, TEFRSTHEY, BYHES
B, HEAER (remixing) =R, BEBIESHEIISEHE.

2. EEIZEInE Sl lama: EEITEAS HEET LLaMA Bhgit, (B7E4ERS kT TVREE, fla, 7B fEELSUE30
EM%E, mo7BIERIEAISENES, FiTERoER (IEEHEIRFERT Grouped-Query Attention
LARMEEEAE) AR

3. BEHIRE: W THORA/NIF IRSHEIES BNEER, FHEHTETFAIETRNS STk
HEE, SESNATZIEERIEN, XMPHEEUEHRIEESE, RS EERRSEIE.

4. Scaling Laws#f5s: EFraill MEEHIENEEENT EEE, BHTET "JEER)\ FLOPs/token” B
FEEliEErGE, FHET IsoFLOP ST HEREE SHIET Eo iR, AN E8iEEZEm
FEESLSNT EEETEEEHE, SEEHEFEFEITIISE/GIHENIER,

5. Bff==EHinfrastructure: EF HAI-LLM RIBERIISIEZE, &6k 7 #IEHT. skEadT. BT
IR KEEFH TSR, FHFIHE Flash Attention #1 ZeRO-1 FEAB— IR HER 4 =R |4 20K,

6. 55& 7 pretraining # alignment (SFT+DPO) 8%, IEBESFTAIDPOIEFHEENEELEIEETAY,

7. se=evaluationBUBEFIHEZE, 1WEHE(LT safty evaluationZE{4A5ERE,

E{FCEIf, DeepSeek vIEEET AEENSIREAESRE, TELEHIHRIIEATE, SEZEEAFMRED,
infrastructure EEBIFRE, =7 A IERLEMIZITHREE, B2#0E8E, alignmentievaluation,
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DeepSeekMath

https://arxiv.org/pdf/2402.03300

1. el A ST RS R RH T =R BiEFERE, BT Common Crawl SRISET
#HEMEXAE. TR OpenWebMath {EATFHIE, B4 fastText SERBTHLEFHiE, HEIE
BISFOA TIRTEY Foir3e, M riiosss, SETEHEEYY 1208 5 tokens B
DeepSeekMath Corpus, SIEFHETMI/IEERL (20 MathPile, OpenWebMath, Proof-Pile-2) 18
b, ZEHEAEEA. HEES, HEEEXEE (FEEEENFV) BExae.

SEEHERNEEFEEREN. TRERER, THEWISE, EERsHER (7B) , HEEm
FRFEICEIESEMESHIEARER (W0 Minerva 5408)

3. {21 ISR ¥ SIEEGRPO (EREEAIAIHT) - Group Relative Policy Optimization (GRPO) £
Proximal Policy Optimization (PPO) B934, EGATRY critic ERAYGE, MmaE "EmiTs” bt
B, NMAEEETYISRNAESENTEER. RAAHEESERNRE TSR, 18
—HUESMT, BT GRPO H—SIRS THEEESEHFERE (10 GSM8K, MATH LIE EftyNE1E
%) HFEL

4. FATTiE T Rejection Sampling Fine-Tuning (RFT), Direct Preference Optimization (DPO) 0 PPO &
FRERRAEENEEABELETEAR, R TEESEE)1E. SRETENELRBEESSIENE
ETEEETE, SUERVIHRHNISGESE TRBNERCHIEIEEM,

1. ZHEE EEHFERE . BEESTNSIEREFEINENER, R HITRIE SRR 1208
tokens EEEIER], NS S2EE T BECER,

2. GRPO B E3E%: EHTERS critic #2889 GRPO, BTHEMESEMAVIIEG, BHES THESHESBIT
MERRIRER, KT NFFIiTEERRSRE, NS EE FIS TAE.
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fiit3DeepSeeklFizil: =RERRIEIREE #

DeepSeekiZBIFE=E#, MDeepSeek-LLM (V1) HI2&IERTE, FIV2BIMLAFIDeepSeekMoE
ZRIGEIFT R GRPOEIIZR, BEIV3IEI 21N EIZRLIME XFIEMoEIZEL, DeepSeek R1{EHAIGIEE
ZEe, T —HRERRRIEBET M,

DeepSeek V2 DeepSeek V3 & R1
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DeepSeek-R1-Zero average length per response during training
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Figure 3 | The average response length of DeepSeek-R1-Zero on the training set during the RL
process. DeepSeek-R1-Zero naturally learns to solve reasoning tasks with more thinking time.
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Question: If @ > 1, then the sum of the real solutions of va — Va +x = x is equal to 4 DeepSeck-R1 OpenAl-01-1217 DeepSeck-R1-32B OpenAl-ol-mini DeepSeek-V3

Response: <think> %m e ?m“am v soanis

To solve the equation Va — Va +x = x, let’s start by squaring both - - - % ? e

2 79.8

(m) =x2 = a-+Va+x=x2 "B g £ g

Rearrange to isolate the inner square root term: N a i g % é g

(a=x)2=a+x = a®-2a?+(x?)%2=a+x = x*-2ax?-x+(®-a) = f % e g é CYNN g é

. .‘g 60 / / 58.7 / 59.1 / /

Wait, wait. Wait. That’s an aha moment I can flag here. § é é ‘ g Z 19218

Let’s reevaluate this step-by-step to identify if the correct sum can be - - - 5 % % % % ‘ g stz

We started with the equation: 3% % - % % % / % s

vya—ya+x=x : g / g g é %

First, let’s square both sides: % % % % Z

a-Va+x=x* = Va+tx=a-x? 20% % % % % %

Next, I could square both sides again, treating the equation: - - - % % % % % %

y Z 7 Z % 7
AIME 2024 Codeforces GPQA Diamond MATH-500 MMLU SWE-bench Verified
Table 3 | An interesting “aha moment” of an intermediate version of DeepSeek-R1-Zero. The e et o o resen e

model learns to rethink using an anthropomorphic tone. This is also an aha moment for us,

Figure 1 | Benchmark performance of DeepSeek-R1.
allowing us to witness the power and beauty of reinforcement learning.
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Study design and participants
The workflow of this study is graphically summarized in Figure 1. Initially, we assembled 177 patients in abivertinib

phase | clinical trial into a training cohort (n=177) and patients from phase Il clinical trial of Abivertinib were used as
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Data sources and characteristics
Three hundred twenty-six advanced NSCLC patients with EGFR mutations receiving third-generation EGFR-TKI
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ITEREEEERENTE. SSENTL, BIG—NIEREEARARR, SaNECRIREREE,

B, HREEIEEREEETET, CoxMoEE]FEMBTE1hIENEST, EEMESEITIIAUCEE, X

SEEETEEETRIIRPRZCENEFEER. RUSESTRIRIEIESTRESHIEX.

55t BEETEERNSHUESOEIANEEE. JISEF, ERNEFESN (n=97) , MERSHETER
I (n=5) . IXFTRESHEREREBRIERTEITE, FAHEZEIRETERS BREEERISIE.

EPFSHIF, RESHMNREEHPUPFSEFRMNFIREHTE. MR T AEiarRUBEHANSR
&, He[REEHERRE MR RLTATNENFTER, BEH—55i.

sk, iR EMLLAIERTEIPRE, NETEESEFRUMPFSER,. HAREE T EENTEIES. (HEE
BRERiH—FRIT,
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BERESDTHEREER, BFIARTLFIEDeepSeek RIS, EEEBEIIREN, HT2H
RSEREESTT, NATRAERIGEN; BURFRE, TANSATESSMNIMmERT, 20
MFREARAEHTIHE, SRR EESEEIMEE,
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1. SFRTRFARNREEEEE/, BFR1E] LRFRIEF FnEER.

2 FRETEINES, ERNOSEISIRISMRENSEL, RIFHESERE MR SRR,

3. BEEEETTRITTIEEEN, EfDeepSeck-VL2FEEERH T EFDeepSeckMoETIFEIREIERER
=, HERIETEESR.

4. LEIRERE K, ALRERNEERE TN,
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Al for Sciencef RN KER

The Al for science production function

Starting point Infrastructure Doing the research Driving impact

Organisational

Problem selection Compute design

Adoption

Evaluations Data Interdisciplinarity

Partnerships

Safety & responsibility

Perspectives, A. P. A new golden age of discovery. https://www.aipolicyperspectives.com/p/a-new-golden-age-of-
discovery (2025).
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Phase diagram

Decaying

More turbulent
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Aerofoil simulation

EWRE (Macroscale)
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MR B35 BB ISz R AR 2 B3
TEE(BHRITT A BB SR B ARIR SRR

. WESRRIRUIREIFT, BEARE

Atomic orbitals Proteins

Small molecule

Crystal structure

Universal

Material
Model

Weather forecastlng

Zairpy TR, MERE. RS Larger domain More turbulent

Decaying
SWNFOHT, RAMNFENL, BIESHRSERNYT, ¥

S FUTRBIAHUSHSIN, IBERE 83
/ Jaik: ﬁﬁﬁn' SH7 (FEA) ﬁﬁ.fftfg;ﬁﬂ)‘l* (CFD) , BHanh .
Small molecule Proteins "c9|| 2 (MBD) ﬂﬁ%—}ﬂ{%lﬂéi T, ﬁlﬂ#ﬁ:zﬂﬂﬁ Universal i

ﬂ‘m (Mesoscale)
R ‘M*Jr;a‘ "W*H& &%Vﬁfm}& Em@%

-|cTJ§ﬁ E25
@
'ﬁ IRNEIER, SFNF (MD) 81, SAS-RSEl,

Atomic orbitals Crystal structure

FMRE (Microscale)

HEL I, SR, BT, SFEMFE

Jolfll: FRTLESHTHE, HFANNFEN, WHERAYIRREESHT
. SFIEREELFRAMRR, MREERITY
ik MFNFHE (WEEZHIFCDFT) |
DFNB, WHERRAIL

SR, JEFEHN% FIRIG

DFENFERL

Electromagnetic simulations

BROIDE, IOEREISAIARUR T F26h HERANEIAL

&
Universal
Life Model

Universal
Fluid
Model

Al4Science .
Model = —
Aerofoil 5|mulat|on

10m Wind Spee. Pangu Weather, Forecast Time: 72 haurs,

Geophysical Electromagnetic : q
Inversion g s
e B e 3
Universal I
Electroma T G0E 120E 180 120W 60w
gnetic i Weather forecasting
Model

52 Huawei Proprietary - Restricted Distribution

Geophysical Electromagnetic

b Y
Electromagnetic simulations N
Inversion

V2 HUAWEI



f£Al for Sciencedizy, ZSF(IBEHHE T RIREAVEEE, TR
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M x

EeREMNTHL S ZEEANRETESHEREB R THERIXE

DeepSeek-V2 | Qwen2.5 LLaMA-3.1 | DeepSeek-V3
Benchmark eic, # Shots

Base 72BBase 405B Base Base

Architecture - MoE Dense Dense MoE

# Activated Params 218 728 4058 Ey:]

# Total Params - 2368 728 4058 6718
Plle-test mp - 0.606 0638 0.542 0548

BBH s 3-shot 788 798 829 875

MMLU ey 5-shat 784 850 844 871
MMLU-Redux s 5-shot 756 832 813 862
MMLU-Pro g S-shat 514 583 528 644

DROP ) 3-shat 804 806 86.0 89.0
ARC-Easy im 25-shot 976 984 98.4 98.9
ARC-Challenge sw 25-shot 922 945 953 95.3

English

HellaSwag sm 10-shot 871 B4.8 89.2 889

PIQA ewy 0-shot 839 826 859 B47
WinoGrande gy 5-shot 863 823 852 849
RACE-Middle s S-shat 731 681 742 671
RACE-High sw S-shat 526 503 56.8 513

TriviaQA g S-shat 800 ne 82.7 829
NaturalQuestions pw 5-shot 3B6 332 s 400

AGIEval sw 0-shot 575 758 60.6 79.6
HUManEval pasen 0-shat 433 530 549 65.2

MBPP (pasan) 3-shot 65.0 26 684 754

Code

LiveCodeBench-Base pe=sn  3-shot ne 129 155 19.4
CRUXEVal-1 g 2-shot 525 591 585 673
CRUXEVaI-O awy 2-shot 498 599 599 69.8

GSMEK o 8-shot 816 883 835 89.3

Math MATH g 4-shot 434 544 490 616
MGSM am 8-shot 636 762 699 798

CMath gwy 3-shot 787 845 773 90.7

CLUEWSC pmy 5-shot 820 825 83.0 827

C-Eval gmy 5-shot 814 892 725 901

CMMLU gy 5-shot 840 895 n7 838

Chinese

CMRC smy 1-shot 774 758 76.0 763

C3 0-shat 774 767 797 786

CCPM gy 0-shot 93.0 885 786 920
Multilingual  MMMLU-non-English gwy 5-shot 64.0 748 738 794

Table 3: C

among DeepSeek-V3-Base and other

pe:

achieves the best performance on most benchmarks, especially on math and code tasks.

e base models. All models are evaluated in our internal

H ua framework and share the same evaluation setting. Scores with a gap not exceeding 03 are considered to be at the same level. DeepSeek-V3-Base

REARFOR, RENWESRERN. QAFAERTE

Humanity's Last Exam

On Humanity’s Last Exam, a recently released evaluation that tests Al across a broad
range of subjects on expert-level questions, the model powering deep research scores a
new high at 26.6% accuracy. This test consists of over 3,000 multiple choice and short
answer questions across more than 100 subjects from linguistics to rocket science, classics
to ecology. Compared to OpenAl ol, the largest gains appeared in chemistry, humanities
and social sciences, and mathematics. The model powering deep research showcased a
human-like approach by effectively seeking out specialized information when necessary.

Modsl Accuracy (%)
GPT-4o 3.3

Grok-2 3.8

Claude 3.5 Sonnet 43

Gemini Thinking 8.2

OpenAl ol a1
DeepSeek-A1* o4

OpenAl 03-mini (medium)* 10.5

OpenAl 03-mini (high)* 13.0

OpenAl deep research** 26.6

* Model is not multi-modal, evaluated on text-only subset.
**with browsing + python tools
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KEEATHRZWENTTEREMIRE, WETEERINARTES

Al for Science FFIES \
Al for &nap | Al for #4%} - Al for §&R N Al for ¥pIBSE |
BERESTEH AR IR SR A STREEE FRESSHEZS
. TS ERRSE, 7 SRENKS. EE SHENUmPy. SciPy. R IES S (J0GPU. FHEMEEITI. 22
Al4Science BN, IRETEL RS, HEERISENR MATLABER|Zi+ B T &, NPU. AscendZ) , 2 iR, SFIRS
iHEsiEe R EE R RIEHE, SRR SRS FP8. FP16. BF16EFh 1, FLFRPF A
> EEEH (4IHDF5. NetCDFZS) TR st HEhE I,
SHRITE
. o ¥ d EEEY  SPEERRAGE TR T 3=
kS %— MU . IS 2y
RS St REIHH
CPU/ARM/Kunpeng., GPU/NPU/Ascend. Anton3 EFATE. &, £nt8E
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SRRt

Al for Science#IEEMIZIERFEE4™Al ReadyRI&UE
/ Al for Science FFIES \

Al for &g Al for ¥} Al for §& Al for 1B

#%50: 0 (Not Al-Ready)
HIE—SMAE: RFTHER—H

ZHl: 1 (Minimal)
FUE—HMRE: F—HMteE

#K5: 2 (Intermediate)
FUE—HMRAE: —HMRETS

&5l: 3 (Optimal)
HE—MMAE: =EEIMRRER

MRS HEEORE: RE—EERN  Hii, BOLREMER —EMREIRS; BEET SR
KRB (CEiS kTS HOVBIESETR, BT T HIREARE: SHAEN, B SiEEmsNE—sit
Al Ready R AT IR TOIERE: NETHSNETE  EOE A TRESEAE AP)  KIEBORE: REFSHEEs,
EE THURRE: RERIET A, fE= (FIINCSV. XML, JSON) TAERE: SESHERNSET  AEETANIEAS ] SRk
< EEE T BN 2 SR ENEER (5 ETTEURIRAE BMARSS (DaaS)
#1PDF) TAGEREE: HEEASTTAUE
— —> )= 5 il SR
. thiE—2h
7
/
MBEZEREE B2 XKighE T EEEE Al Generated Data
. MR, BREWS ETFRIZ KRN, P B SR B AR A RSR RS B3,
*A|45Clence ﬁiﬂﬁg}éﬂgmpﬁ # £, fﬁmﬁ‘ E;CE% 2 ﬁ{ﬁ}ggg}gﬁ@}ﬁ*ﬁ /}'%g?gﬁﬁﬁﬁ/ﬁ@
% at 7 SRS, SEEEE, RiDERS SEROSIE, ATLUERRTE.
SHEEALIRHE SRS, BERNE.
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