AlphaFold 3 #EAAXEESPIUKRFHPCIREEZEERIR

REA: PIIXRF =k
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Hx

1 REE=RoH
AlphaFold 3#EiRES R BB R WBEHITHENRRE

2 HirARigit
BEBEDH #1TPairformer H1TMSASTemplate i&{ZFusion
FHHT

3 CPU #BEM
EfEe  Hituik

4 RILER



N

Hx

5 PUXRFEFRERR
RRES5EA

6 PUXRFEENENZIZERSZ
= JUNTEd BEARE - JUNb



tHXE =/AlphaFold 33!

AlphaFold 3893 M ER

4

-

Local

(atoms)
3 blocks

attention

N

Global
attention
(tokens)

24
blocks

Mk Ebadiny

Pertoken ﬁ
cond
{11117
'
Peratom
Cond —I T 1111
LOC?”[ Rand
attention
Rot
(atoms) trans
3 blocks

oSS
g’ )

—HoARmLE. BHRLE. FEHEMR=ERS

Preprocessing
Module

Data(sequences,ligﬁlds,covalent,bonds)

\‘
\
\
v
v
v

{

Recycle
Processing Module

@

Diffusion Module
(3+24+3 blocks)

\

4

l

Template
Submodule
(2 blocks)

MSA
Submodule
(4 blocks)

pu
A

Pairformer
(48 blcoks)

|

/
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HXER/MARRDH

Diffusion 5 Recycle &EiRH £ EHR IR

AlphaFold 3fI=/M&ER S, DiffusionEi9 G tb£960%E9FBY, Recycle Processing Moduleld 5 Eb£40%,
B IBER S AT AR EE Rit, HFDiffusiont&iR#lRecycle ProcessingtE iR 7 S HIBR K hE B Z M AT E
Gkt (40%560%) , EEFNXAMERIZITINER R,

=aiaE Attt SRR E L FF TR

AlphaFold 3RIFFEL B REE AL ZHREENRIETH, EEESLEERENE ZRAEK, X
KT RIRENE L, SEEESAMRFEE, STAMNTransformerX X ESRENSEENELLL, KR
EEAEFERERXE . FERIMENHITRMATE.



HXER/MELHAHITHENARE

HFAlphaFold 3EEENE LI, SEBEEGILAIMFENE, WENHN TransformerE2ER WS AR FHITHE (A0
DP, TP, PP) , BIFgES MM ERTAlphaFold 31EE k£,

- $iEFH1T (DP) : FERBATISHEEBAEABXNR (BERZSHEATS) , AMAlphaFold 3R —F
oI5 R E XY

- IKEHT (TP) : KEHTHMYRENERITIS, 1T HOALHARFEDBSNESLERE, SAlphaFold 3{E
RENESK, SEEESISEHAERE, HattentionftERTPtheaditiTi]4, # EBHEZIR,

- KFHIT (PP) : FAKHTEAENNESEN S, SAlphaFold 3FHTHHEREER

Data Parallelism Pipeline Parallelism  Tensor Parallelism
PU?PUZI I /Iy T

uuuuuuuu N ervz cpus
— 1
] ' L)
] ' ]
Ll Ll
Ll i Ll
1 1
1 1
L] 1
1 1
H T "

—
==
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HiITARRiIH/ BABES R

Recycle Processing Module I E E 5 A Pairformer, Template EmbeddingflIMSA Embedding=1" &%
Hop FZERAEMER 2 EPairformer, HEF1775ETLAIMERITemplate EmbeddingfIMSA Embedding
PairformerAE EFEHTHTIZRITHIATriangle UpdatefIGrid AttentionTMELR

§t33Diffusionffsy, AT RN SHERHRITRE, RINRAREHTHNAZHTSNHT

e 48 blocks
Pair ]//

Representation !
| Triangle Triangle Column-wise Row-wise
| Update Update Grid Grid Transition
| Outgoing Incoming Attention Attention t

Single i

| C’ Single

Representation | :
Attention

3 of T Transition | @ T T
T : with Pair |
\ Bias /




H13 /5 Rigit/Parallel Triangle Update

Triangle UpdateBFR2REZMN—MEWR, AT HiTTriangle Update, BIIEEGEAS SHENHEENZENTE
mET D, HEZEEZTAR #EITall-to-allEZ,

SHERGR THPermuteFEHTHEERE, ANES, BHENNFIBERAEPIINPermutetRE MK T2
Permutei®f{E.

Origin | Gate |
Pair | Permute | % ﬁ@

Representation

Sigmoid
Ade1
Laver g s (2e.nn) Reshape B((ﬁlﬁﬁi > L g
Norm| 1 &1 2 And Binsum —+ 5 [+ <Y 1+ & [ Multiply]
g | & Chunk g E
(n,n,c) (n,n,c)

Parallel Gt T :
o Sigmoid = - | Linear |
Layer %- - LB A(e,1,n,n/d) . Layer S,
Nerm | 8 Multipl ;=> - - Czﬁndk —WEmsumﬁ > - Norm a Multipl
o S a un = O o
PROCESS 0 (n/d,n,c) 5 ‘5": é [TTT] §’> é S (n/d,n,c)
'-U - -+ [ : -t D-U
Layer ‘%- : = § P A(c/d,1nn/d) | oo S = Layer Q. .
ﬁ Norm| | & L izl E = And B(c/d. 1 nn/d) | E1NSUM [ E = " Norm & [*1Multipl B
S : Chunk : g'

" L
(n/d,n.c) . (n/d,n,c)
ate




9

H1T B =151/ Parallel Grid Attention

Grid Attention@X TransformerE— 45 E XK INMERANFMNT R, BENBI T _#NERENERRL, B

1o LU E M ABatch Self-Attention with Bias.
ESoHAANEET, XRANEBZHME AEBatchE# TS, HEEEBiasiEE T EHAlU-Gather’ kBl 2EBiasHE

Pair
Representation (n,n,h)

(h,n,n)

Orlgin Projection Permutation W

Layer Optional . Optional
ﬁ Norm Permutation Attention Core Permutation
(n,n,c) (n,n,c)
lel Allgath g
Paralle Projection Cogrimer g l
@ . =
Layer i__:"g (n/d.n.h) E i i g E;H ) 58
e 1['1! | o —
Norm > % E i | 8 Attention Core > %
PROCESS 0 (n/d;n.c) 5 —— ) : 55 (wdng)
PROCESS 1 =4 . : . | =g
SEnd SRR L E 3
=L I I I — . =L
) Norm E : @ | i ! é Attention Core E 5 m
:\nac i (l’l/’d,l’l,h) S i
Projection ACllgather %. (h,n,n) f (n/d,n,c)
omm. S
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H17H FRigit/Parallel MSA&Template Module

XEAMEREXNEE, FEEEPairformerfIE i FEx AMSAGEMEIREGEE, RAS R BREMEEF. Attention
fLayernormEF A XMR S, EAXEPairformerfiF 17558174 ERDT,

X B LAMSA Module /a5 :
- MSA attentionfIMSA Transition# T LIBE UM G ZREARAES5HHENSEERTIID
- BEMPairformerBEZ G ANHFITHE

MSA

MSA —4£J‘ MSA —b{;l:}—- eee
Attention Transition

Outer ‘
Product Pairformer

Mean

(n,c-msa)

Pair Representation

(n,n,c-pair)
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Hi7 B REig i1t/ E{SFusion

EEEH, HFEeHTERRLY, WFERNRZHHITHAIANER, FAERTAU-GatherfI B XX ZENRRIDH
HITRES, EHTHRANNNHTRAEMEF T ZE, Recycle Processing ModulePR S5 LR EEF2aI AR

= ap

MNEBENRTETUHEMAZTERSH, BiER#F1Tfusion, RIPAl-GathertIEHE/REBE TRESHESIE,

ERMNEN NP, EBEERNEERDINT:

. GPU w/o fusion === GPU w fusion EWm CPU w/o fusion M@ CPU w fusion

16

N
o
X

N

w

X

r500

=
EA

-

N
IS
o
o

=
o
W
o
o

GPU Comm. Time (s)
XN
S

CPU Comm. Time (s)

r100

SONNNANNA NN NN R

o N B )] oo

512 1024 1536 2048
Sequence Length
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HiITA TRt/ REHT

ASCHIZFIREX FDiffusionfH ERMIREHEKRA RS, HEASHEAZHNREFEREMIA, JURTEFERFNS
HAHT, XPESTRNREZRBNNRSHFHEERE, RNRLXEREHSNFHAIAEBEFR, EXSEKNEER
i

BT EIEHNSERENSENRNEE, RS IS FEERABRNENGF, FELEAMENTFIN—
RRE, FTAXREFEHRNERERERE2—H,
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CPURFEMLL/ EfE i

PairformerZf 43 B9F 1T A1 —FFIR R EMtorch.distributedSEI R, EHIEMGPUIZE TEANCCLRIHRERIIR IF,
EEE3F®MNNNAEEMECPUIGZE T, torch.distributedfIRIBIEE — %,

- MR FEAGLOOGIK R BB FRm10%EA
- MPIG IR EEATNIX B9 BT RS B Elinference modefIMPIAFE A /90 7

X BT &A1 REERtorch.distributedi# {785, ARNSER/ATIERR, BRI RTMPIAPYE, EFEMRAMPIETE
EEML, #—F3 All-to-All BEAATRDMAS EXMMILEM TR, IRTRABERETFE. XEFaEMEIS
AR RTHRTRZNERERE,
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CPUSFE ML/ BIFlE

PyTorch Managed Memory RDMA Reglstered Memory RDMA Registered Memory PyTorch Managed Memory
Permuted
Parr Permute | Permute|- N Pair
Representation ' : Representation

Permute

- Permute |-

. (n,n,c)

; Permute

Permute |-

I
1
1
1
1
1
1
1
1
1
1
|
|
|
|
|
|
|
|
|
|
1
1
1
1
1
1
1
1
1
1
1
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CPUSFE Lt/ Rttt

Flash-Attention&F

HFCPUIR T L {EB xfoldi2t IS E BETriton Flash-attention &EF, —FRE(1ER Tt EMtorchEIMECPU L1
B, BREMEFF EmaskfllbiastI LA TR S, RSB oLAERAPyTorchigt Bk S 1£8ERICPU SPDASEHL,

SHHEE DG+ X INFE R 1E SRR
EEIFRS[BHIET, &IRecycle ProcessingBf7i& 52P48THECE, DiffusionEf D& S1P96TRIELE,
WEANERTRENHEE, ZESERAN, HiIRITTHRMIIERERZE,

REFEDEERL

EAIENIRXZER T GoogleMtcmallocE& X TPyTorchRERNRESBLEE, PyTorchIRERNGFELERIEET
EARECPULERA,
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SEIR 4R

B RRNERERD) SR MUERED)
8w4w_a_358_358 38.62s 8cd4z_a_112_b_282_394 44.63s
9jcv_a_606_606 69.75s 8x0w_a_470 b 464 934 133.10s

8qft_a_1174_1174 201.54s 8j7f_a..._e_20_1176 203.64s
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Coursework of System in SYSU

* HPC Programming and Practicing

* Parallel Programming and Algorithm 4 &\.}
K

« Computer Architecture ~= >

. BRHTERRFR e

* Principle of Compiler

2,700 O 4,401

» Computer Networks P — ", & i %
* Computer Organization f B ] T - -

R619011Hw3d{16 SR EREFIRTTERE- 20215/

* Basics of C Programming

° R11307019%w 3493
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Lecture and Lab Platform

== E%Eﬁ
(g
o o—

— YatHPC-AI

* Our HPC lecture is released on
https://easyhpc.net/course/212 ENEHE(E GPU BT

LA SR 2

* Email to huanqd79@mail.sysu.edu.cn to
get an invitation code

* Include slides, Labs and reading materials
* Cluster resource for MPI and OpenMP

* GPU resource is provided at
ai.easyhpc.net (BE =)
* NSCC-GZ support various GPUs
- x86/ARM CPU, DCU
- 3090, V100, K20 GPU



mailto:huangd79@mail.sysu.edu.cn
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Online Lab Platform

* Integrated coding environment

* High quality online course materials wrane [

* Learning and practicing

M- MPIER

by R EEZ RO ATH RS IR i}
BftaE
wemE T i Hr £ FX AT
Real Potential Vin RS
B T e e g
Linux MPI Pscudopotential Wiy
MPI SR R ?—T- -1 1481 O 526 63 62 63 62
: ‘ : , HITHE @ -
T - £ 2% 7 ey . gk . o Jupyter
m 0115 3 9,250 2 'fi - “c’uep.wn Véluemm 20,04 LTS y =
: - h CUDA 10.0 % CUDA 10.2 Ubuntu 24.045 Ubuntu 20,045 Jupyter Notebook SciPyStack Notebook
A FTHE FHIHN AR FEHE FTHE

FHTUE - SN e

K662 041747723 (123 R717 0856577443

BRFHTEFRIT EEFTR xxsuE
KEE i ons

R331B32807740H2

SHEhE

S : e PyTorch 2.6.0 Notebook
§ g Xtk e
By p FFE Big

GPUv’?iii‘?’ﬁiﬂCUDAﬁ!—}‘x?ﬁi HEENFNENESS

FEpEeie

R539 04554774096 Rac 387172452 R21b48 w1450

3 UVFITSARLASE
IR
AUSEREGIRIMRAS

LDMZS/a)
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HPC and AT Coding Environments

« Customized containers and resources for Lab

RN : 2IMPI,
OpenMP, Pthreads,
CUDA. Python

FEEEE . T REL
CPUILEL. AIFA/N,
GPUZSE!, {FARIKSE

Loy

( Zi5R5 | A 1 \
ALl ELRE S BHE 2=

ARM. x86 CPULEE DCU. 4090, K20, V100 GPUs




22

Student Cluster Club in SYSU

* Founded in 2012

T
* Base on NSCC-GZ and CSE SYSU
* Participate in various cluster and parallel l

competitions
* Cultivating expertise in HPC and AL

AL

SYSU-5CC
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Advisors

- Zhiguang Chen (FR&ET) -
* Professor in SYSU and NSCC-GZ
* Ph.D. obtained from NUDT

* Dan Huang (&=EH)
« Associate Prof. in SYSU and NSCC-GZ

* Previously worked in ORNL and NJIT
* Ph.D. from University of Central Florida

* Guangnan Feng (FE}F)
* Post-doc in SYSU and NSCC-GZ
* Participated in ASC'18, ISC'19

* Ph.D. obtained from SYSU with publishing
papers in SC and ICS

» Research area: HPC interconnect protocols,
algorithms and implementations
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Awards and Achievements

ASC24fREZ S £ s g
* Recent HPC awards R rLall 4 -~

« 2025 ASC, First Prize
« 2024 ASC, silver prize
« 2022-23 ASC, first prize
« 2024/25 ISC, online Champion
« 2023 ISC, 4™ place
+ 2022 ISC, 2" place
« 2024 sC, 2™ place (IndyScCC)
« 2022 SC, Online Champion
« 2021 SC, Champion (IndySCC)

* Parallel code optimization
« 2024 PAC, 15" prize
« 2022 PAC, 2nd prize
« 2020 PAC Silver prize

B1+—/E2023- 20242[51#1-:!&‘25!%55&

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
M= e o B,

fl“‘i.ﬂm rﬁ;ﬁaéﬂf
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Recruitment

Assign tasks .

Provide futorials for beginners.
Track progress.

Encourage, and provide guidance.

Final
Interview
Open to all majors. * Question task completion.
Online and offline channels. * Stress interviews.
Welcome students with passion, * Learn About Candidates’ Personality

dedication, and humility.
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Internal Training

& SYSU-SCC-newbie'2023 Tutorial Schedule

E View1 ~ + New View

- Invite seniors to make tech e ————

July 2023 © Markers T stat [ Datefields @

talks every week. 2
. 8 ( labd1 #13 © labd.1 #13
+ Leverage academic forums s Basa et

10 @ labd2 #11 © lab4.2 #11

at NSCC-GZ to broaden " @ acmmoL © s onL s
12 {3 cPCyE {3 CPCHE

h Ori i Zo n S. 13 ) SC23-BRBERANE {3 SC23-ERBEERNT
14} Lecture 5 L) Lecture 5
15 <) labS5.1 3 labs.1
16 {3 EREE (18-20/8) O Bk, (18-20)
17 ) HPC-PLESRATAESSE ) HPC-PLESBSRAEASHER

Tutorial Schedule for Newbies
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Daily Training

* Group Competitions.

- Time Management. Practice Cluster

+ Review and Summary. Setup

Collaboration

®

Start from Server



Thank you
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