TOP500 n HPL: kak namepstor
NPON3BOAUTENBHOCTb
CYNepKOMMNbIOTEPOB



Uto Takoe TOP500

NG

R

The List.

TOPS500 - npoeKT No coCTaBIEHUIO PENTUHIA U
onmncaHun 500 camMbIX MOLLHbIX OOLLECTBEHHO
N3BECTHbLIX CYNepKOMIMbIOTEPOB MUpa

OCHOBHbIE PENTUHIU:

e TOPS500 - High Performance Linpack (HPL) -
https://www.netlib.org/benchmark/hpl/

e HPCG - High-Performance Conjugate Gradient
(HPCG) - https://www.hpcg-benchmark.org/

e GREENS500

Yactota obHOBNeHUs: 2 pasa B rog - NtoHb n Hos1bps


https://www.netlib.org/benchmark/hpl/
https://www.hpcg-benchmark.org/

[Mouemy TOP500 BakeH

NPECTMX CTpaHbl, NnabopaTtopun UM KoOMNaHum
NOATBEP)KAEHNE TEXHONOIMMYECKOTO YPOBHS
MapKeTUHT AN Npon3BoauTenen xenesa
aprymeHT ansi huHaHCUpoOBaHUS

TpeHabl B BbIMUCIUTENBHbIX CUCTEMAX



Rmax Rpeak Power

MeTpukun: Rpeak, Rmax n Power (PFlop/s)  (PFlop/s) (kW]

o Rpeak - TeopeTnyeckasd nnMKkoBad Npon3BoanNTeEIIbHOCTb

e Rmax - nonyyeHHaa npoussoanTenbHoCcTb HPL

o Rpeak n Rmax nameHsaorcsa B yncne onepauum ¢ Yacnamu c nnasaroLein TO4KoU
(FLoating-point OPerations) B cekyHay (per Second). P - Peta - 10"°

e Power - aHepronoTpebneHne (kW - kunosaTtThbl)



[MocnegHue pesyneratel TOP500

Rank

System

LineShine - LingKun, LX2 304C 1.55GHz, LingQi, Kylin 0S,
Shenzhen Cloud Computing Center Co., Ltd.

National Supercomputing Centre in Shenzhen [NSCS)
China

El Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE
DOE/NNSA/LLNL

United States

Frontier - HPE Cray EX235a, AMD Optimized 3rd
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE Cray 0S, HPE

DOE/SC/0Oak Ridge National Laboratory

United States

Cores

13,789,440

11,340,000

9,066,176

Rmax
(PFlop/s)

2,198.40

1,809.00

1,353.00

Rpeak
(PFlop/s)

2,735.82

2,821.10

2,055.72

Power
(kW)

42,220

29,685

24,607



YTt0 nsamepaet HPL

HPL pewaet cncremy nmHeuHbIX ypaBHeHU ¢ ogHOM npaBoun 4YacTtbio Ax=b, rae A
ABNAETCSH NJIOTHOW MaTpuLen pasmepa n Ha n, Ha cucTemMax c pacnpegeneHHom
NnamMAaTbIo

Anroputm: LU pasnoXxeHune ¢ HaCTUYHbIMU nepecTaHOBKamm
Tun gaHHbIX: FP64 (Double Precision)

KonuyectBo onepauuin: ~ 2/3 N3



LU pasnoxeHune

PA=LU

P — maTtpuua nepectaHOBOK I 1 T 1 |

L — HWKHsist TpeyronbHas matpuua A = »

U — BepxHAa TpeyronbHasa matpuua - 1 ~nxn — ~nxn
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PasnoxxeHne naHenu

[MaHenb - y3kun 6nok-ctonbey (M >>> (N = NB))

[MponsBoanTca nocrnenoBaTeribHOCTL [[ayccoBbIX Npeobpa3oBaHNN Ha NaHenu
mMatpuubl A(K) (T. e. At 1 Az). [locne atoro matpuubl L1, L2t 1 Ui M3BECTHBI U Mbl
MO>XEM BbIYUCITNTL OCTasbHble OroKMu.

\ Already factored

[Mpobnemsi: Eurrent

block | DTRSM

e MeHblUe napannenvama

. Pi d
® BbICOKAst MUHTEHCMBHOCTb KOMMYHUKALMA  geqe —
® KPUTUYECKUN NYTb

- DGEMM




OBOHOoBreHNe ocTaBLUeNCcs MaTpubl

Bbluncnaercs Uiz < (L)' Avz, BbINONHAETCS nepectaHoBKa CTPOK M [OMOMHEeHNe
LLlypa ona octaBumnxcs nogobmnokoBs: Az = Az - Lai Usa.

OcHoBHble onepauun:

e PeweHune CITIAY LiiX = A (TRSM) "'-,.5\ Already factored

e [lepecTtaHoBKa CTPOK Current___ DTRSM
e YMHOXeHue matpul (GEMM) DG
Pivot and

scale = | - DGEMM




BoinonHeHne HPL

B el e

1



HPL.dat

[ NaBHble NapamMeTpbl:

NB — pa3mep 6noka

n np.

N — pa3smep maTpuubl

P x Q — npBymepHas cetka MPI-npoueccos
BCAST — cnocob pacchInku naHenm

DEPTH — rnybuHa Look-ahead
SWAP — cTtparternst nepectaHoBOK CTPOK

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out

2
P
1
2
3
0 1
1
0
1
0
2

64

(=< VI ]

output file name (if any)

device out (6=stdout,7=stderr,file)

# of problems sizes (N)

Ns

# of NBs

NBs

PMAP process mapping (©=Row-,1=Column-major)
# of process grids (P x Q)

Ps

Qs

threshold

# of panel fact

PFACTs (©@=left, 1=Crout, 2=Right)

# of recursive stopping criterium

NBMINs (>= 1)

# of panels in recursion

NDIVs

# of recursive panel fact.

RFACTs (@=left, 1=Crout, 2=Right)

# of broadcast

BCASTs (@=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LnM)
# of lookahead depth

DEPTHs (>=0)

SWAP (@=bin-exch,1=1long,2=mix)

swapping threshold

L1 in (@=transposed,l=no-transposed) form
U in (@=transposed,l=no-transposed) form
Equilibration (©=no,l=yes)

memory alignment in double (> @)
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Kak BbIrMAanT pesynsrtaT

HPLinpack 2.3 -- High-Performance LINPACK benchmark --
Innovative Computing Laboratory, University of Tennessee

The following parameter values will be used:

143600
384
Row-major process mapping
P S 4
Q = 4
PFACT : Right
NBMIN : pi
NDIV : pi
RFACT : Crout
BCAST : 1ring
DEPTH : 1
SWAP : Mix (threshold = 64)
L1 : transposed form
U : non-transposed form
EQUIL : yes
ALIGN : 8 double precision words

December 2, 2018
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Kak BbIrMAanT pesynsrtaT

Finished 1 tests with the following results:

1 tests completed and passed residual checks.

0 tests completed and failed residual checks.

@ tests skipped because of illegal input values.
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[Touemy HPL xopolio macwtabupyetcs

[TnoTHaa maTtpuua
-> BNoYyHble onepauumn
-> DGEMM

-> BblcoKkasi 3arpyska CPU/GPU
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[Touemy HPL He paBeH “pearnbHas Npomn3BoaANUTENBLHOCTL"

HPL:

nuHenHaa anrebpa Ha NNOTHOM MaTpuLe

FP64

YyacTble obpalleHns B OOHY U Ty XKe NaMsiTb
perynspHblie KOMMYHUKaUMM NO OQMHAKOBbIM NaTTepHaMm

PeanbHble 3agayn:

paspexeHHble MaTpuLbl
rpadobl

HeperynapHblie 0OMeHbl
BBOJ-BbIBOA

Al-00y4eHne n nHdepeHc

16



Kak cobupatoT Knacrep

NPOEKTUPOBAHNE apPXUTEKTYPHI
yCTaHOBKa CTOEK

NUTaHWE N oxnaxgeHue
pa3BepTbiBaHNE CETU

yctaHoBka OC

apavieepbl

MPI / BLAS / koMmnunsaTopbl
NSIAHUPOBLLMK U MOHUTOPUHT
HacTpomnka HPL

NpoBepKa 1 oTrnpaBKa pe3yrbraTa

17



>Keneso knacrepa

BbluncnurenbHbIn y3en:
e CPU/GPU/HBM/DDR/ceteson agantep / PCle / NVLink
Knacrep:

® CTOWKM / ceTb / XpaHunuuie / yanbl Bxoga
e ynpaBnsawLme y3nbl / CEPBUCHLIE Y3Mbl / OXNnaxaeHue / nutaHue

18



CeTb

HPL ncnonbayet ceTtb ans:

® paccChbIfikM naHenemn

e nepenadn MHopmaumm o
nepecTtaHoBKax

e o0OMeHa cTpokamu

3advactyto peanusaumna MPI
nofiaraeTcsl Ha apXuUTeKTypy
CeTu Knacrtepa




[1lporpaMMHbIN CTEK

onepaunoHHasa cuctema
apaviesepbl
KOMMUNATOPbI

MPI

BLAS

GuHapHuk HPL
NNaHNPOBLLNK
MOHUTOPUHT
NPOdOUNMPOBLLMKN

Software

Operating System:

Compiler:

Math Library:

MPI:

Software

Operating System:

Compiler:

Math Library:

MPI:

Kylin 0S

Lclang 1.0.0

OpenBLAS-local

OpenMPI with customized LingQi interconnect

TOSS
g++ 8.5.0 and hipcc 6.4.2
AMD rocBLAS 6.4.2

HPE Cray MPI
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Ontnmmnsauymsa HPL Ha npakTuke

e [lpunoxeHne

o [op6op napametpoB N, NB, P, Q

o Bbibop anroputmoB

o  BbruncnutenoHble ontummnsaumm (BLAS v HPL)
e Cetb

o Wepapxusa cetu
o Tononorna MPI-npoueccos
o AnropuTMbl KONSIEKTUBHBIX KOMMYHUKaumin (MPI)

o OC

o  buHanHr CPU(NUMA)/GPU Ha npouecchl
o  MwuHummnzaumsa notpebnenus pecypcos (CPU/RAM)
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TOP500 — 310 He Tonbko FLOPS

IT0:
apxuTeKkTypa
+ MHppacTpyKTypa
+ MaTemartuka
+ NporpamMMHbIN CTEK
+ HacTpouka

+ rogu
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Design Principles

® Application-driven @ Balanced architecture @ Co-design full stack

Performance

Programmability Power-efficiency

Supercomputer
~ 90 Compute Cabinets
22,000+ nodes
13 million+ cores
Sustained: 2.19EF@FP64

Compute Node

2 CPUs per node Compute Cabinet Power: 42.22MW
120.6TFlops / ™ 2 Frames Power Eff:  51.8GF/W
—— 30.87PFlops
CHL HBM g Compute Frame
Eﬁ Compute Blade #5Biades
8 nodes Online Acceleration CPU-Only Architecture

16 CPUs



L4

L3

L2

L1

Interconnect Network

LingQi Highspeed Interconnect Network
Network Frame 32

NetworkFrame 1

Compute Frame184

Compute Frame1

,//, \v/;‘%—-'/ \', \‘, &\\V

L1 Switch1 L1 Switch L1 Switch L1 Switch L1 Switch L1 Switch

Compute Compute Compute [N Compute Compute

S Blade13 Blade14

Blade1 Blade2 Blade3 Bladed

L1 Switch

Compute
Blade15

o

L1 Switch

Compute
Blade16

N
32
Network
Frame

. 184
Compute
Frame

— Architecture Capabilities
e High Performance & Scalability
> 4-layer fat-tree topology
> Large-scale network: 100K nodes, 2M ports
> Bisection bandwidth: 23.5 Pbps

* Minimum latency: 1.07 us

® High Reliability

> Dual-plane networking with multi-rail
communication

> Credit-based flow control for lossless
communication

> Four-layer network with only one optical layer

> Link-, chip-, and cabinet-level redundancy

® High Maintainability

,. Hardware-supported telemetry with second-level
data collection and proactive push

N
IS




High-Performance CPU with Multi-Precision Online Acceleration

LX2 CPU

Matrix Online Acceleration

FP64/32/16, INT8
Many core, 304 cores,
8 Numa domains

SVEZ2, SME, PAC...
ARM ISA Compatibility
60.3TFlops@FP64

Memory

High Bandwidth Memory 4 TB/s

l vec reg vecreg SVE engine

0 1 1 L o 5 I O

0 1 I O

Supports Cache mode and Flat mode

HBM
DOR

g
” " SME engine e s
< e e = x
Chiplet Packaging
* On-chip integrated NIC 800Gbps
25




Software Stack

=8 ]
Applications
Weather Seismic High-Energy Life Materials | Manufacturing Power
& Ocean Exploration Physics Science Science Simulation | Simulation
Ultra-Scale Scheduling & O&M System
Job Scheduler CCAE O&M Management System
HPF: Do!'nam Al Fr.amev.vork Framew?rk Developer Kit
Libraries & Libraries & Compiler
Lqep| [ Liitho| [Lceo| [LPex| [Lonn | [Ltacc) | PYthoch Visualization
Comms . il Parallel Deb:
: . arallel Debugger
Math Libraries Libraries OpenMP
LAPACK  ScalAPACK Solver ucx HyperTuner
OpenACC
BLAS | 'SpBLAS | FFT | | libm | VML SDMA X uto Performance
Compiler Optimization Tool,
2ot . Source-Code
Unified Software Environment Auto-Optimization

Operating System

Processor

Many-core

Architecture SVE/SME

HBM

RoH

Many cores/Numa aware

0S, compiler and math library

Multi-rail MPI

communication optimization

SME-Enabled, HBM-Aware Matrix Acceleration

XL LTI @ LITTIITTI@ LITITITTTI@ ITTITITIT@ ITTITTITII@ [T1 1 Py
STENCIL FFT GEMM GRAPH ATTENTION

HStencil KirbyMM SMEAtten

Enable efficient SME matrixization

SME: Handles unified matmul across HPC and Al workloads
SVE: Complements SME with row-wise and irregular operations

Memory-aware data placement

HBM/DDR: Proactive buffer management
Cache: Maximizes data reuse

Auto tuning Topology aware

source-level optimization scheduler and operations 6




Scalability of Multi-Domain HPC-AIl Converged Applications
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Billion-Parameter Universal MLIPs at Exascale

Generative Compression for Earth Observation Dajg
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