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Data Generated Will See Massive Growth
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Source: Worldwide IDC Global DataSphere Forecast, 2024-2028, doc #US52076424, May 2024




Capacity (in GB)

Pazsumue mexHono2ul XpaHeHUA OQHHbIX:
pOCM eMKOCmMuU XPAaHeHUS/CKopocmu 3anucu OGHHbIX
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Strohmaier et al., 2015, DOI: 10.1109/MC.2015.338



lMapannenbHocMb — He «pUAMHAA onyusa», a Heobxooumocmeo
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Ymo makoe MPC, ux npeumyuwjecmsa u Heoocmameu

Distributed meta-data
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lNpenmyuiecrsa: Hepocratku:

- MacwmabuposaHue nponycKkHoU - Y3Kkue mecma memaoaHHbIX U
criocobHocmu mesnKux galnoe

- Mapannenu3sm docmyna - HaknaoHble pacxoobi

- EQOuHoe npocmpaHcmeo UMéEH - 3asucumocmb om cemu
(POSIX) - OnepauyuoHHbIe U30epHKu

- [ubkasa Hacmpouka - 3g8UcumMocmbs om HacMpoekK

- BbicoKaa 0ocmynHocmes u cemu
pemoHmMOonpu2o0HOCMb - ToyOHOCMU CMEWAHHbIX

- UHmeepayus c npoguneu

RDMA/8bICOKOCKOPOCMHbIMU
cemamu
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KaK cpaBHMBAOT NPOM3BOAUTENbHOCTL?
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CTpyKTypa Habopa Tectos [O500

[MponycKHasA [Mpon3BoANTENbHOCTb 9dPeKTUBHOCTD
CcnocobHOCTb onepaumum ¢ NoucKa
1/0 MeTaAaHHbIMMU

MDTest

* Easy — TecTbl ANnA 60NbLWUX NOTOKOBbLIX onepau,m71 N NpocCTbIX CUeHapues.

* Hard — TecTbl ANA UHTEHCUBHOrO, 4YacTo cnyqaﬁHoro Aoctyna un paGOTbI c 6bonee CNOXHbIMMU onepaunamMmmn
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V3koe mecmo [N®C — memaoaHHbIe

MacwTtabupoBaHmne CBOAUTCA K TPEM UOEAM:

1. JennTb OAMUH TrOpPAYMU KaTaNor Ha 4actm u obcnyxuBatb WUX
HECKO/IbKUMU cepBepammn MeTagaHHbix ogHoBpemeHHO (Lustre DNE?2)

2. Pa3HOCUTb KaTtaziofM NO pa3HbiM cepBepam, 4YTobObl Harpyska
pacnpeaensanacb no aepesy (BeeGFS)

3. KawmnpoBaTtb pe3ynbraTtbl 3aNpoOCOB MeTaZaHHbIX, YTOObl MOBTOPHbIE
obpaweHuna wnaum boictpee (IBM Spectrum Scale)



Kakne onepaunm BBoOAa-BbIBOAA
XapaKTepHbl AnAa 3a0a4 HPC n ML?

/O Operation Gounis POSIX Access Sizes
1.6x10° 800000

e Random access 1s rare; the I/O access 1s dominated by sequential read/write.
e Application I/0O 1s dominated by append-only writes.
e [/O transactions sizes vary widely: from several Kilobytes to tens of megabytes.
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Figure 4: TensorFlow ImageNet data reader I/O pattern

Shan & Shalf 2007. Using IOR to Analyze the I/O Performance for HPC Platforms. 12
Fahim Chowdhury et al 2019 Association for Computing Machinery https://doi.org/10.1145/3337821.3337902



’I} Check for updates

International Journal of
HIGH PERFORMANCE

Special Issue Paper COMPUTING APPLICATIONS

The International Journal of High
Performance Computing Applications

Refining HPCToolkit for application 2024, Vol 38(6) 612-62

© The Author(s) 2024

performance analysis at exascale 98

Article reuse guidelines:
sagepub.com/journals-permissions
DOL: 10.1177/10943420241277839
journals.sagepub.com/home/hpc

Laksono Adhianto'*®, Jonathon Anderson'*®, S Sage
Robert Matthew Barnett'* , Dragana Grbic'* .

Vladimir Indic®*©, Mark Krentel'*©, Yumeng Liu"*0,

Srdan Milakovi¢'*©, Wileam Phan'*© and

John Mellor-Crummey'

Abstract

As part of the US Department of Energy’s Exascale Computing Project (ECP), Rice University has been refining its
HPCToolkit performance tools to better support measurement and analysis of applications executing on exascale
supercomputers. To efficiently collect performance measurements of GPU-accelerated applications, HPCToolkit
employs novel non-blocking data structures to communicate performance measurements between tool threads and
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614 The Internati

compute nodes, even without using Apcrun to collect
performance data.

The root cause behind these crashes is the limited per-
formance of Frontier’s Orion filesystem (Oak Ridge
Leadership Computing Facility, 2024)—a shared Lustre
filesystem that stores LAMMPS, HPCToolkit, and their
library dependencies. Before an application such as
LAMMPS can begin execution, the dynamic linker ld.so
must first load all of the application’s library dependencies
into the application’s address space. When more than a few
thousand compute nodes simultaneously attempt to read
library dependencies out of the shared filesystem, the fil-
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10500 SCORES

10500 SCORE

10500 BW

10500 MD

IOR & FIND

EASY WRITE

EASY READ

HARD WRITE

HARD READ

FIND
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NATIONAL LA J0RATORY

U.S. DEPARTME NT OF

32,165.93

10,066.09 GiB/s

102,785.41 kIOP/s

20,693.63 GiB/s

12,122.87 GiB/s
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9,706.55 GiB/s

229,672.10 kIOP/s

INFORMATION

CLIENT NODES

CLIENT TOTAL PROCS

METADATA

EASY WRITE

EASY STAT

EASY DELETE

HARD WRITE

HARD READ

HARD STAT

HARD DELETE

300

62,400

60,985.13 klIOP/s

225,295.35 kIOP/s

57,648.44 kIOP/s

33,827.19 kIOP/s

141,467.16 kIOP/s

230,086.03 kIOP/s

62,196.78 kIOP/s
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BbicokonpounssoauTenbHble CeTU Kak TpaHcnopT MNPC
(IB / RoCE / OPA / «AHrapa»)

InfiniBand: wHAycTpManbHbIM  MHTEPKOHHEKT, KpeauTHasa lossless nepepayva,
annapatHbin RDMA; Tunosbie Tononorunu Clos/Fat-Tree, Dragonfly.

Omni-Path (OPA / OPX) — npeemHuk Intel OPA ot Cornelis Networks;
cobctBeHHbIM cTtek OPX, RDMA. Tononorum Clos/Fat-Tree (B T1.4. large-radix),
noaaepkKa afanTMBHOM MapLUpyTU3aLUN.

Ethernet (RoCE): conoctaBumas c IB 3agep»KKka U nonoca AOCTUXUMbI TONbKO Npu
cTporo lossless-HacTpouke

«AHrapa»: MHTEPKOHHEKT pa3pabotkm AO «HNLU3BT», Tononormas MHOromepHbIn-
TOp NpoAeMOHCTPpUpoBaHbl TecTbl BeeGFS/IO500 nosepx npototuna TCP/IP-cTeka
(EoA) (RSD 2022)



CpaBHeEHME pe3y/IbTaTOB pacrnpeaeneHmna BpeMeHM
NP peweHnmn TUNMUYHOM 331341 MaLLMHHOIO 0byyeHus
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DAOS OrangeFS BeeGFS

(a) CosmicTagger for various storage systems
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Luke Logan et al “An Evaluation of DAQS for Simulation and Deep Learning HPC Workloads” 2023



Mooenb Hacmpouku cucmemsol «[1OC-cemo»

y=Flp; e, W) + € rne:

y — uenesble meTpukn (BW, IOPS, p99 n T.4.)

e — napameTpbl ceTn (3aaepxkn, BW, Tononorusa)

p - napameTpbl MMPC: cTpannuHr (size, count), pasmewteHmne/nynbl n 1.4,
W — npodunab Harpysku

€ — LUYM, BAPUATUBHOCTb

Llenb: komnpomwucc (MapeTo)



3aKnn4yYeHue:

BBoAa-BbIBOA, AaHHbIX — OAWNH U3 IMaBHbIX GAaKTOPOB, OrpaHUYNBAIOLWLMX NponssoamTensHocTb HPC n ML.
O6bl4YHble pannoBble CUCTEMbI HE CMPABAAKTCA C UHTEHCUBHbIMM |/O-Harpyskamm.
[MPC No3B0AOT NOBLICUTb 3PPEKTUBHOCTb PAabOTbI KNACTEPOB, HO TPEDOYIOT CNOXKHOM HACTPOMKMN.

BeHumapku (Hanpumep, 10500) nomoratoT 06bEKTUBHO OLLEEHUTb NPOU3BOAUTENIbHOCTb PA3/INYHbIX
peLweHunn.

Ponb ynpasneHna metagaHHbIMUA PaCTeET C MaCLLITa6VIpOBaHMEN\ N ABNAETCA KY3KUM MECTOM»

HauaTtbl paboTbl N0 Pa3BUTUIO MOAENN AN ONTUMM3ALUMKN B3aMMOCBA3U cucTembl «MPC — ceTb»



