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Overview

Intfroduction

Capabilities: Scaling and stress tests on Frontier and Perlmutter

GNU Parallel use cases
- Science Applications: Data Processing, ML, GPU and HMMSearch
— Operational: Massive Data Transfer, Systems’ Performance Analysis

Summary / Conclusions

Talk is motivated by three aspects of large-scale computing:
- Utilization of resources (CPU, GPU, NVMe)

- Opportunistic parallelism, which is found ~everywhere

- Application to real applications
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What is GNU Parallel?

e Linux ferminal tool to run processes in parallel

o A low-friction, featureful parallelizing tool

o Available via the GNU project: gnu.org/software/parallel
e Simple to use, easy to learn

e Available as a software module on Fronftier

module load parallel
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Usage: In the small

parallel -X rm {} ::: *.tar.xz

find . —-iname '*.docx’ | parallel -X pandoc {} -o {.}.pdf
cat tasklist.txt | parallel

find . —-name ‘*.pdb' | parallel gzip —--best

find ./gitrepos -maxdepth 1 | parallel git -C {} pull
parallel -NO -932 "yes>/dev/null" ::: {0..32}

github.com/ketancmaheshwari/pearc24tut
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Usage: In the large

 On Frontier
— Scaling across the compute nodes
— Practical application runs and resource usage

 On Perlmutter
— Stress test: processes creation rate per second
- How about containers?
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Scaling Benchmark on Frontier: Outline

Slurm Job

invokes

- Slurm parameters

- srun call as

one task per node

- Xfer results to lustre

from NVMe
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» Driver Script

invokes

Invokes Payload script
via GNU Parallel

Invokes with inputs
as command line parameter

Evenly distributes
inputs to nodes

» Payload script

- Application invocation
- Receives inputs from Driver

- May have other
inputs optionally




Job Definition

#!/bin/bash

#SBATCH -J 9000nodes 128j

o\°

#SBATCH -0 %x-%7j.out
#SBATCH -e %$x-%]j.err
#SBATCH -t 2:00:00
#SBATCH -N 9000
#SBATCH -C nvme

srun --no-kill --ntasks-per-node=1 --wait=0 ./driver.sh ./input.txt > /mnt/bb/ketan2/out.txt

cat /mnt/bb/ketan2/out.txt # cat to stdout on lustre
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Driver

Invoked as ./driver.sh input.txt
input.txt has (nodes X 128) lines

cat S$1 | #1 pipe the inputs to awk
awk -v NNODE="$SLURM NNODES" #2 env var to awk var

—-v NODEID="$SLURM NODEID" #3 env var to awk var

'NR % NNODE == NODEID' | #4 cur line pass 1f true

parallel -J128 ./payload.sh {} #5 128 payload.sh in ||
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Payload

#!/bin/bash

H="S (hostname) "

echo "Arg is $1, Ran on node $H at $(date +%s)"

% OAK RIDGE | w
National Laboratory




I ¥ OAK RIDGE
National Laboratory

8O

Scaling the Frontier with GNU Parallel

Performance / overhead .
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Frontier Scaling Analysis

Half of the processes completed in
less than a minute, and 75\%
completed in less than two minutes
with 8,000 nodes.

Greater variance was observed in
2.,000-node run
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Process creation rates for multiple GNU parallel instances

Maximizing Task Launches per Second

8000.00 we --jobs 1
w= --jobs 2
o --jobs 4
S 6000.00 _
o w= --jobs 8
w
o w= --johs 16
o
o 4000.00 == --jobs 32
i on
= - --jobs 64
(]
=1 == --johs 128
£ 2000.00
@ == --jobs 256
|_
0.00
1 2 4 8 16 32 64 128 256

Number of GNU Parallel instances

* Process launch rate upper bound ~6400 processes per second
» Process duration could be as low as ~40 milliseconds and still maintain node
utilization
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Container launch rates on Perlmutter

Maximizing container launches per second on a single
Perlmutter CPU node

6000.00 == --jobs 1

== --jobhs 2
--jobs 4
4000.00 == --jobs 8
w= --jobs 16
--johs 32
== --jobs 64
== --johs 128

== --jobs 256

2000.00

Container launches per second

0.00

1 2 4 8 16 32 64

GNU Parallel instances

 The measured container launch rate upper bound is ~5200 processes per second
« Shifter container startup overhead relative to “bare metal” is only ~19%

80

%OAK RIDGE

National Laboratory




Diverse Use Cases: Overview

o Applications
1. Forge: Large Scale Pre-Training Models
2. Darshan Log Processing and Archival / Publication
3. Celeritas GPU based Monte Carlo Simulation in HEP

e Operational
1. PoliIMOR filesystem management performance analysis
2.  Massive data migration with rsync
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I ¥0akrince  FORGE: Pre-Training Open Foundation Models for Science

. e . . Scientific Texts
POC: Junqgi Yin and Feiyi Wang o e

Mat 52.3 225 764
Lz 32% 2%  26% Phy Aminer 47.1 10 55
26% Soc/Art MAG 103.8 20 108

ax A SCOPUS 63 15 65

The project aims for an end-to-end examination of o s A 22 TR
Research effectiveness of large language models (LLMs) in -
Objective scientific research, including their scaling behavior and Training

computational requirements on Frontier at ORNL.

Frontier node Frontier node

1 1 1 1
+ The team has developed for release to the scientific MI250% W
community a suite of open foundation models called ———— — Infiniy Fabrc
FORGE with about 22B parameters using 257B tokens from S g ' it
over 200M scientific articles, with performance either on ——— S Gradents  « singgot11
Scientific par or superior to other state-of-the-art comparable Scientific Do‘;”;stream Tasks
Achievement mOdeIS. Domain Classification Phase Classification ok data + LLM

» The team has demonstrated the use and effectiveness of
FORGE on scientific downstream tasks, including using
model embeddings as a knowledge representation (e.g.,
domain and phase classification, and energy regression).

Epres (RY)

[ | E
« This study provides practical solutions for building and Publication(s) for this work:

using LLM-based foundation models targeting scientific 1. J.Yin, S. Dash, J. Gounley, F. Wang, G. Tourassi. Evaluation of pre-training

research and use cases. large language models on leadership-class supercomputers. Journal of
Significance o o Supercomputing, 2023.
and Impact * The feam’s approach and findings have significant 2. J.Yin, S. Dash, F. Wang, M. Shankar. FORGE: Pre-Training Open Foundation

implications for developing Language Models that can Models for Science, SC'23, 2023.

better understand and interpret scientific language and

thus support scientific research and discovery.

Slide Courtesy: Jungi Yin (ORNL)
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About the Data and Process

Publications Data from Aminer, CORE, Scopus, Arxiv, MAG

A collection of ~200M json files totaling 10T+

Extract Full text + abstracts

Filter out non-English language content

Filter out non-English characters
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Application Workflow: Forge ML

-~

N

raw pub data extract abstract abstract and
P and full text full texts
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An example Publications’ Record

{"doi": null, "coreId": "147282919", "oai": "0ai:NSYSU:etd-0709101-171951",
"magId": null, "identifiers": [], "title": "Exploring eCommerce Strategies and
Business Models for Gold & Jewelry Industry in Taiwan", "authors": ["Chin-Chang,
Lin"], "enrichments": {"references": [], "citationCount": null, "documentType":
{"type": null, "confidence": null}}, "contributors": ["Jeng Bingchiang", "Wang
Sha-Yain", "Tu Yi-Min"], "datePublished": "2001-07-09", "abstract": null,
"downloadUrl": null, "fullTextIdentifier": null, "pdfHashValue": null,
"publisher": "NSYSU", "journals": [], "language": null, "relations": [], "year":
2001, "topics": ["eMarketplace", "Gold & J", "Electronic commerce", "B2B"],
"subjects": ["text"], "fullText": null, "urls":
["http://etd.lib.nsysu.edu.tw/ETD-db/ETD-search/view etd?URN=etd-0709101-171951",

"http://etd.lib.nsysu.edu.tw/ETD-db/ETD-search/view etd?URN=etd-0709101-171951"],
"issn": null}
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An example abstract

"abstract": "<div><p>Abstract This work was developed in order to validate
a simplified computer simulation method for application in the drawing
processes. The results of tensile tests on AISI 1004, AISI 1020 steel and
copper were compared to those of computer simulations performed using the
Deform-3D TM software. Each specimen was assumed to be an elasto-plastic
material and was meshed with 50,000 finite elements. Young's modulus and
Poisson's ratio were the only material properties considered in the elastic
region; the parameters of Hollomon's equation were used 1n the plastic
reglion up to constriction. A strain rate of 1x10-3 s-1 was applied during
the simulations. In the plastic region, up to the point of constriction,
the curves obtained from the simulations showed reasonable correspondence
to those determined from physical testing. However, the former diverged
from the latter in the elastic and elastic-plastic transition regions. This
divergence 1ndicates that microstructural factors may have a greater
influence 1in the transition region than in the plastic region. Moreover,
the correlation obtained 1n the plastic region indicates that the proposed
method has the potential to be applied in drawing processes.</p></div", ...
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But Sometimes we have

Das Copyright bleibt beil\nden Herausgebern oder sonstigen
Rechteinhabern. Als Nutzer sind Sie sind nicht dazu berechtigt, eine
Lizenz zu \uOOfcbertragen, zu\ntransferieren oder an Dritte weiter
zu geben.\nDie Nutzung stellt keine \uOOdcbertragung des
Eligentumsrechts an diesem Dokument dar und gilt vorbehaltlich der
folgenden\nEinschr\uOOed4nkungen:\nSie m\uOOfcssen auf
s\u0Oedmtlichen

OR

MUYEHHAM Y MICLLEBMX BDIOAXKETAX MEHLL \NKIABKOCTI MOAQTKIB, CMAQYEHUX CAME KOMEPLLIMHUMM
OAHKAMM, 4ep \NBIAAOAEHICTb BiA CTOAMYHOTO periony [97, ¢.79].\nHaaBHI AMcrnponopuii NoTpebytoTb
PO3POOKM QAEKBATHO \NIHCTPYMEHTAPIIO BUMIPDIOBAHHS, OLLIHKM | OOTPYHTYBAHHSA HAMPAMIB \NYCYHEHHS.
OAHIEI 3 OCHOBHMX MPUYMH HM3bK \NKOHKYPEHTOCMPOMOXXHOCTI BITYM3HAHOI OAHKIBCbKOI CUCTEMMU €
\NHEAOCTATHA KAMITAAI3ALLA, OCKIAbKM €CDEKTMBHE BUKOPUCTAHI \NJOIHOHCOBUX PECYPCIB 3HAYHOIO
MIPOIO 30AEXMTb CAME BIA CYKYMHOI \NKAMTAAY KOMEPLLIMHMX OAHKIB, KM BU3HAYAE MOTEHLIAA
OAHKIBCbK \NCUCTEMM.\NBIATAK BITYM3HAHO OAHKIBCbKO CUCTEMA HE CMPOMOXKXHI \N3a0e3neyyBaTH
NOTPEDU 3POCTAYOI EKOHOMIKM MPU ICHYIOHOMY PIHI
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Job Definition

srun —--no-kill --ntasks-per-node=1 --wait=0 ./driver.sh
”/lustre/orion/proj-shared/stf008/jungi-work/data”
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Driver

#!/bin/bash

module load parallel

if [[ -z "S${SLURM NODEID}" ]]; then
echo "need \SSLURM NODEID set”

exit _

fi

if [[ -z "S${SLURM NNODES}" ]]; then
echo "need \SSLURM NNODES set”

exit _

fi

find $1 -type f -iname ‘*.json’ |
awk -v NNODE="$SLURM_NNODES" -V NODEIDI"SSLURM_NODEID" 'NR $ NNODE == NODEID' |

parallel -j128 ./payload.sh {}

%OAK RIDGE
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Payload

Jjg -r 'select(.abstract != null) .abstract,
select (.fullText != null).fullText' S1 |

./langdetect.pl |

perl -CAS -pe 's/\P{"Script: Han}//g;' -pe

's/\P{"Script: Hanqgul}//g;' -pe 's/\P{"Script: Cyrillic}//g;'
-pe 's/\P{"Script: Hiragana}//g;' -pe 's/\P{"Script:
Arabic}//g;' -pe 's/\P{"Script: Thail}l//g;’ |

tr -s Y, ;"7
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Use Case: Darshan Log Processing and Archival

DARSHAN

e Parse Darshan logs from Summit and process: 0 f
HPC |/O Characterization Tool

|ldentify the application, Anonymize

— Compress and Publish in parquet format 0 | I'
- Summit data available for 2019-2023 2, %, % ‘o 04'}47 % ,@ %, %

O % G " % -

Read mmm Write mmmm

« Use case demonstrates: OSTl G O\/ e e e e
_ ConCiseneSS Of GNU PCJI‘C]llel ° Office of Scientific and Technical Information

- Data prefetching to NVMe
- Workflow Construction
- Compute node co-scheduling

Submit Search Tools Public Access PID Servic

OSTI.GOV / Dataset: Summit Darshan Archival Dataset

Summit Darshan Archival Dataset

DATASET - 15 February 2024

DOI: https://doi.org/10.13139/0LCF/2305496 - OSTIID: 2305496

w Karimi, Ahmad Maroof; Khan, Awais; Oral, Sarp; Zimmer, Christopher
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Before GNU Parallel

#!/bin/bash

#SBATCH —--mem=0

#SBATCH -t 20:00:00

#SBATCH -N 1

#SBATCH -J archive-darshan
#SBATCH -0 o-archive.MACHINE
#SBATCH -e e-archive.MACHINE

module load cray-python

IFS=,
months='1,2,3,4,5,6,7,8,9,10,11,12"
apps lst='3’

months= ($Smonths)
apps lst=(Sapps 1lst)
counter=0 -

for month in ${months[@]}; do
apps=${apps lst[counter]}
app=0 o
while [[ $app -1t ${apﬁs} 11 ; do
echo "Month: "S${month} " App: " ${app}
srun -N1 -nl -cl --exclusive python3 darshan arch storage.py ${month} ${app} &
sleep 0.2 o B
((app++))
done;
done;

wait
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After GNU Parallel

#!/bin/bash

#SBATCH --mem=0

#SBATCH -t 2:00:00

#SBATCH -N 1

#SBATCH -J archive-darshan
#SBATCH -o o-archive.MACHINE
#SBATCH -e e-archive.MACHINE

module load cray-python/3.11.5
module load parallel

parallel -j36 python3 ./darshan arch storage.py ::: {1..12}

%OAK RIDGE

National Laboratory

80




Darshan Log Processing

Opportunities : Using NVMe and
Lustre for 1/O

w
[w]
1

e Four possible I/O configurations

20 A

— Lustre Read / Write o

- NVME Read / Lustre Write (most useful) N
_ NVME ReGd / Wri.l.e (bes.l. performance) lustre_rw | nvme_rw I.us‘;tre_‘r-nvme_w nvme_r-lustre w
Parallel Transfer time for 2.5 T (9.6 million files) from Lustre to NVMe

— Lustre Read / NVME Write 3750

o Cost: Data needs to be copied to NVMe 350 7
- We find that the data movement performance is best 3000 0 <
when using 32 parallel rsync tasks £ el £

128 |

%OAK RIDGE
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Workflow to process five years’ data

Process ||  Data xfer — Hard Dependency

stfage 1
2019 2020 .» Resource Contention

VA/V Transfer from Lustre to NVME

Process Data xfer

t 2
S1A9e 2020 T 2021 Lustre Read - Lustre Write
.h/i NVMe ReOd - LUSTI’e WI’ITe
Process Data xfer
stage 3 2021 T 5020
i Data xf
Process ara xrer
stage 4 2022 | | 2023
Process
stage 5 2023
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However, there is a problem!

 The data sizes of the yearly datasets need to be considered:
2019-24T
2020-3.3T
2021 -2.5T
2022 -1.3T
2023 -0.7T

* The total space available on NVMe is 1.9X2=38T
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S0, some adjustments are needed

« Based on the Data sizes, only a few pairs of datasets may live
together on the NVMe:
2019 +2022=24+13=3.7T1
2019 +2023=24+0.7=3.1T
2021 +2022=2.5+1.3=3.8T [Close, so a bif risky]
2021 +2023=25+0.7=32T
2022 +2023=1.3+0.7=20T

o Additionally, need to ensure the processed data is removed 1o
accommodate new incoming data
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So, our Workflow now is ...

Transfer 2019
—» Hard Dependency
..»  Execution Resource
|| Transfer 2023 Contention
\4

stage 3

1 Transter2022 || |DEIEIEI20TRRGRINVIEN

v

| Tonser2021 || | DRETE202SIRGTNVIE]

stage 4

stage 5
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Implementation -- overall workflow and stage3.in

#!/bin/bash parallel -j36 python3

module load cray-python/3.11.5 ?é?shan_arch%yél_storag?T?pp_nvmer_lustrew.py
module load parallel s {1..12) 2 {0..2) ::: 2023

source venv/bin/activate
find
/lustre/orion/proj-shared/stf218/data/lake/summ
it darshan/2022 -type f | parallel -j32 -X

cat stagel.in | arallel
J P rsync -R -Ha {} /mnt/bb/ketan2/

cat stageZ2.in | parallel
cat stage3.in | parallel find
. /mnt/bb/ketan2/lustre/orion/proj-shared/stf218/
4. .
cat staged.in | parallel data/lake/summit darshan/2019 -type f |
cat stage5.in | parallel parallel -3j32 rm -f {}




Application Use Case: Celeritas

« GPU Monte Carlo HEP particle detector . github.com/celeritas-project
simulation code

— Started in 2020

o Mulfi-institution effort
— ORNL, Fermilab, ANL, LBNL, U. of Warwick, and U. of Virginia

* Mostly funded through DOE ASCR & HEP

N
Celeritas R&D Report: Accelerating Geant4. https://doi.org/10.2172/2281972

B %0 Rivcr | E3EMY Courtesy: Stefano Tognini, Seth Johnson, Fred Suter



http://www.apple.com/
https://doi.org/10.2172/2281972

Multiple nodes, 8 gpus per node

job def driver.sh

#!/bin/bash #!/bin/bash

#SBATCH -J multinodes module load parallel
#SBATCH -0 %x-%7j.out module load amd/5.2.0
#SBATCH -e %x-%j.err export CELER LOG=warning

#SBATCH -t 1:00:00
#SBATCH -p batch
#SBATCH -N 4 ls *.inp.Jjson | \
#SBATCH -C nvme
awk -v NNODE="$SLURM_NNODES" -V NODEID="$SLURM_NODEID" \
srun --no-kill --ntasks-per-node=1 'NR % NNODE == NODEID' | \

——wait=0 ./driver.sh parallel -j8 HIP VISIBLE DEVICES='S$(({%} - 1))’
../celeritas/build-ndebug/bin/celer-sim {} ">"
/mnt/bb/ketan2/{}.out

mv /mnt/bb/ketan2/*.out ./celeritas-run/celer-regression/

%OAK RIDGE
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Celeritas Performance

Weak scaling on Frontier GPU
nodes with Celeritas
demonstrates linear
performance and efficient GPU
utilization.

The variance in execution time
was less than 9 seconds across
runs on 10 fo 100 nodes, each
running 8 GPU processes per
node.
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Use Case: PoliIMOR

 POIIMOR is an in-house software for Lustre Filesystem
Management at OLCF

o A distributed, agent-based system that performs file purging
and migration based on the center policies

PoliMOR: A Policy Engine "Made-to-Order" for Automated and
Scalable Data Management in Lustre

Anjus George, Christopher Brumgard, Rick Mohr, Ketan Maheshwari, James Simmons, Sarp Oral,
Jesse Hanley
National Center for Computational Sciences, Oak Ridge National Laboratory
Oak Ridge, TN, USA
{georgea,brumgardcd, mohrrf,maheshwarikc,simmonsja,oralhs,hanleyja}@ornl.gov

ABSTRACT management challenging. Data management practices must min-

Modern supercomputing systems are increasingly reliant on hier- imize wastefulness of storage resources, promote fair usage, and

archical, multi-tiered file and storage system architectures due to satisfy application I/O needs (ideally in a systematic and automated

cost-performance-capacity trade-offs. pm§\e‘méd1eat sP—D SW‘%? C@m$@d2 y.inclu.de pL.lrging old files to XeaoNeE

%O AK RIDGE tems, data management services are required to maintain healthy i kA e, agliilg aF a tier with h}ghf:r performance, or mi-
National Laboratory ntilization nerformance_and canacitv levels. We nresent PaliMOR grating data to tape. Sites could potentially handle some of these




PoliMOR Design

 Mulfiple instances of four agents run in parallel, communicating
VIO 0 message queuing system

e Policy Agent: Describes the purge and migration policies
e Scan Agent: Scans the file system to collect file metadata
 Purge Agent: Deletes files on policy match

e Migration Agent: Migrates data on policy match
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Objective: Measure Performance of PoliMOR

o Generate files with arbitrary attributes (fimestamps, size, etc.)

 Run the agents concurrently, incrementally across multiple
Independent nodes

 Measure process timings over a testbed cluster of 12 nodes
running a lustre filesystem
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GNU Parallel Vignettes for PoliIMOR Performance Testing

Change file's attributes (eg. timestamp) en-masse:
parallel -S raged4d -332 "touch -d '-1 week’\
/{1y /file.{2}" ::: {0..063} ::: {1..3000}

8 instances of scan agent across 8 nodes:

parallel -S rage{5..12} $S{scan cmd} :::
S{scan path}/{44..51} >> scanperf.8proc.8node

Post migration requests to nats message queue:
parallel -S raged4d -730 'nats -s rage2:4222 \

pub migration.files.request —--count 1 \
"{\"path\":\"/lustre/crius/migagent/{1}/file.{2}\"}”
"\ ::: {0..063} ::: {1..3000}

% OAK RIDGE | w
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PolIMOR Results

 PolIMOR performance results for agents

* Increasing number of agents run in
parallel over nodes with a target number
of lustre files

« Their performance measured in elapsed
time processing the files

e Scan agent compared with baseline Ifs
find command

O
o

(millions)

d
©
~

anne
o o
N W

SC
o

# files

NI,
(@) o

Time consumed (min)
o
o

(a) Scan agent .’540 (b) Policy agent
Direct 'Ifs find' L > | 8
"#. Scan agent '/ GEJ 5
9 220 )
&Y
A aK
1 2 4 8 16 3264 = 1 2 4 8 16 32 64
# processes or agents # policy agents
(c) Purge agent g (d) Migration agent
) 5
q € 50
(2]
) .] g
p (&]
1 2 4 8 16 32 64 = 1 2 4 8 16 32 64
# purge agents # migration agents




Use Case: Massive Data Migration with rsync and GNU
Parallel

 Migrate ~1 PB of project data from Alpine into Lustre
 Hard deadline due to Alpine decommissioning
e Globus resources too busy

e Via an 8-node (non-Globus) DTN cluster
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GNU Parallel rsync driver

#!/bin/bash

cd /gpfs/alpine/proj-shared/projname/

find . -type f | \
awk -v NNODE="$SLURM_NNODES" -V NODEID="$SLURM_NODEID" \
'NR % NNODE == NODEID' | \

parallel --tmpdir /tmp --compress -jl6 -X rsync -R -Ha {}
/lustre/orion/proj-shared/projname/
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For the case where file is too large

L

iNnput output

split - process - join
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split - parallel rsync - join

split —-n32 largefile

parallel -37J32 -X rsync —--remove-source-files -Ha
./{} /dest/ ::: x*

cat /dest/x* > /dest/largefile && rm -f /dest/x*
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Summary

« GNU parallel as an effective tool for efficient uftilization of
diverse HPC resources

« Not just an ad hoc utility but a mainstream instrument for large
scale task parallel computing on scalable systems

e [tIsan enabler, try itl ©
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Thank you for your time!
Questionse

kmO@ornl.gov

Zero
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Task distribution to nodes, an example

Let $1 be input.txt with 5lines and job size be 4 nodes
=> SLURM_NNODES =NNODE =4 ....cccevveeeenen.. (Iine: awk -v NNODE="$SLURM_NNODES")
=> SLURM_NODEID =NODEID =0, 1, 2, 3 ............ (Iine: -v NODEID="$SLURM_NODEID”)

AWK's NR variable: 1, 2, ..., 5
True [ FQISE .o (Iine: 'NR % NNODE == NODEID')

1% 4 =1=>1true for NODEID 1 =>line 1 will be on Node
2% 4 =2 =>true for NODEID 2 => line 2 will be on Node?2
3% 4 =3 =>true for NODEID 3 => line 3 will be on Node3
4% 4 =0 => true for NODEID 0 => line 4 will be on Node0
5% 4 =1=>true for NODEID 1 => line 5 will be on Node1
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