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Data Management in HPC

IT4Innovations supercomputers
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Data Management in HPC

IT4lInnovations supercomputers & Storages
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Data Management in HPC

Karolina — heterogeneous infrastructure

» In operation from 2021 :* *** EuroHPC
» EuroHPC supercomputer P

= 65% Czech funding
= 35% EU funding (for EuroHPC users)
» Total investment approx. EUR 15 million
» Total theoretical performance 15.7 PFlop/s
= #69 Top500 in June 2021 (Karolina GPU)
= #8 Green500 in November 2021 (Karolina

GPU)
» Expected end of operation for EuroHPC users
Y AVPAS 75GPU nodes D RAm ot
92,160 cores 560 A100 GPUs 24 TB RAM
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Storages at HPC
sites

Temp ramdisk

SCRATCH
Parallel filesystem

Large object storage

Archive / Tape

Data
temperature

hours HOT

100’s TB
days

5PB
months

WARM

20 PB
years

50 PB
decades

COLD

LAN network

Infiniband HDR Full Fat Tree
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Data Management in HPC @

Support & User perspective

> User perspective / Home SpaceS\

- Easy

Data transfer + computation execution
- Provenance collection (monitoring, environment..)
= They projects usually have limited life time (e.g. Open Access @
Competition rules)

- Data usually have to survive beyond computational project life time Project Spaces
(FAIR)

= New era - Al training & inference

» HPC operations support perspective \ BB B/

Archive Spaces

= HPC clusters are designed as general purpose systems
= Applications with generative Al and LLM open new type of

challenges for HPC centres —o—
- Data policies and life cycle monitoring Scratch Spaces
- etc.

Raw data ... Computation ... models

What happens between ??
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Data Management in HPC — selected techniques

The data must be transferred efficiently

» Moving of TBs of data to HPC centres is » HPC Centres rely on legacy SSH protocols,
complicated not suitable for large data transfer
- Network restrictions of outgoing traffic > Integration of vastly different storage concepts
o HPC_ centres are not primary data source (DBs, Object, POSIX) to common usable
provider _ platform
Allocations per project — longer term
?
storage: Data transfer challenges
> Routing between European HPC centres is not
always efficient HPC Center Cloud / K8s
» Tooling for staging/transfer TBs of data does Y infrastructure
not exist HPC Cluster

SCRATCH

Local
Storage

VSB TECHNICAL ITAINNOVATIONS

|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER



Data Management in HPC — selected techniques

The data must be transferred

Federation
» Same transfer protocols across data

centers

> Data movement close to compute

» Autonomy of each center must be
maintained

Federation

_____________

» All data centers can connect to iRODS Zone B

common AAI and use fast WAN Federation

_——— ey = == 7

|
|
|
|
networks .
: Storage
|
\
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Data Management in HPC — selected techniques

Handling large number of files on HPC clusters

Files.ext4
(image)
The problem with shared filesystems .
_ o fuse2fs |
~ Inode (file count) numbers are limited s anmprse || 1 {fmree. )
» HPC centers set limits on number of files Y .
> Traversing large trees, stat() may be (very) time e Ce=1D (e )
consuming o

> Metadata servers may get overloaded on =L
open(), close(), s o
stat(), seek() and other I/O operations
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Data Management in HPC — selected techniques

Handling large number of files on HPC clusters

Mitigation Files.ext4

> Filesystem in User Space (image)

» Single file (image) on shared filesystem can host z
millions of files internally.
Access via userspace process e, | fuse2is |

» fuse2fs (mounts ext2 family images) [t 4nmprmose | (fJuonse ),

» archivemount (mounts tar, zip, rar, etc... archives) (o [D (] e ):

> Other FUSE ClientS, can mount Other images, remote U0 T v R W— i ity S 1 m——
repos, object storages, L FUSE
even e-mail IMAP archives) =

» Read only mount can and should be done in parallel, VS
across multiple nodes

Solution

» Use adequate object storage (S3, IRODS, ADIOS, etc.)
plus staging mechanism to parallel file system if needed USB TECHNICAL | TTATNNOVATIONS
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Data Management in HPC — selected techniques

Artificial intelligence is not just training ...

Training Inference
> Finite amount of data - batch job > Batch or request based
> Need to transfer data closest to the > Request based unsuitable for batch

GPUs - efficient staging
» Store the results back

scheduling - resource wasting
> Need to load the models efficiently

slurm
K €

HyperQueue (s cPu
§/ EXAHMIND

Partition Partition




Meta scheduling for better utilisation of Al applications
HyperQueue

------ PBS/Slurm job

Compute node

. . . <«—>» Network communication
Motivation
$ hg submit

_ _ ® sk

» Itis challenging to run complex task workflows on HPC clusters . £ CPUcore

=  Workflows are heterogeneous, have dependencies . ®

= Clusters are heterogeneous Login node

= Allocation managers are not accustomed to enormous

amounts of smaller, less resource intensive tasks e el e i e
canrun e.g. on a login nodae
HyperQueue is an HPC-tailored distributed task runtime designed 554 The server allocates Slurm/ PBS jobs
for simple and efficient execution of task graphs (workflows) on
ComPUte nodes Tasks are distributed to workers and

HPC C|US'[eI’S dynamically load balanced

#!/bin/bash

B HQWorker Q
. . HQ HQ HQ .
do = | a8
# Submit a job and wait for it to complete ! wﬁﬁ”
./hq submit --wait ./compute.sh 1 .
------------
# Read the output of the job WD SR Worker B INECEI

output=$(./hg job cat last stdout)

# Decide if we should end or continue
if [ "${output}" -eq @ ]; then . . .

break Open-source (MIT-licensed) available at GitHub:
fi

o https://github.com/It4innovations/hyperqueue



https://github.com/It4innovations/hyperqueue

How to supercompute ...

Pick a supercomputer
Fill out a request for allocation

GROMACS/ 2 § Tour pup ey TS pee aved <
. The key fingerprint is:
Get it approved " 5 e : SHA256:: fFp7L5CFGTOIMNRILTVVIWHRICZUR
. & = P The key's randomart image is:
Set up an account - oo [RSA 30721+

| ...0+=00l1

| LR
| . ...ol
|

Set up a SSH key
Know how to use Linux terminal
Login in to the Supercomputer

|

Learn how to launch jobs in SLURM g RO
Learn about modules RN
Learn about storages and data transfer +-running on Rocky 8.X

... finally compute something

Public Service Announcement: Apptainer on the Karolina cluster
Posted: (2024-05-10 10:23:47)

Apptainer is now a part of the operating system, you do not need to load the
module.

$ apptainer --version
apptainer version 1.3.1-1.el8

Last login: Mon May 27 10:05:28 2024 from 89.24.247.60

VSB TECHNICAL [mgolas@login2.karolina ~J$ I
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22 LEXIS:

Easy and Safe access Platform

25 portal.beta.lexis.tech/cc

I > s
Y Project Fiter [ =) T TP - N ——

- Let's have a nice web interface
« Allocations at one place
* Across multiple clusters rier—
«  Launch applications with a single button "
Getlogs

* Manage data in iRODS
* Use common web login

Test Container Quantum Al Test Container

© B

I~

° and many more -
-
Python Animals Al Example
90
Home  Workflows » LigenWF_Federate Workfld A’
Applications - — 1
. . .
2 Workflows
- NAME DESCRI  go Details
=
8 Projects iRODS LRZ iRODS

docs.lexis.tech L

- - - & Users Management iRODS LRZ OWSeu IRDDH: E =
opencode.itdi.eu/lexis-platform o =
o Leonardo weo i
. LocalCluster Tartut] - ‘.._ pr—
£ Resource Managemen t |
e" e zve2 HPC c ® : “ ‘,.‘
LRZ Linux cluster 2 HPC L\: ﬁ .,‘ —
B Documentation Luml WP o ( =
L] = =)
- T4l Staging Area IT41 81 )
E [ README.md - ===
n { )
H )
py4lexis 1 \ )
| G ) Emm=—
VSB TECHNICAL ITAINNOVATIONS Package py4lexis provides functions to manage
|| UNIVERSITY | NATIONAL SUPERCOMPUTING Python package, I.e. by TUS Client.
OF OSTRAVA | CENTER




LEXIS Platform

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

LEXIS Platform Core

External Repositories

"

LEXIS APIs

Distributed Data Infrastructure Core
(LEXIS DDI)

Workflow Management and Orchestrator
(LEXIS Orchestrator)

Index with DataSet
Metadata

m» elasticsearch
-

DataSet
Access &

Workflow Templates

Workflow Executions
Management

Management

Orchestrator

Airflow

& <EYCLOAK AAl

h-_.___________,._—
s
Data Repository
‘-._,____—_______,_/

~—
e ——
————— ——

Container Repository
(e.g. DockerHub)
\,___________,_/

—_
—_—
“'—.____—___,__-’
Code Repository
(e.g. GitLab, GitHub)
"-._.____—________/

e —e i
——————————————
D————

Other EUDAT
Sites/Services

HPC Site

HPC Site

HPC Site

iRODS

HPC-as-a-Service
REST API @ Distributed Data
5 |nfrastructure Area
HPC

Cloud

=

Storage

I

i_RODS

HPC-as-a-Service
REST API @ Distributed Data
S nfrastructure Area
HPC

Quantum

%R

[ IJI
m
-

iRODS

4 2 S h—____f
HPC-as-a-Service | |
REST API @ Distributed Data
S |Unfrastructure Area
HPC

Al HPC

[ =]
-
-

- -
—— —

-— -—
--—
R —
e —

%?%

e

23 LEXIS:

PlatForm

Federation of European
computing centres

Hiding of technical and
operational differences
across organizations

HPC & Cloud service
providers, Data providers

Unified & distributed data
management

Orchestration

Federated Authentication
& Authorization
Infrastructure (AAI)
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LEXIS Platform

22 LEXIS:

by

ado

IS =

Platform

Y Project Filter

Home > Workflow Workflow Execution
€ Dashboard

= Data Sets
Details

28 Applications

B Projects

Users Management

Eb

Providers

# Locations

I~

Resource Management

Actions relating to management of Workflows and Workflow
Executions

workflowManagement
/workflow Return list of available LEXIS Workflows
/workflow Create a new LEXIS Workflow on the system
/workflow/{workflowId} Retun detailed info on LEXIS Workflow for given Workflow ID

m /workflow/{workflowId} Delete LEXIS Workflow on the system

/workflow/{workflowId}/execution Listthe current available LEXIS Workflow Executions.

/workflow/{workflowId}/execution Workflow Execution by providing remaining inputs

Returns LEXIS Workflow Execution

/workflow/{workflowId}/execution/{workflowExecutionId} Ao

Cancel a LEXIS Workflow
Execution.

m /workflow/{workflowId}/execution/{workflowExecutionId}

VSB TECHNICAL
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TODO: Needs implemented with TOSCA 1.3 Capabilitise. Create a new LEXIS

PlatfForm

!0 *@ O= @ Martin Golasowski
[F) README.md

py4lexis

Package pydlexis provides functions to manage datasets within the LEXIS platform. Uploading datasets' files is performed by tuspy
Python package, i.e. by TUS Client.

. 4

Install
We recommend to use virtual environment, e.g.
Web p O rtal python -m venv ./venv

ed virtual environment, type:

W -m pip install py4lexis

Python
library
SDK

Public
REST
API

rare_data():
fpared = WRF_EXEC_PARAMS
epared[ "1 aramet

Terminal
based
interface

] = datetime.datetime.now().str

return prepared

def submit_wf_execution(token):

res = requests.post(LEXIS_API + WORKFLOW_ID + '/execution',
json = prepare_data(),
headers = {'Autho

listWorkflowN

" + token})

createWorkflowE

xecution if res.status_code != 201:
logger.error(res.content)

getWorkflowExecutionDe return

tail
return res.json()

cancelWorkflowExecutio

mgola
n @rogress: |

artins-MacBook-Pro (develop)>
——————————————————————————————————— | 30.0% Uploaded



LEXIS Platform 23 LEXIS:

PlatForm
Selected use-cases

> Application for molecular docking simulation — private IP by

LIGATE Project . LIGATE

DOMPE
> LEXIS provides access to workflows with this application running
on HPC
> Without direct access to the binary or source code
** x * **
OpenWebSearch.eu ¥ Open WebSearch
: * X eu
> European open web index processed through LEXIS on several * oy X

HPC locations (LRZ, IT4l, CSC, DLR)
» Public indices made available trhough the LEXIS Portal
> LLM/AI applications without access to data

VSB TECHNICAL ITAINNOVATIONS
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LEXIS Platform
User story - SME DOMPE & LiGen SW

Dompé

~ DOMPE has its own code co-developed with POLIMI & CINECA

~  DOMPE LiGen code IP does not allow to share LiGen SW (even binary)

~ DOMPE would like to extend its customer base thanks to LEXIS Platform and
EuroHPC infrastructure without losing IP

~ DOMPE would like to make available LiGen to non-profit academic research
and public institutions as a Platform-as-a-Service solution for drug discovery

%8 LIGATE

2\ POLITECNICO
MILANO 1863

VSB TECHNICAL ITAINNOVATIONS
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LEXIS Platform

User story - Data update

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

IS Platform Core

LEXIS APIs J

Distributed Data Infrasiiicture Core Workflow Management and Orchestrator
(LEXIS DDI) (LEXIS Orchestrator)
. DataSet ;
Index with Datal ot Workflow Executions
Access & Workflow Templates Management
Management
Orchestrator

Keycloak AAI

(AirFlow, YSTIA)

Home . Upload DataSets

@ vrow
@ rennana

o RESULT

My video dataset 1

[ oes | cect |
#LEXIS:

Platform

¢ Dashboard

Data Sets

+ Uploads
" Workflows
< Public ‘

B8 Applications

HPC Site

HPC Site

HP(

B Projects

HPC-as-a-Service
REST API i

HPC

Distributed Data
Infrastructure Area

HPC-as-a-Service

REST API

Distributed Data
Infrastructure Area

’ v
0 [
'
h
R :
N r

HPC-as-a-Service |/ \ .
REST API “\ P/ @ Providers

Administration Management

Users Management

"

Cloud

- - -
- - -
L] - -

® Locations
HPC HPC Al HPC
Quantum
— == i — == Sl

Y Project Filter

Home Public OWI-Open Web Index-main owi@it

View Mode
List

2024-0

4-09

Dompé

quick_start_project
dataset
Dataset

Details File List

CJOWI-Open Web Index-Main Owi@it4i-2024-04-09 > [J¥ear=2024 > [JMonth=4 >

Refresh

anquage=abk



LEXIS Platform

User story - Workflow execution

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

LEXIS Platform Core

Name

TestRun 1

Input path
Animals Al input

= del19e3b2-8177-11ef-9de3-0242c0a8700a

- LEXIS APls J
application_executable_args
Distributed Data Infrastructure Core Workflow Management and Orchestrator animals_dir annots.csy
(LEXIS DDI) (LEXIS Orchestrator)
Output dataset metadata :
. DataSet ;
Index with DataSet Access & Workflow Templates Wor:;zq\n;:::g:‘ttlons -
Metadata Management o
Orchestrator
(AirFlow, YSTIA)
- =
Keycloak AAl ——
Other EUDAT
Sites/Services
HPC Site HPC Site HPC Site
Data w—1 R I —— R W= Datn =

HPC-as-a-Service
REST API i

Set

=

Distributed Data
Infrastructure Area

REST API

r LJ puted Ddld
" |Infrastructure Area

Quantum

£k

] IJI

Set ata
InfraStricCture Area

Al HPC

[} IJI

- -
- -
- -

value

X  Create workflow execution

Animals Al Video Example 3 output dataset

Home > Workflows

Details

Animals_Al_Video_Exar

Progress

mple_3_Workflow Workflow Execut

[ —

()

[y

[ —




| EXIS Platform User story - Workflow execution m

X  Create workflow execution

Name

LEXIS Portal for Easy Access to HPC Infrastructure

TestRun 1
AAIl & Resources LEXIS Platform Core Input path
Management Animals Al input X

i = de19e3b2-8177-11ef-9de3-0242¢0a8700a
LEXIS APIs

' application_executable_args

Distributed Data Infrastructure Core Workflow Management and Orchestrator animals_dir annots.csy
(LEXIS DDI) (LEXIS Orchestrator)

Output dataset metadata :

- Index with DataSet DataSet Workflow Templates Workflow Executions value

Metadata M::;g:fnim Management title : Animals Al Video Example 3 output dataset
| Of hestrator
i IYS.I-IA) Home : Workflows Animals_Al_Video_Example_3_Workflow Workflow Execut
- =
Keycloak AAl —— Details Progress
Other EUDAT
Sites/Services
Crmmmm ) (e )
HPC Site HPC Site HPC Site
> AN W —— . N — s e
HPC-as-a-Service 3 i o JEA . ; 5 | DSaetta pe (g B gy |
RESTAPI | ) - RESTAPI y e
S Uinfrastructure Area Infrasfrticture Area
Al HPC ==
Quantum
L1l
. @ ~ (=)
e — —  ——————— . ~ — = ) = )
="




LEXIS Platform

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

LEXIS Platform Core

LEXIS APIs I

A
Distributed Data Infrastructure Core Workflow Management and Orchestrator

(LEXIS DDI) (LEXIS Orchestrator)
Index with DataSet DataSet Workflow Executions
ndex with Datace Access & Workflow Templates Management

Metadata Management
Orchestrator
(AirFlow, YSTIA)
Keycloak AAIl

User story - Workflow execution

Name

TestRun 1

Input path
Animals Al input

X  Create workflow execution

= del19e3b2-8177-11ef-9de3-0242c0a8700a

application_executable_args

animals_dir annots.csy

Output dataset metadata :

title :

S—
——
Other EUDAT

Sites/Services

HPC Site

HPC Site

HPC-as-a-Servic
REST API

REST API

Y .

-
LJ puteqd vald

Infrastructure Area

(.

W Data =

Set ata
InfrastrtCture Area

Quantum

Lo

—
—————

value

Animals Al Video Example 3 output dataset

Home Workflows Animals_Al_Video_Example_3_Workflow Workflow Execut

Details Progress
() (o)




LEXIS Platform

User story - Result download

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources

Management

LEXIS APIs

Distributed Data Infrastruc
(LEXIS DDI)

Workflow Management and Orchestrator
(LEXIS Orchestrator)

Metadata

Index with DataSe

DataSet
Access &

Management

Workflow Templates

Workflow Executions
Management

Orchestrator
(AirFlow, YSTIA)

000
0060
800

Ed

@®

I~

Y Project Filter

Home  Workflow DataSets
Quick_start_project

ACCESS

D TITLE

D Animals Al Video Example 3 output dataset  project

D Animal Al vodeo example output project

D Animals output test 1 project

Total items: 3

Uther EUDAI
Sites/Services

HPC Site

HPC Site

HPC Site

HPC-as-a-Servi
REST API

Infrastructure Area
HPC
Cloud
=1 =1—=
e —

HPC-as-a-Service
REST API

Distributed Data
Infrastructure Area

HPC
Quantum
E E E LLLL

HPC-as-a-Service

REST API

Distributed Data
Infrastructure Area

HPC Al HPC
—=1—=]—= ===
—— ————— —— —

Dompé

P " o= M Martin Golasowski

Q = m

CREATION DATE WORKFLOWNAME WORKFLOWEX|

7th of Oct 2024 09:15:09 Animals_Al_Video_Example_3_Workflow Animals_AlI_\

ath of Oct 2024 11:16:16 Animal_workflow_video_example Test_executit

4th of Oct 2024 09:54:55 Animal_WF_test_1 Test.5

Rows per page 10 =

. LIGATE



Federated execution on 4 HPC clusters at once
222 LEXIS:

Platform

Menu
Home > Workflows > LigenWF_Federated_demo > Workflow Executions > Ligen_4loc_Demo_recording > Details
@& Dashboard v

= Data Sets v PIatForm

Details Progress

W

Y Project Filter

B8 Applications

"2 Workflows

Executed on 4 location:
LUMI

B Projects

Administration Management

LUMI

Leonardo (CINECA)
Karolina (1T41)

E4 AMD Cluster

2 Users Management

i Providers E4

® Locations

N —— ————————— - - -

2. Resource Management

YV V VY VY

Additional

Karolina
Postprocess

B Documentation
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LEXIS Platform Containers & Scripts

23 LEXIS:

PlatForm

23 portal.beta.lexis.tech,

Y Project Filter _P'ﬂ O= @ Martin Golasowski

[e]els]
0000
000

Home sontainers

82 LEXIS: =

Platform

og
| == Ligategeneral Meny
Home ocations
b € Dashboard E
Search by title < Refresh Create C = DataSets -
: 8 88 Applications . a =m=
p HAME DESCRIPTION ENDPOINT TYRE PROVIDERDESCRIPTION ACTIONS
Test Container Quantum Al Test Container p - IRODS LRZ iRODS at LRZ lexis-lrzicat srv Irz.de Storage Leibniz-Rechenzentrum Compute Centre m
| | @ fth Of Mar 2024 21st Of Mar 2024 - Barbora HPC Cluster Barbora barbora.itdi.cz HPC [Talnnovations Computing Centre m
: iRODS LRZ OWSeu  iRODS Zone OWSLRZZONE sikplrz-ows-icat srvmwn.de  Storage Leibniz-Rechenzentrum Compute Centre m
, ® Cirrus HPC Cluster Cirrus login.cirrus.ac.uk HPC EPCC Compute Centre m
P . - Leanardo HPC Cluster Leonardo login leonardo cineca.it HPC CINECA Computing Centre m
= LocalCluster Tartu testing instance https:/fheappe-1.cloud.utee  HPC Puhuri testing provider m
= ) : ZVe-2 HPC Cluster Alveo 10.12.0.11 HPC 1BM Computing Centre m
. . _ LRZLinux cluster2  HPC Linux Cluster CoolMUC-2  Ixlogind.Irz.de HPC Leibniz-Rechenzentrum Compute Centre m
Python Animals Al Example 7 LUMI HPC Cluster LUMI lumi.cse.fi HPC LUMI Computing Centre m
*‘ 12th Of Mar 2024 IT41 Staging Area  |T4I Staging Area staging Storage IT4Innovations Computing Centre m
i
|

EHIEEI[

Crrryrr=ra—e) QR =y |

()

L ) ) ()
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LEXIS Platform

Containers & Scripts 222 LEXIS:

Platform

woPEESSI

822 LEXIS = Y Project Filter P ug 6. B Martincolasowski cunrean smow ron
Platform
Home Custom HPC Jobs EESSI Demc Pl using R Workfl
@ Dashboard
= Data Sets i - .
@ wortidow name and project > R un Custo m R SCrl pt
jobscript.sh » Use common EESSI HPC
& Containers
- module
HPC Applications
e o »  Workflow & output in GUI
B Custom HPC Job
"8 Workflows
B Projects == Y Project Filter
T t
Home Custom HPC Jobs Workflow Executions
& Users Management
i Providers
@ Locations Name
=) =)
Compute PlinR
#. Resource Management
iditiona
M Documentation
Jobscript showcase
_ _ _ _ o
188} INFO - https://www.gnu.org/licenses/.
188} INFO - Estimated Pi: 3.1408
188} INFO - Pi estimate has been written to output/pi_estimate.txt
- Success criteria met. Exiting.
(o ) (s )
VSB TECHNICAL ITAINNOVATIONS
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Al workflow demo with Python in Apptainer

vvvvvv

Urgent computing federated workflow execution

=
=
=
=
&=
==
(]

i

Check it out!

Check it out!

253 LEXIS:

PlatForm

Documentation
https://docs.lexis.tech

VSB TECHNICAL ITAINNOVATIONS
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https://youtu.be/4y_KSdi82jo?si=xeuDNkRo3xpE4TfM
https://youtu.be/_Hi3O_FchS0?si=lRi33xq-dEc92owT

Chogenme | I EOSC

Thank you!

Questions?

martin.golasowski@vsb.cz
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