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Machine Learningin the Wild

Seite3 ©Fraunhofer ITWM / The Carme Team

Machine Learning
and

Data Analytics

WhyWeNeeda Toolfor ML/DL on HPC Clusters

showed remarkable successin manydistinctfields
(e.g.image processing, text translation,medicalƛƳŀƎƛƴƎΣ Χ ύ

rise of hybrid and/or ML/DLsupportedalgorithms
(e.g.climate forecast, physicsinformed networks,Χ ύ

model size increasesdrastically
(needs more memory & compute power)

generate large investmentsin newmulti-GPU hardware
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Utilize HPC Systems
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HPC Systems
τ
Å huge compute resources
Å resources are spread over various nodes
Å often focus on parallel usage
Å limited runtimes
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The Way It Was for Decades

Áother fields use HPC systems for decades

(e.g.,ǇƘȅǎƛŎǎΣ ŎƘŜƳƛǎǘǊȅΣ ƳŀǘƘŜƳŀǘƛŎǎΣ Χ ύ

ÁHPCclusters are set up to make use of the hardware that is 

installed

(e.g.,multi-node jobs)

Ácalculate hugeproblems

(e.g.,extreme memory and computationally 

intensivesimulations)

Ácommand linedriven usage

(e.g.,submit non-interactive batch jobs, jobs do not 

start directly)
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MachineLearning and HPC Systems
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Machine Learning
and

HPC Systems

WhatWeWould Expect

efficiently manageand useyour resources
(how to utilize the full power of multi-GPUsystems?)

match your workflowwith these resources
(how can I develop interactively?)

scale yourapplications to use multiple GPUsand/or nodes
(how do I easily utilize multiple GPUs in variousnodes?)

manage data I/O and data storage
(how do I access my data?)
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Machine Learning
and

HPC Systems
TwoDistinctWorlds?
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Requirementsto Enable

Machine Learningon HPC Systems

ςς
Which ChallengesDoWeHaveto Solveto Bring ML

and DLon HPC Systems?
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Machine Learningand HPC Systems
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AI requiresuseof multiple
nodesandspecialized
processingunits

missingmultiuser access
to algorithms anddata

highcostsfor AI-specific
hardwareandadministration

lackof AI-professionals
andhardwareadministration
expertise

multi-user 
management

huge
compute power

lackof
knowledge

hugehardware
costs

Things We Must Take Care of on HpcSystems
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Machine Learningand HPC Systems
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HPCtechnologyprovides
the maximumpower of
the usedhardware

integratedmulti-user web-
interface reducing
administrativecosts

highly reducehardware
costsby sharingresources
betweenusers

meaningfulabstractions, 
souserscanfocuson
developingalgorithms

multi-user
interface

utilizing HPC
technologies

simplification
resource
sharing

Our Proposed Solution: Proven HPC Tools
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Combining Open-Source ML Toolswith HPC Backends

©Fraunhofer ITWM / The Carme TeamSeite10

The CARME Way
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Á secureweb frontend main GUIs

Á Code-Server/JupyterLab

Á TensorBoard

Á anaconda environments

Áminiconda/ mambaforge

Á userand job management
Á LDAPandSLURM

Á data I/O technologies (e.g.BeeGFS)

Á usingcontainers (Singularity)

Ámonitoring tools (e.g.Zabbix)
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https://carmeteam.github.io/Carme/

Carmeςan open-source framework

to manageresources for multiple

users runninginteractive jobs on

an HPC Clusters

https://carmeteam.github.io/Carme/
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The Detailsof OurSolution

ςς
What It Is Really About
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Resource Management

ςς
Howto AssignResourcesto CompetingUsers?
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ResourceManagement
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Proven HPC Tools

[1] https://www.openldap.org
[2] https://slurm.schedmd.com

LDAP[1] (usermanagement)

ÁLDAP = Lightweight Directory Access Protocol

Áuseyour LDAP

Ádifferent userroles

SLURM[2] (job scheduler)

Áeasyintegrationin existinginstallations

Ámakeuseof cgroupsplugins

Áusingquotas,queues,resourcereservation

Ámanyusefulextensionsavailable

(e.g.,preemtion, hiberateifƛŘƭŜΣ Χύ

https://www.openldap.org/
https://slurm.schedmd.com/
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Data I/O and FileSystems

ςς
UserData and ComputeNodes
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Data I/O and FileSystems

ςς
UserData and ComputeNodes
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Data I/O and FileSystems
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[3] https://www.beegfs.io © iStock

BeeGFS[3]

Áredundant, parallelfile system

Áhugedata throughput (viainfiniband)

Átemporaryjob FS(BeeOND) on localSSDs

betweennode

Áopen-source(commercialsupportavailable)

https://www.beegfs.io/


Public information

Maintenance and Usability
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Meet User SoftwareDemands
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Maintenance and Useability
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Demandings, We Have to Care
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Áusinggraphiccardsfor calculations

Áinstalldrivers, thecorrespondinglibrariesand

TensorFlow,PyTorchΣ Χ

Áeasy GPUaccess

ÁML/DLalgorithms

Álibraries,programsanddependencieschangefast

Ádifferent algorithmsneeddifferent programs/libraries

Áprograms/toolsoften availableasdeb-packages

Ábut manyHPCclustersare rpm-based

ÁHPCclustershavevery heterogeneoususers

Áneeda lot of different tools andsomedependencies

maycollide

Áuserscannotbe root
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Maintenance and Useability
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Easy for Users and Admins
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easyto use(for users)

Áaccessviaweb interface

Áinteractivedevelopmenttools

(e.g., Code-Server,TheiaIDE, JupyterLab)

Ádirect GPUaccess

Áuncomplicatedmulti-node/-GPUusage

easy maintainable(for administrators)

Áprovidedifferent libsfor specificusergroups

Áuseanacondaenvironments

Ástickto singularitycontainers



Public information

singularity[4] containers

Áprovidethe OSthat ML/DLusersneed

Áon the host:baseOS andgraphicsdrivers

in the image:all other dependencies

Áno root-privilegesto start the container

Áonly neededfoldersmounted

(e.g., /home/USERNAME, /scratch/USERNAME)

Ácreateimagesfrom scratch(takesa few minutes)

or transformanexisting(clean)dockerimage

Maintenance and Usability
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[4] https://www.sylabs.io/singularity

Software Containers

τ
Å platform independent
Å system isolation and control
Å easy software testing
Å speed and scalability

Portable Software Environments

© freepik

https://www.sylabs.io/singularity
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Maintenanceand Useability
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Carme Singularity
"Base Image"

The Base Environment CARME Provides

setof basigsoftware
(e.g.vim,nano,gcc, gdbΣ Χ ύ

everythingreadyto useIB
(usingfree drivers)

MPIand GPIare installedper default
(GPISpaceinstallationready)

minicondaand/or mambaforge

Python 3.X

Code-Serverand JupyterLab

headlessor web-basedapplicationscanrun insidethe container
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anaconda[5] basedenvironments

Áopen-source(normal andenterpriceversions)

Ácentralminiconda/ mambaforgeinstallationinside 

the image(peoplecanuseit directly)

Áusershavethe freedomto install (most)of

the libs and tools they need(preciseversioncontrol)

Áall PyTorchandTensorFlowversionspossible

Áeasilyshareand saveyour environments

Ásupportingcooperation

Maintenance and Useability

©Fraunhofer ITWM / The Carme TeamSeite21

[5] https://www.anaconda.com © freepik

Userspace Package Management

https://www.anaconda.com/
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ResourceUtilization

ςς
Who Has Access to WhichResources?
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ResourceUtilization

ςς
Who Has Access to WhichResources?
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ResourceUtilization
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Control the Resources You Have
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ÁCARMEutilizesthe schedulerresourcelimits

(fully respectsnon-carmejobs,cgroups, queues, etc.)

Áadditional limits canbe definedon top of the

schedulerlimits

(modify#(nodes), #(GPUs),runningjobs, etc.)

Áintegratessmoothlyin your existingscheduler

(onlya CARMEfeature flagisneeded)

Áeverythinginsidea job runsinsidean isolated

namespace(programscannotescapea job)

Áinsidea job youcanonly seethe GPUsassociated

with the job (noaccessto informationof other GPUs 

on the node)
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Interactive andSecureMulti-

UserEnvironments

ςς
ML/DL and Data Science UsersWant

InteractiveAccess
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InteractiveUsage
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Secure and Simple Access

Áaccessviaweb interface

Áno additional software

(likesshor specialtool)

Árunsbehind your firewall

Ásecureautehntification

(e.g. via our LDAP)and

additional 2FA
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InteractiveUsage
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The User Control Center

(2)

(1)

two clicks to development

(1) start a job

(2)selectyour preferred

developmentenvironment
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Job Scheduling

ςς
How OurScheduling Works
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JobSubmissionScheme
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JobSubmissionScheme
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Áuserloginto the web interface

Áusersubmitsa job

Árequestfor newjob issentfrom the frontendto our HPC-backend

Ásecureconnectionviarpycandspecialkeys

Áour HPC-backend

Ágetsthe job informationfrom the frontendandour database

Áfinallysubmitsthe job to the schedulerasoriginaluser

Ájob start scriptishandedover to the scheduler

Áschedulercheckshandedover information (resourcelimits,useraccounts,availability, 

Χύ

ÁrespectiveCARMEprologscriptsrun

(onlyif the job belongsto us)

Ájob startson the requestednode(s)

Áuseris informedin the frontendthat the job hassuccessfully started
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Security Concept
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Our Security Idea
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