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A recap - the context il BN B e
From 2029/30 onwards: huge increase in HEP experiments ~— ©= | | | - & =3
computing resources requests (HL-LHC above all) - g /L -
New analysis paradigm is arising: high-rate, declarative, -~ . / e
interactive or quasi-interactive data analysis approach QNS

The development of infrastructural solutions (high rate
platform) to implement such a new model is done inside WP2
and WP5:
= Use case-driven approach and tests with real-world
analyses
» and synergically with SpokeO:
= adopting/proposing infrastructural solutions

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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High rate analysis Tools @

Main ingredients for high rate analysis:

= Cutting edge tools:
= ROOT’s RDataFrame (RDF) - modern, high-level interface for analysis of data
stored in TTree, CSV and other data formats, in C++ or Python
= Scikit-HEP echosystem (uproot + awkward-array + vector + coffea +...) -
array-based syntax for manipulating HEP event data in an efficient and
numpythonic way
= MORE ON THIS IN THE NEXT CONTRIBUTIONS....
= reduced data formats
= Scaling out with Dask!

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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A typical high rate platform @

The computing infrastructures should be:

= agnostic with respect to the analysis software which can be, in principle,
experiment-specific
» based on containerized cluster solutions integrated with storage systems
and caches:
= containers are executable software packages that contain everything that
Is needed to run an application, from code to system libraries, therefore
abstracting it from the host infrastructure.
= multi-user
= capable of handling different back-ends, most importantly Dask!

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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Key technology enabler: Distributed Dask &[] s
e Dask.distributed is a centrally managed, distributed, dynamic = }
task scheduler: "
o The central dask scheduler process coordinates P sl B Coticuler sends
m actions of several Dask worker processes on multiple machines | thesamenetwork for execution
m the concurrent requests of several clients 1
e Usersinteract by connecting a local Python session to the : l :
scheduler and submitting work | Worker Worker Worker
e Best to use a cluster manager utility class: i
o It deploys a scheduler and the necessary workers as determined by | workers compute tasks and store / serve computed resuits
communicating with the resource manager |
o KubeCluster is a cluster manager for Kubernetes
o Dask-jobqueue is a set of cluster managers for job queueing HPC
systems o T i
m Supports PBS, Slurm, LSF, HTCondor, ... @ e e

This obviously fits very well with the python analysis ecosystem,
but also ROOT’'s RDataFrame can use Dask as backend: Dask ster - obetosten)  coster - PBSCLuSter(
therefore enables analysis on very different resource providers.. |
provided you get access to your data!

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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The ICSC Spoke2 high rate platform T
. _ Jupyterhub e

As Spoke2 WP5 we are ready, using ICSC e
resources as per RAC allocation |—__multi-user

_ é &= docker % ‘5

000 000

A high rate platform deployed on a Kubernetes - . -
cluster (128 vCPUs and 258 GB) e Eoes s

pod pod pod

» endpoint is here o o . N

! !
Dask KubeCluster E E Dask KubeCluster i E Dask KubeCluster

__________________________________________________________________

Let's see its components in details

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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Deployment - o 8
Kubernetes (K8s): — | i
N HELY
» Theindustrial standard for the management and < iouser A
orchestration of the deployment of containerized services & cocker
on a set of machines él _ % _ \5

» Kubernetes cluster: set of nodes that run containerized

applications (organized in Pods), controlled by a control L v v

" Jupyter

" Jupyter

" jupyter

plane g g
pod po po
HELM: ] l |
= The "package manager” for K8s | DaskKubeCluster | |  DaskKubeCluster | |  DaskubeCluster |
« Thedeployment of the K8s resources needed forthe | T
spawning of this platform, is handled via HELM charts —_— - -

available in the GitHub organization 1 1
https:/github.com/ICSC-Spoke2-repo/HighRateAnalysis- L [wdask) 1ok gdask| |
W P 5 ' ] deos'b' ' P e scheduler

WHS . 4 l

This allows a seamless, flexible, scalable and fault-tolerant
deployment on the available resources, with a limited impact on
the admin’s work time.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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Access

&
=
.(:2 )

~+
)
-
5/ @
C
(@)

Connecting to an entrypoint URL, the

Sign in with OAuth 2.0

user reaches a Jupyterhub instance ! e T — ]
It is @ multi-user Hub that spawns, " . * *
manages, and proxies multiple
instances of the single-user Jupyter l l [
note bOOk Se rver E' Dask KubeCluster \E il Dask KubeCluster i il Dask KubeCluster

__________________________________________________________________
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Security o

sl

multi-user M
Authentication and authorization via / Wrdocker ] v
INDIGO-1AM ~ ~ o
https:/iam-icsc.cloud.infn.it/login - - o

L l """"" Voo l """"" Vo l """"" b

Dask KubeCluster Dask KubeCluster Dask KubeCluster

__________________________________________________________________

= An Open Source Identity and Access
management solution for scientific

computing s e g !
| wdask| | wdask| | wdask |
wdask ' I wdask ' I wdask '

& —-— s s s \ — = O \ ————— J

Missione 4 ¢ Istruzione e Ricerca
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User interface ——
o o~ Jupyterhub

The user interface is based on Jupyterlab customised
with specific plugins for specific purposes (e.g. Dask).

The working environment is highly customizable:

[ ]
oy
multi-user

&= docker % %

= using tailored Docker containers = ~ =

= thisis important when analyses require specific = pyter = oyte = pyte

software (collaboration-wise) [ pd pd
Jupyterlab images Dockerfiles for Spoke2 are hoster B el e

hore . DaskKubeCluster i DaskKubeCluster | [ DaskKubeCluster |
https:/github.com/ICSC-Spoke2-repo/wp5-custom-i - —

mages/tree/highrate To ] ] 1
werer wdask| | #eEK wdask\ | s gdask\ |
wdask ' I #dask ' # dask S

l
Server Options N — ——— ="\ o :

=N
=N

Select your desired image: | ‘

Select your desired number of cores: |1 v |

Select your desired memory size:

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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SEI In tEI ace S 'A. ‘
)
Signinith
~Jupyterhub
Th t to a full IDE! . HELM
e user gets access toa ru 5 ——
.
multi-user
: File Edit View Run Kernel Tabs Settings Help Mem:l 237 /8192 MB _&d k
- 2 Launcher X | [ HNL_analysis.ipynb X oc Qr
B+ X O [ » m C » Makdwnv @ it Singularity kernel O
® 000 000
HNL CMS Analysis = o~
' =3
V7 & (7] W v
Code from Leonardo Lunerti 47
= “ Jupyter _ Jupyter  Jupyter
Dask cluster configuration
* NOTE: The cell below must be changed every time the Dask cluster is recreated pOd pOd pOd
: from dask.distributed import Client
client = Client("localhost:22631")
client Piainininininis Slginainls’ "~ Jblaiaininid N o e \ T e e \
1 1 1 1 1 1
/usr/local/share/miniconda/lib/python3.10/site-packages/distributed/client.py:1309: VersionMismatchWarning: Mismatched versions found | Dask KubeCluster | | Dask KubeCluster 1 | Dask KubeCluster 1
I\ ____________________ ‘I I\ ____________________ ’I I\ ____________________ ’I
| Package | Client | Scheduler | Workers |
| 1z4 | 4.0.0 | None | 4.0.0 |
| msgpack | 1.0.3 | 1.0.5 | 1.0.3 |
| python | 3.10.10.final.® | 3.9.9.final.@ | 3.10.10.final.@ | —_— —_— _—
| toolz | 0.12.0 | 0.11.1 | 0.12.0
Notes:
- msgpack: Variation is ok, as long as everything is above 0.6
warnings.warn(version_module.VersionMismatchWarning(msg[@] ["warning"])) r' daSk I
" Client scheduler
Client-ce7539b8-e288-11ed-81dd-7a36feca5287 TILT worker worker '
Connection method: Direct I S S .. _J
3
v
Scheduler Info
Scheduler
Simple 0 E 1 @ Singularity kernel | Idle  Mem: 235.51/ 8192.00 MB Mode: Command @ Ln1,Col19 HNL_analysis.ipynb

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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Distributing the workload v
Dask Labextension plugin: o - opyter) e

_ ) HELM
= allows to interact with the Dask dashboard multi-user A
directly in the Jupyterlab session access to y e g v
useful monitoring panels — — ——
» deploys a Dask cluster using the e ors vl
KubeCluster cluster manager
The deployment of such cluster can be done: s W e —— L

Dask KubeCluste E E Dask KubeCluster i E Dask KubeCluster

also via CLI/notebook cell

You can then handle your cluster from the
plugin

tcp://dask-ttedesch-0b609ee5-8-schedulerjhub:8786
Dashboard R h p//d ask-t d sch-0b609eeS-8-schedulerjhub:8787/status

Number of Cores:
M mory. OGOGB
mber f orkers: 5

<>
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/
Jupyterhub
INFN C
- @ Launcher X | woters X [+ % Clster Map X |+ ; Sign in with OAuth 2.0
CPU Use (%) s
" R
.
i | multi-user
. TR
'CLUSTER MAP. o9
- docker
R
= Memory Use (%)
000 000
o 000
T
L]
GPU MEMORY. o - = =
T Wy W L1
anous prochess i | fe{aar [ (vl e i [ [ i ok e Jupyter Jupyter Jupyter
e ki kpIIOC1 4% 143M20G8 70% 00 AZMISEOKS 00 22 2668 1K8 O 0 pOd pOd pOd
P
P o
’ Al ’ Al
T . \ .
Dask KubeCluste 1 Dask KubeCluster o Dask KubeCluster 1
WORKERS 1 1 1 1
___________________________________________________________ .
'WORKERS MEMORY TIMESERIES Toul (5) )
0.020007791519165038 | | L]
ARG
ey pr—— (o)
e —
NORKERIRANORERRYIES dask-ttedesch-0b609ees-8-default-worker-dcB7b391z tcp://10.42.9.123:42823 0.019994373321533202
r—
CLUSTERS C  + NEW r' dask I
scheduler
‘worker
—_— | —_— |

Simple Mo @

ClusterMap 1 ()

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing
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000

User interface

Jupyterhub

Localredentils ®

Connect the client and scale up your w HEL}
computationS! | multi-user 6 %

000

~—
L[

~—
w
* Jupyter

: from dask.distributed import Client

* Jupyter

client = Client("localhost:22631") = Jupyter
client

pod pod

pod

Scheduler | Workers | I l

/usr/local/share/miniconda/lib/python3.10/site-pac istributed/client.py:1309: VersionMismatchWarning: Mismatched versions found

Package | Client

| 1z4 | 4.0.0 | None | 4.0.0 | 1 II 1
| msgpack | 1.0.3 | 1.0.5 | 1.0.3 | o Dask KubeCluster 1
| python | 3.10 a final.e | 3.9.9.final.e | 3.10.10.final.0 | oSG YN ] o ______. !
| toolz | .12 | 0.11.1 | @.12.0 |

Notes:

- msgpack: Variation is ok, as long as everything is above 0.6
warnings.warn(version_module.VersionMismatchWarning(msg[@] ["warning"]))

" Client
Client-ce7539b8-e288-11ed-81dd-7a36feca5287 g dask I
scheduler
Connection method: Direct worker Ty [ '
Dashboard: http:/flocalhost:31645/status
- . . . -

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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I S I I u I n g e wo I O a Welcome tolcse ° ® :
)
signinwith
~Jupyterhub
Local credentials [ H E L
Sign in with OAuth 2.0 ’ ‘
.
multi-user
" File Edit View Run Kernel Tabs Settings Help
CONTENTION ‘A = examplX | M root@jX | [ LaunchX = [A preseleX | [A] Untitle X [ root@jX @+ i@ Progress X |+ % 000 000 000
cpPu - =
Progress -- total: 8314, waiting: 385, queued: 7041, processing: 180, in-memory: 148, no = ." ."
o EXCEPTIONS -3 .'
|ZRil saserro. . 67917897
FINE PERFORMANCI RIC . — e
INE PERFORMANCE METRICS ek 28/416 ~* Jupyter Jupyter Jupyter
GPU UTILIZATION
— od pod pod
= GRAPH P
GROUP PROGRESS
2 GROUPS
* R e (i e EEEE——— O N /22 \ /228 \
1 1 1 1
MEMORY BY KEY . Dask KubeCluste ! Dask KubeCluster o Dask KubeCluster !
1 1 1 1
NPROCESSING . O I 7. . Ty, -
i Workers X |+
OCCUPANCY /
PROFILE CPU Use (%)
PROFILE SERVER — [re—
0000000000000 O @O G0O@O® © ® o ]
PROGRESS
Memory Use (%)
RMM MEMORY
SCHEDULER SYSTEM — r' daSk I
TASK STREAM name addre. nthrez cpu  memoa limit | memc mana unma unma spillec # fds net re netwi disk re disk w scheduler
WORKERS Total ( 90 33% 63.9C180.0 355¢ 1858 57.7( 6.0G 0.0 9080 16Gi 171N 0 735K~ o
Running with executor dask infn-af ‘ » poren '
WORKERS CPU TIMESERIES
dd it_l interval
WORKERS BiSK name address event_loop_interv: - s s s s
g Total (90) 2.37074370573973 =
WORKERS DISK TIMESERIES L 1 | 8% Completed | 3min 26.9]] ‘ »
Simple Workers 1 [\
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Offloading L R
WelciJme to icsc 'A 5)
. . . . C“ ~ Jupyterhub
Aim: enable the platform to dynamically exploit all kinds \ N
of resources (HTC, HPC, Cloud) transparently for the " N
multi-user
HSEr é &> docker % %
= |ooking for a synergy with active developments in
this context, to delegate container execution on @ 0 o
remote resources while keeping the very same user
interface i p pd
» Possible solution: InterLink, which provides execution | oskemoteabauese | { oask memote jobqueue | | Dask Remote) obqueue |

____________________ 4

of a Kubernetes pod on almost any remote resource

» Resources visible to the user thanks to an
HTCondor overlay

CMS INFN Analysis Facility already implements this _V_ _ V- _

a a (
. . . . . . \ - . Ve - \
solution to integrate italian grid sites o e (e dask ¥
I waasiV | [ T (waaskl] | wdask) |
I} dask I ] d‘;al\“s"!e(r ] dask
l l il :

- s s s

—-_—eas - -

HPC center
D

Missione 4 ¢ Istruzione e Ricerca

Cloud

WLCG HTC site
\_
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Data are important: Rucio integration

High rate platform also integrates with Rucio:

G

= aproject that provides services and

associated libraries for allowing scientific = »RUCIO
collaborations to manage large volumes of o
data spread across facilities at multiple S MOTEROF
institutions and organisations. @ | | Enter a Data ideniiier (DID)
Rucio client enables users to interact with the - R
system and access the distributed data: =
» The client can upload, download, manage 3
and delete everything from single files u -
Petabyte sized datasets. o

|»
o

A JupyterLab extension integrates with Rucio to
allow users to access some of Rucio's
capabilities directly from the JupyterLab interface

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing
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Conclusions INEN

= Now you got an overview of each component of a typical high rate analysis platform...
= [T'STIME TO GET YOUR HANDS DIRTY!

= Using some of the tools that will be demonstrated during the workshop
= We will use the ICSC hub accessible at this endpoint
https:/hub.131.154.98.51.myip.cloud.infn.it/

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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What is offloading? @

= Delegate the execution of a container/workflow on remote resources while keeping
the user interface unchanged.
= Example:
= "I have my own ML training container, and | want to run it on a node with 4 A100s”

Intertwin

Mt/ container
HPC GPU Node

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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How can we implement offloading? @

We want a NATIVE integration with the Kubernetes primitives, acting underneath as a
virtual node.

Kelsey Hightower @
@kelseyhightower
The problem is we asked developers to do all

N.B. We a|m tO use KUbel’neteS as the WOrkhOI’SE fOI’ > that. Kubernetes is not a tool for deve|opers.

the “offloading”, NOT as the user interface though They can use it, but we have to be honest,
Kubernetes is low level infrastructure and works
best when people don't know it's there.

Offloading should be transparent for the users

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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A possible solution: InterLink

InterLink aims to provide an abstraction for the
execution of a Kubernetes pod on any remote resource
capable of managing a container execution lifecycle.

The project consists of two main components:

A Kubernetes Virtual Node: based on the
VirtualKubelet technology. Translating request
for a kubernetes pod execution into a remote cal
to the interLink API server.

The interLink API server: a modular and
pluggable REST server where you can create
your own container manager plugin (called
sidecar), or use the existing ones: remote docker
execution on a remote host, singularity
Container on a remote SLURM or HTCondor
batch system, etc...

K8s API server

)

pod status

[

v1.Pod

Virtual kubelet (Knoc)

v1.Pod JSON

KUBERNETES CLUSTER

REMOTE MACHINE

-/- o
%

Yk ’/'/7/ 3;«7;:;"‘ /;». 7'7,/ /'w:’/ '5 ’, ”"/:/"
Mock SLURM Local,
InterLink plugin InterLink plugin

https://github.com/interTwin-eu/interLink

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing
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co m p O n e n ts : \I K https://virtual-kubelet.io/

« Virtual kubelet (VK): Virtual
= "Open-source Kubernetes kubelet Kubelet
implementation that masquerades as a
kubelet. This allows Kubernetes nodes to be

Kubernetes API

backed by Virtual Kubelet providers” SR
» (Can beimagined as a translation layer: [} [J [J [} |

« "l take your pod and run your container ) L) L) LT
wherever | want” e e dend
» Registers virtual node and pulls work to run e s oo ey e
» The pod lifecycle is managed via interlink rest calls
» Qauth2 via service token kept “refreshed” peie

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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Components: Interlink + Oauth2 proxy @

= Qauth2 proxy: authN with IAM and authZ configurable on aud and groups
= "Digests” and manipulates calls from VK to the sidecar
= Self contained binary, distributable on all OS without dependencies

KUBERNETES CLUSTER

REMOTE MACHINE

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca
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Components: Sidecar/Plugin @

Agent that must expose a REST with defined specs, but which can be implemented in
the language and with the methods you prefer:

= creation of the pod: run local docker or submit a job on htc, slurm etc

» collect the execution states

= collect and forward logs upon request

» kil
Existing plugins: local Docker (Go), Slurm (Go), HTCondor (python), ARC (python),
Kubernetes (python), Kueue (python)

73000770 s A S N YN TN T Al T
TR }4 /} VR R TRAL ) A /;//»(;/ ATUS v KILL '
(A //rpilaliiviize /Z;/././/. T/ 00 1 IRt i ARl Y
Mock SLURM
. . . . Local, htc ...
InterLink plugin InterLink plugin
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CMS INFN AF analysis INEN

A growing project (activity started in 2020): ~

®@0 0

= Now 28 registered users: at least 4/5 of them can be considered
“very active” users, authenticated via CMS |IAM <

Cloud@CNAF |

= (ontainerized Jupyterlab environment:

= Both "a-la-batch” and interactive processing allowed

= Integration of heterogeneous resources under the same pool:

= Existing WLCG infrastructure and batch-systems for
interactive use used for both legacy and interactive
processing:

= Using an HTCondor overlay and Dask in HTCondor mode

» offload on all Italian Tier2 sites via Interlink mechanism:;

= Deployment of Dask clusters on remote resources via Undler developmert
RemoteHTCondor (Dask-jobqueue plugin)

CMs/|
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Enabling use cases

These are some use cases we have in mind as a
scientific community:

= Unlock full power of cutting-edge analysis tools
= Speed-up of factor O(10-100) for HEP analysis
workflows
« Easy GPU access:
= seamless access to HPC centers
= ML training triggered via workflow automation, e.g.
ML pipelining tools (Kubeflow, MLflow, ...)
= many GPUs at once == more/faster hyperparameter
optimization
= Enable CI/CD as a trigger for analysis execution

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing
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InterLink: development context and ICSC related activitieS”\yen

The technical solution (interLink) has been initially prototyped by INFN in the context of the

interTwin EU Funded project and is now enhanced within the ICSC development/research
programme.

£ ICS
< * |dall'Unione europea $% dell'Universita X '
NextGenerationEU “5%> e della Ricerca \ N

In particular
e ltis part of the SpokeO infrastructural toolkits. As such it is under consolidation, testing and
Improvement

e Itis part of the Spoke2 - WP5 work plan

o inthis respect there is a ongoing integration effort to extend the High rate analysis
platform over HTC/HPC computing resources

e Also part of the Spoke3 integration plan

o ideais to benefit of the interLink capabilities to offer highly dynamic access to
specialized HW (i.e. over Leonardo)

o integrating offloading with data retrieval from the data-lake prototype

Many fruitful sinergies should lead toward a generic technical solution, versatile and extendible
based on specific needs.
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