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The high-rate analysis hub g
A jupyterhub is deployed on a k8s cluster (128 vCPUs o . J N
and 258 GB) via the official Spoke2 JHub Helm repo | A
» endpointis here and Indigo-IAM is used for @rdocker g v
authentication P S s T s
Users choose JupyterLab image to deploy and after < < S
deployment completion, they get access to a full IDE L y

(persistent storage, terminal, notebooks, editors)
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https://github.com/ttedeschi/HighRateAnalysis-WP5/tree/main/stable/jhub-aas
https://hub.131.154.98.51.myip.cloud.infn.it/
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How we used to scale

A jupyterhub is deployed on a k8s cluster (128 vCPUs
and 258 GB) via the official Spoke2 JHub Helm repo

= endpointis here and Indigo-IAM is used for
authentication

Users choose JupyterLab image to deploy and after
deployment completion, they get access to a full IDE
(persistent storage, terminal, notebooks, editors)

Users used to scale up their python-based
computation, using Dask library, within the
Kubernetes cluster

multi-tenant

) & w— 000
B . . )
~Jupyterhub
R -

[
HELY

&> docker % %
000 000 000
v w v
" Jupyter " Jupyter ~ Jupyter
pod pod pod

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

Dask KubeCluster Dask KubeCluster Dask KubeCluster

__________________________________________________________________

I I
r‘dfoswlff r' C!ggk I rydask r‘ daSk I mdask r' d??ll( I
I » deoswlff ' I ] dask ' I " df,fk - '
& N S - - - \ - S S s \ ————— J
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https://github.com/ttedeschi/HighRateAnalysis-WP5/tree/main/stable/jhub-aas
https://hub.131.154.98.51.myip.cloud.infn.it/
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Where we are now o~
A jupyterhub is deployed on a k8s cluster (128 vCPUs = i X,
and 258 GB) via the official Spoke2 JHub Helm repo - an
» endpointis here and Indigo-IAM is used for {l hdoder g v
authentication - S s T s
Users choose JupyterLab image to deploy and after O < o
deployment completion, they get access to a full IDE T L. N [ R [ \
(persistent storage, terminal, notebooks, editors) . DaskKubeCluster | |  DaskiubeCluster | |  DaskKubeCluster |
. \ _J
Users can now scale up their python-based
computation, using Dask library, offloading to [iLink
external RAC resources hosted in Naples: 4 R
(__v__\ ( =N (__V__\
» 70 nodes (96 cores each) \.l = | | & | o |
» accessible viaan HTCondor-CE L E T _'I T
RAC resources in Naples
\ J
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https://github.com/ttedeschi/HighRateAnalysis-WP5/tree/main/stable/jhub-aas
https://hub.131.154.98.51.myip.cloud.infn.it/
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TEChnicaI dEtaiIS Unpacked image INFN

distributed via

/cvmfs/unpacked.infn.it

PERIR | P : f \

Jupyterhub Submission of singularity jobs R —

= g [ h
- HELM [ |
= M with JHub access token

| |
\ I, gdask pod I
— I worker I
v > p dask l

‘ worker

" jupyter

\_______-_

Q-ITCondor InterLink Plugin/

HTCondur
( QAC resources in Naples j

L SSH forward service

Port 31022

/ SSH-tunnel
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Z Jupyterhub
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Sign in with OAuth 2.0

Server Options

Select your desired image: I

v]

Select your desired number of cores: [

Select your desired memory size:[2G ghcr.io/icsc-spoke2-rep...

x{ Centro Nazionale di Ricerca in HPC,

Big Data and Quantum Computing

Welcome to icsc

Sign in with
INFN
= CCR- AM

Local credentials

Not a member?

Apply for an account

Almalinux9 base image wi...

ghcr.io/icsc-spoke2-rep...

Offload experimental ima...

Z FHle Edit View Run
[}
1p Name = Last Modified
™ persistent-s... 2 days ago
»
Simple (170 0 B 0 &
—

Kemel Tabs Settings Help

2 Launcher

o

IE' Notebook
Python 3 ROOT C++
(ipykernel)

! Console
Python 3 ROOT C++
(ipvkernel)

Other

"1
=
| W
|

Launcher 1 [
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File Edit View Run Kernel Tabs Settings Help

DASK DASHBOARD UR Q "3 Launcher _ +
]
Ministero
persistent-storage/analysis-examples/PyHEP2022 de"luniversité
1
) [ Notebook e della Ricerca
' /\/7 : File Edit View Run Kernel Tabs
Python 3 ROOT C++ NPROCESSING
Dashboard not fipsciy T
» connected
PROFILE
Console
PROFILE SERVER
To connect, paste a dashboard IP PROGRESS
URL in the box al e, O Cre:
: the P RMM MEMORY
clu If you #
e s ct SCHEDULER SYSTEM
setup. Python 3 ROOT C#++
(ipykernel) TASK STREAM
WORKERS
Other »
— M " E JORKERS MEMORY
. — v
Terminal Text File Markdown File Python File Show BEER MENoR HHERERES
Contextual Help WORKERS NETWORK
WORKERS NETWORK TIMESERIES
CLUSTERS
= WORKERS TRANSFER BYTES
Simple
CcLUsTERS C  + NEW
KubeCluster 2
Scheduler Address: tcp://dask-ttedesc
Dashboard URL: http://dask-ttedesch-
= File Edt View Run Kernel Tabs Settings Help Smer of cores: 10
i R N = Number . € Workers: 10
= NPROCESSING 2 Launcher X | i# Workers X <>
OCCUPANCY CPU Use (%)
Simple (O RC]
PROFILE =
PROFILE SERVER ]
IMPORTANT: -
.
RMM MEMORY Memory Use (%)
d | » SCHEDULER SYSTEM
some delay may |
WORKERS
occur due to the
» name | address nthreads cpu emory limit | memory ¢ managed unmanag unmanag spilled  #fds  netread netwrite  disk read disk write

job queueing
system. Once
connected,
please wait ~10s
before scaling the
cluster
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WORKERS DISK.
Total (0) - - - -
WORKERS DISK TIMESERIES
WORKERS MEMORY
WORKERS MEMORY TIMESERIES
WORKERS NETWORK
WORKERS NETWORK TIMESERIES

WORKERS TRANSFER BYTES

CLUSTERS C  + NEW

KubeCluster 2

“cheduler Address: tcp://d sk-ttedesc
hboard URL: http://~ .sk-ttedesch-

N ber of Cares: 0

Men' .y:0B

Nu aber of Workers. 7

Settings Help
@ Launcher X | fig Workers X |

CPU Use (%)

lemory Use (%)

name  address nthreads cpu  memory limit  memory ¢ managed unmanag unmanag spilled  #fds  netread netwrite | disk read disk write

Total (10 10 5% 14GB 200GB 7.1% 00 886.3 Mil 559.7 Mil 0.0 220 3KiB  15KB 0 0
dask-ttec tcpi//10.4 1 4% 1446 Mil 20GiB 7.1% 00 648 MiB 79.8 MiB 0.0 22 286B  1KB 0 0
dask-ttec tcp://10.4 1 4% 1444 Mil 20GiB 7.0% 00 649 MiB 79.5MiB 0.0 22 286B  1KB 0 0
dask-ttec tcp://10.4 1 6%  1442Mil 20GB 7.0% 0.0 1442 Mil 64.0KiB 0.0 22 286B  1KB 0 0
dask-ttec tcp://10.4 1 6% 1444 Mil 20GiB 7.1% 00 144.4 Mil 56.0KiB 0.0 22 2868  1KB 0 0
dask-ttec tcp://10.4 1 6% 1443 Mil 20GiB 7.0% 0.0 64.8 MiB 79.5MiB 0.0 22 2858 1KB 0 0
dask-ttec tcp://10.4 1 6% 1445Mil 20GiB 7.1% 0.0 144.3 Mil 148.0 KiE 0.0 22 5498  2KB 0 0
dask-ttec tcp://10.4 1 6%  1455Mil 20GiB 71% 0.0 64.5MiB 80.9 MiB 0.0 22 286B  1KB 0 0
dask-ttec tcp://10.4 1 4% 1455Mil 20GiB 71% 0.0 65.0 MiB 80.5 MiB 0.0 22 2868 1KB 0 0
dask-ttec tcp://10.4 1 4%  1440Mil 20GiB 7.0% 0.0 64.8 MiB 79.3 MiB 0.0 22 2878 1KB 0 0
dask-ttec tcp://10.4 1 6% 1446 Mil 20GiB 7.1% 00 64.6 MiB 80.0 MiB 0.0 22 2858 1KB 0 0

File Edit View Run Kernel Tabs Settings Help

[ Launcher X X | [A Untitled.ipynb o |+

B+ X DO » = C »

. NPROCESSING # Workers

Code v

OCCUPANCY

OFILE

from dask.distributed import Client

PROFILE SERVER

client = Client("tcp://dask-ttedesch-e8f2e00d-8-scheduler.jhub:8786")

B
PROGRESS aent
RMM MEMORY
» SCHEDULER SYSTEM

TASK STREAM

'WORKERS
'WORKERS CPU TIMESERIES
WORKERS DISK
'WORKERS DISK TIMESERIES
WORKERS MEMORY
'WORKERS MEMORY TIMESERIES
WORKERS NETWORK
WORKERS NETWORK TIMESERIES

WORKERS TRANSFER BYTES

CLUSTERS C  + NEW

KubeCluster 2

Scheduler Address: tcp://dask-ttedescl
ttp://dask-ttedesch-¢
10

Dashboard UR
Number of Core:
Memory: 20.00 GiB
Number of Workers: 10

<>

Simple O [ 2 & Python3 (ipykernel) | Idle
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Some additional info @

= cvmfsis mounted both in jlab session and in the nodes (unpacked, sft, cms, grid for
now)

» Repo where images are developed:
https:/github.com/ICSC-Spoke2-repo/wp5-custom-images/tree/highrate-offloading

= As before, each user is assighed 10 GB of persistent storage:
= Anything that is stored outside the persistent-storage will be lost when the
JLab session ends
= No redundancy nor any production backup is in place for persistent storage:
BACKUP EVERYTHING ELSEWHERE! since data will be lost in case of a node failure

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


https://github.com/ICSC-Spoke2-repo/wp5-custom-images/tree/highrate-offloading
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The technical 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
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https://github.com/interTwin-eu/interLink
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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


https://virtual-kubelet.io/
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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
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