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Big Data and Quantum Computing

The Cloud infrastructure

Cluster
e Kubernetes v1.28.3 (clients) - v1.23.7 (server)- 6 nodes (1 master + 5 worker)
e Runtime: Docker 26.1.3
e Networking: Calico ™ CNI (veth_mtu=1440), NGINX Ingress.
e Storage: OpenEBS LocalPV

4 N N

Master (x1) Workers (x5)
* OS: Almalinux 9.4 - Kernel 5.14.0-427 . ,
e Allocatable: ~8 vCPU - ~15 GiB RAM e OS: AlmalLinux 9.4 - Kernel 5.14.0-427
' » Typical Allocatable: ~32 vCPU - ~62 GiB RAM

e Disk: ~50 GB XFS o
e CPU: Intel Xeon (Cascadelake) RIS OCRRES

o AN /

[1] Calico (CNI): Pod-to-Pod Networking + NetworkPolicy; Transport: BGP or overlay (IP-in-IP/VXLAN); In the active overlay cluster, Pod MTU =
1440.

[2] Allocatable = Capacity — reserves for kubelet/OS/eviction/pod overhead. This is the value used by the scheduler.
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Big Data and Quantum Computing

The Bare Metal infrastructure

4 Cluster )
e Kubernetes v1.31.0 (clients) - v1.32.6 (server)- 6 nodes (1 master + 5 worker)
® Runtime: Docker 26.1.3
e Networking: Calico CNI (veth_mtu=1440), NGINX Ingress.
\_ e Storage: OpenEBS LocalPV Y,
/ Master (x1) \ a N\
e OS: AlmaLinux 9.7 (Moss Jungle Cat) - Workers (x6)
Kernel 5.14.0-611.5.1.el9_7.x86_64 e Almalinux 9.7 (5.14.0-611), Docker
e Allocatable: ~64 vCPU - ~219 GiB RAM 24.0.9
e Disk: ~1.1 TB XFS e Allocatable: 32 vCPU (2x16)
e CPU: Intel Xeon E5-4620 @ 2.20GHz (8 e Disk: 251 GiB RAM - RAID1 460-894 GiB -
\ core/socket - 4 socket) / \ e CPU: AMD EPYC 7351 /
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Infrastructure Implementation & Tooling

external traffic

Im * Orchestration: Kubernetes via RKE

KUBERNETES MASTER

ched cm
SCHEDULER CONTROLLERS

$3

(deterministic cluster deployment)

* Configuration Management: Helm
(version control, application

eted
ETCD

s

API SERVER

3 y &8 3 3 3 reproducibility)
TR “ * Networking: Calico CNI (tunable MTU
KUBE-PRUXY KUBE-PRIIXY KUBE-PRDXY KUBE-PHUXV KUBE-PIWXY forfair Overlay/physical Comparison)

““}“““

Why these choices: Reproducibility, automation, fair infrastructure comparison

Ingress: Nginx (external traffic routing)
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e Custom JupyterHub platform (by ICSC SPOKE 2)

* Integrated with Dask (distributed execution),
HTCondor (autoscaling), ROOT RDataFrame

e Supports interactive analysis and large-scale batch jobs

= Deployment
High Rate platform e _\
Access and security

The deployment of the Kubernetes

After connecting to an entrypoint X5 resources needed for the SPAWDINE

URL, the user reaches a = » of this platform, is handled via

Jupyterhub instance that, after TNEN ) - g HELM charts available in the

S . Jupyterhub P GitHub organization.

required resources for the user's L] P HELM This allows a seamless, flexible,

working area e A scalable and fault-tolerant
deployment on the available

resources, with a limited impact on

the admin’s work time

pg@ User!nterface BN 1 multi-tenant 1 ~_— —
The user interface is based on Jupyterlab, customised m
(From the software perspective, \

with specific plugins for specific purposes (e.g. Dask).
interactive/quasi interactive analysis is

a promising paradigm

ece

* jupyter

* jupyter

pod pod

® User-friendly environment
> ® Adopting open-source
industry standards: Dask,

| | 1
_ ! Dask KubeCluster :_ , - i Dask KubeCluster 1
" B

ke N Y
1 Wt 1 1 1
1 # dask sdask 1! ‘wdask 1 1 ‘# dask wdask ! Jupyter Notebooks and
: o ot : : S s : : = : HTCondor
1 # dask ! @ dask 1 1 @ dask 1 ® \Validating new frameworks

The working environment is highly customizable, using ! wdask scheduler ' : @slaxk ! : gaask) scheduler ! (e.g. ROOT RDataFrame with

tailored Docker containers. This is important when v R s £ ’ multi-threading)

\__analyses require specific software (collaboration-wise) ) e e - N e ——— - - e el S — \_ _J
», »,
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Use Case 1: e"e” Simulation & Event Processing - Cloud

1250 Parallelising on the cores of a single
machine with n_workers = 2

1000 Time elapsed from the start of the
R execution (execution triggered) to the end
@ 750 Daskdistributedapproachwith Overall execution time of execution &
2 n_workers =10
= 500
250 # iterations Serial approach Local client Dask Distributed Dask
N 50 590 s 320 s 75s
0 100 1135 s 618 s 138 s

#energy variations

Exploiting the local client approach, the execution
time improves wrt the standard/serial approach if

e e we iterate over a significative number of energy
e R P T b i P PP Sy ST Parallel
} variations ( > 10)

Scaling without

changing your code

Lri i Sa— s

else:

RDataFrame = ROOT.RDataFrame } Serial
my_initialization_function() -
.

No changes required to the rest of the code M 1 t d t b t d D k d | d I' g
P ———— oving to a distribute dSK maodel and scalin
df = df.Define("m_e","0.0005124") #GeV
df_ge = df.Define("goodelectrons”, "Particle.charge[@]+Particle.chargel1] < 0.").Filter("goodelectrons > 1")

resources, the performance improves
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Use Case 2: High-Rate Distributed Analysis (ATLAS) - Cloud
Execution time includini sient to coii the

e ATLAS-derived analysis workflow

P rep— | ° * Five-fold speedup at high systematic complexity
§ 800[-| —— Local cluster * Distributed approach amortizes overhead for realistic
:%: 600: —— Distributed cluster W0rk|OadS

Execution time not including spent to copy the

400
inputs to the worker nodes (~120 s)
200 ; % 1000
L P 2 [| —=— serial
B E 800 H —=+— Local cluster
0 § C -
e || —— Distributed cluster

1-side systematics | : B
2-sides systematics
weight systematics
theory systematics

Nominal MC Run 2 samples | B

Note: Input copy overhead (~120s)
is a limiting factor for distributed
approach. Optimization ongoing.

ide systematics
2:sides systematics
weight systematics

theory systematics

Nominal MC Run 2 samples | &
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. kubernetes < Q ceph

Kubernetes e Storage Persistente

Kubernetes gestisce applicazioni containerizzate in modo scalabile.

| Pod sono effimeri — serve storage persistente per dati.

Soluzione: Persistent Volumes (PV) e Persistent Volume Claims (PVC).
Necessita di un backend affidabile per storage distribuito.
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Perché usare Ceph con Kubernetes

e Ceph fornisce:
o Block Storage (RBD) per PVC
o File System (CephFS) per condivisione tra Pod
o Object Storage (RGW) per servizi cloud-native
e Integrazione tramite CSI Driver — provisioning dinamico.

e Benefici: . .
o Scalabilita orizzontale B CCI:ESRch
o Replica e resilienza ) —_—
1 H \ p —' _’
o Multi-tenant e sicurezza : < P\VC . -
O SRS
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Architettura di Integrazione

e Ceph Cluster: MON, OSD, MGR. Testbed attuale
e Kubernetes: e ceph-dev-mds01
_ 0 g . 2x Xeon E5-2650
o StorageClass definisce il tipo di volume. . ce:>h-dev-md302
o PVC richiesto dall'app — CSI crea volume °  2xXeon ES-2650L
e ceph-dev-monmgro1
Ceph. o 2x AMD Opteron 6376
. . . . e ceph-dev-monmgr02
e Comunicazione sicura tramite Secret per o AMD EPYG 7351
credenziali Ceph. . ceph-d;v-:\nl\;gn;g?g e
. . o X
e Deployment tipico: Ceph-Operator o Helm chart. e ceph-dev-osd[0-4]

o 2x Xeon E5-2640 v4
o 12x 8TB SAS HDD
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Ceph + metriche Kubernetes.

i Namespace Kubernetes ! Ceph

e Namespace dedicato per : [ F—— i Cluster
Ceph. : = MON
e RBAC per controllare accessi. E | O Secret | — ,PVC 0SD
e Monitoraggio: Dashboard i | i MGR

Bl = —

P e e e e e T T I

PVC — CSI — Volume Ceph
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. kubernetes =~ @z NVIDIA.

Big Data and Quantum Computing

e Le GPU sono essenziali per accelerare Al, deep learning e rendering, migliorando le prestazioni
dei carichi di lavoro complessi.

e Kubernetes non gestisce nativamente le GPU, limitando I'efficienza per applicazioni che
richiedono accelerazione hardware.

e Integrare GPU in Kubernetes permette scalabilita, automazione e gestione efficiente delle risorse
per workload Al.

e ['uso di GPU in Kubernetes consente la gestione flessibile delle risorse nei container
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NVIDIA GPU Operator

e Cos’e il GPU Operator?
o Un Kubernetes Operator che automatizza la
gestione delle GPU NVIDIA.
e Funzioni principali:
o Deploy del Device Plugin per esporre GPU
come risorse
o Configurazione del runtime (containerd,

GPU OPERATOR
NVIDIA Driver

oo« NVIDIA Container Runtime
== NVIDIA Kubernetes Device Plugin

= NVIDIA GPU Monitering

CRI-O)
o  Semplifica l'integrazione delle GPU in cluster AR SN
Kubernetes  CONTAINER ENGINE

o Supporta Al/ML, HPC e workload accelerati

- LINUX DISTRIBUTION
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e |l GPU Operator, il Device Plugin NVIDIA e il E
runtime container permettono I'utilizzo della I Device Plugn
GPU da parte di uno specifico pod D i f @1] )
e |l Pod richiede GPU specifiche; lo scheduler :

5 NVIDIA
! E Pod — ) Driver NVIDIA
assegna il Pod a un nodo con GPU disponibili | GPU
: Operator
:

per |'esecuzione. NVIDIA E @
e | GPU Operator garantisce il monitoraggio Device Plugin i GPU Operator
:

continuo delle GPU nel cluster. L GPU )

Pod — Scheduler = GPU Node
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Conclusioni

2x cluster Kubernetes di testbed fisico e virtuale su cui tramite il deploy “Analysis
Facility ” stiamo testando use case di ATLAS

Abbiamo un testbed Ceph Funzionate che ci apprestiamo ad intyderate in
Kubernetes

Stiamo approntando un nodo Kubernetes provvisto di GPU per sperimentare
l'integrazione con i pod

Grazie
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