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'HETEROGENOUS COMPUTING: FROM BENCH/\/\ARK "ﬁ
. TO RECONFIGURABLE INFRASTRUCURE e R

Giordano Mancini, CTO

Workshop'sul calcolo INFN, La Biodola, 26 — 30 maggio 2025
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Who we are

Limiting factors of HPC in 2025

Case study A: Benchmarks on heterogeneous architectures
Case study B: The Cerenkov array pilot project

Case study C: Genomics cluster (@IIT

Flagship project 2024-2025: GAIA

Conclusions

A
A
A
A
A
A
A
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+287%

Revenues growth from 2021

Employees

>85%

Employees in Tech/R&D

>280

Active customers (last 3 years)

>10.000

Systems produced in the last year

26

E4 contribution in European Projects
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2600

2550

2500

2450

2400

2350

The thermal powers of GPUs will tend to
1,600 W by 2027

E 1100
& 1000 — N
8 oo
L
800 —_—
700 ———
600
.
w Py
300 T
200 S,
100
1]
2002 2023 2024 2005 2026 2027 2008
|EA report 2024 for the EU
2551 2 561
-25
+19
-55
+37
=22
56 +72
2392
2021 Demand Demand 2023 Demand 2026
decline decline recovery
2022 2023 2024-26

OIndustry OElectric vehicles @OHeat pumps @ Data centres @ Other

Total Energy Consumed [KWh]

1!

From "time to solution” to "energy to solution”
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100
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RADIO ASTRONOMY DATA VOLUMES (TB)

100,000,000

10,000,000

1,000,000

100,000

10,000

1,000

100

2000 2005

2010 2015 2020

SKA Science
Archive

searches on

Google

98PB

PER YEAR
1 Petabyte

SKA

2025 2030 203t

facebook.
180PB

]
|
uploads to ‘
\
\
\
|

Phase1 Science Archive|

300PB |

Different technologies can produce short or long reads of ~10 Tb in

24-72 hours

Sequence Read Archive (SRA) growth

/@.2 Pbp

— Total
Open access

100 PB 4

-

53.1 Pbp

10PB 4

1PB4

Jozrn

100 TB 4

Data Volume

1078 4 v

178+

100 GB 4

jozn
10 GB -

1.00" 1.“‘)% '1““Q 1@'0 1.“'\’\ 1‘9'1 1.“'\’3 1.3'&& 10\‘5 1.0'\’6 "l.“'\jh ,1(,'@ ":P\'q 1.“1’“ 1“1.& 1.“1'1 1.“13 ’Ldlh
Year

NIH short read archive database growth
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SIESTA:
A CODE FOR AB INITIO MOLECULAR DYNAMICS

Based on density-functional theory (DFT)
Written in Fortran

Parallelised with MPI and OpenMP

Uses BLAS, LaPACK, ScaL APACK, and ELSI

P. Ordejon, SIESTA (nano) TUTORIAL (2010).

siesta
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Walltime [s]

64 128 256
MPI tasks

- SOPHON $SG2042, -- AMD GENOA, -- AMPERE ALTRA MAX,

WHEN PERFORMANCE MATTERS

IMPROVED PARALLEL EFFICIENCY ON GRACE WITH
REDUCED ENERGY CONSUMPTION

Quantum dot

gcc 8.5.0 - 13.21+ OpenMPl 414

107

100

1 2 4 8 16 32 64 128 256

MPI tasks

Energy-to-Solution full node estimate: AMD GENOA: 139.5 kJ,

E4

8

Y

Efficiency
°c o o =
Eiy [@)] o 0] o

o
N

o
=)

64 128 256
MPI tasks

www.e4company.com
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NG s | ;
g 1.1 \“:\“:"‘..‘- e g 1
A BGK3D: CFD/LB; F90 / OpenACC / MPI; memory : S i :?l
bandwidth-limited code. Test: 3D lid-driven cavity flow, 512 x 512 g:: P iy g:: —“‘"{:H"‘j-—{
x 512 grid, Re = 256 EU_TH"'-#':H_.__,."’F S il

=]
=]

A PipeFlow: CFD code; CUDA Fortran / culensor / MPI;

a5 08 a7 a.a 0.9 1 TS 0.8 Q.7 a8 0.9 1
. . . . . . . Marmalizad dack e {8 MNaormalized dack spead fau.
memory bandwidth-limited. Test: incompressible fluid flow in a e preai
circular pipe, Re = 2.85 x10°.. 14 : 4 .
. . ATDD TTES m—t— ADE TTE ——
A QISG: MC of 2D ising quantum spin glass; C / CUDA; memory 13 A100:ETS —— L3 A100: ETS —e— NG
) ) ) 312_:3|-t2m:'rrs—-— 31_2_ GH20Q:TTS —=— | .
bandwidth-limited g LS e g | |oremers - H‘-H
A BERT: transfomer: Python / TensorFlow; compute bound. Test: £ £
. A A
25 epochs bert-large-un- cased variant (~340M parameters), - N 3o el
. Eﬂ.ﬂ - E 0.8 —
batch size of 256. e N =22
ﬂﬂﬂ.ﬁ 08 0.7 a.a 0.9 1 ﬂ'aﬂ.ﬁ 0.8 a7 0.8 0.9 1
Marmaized dack speed (8. Mermaized dock spead {8
2000
dagond ——
Pﬁ : 1800 ETS and TTS versus clock speed
ase 1620
1400
1200
. GH00 ETSdecreasevs TTSincrease Colorsindicatesthe clockspeedin MHz Markersrefersto the four
. s codesundertest.
. 1 a0
= e &0 "Experience on clock rate adjustment for energy-efficient GPU-accelerated real-world codes” — Giorgio Amati, Matteo Turisini, Andrea

Monterubbiano, Mattia Paladino, Elisabetta Boella, Daniele Gregori, and Danilo Croce
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Community Initiative: https://examonhpc.github.io/examon

Current Installations:

A ENI: HPC4 & HPCS5 Clusters, DaVinci 1

S . 3 8 ©
Qb «F 8 g =
-3
Researchers Sys. Admins.  Operations IT Managers Funding
Teams Agencies

ADMI

Front-end

A MQTT Brokers

A Data
Visualization

A NoSQL Storage

A Big Data

Analytics

Back-end

. A MQTT-enabled

sensor collectors

EXAMON DATA ANALYTICS AND VISUALIZATION

CcoP

EXAV\ON

® ExaMon v0.3.0 latest
v0.2.4

v0.2.3

A holistic solution for
monitoring HPC resources

\Gain deeper insights into your data with advanced

& Collect I Analyze

Collect and store data from any source using a Use data : From
to advanced Bl tools using ANSI-SQL or even

Python in a popular Jupyter notebook.

flexible data model and scalable data store.

oo Histogram of Pue values
COP vs Heat Load - - cid
5 ] . New
28
40000 -
26
240
a E 30000
£ 3
229 &
2
20 = .
g 20000 -
18
L 100040
0 14
0.00 50.0k 100k L l'n l'B 2":'

Heat Load (W)
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AFeatures:
AMultithread/

multiprocessing

Alnternal scheduler
/ retry |ogic

A logging

plugin_pub

.conf .

Master

Data

UKD ASensor AP
worker A Slurm, IPMI. ..
APublisher AP
worker
| AMQTT
AHTTP
_ Examon HTTP/MQTT strean
"| Sensor APl (Publisher API)

Source
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FIU-GWO01-EE01_POD_[Genova_Fiumara] v ype  energy v

v Consumption

All Metrics - energy - kWh

=3 eqel ><  Leonardo v (@ Globale v Y Etichette v o

¥ Analyse Dispositivi Gruppi

FIU-GWO1-EE01/POD [Genova Fiumara] X

Data

K Analisi

@ Nuova analisi

01/01/2025 - 28/03/2025 ~
Saved analysis list

Per parametro
g 01/01 01/08 01/16 02/01 02/08 02/15 02/22 03/01 03/08 03/16
By ref.device
Consumo

POD
Costi
SUPERCAL

GF1

GF2

Potenza

Carbon Emissions
Carico della domanda
Manual Readings FIU-GWO01-EE01_POD_[Genova_Fiumara] - energy - kWh
Data Quality
Operating Hours
Microgrid

Analisi Avanzate

5 Gen Gen 13 Gen 20 Gen 27 Feb Feb 10 Feb 17 Feb 24 Mar Mar 10 Mar 17 Mar 24
) Mav

[ Reports
£l Alarmi

) e ddnanundhdubnindmendadhi e
B ©

8299 Letture registrate Esportare le misure in Excel

Ts=15min

01/08 01/16 01/24 02/01 02/08 02/15 02/22 03/01 03/16

— FIU-GWO01-EE01_POD_[Genova_Fiumara]_energy_kWh
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Leonardo v (@ Globale v Y Etichette v =0

N7
= eNnel X
= Analyse

W Gas | Water @ Thermal (heating) {@ Thermal (cooling) s  Exported electricity @ Gas (Vo) f
K Analisi

Emission type Devices

FIU-GWO2-EE02/SUPERCAL (Genova Fiumara) X

@ Nuova analisi CO2 - Carbon dioxide *

Saved analysis list

Dates Frequency

ﬁ Wil Update

Per parametro 01/01/2025 - 28/03/2025 ~

8y ref.device

J$ chart by amCharts

Costi

Comparazione
Qualita dellaria
Potenza

Carbon Emissions
Carico della domanda
Manual Readings
Data Quality

Operating

Jan Jan 13 Jan 20 Jan 27 Feb Feb 10 Feb 17 Feb 24 Mar Mar 10 Mar 17 Mar24

b——— | [ [ [ [ e LT CEE LT

[il] Reports —
A. =

Ts=1lday

83 ExaMon-SEED-EnelX ¢ <3

FIU-GWO01-EE01_POD_[Genova_Fiumara] v

> Consumption
v Carbon Emissio

All Metrics - Carbon - Kg

01/01 01/08 01/16 02/08 02/15

POD
SUPERCAL
GF2

GF1

02/22 03/08 03/16 03/24
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Ethernet

42U Rack

Liqid PCIE HBA x4 Total Footprint — 22U

Typical Power — 16.7kW

|_IC|IC| System insta||ed in E4 Data ‘
, 42U Rack P > B ,\—ﬁozu_fm ) > o
Center and on customers ‘ — .

42U Composable Nodes 4 Compute Nodes —5.4kW

N 1 Ligid Director 28 H100 PCIE — 11.2kW
I n Fra Stru Ctu re 1 Ligid 48-Port Data Switches LQD4500 Ligid NVMe x4 Ligid Director — 225W

. N 3 Ligid 10-Slot Exp. Chassis Ligid Data Switch — 200W
Different GPUs mounted (various e

models of NVIDIA and AMD #tadonci Dol is2 550
Connetected to ExaMon
Planned activity:
Standard benchmark (e. o. HPL)
and dedicated Workloads%e. g.
GROMACS)
Check flop per watt tradeoff

Ligid Director
Nvidia H100 NVL PCIE x28

g g gy

—." f’_’)if_‘) [‘f‘)\. _"

anjen Juawadeuey

i
il

@

LIQID POWERED

*Power Consumption estimates based on typical power usage®*
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CHERENKOV TELESCOPE MINI ARRAY @ mer

Year 2024-2025 (active)

Customer INAF (@Teide observatory

Solution Design, Installation

The ASTRI Mini-Array is an INAF-led project to
build nine double-mirror Cerenkov telescopes to
study astrophysical sources emitting high-energy
gamma photons with the goal of measuring the
energy, direction, and arrival time of gamma
photons arriving on Earth from astrophysical
sources, by exploiting the Cerenkov atmospheric
imaging technique

E4 has designed and installed an infrastructure to
manage and monitor an array of nine Cerenkov
te|escopes and process the data collected in real
time
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Hardware and operational requirements:

A

Install a cluster to control the te|escopes managed by a central

control p|ane

Install a data acquisition and preliminary ana|ysis platForm with the

purpose of running tests on acquired data and transmit only relevant

data

Within the budget provide both computational power and resiliency
to operate in a "semi unsupervised mode"

Roll out the existing preliminary infrastructure while installing the new

one

Maximise ease of transistion by using as much possible software tools

known to INAF staff

Assist the customer through the whole process up to the final run of the

test bed in Tenerife

ASTRI - MA: REQUIREMENTS

11 Logistics Support

11,1 Mantenance Tools
11.2 Spare parts |
1.3 Occupaional Salety and Health quipment |

{17, 4 Material bandiing fauipment
e g opep

nsn '-(WIGMMQWMWR“J

10 Monitoring
Characterization
& Galibration

[10 1 [nvircermentsl Mosstocing System |

10, 2 Atmospheic Chir acterization System |

{m 3 Arasy Cablr ation Iratrument |
)

9 Software

91 Supervisory Corgrol and Data |
ACqusmon Systemn

(AN}
9.3 Data Processing \n'.ﬂr:
9, 4 Scoence Support System |
F(- Lo Corsrol Software |

e N
| 5. 7 On site Startup System |
| Soliltinte - J

[5.8 ATV & Engneering sw |

ASTRI Mini-Array

5 Infrastructure

(2108w ]

['5.2 Power Supply Network
153 Id«mmn.-.l(;:i 1:1;-!7
| S 4 Control Room @ THEMIS

[ 5.5 Data Centre @ Resisenca O |

1 5 6 Service Cabenets

{57 Facives @ W lal@luj

6 Safety & Security

[67 imegrated Satery System |

{ 6. 2 integrated Security & Alarm System |

7 Telescopes

[ 7.1 Mechanscal Structune Assembly i

7. 2 Optical Assembly |

[ 7.4 Stellar Intensity terferometry Instrument J

1.5 Auxibacies .v\vvnlnﬂi

[ 7, 6 Telescope Protection System ]

8ICT

|81 0nSae (Y

| &2 Off S XY

1 & 3 Tiene Sy onization vy\lmj
1 &4 Cyber Security |
e 2
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Key points

A Create a control plane based on ProxMox for
simplicity but using OpenStack components (lronic,
Bifrost) for the lifecycle management of the
infrastructure

Use Medooza components for setup

Create a Kubernets / Rancher cluster to analyze data
from telescopes

Use BeeGFS to provide the storage; to contain costs
and complication consolidates Storage and Metadata
Services into two storage systems, while
Management is virtualized. Redundancy is ensured
through Buddy Mirroring for both data and metadata

servers.

ASTRI - MA: IMPLEMENTATION

I AUWNRA ¢
l L A OpR ¢
|
:Tl + o —
'—L L- M H
+ 4 — " ! 4
= O
.Ti
I H
>l - P y | [ I 1 A3IK
ey » BEE Bl —Y = I &l At tAlR
/L 5 mj<_.y_H [ !t 6 A Kproxmox
asSN @ ¢St Sa02 LIS .
02y iNRf |a6AiOKSE A NI dz € G?Sétég'zi@%%R
M A = - cau2 Nla
/2y kNBTS (8 . l— 02y GNBE &P 4 Scaply
{ 6A0OK H
al Ay
o 56A00KSA )
e ghbo et ]
| y'l:IN - 3] éﬂvlu
+thb ézvudzﬁéa )feSl\Ji; 23333 B I—I' L;—la,"f‘}“@
>
——m—mmmm====r - ===l a
1 . 1cANFEpmmski= {
I b Stii 1 ¢ = A <= > A YasSyy
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I T|r (SNIAOS |lasrade| 2U2NH3ISGRausy
L1/ b S (e I! 9ecGFS
I fewL an wzdeSlH Ei l I \C();;%S"\Ia,gé
¢SARS #]IZGQNJ!{G:WL al 1] o
o L - Ll L/ ¢ Y2yAG2NI <SEF, O2 Y LIz i
‘ sa_ | tdotAO bSGH2Nlgy v NmEP Of dza G SNJ
__________ _I___________.:
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Comparison of Vendor1-Vendor2 devices against
sequential workflows

m Sequential Writes mSequential Reads

14
12 12,5
12
10
»w 8 7,1 7,4
@
© 6 4,7
4 3,20
2 .
0
Vendor1 Vendor2 - disk A Vendor2 - disk B
DISK INVOLVED
Comparison of Vendor1-Vendor2 devices against
random workflows
mRandom Writes ®Random Reads
3500
3000 2905
2500
v
o 2000
g 1500
= 1160 1972
1000
140
o [ —
Vendor1 Vendor2 - disk A Vendor2 - disk B

DISK INVOLVED

Test platform:

Evaluating NVME and NICs performance under different conditions

oS Almalinux 9.5 (Teal Serval)

Kernel_version 5.14.0-
503.31.1.el9_5.x86_64

FIO_version fio-3.35

mdRAID _version v4.3

NVME-CLI _version 291

NFS preliminary results carried out from VMs and baremetal nodes

Performance evaluation of Vendor1 adapters vs Vendor2 adapters
against sequential workloads (read, write)on NFS using RDMA

i
(=T N

GB/s

O R, NWRAROON®O

Sequential Reads
(RDMA)

and TCP

mVendor1 mVendor2 mBaseline

4,7 4,7

2,3 2,3 2,3

2,1 2,1 2,1

Sequential Write Sequential Reads Sequential Write
(RDMA) (TCP) (TCP)

Tested Workloads
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STORAGE SOLUTIONS

Among the first to Implement NVMe RAID Solutions for the Beegfs Parallel Filesystem!

Automating: Public Release of the Ansible Collection for Beegfs!

= @Qocanxy

Thanks for trying out the new and improved Galaxy, please s

Ansible Galaxy

Namespaces » e4 _computer_engineering > beegfs

Search e4_computer_engineering.beegfs

i Fair CPU usage with DRBD CPU masking

instance system_vendor product_name product version board_name board_version bios._version bios_date

X120PU-8 [mA

4408X Desktop Rferenc Pt Hane oo | Schedule timeslices executed by each cpu

< @ o r-3ctsews

Cores © RAM O Power 0S info

xinnor02 418.0-513.51.618.9.x86, Rocky Linux 8.9 (Green 311 weeks
1 TiB xinnor01 418.0-513.51.618.9.x86/ Rocky Linux 8.9 (Green 210 weeks
Xionor02 576 W xinnor-ctrl 514.0-362.241.019.3.8| Rocky Linux 9.3 (Biue O 2.26 weeks

25K

20K

e 1K
<@l ridaem c
Chip Temp -
[+]
0000:42:02_0_0000:4b:00_0 Infiniband info RoOtFS 0 10K
60.5  p—s mixs.0 MT4123 MT.0000000223 | 203930048 Xianor02 [devisdad s
platform_coretemp_0 xinnoro1 xS0 MT4123 MT.0000000223 | 20:39.3004 |l Kinnoro1 [devisdat [xts
36.2<¢ 5K

p— Jdednappericot | ts
platform_coretemp_1

307 ¢ 5 1-20020m o 0
Disk Info Exporter Build info

instance device model serial revision path major minor xionor02 170
|
2 nvme0ni KIOXIA KCDBXVUG3T20 | 24208026TM3J pci-0000:17:00.0-nvme-1 | 259 6 — e
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ARGUS

STORAGE MONITORING & ALERTING SOLUTION =

The upcoming release of Argus will allow observing the relative consumption of flash cells present in NVMe drives and
thus predicting the lifespan of the drive and related carbon emissions: “Operational cost” and “Use phase”, in line with

the OCP sustainability initiative.

Temperature of SDDs in Celsius Degrees

Name
= device: /dev/nvmelnl
device: /dev/nvmeinl
== device: /dev/nvme2nil
== device: /[dev/nvme3nl
== device: /dev/nvmedni

== device: /dev/nvme5nl

== device: [dev/nvmetn2

A
Z = device: /dev/nvme7n2

45 4
5}
<
2 404
S
B
Q
g
S 354
Z
1 7 7 AAVAVA AW NAASS,
10 N VN A Ao 7 AMTARYAYAYAY
05:40 05:45 05:50

Estimated Device Remaining Life (RL) &

99.3% 99.9%

/dev/nvmeOn1 J/dev/nvmeln1

Key features:

J/dev/nvme3n1

Write Amplification by Device

8 Name ~

= device: /[dev/nvme7n2
6 4 = device: /dev/nvmeGn2
== device: /dev/nvme5n1
== device: [dev/nvmednl
] == device: /dev/nvme3nl

== device: [dev/nvme2nl
24

Write Ampilification (a.u.)

device: [dev/nvmelnl

== device: /dev/nvmelnl
o
05:40 05:45 05:50

/dev/nvme2n1

/dev/nvmedn1 /dev/nvme5n1 /dev/nvme6n2 /dev/nvme7n2

[t will extend to monitoring the entire E4’s Medooza HPC solution & will integrate with Examon for metrics ingestion.
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N

a

ooz FRANKLIN

LIFETECH

ISTITUTO
ITALIANO DI
TECNOLOGIA

Installed 2021; starting situation - 2023
CentOS 79

60 GPU nodes

Intel based nodes

2 CPU + visualization nodes

Two BeeGFS nodes

xCAT based configuration control plane
OpenPBS in HA

Infiniband and 10 Gbit/s network

/abbix monitor

To Po Do Do To Do Io I» Io I

Several software and software versions installed over
the years
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ENGINEERING EeeGFS

OpenPBS

RESOURCES SELECTION

&) |CE4HPC Home Token  Admin mrosatii | & Logout

Interactive session parameters setting After u pgra de

? User Guide

st Resenvatin surm Account Expansion of networking

None ~ cin_externt 03

Number of cores Memory (MB)

OpenStack Hyperconverged control plane on 3 nodes

RockylLinux 8.9
~100 CPU and GPU nodes
Intel and AMD mixed

Interactive computing environment

16 32768
GPU configuration Time (hours)
2 x V100 ~ 8,0
ICE4HPC Backend Environment
Release 2022.10
User interface
Jupyteriab
AVAILABLE COMPUTATIONAL RESOURCES

Nodes  Total Number of cores Total Free Memory (MB)

No available GPUs 1 30 344.340

To o To Do Do Do D»

1 available GPU 2 78 734.760

All software modules reinstalled with new stack and on different

2 available GPUs 6 288 2.311.800

architectures

100 nodes of mixed generation
BeeGFS Storage

A Latest nodes with AT00 GPUs needed by Genomics and
Three node Open Stack control plane

Molecular Dynamics groups —>

A Baremetal & scheduled jobs vs container based workloads

A Strict isolation policies asked by DPO for Genomics data

Cloud infrastructure allows to reinstall with a different
setup nodes on demand
Assign them to different networks

ToPo o o I Do

Enforce firewall or other security measures
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Medooza Infra & Medooza Ansible deployment solutions

Create management VMs on the OpenStack control plane (e. g. Scheduler, BeeGFS)
User's secrets management during deployment

Bootstrap Ansible installation

Additional OS packages, basic settings

Drivers

Configuration of services on VMs

Base stack for including compilers, MPl and mathematical libraries, container stack and Python/R
environments. Each release is tested against a set of versions and options. It’s basic environment
the admins find on login.

Compilers and mathematical libraries from scratch
Release tests for the HPC Cluster from services tojob submission and benchmarks

Rocky 8.x, 9.x, Ubuntu Jammy and Noble

Update plan: 1 release per year, ships a validated set of components and versions, support up to

3/5 years
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NEW CLUSTER 2025

Completely new cluster
Standard Open Stack deployment with Kayobe
Upgrade of Franklin after installation

To o Do To Do

OpenPBS to Slurm?
Y .. .. Kubernetes based environment over
Gl OpenStack
openstack.
A

CONTROL NODE LINSTOR /VAST\
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SERVICE NODE /backup Jorojects
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OpenStack Cluster:

A 420 CPU node DELL PowerEdge R670 Server CSP Edition

with 2x CPU Intel Xeon Sierra Forest 144 core

80 GPU node with NVIDIA GPU 112x L40S + 80x A30 + 8x H100

4 GPU Server with 8x NVIDIA Hopper H100
62 node RN

>

™ > >

o

™ >



