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Ca 1947 ~96 36
® Zurich Founded Staff Researchers
Research areas

o @ Rome

@ Madrid

Caen, Normandy — ~230 km / 2h from Paris

@ Nuclear physics — structure & reactions
@ Particle physics & fundamental interactions

@ Applications — hadrontherapy, electronuclear cycle

Technical services

Electronics
IT Mechanical Instrumentation &
Micro-electronics
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AGENDA Fasrex S
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1. FASTER2 — A mature, proven data acquisition system based on
FPGA modules, deployed across multiple nuclear physics
laboratories.

2. FASTER3 — The next generation of FASTER with more channels,
higher bandwidth, lower cost per channel, and flexible
FPGA/CPU/GPU processing.

e Overview

e ZMQ instead of simple TCP/IP protocol
e RDMA for datapath

e Benchmarks

David Etasse = , LPC Caen/IN2P3/CNRS

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 3
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FASTER?2 - Historic

2000 » 2008 — FASTERV1] —»
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FASTER?2 - Historic

Setup/Control f » L] | Analysis (Online/Offline)

faster_setup gui Ll RHB
faster_gui il ‘ nptool
faster_ daq_shell N fasterac
pfasterac

2000 » 2008 — FASTERvl —» 2012 —— FASTER2 ————— 2025

FASTER@David Etasse 6



FASTER?2 - Historic

Setup/Control

faster_setup gui
faster_gui
faster_ daq_shell

2000 » 2008 — FASTERvV1I — 2012

+600 mopuLes
24 Lnss

8 Frca ALGOS

2.8 me
12 PEOPLE

FASTER-CRRC4
FASTER-TRAPEZ-TDC

Analysis (Online/Offline)

RHB
nptool
fasterac
pfasterac

FASTER2 — 2025

60Co
10000
pic FWHM
keV. keV.
1000 1173,21 1,71
1332,48| 1,90
2505,69| 2,41
100
10 =
1 ‘ Il
0 500 1000 1500 2000 2500 3000
keVv

HPGe detector, MOSAHR board, FASTER CRRC4

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse



FASTER?2 - Historic

Setup/Control f m (] ] Analysis (Online/Offline)

faster setup_gui ‘ | RHB
faster_gui ] nptool

faster_ daq_shell ‘ 4 ‘ fasterac
; : pfasterac

FASTER-CRRCA4 - \
FASTER-TRAPEZ-TDC .

+600 mobuLes @ :
24 FASTER-QDC-TDC,,, d |
LS FASTER-QT2T J .

8 rFPGA ALGOS T0))| FASTERRE !

FASTER-SCALER
FASTER-SAMPLER

2.8 me
12 PEOPLE

14 16

18 2
E[MeVee|

Demon detector, CARAS board, FASTER-QDC-TDC,,

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER?2 - Historic

Setup/Control

faster_setup gui
faster_gui
faster_ daq_shell

2000 » 2008 — FASTERvV1I — 2012

+600 mopuLes
24 Lnss

8 Frca ALGOS

2.8 me
12 PEOPLE

FRIB@SRO-XIV@30-09-2026

FASTER-CRRCA
FASTER-TRAPEZ-TDC,p 5, .
FASTER-QDC-TDC
FASTER-QT2T
FASTER-RF
FASTER-SCALER
FASTER-SAMPLER

HR-7,8ps

FASTER@David Etasse

Analysis (Online/Offline)

RHB
nptool
fasterac
pfasterac

FASTER2 — 2025

1000
100 -

wvy

=10

1 T T T
0,001 0,01 0,1 1 i0v

Time resolution
VS
signal amplitude



FASTER?2 - Historic

Setup/Control

faster_setup gui
faster_gui
faster_ daq_shell

2000 » 2008 — FASTERvV1I — 2012

+600 mopuLes
24 Lnss

8 Frca ALGOS

2.8 me
12 PEOPLE

FRIB@SRO-XIV@30-09-2026

FASTER-CRRC4 e
FASTER-TRAPEZ-TDC ,

FASTER-QDC-TDC,,
FASTER-QT2T
FASTER-RF

FASTER-SCALER /o
FASTER-SAMPLER @
4/,%4&

FASTER-ELECTROMETER

HITE

FASTER HV a

i

FASTER@David Etasse

Analysis (Online/Offline)

RHB
nptool
fasterac
pfasterac

FASTER2 — 2025



FASTER2 - Historic %Aslf-j-,‘?ﬁﬁ

Setup/Control g By 9 6 Analysis (Online/Offline)

faster_setup gui ‘ e RHB
faster_gui ] nptool
faster_ daq_shell 3+ HMERETY T fasterac
pfasterac

2000 ———  » 2008 — FASTERvl —&» 2012 —— FASTER2 ————» 2025
FASTERV?2 features :

1to a few hundred channels synchronized by a 10 MHz clock
Triggerless (Commeon-Dead-Fime), Time Stamped events

Real Time FPGA processing, No data buffering

Software triggers (Coincidence, Multiplicity), Multilevel triggers
1to a few million events/second (o< CPU)

Control/Setup/Data - Proprietary UDP protocol

e sudo apt install fasterv2, rhb, fasterac

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 1


https://nptool.in2p3.fr
https://gitlab.in2p3.fr/cfontbonne/pfasterac

AGENDA Fasrk S

- ;ﬁfg/?lf‘

1. FASTER2 — A mature, proven data acquisition system based on
FPGA modules, deployed across multiple nuclear physics
laboratories.

2. FASTER3 — The next generation of FASTER with more channels,
higher bandwidth, lower cost per channel, and flexible
FPGA/CPU/GPU processing.

e Overview

e ZMQ instead of simple TCP/IP protocol
e RDMA for datapath

e Benchmarks

David Etasse = , LPC Caen/IN2P3/CNRS

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 12
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FASTER3

7—7-\%15;23
f b ‘*? - -

FASTER3

|

Data acquisition,
Slow control,
Synchronization (IJCLab WR)

daniel.charlet@ijclab.in2p3.fr
l antoine.back@ijclab.in2p3.fr

Board Design, Firmware,
VHDL Algorithms, Synchronization

— 5 LPC Caen, 1 CDD 27es, X years,
FASTER2 funding

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 ’T"‘g”ﬁ

FASTER3
Data acquisition, User Algorithms

Slow control,
Synchronization (IJCLab WR)

daniel.charlet@ijclab.in2p3.fr
l antoine.back@ijclab.in2p3.fr l

Board Design, Firmware,

VHDL Algorithms, Synchronization ML or Traditional
Algorithms
— B LPC Caen, 1 CDD 2Years, X years, — LPC Caen or
FASTER2 funding other laboratories

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 14



FASTER3

a%gz!:z/),

==

FASTER3

- T/

High-throughput platform,
Embedded ML processing,
Centralized deployment

!

SINAPSE

NORMANDIE

288
R ]

SImulateur Numérique pour |I' Apprentissage Profond
sur Systeme Embarqué
Digital SImulator for Deep Learning on Embedded
Systems
— 4 LPC Caen, 1 CDD 2Y%s , 2 years,
150K€

Data acquisition,
Slow control,

Synchronization (IJCLab WR)

daniel.charlet@ijclab.in2p3.fr
l antoine.back@ijclab.in2p3.fr

Board Design, Firmware,
VHDL Algorithms, Synchronization

— 5 LPC Caen, 1 CDD 27es, X years,

FASTER2 funding

User Algorithms

ML or Traditional
Algorithms

— LPC Caen or
other laboratories

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - FASTER2 vs FASTER3 ~;;=/.351_r7§./3w

= = =

=

Turn on the detectors <~ Plug in the detectors
Turn on the FASTER2 unit

Read the Quick Start guide

Go to http://faster.in2p3.fr (First steps)

Turn on the computer

Install Ubuntu 24.04 LTS 64-bit

Install fasterv2 - sudo apt install fasterv2

Configure network card

Create a directory

Use faster_setup _gui to configure a FASTER environment

Use faster_gui or faster daq_shell

Launch RHB for visualization

Start data acquisition

1
2.
3.
4,
5.
6.
7
8.
9.
0.
1

—_

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 16



FASTER3 - FASTER2 vs FASTER3 ~;;=/.351_r7§./3w

= = =

=

Turn on the detectors <~ Plug in the detectors
Turn on the FASTER2 unit

Read the Quick Start guide

Go to http://faster.in2p3.fr (First steps)

Turn on the computer

Install Ubuntu 24.04 LTS 64-bit

Install fasterv2 - sudo apt install fasterv2

Configure network card

Create a directory .

Use faster_setup_gui to configure a FASTER environment Turn on the FASTER3 unit

Use faster_gui or faster daq_shell

Launch RHB for visualization

Start data acquisition

Plug in the detectors -¢——9» Turn on the detectors

1
2.
3.
4,
5.
6.
7
8.
9.
0.
1

—_

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 17



FASTER3 - A synchronized multi-channel Oscilloscope module i
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FASTER3 - Synchronized multi-channel Oscilloscope Platform

Desktop modules

1 Digitizer Box 2 Digitizer Boxes

Use prototype

daughter boards

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTER3 - Synchronized multi-channel Oscilloscope Platform

?-:'-\SIE:Z/),>

19” Server
2U 4U

——

— CLS™=== [ EIEEN — XLS—

Compact Laboratory System Large-scale Laboratory System Extra Large Laboratory System

=T

1 Digitizer Box 2 Digitizer Boxes 6 Digitizer Boxes 12 Digitizer Boxes

Desktop modules

Use prototype

daughter boards Use production daughter boards

8 > 16 Channels

4 > 8 Channels

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTER3 -» OVERALL HARDWARE ARCHITECTURE
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FASTER3 -» OVERALL HARDWARE ARCHITECTURE

4 )

DIGITIZER
DOMAIN

- J

l

MANY DIGITIZERS BOARDS [

- High density of channels
- No standardized form factor

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 » OVERALL HARDWARE ARCHITECTURE

4 ) CONTROL 4 )
4mmm————
DIGITIZER FPGA
DOMAIN RAW DDETI;I\‘IZED DOMAIN
\_ J \_ )
MANY DIGITIZERS BOARDS [ ONE FPGA BOARD
- High density of channels : ';ﬁ;ﬁ;fnf :: cfaﬁgori thms

s e zedlonnise oy - No standardized form factor

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 -» OVERALL HARDWARE ARCHITECTURE

4 )

DIGITIZER
DOMAIN

- J

l

CONTROL

RAW DIGITIZED
DATA

MANY DIGITIZERS BOARDS

- High density of channels

- No standardized form factor

FRIB@SRO-XIV@30-09-2026

FPGA
DOMAIN

CONTROL

PRE-PROCESSED
DATA

J

J

ONE FPGA BOARD

- AGILEX5 FPGA
- Implemented algorithms
- No standardized form factor

FASTER@David Etasse

4 )

COMPUTING
DOMAIN

J

ONE CPU BOARD

- ARM, AMD or Intel Processors
- GPU
- Compute open algorithms




FASTER3 -» OVERALL HARDWARE ARCHITECTURE

4 )

DIGITIZER
DOMAIN

- J

l

CONTROL

RAW DIGITIZED
DATA

MANY DIGITIZERS BOARDS

- High density of channels

- No standardized form factor

FPGA
DOMAIN

CONTROL

PRE-PROCESSED

DATA

4 )

COMPUTING
DOMAIN

\_ J

J

ONE FPGA BOARD

- AGILEX5 FPGA
- Implemented algorithms
- No standardized form factor

J

ONE CPU BOARD

- ARM, AMD or Intel Processors
- GPU
- Compute open algorithms

MECHANICAL HOUSING

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse




FASTER3 - FPGA BOARD

Capabilities :
FASTER2
Digitizer bitrate 6Gbps
Output bitrate 1Gbps (Ethernet)
Volatile memory (capacity @ bitrate) 1Gb @ 12,8Gbps (DDR3)
Synchronization 10 Mhz clock and TO

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse




FASTER3 - FPGA BOARD

FASTER3

192Gbps

128Gbps (2*4 lanes PCle Gen4)

Capabilities :
FASTER2
Digitizer bitrate 6Gbps
Output bitrate 1Gbps (Ethernet)
Volatile memory (capacity @ bitrate) 1Gb @ 12,8Gbps (DDR3)
Synchronization 10 Mhz clock and TO

64Gb @ 410Gbps (2*LPDDR5)

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse

White Rabbit or SMART
Protocol




FASTER3 - DIGITIZERS

Electronic parameters by digitizer board :

FASTER2
Channels 4
Sampling rate 14bits@125MSps
ENOB target 12
Bandwidth 25MHz

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 - DIGITIZERS

Electronic parameters by digitizer board :

FASTER2 ) FASTER3

GOAL - RESOLUTION

Channels 4 16 (8 for prototype)
Sampling rate 14bits@125MSps 16bits@125MSps
ENOB target 12 12,5
Bandwidth 25MHz 25MHz

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 - DIGITIZERS

Electronic parameters by digitizer board :

FASTER2
Channels 2
Sampling rate 12bits@500MSps
ENOB target 10
Bandwidth 100MHz

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 - DIGITIZERS

Electronic parameters by digitizer board :

FASTER2 ) FASTER3

GOAL - TIMING

Channels 2 16 (4 for prototype) 8 (4 for prototype)
Sampling rate 12bits@500MSps 16bits@1,5GSps 12bits@4GSps
ENOB target 10 1 9
Bandwidth 100MHz 300MHz 300MHz

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 - Compact Laboratory System

— CLS

Compact Laboratory System

1 Digitizer Box

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTER3 - Compact Laboratory System

— CES™.
Compact Laboratory System

- 4to 8 channels
- 16GB,

- 8 Cores CPU,

- 1024 Cores GPU

1 Digitizer Box

128 Gbps 128 Gbps

ENDPOINT #1

ENDPOINT #3

FPGA BOARD NVME DISK ETHERNET ADAPTOR

DIGITIZER STORAGE ETHERNET 100Gb

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse




FASTERS3 - First CLS module - Mid 2027 “FA?I‘?{}T

1. 8 Channels 125Msps@16bits

1. Trigger In/Out, Sync In/Out

‘;t gg"@ ;@;‘@ R 1. Oled screen (IP, DAQ Status ...)
:\\ ~— 7 1. Jetson Orin NX (16GB, 8 Cores CPU, 1024 Cores GPU)
;&SLQ‘ 9®80Do )
B Rumina 1. Ubuntu24.04 LTS@64 bits
NN ?g?uiég.}s?.%. 1g OK MULTICOAX 8Ch
W\ sl // 1. Rear Multi-connection (USB, DP, RJ45 1Gbe)
—Faster 1. Optional 100Gbe PCIe board
SO CE -

sowen =i
i oo

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 34



FASTER3 > Mid-scale Laboratory System

Mid-scale Laboratory System
-  8t016 channels

-  64GB,
- 12 Cores CPUj,
- 2048 Cores GPU
JETSON AGX ORIN
2 Digitizer Boxes 256 Gbps
( N
PCIE SWITCH
L y
128 Gbps ‘ 128 Gbps 64 Gbps 256 Gbps

ENDPOINT #1 ENDPOINT #2 ENDPOINT #3 ENDPOINT #4

FPGA BOARD FPGA BOARD NVME DISK ETHERNET ADAPTOR

DIGITIZER DIGITIZER STORAGE ETHERNET 2*100Gb

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTERS3 - Large-scale Laboratory System

— LIS

Large-scale Laboratory System

S _|

48 to 96 channels

From 12 to 86 cores (24 to 172) threads.

16GB to 1TB

80 PCle 5.0 lanes for maximum high-speed connectivity.

ENDPOINT #9

128 Gbps

ENDPOINT #1

FPGA BOARD

DIGITIZER

GPU BOARD

512 Gbps

ENDPOINT #7 ENDPOINT #8

@ L1l

NVME DISK ETHERNET BOARD

STORAGE ETHERNET 400Gb

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse



FASTER3
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FASTER3

- T/

High-throughput platform,
Embedded ML processing,
Centralized deployment

!

SINAPSE

NORMANDIE

288
R ]

SImulateur Numérique pour |I' Apprentissage Profond
sur Systeme Embarqué
Digital SImulator for Deep Learning on Embedded
Systems
— 4 LPC Caen, 1 CDD 2Y%s , 2 years,
150K€

Data acquisition,
Slow control,

Synchronization (IJCLab WR)

daniel.charlet@ijclab.in2p3.fr
l antoine.back@ijclab.in2p3.fr

Board Design, Firmware,
VHDL Algorithms, Synchronization

— 5 LPC Caen, 1 CDD 27es, X years,

FASTER2 funding

User Algorithms

ML or Traditional
Algorithms

— LPC Caen or
other laboratories

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - Ansible .FAsl_rjﬁw

—x * —

e Ansible is an open source, command-line IT automation software application
written in Python.

e It can configure systems, deploy software, and orchestrate advanced workflows
to support application deployment, system updates, and more.

Ansible
Management Node

v

7

Playbook Inventory

Group A: Group B:
Host 1 Host 2
Host N

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 38



FASTER3 - Ansible Use case

%Agasﬁ
2

—=

Computer Lab 1
OS version A

Computer Lab 2
OS version B

Computer Lab 3
OS version C

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - Ansible Use case

%Agasﬁ
o 2

=

Computer Lab 1
OS version A

Computer Lab 2
OS version B

Computer Lab 3
OS version C

— 7 =

Ansible

Boots every machine on a common OS,
loaded entirely in memory (RAM)

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - Ansible Use case

%Agasﬁ
i, 2

=

Computer Lab 1
OS version A

Computer Lab 2
OS version B

Computer Lab 3
OS version C

— 7 =

Ansible

Boots every machine on a common OS,
loaded entirely in memory (RAM)

l

Each machine’s system disk is never touched

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - Ansible Use case

Computer Lab 1
OS version A

Computer Lab 2
OS version B

Computer Lab 3
OS version C

— 7 =

Ansible

Boots every machine on a common OS,
loaded entirely in memory (RAM)

l

Each machine’s system disk is never touched

Result: no change was made to the machines

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 » Embedded AI models

= ;f'*,. —

Thomas Carreau |

] LPC Caen, CNRS/IN2P3

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 » Embedded AI models

.FASi'Eﬁw

— = *— =
Thomas Carreau [ ] LPC Caen, CNRS/IN2P3
B
B
L ]
Data — —
=[emE
Optimization
& deployment
FASTER v3
44

FRIB@SRO-XIV@30-09-2026
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FASTER3 » Embedded AI models

Thomas Carreau [ ] LPC Caen, CNRS/IN2P3

An example: neutron-y discrimination

e Complete separation (FoM > 3) above 100 keVee with PSD method.

Y Low SNR = unreliable PSD labels.

Data — o
— EE e Strategy: We train our model to reconstruct and classify
R 11 augmented high charge signals then extrapolate.

signal amplitude [AU]
© - oW &

-> Accurate and explainable classification of low-charge signals.

Y

ignal amplitude [AU]
o N w

Optional aux. parameters
..., w. W B EEEEREE e 2 [ >
Optimization
& deployment 70 % 10 50w

time ns]
:H >

lR:mr]mn aug.
&
Latent 0 50 100 150 200

0.3 0.4 5 . " time [ns]
representation

MLP
(with VBLL)

Extrapolate
here

signal amplitude [AU]

0.2
0.0 0.1 0.2 £
Light output [MeVee]

FASTER v3
v https://arxiv.orqg/pdf/2605.13627, accepted for publication in Phys. Rev. Research

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse


mailto:carreau@lpccaen.in2p3.fr
https://arxiv.org/pdf/2605.13627

?%ézrz/),

FASTERS3 - The platform =
Low-latency, high-throughput
packet processing
platform
FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 46



FASTER3 - The platform

— % ==

Low-latency, high-throughput
packet processing
platform

32 x 40/100/400 GbE QSFP56-DD and 2 x 10 GbE SFP +

cyyl HEEEEEEEEEEE BEEn—

L "

nnnnnnnnnnnnnnnnnn

400 Gb/s SUPERVISOR

HPE PROLIANT
DL380 Genl1

Data Path - RDMA
Setup/Control Path » ZMQ

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTER3 - ZMQ vs TCP/IP s S

— % ==

TCP/IP Mess%é\i/r[lgayer Application
Transport layer Pub-Sub, Reg-Rep,
reliable byte stream runs on top of TCP/IP Push-Pull

(also IPC, PGM, TIPC)

ZMQ sockets are built on top of TCP/IP — it is not an alternative to TCP/IP, but a messaging layer on top of it

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 48
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FASTER3 - ZMQ vs TCP/IP o
TCP/IP M ZMQI Application
Transport layer runsecfrsli%i)ngf %%%/IP Pub-Sub, Reg-Rep,
reliable byte stream (also IPC, PGM, TIPC) Push-Pull

ZMQ sockets are built on top of TCP/IP — it is not an alternative to TCP/IP, but a messaging layer on top of it

Raw TCP/IP sockets

@ Byte stream — no message boundaries
@® Manual reconnect & framing logic
@ One blocking connection per socket

ZMQ (built on TCP/IP)

@ Atomic messages — framing built in

@ Automatic reconnect & queuing

@ Built-in patterns, multiplexed I/O

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 - ZMQ vs TCP/IP *Agfg:?’
TCP/IP L ZMQ Application
Transport layer runsecfrsli%i)ngf ’aI‘S(IZeE]’:/IP Pub-Sub, Reg-Rep,
reliable byte stream (also IPC, PGM, TIPC) Push-Pull

ZMQ sockets are built on top of TCP/IP — it is not an alternative to TCP/IP, but a messaging layer on top of it

Raw TCP/IP sockets

@ Byte stream — no message boundaries

@® Manual reconnect &

@ One blocking connection per socket

ZMQ (built on TCP/IP)

@ Atomic messages — framing built in

framing logic @ Automatic reconnect & queuing

Overhead of ZMQ over raw TCP/IP

® Built-in patterns, multiplexed I/O

Small, sub-microsecond per-message cost (a few % for small messages, ~0 for large) — largely offset by ZMQ's

internal batching, so throughput matches or exceeds raw sockets

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 -»> TCP/ IP vs RDMA (Remote Direct Access Memory)

TCP for Storage Traffic RDMA for Storage Traffic

E[L:i;ﬁn High CPU Overhead

@ Higher Latency

@ Ultra Low Latency

@ Zero-Copy Data Transfer

ﬁj. Low CPU Overhead

@ More Data Copies

b
Cf?"?o Packet Processing Direct Memory Access
@ -® ““senncsee
Standard Network Stack Bypass Network Stack
: :pp!h'c'Mn! p— < 4
Direct RDMA
TCP/IP -,‘f r———— .\
30 USI B - hE Application —}m
NIC D 1us '

FASTER DAY@31-03-2026 High-throughput transfer platform@David Etasse
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FASTER3 > RDMA: RoCE & iWARP

Basic principle

Host A

application memory

-

CPU and OS kernel are bypassed on both sides — zero-copy transfer, managed in hardware via Queue Pairs

RNIC < RNIC
RDMA-capable NICs

>

Host B

application memory

FRIB@SRO-XIV@30-09-2026

FASTER@David Etasse
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FASTER3 » RDMA: RoCE & iWARP ‘TA%I”'Z/}

Basic principle

Host A ) RNIC <> RNIC ) Host B

application memory RDMA-capable NICs application memory

CPU and OS kernel are bypassed on both sides — zero-copy transfer, managed in hardware via Queue Pairs

RoCEvV1, RoCEv2 & iWARP — FASTER3 uses RoCEv2 for Datapath

RoCEv1 RoCEv2 iWARP

Network layer Ethernet (L2) UDP /IP (L3) TCP / IP (L3)
Routable (L3) \[o Yes Yes

. Lossless Ethernet (PFC/ | Lossless Ethernet (PFC/ | Standard Ethernet (TCP
Network requirement DCB) ECN) handles loss)

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTERS3 - Avoiding Saturation

.
RoCEvV2 needs a lossless Ethernet fabric — a single dropped packet forces costly recovery
Switch .
e > markspacketswihoN | EERRC O
before the queue saturates
B CNP: sender slows down before the switch has to drop or pause traffic
FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse 54



FASTER3 - Avoiding Saturation ‘77-\%!’-";3

— ——

RoCEvV2 needs a lossless Ethernet fabric — a single dropped packet forces costly recovery

Switch .
Sender NIC . : . Receiver NIC
reaction point s el vl BN notification point
before the queue saturates

1. y

CNP: sender slows down before the switch has to drop or pause traffic

PFC — Priority Flow Control ECN — Explicit Congestion Notification
Link-level backstop: pauses a queue before it overflows. Switches mark packets as congestion builds, ahead of
Alone, it can cause pause storms and congestion the PFC threshold — proactive, not reactive.
spreading.

DCQCN — the closed loop that combines PFC + ECN

End-to-end rate control for RoCEv2: switches never need to drop packets — senders slow down before saturation
occurs
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FASTERS3 - Congestion (1/6) 7”‘@?‘?

STEP1/6 PFC pause (link-level, last resort)
Sender NIC —>> Switch Receiver NIC
sending
CNP feedback path

The sender NIC transmits data across the fabric as normal.

PFC ECN CNP DCQCN
Prioritv Flow Control Explicit Congestion Congestion Notification Data Center Quantized
Y Notification Packet Congestion Notification

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTER3 - Congestion (2/6) ?Ag:é

STEP2/6 PFC pause (link-level, last resort)
Sender NIC — Switch — Receiver NIC
marks ECN
CNP feedback path

The switch queue starts to fill — it marks the packet with ECN before it saturates.

PEC ECN CNP DCQCN

Explicit Congestion Congestion Notification Data Center Quantized

Priority Flow Control Notification Packet Congestion Notification

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTER3 - Congestion (3/6) .mg%;\ 4

STEP3/6 PFC pause (link-level, last resort)
. Receiver NIC
Sender NIC Switch A
A V
CNP feedback path

The receiver NIC sees the ECN mark and sends a CNP back to the sender.

PEC ECN CNP DCQCN

Explicit Congestion Congestion Notification Data Center Quantized

Priority Flow Control Notification Packet Congestion Notification

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse



FASTERS3 - Congestion (4/6) FasTER

STEP 4 [ 6 PFC pause (link-level, last resort)
Sender NIC Switch Receiver NIC
rate ¥
CNP feedback path

The sender NIC (DCQCN reaction point) receives the CNP and cuts its rate.

PEC ECN CNP DCQCN

Explicit Congestion Congestion Notification Data Center Quantized

Priority Flow Control Notification Packet Congestion Notification

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse
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FASTERS3 - Congestion (5/6) FasTER

STEP5/6 PFC pause (link-level, last resort)
Sen]gteer ¢NIC —>> Switch Receiver NIC
CNP feedback path

With no new CNPs, DCQCN gradually ramps the sending rate back up.

PEC ECN CNP DCQCN

Explicit Congestion Congestion Notification Data Center Quantized

Priority Flow Control Notification Packet Congestion Notification

FRIB@SRO-XIV@30-09-2026 FASTER@David Etasse

60



FASTER3 - Congestion (6/6) Fasres S

— = g

STEP6 /6 <@—— PFC pause (link-level, last resort)
Sender NIC Switch Receiver NIC
paused PFC pause
CNP feedback path

If the queue keeps filling despite ECN/DCQCN, PFC pauses the link as a last-resort

backstop.
PFC ECN CNP DCQCN
Prioritv Flow Control Explicit Congestion Congestion Notification Data Center Quantized
y Notification Packet Congestion Notification
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FASTER3 - Jetson Orin Benchmarks ’FA%IE":?

Goal

Measure the real throughput and CPU cost of each communication transport on SINAPSE hardware, to pick the
right protocol for each data path

Test bed Transports tested
. TCP TCP
Inproc IPC Local Remote RoCE V2
Measured for each case:

2x Jetson AGX Orin 64GB

throughput (Gb/s) and CPU load, sender / receiver
10G Ethernet + ConnectX-3 25 Gb/s RDMA

Results on the following slides

ORANO-CADARACHE@09-08-2026 FASTER@David Etasse
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FASTER3 - Jetson AGX Orin 64GB

e s N\ [ ™
Al Performance GPU 12€Egr o Memory
275 TOPS 2048-core Ampere C A7SAE 64 GB LPDDR5
INTS8 sparse 64 Tensor cores, 1.3 GHz ortex- 204.8 GB/s bandwidth
2.2 GHz,3MB L2 + 6MB L3
\ § \ J J
e s e N\ [ ™
DL Accelerator s Power
Vision Accelerator Storage
2x NVDLA v2.0 15-60W
1.6 GHz PVA V2.0 64 GB eMMC 5.1 MAXN performance mode
\ § \ J J

Jetson AGX Orin 64GB

2048-core Ampere GPU + 12-core Arm CPU in a single SoC

FRIB@SRO-XIV@30-09-2026
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FASTER3 -» ZMQ on One Machine

inproc

4 Jetson AGX Orin

Thread A

-

Thread B

-

shared memory — same process, no
network stack

45.37 Gb/s

CPU (send / recv): 60.9% [ 59.3%

FRIB@SRO-XIV@30-09-2026
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FASTER3 -» ZMQ on One Machine

inproc

4 Jetson AGX Orin

IPC

Thread A

-

Thread B

Jetson AGX Orin

-

shared memory — same process, no
network stack

Process A

>

Process B

45.37 Gb/s

CPU (send / recv): 60.9% [ 59.3%

Unix domain socket — local, no
TCP/IP stack

14.07 Gb/s

CPU (send / recv): 95.6% [ 79.2%

FRIB@SRO-XIV@30-09-2026
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FASTER3 -» ZMQ on One Machine

inproc

4 Jetson AGX Orin

IPC

Thread A [»| Thread B

Jetson AGX Orin

TCP Local

shared memory — same process, no
network stack

-

ProcessA || ProcessB

Jetson AGX Orin

Process A ]> Process B

45.37 Gb/s

CPU (send / recv): 60.9% [ 59.3%

Unix domain socket — local, no
TCP/IP stack

TCP/IP loopback (127.0.0.1) — full
network stack, no NIC

14.07 Gb/s

CPU (send / recv): 95.6% [ 79.2%

11.68 Gb/s

CPU (send / recv): 89.7% [ 63.5%

FRIB@SRO-XIV@30-09-2026
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FASTER3 - ZMQ and RoCE V2 Across Machines ?Ag"?é

TCP Remote RoCE V2
10G Ethernet ConnectX-3, 25 Gb/s
Jetson Jetson Jetson Jetson
AGX Orin #1 AGX Orin #2 AGX Orin #1 AGX Orin #2
TCP/IP over the 10G NIC RDMA over Converged Ethernet v2 — receiver CPU stays at 0%

7.58 Gb/s 17.64 Gb/s

CPU (send / recv): 68.7% [ 40% CPU (send / recv): 100.0% / 0.0%
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FASTER3 - Project Motivations

TER

fa
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FASTER3 - Project Motivations ot 3

CAN

\ More channels New digitizers
% % per daughter—board /\/TJHL 125 Msps, 1,5Gsps@16bits Cheaper
4 - 16 channels 4Gsps@12bits
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FASTER3 - Project Motivations ’7"""51'7?3\

6;*,7‘

X More channels | New digitizers
%\ % per daughter-board /\,a 125 Msps, 1 5Gsps@16bits Cheaper
4 - 24 channels

| ot

4Gsps@12bits

Processing 7
FPGA, CPU, GPU 2 Synchronisation,

Accuracy, Throughput
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FASTERS3 - A synchronized multi-channel Oscilloscope module

L W e

— calensopries
£ Moneek =

[ ; ‘ S
. m" 1
- ‘-“ — e
BER——
.:_ Ty =.>ij

your Attention
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FASTER?2 - nptool v4: a tool for the community

# PHILOSOPHY

Framework & Plugins P I u g INS

Lightweight install Third party plugins: Third party projects:
Simplified InterOperability - Detectors - Self-contained

- Event Generators - Configurations
-1/70 . - Calibration

- Algorithm - Custom Analysis
- Visualisation - Data versionning

Website:
- Plugins Barebone Framework:
- No dependencies

- Metrics
- Dependencies I I p O O - Env. management

- Documentation - Plugin installer
- Base utilities

Framework
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FASTER2 - Historic %Aslf-j-ﬁj

Setup/Control . Analysis (Online/Offline)

faster setup_gui ‘ a ’ RHB
faster_gui s nptool
faster_ daq_shell £ Kl fasterac
e pfasterac

2000 ————— 2008 — FASTERvl —» 2012 —— FASTER2 —————— 2025

FASTERvV2 has already been used with :

Solid-state detectors (Silicon detectors, HPGe, SiLi and CdTe detectors),
Gaseous detectors (Ionization chambers, GEM detectors, Proportional counters)
Scintillators + Photomultiplier tube

o Inorganic : Nal, Csl, YAG, LaBr, Li doped glass scintillator....,

o Organic :Plastic scintillators, Liquid scintillators for pulse shape discrimination.
RF cyclotron demodulation,
SiPM detectors,
Micro Channel plates with delay lines or resistive anodes for localization.
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