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Un Systeme d’'acquisition : Dominant Design

LO Triggers
<
TRAITEMENT TRAITEMENT
- ANALOGIQUEDU ——» NUMERIQUE DU
SIGNAL SIGNAL
o[¢] 1OMB S 3
Management de qq 100G B/s ou
L’ENERGIE < 10TB/s

(HT,BT,SECURITE)

CONTROLE &
COMMANDE

< 100 events/s

Systeme d’acquisition : I
SAUVEGARDE DANS DES
FICHIERS OU DES BASES DE

DONNEES

« Microélectronique O

VISUALISATION & ANALYSE R
ADC

 FPGAS
* Bus industriel
e Ferme de PC




I Les Technologies émergentes pour les DAQ

=

GPS GLONASS

¢

GALILED

TRAITEMENT
ANALOGIQUE DU
SIGNAL
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TRAITEMENT & =——

CALCUL
PARRALLELE:
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NUMERIQUE DU OPEN-MP
SIGNAL

Calcul accéléré :
FPGA, MPPA, GPU

=

)

CUDA

Management de
L’ENERGIE
(HT,BT,SECURITE)

qq 1GB/s l

Les points de rupture :

» Transmission Optique et RF
des FE

Distribution d'horloges
précises (qq ps)
Calcul accéléré et
massivement parallele
Algorithmes |A
(embarqués)

DEEP LEARNING & INFERENCE
ALGORITHMS

i

CONTROLE & COMMANDE

qq 100GB/s
per Cluster

SAUVEGARDE DANS DES FICHIERS OU
DES BASES DE DONNEES

VISUALISATION & ANALYSE
DES DONNEES OFFLINE




B un ASIC FE Systéme : CATIROC

FIFO
10 BITS ADC 26 BITS TIMESTAMP
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*
H DELAY
TRIGGER | MUX |EXT HOLD CELL
DELAYED —
16 TRIGGER
PA_HG FSH ouTPUTS
TRIGGER .
D'SCRlJ]_ SYSTEM
From digital part
TRIGGER
THRESHOLD START STOP
TDC RAMP TDC RAMP
TDCRAMP 1 |— ”
o u
=
TDC RAMP 2
TRIGGER CHARGE
RAMP Q RAMP T 16 TRIGGER
THRESHOLD) THRESHOLD OUTPUTS
10 BITS 10BITS RAMP RAMP 1 TRIGGER
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= LG/HG
= SHAPER

= DISCRILINATEUR . . P

> TAC Fine Time = ADC intégré dans I’ASIC
= Compteur coardse Time

= ADC Wilkinson (double rampe)



I Transmission RF des front-end

A 3D VIEW OF RF COMMUNICATION STANDARDS RF COMMUNICATIONS FUNDAMENTALS
o o 2 - AN OVERVIEW OF MODULATION
2 £5% o3 I
s s z2g 8?2 > Digital modulations:
T T T T Teal 10ndb |5 Voltage —T,
. u 1nJlb § 1. Baseband digital message signal: m(1) Digital i
B » & b 2. Analog sinusoidal carri | sgai | 2 ] 0 | 1] 0 |
o o 100 pJ/bp [ . Analog sinusoidal carrier signal: t
/ W " A, Cartir sgnat A, cos( 2t +4,)  carer JLAALLANARANANRAALL ™
& A 1 10pde O signal[[TTVEVVVVYVVVTTTVY Frene
' wro S || o1 1 pub 3. ASK: Amplitude Shift Keying. '
“ e mg“ i A. Message signal changes the e TN TR TTY VI
NEC) T Nom 0.1 pJ/b carrier's amplitude : A(t). signal  TTTTUT VTV e
€3 Bluetooth” i
,i,a_ 4 4. FSK: Frequency Shift Keying. ]
‘ % //' 4 ‘, A. Message signal changes the sfgsr:(al \Unvnununv Un V/\V/\ nunuhvnunvnvnu{\\/\v[\ —A
, ier's f : : i
// @= WWP' : ’/‘ carrier’s frequency : f; (1 .
Pl I 5. PSK: Phase Shift Keying.

L "’ A. Mes.sagesignalchangesthe s{’SK| ’\MM MI\AMMM M\!\M
P o carter’s phase : (0 ol LS
' m— | km
DATA RATE Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 | 26

Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 | 16

Une place a prendre :

Transmission inter-carte
pour remplacer les
cables

Constellation diagram Time domain waveforms

Q (quadrature,

imaginary part)
sin (t+37/4)—01| sin(wt+7/4)—11 1 I
C e e A \\S
Ao
{ »l .
\ (in-phase) f\ AVA'AY Signal
B o B 1100 | 611710 Bit
y = sequence
sin (wt+57/4)—00Isin(wt+77/4)—10 A B € D Symbol

We have constructed four vectors.
»One vector position in the complex plane codes 2 bits



I Transmission RF des front-end

PYil RF COMMUNICATIONS FUNDAMENTALS
= AN OVERVIEW OF MODULATION

Complex modulation schemes 16-QAM
Q
. r' N
4 q-axis 0000 0100 | 1100 1000
[ Qo
¢ 01 00 e 0001 0101 | 1101 1001
%45’ ® ®
B >
|-axig
\ : ® o o o
011 104 0011 0111 | 1111 1011
% 5 ° °
0010 0110 | 1110 1010

Figure 1. Constellation View of QPSK

16-QAM 64-QAM 256-QAM
4 bits/symbol 6 bits/symbol 8 bits/symbol

Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 |29

E—|



I Transmission RF des front-end

FROM RESEARCH TO INDUSTRY

Ccatech Multi-Gigabit Wireless Data
Transfer for High Energy Physics
Applications

It is a bit freaky with this
wireless technology.

WADAPT Collaboration

www.cea.fr

leti z List cedric.dehos@cea.fr

B Wadapt: “Wireless Allowing Data And Power Transmission”

m Objectives:
== Definition of the needs of data connectivity for particle-physics detectors
== Evaluation of the wireless technologies for data and power transfer
== Hardening, specific design and prototyping

E Consortium
== CERN, European Organisation for Nuclear Research, Geneva, Switzerland
== CEA/DSM/IRFU, Gif-sur-Yvette, France
== CEA/LETI, Grenoble, France
== University of Heidelberg, Germany
== University of Uppsala, Sweden
== University of Bergen, Norway

== Argonne National Laboratory, Argonne, USA
| 11 == Gangneung National University, Korea




I Transmission RF des front-end
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. Impact on the measurements
«  Multiple scattering and nuclear interactions
« Dead-zone areas
« Impact on the installation and the operation
« (Cables and connectors are fragile
« (Cable path is not so flexible
«  Design constraints




I Transmission RF des front-end

Why Wireless ?

= Minimize material budget of cables/connectors
Limited radiation length because of massive services in region between Barrel and Disks

= Axial readout induce important latencies
Direct communication between layers (radial readout)

=  More flexible transceiver placement
= Point-to-Multipoint links, interlayer intelligence
= Data follows event topology enabling fast triggering

TRT{
LRl.'b54mm

R =514mm

R =443mm
SCT

R=371mm

R = 299mm

r R = 1082mm

T Outer enclosure /
s ——— P L —

Layer 3
———a

Layer 2

—

Layer 1

high p; track

Wireless readout principle
(R. Brenner, Uppsala Univ)

R =122.5mm
Pixels R =88.5mm
R = 50.5mm

R = 33.25mm /

R =0mm




I Transmission RF des front-end

PRBS 8b/10b

60GHz TRX package on test board
9dB horn antennas

3cm range

Oscilloscope eye and jitter analysis

© CEA. All rights reserved




I Transmission Optique

Context:

In 2016:
- 1200000 petabytes have been exchanged worldwide
- 49 petabytes have been produced by LHC experiments

but who is feeding the network ?

Content

,Broa dband

Access Networks

Internet Backbom
Natworks

Content
Networks

Imarml Eackbona
esearch
Enterpﬂse ; ' Networks
Networks
Internet oxdnnge and

Interconnection Points
Data Centers and Research,
Education

Enterprise
P and Government
Facilities Otter (1.6%, 1.8%)

W Tatiets (3%, 3%)

# PCs (8%, 5%)
-V (12%,
-

Billions of
devices
® Smartphor

- M2M (34%, 51%)

12 Nov 2018

Ethernet in
the First Mile

Backplane
Ethernet

Data Center
Ethernet

Carrier-grade
Ethernet

Edge
CrossConnect Roter/Switch

ROADM
e I . v

Data Center Service Provider Office/Home

Bit Rates vs Standards

X10in 4 yrs

OTN evolution Y =7
for Ethemet lranspon y

OTN Recommendation | 709 OTN 0TU4 - 2V

ITU-T Standards

X10in >10 yrs
© 400GbE

_ G}P‘s “40/100GbE

7 D 8023 Etherm 10GbE transport options I
GbE IEEE Standards
?FE 1 1 1 1
fgg§/./' 2000 2005 2010 2015
" OTN - WDM and TDM

' Ethernet — Packet Multiplexing

1990

| SDH - TDM

12 Nov 2018



I Transmission Optique

IEEE802.3ba Ethernet Roadmap

https://ethernetalliance.org/the-2018-ethernet-roadmap/

Backplane

(
| Ethernet [
o

100 Gb/s_

TO TERABIT SPEEDS

107

1
400G
2006
100G
506
256
106 4

2000

Link Speed (b/s)

2010 2030

Standard Completed

2020

@ hormt spsed (D) spesdin Deveiopment - }possie Futur sposd

12 Nov 2018

2018—2020

Ethernet Interfaces and Nomenclature

Twisted
Pair
aPain

10BASE-

T00BASE-

TIS/TIL

Twisted
Pair
(4 Pair)

MMF

500m

B80km

Prysical laper
Bk

40 Qigab Einernst 100 GIgau: Eshernet

n

BRSPS

1000BASE-

7 mves tainas copper catle

2.5GBASE-

30 m aver “Cat 8" tavsied pan
100 aver OM3 HIE.
=

SGBASE-

2k ower SWF. s
10 8m over SaF

10GBASE-

25GBASE- 25GAUI CR/CR-S

SR

40k over SMF

40GBASE- XLAUI

SR4/eSR4

LAUI-2/S0GAUI2
50GAUK

50GBASE-

caulfo
CAUI-4/100GAUI-4
100GBASE-
DOGAUI-2

100GAUK

200GAU-4
200GAUK2

200GBASE-

LR4
AWDM-I0
100G-LR

LR4

ER4
4WDM-40

?

4DOGAUKIE
4D0GAUI-8
400GAUI-4

A00GBASE-

FRB.
400G-FR4

Gray Text = IEEE Standard

Red Text = In Standardization

Green Text = In Study Group

Blue Text = Non-IEEE standard but complies to IEEE electrical interfaces

12 Nov 2018

2018—2020

12 Nov 2018

ciherne allance

ABGBASE R4

ancEAsET

apGBASE SRS

AUGEASE FR
ancEASE LR

AGEASE-ERY

te0ceasECR1D
TUEASE CRA

10058ASE SR
10038 45E R4

10058 ASE CWDIITT
100c8ASEL R4
10058ASEER




I Transmission Optique

Ethernet Interfaces and Nomenclature

Electrical Twisted MMF 500m 2km | 40km B0Okm
Interface Pair P5M4 SMF SMF SMF
{1 Pair)

10BASE- TIS/TIL Fhysical kayer 40 Gigabst Ethernet 100 Gigabit Exhernet
[ Beckplans na TOXFEASEKPY
0BASE- m Imgroved Baciplane ANGRASE-KR4 T0DEAASE KRy
100EBASE-CRI0
100GAASE-CRA

1000BASE- m T m over teinax copper cable | JBGEASE.CRA

30 mi ower "Cat B twisted pair | J0GBABE-T
2. 5GBASE- ? 100 M aver Q3 MIE 1

P SEcE B 0GEASE-SRID
125 m over COlid MiaFE 100EBASE-SRA
SGBASE- 7 2 km over SKF seal ANGRASE.FR T00GEASE CWDIMET
10 km cver SMF 40GBASE-LR4 100GBASE-LRA

10GBASE- ? /,—— 40 K over SMF 4DGBASE-ERY 100GEASE-ERY

JEGBASE- 25GALI CR/CR-5 / SR ER

40GBASE- XLAU| CR4 SR4/esSR4

LALI-2/SOGALI-2
SOGAUI-T

S0GBASE-

CALAD

CAUI-4/100GAUI-4 LR4 ER4
100GBASE- 4AWDM-10 | 4WDM-40
100GAU-2

100GAUK MWOG-LR ?

200GALULI-4 LR
200GALR2

200GBASE-

ADOGEAUI-IE
400GBASE- AD0GAUI-8 FRE
400GAUI-4 400G-FR4

Gray Text = IEEE Standard Red Text = In Standardization Green Text = In Study Group

Blue Text = Non-=1EEE standard but complies to |IEEE electrical interfaces

12 Nov 2018




I Transmission Optique  Technologie Photonique

 State of the Art XIT | Read out ALL data? AT
a 15000 optical fibers for CMS tracker, < 5 Gb/s per fiber a Efficient and radiation-hard modulators

a Only a fraction of data is read out ® Lasers located off detector

R \ a Wavelength division multiplexing i

(WDM) = fewer fibers

IP=a, Silicon photonics
i siii  Waviguid Sar STV TR TR PO T sy | Silicon photonic modulators AT
= Ring modulators
Xi Xiao, Hao XA:L Xianyao LI, Zhiyong Li, Tao Chu,
| Integrated photodiodes e Vi, Snd Kezhoog Yi; » Resonant and slightly absorbing ring, coupled to a bus waveguide
B imrm I,,MM,-.,.,, i ﬁhmm ﬁ:mawmgﬁ;:"nﬁf&hm u At the resonance wavelength, light is coupled out of the bus waveguide and
damped away

Optics Express, Vol. 21, Issue 4, pp. 4116-4125
(2013), https:icoi org/10.1364/0F 21.004116

3,000 nm

2,000 nm

iR=EE=

| (De-)Multiplexers AT | In-plane fiber-chip coupling AT | Optical probing of silicon photonic components AT

- w Fiber axis aligned in parallel to chip surface ‘ Mi bety guide and fiber modes

@ SMF is polished at an angle 8 smaller than 45 ° | = Mode size conversion required

X w Total internal reflection: Optical field couples radially from SMF to grating coupler i w Edge-coupled inverted tapers
Sl el oy | Grating couplers for surface
i s gl gsw = coupligg 5 o
§" pd00um, ! |
| a1 Propagation | Fiber core =
H = “direction ; Wave?unde
i / Waveguide | y

|
Grating -
] 8 coupler.
100 pm, Taper




I Synchronisation des canaux ( transmission du temps)

Pictures of frequency standards Time/Frequency dissemination nowadays

Fontaine statique

ntp-p1.obspm.fr

Internet Lien laser
Horloge parlante fibré

Précision : 1-50 ms 1ns <100 ps

PROJET REFIMEVE

Courtesy M.-C. Angonin

V@v_ato?re Distribution/Transfert temps
ANF DAQ - Frejus, November 13, 2018

r®v§toire 5 Distribution/Transfert temps LPL
ANF DAO - Freius, November 13, 2018 s

Means to compare/disseminate clocks

Nobel prize 1909
Guglielmo Marconi,

for the Ist trans-atlantic
radio transmission

Radio signals and
Satellite Link

101Y(1s)
2x10°15(1d)

Optical Fiber Link

in Europe
800< distance <1500 km

il
\‘\“’
i

AT : » : T

Stability(1s) <1013 % Transportable clock

Accuracy <1016 8 (Cs, Sr)
» Cs : 10-'3(1s), 4x10-'§(1d)
(cf. Belville and The Greenwich time lady) Sr : 10-'5(1s), 10-7(3h)
|]9 r@»@w?re Distribution/Transfert temps LPL
ANF DAQ - Frejus, November 13, 2018 R



I Synchronisation des canaux ( transmission du temps)

PTP

Master

Master time scale

FIGURE 2.1: PTP two way messsage exchange mechanism [36].

T =-._ Announce

Svae hE

.
Follow_Up o

ta
G

Slave time scale

PTP accounts for instrumental asymmetries.
Round trip time (RTT) = (t2-t1) + (t4-t3)
Clock offset = t2 -t1+ &MS

In case of asymmtery (6MS = 6SM ):

error = (6MS -65M ) /2

I’@vgto?re

Distribution/Transfert temps
ANF DAQ - Frejus, November

PTP

Results from test set-up using M1000 units

Test set-up: A master M1000 unit with a 1PPS and NTP
reference from UTC(NPL) transmitting PTP to a slave M1000
unit over two 50km fibre spools with long range SFPs.

NPLE

National Physical Laberatory

Time Offset (ns)

1PPS
NTP

Master Slave

[

10*

pllan Deviation, 0,()
Time Devjation, 0,(z), Seconds
w0’

=
o

0° 10t 0 0t 3 0t 0 10 w W 10 0 0t
Aveniging Time, ¢, Seconds o rtesy . Lajer-English A" T © Seconds
LPL rwvgtoire Distribution/Transfert temps LPL
13, 2018 P ANF DAO - Frejus, November 13, 2018 :
WR-PTP
Synchronous Ethernet (SyncE) - L Siove
Layer-1 syntonization @’ _ 5 -—
A common frequency reference for the entire o T o = T
network - 14*? = Sk
All nodes of the network are locked to the O 2 e A
frequency of the System timing master
Digital Dual Mixer Time * 5a
Difference (DDMTD) L e M ai| | L e
Precise phase measurement fru= R fan %; L ‘g“-,g o
A phase compensated clock signal for the slave ":; "g‘
L — -
Asymmetry compensation
Sources of propagation asymmetry in a White Rabbit link: _
Chromatic dispersion 'ﬂ
Unequal fiber lengths é"".
‘Static’ correction of propagation asymmetry possible with WR. f:g,ﬂ

G. Daniluk,(CERN). Nuclear Instruments and Methods in Physics Research 725, 187-190 (2013).

I‘wv;atofre

Distribution/Transfert temps
ANF DAQ - Frejus, November

LPL

13, 2018



I Synchronisation des canaux ( transmission du temps)

Optical time transfer

Amplitude or Phase
modulation of the
optical carrier

O.Lopez, et al. Applied Physics B
110, 3-6 (2013).

Optical demodulation

T Mtz |

J &IPPS

T T P T e T

{ MODEM 4—..“ -Ll"““" MODEM ]
1

1

| 'Tfiﬂ:“l ok . nm.w.u '

] 1 link m e}y

|

AoM '—@_I' EOM |

)

F. Frank, et al. IEEE T-UFFC 1-1 (2018)

Cascaded links

= Multi-segments approach :

— Link is divided into a few segments, depending on noise and

losses
- shorter delay

- larger bandwidth and better noise rejection

= Repeater stations are needed :

— Repeater station N : send back signal to station N-1, amplify and

filter, correct the noise of next link N

Techniques not yet as mature

as frequency transfer

10"

10 10

10 10
Averaging time (s)

Repeater| |;, [Repeater| ;;
------ > Station N-T Station N
N-1 N
e G * =i

Repeater laser station commercially available i
F.Guillou-Camargo et al, Appl. Opt., AO 57, 7203-7210 (2018). L

Distribution/Transfert temps

l'@@t_pi_re SYRTE

ANF DAQ -

November

25 years of range improvement

Distribution/Transfert temps

Frejus, 13, 2018

10000

At horizon 2020 :

LPLySYRTE W H ! .1 8000 km
PTBTP?RT& ; Frequency Brillouin . ,.
NPLLPLSYRTE % ™" 4 ;" .
1000 NPL-LPLSYRTEPTB & , o=} i G E A NT
.E A ‘l 'l
‘; -’ connect ® communicate * collaborate
o
S <
c 100 + r “m FBA  Remeneration | Towards a large research
% infrastructure ?
f SYRTE-LKB
.g @780nm
— .’ Over intern Two-W'\y
w 10 - I network J RENATER, CESNET,
L ’ With Regeneration PSNC, GARR
- JISC/JANET, DFN,
. : . i . SURFNET,
1
1995 2000 2005 2010 2015 2020 NORDUNET...
year

r@uat‘}?re SYR
240

|2

Distribution/Transfert temps
ANF DAQ - Frejus, November

13, 2018

I‘@vato?re
210

ANF DAQ - Frejus, November

Future prospects

13, 2018

Towards
Research
Infrastructure

® Work with Network for
Education and Research Industry
to make the technology
available

® Ways to access the network

® Compatibility with TelCo

Project CLONETS involved 16 partners from 7 European countries. Partners represent 4 main

areas:

« National Measurement Institutes: OBS PARIS (FR), NPL (UK), PTB (DE), INRIM (IT)

« National Research and Education Network: RENATER (FR), CESNET (CZ), PSNC (PL),
GARR® (IT),

« Academic Laboratories: AGH (PL), UP13 {FR), UCL (UK), ISI (CZ), CNRS* (FR)

« Ingustrial: MUQUANS (FR), MENLO (DE}, PIKTIME (PL}, SEVEN SOL (SP), OPTOKON (CZ),
TOP-X* (IT)

*Third-partymembar

I’@vgtqire

ANF DAQ -

Distribution/Transfert temps
Frejus, November 13,

2018



I Les Technologies émergentes pour les DAQ
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I Calcul accéléré : Pourquoi ?

Importance de la hiérarchie
meémoire

Memory Wall

Memory access latency is a “wall”

— Fundamental barrier to further improvement in singlethread

computation performance

* Attempts to mitigate latency

— Caching (memory hierarchy), out-of-order execution, prefetching

Temperature
(C)
22,007
80.1173
W’

— ... but can only go so far

Architecture classique Processeur

76338
744483
72.45§

70.669
68,7793
66.8897

£ 38 Fectory/CH Rt

* Migration towards multi-processing
— Provide other threads of execution while waiting for memory

— Increase memory bandwidth to compensate for long latency

DDR memory : latency/bandwidth




I Calcul accéléré : Pourquoi ?

Classic Multicore Memory Hierarchy

Challenge: managing interference between cores

rd
% T I M S M S M MM - g |
! ] 4 1 I
I memory access 1 mi 1
' core rE $1 : on $1 miss g : ;
: 1 . 1 [
- onél hit | on $2 hit / ! 1
A e T T eV VeV VeV ’ 1 on $2 miss !
short-latency access 1 $2 -I—.I'
1
R ettt L e e e D L T - *ggr an;wgr)’l
I memory access i 1 1
| core % $1 on $£ miss ] :
1 A ) / : 1
l‘-_ A 4 ongl hit | on % hit ! '
----------- mid_latency access oo mEm== 1
[ |
Ly |
memory access i ' '
core ry $1 on $1 miss 1 : )
1 ' :
on $1 hit | on $2 hit / | S ——— -
I on $2 miss
: g [ondmiss, |
'f -------------------------- — r wer
: core memonﬁ access $1 on $1 miss
: /
i .
on $1 hit on $2 hit
I S0 2 L | wen A e

©2018 - Kalray SA All Rights Reserved

long-latency access

interconnect

I
________ td
ddr rgquest - shared
W ddr . DDR memory




I Calcul accéléré : Pourquoi ?

Embedded Multicore Memory Hierarchy

Challenge: programmability of DMA and private memories

transparent local memory access s eeses-.
| _ |
! memory access private 1
H[eore ram memor '
: A3 angyer /| ) el 1
Veebemeee Y oo 1
program N initiali i
» dma "
1
1
EoraL memory access private 5 E e R
Sram memor 1 1
'W__answer /] Y A K ). '
program > d S s i shared i
> dm mmunication
2 O NemmUEEESS AR memory |
0] 1
memory access rivate E o ~ 3
core - > Sranl:: memory = ;
1
W answer /] :
program N 1
> dma 1
. :
1 . 1
1 emory access rivate
|corepremer ey r'; e :
! W answer /] sra emory 1
1
1 rogram
: EESE » dma ;
1
LY

| 25 ©2018 - Kalray SA All Rights Reserved



Calcul accéléré : aspect Matériel

MANYCORE PROCESSOR

Architecture: Distributed memory
- 16 compute clusters

- 2 1/0 clusters (2x quad-core each)

= Data & control networks-on-chip (NoC)
Performance

= 1 TFLOPS SP

Devices
* DDR3, 4 Ethernet 10G and 8 PCle Gen3

@2018 — Kalray SA All Rights

MPPA"-256 Bostan
TSMC CMOS 28HP, 600MHZz

bMA DMA
D-Noc Router D-Noc Router

svs.

core =D

Shared
co Memory
cz (SMEM) c7

cs

COMPUTE CLUSTER

Architecture

- 16 user cores (SMP) + 1 system core

Communication

* NoC Tx and Rx interfaces

Memory:

= 2 MB multi-banked shared (77GB/s
Shared Memory BW)

Debug

- Debug Support Unit (DSU)

BCU Co-processor (crypto/CRC)

VLIW CORE

Architecture

= 32-bit or 64-bit addresses

 5-issue VLIW architecture

- MMU + |&D cache (8KB+8KB)

< 32-bit/64-bit IEEE 754-2008 FMA FPU
Security

- crypto co-preocessor (AES/SHA/CRC/...)
Performance

- 6 GFLOPS SP per core

PROGRAMMABLE ACCELERATION CARD WITH INTEL" ARRIA" 10 FPGA

Low-profile (half-length, half height) PCle* slot ¢

168 mm x 56 mm
Maximum component height: 14.47 mm
PCle x 16 mechanical

- 128 MBFlash
= For storage of FPGA
configuration

- Board Management Controller (BMC)
- Server class monitor system
- Accessed via USB or PCle

ntel® Programmable MAC ID PROM FLASH
Acceleration Card with
Intel® Arria® 10 GX FPGA
USB 2.0 port for
board firmware
JTAG update and FIM
CPLD image recovery

QSFP+ 4x 10Gb ; Smmmmn DDR4 w/ECC
Networking Interface 2 3
Elements = DDR4 w/ECC

QSFP+ slot -
accepts 5

pluggable : !
optical modules : 8x PCle

2 — Banks of DDR4-2133 SDRAM, 4 GB each
64 bit data, 8 bit ECC
Total 8 GB

* Powered from PCle+12V rail
- 70 W total board power
= 45 W FPGA power

PCle x8 Gen3
connectivity to
Intel® Xeon® host




I Calcul accéléré : Architecture GPU

GPUs: Throughput Oriented Design
H_ ST a':'loct?c?ohjfnemory throughput

- — Simple control

S ——e .
— No branch prediction
GPU '

. [ T T T T T T T T TTTTTT] — No data forwarding
Throughput Oriented Cores _ Energy efficient ALUs
} [T T T T T
Chip

— Many, long latency but heavily
pipelined for high throughput
Compute Unit
threads to tolerate latencies
Cache/Local Mem

— Require massive number of
— Threading logic

— Thread state

—]
=
=
@
Q
Q.
=
Q

SIMD
Unit

GPU permet le parallélisme et donc booste les performances des
calculs matriciels (Image, FFT, Reseau de Neurones)

|z



I Calcul accéléré : Architecture GPU

Fermi SM <X

nvibDiA

Objective — DX11 support
Polymorph engine
Objective — Optimize for
GPU computing
New ISA

Revamp issue / control flow

New CUDA core architecture

32 cores per SM
(512 cores total)

64KB configurable
L1$ / shared memory

FP32 FP64 INT SFU LD/ST
Ops / clk 32 16 32 4 16

BRICKS

logiREF-ZGPU-ZED GPU
Reference Design
User’s Manual

Xylon

April 8" 2015

Version: v2.02.a

PolyMorph Engine:

Vigwpert
Vertex Fetch Tessellator Teaaport

Figure 1: The ZedBoard Development Kit Running Xylon’s 3D Graphics Demo

(Video clip: http://www.logicbricks.com/logicBRICKS-IP-Library/Video-Galleries/logicBRICKS-Demos-

ZedBoard-Clip.aspx)



I Calcul accéléré : Architecture Multi-Purpose Processor Array

QKA‘-“‘

A ANNCORE |

F

Universal Static
Tamory
Controller

B0

Y
=/-
R TIE A -
-t clclclc-lin
3 &
il clclcl:c-lm
| . B )
bk L —
ewyﬂﬂgw

Figure 1 - MPPA®-256 block diagram

Image and Audio processing: HD encoding, broadcasting,

video surveillance, augmented reality
Signal processing: Radar, telecom, medical

Intensive Computing: Oil & Gas, finance, video live

streaming, numerical simulation, Bio Sciences

Control Command: Aeronautics, industrial automation
Telecom: Routers, cryptography, software defined radio,

base station

Core architecture

The MPPA® core is a 32-bit Very Long Instruction Word {VLIW)
processor made of:

>

»
4
4

One Branch/Control Unit

Two Arithmetic Logic Units

One Load/Store Unit including simplified ALU

One Multiply-Accumulate (MAC) / FPU including a
simplified ALU

Standard |EEE 754-2008 FPU with advanced Fused Multiply-
Add (FMA) and dot product operators

One Memory Management Unit (MMU)

Compute Cluster

Each compute cluster is composed of:

»
4

v v v v W

16 identical cores with private FPU and MMU
Dynamic Voltage and Frequency Scaling (DVFS) and
Dynamic Power Switch off (DPS) support

1 system core with private FPU and MMU

An instruction and data L1-cache per core

1 smart Direct Memory Access (DMA)

A shared memory

1 Debug Support Unit

The cores are connected to a multibank memory enabling low
latency access or bank private access depending on the
configuration.



I Calcul accéléré : Architecture Multi-Purpose Processor Array

mm

4x10G [40G Ethernet

g
g
g
g
3

mm

MANYCORE PROCESSOR

Architecture: Distributed memory

» 16 compute clusters

» 21/0 clusters (2x quad-core each)

» Data & control networks-on-chip (NoC)
Performance

= 1 TFLOPS SP

Devices

* DDR3, 4 Ethernet 10G and 8 PCle Gen3

DMA DMA

D-Noc Router D-Noc Router

SYS.

CORE psu

Shared
€0 €1 Memory C4 C5

(SMEM)

C2 C3 Cé6  C7

cg | C9

C10 C1i1 Ci4 C15

m Co- processor(cryptofCRC

ALuu ; :
ALU] : :
MAU

: _'.

Data |:
LSU | CACHE | |CA<:|-|E|;

| L

COMPUTE CLUSTER VLIW CORE
Architecture Architecture
* 16 user cores (SMP) + 1 system core * 32-bit or 64-bit addresses
Communication * 5-issue VLIW architecture
* NoC Tx and Rx interfaces * MMU + 1&D cache (8KB+8KB)
Memory: * 32-bit/64-bit IEEE 754-2008 FMA FPU
* 2 MB multi-banked shared (77GB/s Security
Shared Memory BW) * crypto co-processor (AES/SHA/CRC/...)
Debug Performance

* Debug Support Unit (DSU) * 6 GFLOPS SP per core

©2018 - Kalray SA All Rights Reserved



I Calcul accéléré : Architecture CPU + FPGA

https://www.microsoft.com/en-us/research/wp-content/uploads/2016/10/Cloud-Scale-Acceleration-

Architecture.pdf

Idée : Accélérer les transmissions
de données et les calculs sur les
nceuds des data center de
Microsoft

DATACENTER CONSIDERATIONS

Performance
& Capabilities
) Operations

Per second Total Cost of

Ownership

!

=) Low Latency

@ Scalable

11
IllIllll
/ TOR TOR
[
| 1

{
{

/
TOR

N

= Network switch (top of rack, cluster)

i ——— FPGA - switch link
£=7 FPGA acceleration board
/\\ —— NIC - FPGA link
£~ 2-socket CPU server

\

DRAM
\ Datacenter hw acceleration plane
LOR 8

e

= cPU

i
z

Deep neural 7
Expensive
. networks 5
compression

Web'search

ranking

] <5 Jy o)

B
i
w
£
B
2
T
&

LA ranking ///,A.'/(,///,(///,/

2-socket server blade

DRAM

Compute
Efficiency

Power
Consumption

B@ Utilization

Traditional sw (CPU) server plane
(@)

Fig. 1. (a) Decoupled Programmable Hardware Plane, (b) Server + FPGA schematic.

EJ Management

(b)



I Calcul accéléré : Architecture CPU + FPGA

PORTFOLIO OF PROGRAMMABLE ACCELERATION CARDS (PAC) WITH INTEL® FPGAS

Intel® Arria® 10 Intel Stratix® 10
Accelerator Card Accelerator Card

Broadest Deployment at Lowest Power Highest Performance and Throughput

40G, PCle* Gen3 x8 2x 100G, PCle Gen3 x16
%2 length, ¥z height, single-slot PCle card % length, full height, dual-slot PCle card
Lowest power 66W TDP Up to 225 W maximum

XILINX

ALVEO Data Center Accelerator Cards

— . &

N
Breathe New Life
into Your Data Center




I Calcul accéléré : Architecture CPU + FPGA

ACCELERATION STACK INGREDIENTS: OVERVIEW

Developed by User
(Domain Expert)

User, Intel, and 39 Party
Libraries (Tuning Expert)

PCle* Drivers Dri Open Programmable
Provided by Intel HIVELS Acceleration Engine (OPAE)
Provided by Intel

FPGA
Acceleration Intel FPGA

FPGA Interface Manager Board e ——

Provided by Intel Management
e A User, Intel, or 3"-Party IP

F i L Uni i
Qualified and Validated for unc::;::l - Plugs |.nto AFU Slot
(Tuning Expert)

volume deployment
Provided by OEMs




I Calcul accéléré : aspect logiciel

Langage avec #PRAGMA et bibliotheques dédiées ORI

OPENCL
GoogleNet
COOLIDGE 80**
@ 1200MHz (16nm) 6000
OpenCL
Kernel + Host Erogram
COOLIDGE 80** : | kemel.cl st.c )
@ 600Mhz (16nm) 3000 - — -
Tiled Matrix Multiplication Kernel — 5500 ‘
__global__ void MatrixMulKernel(float* M, float* N, fioat’ P, Int Width) 2

(Frame per second)
{

float ds M[TILE WIDTH] [TILE WIDTH];
at ds_N(TILE_WIDTH| [T

enmacPu* § 100

BOSTAN*
y00MHz (28nm) 7 7

200mGpPu* | 51

< TILE_WIDTH; ++i)Pvalue += ds_M[ty][i] * ds_N{i][tx];




I Calcul accéléré : aspect logiciel pour les FPGA

Traditional FPGA Design Flow
moaule aut(.):; | Design entry/RTL coding | (Q_l.la_rfl.lS'Pﬁme I
always €(.) « Behavioral or structural description of design i

modules + Possibly with the help of high-level tools

| | | | | | | RTL functional simulation

+ Use 3™ party simulators
-LrLrLrLr « Verify logic model & data flow

N =

LE g Synthesis (Mapping)

» Translate design into device-specific primitives
M20K I/0 » Design optimized

-- + Quartus® synthesis or other 3™ party tools

Programmable Solutions Group

Place & route (Fitting)
+ Assign primitives to locations
+ Route the resources

.

Static timing analysis
« Verify performance specs can
be met

. 8

Board simulation & test
+ Simulate board design
* Program & test device on board

(intel. | 20



I Calcul accéléré : aspect logiciel pour les FPGA

. . . ™
FPGA High Level Design with OpenCL™ OpenCL™ Platform Model
* One Host with one or more OpenCL™ Devices
Goal: Design FPGA custom hardware with C-based software language — Each Device is composed of one or more compute units

= Memory divided into Host Memory and various types of Device Memory
OpenCL Device

int 1 ..

} OpenCL Device

__kernel void _foo (_ glebal float *x) *Intel. FPGA SDK fOl' openCL"

] OpenCL Device L ]
= Benefits OpenCL Device I =
Ll

Makes FPGA acceleration available to software engineers

Device
LN emory

Uni Compute

Debug and optimize in a software-like environment T

Significant productivity gains compared to hardware-centric flow

Easier to perform design exploration T
Abstracts away FPGA design flow and FPGA hardware

Intel® FPGA OpenCL™ Device

Altera’s OpenCL Flow _ Each device is made of many independent compute units
Intel's OpenCL SDK for FPGA takes a system level view

= Each compute unit is custom built from kernel code

Board Support Package
- N E— E— SEE S SEE S SE SEE SEm S S S
1 } HH } H |
Ope Device 1 B Lox S5 lcad | Load = Rea H E '
= HH H FH H Host H
ompute e il E | interface | §
[ ] Kernel ) 1 = = H H
kemel.ol Compiler Integrator 1 h . e . ]
Kernel L 1 ::! s 55 1
omp H =
= Board Support Package (BSP) 1 i T
— “Chassis" to hold the newly created kernel H H DDR/ H ]
* Kernel Compiler i i | QDR
- Optimized pipelines from C 1 HH HH H E
2 1

= System Integrator 1 =25.2
- Merge all together and generate partial reconfiguration files for FPGA

|ﬁ



I Les Technologies émergentes pour les DAQ

=

GPS GLONASS

¢

GALILED

TRAITEMENT
ANALOGIQUE DU
SIGNAL

N v

L[

TRAITEMENT & =——

CALCUL
PARRALLELE:
SELECTION OPEN-CL
NUMERIQUE DU OPEN-MP
SIGNAL

Calcul accéléré :
FPGA, MPPA, GPU

=

)

CUDA

Management de
L’ENERGIE
(HT,BT,SECURITE)

qq 1GB/s l

Les points de rupture :

» Transmission Optique et RF
des FE

Distribution d'horloges
précises (qq ps)
Calcul accéléré et
massivement parallele
Algorithmes |A
(embarqués)

DEEP LEARNING & INFERENCE
ALGORITHMS

|

CONTROLE & COMMANDE

qq 100GB/s
per Cluster

SAUVEGARDE DANS DES FICHIERS OU
DES BASES DE DONNEES

VISUALISATION & ANALYSE
DES DONNEES OFFLINE




I Algorithmes IA: Deep Learning pour la physique

Hype Cycle for Emerging Technologies, 2018

‘ Digital Twin Deep Neural Nets (Desp Leaming)
Blochips Carbon Nanotube
Smart o Platform

acm-c«mn.s« Interface Virtual Assistants
oo “‘ss'mw; s Siicon Anode Batteres
Deep Neural Network ASICS Sl
Al PaaS
Quantum Computing
Volumetric Displays Connected Home
Sell-Healng System Technology i
Conversational Al Patform Autonomous Driving Level 4

Autonomous Driving Level 5

Mixed Reaity

Expectations

Tendances :
1. Democratisation de I'Al
2. Ecosystemes numeriques

P it e 3. Bio-evolution (biochips)
@ tess than 2 years . s
. o humain augmenté
A mortn 0y 4. Experiences immersives

(capteurs, Plateformes IT
5. Nouvelles Infrastructures
(Ordinateur quantique...)

As of July 2018
Peak of
Innovation Inflated Trough of Slope of Enlightenment Pluw:m_ of
Trigger Expectations Disillusionment Productivity
-
Time
gartner.com/SmarterWithGartner
Source; Gartner (August 2018)
© 2018 Gartner, Inc. and/or its affiliates. All rights reserved. a r nen

Machine Learning : Ensemble
d’algorithmes pour résoudre des
problemes:
* |dentification d’'objet
» Classification

|§ » Detection...

Deep Learning (lA) : Technologies liées aux
réseaux de Neurones.

Phase d'apprentissage

Fonctionne bien dans des cas particuliers



I Algorithmes IA: Deep Learning pour la physique

One Neuron

Hidden Hidden Hidden Hidden
. Layer 1 Layer 2 Layer 3| [Layera
1 .
@ Elementary computation ! . " ' ' A Output
e N
. . . el Layer . \t"'l/ .‘\\}nll;/ ‘\\\}vv/ .
activation = w' .x = E WjXj + wp B g[a) /
- i e / .4\\«&. ‘A\MA.A\‘W . »"
J Wy ‘/’ v.‘,h" N V‘\ "/‘
output = RelLU(a(x))

.“\ 4,',‘;‘\\~ {,’,A,m m \"\ )v\'
¢
\ ﬂ/ .A\S f/ A I//, wll'.

R

\V/?\V//\

LeNet [LeCun and al., 1997
Autoencoders [ | |
C3:1. maps 16@10x10
‘ ggg g(;z‘ggam s ) S4: 1. maps 16@5x5
] o
. B g Full

==

|
s §:- o
128 o -

13 13 13
- I i\h 11
b7 3 sl
—

\ 3| 13

[ 138 Max
pooling

Max
pooling

AlexNet [Krizhevsky and al., 2012]




I Algorithmes IA: Deep Learning pour la physique

Why now ?

Huge training resources for huge models

@ Huge volumes of training data

® Huge computational ressources (clusters of GPUs)

Advances in understanding optimizing NNs

@ Regularization (Dropout...)
@ Making gradient flow (ResNets, LSTM, ...)

Faster diffusion than ever
@ Softwares
@ Results

e Publications (arxiv publication model) + codes

[ J Bienvenue dans Colaboratory !
o

est un envi de notebook gratuit qui ne nécessite aucun

Google Colab Free GPU Tutorial ~ fecloud.
Pour en savoir plus, consultez les questions fréquentes.

Premiers pas

* Présentation de Colaboratory

el et ges : fichiers locaux, unité, feuilles, Google Cloud Storage
. ion de bibliothé i ion de déj

« Utilisation de Google Cloud BigQuery

« Formulaires, Graphiques, Markdown et Widgets

» TensorFlow avec GPU

« Cours diinitiatic i ing : tion & Pandas et Premiers pas avec TensorFlow

Google

Keras

‘ Facebook .

theano

o Architectures, weights (3 python lines for loading a state of the art computer vision

model!)

|4_o



I Algorithmes IA: Deep Learning pour la physique

Pivot adversarial learning [Louppe et al., 2017]

@ Use adversarial learning to align simulated and systematic data

Deep and HEP

QCD-aware Recursive Neural Networks for Jet Physic [Louppe et al., 2018]

@ Learn to aggregate features for jets using a tree structure inspired from data knowledge

J

Classifier f Adverary r %
x /‘ AN BT TS l
SRR Orhfe) |
1x:en | 4 ~(f(X;07); 6r)
X — - T — +—q Plm.m2.--)
71 1IN
| —]
| /4
|l B & | smmseees
i 1
T ! T | po (ZI1f(X;07))

I =
oy Ly(0y) or L,(97,0,)
Figure 1: Architecture for the adversarial training of a binary classifier f against a nuisance parameters Z. The
adversary r models the distribution p(z|f(X;6;) = s) of the nuisance parameters as observed only through
the output f(X;8;) of the classifier. By maximizing the antagonistic objective £, (65,6, ). the classifier f
forces p(z|f(X;65) = s) towards the prior p(z), which happens when f(X; 8;) is independent of the nuisance
parameter Z and therefore pivotal.

Deep and HEP

Ziyu Guo's thesis (with Y. Coadou)

@ Deep learning in the search for ttH with the ATLAS experiment at the Large Hadron Collider

@ 1. Replace a reconstruction BDT + classification BDT with a end to end learned joint
model

FEvent embedding Classifier

vity) v(tg) v(tar)

| ‘ | \

[ —pp— ) 7 -

b (t) (k) b (tar)
7N 7N 7N

VAN N VA W B

SN N | |

Deep and HEP

Ziyu Guo's thesis (with Y. Coadou)

@ Deep learning in the search for ttH with the ATLAS experiment at the Large Hadron Collider
@ 2. Rely on the physical process to design the NN structure
@ — Better results than DNN. Comparing now with BDTs

g selection fakse pasiove sate)

|i = Les nouvelles collaborations ont lancé un groupe de travail sur le sujet
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Deep Learning and LHC Big Data

® Possible solution to the HL-LHC problem: modern Machine
Learning to be faster and better in what we do today,
freeing resources for new ideas

Fast inference of Deep
Learning Applications
with FPGRs

® This ML deployment need to happen in between collisions and
data analysis (trigger, reconstruction, ..), where freeing
resources will make a difference

Mauvurizio Pierini

HLS4AMmu

® HLS4ML aims to be this automatic tool

® reads as input models trained on standard DeeplLearning libraries
® comes with implementation of common ingredients (layers, activation functions, etc)
® Uses HLS softwares to provide a firmware implementation of a given network

® Could also be used to create co-processing kernels for HLT environments

Keras
TonsorFlow

PyTorch
P d!
hls 4 ml

HLS
nnnnnnnnnn
Custom fimware
dosign
Usual ML P
softwaro workfiow 1
un

ASICs

FLEXIBILITY EFFICIENCY

Porting Deep Learning to
Trigger/DRA0Q system
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Why do we need to process data in real time?

What are the relationships between physics,

dataflow, and optimal processing architectures?

How do we calibrate and monitor real-time
processing systems?

. im: Gligorov CNRS/LPNHE

LPNHE

Emergent DAQ Technologies School, Frejus 11-2017

Putting that DAQ into context

Sequence genome of

Data @ some current/future experiments

LHCb ATLAS/CMS Belle Il LHCb 2032 Square Kilometre all humans on Earth
Today : . ‘ Array (2030s)
8000 Eb
2021 o : 2000
o Eb/year
2027 . ‘ o . ~30000 Eb/year Global internet
e dataflow 2021
ATLAS+CMS 2027
2032 - . . ® ‘
260 Eb/year
Data rate read out from detectors by the DAQ system for further online or offline processing 2800
Data written to permanent storage for long-term analysis 8

Eb/year



I Algorithmes IA: Deep Learning pour la physique

Enjeux : Réduction des données en temps réel pour éviter le stockage sur disque (ires
couteux) :

=2 Embarqué les algorithmes dans les nceuds de decisions

= Optimiser les traitements (classifications....DL)

=> Utiliser un mixtie GPU, MPPA, FPGA

Keep in mind that to reduce this data volume

[ Detector front-end electronics

o ‘
UX85B

g you can either select a subset of events,
o v compress the events, or do a mixture of these
Versatile Link ;' 1] % two things.
500 EV@ﬂ ;Eu ll dgrzc; ‘ u,r)_ . ommanas 11:;]
A (Annual) cost of storing data to disk
g LHCb 2032
it E Square Kilometre
© . Array (2030s)
" b . = 5 Sequence genome of
DD [:] Eventfilter Farm DD O & CI2-|?=/1 0 all humans on Earth
DD E] 80 subfarms DD D year o
ATLAS+CMS 2027 SillPEn
®
32.5-107
CHF/year

Iﬁ Haven’t even discussed the cabling/networking: game over
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FPGA Compute Acceleration
in HEP

Christian Farber
CERN Openlab Fellow
LHCDb Online group

On behalf of the LHCb Online group and the HTC Collaboration @
Technologies émergentes pour systemes DAQ S u m ma ry
IN2P3 School, Marseille * Results are very encouraging
16.11.2018 > e to use FPGA acceleration in

o D wr the HEP field
Sy CERMNopenlsb . Comparing the energy consumption
with CPUs show better performance

for FPGAs (getting a greener CERN computlng ’P)

* Programming model with OpenCL very attractive and
convenient for HEP field, HLS also available

* Also other experiments want to test the usage of the
Intel® Xeon®+FPGA with Arria10

* High bandwidth interconnect coupled with Arria® 10
FPGA suggests excellent performance per Joule for
HEP algorithms! Don’t forget Stratix®10 ... !

45 C Technologies émergentes pour systemes DAQ, Marseille
Christian Farber, 16.11.2018 49




I Algorithmes I1A: Nouveaux Ordinateurs !!!
’ n 2
End of Moore’s Law: What Next - Evalitiomar Revaliticn ?

* Improved Vor»"‘"m /an (Adiabatic logic,
computing in {.2ryy)

. Impr\ le-ff/»w1tch|ng device (new transistor,
othefecipology) =

« New state variable [» W <hardware)

mmm) New information processing paradigm

What are the needs ?

* High computing power

* New fonchonng&%iq@\‘fvlore ‘intelligence’.
Processmgoi‘na@ﬁral data (image, sound.....)




I Algorithmes IA: Nouveaux Ordinateurs 1!

Impressive Recent Progress

X Google
We®? quantum compyter
Shows breakthrouoi P Uter test
Iswithin rea

e Qbits

[v) = a|0) + S3[1)

a,BEC |alP+|B8P=1

Neuromorphic architectures

D:\wavk

The Quantum Cormputing Company™

* The most complex information
processing system known to date.

* 2% of the human weight but 20 % of the
consumed energy

* Inhuman, .10 ! neurons and .. 10*
synapses/neurons

@ 5x10* to 10° neurons

. 3 x108to 7x10® synapses

* Several orders of magnitude slower than | mm? 4 km of axon
expected cortex 05 km of dendrites

* No quantum algorithm library

* Quantum state coherence time limited (100 _S e
only)

* Operation temperature often close to 0°K (-273
°C) !

But...

* Quantum computers often resemble Choix de méthode conceptuelle

Conception par la biologie Conception par I'humain

fundamental physics experiments !

Attracteur dynamique: application

Changement de fonctionnalité par le choix de I'information en entrée

by
Minimisation de I'énergie, environ 2% quelque soit
Féchelle de réalisation % de r

temps respectable. trés importante.

‘ * Une méthode bio-inspiré donnera de meilleurs résultats.

| Biomimetics: its practice and theory (2006)
Jekan’. ¥.Vinent", O & Bogayrea, Nkols . Bogatyres Adan Bawyer and Ara-Xarna Pahl
47 " A;;anokhe
L ] brain

quelques %
. 1a dépense en Energie est




B Perspectives a I'IN2P3

C’est une révolution en marche qui va faire évoluer nos métiers

« Expériences au CERN :
- Réduction des données sur CMS, ATLAS, LHCb
* Test RN dans les FPGA HLS4ML
 Test le calcul accéléré

 Produit en Physique Nucléaire:
« LPC Caen : Test MPPA avec une machine KALRAY

- filtrage numérique par voies
- Evolution du Produit DAQ FASTER

* IPN Lyon: DL pour AGATA (protons, gamma..)

* R2D2 au CENBG
- Classifier (déconvolution) embarqué sur systeme SAM (GET)
- Logiciel DAVIS - évolution vers SoC-



B Remerciements

« Si j'ai vu plus loin, c'est en montant sur les épaules de géants. »

Isaac Newton — 1675 -

+  Fred Goulding (1925-2013) was a pioneer in the application of modern
electronics to nuclear physics research He was internationally recognized for
the development and application of semiconductor radiation detectors, and
was among the earliest to implement computer control and data acquisition
methods for science. He served as group leader in the Nuclear Chemistry
Division (now Nuclear Science), and a department head in the Engineering
Division.

 Emilio Gatti (Torino, 18 marzo 1922 - Milano, 9 luglio 2016) began his
activity in 1948 in Nuclear Electronics at CISE, Milan Italy. Professor at
2 Politecnico di Milano since 1951 (full professor since 1957 and emeritus in
1998). Life-long associated to the Italian Institute for Nuclear Physics, INFN
(Istituto Nazionale di Fisica Nucleare), that he contributed to found in 1951.
Since 1973 Senior Visiting Scientist at Brookhaven National Laboratory, for
30 years collaborating with Veljko Radeka and the late Pavel Rehak. Among
his most brilliant achievement which played a revolutionary role:

the charge preamplifier to perform minimum noise measurements of the charge deposited in
radiation detectors (at the time ionization chambers)

the conception jointly with the friend and colleague Pavel Rehak of the Sideward Depletion together
with the invention of the Silicon Drift Detector

the sliding scale technique to improve the differential non-linearity in ADCs.

countless relevant studies on optimum filtering that resulted also in a lengthy monograph jointly
written with the late friend and colleague Franco Manfredi.
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natural sciences. He was truly a renaissance York 11973

physicist, in that he could delve deeply into various
Eareas of physics.
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I Les Technologies émergentes pour les DAQ
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