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Introduction

ATLAS TDAQ is a large mission-critical

heterogeneous computing infrastructure ATLAS

EXPERIMENT

ATL-TDR-029 - LHCG-2017-020

It operates in-house developed software and

~ the DAQ team is responsible for all aspects fr

hardware procurement and installation to
operation and upgrade
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I will mainly focus on the challenges associated
with the Phase-II/Run 4 upgrade (2024), even
though Phase-I/Run 3 (2021) operation is not

given

ATLAS

TDAQ Phase Il Upgrade

Phase-I/Run 3 TDAQ '

Processing Servers ~2000 : B
Technlcal Design Report
Processing Appl. ~50000
ATLAS Collaboration
Local Storage (TB) ~800 Technical Design Report for the Phase-Il Upgrade of
the ATLAS TDAQ System
10 GbE Links ~500 https://cds.cern.ch/record/2285584
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@ATLAS Latin America

EXPERIMENT
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@ATLAS LHC Schedule

EXPERIMENT

LHC HL-LHC

LS1 EYETS| LS2 14 TeV 14 TeV
13 TeV e e

energy
splice consolidation RHECEC EoiAD ?olr?nﬁ'ugl
olimit -
7 TeV 8 TeV button collimators TDIS absorber meracﬁon 5 HL LH? luminosity
— R2E project 11T dipole & collimator regions installation }
Civil Eng. P1-P5 —\a

2011 2012 ‘ 2013 | 2014 ‘ 2015 2016 ‘ 2017 2018 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023 ‘ 2024 2025 ‘ 2026 ”HHHI 2038

_”
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
gg:ﬁmal nominal luminosity ] ALICE - LHCb P !
luminosity upgrade
30 fb* 150 b | B 3000 fb-' IS
FP7
Hi-Lumi MAJOR CIVIL WORKS TECHNICAL INFRASTRUCTURE

DESIGN STUDY

PDR PREPARATION ASSESS & TDR MAIN ACCELERATOR COMPONENTS PHYSICS

CONSTRUCTION AND TEST INSTALLATION

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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ATLAS ATLAS TDAQ Architet

EXPERIMENT

Calorimeter detectors Muon System

TileCal | Mucn detectors including NSW .*' |¢
:
Detector 1 : --------------- !
Level-1 Calo 11 Level-1 Muon Read-Out 1 | LOMuon
h
| 1 1 1
Preprocessor Endcap Barrel 1 i B | NSW Tri
s ] FE FE 1 1 arrel SW Trigger
TREX| | Se“?: logic i Secmlr. logic 4 . . - : I Sector Logic| | Processor
] 1 1
T — = > FELIX I Endcap | [MDT Trigger
CP (ey.1) JEP (Jet, E) e i : : Sector Logic ) | Processor
[CMX ] [Cmx ] MUCTPI “% . : i ;
I == 2 1 : : MUCTPI
. DataFlow i il i :
] . L] i -».) H
TP Ea Read-Out System (ROS) : : : . »| Global Trigger €+
I -3 [CTPCORE il e J
} [CTPOUT } vi_ V¥, V, N¢\|r v
| FELIX - - - CTP Fam—
% | Level-1 l
Rol :
Data Handlers <+ LO trigger data (40 MHz)
<~ - L0 accept signal
| ‘ - i <«— Readout data (1 MHz)
| High Level Trigger Dataflow <« - - HTT data (10% data at 1 MHz)

<~ - EF accept signal
4: Output data (10 kHz)

S Sl | | [

<«— HTT data (100 kHz)
Event Storage Event
Builder Handler ||Aggregator
A
1
1

Y
Event Filter

Permanent
Storage

= | Processor HTT
E E B IF I B I Farm
; 4
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M including NSW

N

[icw] [TREX] |

11 Level-1 Muon

Endcap Barrel
sector logic |sector logic

MUCTPI

CTP
CTPCORE

Tastl

Levers

LOMuon

Barrel NSW Trigger
Sector Logic Processor

Endcap MDT Trigger
Sector Logic Processor

D ————

| MUCTPI l

Global Trigger
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Rol /

L

High Level Trigger
(HLT)

Accept

Processors
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Data Handlers

v

Dataflow

Event Storage
Builder Handler ||A

A
1
1

Y

Event Filter

rocesso

)

<---- LO trigger data (40 MHz)
<~ - L0 accept signal
<— Readout data (1 MHz)

<— HTT data (100 kHz)
<~ - EF accept signal

Q:l Output data (10 kHz)

<« -+ HTT data (10% data at 1 MHz)




@ATL 3 ATLAS TDAQ Archit

EXPERIMENT

Run 4 ATLAS TDAQ

Calorimeter detectors Inner Tracker Calorimeters Muon System
TileCal | Muon detectors including NSW A H
i 1 e it bl S B et o) l"“‘: E
Detector I 1 NS Y V¥
Level-1 Calo‘ 11 Level-1 Muon ad-Out i : . LOMuon
Preprocessor ' Endcap || Barrel wy i 1 : : Barrel NSW Trigger
TREX ‘ sector logic | sector logic E FE - : ; : Sector Logic B
“.» 1 1
: l l —*[FELIX '-}\ : [ Endcap MDT Trigger
CP (e.y.1) | | JEP (et, E) = e S Sector Logic | | Processor
[ CMX | [cmx ] MUCTPI = » D . : :
= : — 8 T I
< § e MucTPl  |....
— \ 1 1 H H
> L1Topo o ‘ A N SN ! E
1 : : : H
I cTP E o IR »| Global Trigger [«
1 1 1
-}/ [CTPCORE ¢ s 3
» [ CTPOUT } y1
. i oo enieieinnaad
: Level-1
Rol :
Data Handlers <+ LO trigger data (40 MHz)
<~ - L0 accept signal
| h i <«— Readout data (1 MHz)
| High Level Trigger Dataflow <« -+ HTT data (10% data at 1 MHz)
{HLl) Accept ' <— HTT data (100 kHz)
Event Storage Event < - EF accept signal
Processors =— ; Builder Handler ||Aggregat ptsig
= 1| Even T Q: Output data (10 kHz
Data ‘ Tier-0 A p ( )
’ 1

Event Filter
Permanent

Storage
Processor HTT
Farm -

emented mainly with COTS
servers and networks
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Inner Tracker

Run 4 ATLAS TDAQ

Calorimeters

Muon System

LOMuon

Barrel NSW Trigger
Sector Logic Processor

Endcap MDT Trigger
Sector Logic Processor

D ————

| MUCTPI l

Calorimeter detectors
TileCal | Muecn detectors including NSW
Detector
Level-1 Calo‘ 11 Level-1 Muon Read-Out
Preprocessor Endcap Barrel
TREX ‘ sector logic | sector logic
| CP(ey.1) | | JEP (jet, E)
[emx ] [cmx ] MUCTPI =1
» L1Topo -
=
cTP 5
I =+ [CTPCORE
» [ CTPOUT } Y
| [
: Level-1

L

Global Trigger (
A
CTP (

Data Handlers

] <+ LO trigger data (40 MHz)

v

<~ - L0 accept signal
<— Readout data (1 MHz)

(HLT)

High Level Trigger

Dataflow

<« -+ HTT data (10% data at 1 MHz)

Processors

Accept | | | : [

Event Storage
Builder Handler ||A

Event
ggregato

<— HTT data (100 kHz)
r] <~ - EF accept signal

Q:l Output data (10 kHz)

selection
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Event Filter: quasi-realti

Large computer cluster, possibly
aided by coprocessors

Event Filter

Farm

[Processor | ‘ HTT ]
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@ATLAS Distributed in

EXPERIMENT

> Readout

Service cavern

* e.g. considering WDM
(wavelength division
multiplexing) to reduce the

On-detector number of long range fibres

electronics » trade-off like fibres vs

transceivers cost
Transponders Transponders
— MUX DEMUX

Link 2 Link 2

Link 1

Link 3 Link 3

Link 4 Link 4

signal flow

-
o .
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EXPERIMENT

ATLAS HL-LHC Operatio

e Peak luminosity =—Integrated luminosity

e HL-LHC programme aims at a | 5 o B
total integrated luminosity of % ™™ L2
at least 3000 fb- L R  ERER O RN 0 e - f
- ten-fold increasewrtRun1/2/3 5§ 1 e

aggregate BN BERCE BN W4 B DS

« Corresponding increase in NNRLE WEsE ged 1003 BER BEED

pea k I n Sta nta n eo u S 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
I u m i n OS it e Peak luminosity =Integrated luminosity
y 8.0E+34 ‘

o _~5-1034 cm-2s- (ultimate oo L[

E - 4000
7.5:103 cm2s-) o R
* achieved mainly via pileup <u>:  _ EE EBEEER BEE IBER BB TS
: PEEEL-UR RN BESNSNEE meaaE pamndll  pma S
140 (ultimate 200) i R _BEER-BER .- IBER B e 2
oy AN — IREEEEEE — AN — | / |20 2
[T EEE EENE EEN EEN WA 2
* For reference Run 3 SRR EREE BEE [BED VAN EEEEES:
operation point: ELARRE EEOE Wed  [yd BEN BEEBEE
Nl = EE_g wll _ IEEE EEE EEEEF
101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

https://Ihc-commissioning.web.cern.ch/lhc-commissioning/schedule/HL-LHC-plots.htm Year
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https://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/HL-LHC-plots.htm

* The challenging and broad HL-LHC programme requires trigger
thresholds comparable with the current ones, e.g.:
« electroweak scale requires low p; leptons

« searches for new physics with low Am
« HH measurements requires low p; jets /b-jets

* At fixed threshold, trigger rates scale with peak luminosity
* worsened by pileup environment

Major increase in readout

; > and recording rates
Trigger Selection offline threshold| Run 1 Run 2 HL-LHC Run 3 Run 4
(GeV)
Isolated single e 25 27 22
Isolated single p 25 27 20 Readout
Di- 25, 25 25, 25 25, 25 rate (MHz) 0.1 1(4)
Di-r 10, 30 10, 30 40, 30
Four-jet w/ b-jets 45 45 65 .
Hy 700 ‘ 700 375 Recording 15 10
MET 150 200 200 rate (kHz)
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AS
$LILAS ATLAS Phase-II Upgrade SN G|

tt event with 200 pile-up events

%
* High-granularity to cope with pileup EXI!TMAﬁé
* both for readout and trigger

« complete replacement of inner
detector —» ITk

, - 12000 tracks within the tracker
* Higher readout rate needs overhaul

of detector front-end electronics

* occasion to increase first level-trigger Run 3 Run 4
latency
- currently limited by on-detector
buffer depths First-level
 adopt unified readout link technology trigger latency 2.5 10
- GBT/Versatile (us)
Event size

(MB) 2.5 >5
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/LAY Phase-II TDAQ Archite

EXPERIMENT

Inner Tracker Calorimeters Muon System LeveI-O
A o '
T | Trigger
Y V¥
LOMuon
Barrel NSW Trigger

Sector Logic Processor

* Two-Level Trigger and Data
Acquisition System

Endcap MDT Trigger
Sector Logic Processor

. Y

* hardware-based LO trigger MUCTPI

system N :

. R— Global Tri €--¢

« software-based Event Filter, n oo

aided by dedicated tracking 7 1. 112 SR 2 :

accelerator [ FELIX ]‘« o e DR

* Storage-based data-flow Data Handlers <+ L0 trigger data (40 MHz)
. <= = L0 accept signal
infrastructure pAQ | v < |« Roadout ata 1 e

° decouple realtime domain Dataflow <« -+ HTT data (10% data at 1 MHz)

from software processin cvomt ) (“storage | evemt )| | T 2000 UL

p g Builder Handler ||Aggregator < = EF accept signal

- enable advanced data 1R . D | Output data (10 ki)

processing strategies u v,

Event Filter
Permanent
Storage
[Processor}:_:[ HTT ]
Farm .
Event Filter

November 21st 2019 W.Vandelli - LAWSCHEP2019 13



ATLAS DAQ: data transpc

EXPERIMENT
* DAQ infrastructure responsible for e N 2

* interfacing the detector readout links - —a
to a commercial network domain ~

« buffering the data and serving them to e
the Event Filter processors - e ~

» discarding rejected events and —— (o
formatting selected data for offline [ Builder ][ Handier ][Aggregator]

transfer A

(" FELIX servers {

* Largely implemented with
commodity off the shelf hardware

0
2 or 4 x 100 Gbps 4 %100 Gbps(LR)u

Subsystem {
partitioning
1 or 2 x 100 Gbps

Read-Out

{="
B

« Backbone is a multi-layered sliced %% P4 , ,

network e S S o e N e

. baseline design based on Ethernet, do  mr—b—t bt

not exclude HPC technologies pominns 1 I I

 ~2500x 100 Gbps
 ~200x 200 Gbps
 ~70x 400 Gbps

Colombia/Bogota contributes to
network installation and
commissionin
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EXPERIMENT

@ATLAS DAQ: Detector In

Detector interfacing relies on a concept
being deployed for Run 3
« extended to the whole ATLAS

Front-end Link Exchange (FELIX) acts a
heterogeneous router
» translates between network and serial links
 distributes timing and trigger signals
» as detector-agnostic as possible
- still provision for detector specific functions

Implementation based on commercial
servers equipped with custom FPGA-based
PCle interfaces

« plan for 48 10Gbps links per card

» ~550 cards serving almost 20000 links

In Run 3 a single FELIX server will handle 40

MHz of data frame rate at 15 Gbps
« challenging software operating close to the
hardware
- 6 core 3 GHz CPU - ~500 clock cycles per
frame
« expect at least factor 10 increase in Phase-II

Front-Ends

Other
FELIXs

25/100 Gb/s
network

Network
Switch

Event
readout Detector

Front-Ends
Calibration  configuration

Control System

ST

Phase-I FELIX Interface

November 21st 2019
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@ATLAS

EXPERIMENT

* Extend the DAQ buffering
capabilities using a large
storage infrastructure

« decouple realtime domain (Level-
0) and software domain (Event
Filter)

* enable delayed processing or
fail-over scenarios

* Event Filter computer farm
may be operated similarly to a
batch system

DAQ: Storage & D

<---» Metadata Traffic

( Dataflow Slices \
Event Builder Domain Event Builder Domain

—>» Data Traffic

E.- Event Builder Process
Ei Storage Rack

Data Handler

[? E,] .......... [,E' ....... j_]

Event Filter Event Aggregator

* quasi-realtime data stream Component Connection Traffic
requ ired for online phySiCS and Detector Front-ends to FELIX 5.2 TB/s
detector monlto rlng FELIX to Data Handlers 5.2 TB/s

Data Handlers to Event Builder/Storage Handler 5.2TB/s
Storage Handler to Event Filter 2.6 TB/s
. Event Filter to rHTT 175 GB/s
Event Filter to HITIF —0  Filter to gHITT 560 GB/s
Event Filter to Event Aggregator and Permanent Storage 60 GB/s
November 21st 2019 W.Vandelli - LAWSCHEP2019 16



AILAS Storage Investigat <)

EXPERIMENT »
Regional Readout Full Event
520 GB/s / 1 MHz 2.6 TB/s / 400 kHz 60 GB/s / 10 kHz
Permanent
Dataflow storage

S _—
= "’( —_— > [Event Storage [ Event ] N e
e T i y A

Builder || Handler ||Aggregator

= |
o [ S—
* Understand feasibility of commodity hardware and software for the
storage infrastructure
* hardware infrastructure: novel solid state technologies, hierarchical storage, ...

* storage software: distributed file system, distributed hash-tables, ...
« operation model and interfaces: trade-off between compute, networking,

storage
Sequential writing - =  Average fragment size 10K
— — Average event size 5.2 MB
e e @ @ e 0 © o]
I ® ' L
100 - - ® . & AL
-y ! & -
% 80 - ! @ e
= ! 1
= ®» HE
S 60 1
= .
L ] | 1
3 40 - I ® |
: : -t
. . . 20 A ] ® !
Argentina/UBA simulations : i ™ :
01 o o o o @ :
of data movements ; | | i | ® GlusterFs
10? 102 103 104 10° @ HadoopFs
1/0O block size (KB) @ CephFs
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@ATLAS Event Filter

EXPERIMENT

* Similar to Run 3 - large computer farm

» aided by a dedicated tracking system
« performs the last level of selection from 1 MHz to 10 kHz

* In high pileup environment tracking is key to recover algorithms
performance and maintain low thresholds

» separation of electrons and background jets
« calculation of global event quantities like E;miss

* jet energy resolution

5.0

* Event Filter baseline implementationis ,, =ewer

Egamma/Tau
based on CPUs vo mEHo
 in parallel investigations of accelerators S
(GPGPU & FPGA) and associated dedicated _ ®° =HTTUnpacking
algorithms 2

2.0

15

1.0
0.5
0.0
Brazil AI-based E/y identification l 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Pileup

November 21st 2019 W.Vandelli - LAWSCHEP2019 18




Hardware Track Tr

* ITk tracking software —» 10 times {/7 . ]
larger computer farm would be 7 1 NN N
required Ll L o L

* based on current tracking software
* ongoing software optimisations potential
to significantly reduce this estimate e

Yy S N £ vy 9
= o

 HTT (Hardware Track Trigger)

massively parallel device ML AL

. . L {==) Commodity network Point-to-point optical <%= Links trough ATCA

* custom electronics using Associative MRl s

Memories (AM ASICs) for pattern

recognition and FPGAs for fitting o A g
. i i = ATLAS Simulati e
driven by the Event Filter requests go o o e o ol e
o) 10 = muon p.= 10 GeV, n=0 —e— [Tk offline [Ref] E
tt event with 200 pile-up events © - ]
,ﬁ—:'*i(]-‘A 1? E
e 10—1 +__‘v-/ _._é
- DU e
10_2M _;
0_0|5|11‘52‘2|53|3|5 :Jf

True particle n|
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AILAS Track Trigger: COTS Al

EXPERIMENT

* Active investigations in COTS alternative to
tracking in custom hardware

« Based on

* CPU-based software implementation
* coprocessor and specialised algorithms

* Studying both algorithmic and

implementation improvements FPGA '

tt event with 200 pile-up events

5 ATLAS

EXPERIMENT

Passive Option
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ATLAS Control and Monit

EXPERIMENT

* Managing, monitoring and configuring 50000+ applications
 on a heterogeneous cluster Organizational
* on a mission-critical duty PN
Storage Scaling
» Storage system enables staged filtering

« mechanism to control applications in different domains (realtime)

and with different lifetimes Orchestration

Scheduling Upgrades

* Orchestration systems current answer in cloud
environment

+ applicability to data-acquisition to be evaluated

Health Service
Checking Discovery

* More in general, require to scale all aspects of monitoring
« operational and hardware
» detector

- trigger and physics | Computer farm monitoring '

( Operational data archiving

ay week month year job or from HEHto H Go | Clear

ing | by name by hosts up by hosts down
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EXPERIMENT

! \
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@ATLAS Outlook

ATLAS TDAQ sits at the centre of the action, uniting detector,
physics, off-line computing

Phase-II upgrade major scale-up of the TDAQ computin;
infrastructure

 apply lessons and experience from Run 1/2/3
* take advantage of the technology evolution

U4

In general ATLAS TDAQ team covers whole spectrum of
computing aspects

 from hardware to software

 from networking to storage

 from I/0 intensive to compute intensive

 from design to operation

Opportunities for different background and experience levels
* computer scientists, network engineers, physicists, system

administrators, software/web developers, ...
* students, technicians, professionals, ...

J".:;, g < S » , ,!, - ’; (//
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TLAS CERN ATLAS TDAQ T

@mnmm
I

CERN ATLAS TDAQ Team plays a major role in most data-
acquisition domains

Regularly host colleagues from remote institutes in the te
e.g. 6 months). Benefits for

* CERN, we can profit from the work
* the hosted colleagues through learning and experience
 the home institutes, spreading knowledge upon return

00 e

R R R R R

h
O
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@AMA@

EXPERIMENT

Evolution path to a two-level hardware
trigger included in the design

« L0-4MHz

« L1-1MHz

* Event Filter - 10 kHz

Possible transition from baseline to
evolution driven by physics
requirements

* hadronic trigger rates

« occupancy of inner layers of ITk

Avoid the baseline TDAQ
implementation restricting the trigger
menu at the ultimate HL-LHC operating
conditions

Level-1 Trigger combines LO objects
with track information from a
dedicated subsystem to discriminate
against pileup in the calorimeter

Phase-II TDAQ Evolut

Inner Tracker Calorimeters Muon System
[ A A4 i Tk
: 1 1 - E I "ssssssssssmmnns :
- ! . Y Spp————— |
T 1 1 ] :
: 1 ; I 1 : 'i.------------------------.--------.E E
: 11 1 | % Eemmmemmeeaes . = H
= X | " Y Y VY
o Localo [ LoMuon ]
: 1 1 1 .
g I I Y
S 1 [
250 lil 3 MUCTPI
I | 1 1 H
: I I I I -------------------------------- 3 v
21 i S O R— H
S I 'BERLEEE LR R R R LT FPEEPRETY Global Trigger
g 1 1 - R
SRR U I [ TS >| [ Event
o 1 R »| |Processor
' 1 1 - : T
AN AR ELL X RolE
g 1 |- : —> L1Track —>
T 1 il = \T)
o 1 (. :
T 1 1.
I\/ -3 ., YV VYV ( N
Readout ]f_ _________ .l L1CTP
|
\ % <---- L0 trigger data (40 MHz)
<~ - L0 accept signal
Dataflow <~ - L1 accept signal
A <«— Readout data (1 MHz)
; . <« - - Regional Readout Request
— ITk data (Max 4 MHz)
Event Filter - Readout data (800 or 600 kHz)
Processor |€—> gHTT Permanent C:l Output data (10 kHz)
Farm  j«- - ) Storage
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