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LHCDb Detector in Run3

m Single-arm forward

spectrometer at the
LHC

m P-p bunch crossing
rate: 30 MHz
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LHCb Upgrade I: trigger-less readout

m  Why trigger-less readout?

w

» LO trigger: hardware (40 -1 MHz)

® using high Pt/ Et signatures
® 1 MHz limit saturates hadronic modes
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m  An upgrade is needed to take
advantage of the increased luminosity
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m  Solution: read full event at bunch- f 15 2 25 3 35 4 45 5
crossing rate Luminosity ( x 107™)

» high event rate but small event size
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LHCb Upgrade I. trigger-less readout

LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

m Hardware trigger (LO)

40 MHz bunch crossing rate

removed > I

_ _ ardware Trigger : 1 M :Software High Level Trigger

= Trigger implemented ' ) [ st | LT
purely in software E iy? '
(H LTl + H LT2) Software High Level Trigger e

detector calibration and alignment

Partial event reconstruction, select
displaced tracks/vertices and dimuons

O
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Buffer events to disk, perform online Add offline precision particle identification
*H LT —_ H I h L I T I detector calibration and alignment and track quality information to selections
= High Level Trigger ! . nformation to selection
. . Output full event information for inclusive HLT2
= = - = ¢ triggers, trigger candidates and related|
Full offllne-!lke event sele.ctlon{ mixture prirary vertices for exclusive triggers
of inclusive and exclusive triggers L y
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Dataflow in Run3

m [Two stages of software filtering

> HLT1 on GPGPUs

> HLT2on a CPU farm
[LHCB-FIGURE-2020-016]

REAL-TIME
ALIGNMENT &
CALIBRATION
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5 - 0.5-1.5 - PROCESSING
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. RECONSTRUCTION . ' RECONSTRUCTION . 26%
II)!EI\EDC;S: & SELECTIONS & SELECTIONS 10 FULL §
(GPU HLT1) 70-200 (CPU HLT2) EVENTS
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All numbers related to the dataflow are
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Upgrade Computing Model TDR
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https://cds.cern.ch/record/2730181?ln=en

DAQ Architecture in Run3

et O B Oy e~ |

non-empty bunch T T e L L] T ] e
crossing J’ HHHHHHHHHHH”HHH H R
Data from the cavern (~ e e ] el lem | =1

100m underground) to

. . Network
the surface via versatile (infiniBand 2006)
links

Event size: ~ 100 kB Y

Event Building (EB)
bandwidth: ~ 32 Thit/s

Experiment

Control
System
(ECS)

32 Th/s

\

1 Th/s f

BRIER o]e] Je]e

~40 PB disk storage

Buffer storage
Network
(Ethernet 10G/100G)

1 Tb/s

Event filter second pass (~5000 servers )
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Event Building in a nutshell

m Every eventis divided into
multiple fragments

m Every Readout Unit (RU)
receives a fragment of the event

m Every Builder Unit (BU) needs
to have all the fragments of the
event

m The RU is responsible of
pushing the fragment to the
corresponding BU
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Challenges for the Event Building

Needs to collect data from ~480 readout boards into a
single “destination”

Then hand over to GPGPUs + CPUs for further
processing

RU + BU + HLT1 running on the same server
Want high link-load (keeping costs low)
Two key components: EB server and EB network
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Event Builder Server

CPU: 2x AMD EPYC 7502, 32 cores
RAM: 512 GB DDR4

8x PCle Gen4 x16 slots :

> 1-3 GPGPU (RTX A5000) CPU+RAM 1 CPU+RAM 2
» 3 Readout Boards (TELL 40) RU||BUL 19| RU| [ BU
» 2 InfiniBand HDR NICs (200 Gb/s) R

COTS (Commercial Off-The-Shelf) §( .

devices widely used

» Make good use of the PCle bus
bandwidth

» Remote DMA to reduce CPU-load
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PCle40 Readout Board

m Moderate FPGA: Intel Arrial0O
m PCle Gen3 x16

m 48x10G capable transceiver
on 8xMPO for up to 48 full-
duplex Versatile Links

m First pre-processing of the
data on board
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lhroughput

Server Performance

100 Gbps

50 Gbps

25 Gbps

0 Mbps

mix5_1

mix5_0

Server. 2X GPUs, 2X InfiniBand EDR 100G cards and 2X TELL40 cards.
(*Test done during R&D with InfiniBand EDR network)
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Event builder networks

m Dedicated EB network:

> InfiniBand 200G Fat tree
» 28 switches 360 ports
» Bi-directional traffic

m Storage / filter network:
» Ethernet 10/100G
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Event builder networks

How to avoid traffic congestion? Two possible options:

» Deep buffer in network switches
» Traffic shaping

Event fragments

RU 1 J RU 1
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Event Builder: Traffic scheduling

g /.

Node 3 o‘

Node 2 .’
3

Node 1 @

Node 0 0‘2

Phase 1 I Phase 2 Phase 3 Phase 4 ' Phase 5

m The processing of N events is divided into N phases (N is the number of EB nodes)
m |n every phase one RU sends data to one BU, and every BU receives data from one RU

m  During phase n RU x sends data to BU (x + n)%N

Congestion-free traffic on “selected networks” (e.g. fat-tree networks)
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Synchronization

m  Strong synchronization between

all nodes is done at every step EAMR

=  Synchronization Barrier: —© —

> Processes  report they A
reached the barrier and wait for | © BAR!“ER >
release @

» When all processes have BARRIER
reached the barrier, they are () ! >
released. BARRIER

m  Multiple barrier algorithms are —® BAR!“ER ~
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Implemented In the
communication library.
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Throughput [Tb/s]

System scalability

Event Builder Scalability Test
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[One year of LHCD triggerless DAQ]
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https://indico.jlab.org/event/459/contributions/11394/attachments/9352/13557/fpisani_CHEP_2023.pdf

Even Builder - Rack

m 164 EB servers

m 24x racks: 18 EB,
2 control, 4
storage

m 28X 40-port IB
HDR switches: 18
leaf and 10 spine
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Even Builder Datacenter
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Allen project: HLT1 on GPU

m Framework for GPU-based execution of an algorithm sequence

https://qgitlab.cern.ch/lhcb/Allen

m Cross-architecture compatibility:
CPU, NVidia GPU (CUDA), AMD GPU (HIP)

m Thousands of events are processed in parallel

[See Miro’s talk later for more details]
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https://gitlab.cern.ch/lhcb/Allen
https://indico.ihep.ac.cn/event/25300/contributions/204751/

HLT1 computing throughput

m Putting GPUs in EB free PCle slots to reduce cost

m 30 MHz goal can be achieved with ~340 GPUs (maximum the Event
Builder server can host is 500)

m  Throughput scales well with theoretical TFLOPS of GPU card

GeForce RTX 3090 (GPU)

RTX A6000 (GPU)

Chose RTXA5000 for the
beginning of Run3

RTX A5000 (GPU)

GeForce RTX 2080 Ti (GPU)

[LHCb-FIGURE-2020-014]

(GPU)

LHCb 2021

Allenivir7
(CPU)

80 100 120 140 160
Allen throughput (kHz)
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https://cds.cern.ch/record/2722327/files/LHCb-FIGURE-2020-014.pdf

DAQ in Run4

m Basic architecture unchanged

but more (IpGBT) links

m Upgraded RICH will use
IpGBT

= [pGBT cannot reach the
surface data center NN NS NS | e
» EB expansion in cavern = || = z e

for Run 4 (cavern)

\ (surface)

HLT buffer storage

HLT2 compute HLT2 compute
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DAQ in Run4

I » Configuration

New backend readout board - i
I dis(t:r:gﬁlt(ion
PCle400 e e e e
. . . P oo —— N e

» Agilex 7 M-series with 32 GB cumom a2 I e~ |aahgiex | o,
HBM and 4-core ARM i} W

> PCle Gen5 (X4 bandwidth w.r.t G T

PCle40)
» up to 48 IpGBT links i A e
» SFPs for timing distribution,

400 GbE QSPF112

N AP0
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https://indico.cern.ch/event/1502285/contributions/6554516/attachments/3150969/5595645/PCIe400_qualification_TWEPP25.pdf

Summary

m The LHCb TDAQ system has been running reliably with the load
of 32 Tb/s In Run 3
» Relies heavily on COTS hardware
» Flexibility and scalability

» Very cost-efficient solution: ~ 2 MCHF for the EB servers, ~1.5 MCHF
for the network + NICs, ~1 MCHF for the GPGPUs, ~1 MCHF for the
buffer storage

m The overall architecture keeps unchanged for Run 4

Thanks for your attention!



