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The HGCAL Trigger Primitives Generation (TPC)

The future HGCAL within CMS HGCAL TPG system architecture
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® HL-LHC: replacement of the endcap calorimeters of CMS with the HGCAL

O > 6 million channels providing a 3D view + precise timing measurement

® TPG system: builds 3D Clusters of energies from Trigger Cells ®

o Off-detector Two-Stage system composed of FPGAs on ATCA boards (Serenity)

12/10/21 (*) It builds also “Trigger Towers” (not covered here)


https://cds.cern.ch/record/2293646?ln=en
https://cds.cern.ch/record/2714892

Overview of the Stage 1 firmware

Stage 1
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B Data alignment & pre-processing, time multiplexing

® Qutput format suitable for Stage 2 algorithms
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Overview of the Stage 1 firmware

m Stage 1 blocks under consideration in this presentation:

O Transformation, reordering and truncation of input Trigger Cells data

~ TCDS2
> LAN

Stage 1

FE Trigger cells

72 links @ 10 Gbit/s

Stage 2

3x18 links @ 16 Gbit/s

Relabel, recalibrate
Truncate each hist bin
(selected by Er?)

Sort for histomax binning

DTH
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Firmware blocks considered here

Hexagonal —Trigger Bins = 3D Sorting networks TC address
detector Cell regions of the and truncation expansion
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https://indico.in2p3.fr/event/20437/contributions/99765/

Design constraints and choices

® Each FPGA in the Stage 1 sees a different portion of the detector

o Different numbers of inputs, different routing, different sorting networks
® The mapping of FPGAs to portions of detectors is still being optimized / evolving

B Requires a highly flexible workflow

O Generic code configured with configuration data (e.g. detector mappings)
m Two levels of abstraction

O VHDL and C++ as generic as possible (e.g. using VHDL generics/generates, VHDL 2008)
O Higher-level of abstraction also necessary — code templates
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Data-driven workflow

B Two types of inputs

O Configuration data obtained from the CMS detector geometry/simulation and
algorithms optimizing link connections/mappings

O Code template files (e.g. VHDL, C++ templates)

B Automated steps based on these inputs
O Generate source files, test benches, etc. with a Template Engine
O Build Vivado HLS (C++ synthesis) and Vivado (RTL backend tools) projects

o Simulate, synthesize, test the generated designs
- Check resource usage and latency

- Future: comparison of output with software emulator

e

processing B

Source
Files
(& others)

Vivado HLS Simulation,
& Vivado Synthesis,
Projects etc.

Template
Engine

Projects

e CMS geometry Builder

e Link/FPGA mapping
» Algo parameters Template
Files

Written by firmware designers
(and physicists for some parts)
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Input configuration data

B Raw input configuration data are stored in various files and format

O Binary (e.g. ROOT) and text (e.g. json) files

B Pre-processing step converts them into nested Python dictionaries and lists

O Stored in pickle files

Excerpt of pre-processed configuration data

{ 'bins": [ {4 'mods*: [ {*hash': 3361, 'nic': 5, *tcs': [18, 36, 41, 27, 281},
{'hash': 74586, 'mtc': Z, "tes": [29, a45]1}]1,

"'nmod': 2,
‘nicin': 1,
mcont”™: 1.
'phi': 0,
"pipenumb': 5,
“rez"s Bl
{ 'mods': [ { 'hash': 3361,
‘et : 13,
‘®#es™z [ B,
11,
13,
14,
38,
15,
317,
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Input templates

® Template language: Jinja

O Python library: https://palletsprojects.com/p/jinja/

® Defines statements and functions based on the pre-processed
configuration data

B Can define complex functions, e.g. through Python functions
called within templates

VHDL template excerpt

» for bin in bins %}
%- for mod in bin.mods %} ﬁ Jln]a
{6- if mod.tcs|length >1 %}
constant Phi{{ bin.phi }}Bin{{ bin.roz }}Mod{{ mod.hash }} TCA :
t Module TrigCellAdr(0 to Phi{{ bin.phi }}Bin{{ bin.roz }}Mod{{ mod.hash }} TCC-1)

:= ({{ mod.tcs | join(',") }});
{%- else %}
constant Phi{{ bin.phi }}Bin{{ bin.roz }}Mod{{ mod.hash }} TCA : integer := {{ mod.tcs[0] }};
{%- endif %}
%- endfor %}
% endfor %}

12/10/21 9


https://palletsprojects.com/p/jinja/

Git workflow with Gitlab CI/CD

B Automation with Gitlab CI/CD (Continuous Integration / Deployment)

B The main items of this automation are

O Two Git repositories
- (1) for inputs: configuration data and templates

- (2) for generated sources, test benches, etc.
O Gitlab CI "Pipeline™: defines the steps of the workflow
- Triggered e.g. by "Merge Requests” in repository (1)

- Produces and commits sources in repository (2)

Gitlab Main Repository Gitlab CI Pipeline Gitlab Source Repository
° & ) f B
aa aa (I >> (o B}
|
Update Trigger . L C++ VHDL
developments Merge Request \ £ Ij Ij
~1 MIF TCL
Data Templates > c \ @ O
- 5 J 9 Ak A
N Commit Manual tests

and checks
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Gitlab CI pipelines

Example of pipelines displayed in Gitlab Ul

Status Pipeline ID Triggerer Commit Stages Duration
#3799 V master o-e5ac8eda e T o U @ 00:34:52
|latest . . Add reading of sorter reso... EJ {f) EJ {f) EJ {f) EJ (ﬂ B 3days ago
#3798
= 119 o bf883bd5 — — — —~ @ 00:34:30
o latest (o - H e H v ()
;ef:ched . @ Add reading of sorter reso.. W e B 3days ago

m Gilab CI Pipelines triggered here with
O New Merge Request update = Only Build and Test

O Merge Request actually merged — Build, Test and Push generated sources

Example of pipeline steps ran one after the other

Preprocessing Gen-ip Build-ip Gen-top Build-top

@ preprocessing (L3 @ gen-ip o @ build-ip o @ gen-top o @ build-top o
Check-updates Push Cleanup
@ check-updates (L5 @ push o @ cleanup (4

12/10/21 1



Multi-design with multi-branching

B The details of the TPG system architecture are not yet completely frozen

O Changes in FPGA model, changes in number of links per FPGA, etc.
® Need to handle multiple designs, for multiple “architectures” to be studied

® Will be done with multiple branches in the two Git repositories
O Same templates but different configuration
O Branches dedicated to quick tests, with reduced designs (‘'minidesigns”)

O Branches dedicated to "production” and large tests, with full designs

Linked commits

Main Repository / \ Source Repository

/, GuEatml =ey YR oDy eSSl iRl e E " I / _________________ system-architecture-1-
Co O— system-architecture-1 Q Q b minidesign
@ _____________ @_ _______ system-architecture-1-
fulldesign
A 4 Jﬁ\‘; ] § A I /”‘“’\ _A ______@ ___._ m\rsystem-architecture—Z-
{XW/’( D A /4 Liyslﬂir,ﬁlt?c}ufe 2, g‘x,,.) ‘*\WJ {\%D | minidesign
|
;f —
/ ) = ‘ F i 25
v /%\\ A _ _________ A  ___FEni
) 4 \V W (2) | fulldesign
’ W W ) i T i A ___ A _____ A ___F
A 4 {;j \ 4 BEEmaEiiscie o/ / & | minidesign
t \
6;\:} < vg {C’ ;‘\ EEEEEEEEEEEEEEEEE f;;\ _ _ _ | system-architecture-3-
\ \ "/ VLS < & | fulldesign Y,
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Conclusions

m HGCAL TPG Stage 1 firmware heavily depends on detector geometry
and module = FPGA connections, which are still evolving

B Requirement of fully generic code, easily configurable

O VHDL generics/generates, simpler code with 2008-specific syntax
O High-Level Synthesis from C++

O Higher-level template language (Jinja) for complex generation rules

B Automatized workflow with Gitlab Continuous Integration
O Quick generation and testing of reduced designs (‘minidesigns”)
O Generation and testing of full designs when creating new releases

O Resource usage and latency checks. Comparison with software emulator
planned in the future.

® Management of multiple designs for different system variations
O Parallel branching

O Same code templates - Different configurations

12/10/21 13
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