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Introduction — Git

* For code development, we want to keep track of changes in
each version
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Git Explained: The Basics - DEV. Community

 In the past decade, Git has emerged as the standard for eI SUBVS'ON
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version control system
o Replacing the Subversion (SVN)
 Gitis a distributed version control system
o Full code+history on your machine
o Faster for most operations D @D &
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https://dev.to/milu_franz/git-explained-the-basics-igc
https://mindmajix.com/git-vs-svn

Introduction - Git vs. GitHub

« A service such as GitHub or GitLab let you host a
Git repository

* And offer other features on top of it

o Bug tracking
o Automate building (compiling, etc.)

« GitLab CI/CD: continuous integration and
continuous delivery

o Cl: Test&Build
o CD: Deploy tIICD
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Vivado IDE
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Vivado |IDE

« Vivado is an IDE (Integrated Desi
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¥ clic wiz LHC ex - [c/Users/Max/Documents/Code/clk_wiz_LHC_ex/clk wiz LHC exxpr] - Vivade 20202.2

Fle Edit Flow Jooks Repots  Window  layout

) 2 X b B o8& T #

ot <

~ PROJECT MANAGER

View  Help

& Sattings

Add Sources.
Design Sources

Language Templates ® - clk wiz LHC exdes (c wiz LHC exdes.v) (1)

F 1P Catalog clknetwork : dic wiz LHC
Constraints
~ 1P INTEGRATOR constrs_1
Create Block Design I i wiz_LHC_exdes.xdc

Simulation Sources
! sim_1
® = clk wiz LHC th
Text
~ SIMULATION config vt
Run Simulation Utility Sources
wtils 1
v ATLANALYSIS

> Open Elsborated Design

¥ SYNTHESIS

P Run Synthesis

ject Summary

Overview | Dashboard

Settings  Fdt
Project name:

Project location:
Praduct family
Project part:

Top madule name:
Target language:

Simulator language:

Synthesis

Status:

Messages:

Part:

Strateqy

Repart Strategy:
Incremental synthesis:

N - ) DRC Violations
Source File Properties ?_-00Ox
~ IMPLEMENTATION
. s . ® ok wiz LHC exdesy o«
" tati
un Implementation o |-
> Open Implemente ) Enabled
Location /Users/Max/Documents/Code/dk wiz IHC_ex/imports
~ PROGRAM AND DEBUG Type Veidog ||
¥ Generate Bitstream T
Generate Bitsres Library: sil defaultib | [ -+
> Open Hardware Mar
pen Hardware Manager e ooxs
Madified: Today a 09:4453 AM
Read-only No
Encrypted No
Core Container: No
Global indlude
Used In
) Synthesis ’
General
TelConsole |Messages Log | Reports | Design Runs
a = = + %
Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT
synth1 constrs 1 Not started
impl1  constrs 1 Mot started

ek wiz LHC exdesw  x

elk wiz LHC ex
/Users/Max/Documents/Coele/clk_wiz LHC_ex
Virtex UbtraScale+

#ovu13p-figa2s?

elie wiz LHC exdes

Verilog

Mixed

Mot started
Mo errors of wamings
wowu13p-flga2s7-1-

Vivado Synthesis Defaults

o Synthesis Default Reports

Run Implementation ta see Df

ynthesis to see utiliza

FF BRAM URAM  DSP

Start

Elapsed  Run Strategy
Vivado Synthesis Defaults (Vivado Synthesis 2020)

Vivado Defaults (Vivado

gn Environment) by Xilinx/AMD for

Implementation

Status: Mot started

Messages No errors or warnings
Port: xoi3p-figa2siz-1e
Strategy: wi Implementation D

Report Sustegy: Vivada Implementation O

Incremental implementation:  Mone

Timing

Power

Report Strateqy

Vivado Synthesis Default Reports (Vivado Synthesis 2020)

2020)

Vivado Detault Reports (Vivada Implementation 2020)

FPGA firmware design

=] X
Ready
== Default Layout v
? %
700
efauits
efault Reports
Run Implementation to see timing res
wn Implementation to see power re:
7-00

Part Description
xevut3p-figa2s77-1-e Vivaddo Synthesis Defaults

v 3p-figa2s77-1-e Default settings for Implementaticn.
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Design Flow

« Typical design flow for a FPGA firmware

b
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~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

ZF 1P Catalog

~ [P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

Implement

: Bitstream
ation

v RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS

P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION
P Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager



Code

* Register Transfer Level (RTL) text or block designs
« Constrains
« Schematic: Graphic representation

Sources ?2-0BX Project Summary % clk wiz LHC exdes.v
Q|E|[&|+ L < ode/clk_wiz_LHC_ex/i  wiz_ LHC_exdes.v
Design Sources (1 a T8 I Project Summary X Sdmmtk x dkwiz LHC exdesy 206
® = clk wiz LHC_exdes (ck wiz LHC exdes) (1) = * alajjx|e c 13V0 Ports 163 Net b
iy 60 ¢ jrodule clk_wiz_LHC_exdes
constrs_1 ;
61 ! CountersiZcounter_regf2|[15:0)
T E8 Wt G ses nde 62' // Reset that only drives logic in example design l D3 roow
Sedlelioey Sowces 63 input COUNTER_RESET, 4 -
i 64| output [4:1]  CLK_OUT, T E——
® = clk wiz LHC th (cliwiz LHC th) (1 65! // High bits of counters driven by clocks L | L o
Text (1 66| output [4:1] COUNT, T—L—'k(w—\J—\
config_v.txt 67! // Status and control signals e
Utilty Sources 68! input reset, T scmcssmaoss
utils 1 69! output locked, i il Tl D axoun
70! // Clock in ports |
71! input clk_inl_p, i < o] | e
72 . input clk_inl_n AN ||| omeskokBickotodr
730 ); e sy e f
74 L]
75 // Parameters for the counters 1 “"’"""-“i":“"‘-"‘-""“
76 7 R TS prpe—— 1 awmenistonc g o |
Hierarchy 1P Sources  Libradies  Compile Order 77 | localparam ONE_NS = 1000; ! 1 DT = ;nsa> [rscsme || [
78 ¢ localparam time PER1 = 10*ONE_NS; L TRRRCAN | | e ot et e |
Source File Properties i i g 79 ¢ localparam ti..me PER1_1 = PER1/2; | mm..‘;:.m,-. = 1+ e me
© dk_wiz_LHC exdesv ) 80 // Counter width tc L o | Gpeassnic
; ,. 81 localparam Ccw = 16; t u"'&vgm,‘m -
) Enabled 82 // Clock to Q delay of 1@@ps :»IPE t a .
Location: c/Users/Max/Documents/Code/clk_wiz_LHC_ex/imports 22 ' ijc:iz::mo}cgou:tgg; — | s B
Type Vorkon D 85 localparam NUM_C = 4 = 1
Library: i defautit [ -] 86 genvar count_gen; e oyTas [ o | e TR i I
87 : // When the clock goes out of lock, reset the counters T ) b B i v
e SR8 88 wire reset_int = (!locked) || reset || COUNTER_RESET; w0 uie | : i 1o
Modified: Today at 09:44:53 AM 89! | e [arene
Read-only: No 90 ! (* ASYNC_REG = "TRUE" *) reg [NUM_C:1] rst_sync; =
91! (* ASYNC_REG = "TRUE" *) reg [NUM_C:1] rst_sync_int;
Bogmset Mo 920 (* ASYNC_REG = "TRUE" *) reg [NUM_C:1] rst_sync_int1; I+
Core Container: No 93 (* ASYNC_REG = "TRUE" *) reg [NUM_C:1] rst_sync_int2; D todea
Global include 94 .
95
Used In 96! // Declare the clocks and counters
) Synthesis o 97 ¢ wire [NUM_C:1] clk_int;
General  Properties ) S 98 ' wire [NUM C:11 clk;
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Simulation

Check behavior of the design

I SIMULATION - Behavioral Simulation - Functional - sim_1 - dk_wiz_LHC_tb

Scope Objects
Q|z|e o Q
Name Desi..  Bloc. Name

& clk_ wiz I dk_wiz_| Verilog clk_in1

dut  ckwizl Verilog 8 dk.ini_p

& glbl glbl  Verilog 8 dkinin
COUNT[4:1]
reset

4 locked
COUNTER F
timeout_cot
CLK_OUT[4:
period1
prev_rise1[6
period2
prev_rise2[6
period3
prev_rise3[6
period4
prev_rised[6

test_phase(1

&

ONE_NS[31
PHASE_ERR

o

°

COUNT_PH/

°

PER1[63:0]

&

PER1_1(63:C

°

PER1_2[63:C

&

ref_period1_

&

ref_period2_

&

ref_period3

8 ref_periodd

Value Data..
1 Logic
1 Logic
0 Logic
0 Array
1 Logic
0 Logic
0 Logic
0029  Array
0 Array
0.0 Float Ty
0 Array
0.0 Float Ty
0 Array
0.0 Float Ty
0 Array
0.0 Float Ty
0 Array

0000001 Array

1000  Array
100  Aray
1024 Array

24951  Array
12475  Array
12476  Array
249510 Float Ty
6237.75 Float Ty
41585 Float Ty

3118.87 Float Ty

Untitled 1

4 diin1
8dk.in1_p

8dk.inln

W COUNT[4:1]

4 reset

8 locked

4 COUNTER _RESET

W timeout_counter{13:0]
¥ CLK_OUT4:1]

4 period1

W prev_rise1[63:0]

4 period2

W prev rise2[63:0)

4 period3
W prev_rise3

4 periodd
W prev_ 63:0
W test_phase[119:0]
®% ONE_NS[31:0]
"% PHASE_ERR_MARGIN([31:0]
8 COUNT_PHASE[31:0]
% PER1[63:0]
8 PER1_1[63:0)
" PER1_2(63:0]

i ref_period1_clkin1

i ref_period2_dlkin1

§ ref period3_clkin1

i ref_periodd_clkin1

999,984 ps

0000000000000000
0.0

00000000

)00000000000000)
000003e8
00000064
00000400
0000000000006177

000000000

999,986 ps

rss,ass ps

1”9'”0 ps 999,992 ps

0
0.0
0000000000000000
0.0
0000000000000000
0.0
0000000000000000
0.0
0000000000000000
00000000000000000000726573é574
000003e8
00000064
00000400
0000000000006177
00000000000030bb
00000000000030bc
24951.0
6237.75
4158.5

3118.875

999,996 ps

999,998 ps

1,000,000 ps




Synthesis

“Compile” the design into list of logic gates and other FPGA primitives

SYNTHESIZED DESIGN - xcvu13p-flga2577-1-e

Sources  Netlist

Device

R |
clk_wiz_LHC_exdes|
Nets
Leaf Cells
clknetwork
Nets

inst

Netlist Properties

clk_wiz_LHC_exdes

Primitive Statistics

Primitive type Count
CLB/CARRY 8
CLB/LUT 6
CLOCK/BUFFER 5
CLOCK/PLL 1

1_O/INPUT_BUFFER
1_O/OUTPUT_BUFFER

| n/ccpnce

© w

<

Statistics  Properti

s 1/O Nets




Implementation

« Map the synthesized design to actual hardware

I IMPLEMENTED DESIGN - xcvu13p-flga2577-1-e

Netlist Device
=" & - Q a|xX | & R o Je
dk  LHC exdes
Nets
Leaf Cells
clknetwork
Nets
inst
Properties
&
Timing
Q * = } Design Timing Summary
General Information 1
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS) Worst Hold Slack (WHS) Worst Pulse Width Slack (WPWS): ]
Clock Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
Check Timing Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Intra-Clock Paths Total Number of Endpoints: 140 Total Number of Endpoints: 140 Total Number of Endpoints: 9
Inter-Clock Paths Al user specified timing constraints are met.

Other Path Groups



Bitstream

Bitstream to be programed on hardware

Check and debug

Flow Navigator =
| v PROJECT MANAGER
§ £ Settings
Add Sources

Language Templates

T 1P Catalog

v IP INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

Vv RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS
P Run Synhesis

> Open Synthesized Design

v IMPLEMENTATION
P Runimplementation

> Open Implemented Desigr

v~ PROGRAM AND DEBUG

I8 Generate Bitstream

HARDWARE MANAGER - localhostdlinx_IciiDigilent210292645450A

Hardware

Q

Name

-
-

&
v

» &

Status

~ ¥ locaihost Connedled

v Mo xlinx_tciDigilent’2102926454
v @ xc7a1001_0

W XADC

W hw_lla_1

Open

Programmed

Dashboard Options

Idle

Debug Probe Properties ? (@ I &1

\& hcount(6:3]

NETLIST
ILA

Source
Type:
Probe type: Data and Trigger
Width 4

Display Name

¢ Long name hcount

Short name hcount
Custom name

General Properties Enumetalor

A status

Waveform - hw_fla_1
Q + = & »
ILA Status:Idle

Name

w clock_25mhz

2% hcounti6:3]

Updated at: Z017-0Oct-0l Z2:28

| Status -~ ? Trigger Setup - hw_lla_1 x pl

Idle Waibing
+
Capture status
Window 1 of 1

Wind _

Integrated Logic Analyzer ILA (mit.edu)



http://web.mit.edu/6.111/www/f2017/handouts/labs/ila.html

The Sector Logic (SL) Board
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https://cds.cern.ch/record/2285580
O a r M2,M3 Doublets (1/24) on-detector off-detector :;1&1 F-;Ic;-r: ;:';):;

[Pl =y = 15 PS boards :
= . B o
» Develops for TGC Phase-Il upgrade A ED —1sm
. o | 2% 26046/ 160 ASD boards “ ":fv'l‘:: : | 1R 12Rx | r':"D:r
* On the off-detector side of ATLAS 7/ 50 ASD boards Ebi_ patchransl| T | 1" T
M M 244 550 ™~ > - I E 6 Rx
« Gathering and processing data from e ED‘ = e |~
many parts of the detector e oASD bowds 5 bomds | Endcap
) ! Sector Logic
o One Endcap Sector Logic board covers ~ _ED |16
. v 2 — 8 Tx
1/24 of the Big Wheel TGC (one forward a0
trigger sector and two endcap trigger 5250 boards  2PSboards | Senice == 3¢ "
SeCtorS) E R i =5 FELIX
. , > "5 OR =%
o Also receive information from NSW and Porward: E M
Tile calorimeter Total:2090 channels 4 ASD boards 3PS boards | service | 1 RX
EIL4 Triplet (1/8) E || Patch-panel | 1T
o Provide LO MDT Trigger Processor with <22 B I H=mE — 1M
. <18 ASD boards E '
relevant data and receive back Total: <576 channels 15 ASD boards - ——+ optical i
=—> Optical fiber
reconstructed tracks T Coppercable

¥

~ n
« Sending all hit information to the SL I A}uu
board allow more sophisticate L w

algOrlthm | | ITGCiEI)+Iﬂ

Tile calorimeter

i
M= Tac EM)

B https://cds.cern.ch/record/2285584



https://cds.cern.ch/record/2285580
https://cds.cern.ch/record/2285584

Hardware (for this talk)

 Firefly connectors (elec->optical transceivers)

* Virtex Ultrascale+
o High-performance FPGA

« Zynq Ultrascale+ MPSoC

o Multiprocessor System on a Chip

PROCESSING SYSTEM

PROGRAMMABLE LOGIC

||||||||||

166 & 336 :
TRANSCEIVERS I PClet ey
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Software Components

» Firmware for the big FPGA (Virtex Ultrascale+)

21 November 2023

NSW
Tile
BIS78

MDTTP

FELIX

PS board

SL MPSoC

—» data

— control

— TTC, CLK

~Virtex Ultrascale+ FPGA
RX R . . » TX
| Trigger Logic
. TX
f f
RX
‘ Trigger Readout
RX ) t |4 I TX
RX »  TGC Readout
4 ;I
RX g Control . »| TX
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MDTTP

MUCTPI

FELIX

PS board



Software Components

Enclustra Mercury XUs SoC Module

 Firmware for the MPSoC (Zynq)

 Embedded Linux (PetalLinux)
o Run on ARM CPU on MPSoC

21 November 2023

Chaowaroj (Max) Wanotayaroj

Xilinx Zynq UltraScale+ MPSoC

Processing System (PS)
ARM Cortex-A53 CPU
K
UsB
<> US{E:)HY » Controller [«e it
(=2 12C 4
[ o < * »
oSPl Controller
QSPI Flash ™ Controller ]
eMMC SDIO
Flash ™ Controller [€T UART [« i
P | spio |, ] .| sbram |, | PS DDR4
D "| controller [" | 7| Controller | | ECC SDRAM
Ethernet Ethernet Ethernet
R » < »
PHY (o) MAC (o) MAC (1)
A
Programmable
Logic (PL)
\ 4
System P GMII-RGMII | Ethernet N
Management Converter | PHY (1) -
_ R | | SDRAM |, PL DDR4
L2t h " GPIO “ "] controller | SDRAM
GTH
A
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SL Firmware on GitLab
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SL Firmware

 Originally, one project with a directory per
component ¥

prototype-1 lOmuon-endcap-sector-logic /

Forked from
of the upstream repository.

 Components are:
o Firmware for Virtex Ultrascale+ (FPGA)
o Firmware for the MPSoC
o Embedded Linux (PetaLinux) for the MPSoC
o Documentations in MDs directory

Name Last commit
B FPGA TRO EC
£ MDs Update OverallDesign.md
EaMPSoC 0710_TROf49
£ PetalLinux update PetaLinux
B3 example_files Update gty_example_copy.sh
£2 figures update figures
.gitignore update Petalinux

README.md Update README.md

[£) README.md




Vivado Project on Git

Putting Vivado Project on Git is not simple

o Many temporary files are scattered in many directories

o Many proprietary IP Core only provided as binary

= Git was designed to track changes in plain text files

C

o Startbackup > Documents >

T Sort ~

Name
i xil
M clk wiz LHC ex.cache
M clk_wiz LHC ex.gen
M clk wiz LHC exhw
M clk_wiz_LHC_ex.ip_user files
B clk wiz LHC ex.runs
Ml clk wiz LHC ex.sim
Ml clk wiz LHC ex.srcs
M imports
N d k_wiz_LHC_exxpr

B vivadojou

. vivado.log

[ ] vivado_pid9712.str

Code > clkwiz LHC ex >

= View v

Date modified

17-Nov-23 10:52 AM

17-Nov-23 10:15 AM

17-Nov-23 9:45 AM

17-Nov-23 10:37 AM

17-Nov-23 10:08 AM

17-Nov-23 10:15 AM

17-Nov-23 10:08 AM

17-Nov-23 9:45 AM

17-Nov-23 9:45 AM

17-Nov-23 10:37 AM

17-Nov-23 10:37 AM

17-Nov-23 10:23 AM

17-Nov-23 10:37 AM

Type

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder
Vivado Project File
JOU File

Text Document

STR File

clk_wiz_LHC_ex Properties

General Sharing Security Previous Versions Customize

Type:
Location:

Size:

Size on disk:

Contains:

Created:

Attributes:

clk_wiz_LHC_ex

File folder
C:\Users\Max\Documents\Code
6.28 MB (6,589,027 bytes)

6.69 MB (7,020,544 bytes)

227 Files, 51 Folders

Friday, November 17, 2023, 9:44:53 AM

B Read-only (Only applies to files in folder)

[_J Hidden Advanced

Cancel Apply




Git-friendly vs. Use

Git-friendly: Use project-building script

O

O

<= Minimum number of tracked files

< Clean commit history

= User need to pick what to push

[ Files

¥ master
Q

v [ Vivado
v [@ boards/board_files
~ [ microzed 7010/1.2
[ boardxml
[ microzed_7010jpg
3 part0_pinsxml
[ presetxml
> [ microzed_7020/1.2
> [ src¢/bd
[ build.bat
[ build.tcl
[ gitignore
[ README.md

microzed-base / Vivado / (3

@ fpgadeveloper * re

Name

...

B boards/board_files
B src/bd

[ build.bat

[ build.tcl

r-friendly

User-friendly: Track everything

O

O

O

C

<4 Minimum interventions from users

= Unnecessary changes in commits

= Very large repository

‘o Startbackup > Documents >

T Sort ~

Name
. xi
M dk wiz LHC ex.cache
B dk wiz_LHC ex.gen
M dk wiz LHC exhw
BB dk wiz_LHC_ex.ip_user files
M dk wiz LHC exruns
M dk wiz LHC ex.sim
M dk wiz LHC ex.sres
M imports
Ad k_wiz_LHC exxpr

B vivadojou

. vivado.log

(] vivado_pid9712.str

Code > clkwiz LHC ex >

= View ~

Date modified

17-Nov-23 10:52 AM

17-Nov-23 10:15 AM

17-Nov-23 9:45 AM

17-Nov-23 10:37 AM

17-Nov-23 10:08 AM

17-Nov-23 10:15 AM

17-Nov-23 10:08 AM

17-Nov-23 9:45 AM

17-Nov-23 9:45 AM

17-Nov-23 10:37 AM

17-Nov-23 10:37 AM

17-Nov-23 10:23 AM

17-Nov-23 10:37 AM

Type

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder
Vivado Project File
JOU File

Text Document

STR File




Git-friendly vs. User-friendly

« Git-friendly: Many tools such as Hog (HDL on Git) can help
o Opinion: Still complicate

« User-friendly: Use .gitignore to minimize tracking unneeded files

o Still messy
o For SL firmware:
= Open schematic produces 675 “changes”

= 5000+ for generating bitstream

1

21 November 2023 Chaowaroj (Max) Wanotayaroj

v SOURCE CONTROL REPOSITORIES

virtex-ult... @ 12cfe2d2* & v ) --- (675

v SOURCE CONTROL

Message (Ctrl+Enter to commit on "12cfe2...

v Changes “ -+ (675

FPGA_LOMuonEndcapSectorLogic.xpr...

design_1_AXI_Sender_0_0_sim_netlist.v...
design_1_AXI_Sender_0_0_sim_netlist.v...
design_1_AXI_Sender_0_0_stub.v FPGA...
design_1_AXI_Sender_0_0_stub.vhdl FP...

M

=T 2 =2 =2

21


https://gitlab.com/hog-cern/Hog

Good News for v2020.2

Revision Control Philosophy from Vivado
2020.2 Onwards [Link]

« In 2020.2, significant improvements
are made to the Vivado project
directory structure to improve the
ability to interact with the revision
control systems. [...] The project can be
re-created by restoring the project.srcs
directory and project.xpr file.

C

% Startbackup > Documents >

Name

Xl

T Sort ~

M dlk wiz LHC ex.cache

M ok wiz LH C_ex.gen

B dlk wiz LHC ex.
M clk wiz LHC ex.
M clk wiz LHC ex.
M clk wiz LHC ex.

M clk wiz LHC ex.

M imports

ip_user files
runs
sim

SIcs

A clk_wiz_LHC _ex.xpr

[ ] vivado.jou

B vivado.log

B vivado_pid9712.str

Code > clkwiz LHC ex >

= View ~

Date modified

1
1
1
17-Nov-23
1
1

7-Nov-23 10:52 AM

Type
File folder
File folder

File folder

. Vivado >2020.2 only
File folder need these two to
Mg e restore the project

File folder

File folder

File folder

Vivado Project File
JOU File

Text Document

STR File



https://docs.xilinx.com/r/2020.2-English/ug892-vivado-design-flows-overview/Revision-Control-Philosophy-from-2020.2-Onwards

New Directory Structure

Changes 1000 Pipelines 1

v SOURCE CONTROL REPOSITORIES

Showing

virtex-ult... § prototype-1* & v O - o
v SOURCE CONTROL

prototype-1 virtex-uh.  _ale-plus /

Message (Ctrl+Enter to commit on “protot...

Forked from

¥ B
of the upstream repository.
v/ Commit | v
Name
£3 FPGA_LOMuonEndcapSectorLogic.srcs e Cha ng es 1
B scripts FPGA_LOMuonEndcapSectorLogic.xpr M

.gitignore

No more thousands of changes after simply
opening the schematic

¢ .gitlab-ci.yml

FPGA_LOMuonEndcapSectorLogic.xpr

README.md

 Easy to put on GitLab
e User work in Vivado normally. Commit all tracked files and directories
* Not as clean as Hog Package, but hopefully much simpler for users



New Project Structure for

« Separate each component to be its own project in GitLab
o All under the same “group”

L LOMuon Endcap ©

Group ID: 186148 [3

Recent activity Merge requests created Issues created Members added

Last 30 days 3 1 0

Subgroups and projects  Shared projects  Archived projects

PetaLinux
Petalinux project for the Zynq Ultrascale+ MPSoC

MPSoC
Firmware for the Zyng Ultrascale+ MPSoC on the SL board

Virtex Ultrascale+
Firmware for the Virtex Ultrascale+ on the SL board

vivado-docker
Vivado docker image creator

petalinux-docker
Petalinux-build tools docker image creator

Docs

JATHub
SoC design for the JTAG Assistance Hub (JATHub)




GitLab-Cl for SL Firmware
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GitLab CI/CD

« Automate check (simulation) and build (synthesize, implement, generate bitstream)
« Triggered when new commits are pushed and run on machines with gitlab-runner installed
« A YAML file (.gitlab-ci.yml) tell GitLab what to do (defines jobs)

o A lot easier with each firmware on its own project

Cl
= jOb- 1 --::1::‘.117—’;":" v
r? > .::T___._.—S? - e v ,A«i111:T,iii:';liiiLiiiif::"’.’:t:'7/”» RUNNER

il il

m : r—
posttory Test Butd :; T job2

l ~ r.,:::::i’:f:j*_»;:::\k v
~ ey
i)
=, Cl/CD Pipeline

R Tiob [ job [N Job [N Job

.gitlab-ci.yml
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https://dev.to/techworld_with_nana/gitlab-cicd-for-beginners-free-course-2mee

GitLab Runner

« Software that run the jobs
« Compatible with KEK and UTokyo firewall

Runners

Group 5 Project 0

Created date

Online Offline Stale Upgrade available Upgrade recommended

29e¢ 1810 183« O 3

Status Runner

ontine ( Idle HEEN Administrator
Version 16.4.2 - default-runner-64c64d5d74-v9tpz
@ Last contact: 15 minutes ago &3 188.185.15.160 €0 109 [ Created 1day ago

docker no-runner-9

ontine ( Idle Instance Administrator
Version 16.4.2 - default-runner-64c64d5d74-k8wdx
@ Last contact: 15 minutes ago  &188.185.22120 €0 332 £ Created 2 days ago

docker  no-runner-9

Instance Administrator
Version 16.4.2 - default-runner-64c64d5d74-x89¢c6

Shared Runners from CERN

Runners

Group 5

Online Offline

5 0o
Status

Online

Online

Project

GitLab Instance

Runner

job-1

job-2

o7 y
A 4

RUNNER

RUNNER

Created date

LOMuon Endcap

LOMuon Endcap

LOMuon Endcap

Private Runners at KEK and UTokyo

GitLab CI/CD for Beginners [FREE Course] - DEV Community



https://dev.to/techworld_with_nana/gitlab-cicd-for-beginners-free-course-2mee

Executors and Docker

« Many of “Executors” for GitLab Runner. We use:
o Shell: Like running in a terminal
o Docker: Run in a Docker container

 Prefer Docker executor for future compatibility

o Experience: Upgrade Ubuntu 20.04 LTS to 22.04 LTS break petalinux build
o Scripts to build them are also on GitLab

vivado-docker
Vivado docker image creator

petalinux-docker

Petalinux-build tools docker image creator

vivado-docker image petalinux-docker image
Software « Ubuntu 18.04 « Ubuntu 18.04

* Vivado 2020.2+dependencies » Petalinux 2020.2+dependencies
Size ~50 GB ~11 GB
License Need No need
Target Runner  Private machines (KEK/UTokyo) CERN Share runners

21 November 2023 Chaowaroj (Max) Wanotayaroj
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.gitlab-cr.ym|
« Example from FPGA firmware (simplified)

image:
name: gitlab-registry.cern.ch/10muon-endcap/vivado-docker:2020.2

stages:
check_syntax
sim
synth
impl
gen_bitstream

check_syntax-job:

gen_bitstream-job:
stage: gen_bitstream
script:
- echo "Running gen_bitstream"
- vivado -mode batch -source scripts/gen_bitstream.tcl —tclargs ${PROJECT_NAME}.xpr
artifacts:
paths:
— ${PROJECT_NAME}.runs/impl_1/
exclude:
— ${PROJECT_NAME}.runs/impl_1/*.dcp




.gitlab-cr.ym|

“image” sector specify the docker image to use

image:
name: gitlab-registry.cern.ch/10muon-endcap/vivado-docker:2020.2

Running with gitlab-runner 16.2.( el5da)
on utokyo docker 8ELxSo-g, s, ’s_45657d31d342
00:00
59:41

Using Docker executor with image gitlab-registry.cern.ch/I0Omuon-endcap/vivado-docker:2020.2 ...

Using helper image: registry.gitlab.com/gitlab-org/gitlab-runner/gitlab-runner-helper:x86_64-782e15da

Pulling docker image registry.gitlab.com/gitlab-org/gitlab-runner/gitlab-runner-helper:x86_64-782e15da ...

Using docker image sha256:25833d65f8929de622e5f7587e9fd7975524c0cefc573f1b605049b18b2c97a for
registry.gitlab.com/gitlab-org/gitlab-runner/gitlab-runner-helper:x86_64-782e15da with digest registry.gitlab.com/gitlab-
org/gitlab-runner/gitlab-runner-
helper@sha256:a5fbab688be690f75d7c0e5c6b668a6a8f50b041e83981f275d55b0ef1f0ec727 ...

Authenticating with credentials from job payload (GitLab Registry)

Pulling docker image gitlab-registry.cern.ch/l0Omuon-endcap/vivado-docker:2020.2 ...

Using docker image sha256:513177a800eb544d4075e1db893011ac33769b7650b35c9c421adab76583521c for gitlab-
registry.cern.ch/IOmuon-endcap/vivado-docker:2020.2 with digest gitlab-registry.cern.ch/IOmuon-endcap/vivado-
docker@sha256:80aab9092561035fcfcd4b1b5bcd9a2aa2081f82087c3cb4bda312d16cba577c ...

00:19
Running on runner-8elxso-g-project-165910-concurrent-0 via lhcelec13...



https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L2
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L3
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L5
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L6
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L7
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L8
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L9
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L10
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L11
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L12
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L14
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33444693#L15

.gitlab-cr.ym|

« “stage” section list the jobs in order

image:
name: gitlab-registry.cern.ch/10@muon-endcap/vivado-docker:2020.2

stages:
(o4 h ec I‘(_ Sy n taX LOMuon Endcap > Virtex Ultrascale+ > Pipelines > #6419239
sim
synth First fix
im pl passed Chaowaroj Wanotayaroj created pipeline for commit [%2 finished 2 weeks ago
gen_bitstream For
latest €05 Jobs )0 & 1201 minutes 41 seconds, queued for 3 seconds
check_syntax-job:

Pipeline Needs Jobs 5 Tests 0

check_syntax i synth impl gen_bitstream

gen_bitstream-job:
stage: gen_bitstream
script:
- echo "Running gen_bitstream"
- vivado -mode batch -source scripts/gen_bitstream.tcl -tclargs ${PROJECT_NAME}.xpr
artifacts:
paths:
— ${PROJECT_NAME}.runs/impl_1/
exclude:
— ${PROJECT_NAME}.runs/impl_1/*.dcp

check_syntax-job sim-job synth-job impl-job gen_bitstream-job




.gitlab-crL.yml

« The “script” section list commands to run

: check_syntax

— echo "Checking syntax"
- vivado -mode batch -source scripts/check_syntax.tcl -tclargs ${PROJECT_NAME}.xpr

00:14

Reinitialized existing Git repository in /builds/lIOmuon-endcap/virtex-ultrascale-plus/.git/
06:52
Using docker image sha256:513177a800eb544d4075e1db893011ac33769b7650b35c9c421adab76583521c for gitlab-

registry.cern.ch/I0Omuon-endcap/vivado-docker:2020.2 with digest gitlab-registry.cern.ch/I0Omuon-endcap/vivado-
docker@sha256:80aab9092561035fcfcd4b1b5bcd9a2aa2081f82087c3cb4bda312d16cba577c ...

Checking syntax



https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L14
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L15
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L16
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L17
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L27
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L28
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L29
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L30
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L31
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L32
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590151#L33

.gitlab-crL.yml

« The "artifacts” section tells what to keep (or not)

— ${PROJECT_NAME}.runs/impl_1/

— ${PROJECT_NAME}.runs/impl_1/*.dcp

00:16

FPGA_LOMuonEndcapSectorLogic.runs/impl_1/: found 65 matching artifact files and
directories

FPGA_LOMuonEndcapSectorLogic.runs/impl_1/*.dcp: excluded 4 files

Uploading artifacts as "archive" to coordinator... 201 Created id=33590155 in pipeline
responseStatus=201 Created token=64_y5VsM

00:01 Artifacts

Name

£3 FPGA_LOMuonEndcapSectorLogic.runs



https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1218
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1219
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1220
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1221
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1223
https://gitlab.cern.ch/l0muon-endcap/virtex-ultrascale-plus/-/jobs/33590155#L1225

Current Cl Pipeline Status

° P | p e | | n e Merge branch ‘prototype-1-sim-ci' into 'prototype-1'

passed Chaowaroj Wanotayaroj triggered pipeline for commit @ finished 4 days ago

For

O V Vi rteX U |tra Sca | e + atest €06 Jobs 0 (@ 252 minutes 24 seconds, queued for 3 seconds
O V MPSOC ipeline eeds obs ests
o |MJPetalinux

* Vivado & Petalinux docker image are ready to be used
o gitlab-registry.cern.ch/I0muon-endcap/vivado-docker

check_syntax

= Need license for your device
o gitlab-registry.cern.ch/IOmuon-endcap/petalinux-docker

« Associate documentations: static website auto-created by GitLab-Cl (see backup)



Summary

Git is an essential tool for collaborative software development
* GitLab-Cl can automate building and testing

« FPGA design workflow using Vivado is not very git-friendly, but in v2020.2 a significant change has
been made to address the issue

«  We restructure the GitLab projects to achieve:

o Large reduction of the number of tracking files
o A very simple Vivado workflow for users

 Build pipelines are tested and working well

e Compile the build environment (OS, libraries, tools, etc.) into docker images for future
compatibility



Backup



Introduction - Git vs. GitHub

« A service such as GitHub or GitLab let you host a Git
repository

* And offer other features on top of it

o Bug tracking
o Automate building (compiling, etc.)

e CERN host their own GitLab instance
o Can’t do that with GitHub

* GitLab projects can be organized in a group
o E.g. <Group1>/<Subgroup1>/<Project Name> S 7" Projects

Yours 1,000+ Starred 6

go Group
Pyl  atlasHTop / TTHbbA sis

¥ Issues i . )
Tl Release 21 ttHbb softw: pository

1% Merge requests

[ To-Do List A atlas-physics-office / EXOT / ANA-EXOT-2023-16 / ANA-EXOT-2023-16-INT1 (& Reporter

@ atlas-physics / pmg / mcexperts [ powheg-experts [ athena (3  Reporter
The ATLAS Experiment's main offline soft tory

s / hbb / VHbbccAnalysis / Modelling / MCModellingTools (3 Reporter

atlas sics
W the VHbbcc Legacy.
§>,> atlas [ athena & Devel
ENIWS] The ATLAS Experiment




GltLab Cl/CD

From GitLab page on CI/CD:

o Cl/CD falls under DevOps (the joining of development and operations teams) and combines the practices of
continuous integration and continuous delivery. CI/CD automates much or all of the manual human intervention
traditionally needed to get new code from a commit into production, encompassing the build, test (including
integration tests, unit tests, and regression tests), and deploy phases, as well as infrastructure provisioning. With
a Cl/CD pipeline, development teams can make changes to code that are then automatically tested and pushed
out for delivery and deployment.

e CERN IT offers many DevOps solutions such as Jenkins which is more advance than GitLab CI/CD
*  We only needs an automate build and test systems
o GitLab CI/CD can do that and nicely integrated into GitLab web interface

« The actual build and test jobs are done on machine with gitlab-runner installed

o CERN project a shared pool for all project on CERN GitLab
o gitlab-runner software can be installed and register as private runner for a project or a group

 GitLab looks for .gitlab-ci.yml file in the repository for CI directive



PetalLinux Builder Tools

As a bonus for having a docker image for building PetaLinux, it can run on Shared Runners pool
from CERN

o Compatible with the new Kubernetes clusters

[O0KRunning with gitlab-runner 15.10.1 (dcfbub66)[0;m

[0K on runners-k8s-default-runners-575cd88bcl-rk99r PVQ-GR3u, system ID: r_jWKAVoUT5Rss[O;m

[0K feature flags: FF_KUBERNETES_HONOR_ENTRYPOINT:true, FF_USE_ADVANCED_POD_SPEC_CONFIGURATION:true[O;m
section_start:1693440766:resolve_secrets

[OK[OK[36;1mResolving secrets[O;m[0O;m

section_end:16934U40766:resolve_secrets

[OKsection_start:1693U40766:prepare_executor

[OK[OK[36;1mPreparing the "kubernetes" executor[0O;m[0;m

[OKUsing Kubernetes namespace: gitlab[0;m

[OKUsing Kubernetes executor with image gitlab-registry.cern.ch/l0muon-endcap/petalinux-builder:2020.2 ...[0;m
[OKUsing attach strategy to execute scripts...[0O;m

Pipeline Needs Jobs 1 Tests O

Status Stage Name

petalinux-build petalinux-build-job




New Project Structure

« Separate each firmware to be its own
project in GitLab

o All under the same “group”
 Allow individual CI config (.gitlab-ci.yml)

« Git Tagging to synchronize compatible
releases

* Any project that is sitting under personal
namespace can be forked over to group
namespace without losing history

o Easy migration of any project anywhere on
CERN GitLab instance

LOMuon Endcap @

Group ID: 186148 [3

Recent activity Merge requests created Issues created Members added

Last 30 days 3 1 0

Subgroups and projects  Shared projects  Archived projects

PetaLinux
Petalinux project for the Zynq Ultrascale+ MPSoC

MPSoC
Firmware for the Zynq Ultrascale+ MPSoC on the SL board

Virtex Ultrascale+
Firmware for the Virtex Ultrascale+ on the SL board

vivado-docker
Vivado docker image creator

petalinux-docker
Petalinux-build tools docker image creator

Docs

JATHub
SoC design for the JTAG Assistance Hub (JATHub)




New Project Structure

Current Projects:

Docs

Virtex Ultrascale+

o Large FPGA on the SL board
MPSoC

o Zynq FPGA on the mezzanine board
PetaLinux

o MPSoC’s Linux distro image builder
vivado-docker

o Docker image builder for Vivado
petalinux-docker

o Docker image builder for petalinux

JATHub

LOMuon Endcap @

Group ID: 186148 [3

Recent activity Merge requests created Issues created
Last 30 days 3 1

Subgroups and projects  Shared projects  Archived projects

PetaLinux
Petalinux project for the Zynq Ultrascale+ MPSoC

MPSoC
Firmware for the Zynq Ultrascale+ MPSoC on the SL board

Virtex Ultrascale+
Firmware for the Virtex Ultrascale+ on the SL board

vivado-docker
Vivado docker image creator

petalinux-docker
Petalinux-build tools docker image creator

Docs

JATHub
SoC design for the JTAG Assistance Hub (JATHub)

Members added

0




GltLab Cl

Setup automatic pipeline with GitLab-Cl
o Automate check & build (synthesize, implement, generate bitstream)
« GitLab-Cl will trigger a pipeline which will be run using machines at KEK and UTokyo

o To our surprise, neither KEK nor UTokyo firewall is an issue for GitLab Runner

* GitLab Runner can be installed as many type of “Executors”
o We use Shell Executor and Docker Executor
= Shell Executor: simple, like running manually through terminal
=  Docker Executor: clean, static environment
« CERN has a pool or shared runners we can use
o Used to be Docker executor, recently begin migrating to Kubernetes
o Limitations:

= Recommend not going over 10GB for the image
= Vivado licenses we have are fixed per hardware and cannot be easily apply to the shared runners



Running Pipelines

* Original idea:
o Use shell executor. Keep it simple
o Self-host runner (KEK and UTokyo)

« Given the timeline of Phase-1l/Run4/5, it is important to ensure future compatibility
o Already run into a problem upgrading from Ubuntu 20.04 LTS to 22.04 LTS. Petalinux 2020.2 can no longer run!?

« Switch to docker container
o Clean and static environment for pipeline
o Ensure future compatibility
o Side benefits
= Can run on CERN shared runner when license is not an issue (Petalinux). Tested on the new Kubernetes cluster

= Provide a simple way to run Vivado on MacOS (only need Docker)

21 November 2023 Chaowaroj (Max) Wanotayaroj 43



Running Pipelines

* Now both Petalinux and firmware (Virtex&Zynq) generations run on docker containers
» Petalinux: ~11GB image. No license needed. Can run on CERN share runners
* Vivado: ~50GB image. Need license. Most likely need dedicate machines

o Due to the size, may want to change pull policy (always -> if-not-present)
o Tested at both KEK and Utokyo
o Runners available to all projects in [0muon group
« Dockerfiles and scripts to build the images are also on GitLab
o But the image building itself was not intend to be used with Cl

= (Can be done in theory with Kaniko, but downloading the installers are a pain and the images are not expected to
be rebuilt many times



Documentations

Move all Markdown files (*.md) to its own project
o See details: Create a MkDocs website (like this one) - ABP Computing @ CERN

Static documentation webpages auto-generated using MKDocs

o https://I0muon-endcap-sector-logic-test.docs.cern.ch/

master docs /
README CI/CD configuration Add LICENSE Add CHANGELOG Add CONTRIBUTING
Name Last commit
Eadocs Switch to unicode emoji icons
@ .gitlab-ci.yml Fix gitlab-ci
README.md typo

mkdocs.yml change url

[ README.md

Documentation for LOMuon Endcap Sector Logic Developments

About this repository

This is the repository for the documentation which can be access at

MKDocs

™ LOMuon Endcap Sector Logic Documentation ﬂ Q Search

LOMuon Endcap Sector Logic
Documentation

LOMuon SL example /Quick Start

Guide
Appendices
Firmware

Software

>
>

>

LOMuon Endcap Sector Logic

About this repository

Documents and files in this branch assume the design of LOMuon Endcap Sector Logic

prototype-1.
Tasks for the prototype-2 are in

Firmware

@ Giilab

Table of contents
About this repository
Firmware

Software

Appendices



https://abpcomputing.web.cern.ch/guides/mkdocs_site/
https://l0muon-endcap-sector-logic-test.docs.cern.ch/

PetaLinux on GitLab

LOMwon Endcap Sector Logic eird oL y 152 ig i _
RO N SR e PetaLinux®@
P etaLinu

Documentation i
) T e ‘ Projec
6 Commits 1Branch 1Tag 895.4 MB Project Storage
Petalinux project for the Zyng MPSoC
Configure 88 below
Merge branch 'docker-executor' into 'master’

Chaowaroj Wanotayaroj

Ard as tha figure balow
master petalinux /

CI/CD configuration Add README Add LICENSE Add CHANGELOG Add CONTRIBU

L ET T Last commit

B3 .petalinux the build stage

B3 project-spec
.gitignore

@ .gitlab-ci.yml

% config.project

uEnv.txt

Before: A list of instruction on how to build an image with a few files scattered around the big
project and GUI that need manual input

 After: A project on GitLab one can clone and build

o Can be automated with Cl
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