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About this Workbook

The contents of this workbook are created by Adiuvo Engineering & Training, Ltd.

If you have any questions about the contents, or need assistance, please contact Adam
Taylor at adam@adiuvoengineering.com.
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Pre-Lab

Creating Embedded Linux Solutions



Required Hardware

Arty Z7-20
SD Card
Micro USB Cable



Downloads and Installations

Step 1 — Download and install the following at least 1 day prior to the workshop. This may take a

significant amount of time and drive space.

Watch the video available here to show how to configure the installation

Vitis 2021.1

Download

PetaLinux 2021.1

Download



https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vitis/2021-1.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/embedded-design-tools/2021-1.html
https://youtu.be/9Jx-Guvl52U

Lab 3

Creating Embedded Linux Solutions



Lab 3: Creating Embedded Linux Solutions

Step 1 — Using a Linux Development machine with PetaLinux 2021.1 installed create a new project

File Edit View Search Terminal Help
adiuvo@adiuvo:~/petalinux_projects$ petalinux-create ——ype project --template zyng --name lab3

[
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Step 2 — Change directory into the project, import the XSA exported from Lab One

File Edit View Search Terminal Help

adiuvo@adiuvo:~/petalinux_projectss cd lab3/
adiuvo@adiuvo:~/petalinux ojects/1lab3$ petalinux-config --get-Pw—description:}homejadiuvo}petalinux_projectsjlab3l

Copyright 2020 Adiuvo Engineering & Training, Ltd. 9



Lab 3: Creating Embedded Linux Solutions

Step 3 — Exit the dialog which is opened following the XSA Import.

File Edit View Search Terminal Help
Jhome fadiuvo/petalinux_projects/lab3/project-spec/configsfconfig - misc/config System Configuration
misc/config System Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y=> includes, <M= excludes, <M= modularizes features. Press <Esc><Esc> to exit, <?> for Help, </=>
for Search. Legend: [*] built-in [ ] excluded <M= moduEF < > module capable

-*- ZYNQ Configuration
(I it
Auto Config Settings --->
-*- Subsystem AUTO Hardware Settings ---=
DTG Settings ---=
FSBL Configuration ---=>
FPGA Manager ---=
u-boot Configuration --->
Linux Configuration ---=>
Image Packaging Configuration ---=

< Help > < Save > < Load >
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Step 4 — When asked save any changes

File Edit View Search Terminal Help
- misc/config System Configuration

Do you wish to save your new configuration?

(Press <ESC=<ESC> to continue kernel configuration.)

<Hves > < No >
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Step 5 — Enter the command petalinux-config —c rootfs to examine the rootfs dialog. Close without
saving changes after exploring the settings.

File Edit View Search Terminal Help
Jhomefadiuvo/petalinux_projects/lab3/project-spec/configs/rootfs_config - Configuration

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y> includes, =<=N> excludes, <M= modularizes features. Press <Esc><Esc> to exit, <?> for Help, </=
for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

| | Filesystem Packages --->

etalinux Package Groups ---=
mage Features ---=

Pps ---®

ser packages ----

etalinux RootFS Settings --->

< Help > < Save > < Load >

Copyright 2020 Adiuvo Engineering & Training, Ltd. 12



Lab 3: Creating Embedded Linux Solutions

Step 6 — Enter the command petalinux-config —c kernel to view the config settings, do not change

anything and exist after exploring.

File Edit View Terminal Tabs Help
.config - Linux/arm 5.10.0 Kernel Configuration

Linux/arm 5.10.0 Kernel Configuration
Arrow Keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkews. Pressing <Y>
includes, <N=> excludes, <M= modularizes features. Press <Esc=<Esc> to
exit, <7= for Help, </> for Search. Legend: [*] built-in [ ]

| General setup --->
-*- Patch physical to virtual translations at runtime
System Type --->
Bus support ---=
Kernel Features --->
Boot options --->
CPU Power Management ---=>
Floating point emulation --->
Power management options --->
Firmware Drivers ---=>

< Help > < Save > < Load >
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Step 7 — Build the petalinux project with the command petalinux-build — this may take some time.

File Edit View Search Terminal Help

adiuvo@adiuvo:~/ Falinux 5 cd lab3/
adiuvo@adiuvo:~/petalinux_p flab3$ petalinux-config ——get—%w—d55cription=}homefadiuvofpetalinux_projectﬂjlab3
[INFO] Sourcing buildtools

INFO: Getting hardware description...

INFO: Renaming design_1 wrapper.xsa to system.xsa

[INFO] Generating Kconfig for project

[INFO] Menuconfig project

configuration written to fhome/adiuvo/petalinux projects/lab3/project-spec/configs/config

*** End of the configuration.

*** Execute 'make' to start the build or try 'make help'.

[INFO] Extracting yocto SDK to components/yocto. This may take time!
[INFO] Sourcing build environment

[INFO] Generating kconfig for Rootfs

[INFO] Silentconfig rootfs

[INFO] Generating plnxtool conf

[INFO1 Addina user lavers

[INFO] Generating workspace directory
Iadiuvo@adiuvo:—fpetalinux_prﬂje{t5flab35 petalinux—buildl
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Step 8 — Package the petalinux project to create the boot.bin necessary

File Edit View Search Terminal Help

adiuvo@adiuvo:~/petalinux_projects/lab3$ cd images/linux/

adiuvo@adiuvo:~/petalinux_projects/lab3/images/1linux$ petalinux-package --boot --fsbl zynq fsbl.elf --u-boot u-boot.elf --fpga
system.bit --force

Py = L..217 Ji _ 7T —
e s

: Getting system flash information...

: File in BOOT BIN: "/fhome/adiuvo/petalinux projects/lab3/images/linux/zyng fsbl.elf"
: File in BOOT BIN: "/home/adiuvo/petalinux projects/lab3/images/linux/system.bit"

: File in BOOT BIN: "/home/adiuvo/petalinux projects/lab3/images/linux/u-boot.elf"

: File in BOOT BIN: "/homefadiuvo/petalinux_projects/lab3/images/linux/system.dtb"
: Generating Zyng binary package BOOT.BIN...

Xilinx Bootgen v2821.1
Build date : May 28 2621-21:36:22
Copyright 1986-2021 Xilinx, Inc. ALl Rights Reserved.

: Bootimage generated successfully

INFO: Binary is ready.

WARNING: Unable to access the TFTPBOOT folder /tftpboot!!!
WARNING: Skip file copy to TFTPBOOT folder!!!
adiuvo@adiuvo:~fpetalinux_projects/lab3/images/1linux$ I
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Step 9 — Copy the image.ub boot.bin and boot.scr to the SD Card, insert in the Arty Z7 — ensure it is
set for SD Card boot. Connect the power and Ethernet cable.

Lab 3: Creating Embedded Linux Solutions
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Step 10 - Vitis will start and ask for the workspace, create a new directory using browse to store the
projects.

+J Vitis IDE Launcher

Select a directory as workspace

Vitis IDE uses the workspace directory to store its preferences and development artifacts,

Workspace: | Chhdl_projectsilab3 V| E Browse... i

[ ] Use this as the default and do not ask again
b Restore other Workspace

¢ Recent Workspaces

Launch Cancel




Lab 3: Creating Embedded Linux Solutions

Step 11 — Select Create Application Project

«J Iab3 - Vitis IDE
File Edit Search  Xilinx Project Window Help

(‘V XILINX
&

VITIS
IDE

] ]
PROJECT PLATFORM
Create Application Project Add Custom Platform

Create Platform Project

Create Library Project

Import Project

RESOURCES

Yitis Documentation

Kilire Developer
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Step 12 — Select the XSA downloaded with GitHub Repository under lab three

~
File Edit Search Xilinx Project Window K ~
& | ] Welcome &3 Platform

Create Platform from XS4

¥ XILINX
V I T I S 5 v 4 [ > ThisPC > 0S(C) » GIT » Digilent bootcamp > 03 Session_Three > XSA
A .

[® Organize ~ New folder

l realtra_fpga 4

. lattice b4

l Xcam -

-

¥4 . hdl_clients

MName h Date modified Type

. design_1_wrapperxsa 07/11/2021 11:17 XSA File

PI3

File name: | design_1_wrapperxsa

@

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Step 13 - Click next

v ~

File Edit Search Xilinx Project Window H

& | [ Welcome 52 Platform = &
| Mote: A platform project will be generated automatically in workspace for the selected XSA. It can be customized later. |

¥ XILINX

(5] Select a platform from repository
a VITIS

Hardware Specification
CAGIT\Digilent_bootcamp\03_Session_Three\XSA\design_1_wrapper.xsa

Create a new platform from hardware (XSA)

wck190
wck190_es1
wmk180
wmk180_es1

XSA Files |2¢702 Browse...
7c706
zeu102
zcul106
zed

C:AGIT\Digilent_bootcamp'03._  Three\X5A\design_1_wrap

Boot Components

Generate boot components

Platform name: | design_1_wrapper

Cancel

20
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Step 14 — Enter a name for the project and select the processors in SMP configuration

«) New Application Project ] x
Application Project Details
Specify the application project name and its systern project properties

Application project name: | test |

System Project

Create a new system project for the application or select an existing one from the workpsace o

Select a system project System project details

+ Create new...

System project name: | test_system

Target processor

Select target processor for the Application project.

Processor Associated applications
ps7_cortexa%_ 0
ps7_cortexad_1
ps/_cortexad SMP  test

< Back Finis Cancel




Step 15 — Click Next on the Domain page

Lab 3: Creating Embedded Linux Solutions

«J New Application Project

Domain

Select a domain for your project or create a new domain

Select the domain that the application would link to or create a new demain

Mote: Mew domain created by this wizard will have all the requirements of the application template selected in the next step

Select a domain

+Create NEW...

Domain details

Mame: | linux_ps7_cortexad |
Display Name: | linux_ps7_cortexad |
Operating System: | linux ~

Processor: | ps7_cortexad |
Architecture: 32-bit ~

Application settings

Sysroot path: ‘

Root F5: ‘

Kernel Image: ‘

< Back

Browse...
Browse...

Browse...

Cancel

Copyright 2020 Adiuvo Engineering & Training, Ltd.

22



Lab 3: Creating Embedded Linux Solutions

Step 16 — Select the Linux Hello World application and click finish

« Mew Application Project O X

Templates
Select a template to create your project.

Available Templates:

~ Embedded software development templates
Empty Application (C++)
Linux Empty Application
inux Hello World
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Step 17 — Click on the Hammer to build the application

a lab3 - test/test.prj - Vitis IDE
File Edit Search  Xilinx  Project

- X
Window Help
Hw | -~ Qi v iE G- ~ Q. [ Design % Debug
L Explorer zﬂ Gy § T O || & testsystem («(«es‘ zﬂ = O ||8= outiine 52 =g
] design_1_wrapper g — : . i tive editor that provid "
1 Application Project Settings Tl ereis no active editor that provides an outline.
[ test o X App j g Active build configuration: [Debug  ~ | 55
v test [ linu
@ el General
5 Binaries
il Includes Project name: test
Deb
(= oebug Platform:  design 1 wrapper
& s
2% ide Runtime: [ cpp |
A testp -
‘ 7
cpu: [ cortex-ag |
os: [inux |
Hardware Specification: View processors, memory ranges and peripherals.
a Assistant zﬂ = & g =0
] design_1_wrapper |
v % test_system [5: |
{2} test [Application]
4 Debug
4 Release
& Console 57 |[£] Problems [E] Vitis Log (§) Guidance 4 48 Bl=E&#rB-fr=0
Build Console [test, Debug]
. = o
'Invnking‘ ARM v7 Linux Print Size'
arm-linux-gnuesbihf-size test.elf |tee “"test.elf.size”
text data  bss  dec  hex filename
1087 316 4 1487 57f test.elf
*Finished building: test.elf.size’
14:26:37 Build Finished (tock 1s.237ms)
v

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Step 18 — Select the arrow by the green debug icon and select debug configuration

w lab3 - test/test.prj - Vitis IDE

File Edit Search Xilinx Project Window Help

i~ [ -G -i%-0-i/-OJMWCG-

L Explorer 52

(5] design_1_wrapper
v [] test_system [
{5} test
¥ Binaries

E

il Includes

(& Debug

& test_system.sprj

(no launch history)

- x

Q[ Design %5 Debug

& test system [«( test 2@}

= g

Debug As >
Debug Configurations...

Organize Favorites..

pUpeE——

5] design_1_wrapper [
v (% test_system [System]
{2} test [Application]

<. Debug

A Release

¥ Application Project Settings
General
Project name: test

Platform: design 1 wrapper

Active build configuration: | Debug | &5

Runtime: | cpp

omain: inux_ps7_cortexa!
[ 7_cortexad

cPU: [ cortex-a0

os: [ tinue

Herdware Specification: View processors, memory ranges and peripherals.

5= Qutline 52 = 8

There is no active editor that provides an outline.

B Console 37 |[£] Problems [E] Vitis Log (F) Guidance
Build Console [test, Debug]

‘Invoking: ARM v7 Linux Print Size'
arm-linux-gnueabihf-size test.elf |tee "test.elf.size”
text data bss dec hex filename

1087 316 4 1407 57f test.elf
'Finished building: test.elf.size’

14:26:37 Build Finished (took 1s.237ms)
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Step 19 — Select System Project Debug and click new

% Debug Configurations

Create, manage, and run configurations

Debug a systemn using Vitis Debugger.

il = - Configure launch settings from this dialog:
| type filter text | - Press the 'New Configuration' button to create a configuration of the selected type.
1§[:F Al Engine Emulator | - Press the 'New Prototype' butten to create a launch configuration prototype of the selected type.

[c] C/C++ Application

5 Launch Group - Press the 'Export’ button to export the selected configurations.

== OpentCL =| - Press the 'Duplicate’ button te copy the selected configuration.
<~ OpenCL -

£ .pen (TC.FJ . 3 - Press the 'Delete’ button to remove the selected configuration.
$: Single Application Debug

sin‘s Single Application Debug (GDEB) - Press the 'Filter' button te configure filtering options.

E SPM Analysis
SEF Systemn Project Debug
FE Target Communication Framewaork L| - Select launch configuration(s) and then select 'Link Prototype’ menu item to link a prototype.

- Edit or view an existing configuration by selecting it.

u| - Select launch configuration(s) and then select 'Unlink Prototype’ menu item to unlink a prototype.

Rl - Select launch configuration(s) and then select 'Reset with Prototype Values' menu item to reset with prototype values,

Configure launch perspective settings from the Perspectives’ preference page.

Filter matched 10 of 22 items

Close
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Step 20 — Open a serial terminal 115200:n:1 and type the command ifconfig to list the IP Address of
the board

T COM23 - Tera Term WT O
File Edit Setup Control Window Help

ifconf ig
Link encapzEthernet HHadde 00:0
inet addr:l 17
ineth -Eu:llj

aonn
To byt e
Interropt xb

Link encap:

1000
T butes:0 (0.0 B)

oot lab3: "8
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Step 21 — Change the build configuration to Hardware and for Linux TCF Agent select new

% Debug Configurations m} X
Create, manage, and run configurations
Debug a system using Vitis Debugger.
f . = X | = T Name: | SystemDebugger_test_system
| type filter text | Main @ Target Setup | A Environment | [C] Comman
- _ -
1§_II'F Al Engine Emulator Project: | test_system Browse...
[c] C/C++ Application
5 Launch Group [] Disable build before launch
<~ OpenCL Build Configuration: Use Active ~
': QpenCL (TC_FJ . Target
3:‘ Single Application Debug
%, Single Application Debug (GDE) Local le
SPM Analysi ;
iE' nayss Linux TCF Agent: Linux Agent ~
~ fz System Project Debug E
1§E'F SystemDebugger_test_system [[1Debug only selected applications
Fﬁ Target Communication Framework
Remote Working Directory: Smint/sd-mmcblkDp1/
Program Arguments: Edit...
v
Filter matched 17 of 23 iterns ks
Debug Close
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Step 22 — Enter a name and enter the Ethernet IP address — Click test connection to verify the board

can be seen.

%) Target Connection Details

Mew Target Connection

Creates new configuration for connecting to a target.

Target Mame | ArtyZT

[]5et as default target

Specify the connection type and properties

Type | Linux TCF Agent

Host | 172.16.102.159

Port | 1534

Advanced ==

Sy
@

Test Connection

OK

Cancel

Copyright 2020 Adiuvo Engineering & Training, Ltd.

29



Lab 3: Creating Embedded Linux Solutions

Step 23 — Click OK when the connection is successful, click OK on the target connection and the click

debug

o =] L | & test system | ¥ test ¥ | — O || 5= Qutine &% |
~ an ou
,-E Create, manage, and run configurations
Debug a system using Vitis Debugger.
=] = X BV~ Name: | SystemDel ~ |
‘ type filter text ‘ Main -@Target. New Target Connection
?EIF Al Engine Emulator Project: Creates new configuration for connecting to a target. Browsew. ~
[€] C/C++ Application ] . " -
. Launch Group Disable build be . ] +J Connection successful! X
- - c arget Na N
<7 Opencl i CoripeE | Successfully established connection to ‘Linux TCF Agent’ on the host '172.16.102.155' I ¥
= OpenCL (TCF) Osetasd @R
P Target L
o Single Application Debug Specify {
EfD-B Single Application Debug (GDB)
éa- nalysts Linux TCF Agent: A oK
v # System Project Debug Host |—1
£ SystemDebugger_test_system [ Debug only seld
EETargatCnmmum{atim Framework Port | 1534 ‘
Remote Working O
Program Argumen .
Test Connection Cancel
stf|
v
Filter matched 11 of 23 items = e
[ CONSotE 2 [ [Zl FroDIems —[=] VIS T0g (|} Ouigance U TS NERE BT T Y



Lab 3: Creating Embedded Linux Solutions

Step 24 — The application will be downloaded to the target and paused for execution, press the run

button

wd 1ab3 - test/sre/helloworld.c - Vitis IDE
File Edit Run Search  Xilink Project Window Help

- X

design_1_wrapper
v [m] test_system [
~ {3} test [ linux_|
4% Binaries

@) Includes

(= Debug
~ = s
(€] helloworld.c
2% _id
% testpij
& test_system.sprj

Hnke | B~ A i~ Q-iF-iBiw|B m el HERCRE= Q. ([ Design  # Debug
ebug = iy E test [€] helloworld.c (%)= Variables e Breakpoints &Y Expressions B, Madules
Debug 52 > § = helloworld.c 52 Variables 12 | ®g Breakpoints & E Modul
£, SystemDebugger test_system [System Project Debug] . .
v % SystemDebugger_test_system_test (ArtyZ7) right (c) 2612 Xilim, Inc. ALL rights reserved. Name Type Value
v {2 /mint/sd-mmeblkDpl/test.if idine, Tne
v (f# 515 testelf (Suspended) erTiec e o 2 n

0x00470514 [test.elf] main(): ./src/helloworld.c, line 23 .

Oxbied1f5e [libc-232.50] _libe_start_main() . APPLI N

OxbBed1f5e [libc-2.32.50] _libe_start_main() 8 HAT THIS IMPL

9 { P
Y WARRANTY WH
ENTATION, INCLUDING BUT
NTATIONS THAT THIS IMPLEI
#include <stdio.h>
= int main()
printf("Hello World\n®); 0 Memory sﬂ & o6 BEl G- 8 =0
return @; Monitors &5
}
~L Explorer zﬂ‘JAss\stam B Sy 8 =

& Console 57 | B Vitis Serial Terminal (3 Executables [f] Debug Shell [E] VitisLog [#] Problems B Debugger Cansole
TCF Debug Process Terminal - P315

Copyright 2020 Adiuvo Engineering & Training, Ltd.

™ B -~ = O ||@l*CTConsole zz]lsmulauun(msmle w = B
XSCT Process
xscts Info: 515 (target 2) Stopped at Ox470514 (Suspended
main() at ../src/helloworld.c: 23
23: printf ("Bello World\n"):
xsCt$
< >
xsct¥
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w [ab3 - test/src/helloworld.c - Vitis IDE

Lab 3: Creating Embedded Linux Solutions

Step 25 - Click on the run button and you will see the hello world appear in the console.

¢ testpr
& test_system.sprj

Hello World

Copyright 2020 Adiuvo Engineering & Training, Ltd.

- x
File Edit Run  Sesrch Xilinx Project Window Help
Hn g [B-®-itx-O-if-iBiN| ey} T Q. i[& Design |45 Debug
%5 Debug ):K] o % | i & test_system % test ﬂﬂ hellowarld.c zg] ()= Variables Zﬂ ©g Breakpoints & Expressions Registers = B8
% <terminated> SystemDebugger_test_system [System Project Debug] 1 o wEE B | s g
., SystemDebugger_test_system_test (ArtyZ7: Disconnected): Al exited or detached nx, Inc. ALl rights reserved.
BY PROVIDING THIS DESIGN,
IMP u
TION TI MPLEMENTATION
AND YOU ARE RESPONSIBLE
#include <stdio.h>
int main()
printf("Hello Werld\n"); 0 Memary 5:@1 ™|t @S % 8 =8
return @;
H
™. Explorer zz]‘JAssustant =SR-3
design_1_wrapper
v [=] test_system [ _wrapper]
~ {8} test [ linux_ps7_cortex
+# Binaries
1 Includes
(= Debug
”bﬂ‘h i B Console &3 | El Vitis Serial Terminal (3 Executables [i) Debug Shell [E] VitisLog [#] Problems @ Debugger Console Bl XSCT Console E@W'Emu\atmn(mnsmle % = B
4 hellowarld.c
TCF Debug Process Terminal - P315

XSCT Process

xscty Info: 515 (target 2) Stopped at 0x470514 (Suspended
main() at ../src/helloworld.c: 23

23: printf("Hello World\wn®):

XsSCtE

xscti
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