EFOP-3.4.3-16-2016-00009

A fels6foku oktatas minéségének és hozzaférhetéségének
egylttes javitasa a Pannon Egyetemen

FPGA-BASED EMBEDDED
SYSTEM DEVELOPMENT

(VEMIVIB334BR)
A \JE\\S\“

N

Created by Zsolt Voroshazi, PhD

voroshazi.zsolt@mik.uni-pannon.hu

o M m
U)C=
W o =
°g 9
c 9
T n %
S g
o 5 3
> O
D o3
o un
=

* % %
* *
* *
* *

* ok

YARORSZAG . T
NYA BEFEKTETES A JOVOBE

Updated: 6. Mar. 2024.



VIVADO'

HLx Editions

4. XILINX VIVADO

Creating BSB - Base System Build and Board ,,bring-up”

SZECHENY!I @

Eurépai Unid
Eurdpai Strukturalis
és Beruhazasi Alapok

\ \ *****
KORMANYA BEFEKTETES A JOVOBE




Topics covered

O O N O Uk

Introduction — Embedded Systems
FPGAs, Digilent ZyBo development platform

Embedded System - Firmware development environment (Xilinx Vivado — ,,EDK”
Embedded Development)

Embedded System - Software development environment (Xilinx VITIS —,,SDK”)
Embedded Base System Build (and Board Bring-Up)

Adding Peripherals (from IP database) to BSB

Adding Custom (=own) Peripherals to BSB

Development, testing and debugging of software applications — Xilinx VITIS (SDK)

Design and Development of Complex IP cores and applications (e.g. camera/video/
audio controllers)

HW-SW co-simulation and testing(Xilinx Vivado ChipScope)



Important notes & Tips

 Make sure that the path of the Vivado/VITIS project to be
created does NOT contain accented letters or "White-space"
characters!

* Have permissions on the drive you are working on:
— If possible, DO NOT work on a network / USB drive!

 The name of the project and source files should NOT start with
a number, but they can contain a number! (due to VHDL)

e Use case-sensitive letters consistently in source file and
project!

* If possible, the name of the project directory, project and
source file(s) should be different and refer to their function for
easier identification of error messages.

* The directory path should be no longer than 256 characters!



Set Hardware platform |.

* In order our ,,ZyBo” as HW platform can be selectable
in the Vivado development environment, the
following steps must be taken (for the first time only):

e Step 1.) Download the appropriate support package
from the Laboratory’s webpage: Letathets yakorat anyag

(Link will redirect to the Digilent website):
Digilent ZyBo Fejlesztokartyakhoz (BSE, XDC):

Digilent ZYBO o e caas G masten)

* % Base System Pack (BSP):
— Support package (**): — Vivado Board Files (2020.1)

Digilent Zybo hivatalos weboldal:

Zybo Zynq-7000 ARM/FPGA SoC Trainer
Board
Xilinx Vivado/VITIS telepitési utmutato:

el ESD_00_VITIS_Vivado_Installation_guide
Vivado HW manager - proba .bit:

B TM_osszeado_3bit Alaptesziek:

hello world / memaoriateszt/ periféria teszt. 5




Set Hardware platform Ill. (cont.)

 ** Direct Link for Digilent board support package:
https://github.com/Digilent/vivado-boards/archive/master.zip

Step 2.)

* COPY the entire contents of the \ wvivado—-zybo-master
\ new subdirectory in the package to the Xilinx subdirectory
by keeping the directory structure in it

* TO 2 <Xilinx_install_dir> \ Vivado \ 202x.y
\ data \ boards \ board_files

Subdirectory.

e \We will use the latest B. 4 verison of board files!
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* Creating a new project in Xilinx Vivado
—Base System Builder (BSB) - Block Designer

— Create
embedd

—with t

a simple ARM [/ AXl based
ed base system (BSB)

ne addition of AXl-Lite “bus”

interface-based Xilinx IPs (Intellectual
Property).

* Creating

a software application (from

pre-defined templated) in Xilinx VITIS



Main steps to solve the task

 Create a new project using the Xilinx Vivado (IPI)
embedded system designer,

* Overview of the created project,
— (Implementation and Bitstream generation if PL side is also
configured!)
e Create a ,Hello world” and ,Memory Test”
applications running on ARM by using the Xilinx VITIS
environment (~SDK),

e Verification of the completed embedded system and
software application test on Digilent ZyBo.



Test system to be implemented

) No IPs will be added on the PL (FPGA) side yet, so only the
PS side will be configured!

AXI B

AXI4, " |nterconnect M»"XI-BRAM Controller‘<—>’~ BRAM
Block

AXI4- -
s LED_IP L-E»

AXI

A

T > Interconnect | A4 GPIO
PS e IO < DIP Swiches _
L J
PS side:
 ARM hard-processor (Core0)
* Internal OnChip-RAM controller
 UART1 (serial) interface / Global Timer
 External DDR3 memory controller

\ 4
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Starting Vivado ¢

Vivado 2020.1

'Start menu — Programs — Xilinx Design Tools — Vivado 2020.x ‘

¢ Vivado 2020.1 = X

File  Flow Tools Window Help — © CuickAccess

VIVADO' £ XILINX.

HLx Editions

Recent Projects

Quick Start ropec

Fivado_ 20201 /project_1
Create Project » project_2_zed

j EVivado_2019.2/praject 2_zed
Open Project » E/Vivado project. 2.
project_1

ExVivado_201% 2iproject_1

Open Example Project >

counterddiv
Exd - PE / WIRT /IPAR] 52KG 2020 Bemutato/peldakfoounterddiv
traffic_moore_delay_dialight

Exf_PE_ [ WIRT_/IPARI_SZKG_2020_Bemurtatofpeldak/raffic_moore: delay_dialight

Tasks

Manage [P >

project_1

Ev- PE_{__OKTATAS___ /TERV_MOD_PLD VIB5347/2015% vivadod_ZHk_{project_]

traffic_moore_dia_led

ed PE /7 OKTATAS [CIGITALIS_ARAMECROK || _WI344D 2018 oszihatter_Addings_dvivado_traffic_m...

Open Hardware Manager >
XHub Stores >

traffic_moare

E¥_PE_{ OKTATAS___ /TERV_MOD _PLD.VIBE5447/2018_vivado/E_TMPLD_2018_Vivado/traffic_moore

mux2_1

Bt PE - OKTATAS fDHGITALIS ARAMKCROK || V13440 2019 oszfhateer_Addings fvivado_static_h...

traffic

Ed PE { OKTATAS fTERV_MOD PLD:-VIES44T/201% vivado/Radakovics/rafTic

Learning Center

Documentation and Tutorials >

Tel Console |

11



Create a new project

* Possible ways:

e\
¢ Vivado 20201

\‘u"i?a do 20201
File  Flow Tools Window  Help Q- Quick lcess File Flow Tools Window Help Q- Quick Access
y 4
Project Mew...
VIVADO'
e Open Recent »
HLx Editions PENE
Open Example...
Checkpoint J

Quick Start _

Create Project >

lCgle rilgeLy »

Open Project » Open Project >

Open Example Project > Open Example Project >

Tasks

Manage IP >

12



Create a new project (cont.)

¢ New Project X

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '

(L)

Projectname:  lab01

Project [ocation: F:Niuadn_EDED.‘J]

Create project subdirectory @

Project will be created at: F:MVivado_2020.1/1ab04 \

Set the path and
name of a new
project <name.xpr>

Cancel

|lf-'-:|\'|
1) = Back Next = \

13



Create a new project (cont.)

’

MNew Project

Project Type

Specify the type of project to create.

Yy

RTL Project

=1

You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis,

synthesis, implementation, design planning and analysis.

| Do not specify sources at this time

D Project is an extensible Vitis platform

() _Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

() 1/O Planning Project

Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.

2

Cancel

‘Select ,RTL project” (for

later block design and IP
integration).
Do not add other

resources (since they
don't exist yet :)

*Extensible VITIS
platform means ,,new”
development flow. We
do not want to use it!

14




Choose HW development board

** ,Zybo” can only be selected after installing the support package (see slides 5-6)

¢ New Project X

Default Part
Choose a default Xiling part or board for your project. '

.y
FParts Boards

Feset All Filters @ Install/lpdate Boards
Vendor: | digilentinc.com w | Mame. Zybo w | Board Rev: | Latest w
Search: - -
Display Mame Preview Yendaor File Version Part VO Pin Count B ardésv)
Fybao ‘V
* % digilentinc.com 2.0 ¥cfz010clgd00-1 400 B.4
£ >

|f"_?-\| -
Y. = Back Finish Cancel

15




Project summary

¢ MNew Project

VIVADO'

HLx Editions

v

Mew Project Summary

lﬂ Anew RTL project named “lab01" will be created.

ﬂ The default part and product family for the new project:

Default Board: Zybo
Default Part: xc7z010cligd00-1

& XILINX

Product: Zyng-7000
Family: £yng-7000
Package: clgd00
Speed Grade: -1

To create the project, click Finish

= Back Mext =

Cancel

16



Project settings - VHDL

* Project Manager - Settings - General - Select

° ¢ Settings
VHDL, then OK g X
General
Project Settings Specify values forvarious settings used throughout the design flow. '
These settings apply to the current project.
- — o~ General
Flow Navigator = 8 7 _ Q)[ : . ]
Simulation
~ PROJECT MANAGER kl) = Elaboration Mame: labi
Synthesis : e
. Project device: B Zybo (xc7z010clg400-1) E'
[ ﬂ Seftings ] Implementation [ ] 3
: Target language: VHOL w >
Bitst
Add Sources kil N
> P Drefault library: il _defaultlib
Language TEH’IFIlEITE!S Tool Settings Top module name: E
Project
TF P Catalog ‘ :
IP Defaults Langiage Oyliots
» XHub Store
! Verilog options: verilog_version=Verilog 2001 |Z|
v IP INTEGRATOR i
Display Generics/iParameters: |Z|
Create Block Design
g WebTalk Loop count: 1,000 o
. Hel )
Open Block Design °
> Text Editor
) : A t I I «“ ” :
Generate Block Design 3rd Party Simulators op-level wrapper IS
> Colors
e generated from the block
election Rules . .
o design to this language (VHDL).
» Sirategies
> Window Behavior
l:f'\) oK | Cancel ‘ Appl
17




Embedded System — IP Integrator

IP Integrator - Create a new Block Design

1. Create Block Design, OR
2. Flow menu - Create Block Design,
3. Letit be called as “system”. Finally OK.

Flow Navigator = 8 7 _ Flow Tools Reports  Window
e
* PROJECT MANAGER Project Manager
Settings Settings 2 *
B Setiings OR =SHng #  Create Block Design x
Add Sources Create Block Design
Open Block Design , Please specify name of block desigﬂ, '
Language Templates @)
=Q= IP Catalog Run Simulation 3
Open Static Simulation... s Design name: system
v |P INTEGRATOR Directary: « <=Local to Project= W
- & 1 Specify source set: Design Sources w
Create Block Design
Pt
Open Block Design (2) oK Cancel
izenerate Block Design

18



Embedded System — Add IP

Sources w  Design Signals

* Select block diagramm (system.bd) o e . oa

° Add |P (CTRL+|) - W [Degign S?urcis |j1tj: —
| system (system.
— Select “ZYNQ7 Processing System” (= PS),
— then double click on it.

Diagram 200 X

om0 =  #* C o

Source Node Properties. .

'Filtering search ‘

& 2
Search: Q- z (G%atches}

F Clocking Wizard
F ILA (Integrated Logic Analyzer)
¥ MicroBlaze

pty. Press th + putton to add P,

w + Addip.. Ctri+ “F MicroBlaze Debug Module (MDM)
Add Module... ¥ MicroBlaze MCS
Pinning v ¥ SelectlQ Interface Wizard
IP Settings... . W XADC Wizard

[ TF Z¥YNQT Processing System ]

CTRL+Q: IP details 19



IP Catalog — IP database

Diagram ¥ | Address Editor '
Open the IP Catalog: cores | s
al = ¢ [# = o,
* Project Manager - IP Catalog Searct |
Mame 1 A4 Status License
. . > Math Functions
IP Integratlon support > Memaories & Storage Elements
> Partial Reconfiguration
., H ” o _ > SDaccel DSA Infrastructure
.~ yincluded” = free-of-charge  vs. [ S DA itastud
. . ~ Video & Image Processing
# ,purchased” = licensable (trial ¥ 2D Graphics Accelerator Bit Bloc..  AXI4 Production Purch...
. d ~ d i AXl4-Stream to Video Out AXl4-Stream Production Included
perlo 90 ayS) ¥ XI5 FIFO monitor AXl4, AX]4-Stream Production Purch...
. . T 2SS NtoM AXld, AXI4-Stream Production Purch...
* fast IP parameterization | & —_— -

[ Viva d O I P G U I : ZYNQ7 Processing System (5.5) ‘
@ ® Documentation  £F Presets IP Location £} Import XPS Settings
— compatibility

Page Navigator ~ — Zynq Block Design Summary Repart

Zynqg Block Design
— access to datasheets @ Tl o | BB e
A PS-PL Canfiguration .. Pt Bl
Mo (Ece - ™ "
(4820 120 1 AR Contex A8 ARM Cortex-A2
Peripheral 1/0 Pins TAND
— changelog, webpage e = - e
’ MIO Canfigurat i o
onrguration o UART 1 L AXL
&| EE— T [—— =
* Vivado “design flow”: Support e S = = e
UsSB O |
g . pp U8B 1 | acM 256 KE
DDR Configuration ENET D | Coresignt Inerconnedt ik
ENET 1 i Contral Sonpiay & w s
. Bank1 - 3
WO FLASHM 0
for Synthesis and swcrmmmoicsnen |Gl | o[ ra
‘ — : e
Interrupts % 5| Pros DOR2E,LPODRE =
Implementation e (T T e
= R
Calculalan
oma Byne EERE]
[ Cicer A P ing System({PS
— ] [ O e rocessing System b
(HETRETE] R A RO | HghPerb
e Tcl support e e || E e [T ]
) Clodk Ports Master ‘Siave SHA Poris
Pons Ponts B

Programmable Logic(PL)




IP Peripherals

Bus and bridge controllers

AXl to AXI connector
Local Memory Bus (LMB)
AXI Chip to Chip
AHB-Lite to AXI

AXl4-Lite to APB

AXl4 to AHB-Lite...

Debug cores

Integrated Logic Analyzer

DMA and Timers

Watchdog, fixed interval

Inter-processor communication

Mailbox, Mutex

External peripheral controller Memory
and memory controller

High-speed and low-speed
communication peripherals

AXI 10/100 Ethernet MAC controller
Hard-core tri-mode Ethernet MAC
AXI 1IC

AXI SPI

AX| UART...

Other cores

System monitor

Xilinx Analog-to-Digital Converter
(XADC)

Clock generator, System reset module
interrupt controller
Traffic Generator, Performance monitor

21



IP repository (directory structure)

e Directory structure of IP cores (two options: local project

directory or global directory = Repository)
— {component} .xml-based descriptor ™
— /MyProcessorlPLib directory  doc
(user defined) 28 hdl

* Repo’s subdirectories: 4 | src

Project Manager — | example
Settings — | vhdl
IP Defaults / Repository tab | thel

- $XILINX INSTALL%\Vivado\2020.X\data\ip
PI:

PI. 4 | axi_gpio_v2_0

< ?xml - version="1.0"--encoding="UTF- >C_|I
<splirit: corrp nent - xmlns:xilinx=" ttp Swww.xilinx.com" ‘xmlns: spirit="http://www.spiritconsortium.org/XML5chema,/SPIRIT,/1685-2009" - xm11]
ce<spirit:vendorrxilinx. com<,/ p it:vendor>d
s<apirit: 1: vrip</spirit: ]:: :><':II
‘<spirit:nameraxi gpio</spirit: arre::":II
[ p"_:‘_t:'-.re: n>2 . 0</spirit: on>g
r<spirit:busInterfa >qI
.- -<3p‘_:it:b nterface>q
seegapirit:r arre:>S m-:1<: spirit: arre.‘>ql
s<spirit:displ I‘I me>5 ILKIc: spirit:displ N rre::":II
s<zpirit:busType-spirit: ndor= ”x__'_ ®.com™-=spirit:1libr =""_:te:face"-sp"_:‘_t::'_arr.e=”axirrrr.”-3p‘_:’it:ve:’310:=”'_.0”_.-"3‘]1
s<gpirit:abstractionType -spirit: ndor="xilinx.com"-=spirit: b:a:'-_s=“i:t.e:face”-3pi:it::'_arr.e=”ax"_rr1'r._:’t'_”-.3pi:’it:=!e:.310:’.=”'_.O"_.-"‘}qI
s<spirit:s >qI
s<apirit:po tl-i aps>d
- -<apirit:po tl{ pbql
reesgspiritc: 1Portc>q
O -1 p___t __arrer:ARADDm: spirit:iname>J
</apirit:logicalPort>d

22



Block diagram — Run Block Automation

Diagram » Address Editor

@ PR

» | IP Catalog

Q Q .

x

& » C o

[ * Designer Assistance available. Run Block Automation w |

processing_system7_0

. N |

DDR + |||
FIXED_IO +

M_AXI_GPD -+ }ii
FCLK_CLKO =
FGLH_RESETEI"_Nr

- M _AXI GPO_ACLK ZYNQ‘

ZYNQT Processing System

e

/' »instance” name (arbitrary)

‘Keep everything at the
default setting. OK.

IP catalog name (fixed) I # Run Block Automation

configuration options on the right.

v [w] All Automation (1 out of 1 selected)
I_?J +F processing._system7_0

Automatically make connections in your design by checking the boxes ofthe blocks to connect. Select a block on the leftto display its

Description
This option sets the board preset on the Processing System. All current properties will be
overwritten by the board preset. This action cannot be undone. Zyng7 block automation
applies current board preset and generates external connections for FIXED_IO, Trigger
and DDR interfaces.

MOTE: Apply Board Presetwill discard existing IP configuration - please uncheck this box,
if you wish to retain previous configuration

Instance: Iprocessing_system7_0

Options
Make Interface External: FIXED_|O, DDR
Apply Board Preset: v
Cross Trigger In: Disable w
Cross Trigger Out: Disable w

2




Zynq Blokk Design (DDR and 1/0 ports)

processing_system7_0

U

'-"_ External DDR and 10

CDR 4 —-I > DDR 5 &

FIXED 10 + |[[4==> FIXED IO ports become visible
spio 0 +|||

USBIND. 0 +|||

- M_AXI GPD +
VoARLCRAAGLE ZYNQ TTCO WAVED OUT
TTCO_WAVET OUT

TTCO WAVEZ OUT

FCLK CLKD

FCLK_RESETO_N

-Green block: configurable,
parameterizable blocks n
¢ Re-customize IP .
V: blocks are configured
ZYNQT Processing System (5.5) and ut”ized

e T T s

ZYNQT Processing System

@ Documentation  £F Presets IP Location £} Import XPS Settings

* Import XPS settings: It is

i b I t i rt t h Page Navigator ~ — Zynq Block Design Summary Report
possible to impo e Nisosmiusniilind | , ,
| Zynq Block Design
' d h PRI
) = cation Pr Unit (APU
Settl ngs (u p ate t e PS-PL Configuration i EGm bttt )
B =i | -
(150) 2C 1 ] ARM Corex A% ARM Corex A2
Peripheral /0 Pins .
factory default preset .xml o | e = o
[ arTo | i
. MIO Configuration [ T A
fl | e) it GPIT A ; { e Socop Conrol it bt x
cl i 4 “E —] 22 — iz 512 KB L2 Cache and Gontolier Ports
ock Configuration ,_5?,,'_?_ [ Cohannel
us8o :,
USB 3 | acu 255 KB
: T | Tosigni | intacoonnect SRAM
DDR Configuration | _eneve W [
ENET 1 i poments L
Bankt con 1
SMC Timing Caleulation s " ioncan ] e | '
- . iy i
T <t
Interrupts orve | Programmatie
T— = S Laga_ Meeory Comtroler
C.
DMA Eyne E‘u T4 [iE
T o s Ty )
Resels | [ Coomeraling | it Processing System(PS)
gl ks [oT1]=] 3] DA IRQ High Paria:
el e BV ol et e |
Clodk Ports Haster Stave SHA
Pords Poris
Programmable Logic(PL}

| oK | | Cancel |




Zynq — PS-PL configuration

Page Navigator - PS-PL Configuration
Zyng Block Design « Q = =
Q_/) PS-PL Configuration Search: | ©-
Mame Select Description
Peripheral /0 Pins s General
) A Mon Secure Enablement 0 ~ | Enable AXl Mon Secure Transaction
MIO Configuration
=GP Master AXl Interface
Clock Configuration > M AXI GPO interface O Enables General purpose AXl master interface 0
> M AX] GP1 interface C] Enables General purpose AXl master interface 1
DDR Configuration > GP Slave AXl Interface
»  HP Slave AXl Interface
SMC Timing Calculation > ACP Slave AX] Interface
> DMA Cantroller
Interrupts > PS-PL Cross Trigger interface ] Enables PL cross trigger signals to PS and vice-versa

 General [+] ->
— UART1 Baud rate: 115.200 ?
— Enable Clock Resets : disable FCLK_RESETO_N.

 AXI Non Secure Enablement [+] ->

— GP Master AXl interface: disable M AXI GPO interface.
25



Zynq - Critical warning messages

¢ Critical Messages =

There were four critical warning messages while Customize IP.

Messages

[PEL-1] Parameter: PCW_UIPARAM_DDR_DQS TO _CLK_DELAY 0 has negative value -0.073 .
P2 DOR interfaces might fail when entering negative DQS skew values,

[FEL-2] Parameter : PCW_UIPARAM_DDRE_DQS_TO_CLE_DELAY_1 has negative value -0.034 |
P53 DDR interfaces might fail when entering negative DQS skew values.

[P2U-3] Parameter: PCW_UIPARAM_DDRE_DQS_TO _CLK_DELAY_Z has negative value -0.03 .
P2 DDR interfaces might fail when entering negative DS skew values,

[FSL-4] Parameter : FCW_UIPARAM_DDR_DCQS TO CLK_DELAY 3 has negative value -0.032 |
P53 DDR interfaces might fail when entering negative DQS skew values.

Open Messages View

This is coming from the board definition file for ZYBO. This warning might
be considered only for new/custom board design, so it can be ignored!
Just click OK.

Reference: https://reference.digilentinc.com/reference/programmable-logic/zybo-

z7/reference-manual? ga=2.21480123.1048852157.1597218516-
1725411217.1597064829#hardware errata

26



Zynqg PS — Peripheral 1/0 pins

PS_MIO46_501 Eyibo's-ch'e-matic.pdf ’
« Set (V) UARTI to serial logging. ggi 812 _UART RXD OUT ﬁ
— 12 UART TXD IN
PS5 MIO45 )501 -ie
e All the other blocks are NOT B5_MIO50._501 i< éa Eg[‘f
.. . PS_MIOS1_501 ==
enabled for this time, i.e. uncheck PS_MI052_501 [l T FTA-METS
t h P5 MIOS53 501 g
em:
IC1SE
— Memory Interfaces l PS MIO pins (0...53) ‘
- Quad SPI Flash :
Page Navigator  — Peripheral /O Pins Summary Report
— ENETO ZngBlockDesign «d =z 2 A
PS-PL Configuration Search: O
USB 0 K]-J) Peripheral 110 Pins .
_ SD 0 3 Cormomson z’r;lp:;::';eﬁ 35 36 37 38 30 40 41 42 42 44 45 4B 4?50 51 52 53  EMIO R
— Application Processor | c=cmeen
Unit - Timer 0 (TTCO) | s S—
SMC Timing Calculation »0)sD1 - - —
—_— GPIO - GPIO MIO Interrupts > sPIo =10 —
> 5PI1 Bl . SFI EMIO
| 2} () UARTO o UARTO UARTO UARTO UARTO EMIO
> ¥ UART 1 UARTT UART1 UART1 UART1 UART1  EMIO
[Jizco ; e 1260 \200 \2C0 EMIO
et 12¢1 12¢1 12C1 |$ 12C1___EMIO

UART1: can be enabled by

@ Conflict View: if there is a peripheral MIO conflicts, it indicates an error. clicking on it.

27




Zynq — Clock configuration

e PL Fabric Clocks (FPGA) =

- d ISa b | e FCLK CLKO Page Navigator ~ — Clock Configuration s
Zyng Block Design Basic Clocking  Advanced Clocking
PS-PL Configuration Input Frequency (MHz) 50.000000 CPU Clock Ratio| 6:2:1 w
Peripheral I Pins -« O = = -
MIO Configuration Search: | @
y - Component Clock Source Requested Frequ... Actual Frequency(... Range(MHz)
( 1 )CIockCnnﬂgurann ~  ProcessorMemory Clocks
CPU ARM FLL 650 650.000000 50.0:667.0
DODR Configuration e
DDR DORPLL s | 525 525.000000 200.000000 : 534.000...
2MC Timing Calculation ~ 10 Peripheral Clocks
SMC 10 PLL 100 10.000000 10.000000 ; 100.000000
Interrupts
QsPl 10 PLL 200 10.000000 10.000000 : 200.000000
ENETD 10 PLL 1000 Mbps 10.000000
ENET 10 PLL 1000 Mbps 10.000000
SDIO 10 PLL 100 10.000000 10.000000; 125.000000
SPI 10 PLL 166.666666 10.000000 0.000000 ; 200.000000
» CAN
v PL Fabric Clocks
E'FCLK_CLK{] I PLL 100 10.000000 0.100000 : 250.000000

* Finally: OK.
C Regenerate Layout processing_system7_0
[¥ Validate Design (DRC) ZYNQ‘

DDR -
FIXED IOk

DDR
FIXED_IO

ZYNQ7 Processing System

28



Generate top-level HDL (~“wrapper)

* Design Sources - Create HDL wrapper -

— ,Let Vivado manager wrapper and auto-update”

Note: without a top-level «« wrapper, the implementation would not run!

BLOCK DESIGN - system * i i
Sources » Design Signals Board
Sources Design Signg [ Ctri+E Q = = +
% g g Source Node Properties... Ciri+E | - lI Wrapper generated.
- - = . Lo ~ = Design Sources (1)
Cl - - + e OpenFile ST v i@ syslemiwrappeanTRUCTURE:: _5_‘51-:—'*1=.'-.‘rapper vhd) (1)
S _ 2 ) w oo 8 system_i: system (system.bd) (1)
Y mmSIQ0 SOUICES [ S g Create HDL Wrapper... v @ system(STRUCTURE) (system.vhd) (1)
&u - 7! system (system.bd View Instantiation Template ‘ e processing_system7_0 : system_processing_system7_0_0
| onh . Ny <
Mpiohiiclickaly oy s T T T T T T T T T L
? Siml nght click... l Generate Output Froducts... Hierarchy = IP Sources  Libraries  Compile Order
| 7 Utiity Sources Reset Output Products...
Hierarchy | IF Sources Lill

System_wrapper.vhd generated:

Address Editor x| IP Catalog «  system_wrapper.yhd x 4 rp= 200

2018.3ab0project_1/project_1.srcsisources_1ibdisystemihdl/system_wrappervhd

Q B B X N/ B 9 L

10+ library IEEE; ~H

. use IEEE.STD LOGIC 1164.ALL;
12+ library UNISIM;

13 | use UNISIM.VCOMPOMNENTS.ALL;
4 . entity system wrapper is

15 : port | 29

DOE_addr : inout STD_LOGIC VECTOR { 14 downto 0 )7




Export HW = VITIS (~SDK)

e SYNTHESIS— Run Synthesis :
* File > Export - Export Hardware...
e Select Pre-sythesis as an option

¢ Export Hardware Platform

Output

Setthe platform properties to inform downstream tools of the intended use pfthe target platform’s hardware design. ‘

v

Q (@) Pre-synthesis
~ This platform includes a hardware specification for downstream software tools.

() Include bitstream
" This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for

software tools.

3

Finish Cancel

= Back
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Export HW - VITIS (cont.)

Set XSA* file name and export dlrectory path:

¢ Export Hardware Platform

Files
Enter the name of your hardware platform file, and the directory where the X3A file will be stored. '
1
X3A file name: system_wrapper
Export to: F.MNivado_2020.1/ab01 @

The XS54 will be written to: FA\Vivado_2020.1\ab01\system_wrapperxsa

= Back Finish Cancel

¢ Export re Platform ht

Exporting hardware platform...

*Xilinx® Support Archive: new hw descriptor format since VITIS 2020.x (see the next slide) 31



Vivado/VITIS — XSA format

e .XSA = Xilinx Support Archive = Xilinx proprietary
file format, a container. Contains:
 One or more .hwh files

— Vivado® tool version, part, and board tag information

— IP - instance, name, VLNV (stands for vendor, library, name,
and version), and parameters

— Memory Map information of the processors

— Internal Connectivity information (including interrupts, clocks,
etc.) and external ports information

e BMM/MMI and BIT files
e User and HLS driver files
e Other meta-data files
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VITIS — General steps of application

development

.\/

2. Creating an empty application or an application generated
from a C/C ++ template (e.g. Hello World or Memory Test):

Importing . XSA

b. Generating and compiling an application project containing a
platform and a domain inside (¥BSP: Board Support Package),

c. Generating a Linker Script (specifying memory sections, . LD),

d. Writing / generating and compiling the SW application
3. Setup a Serial terminal/Console (USB-serial port),

4. Connecting and setup a JTAG-USB programmer,
—  Configuring the FPGA (.BIT if PL-side existing)

5. Creating a ‘Debug Configuration’ for hardware debugging

6. Debug (insert breakpoints, stepping, run, etc.)
34



~

Xilinx Vitis 2020.1

From Vivado: Tools menu — Launch VITIS IDE
OR externally

| Start menu — Programs — Xilinx Design Tools — Xilinx VITIS 2020.x ‘ _
* Set workspace directory properly (1ab01):

— Recommended touse vitis workspace asa
subdirectory in your lab folder. Then Launch...

«J Eclipse Launcher *

Select a directory as workspace

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

1 A\
&(Norkspa ce | B\Vivado_2020.14ab01\vitis_workspace] w Browse...

[ ] Use this as the default and do not ask again

b Restore other Workspace

b Recent Workspaces ( 2
l Launch I Cancel
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Xilinx VITIS — Create Application

* Create a new application project

wJ vitis_workspace - Vitis IDE
File Edit Search  Xilinx Project Window Help

g | [ Welcome 52 |

W XILINX

a VITIS.

VITIS
IDE

PROJECT

Create Application Project

Create Platform Project

Create Library Project

Import Project

PLATFORM

Add Custom Platform

RESOURCES

Vitis Documentation

Xilinx Developer




Xilinx VITIS — Create Application

%) Mew Application Project

Create a New Application Project

This wizard will guide you through the 4 steps of creating new application projects. 1.

1. Choose a platform or create a platform project from Vivado exported XSA
2. Put application project in a system project, associate it with a processor

3. Prepare the application runtime — domain 2
4, Choose a template for application to quick start development

Platform System 3.
Project Project
HW / FW BSP SW

Processor Domain 4.

xsA |

= A platform provides hardware information and software envirenment settings,
» A system project contains one or more applications that run at the same time.
= A domain provides runtime for applications, such as operating system or BSP,
» A& workspace can contain unlimited platforms and unlimited system projects,

[] Skip welcome page next time. (Can be reached with Back button)

Platform project - HW
platform (e.g. Zybo)
System project —
processor (e.g.
MicroBlaze, ARM etc.)

Domain — runtime apps,

low level sw routines
(~BSP, OS)

Pre-defined templates
(e.g. Hello World,
Memory Test, Peripheral
Test, FSBL, etc.)

Finish Cancel
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Import XSA

o) New Application Project O X
Platform
€3 Please select a platform to create the project
Select a platform from repository | ; ; Create a new platform from hardwa... ”
Hardware Specification

Provide your X5A file or use a pre-built board descripti ‘ 1 Create a new platform

Eﬂgﬂ by importing XSA
XSA File: | 7706 (created in Vivado!)
zeul02

zed ’ 2. Choose proper XSA
3. Do Not select ,Generate

/ boot components” now.

Platform name: |: | | system_wrapper.xsa | 4. NEXT.
g [[] Generate boot compenents A !
® < Back Next > Finish Cancel
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Create Application project

«) MNew Application Project (I *

Application Project Details

Specify the application project name and its system project properties

@

Mpplication project namef | Zybo_test

Systemn Project

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

| 1. Type an app. hame:
@ ,Zybo_test”

System project name: || Zybo_test_system 2. Leave system project
name as default.

3. Select ARM Cortex-0

Select a system project S e

+ Create new...

Target processor

Select target processor for the Application project. core
3 4. NEXT.
Processor U Associated applications S—
ps7_cortexad_0 Zybo_test

psi_cortexad 1
ps7_cortexad SMP

shiowe all processars in the hardware specification ﬂ

w
) “ I = =
- < Back Next > Finish Cancel 39




Create Application project — Domain

o MNew Application Project

Domain

Select a domain for your project er create a new doemain

selected in the next step

Select a domain

+ Create new...

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

Domain details

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

Select ,,standalone” OS,
because we have not a
full featured OS (e.g.
Linux) at now.

NEXT.

r

Mame: | domain_ps7_cortexad 0

Display Mame: | domain_ps7_cortexad 0

Operating System: || standalone w W

Processorm | ps7_cortexad 0

Architecture: 32-bit w
2

= Back I Ne:t > l Finish Cancel

40




Example l.) Creating HelloWorld

application from template

® | «J New Application Project
4

Templates

Select a template to create your project.

Find:

L

Available Ternplates:

v 5W development terplates

Dhrystone

Empty Application

Empty &pplication (C++)
Helle World
hwlP Echo Server

bwlP TCP Perf Client

bwlP TCP Perf Server

wlP UDP Perf Client

bwlP UDP Perf Server

Mermory Tests

OpenAMP echo-test

OpenAMMP matrix multiplication Demo
OpeniAbMP RPC Demo

Peripheral Tests

R5A Authentication App

Zyng DRAM tests

Zyng FSBL

Hello World
Let's say 'Hello World' in C,

2

< Back Mext = li Finish I Cancel

Select , Hello World” test.
It is a pre-defined test,
which will be generated
from C/C++ template.

FINISH.
It will takes ~1min time ©

- |
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VITIS GUI — Main window

'd vitis_workspace - Zybo_test/Zybo_test.prj - Vitis IDE

File Edit Search Xilinx Project Window Help
FuRAEHAR Y SIE R, REP R ¥ - HeRC RS [Quick Access] | (7 Design | 45 Debug
sl Explorer E@W = °:§|;- By F2 0 &, Zybag_test system !r‘v’ﬂ Zybo_test 1 1| = g o= Qutline 53 S
3 systern_wrapper : 5 = x 2 ) ) ) ) i An outline is not available.,
| PR — K Application Project Settings Active build configuration: Debug v &
Zybo_test [ domain_ps7_cortexad 0]
v{ﬂ_ﬂg,.r o_test [ domain_ps7_cortexad 0] e Options
> [ Includes
» (= src Project name; Zybo test View current BSP settings, or configure settings like 5TDIC peripheral selection, compiler
AT flags, 5W intrusive profiling, add/remove libraries, assign drivers to peripherals, change
2
4 Zybo_test.prj Platform: systern wrapper versions of O5/libraries/drivers etc,
H Zybo_test_system.sprj Runtirme: | cpp | Mavigate to BSP Settings
Domain: domain_ps/_cortexad 0 . \ 2 )
| | Standalone is a simple, low-level
cPU: | ps7_cortexad 0 | software layer. It provides access to
|
0% standalone .
| ' . basic processor features: $
Hardware pecificationView processors, memory ranges and peripherals. CaChes, |RQ interrupts and
exceptions
Vs t] BEE@RO% - o and basic features of a hosted
= .
- vaﬂ-test-we“[‘pﬁvfsfﬂ environment, e.g. standard
system_wrapper [Flatiorm . .
I/0, profiling, abort and exit

'\
|EEE =B M B+F== 0

o
A7

& Console 23} [2] Problems Vitis Log (D Guidance L
Build Conscle [Zybo_test_system, Debug]
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VITIS — HW platform

w vitis_workspace - system_wrapper/hw/system_wrapper.xsa - Vitis IDE = x
File Edit Search Xilinx Project Window Help
HNrilp BRSBTS Oy Quick Access| . | [2» Design
| ™. Explorer 52 | Blisgy <= 08 . iy system_wrapper.xsa S@] S 8= Outline E@W = )
1 eyet (Out-of-date) oy i # | |An outline is not available,
vE a1 e : * || Hardware Platform Specification
» (= export
» [ psiinit_gplc Design Information
» [B ps7_init_gplh Target FPGA Device: 72010
» [g psTinit.c Part: xc72010clg400-1
» b ps7_inith Created With:  Vivado 2020.1
@ psT_init.html Created On:  Wed Aug 12 13:03:24 2020

ps7 init.tcl

Mote: To view ip parameters, double-click on the cell containing ip name in any of the below tables,
3 = logs

3 = ps/_cortexa® 0 Address Map for processor psT_cortexa9[0-1]
= ps7_cortexad_1 i f
v (7= domain_ps7_cortex§d 1 Filter: Es | Search: E® ' oot (Base Address (FWD)]
v (= bsp .
> & ps'.’_cortexagL Cell ﬁse Address High Address\ Slave Interface Addr Range Type N 2
Lip Makefile ps7_ram_0 000000000 Ox0002¢FfE ( Ty | Memory address map (PS)
|E| systern.mss ps7_ddr 0 00100000 [ aliiiiiid - memory —1
(= resources ps7_uart_1 Ox 20001000 Ox D001 fff - register
» = tempdsa ps7_iop_bus_config 0 Cne 2200000 e D200 & register
«f platform.spr ps7_sler D CxfB000000 OxfBOD0FE a register
W E Zybo_test system [ syster@ wrapper | ps7_dma_s OefE003000 O fBO03fFE = register
3 -'E} Memory_test [ domair§ps7_cortexat ps7_dma_ns (neFS004000 o FBODAFTE - register
v{{j Zyho test [ domain_pdf_cortexad 0 ps7_ddrc 0 Oxf3006000 OxfB006FH - register I LlSt and versions Of used
» #% Binaries h ps?_dev_cfg 0 O F3007000 D FBO0TOF - register I *
£ 2 ps7 xade 0 2007100 Cxf2007120 Z Tegister PS perlphergls (below)
; - ‘ < >
HW platform from & :
. Py Consol 2 Probl Vitis L Guid o5 CREE = Bl o - 2l Y
Vivado, description of 8 Console 3¢ | Problems [E] VitsLog () Guicance TS EE =B B~

elaborated embedded il Eansle syt o]
Nothing to build in platform 'system_wrapper'
system

&, Debug v J l

{77 system_wrapper/hw/systern_wrapper.xsa
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* How many memory typed address range(s) are in
the memory address map?

— 3
e What are their cell names?

— ps/_ram_O
— ps7_ddr O
— ps/_ram_1

e Calculate what size they are?
— ps/7_ram_0: 0x0002 ff££-0x0000 0000 =192 KByte
— ps7 ddr O: Ox1fff ff£ff-0x0010 0000 =511 MByte
— ps/_ram_1: Oxffff 0000-0Oxffff fdff =63 KByte
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BSP — system.mss (graphical view)

.MSS: Microprocessor Software Specification (system.mss)

A
{s Explorer E@W = ff‘_}. g2y — = O & Zybo_test system ¢ Tybo_test Z| system.mss rd system _wrapper Eﬁw T
w = system_wrapper Kl ) ] | W P TR il
> = export [ypefitertet E H & ¥ || poard Support Package

> & hw w system_wrapper
» = logs o 1:], ps7_cortexad 0 View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, W intrusive
v (= ps7_cortexad 0 ¥ g profiling, add/remave libraries, assign drivers to peripherals, change versions of O5/libraries/drivers etc,

v [ domain_ps7_cortexad | )
¥, @-domam_ps? conexal 0 =| Board Support Pack | Modify BSP Settings...] | Reset BSP Sources
5 = psT_cortexad 0 BSP settings file is generated with the user options selected in the settings dialog. To use exising settin
[& Makefile click the below link. This operation clears any existing modifications done. All the subsquent changes are

applied on top of the loaded settings,
Load BSP settings from file
Operating System

W E Zybo_test_system [ system_wrapper |

W :E:} Zybo test [ domain_ps/_cortexad 0] Name: standalone

v 3 Includes v Version: 7.2
2 > Standalene is a simple, low-level software layer, It provides access to basic processor
N =EE— — Description: features such as caches, interrupts and exceptions as well as the basic features of a
«J Assistant 33} EH H & % 0 % g hosted environment, such as standard input and output, profiling, abort and exit,
= Zybo_test_system [System] Documentation: standalone w7 2

I Device drivers.

= system_wrapper [Platform] .
= Drivers  Libraries

Mame Driver Documentation e
ps7_coresight_comp_0 coresightps_dec Documentation Link
ps7_ddr 0 ddrps Docurnentation Link
ps7_ddre 0 generic : I
< >

< >

Main | Hardware Speciﬁc_z;i':.i-on :
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BSP — system.mss (iext view)

3)

(L Explorer EEW B Sy Y= 8 ! #.-Ea Zybo_test_system ¢ Zybo_test ] system.mss 23 N system_wrapper
v systern_wrapper Kﬁ]_) A~ || BEGIN OS # basic embedded 0S - , standalone”
[= export PARAMETER OS_NAME = standalone
(= hw PARAMETER OS_VER = 7.2
(= logs PARAMETER PROC_INSTANCE = ps7_cortexa9_0
v = ps7_cortexad 0 #instance name (arbitrary)
v (= domain_ps7_cortexal 0 PARAMETER STDIN = ps7_uart_1
v = bsp PARAMETER STDOUT = ps7_uart_1 #loggin to a
= ps7_cortexad 0 serial port
| & Makefile Q) END
l =l Flu'FtF-m-mﬂl ......

(= resources . # Xilinx driver for PS Uartl IP

~J platform.spr BEGIN DRIVER
v [B8] 2ybo_test system [ system_wrapper | PARAMETER DRIVER_NAME = uartps #driver name
W :[E]: fybo_test [ domain_ps7_cortexa® 0] (fixed)

W
< B . PARAMETER DRIVER_VER = 3.9

: : PARAMETER HW_INSTANCE = ps7/_uart_1
af Assistant EE] = /0% =0 END

= Zybo_test_system [System]
systern_wrapper [Platform]

‘Device drivers.
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VITIS — Project Explorer / Hierarchy

& | [l Explorer &3

ﬂ ﬁ system_wrapper

’ = export
= hw
= logs
“ = ps/_cortexad 0
w = domain_ps7_cortexa

\ system_wrapper as HW platform was
exported from Vivado (.xsa, .bit, etc.)

contains:

__——— BSP: (OS routines, device drivers, etc.)

* MSS: Microprocessor software/driver descriptor

W be
%Ebpp s7_cortexad_0 (system.mss)
= code * /includes/xparameters.h !!! (all related #define
v = include and address ranges are defined here)
[h| xparameters.h
= lib

2= libsrc
\ L& Makefile
\ |=| systern.mss

[== resources

N

\

«—

platform.spr

fybo_test_systemn [ systern_wrapper

f v:[E]: Lybo_test [ domain_ps7_cortexad 0 .-. ZYbO_teSt_System as syStem—proleCt
) Includes < contains
v (= siC ~—— ] .
[& helloworld.c ck SW: zybo_test (SW application)
[ platform_config.h * \Binaries (executable load file as .el£f object file)
[€] platform.c * \Includes (factory default headers)
[n platform.h * \Debug
Tl Iscript.id * \Src =collection of .h, .c, .cpp sources
2 Xilinx.spec * .1d = linker script!
@ _ide * Main () entry pointin the helloworld.c file.
\ “% Zybo_test.prj
\ & Zybo_test_system.spr; j 47




S

Linker Script generation (Basic)

e Xilinx menu - Generate Linker Script (1script.1d)

1 ) Right click on application. ’

v E] Zybo test system | systerm_wrapper |

~ E}' Zybo_test [ domain_ps7_cortexad 0 o

+ ! Includes
v = s
> € helloworld.c
s |n| platform_config.h
» [ platform.c
5 [n] platform.h
Tl Iscript.id
|5 Hilinx.spec
> (@ _ide
4% Zybo_test.prj
& Zybo_test_system.sprj

B E

Refresh

Import Sources...

Export as Archive

Build Project

Clean Project @

am—

Generate Linker Script

M m g

Program FPGA
Create Boot Image
Program Flash

C/C++ Build Settings

) Generate a linker script

Generate linker script

Control your application's memory map.

Output Settings

Project: Zybo_test

Output Script:
F\Vivado_2020.1\lab0Tvvitis_workspace\Zybo_test\src\lscript.ld | | Browse

Medify project build settings as follows:

Set generated script on all project build configurations ~
Hardware Memory Map
Memory Base Address Size
ps7_ddr_0 Cc00100000 511 MB
ps7_ram_0 00000000 192 KB
ps7_ram_] Ox FFFFOD0D ~63,5 KB

b Fixed Section Assignments

@

Choose between Internal RAMO/1 vs.
External memory space

- Instructions / Program codes
- Data / Variables

- Heap / Stack sizes X
q
Advanced
Place Code Sections in: | ps7_ram_0 v|
Place Data Sections i | ps7_ram_0 v|
Place Heap and 5tack in: | ps7_ram_0 v|
Heap Size: 1KB AJ (00000400
Stack Size: 1KB :| (20000400
Place each sections into RAMO
instead of external DDR memory!
Then Generate.

@
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Linker Script generation (Advanced)

e Xilinx menu - Generate Linker Script (1script.1d)

K]_ Right click on application. ‘ Basic
v [m=] Zybo_test_system | systerm_wrapper | & Refresh Code Section Assignments
~ {2} Zybo_test [ domain_psT_cortexad 0 i ;
{E}@Il:cljdes =l S Section Assigned Memory
W (= sic iy Export as Archive text ps7_ram_0
> €] helloworld.c ) ) -
+ [ platform_config.h foldPraed ’) Add Section | Remove Section + .text — contains ,executable
B i Clean Project U code/instruction”
: % E‘:fpjf[g'h (B ot e St Data Section Assignments « .rodata — contains any "read-only”
|5 Hilinx.spec 23 Program FPGA /@Ctiun Assigned Memnm data used to execute program code
> @5 ide B Creste Boot Image rodata <7 ram D « .data — contains ,readable-
R Zybo,_test.prj ' iy writeable” variables and ,pointers”
& .Z}fbo test_system.sprj B Program Flash -redatal ps7_ram_0 ”
- C/C++ Build Settings sdata2 ps7_ram_0 * .bss — a part of a data segment
shss2 ps7_ram_0 (ds) that contains “statically
.data ps7_ram_0 a”ocable” Va”ables
.datal ps7_rarm_0
ficup ps7_ram_0 * .heap —,dinamically allocated”
sdata ps/_ram_0 memory
\ sbss ps7_ram_0 / « .stack — contains parameters of
\Dss psi_ram 0 ) function call (CALL) and other
, _ temporary data
Add Section | | Remove Section
—
Heap and Stack Section Assignments
Section Aczigned Memory Aczigned Size
heap ps7_ram_0 1KB
stack ps/_ram_0 1KB
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Build project

e 1. Select Application project (e.g. zybo_test)

e 2. Project menu = Build Project... in two steps: %

— Build BSP (system_wrapper)
— Build software application

£

& 1J Right click on application. ’

NJ[EJ Zybo_test_system | system_wrapper | R Delete 1
! W :{E} ZLybo_test [ domain_ps7_cortexad 0] | Refrech
t’f Binaries ]
- [l Includes i2y Import Sources... i
» = Debug g Exportas Archive 2 ‘ I
W 3 src - —
5 € helloworld.c Build Project
. [h] platform_config.h Clean Project |
s el platform.c
5 b platform.h T8 Generate Linker Script
T Iscript.id 23 Program FPGA
J;'-E Al apec [ Create Boot Image
» (25 _ide
P Flash
“¢ Zybo_test.prj B Program Flas
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Build project - Result

'Building target: Zybo_test.elf'

'Invoking: ARM v7 gcc linker'

arm-none-eabi-gcc —-mcpu=cortex—a9 -mfpu=vfpv3 -mfloat-abi=hard -Wl, -
build-id=none -specs=Xilinx.spec -Wl,-T -Wl,../src/lscript.ld -

LF:/Vivado_2020.1/1ab01/vitis_workspace/system_wrapper/export/system_

wrapper/sw/system_wrapper/domain_ps7_cortexa9_0/bsplib/lib -o
"Zybo_test.elf" ./src/helloworld.o ./src/platform.o -Wl, -——start-
group, —1lxil, -lgcc,-1c, ——end—group

'Finished building target: Zybo_test.elf'

|} |}

'Invoking: ARM v/ Print Size'
arm-none-eabi-size Zybo_test.elf |tee "Zybo_test.elf.size"
text data bss dec hex filename
19044 1144 8232 28420 6£04 Zybo_test.elf
'Finished building: Zybo_test.elf.size'

Decimal size: 28 420 byte ~28 KByte . The entire program can be placed
both the internal on-chip RAM 0/1 and the external DDR RAM. (On the PL/
FPGA-side, however, this amount of BRAM memory should be reserved).
Therefore, the executable .e1f file was also generated successfully.
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Embedded system and software test

verification

1. Connect the USB-serial cable (power+programmer functionality). Please
check:

JTAG programming port
(optional, but we don’t
* JP5 jumper = JTAG mode! use it!)

e JP7 jumper = USB power!

JTAG Header
1x6

2. Now Power ON the ZyBo platform

25 TMSJTAG

> o|_TDLITAG
TDOFX2

3 O—ckatAaGc T

4 O —GrD

5 o

6 o VCC3V3
J5

\ - \§ = ‘\ L%
| \’ v - ¥ “‘ A o " .
/ \ -
3 \ ’ o .
v . ] >
4 S/ - 2\ 0 A
! \ \ L X
v - o A
. \s ¥ * e A\’ y TDO-FX2
5 3 - g o8 O\ vy -3
v - ~rr ol w e >
- TS SO a® v $ 50
" o - »
S gee\, 2 <7 202
v

ZyBo — Xilinx USB programming
cable

VCC3V3 — red VREF (6)
GND - black GND (5)

We use the
USB-serial
connector.

TDO-FX2 - lilac — TDO (3)

TMS-JTAG — green TMS (1)

Check the
DONE led! 52



Creating Debug Configuration

e Select the application (zybo_test) in the Project Explorer

=

[T
Ty

[NL Explorer &2 | 4y

N

=i & Zybo_test_system E@W wd system_wrapper

W systern_wrapper
» = export
v 7 hw
& psi_init_gplc
[ ps7_init_gpl.h
» [ psTinit.c
[b ps7_init.h
& psi_inithtml
2 psT_inittel

=]

W
E2

g system_wrapper.xsa
5 &= logs
» = ps7_cortexad D

& 1 ) Right click on application.

v E] Zybo_test system [ systern_wrapper ] | 38
‘ VEZ],rbc-_t&ct[domain_ps?_cort@(ag_ﬂj T
B ; f,-f' Binaries o
» [ Includes
5 [#= Debug
L
5 [ helloworld.c
» B platform_config.h
5 [g platform.c
» [n platform.h
T Iscript.id
2 Xilinx.spec
» [é de
¢ Zybo_test.prj

iz Nehiin

<

) Assistant E@] (== ﬁ O%H

)

T Iscrptid

& System Project Settings

General Dptions
Project name: Zybo test systemn Sysroot:
Platforrm: system wrapper Root ES:
Runtime: cpp
Kernel Image:
MNew ¥ a\-'itis Log @Guidance
Move To System Project...
2 iler'
s L @ -g3 -c -Tmessage-length=8 -MT"src/helloworld.
Delete /helloworld.c’
RefEh tform.c'
iler"
Import S B
b el & -g3 -c -fmessage-length=8 -MT"src/platform.o’
Export as Archive /platform.c’
Build Project t.elF"
Clean Project er’
rtex-ad -mfpu=vfpv3 -mfloat-abi=hard -Wl,-builg
_ = Zybo test.elf’
Generate Linker Script -
Program FPGA ze'
¢ Bkl st.elf [tee "Zybo_test.elf.size"
ate ook image dec hex filename
Program Flash 28428 6f84 Zybo test.elf
art alf ciza’
C/C++ Build Settings - - T
el '?I:-F 1 Launch on Hardware (5ingle Application Debug)
Tearn * 1i'l:‘F 2 Launch on Emulator (Single Application Debug)
A Q 2 5 GiD-B 3 Launch on Hardware (Single Application Debug (GDE])

o 1% Zybo test system [System]
= _._.._:_ ..:__.___rrn..:_....1 [ DEhligAS j
{E}' Iybo_test Properties

Debug Configurations... | (‘\3, L
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Create a new GDB configuration

o Debug Configurations O X

Create, manage, and run configurations

Debug a program using Application Debugger (GDE).

U3 Iﬁ} 0 N | = :=:"> v Configure launch settings from this dialog:
vpe filter text - Press the 'Mew Configuration' b..nfiguration of the selected type.
iv £ Single Application Debug - Press the 'Mew Prototype’ butto..n prototype of the selected type.
£ Single Application Debug (GDB
60.8 Q 1 L SPI"?’I An:I:sis 9! ]] . - Press the 'Export’ button to export the selected configurations.

i=| - Press the 'Duplicate’ button to copy the selected configuration.

S
L - Press the 'Delete’ button to remove the selected configuration.

=:& - Press the 'Filter' button to configure filtering options.

it

- Edit or view an existing configuration by selecting it.
- Select launch configuration(s) ...e' menu item to link a prototype.
- Select launch configuration(s) ... menu itern to unlink a prototype.

- Select launch configuration(s) ...m to reset with prototype values,

Configure launch perspective settings from the 'Perspectives’
preference page.

Filter matched 3 of 3 itermns

@ Debug Close
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Create a new GDB configuration

%) Debug Configurations O X

Create, manage, and run configurations

Debug a program using Application Debugger (GDE).

. J=n T (l
O # @ B x| H 5P ) ame: | Debugger_Zybo_test-GDB |
type filter text t. Mﬂil?\]D Applicatiurﬂ @ Target 5etupﬂ g3 Debugger\I =] Cummﬂn\l A
TiE:F Single Application Debug
v GSD:B Single Application Debug (GDE) Debug Type | Standalene Application Debug
1) E&B Debugger_fybo_test-GDB ]
A SPM Analysis Connection: | Local || New
Project: Zybo_test Browse...
Configuration: | Debug e
[ ]Emulation

' Check all GDB settings.
- Revert Apply

Filter matched 4 of 4 items

( 3 )
® Debug Close
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Lunching Debugger

~J vitis_workspace - Zybo_test/src/helloworld.c - Vitis IDE
File Edit Run Search  Xilinx Project Window Help

N-HR B0 -F-BiNPUENLR LSO S@BTC-2 @)
4 Ty A" N
@ 15 Debug EE}] | = ¥ = B & Zybo_test_system % system_wrapper T Iscript.id [ helloworld.c &3
w EE;B Debugger_Zybo_test-GDB [Single Application Debug (GDB)|| 42 T T
W lﬁ} z}"bD_tEEt.EI‘F [-I] j; . | UART TYPE BAUD RATE |
W uﬁ'}lhreac! #1 1 (ARM Cortex-A% MPCore #0; Hardware E a3 * uartns55a G600
= main(} at helloworld.c:55 Ox58c 44  * 11t Configurable only in HW design
g | arm-none-eabi-gdb (8.3.0.20190709) 45 *  ps¥_uart 115288 (configured by bootrom/bsp)
a5 */
47

48 #include <stdioc.h>
49 #include "platform.h”
52 #include "xil printf.h"

init_plattorm(); |

‘Debugger step into this

entry point = first instruction print("Hello World\n\r");

of the source code. print("Successfully ran Helle World application™);
(helloworld.c) cleanup_platform();

return @;

L4

LS

= = = LS AéL

. Explorer 331 wyl Assistant E |5 g4

 logs . B Console Eﬂl El vitis Serial Terminal | i) Executables Vitis Log |:___ Problems [

- Launching Debugger_Zy..t-GDB: (98%) WM | 56




E) Console | & Vitis Serial Terminal 53 Executables Vitis Log [®] Problems Debugger Console = B8
2] 99

1k

Click on + button to add a port to the terminal.

Terminal window

2 Iﬂl}'x«'_'_

Set and connect
to the serial port.

Send | | Clear

L

Possible ways to loggin via serial port:

1. VITIS Serial Terminal: integrated or
2. using external program: (HyperTerminal, Putty etc.)

« Terminal: BaudRate / Data bits according
to the settings of PS UART or / AXI_UART IP

modul!

» Port: com[xY] — setting according to WINDOWS
— ,Device Manager” — Ports (COM &LPT)

v g Portok (COM és LPT)
& USE Serial Port (COM18)

-d Connect to serial port

Basic Settings

Port:

Baud Rate: | 113200

* Advance Settings

Data Bits: g
Stop Bits: 1
Parity: MNone

Flow Control: | Mone

Timeout (sec): |

Ok

Cancel
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HW debugging - helloworid

I, Debt}g tools ‘ I Viewer (valriables) ‘

o vitis_workspace - Zybo_test/src/helloworld.c - Vitis IDE '/ == *

File Edit Run Search  Xilinx Project Window Help

R-ER ®-&-i-0-if-iBin|puanzesalns@iee - [Quick Access| | [2 Design 45 Debug

#5 Debug E@W li® ¥ = O || & Zybo test system -« system_wrapper o} Iscript.id ﬂ'g helloworld.c E@] = B ||m=Va. E@W 85 Br. S Ex. BAM. HiRe. = O
v ain:s Debugger_Zybo_test-GDE [Single Application Debug (GDB) N

(<]

o | % ? = A LSEE | et <
i I-L;g Zybo_test.elf [1] 41 "j | UART TYPE BAUD RATE | &
) A F e e ame Type Value
w i Thread #1 1 (ARM Cortex-AS MPCore #0: Hardware E 43 *  usrtnsSS@ O6EE
= main() at helloworld.c:39 0x5a8 An vartlite Cenfigurable eonly in HW design
u arm-none-eabi-gdb (8.3.0.20190709) 45 | *  p=7 uart 1152e@ (configured by bogtrom/bsp)
45 | */

45 #include <stdic.h>
49 #include “platform.h”
5@ #include "xil printf.h"

e Il L

init_platform(); Ma oo

=ik

print({"Hello World\nir"};

ello World application™);

Breakpoint(s)

< > 62 b
<L Explorer EE] a Assistant BliSRlpy == 0 | - : = 7
- = & Console | B vitis Serial Terminal 3 |Q Executables Vitis Log [f] Problems G Debugger Console = O ||l %5CTConsole 3 1 £l EmulationCo.. = O
» = logs |t -
3 = ps7_cortexad 0 & X L 5N
(= resources (Connected to: Serial { COMTS, 115200, 0, 8) RSO Process - - :
.d platform.spr - . - Sa: print({"Successiully ran Hello ¥ a
"IE‘ Zybo_test_system [ system_wrapper | | ARM/MleOBlaze x3ct® Info: ABM Cortex-A9% MPCore #0 (te
v E}: i _I:m t_est[ clcnlu-u-. p-‘-__ cortexad 0] anﬁn?ﬁe‘:dto SONES o . a: print("Successfully ran Hello ¥
t; L g ol - |iete Yor |Ogglng WlndOW ¥sctd Info: ARM Cortex-36 MPCore £0 (e
b inaries
e ey | il . 50 cleanup_platform():
\ = |5 sfull Hello World licat
[l Includes [PreecEERy n Sela Montappcation (VlTIS termlnal) xsct$ Info: RERM Cortex-aAS% MPCore #0 (te
» = Debug \ 59: cleanup platform();
™ (& srC xscti w
s || helloworld.c i - - | < >
< = = | | | !Senrdj Clear | || ocrs
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Terminate Debug process

 IMPORTANT! At the end of the HW debug, the running debug configuration
must be Terminated and Removed!

w vitis_workspace - Zybo_test/src/helloworld.c - Vitis IDE
File Edit Run Search  Xilinx Project Window Help

I~ HG B-R~ip-0-iFA~Bin|bmmd .S ai00 MY

Q_) ’t.‘;': Debug % | %|i+ ¥ = 0 | & Zybo test sy.. [@ helloworld.c 3 | [] platf

v i Debugger Zybo_test-GDE [Single Application Debug (GDBE]] [=ae

GOE

Right click on ~ IE ZybotesteR [1] 1

v f® Thread #1 1 (ARM Cortex-A% MPCore

GDB. = main() at helloworld.c:61 0x5k0
I,f_, armn-none-eabi-gdb (8.3.0.20190709)

Copy Stack Ctrl+C
Step) (Susper Find... Ctrl+F

Drop To Frame

Step Into F3
Step Ower Fb
Step Return F7

i Instruction Stepping Mode
Use Step Filters

Resume Without Signal

Resume F&
Suspend :
Terminate Ctrl+F2 StOp runnlng the debug
B, Terminate and Relaunch Conﬁgu ration and
< > I} Disconnect . - =
T S remove it (otherwise it
G Mekefile O Debug New Executable... would constantly
) |5 system.mss Remove All Terminated consume memory!)
(= resources Q. Relaunch |
N o 5 Edit Debugger_Zybo_test-GDB
W IE‘ fybo_test systern [ systern_wrapper | $ BLE _ GIELEYROE 2
w {{t Zybo_test [ domain_ps7_cortexad 0] 'E"i,' Edit Source Lockup...
+ 3 Binaries [m Terminate and Remove ]
> [afll Includes [ Terminate/Disconnect All
> (= Debug
v &= src Froperties
o |} hellowerld.c w17 59




Example I.) Questions

1. Modify and rebulild the Zybo test helloworld example

according to the code snippet below:

int main()

{

S

C

init_platform();

n -~

unsigned int i 0;
do({
xil_printf ("Hello World (%d)\n\r",i); //xil print() OR print ()
mall mem consumption — FPGA-optimized function
//printf ("Hello World (%d)\n\r",i); //printf() = large mem
onsumption
i++;

}while (1) ;
cleanup_platform();
return O;

— What will be the size of this rebuilt Zybo_test.elf file?

2. Modify the main function touse printf() //comment out

— What is your experience?
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Example l.) Answers

1. Program size

. . . "Invoking: ARM v7 Print Size’
Wlth Xll_prlntf () ? ar‘m—nune%eahi—size Zybo test.elf |tee "Zybo test.elf.size"
text data bss dec hex filename
~ 31 Kb te - 21512 1144 8232 78a8 Zybo test.elf
y "Finished building: Zybo test.elf.size'

with printf () ?

~ 52 Kbyte "Invoking: ARM v7 Print Size'
Wst.elf |tee "Zybo_test.elf.size"
text data dec hex filename
48864 2543 8384  Sappis ca@4 Zybo test.elf
'Finished building: Zybo test.elf.size'

2. Experience ?
— xil printf () OR print ():small memory
consumption — FPGA-optimized function

— printf () = large memory consumption (non-FPGA

optimized, it supports unnecessary formats)
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LABO1 — Summary

* Vivado’s Block Designer makes it easy and simple to create
ARM / MicroBlaze processor-based embedded systems

* As part of the process, several implementation files are
created, including a .XSA file describing the system.

* You can use the different views of Vivado IP Integrator to
configure the components and various parameters of the
assembled embedded system.

 After assembling the system, you can generate the
configuration file (bitstream, if there is PL content!).

 Based on the created BSP, we can use the VITIS (~SDK) to
create a software application with pre-defined templates.

* The correct operation of HW / FW and SW can be verified by
downloading the bitstream .BIT + executable to .ELF FPGA.
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Example Il.) Memory Test

* File > New = Application Project ... > Next >
e Select system_wrapper.xsa as platform then
* TypeMemory_test as project name. Select PS7_cortexa9_1 (as Core”1”)

O X

d MNew Application Project

Application Project Details
Specify the application project name and its system project properties

1)

Application project name: I Memory_test I |

System Project

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

Select a system projec System project details

Q) [ Zybo_test_system
Systern project name: | Zybo_test_systemn
+ Create new...

Target processor

Select target processor for the Application project.

Processor Associated applications
psi_cortexad 0 Zybo_test
3 [ psi_cortexad_1 Memory_test ] !

ps7_cortexad SMP
Show all processors in the hardware specification o

® = Back Finish Cancel 63




Domain — Cortex A9-1

Leave parameters as default.

o) New Application Project

Domain

Select a domain for your project or create a new d-:umain|

step

Select a domain

+ Create new...

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

Domain details

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

Mame: domain_ps7_cortexald 1 |
Display Mame: domain_ps7_cortexad_1 |
Operating System: | standalone o
Processorn psi_cortexald 1
Architecture: 32-bit -

@ < Back Mext = Finish Cancel
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MemoryTest application from template

o) New Application Project

Templates

Select a template to create your project.

Find:

Available Termnplates:

w SW development templates

Dhrystone

Empty Application

Empty Application (C++)

Hello World

lwlP Echo Server

lwlP TCP Perf Client

lwlIP TCP Perf Server

lwiIP UDP Perf Client

lwlP UDP Perf Server

Memorj,rTestsl
pen echo-test

OpenAMP matrix multiplication Demo
Open&MP RPC Demo

Peripheral Tests

R5A Authentication App

Zyng DRAM tests

Zyng FSBL

Memory Tests

This application tests Memory Regions present in the
hardware.

il

Select ,Memory tests”. It
is a pre-defined test,
which will be generated
from C/C++ template.

FINISH.
It will takes ~1min time ©

I

2
I Finish W Ca

<« Back Mext =

ncel
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SW application: MemoryTest

- xparameters.h (defines, addresses)

* init_platform();
— enable_ caches () ;

* test_memory_range (struct

memory_range_s *range)

* test_memory_range (&memory_ranges[1])

— n_memory_ranges = 2 (definedin
memory_config.h)
e cleanup_platform();

— disable_caches(); //ARM enables by
default
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Xil TestMemN() function

status = Xil_TestMem32 ((u32*)range—>base, 1024, O0xAAAA5555,
XIL._ TESTMEM_ ALLMEMTESTS) ;

print (" 32-bit test: "); print(status == XST_SUCCESS?
"PASSED!" :"FAILED!") ; print("\n\r");

status = Xil_TestMemlé6 ((ul6*)range—->base, 2048, O0xAAS55,
XIL_TESTMEM ALLMEMTESTS) ;

print (" l6-bit test: "); print (status == XST_SUCCESS?
"PASSED!" :"FAILED!") ; print("\n\r");

status = Xil_TestMem8 ( (u8*) range—>base, 4096, O0xAD5,
XIL._ TESTMEM_ ALLMEMTESTS) ;

print (" 8-bit test: "); print(status == XST_SUCCESS?
"PASSED!" :"FAILED!") ; print("\n\r");

Xil_TestMemN() function declaration can be found here:
<xi1linx_install_dir>\VITIS\2020.x\data\embeddedsw\lib\bsp\
standalone_v7_2\src\common\xil_testmem.c

s32 Xil_TestMem32(u32 *Addr, u32 Words, u32 Pattern, u8 Subtest);
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Linker Script generation (Basic)

e Xilinx menu - Generate Linker Script (1script.1d) - RAMO

@ Right click on application. ’

v | Zybo_test system [ system_wrapper ]
‘ v @ Mermory test [ domain_ps7_cortexad 1]
- ¥ Binaries Choose between Internal RAMO/1 vs.
&l Includes Move To System Project... External memory space
= Debug _ .
= are Paste CtrlsV - Instructions / Program codes
fl;‘f ide * Delete - Data/ Variables
“& Memory_test.prj = | Refresh i
1:6:}: Zybo_test [ domain_ps7_cortexad 0] q Generate a linker script i Heap / StaCK sizes b4
= Debug £*y Import Sources... q
& Zybo_test_system.sprj 3 Export as Archive Generate linker script
Build Project Control your application's memaory map. @
Clean Project ;
- - roject: Memory_te
w Generate Linker Script » Ot Place Code Sections in: | ps7_ram_0 w |
23 Program FPGA - — - .
| F:\Vivado_2020.1\lab01\vitis_workspace\Memory_testisrc\lscript.ld | | Browse | Place Data Sections in: | ps7_ram_0 v|
Medify project build settings as follows: Place Heap and Stack in: | ps?_ram_0 V|

.5et generated script on all prc_.;ect build conﬁg urations ol Heap Size: N 00000400

Memaory Base Address Size

ps7_ddr. 0 0xDOT00000 511 MB

ps7_ram_0 0x 00000000 192 KB

o i OxFEEFO000 ~635KB IMPORTANT! Place each
sections into RAMO instead of
external DDR memory!
Then Generate.

b Fixed Section Assignments

P

@ ()= o=
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Build project

* 1. Select Application project (e.g. Memory_ test)

e 2. Project menu = Build Project... in two steps: %

— Build BSP (system_wrapper)
— Build software application

Q_) Right click on application. ’

v [e] Zybo_test_system | system_wrapper ]

! W {E} Mernory_test [ domain_ps?_cortexa® 1]
f;? Binaries

) Includes Move To System Project...
g E:I:lug Paste Ctrl+V
@5 _ide L Delete !
% Memory_test.prj #| Refresh ]
:[E]: Zybo_test [ domain_ps7_cortexad 0]
&= Debug E2y Impert Sources...
& Zybo_test_system.sprj B

Export as Archive
p 2)
Build Project

Clean Project

Generate Linker Script
Program FPGA

i &
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Example Il.) Question & Answer

 What is the size of Memory_test application?

— ~37 Kbyte

"Invoking: ARM w7 Print 5ize’
arm-none-eabi-size Memory test.elf |[tee "Memory test.elf.size”
text data bss dec hex filename
27872 1154 8248 3738 91b8 Memory test.elf
"Finished building: Memory test.elf.size'

70



Memory Test — Code analysis

 Examine the source codes for MemoryTest SW
application:

e \src\

— memory_config.h (structure definition)

* memory_range_s
— memory_config_g.c (structure ps7_ddr 0 vs. ps7_ram_1)
— memorytest.c (main () function)
— platform_config.h
— platform.c
e \<* bsp>\ps7_cortexa9 x\include\
— xparameters.h (#defines based on .xsa/.xml)
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HW debugging steps — MemoryTest

Create a new Debug Configuration (GDB) for Memory Test
Lunch Debugger

Set-up Debug-serial port (VITIS terminal)

HW debug — Memory Test

Examine results — serial logs

o Uk wh e

Terminate and remove debug process!

l_ Serial log in VITIS terminal. F
Connected to COM18 at 115200
—-Starting Memory Test Application-—-

NOTE: This application runs with D-Cache disabled.As a result, cacheline requests will not be
generated

Testing memory region: ps7_ddr_0
Memory Controller: ps7_ddr_0
Base Address: 0x100000

Size: 0x1FF00000 bytes
[ 32-bit test: PASSED!]

l16-bit test: PASSED!
8-bit test: PASSED!

Testing memory region: ps7_ram_ 1
Memory Controller: ps7_ram_1
Base Address: OxXFFFF0000
Size: OxXFE0O0 bytes
[ 32-bit test: PASSED!]

16-bit test: PASSED!
8-bit test: PASSED!

——Memory Test Application Complete—- 79
Successfully ran Memory Test Application




Example lll.) Modify Memory Test

 Modify the memory test application so that

— it tests a larger external ps7 ddr @ memory range (up

to 8-24 .. and max. 511 MByte, instead of 1024 data
words!),

— and for different 8- / 16- / 32-bits of data widths.

* HINT: 511 MByte = 0x1FF0_0000 =

— range—>size

— TestMem32(): (range->size) /64 (?), or
— TestMem16(): (range->size) /32,

— TestMem8(): (range->size)/16.
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Example lll.) Memory Test (cont.)

e Use the "memset ()" function to reset/null the regions to be
tested and add it to the memorytest.c application code:

Name htips://linux.die.net/man/3/memset

memset - fill memory with a constant byte

Synopsis

#include <string.h> void *memset (void *s, int ¢, size_t n);

Description

The memset () function fills the first n bytes of the memory area pointed to by s with the constant byte c.

#include "string.h"

memset ( (u32*) range—->base, 0x0, 1024);
status = Xil_TestMem32 ((u32*)range—->base, 1024, OxAAAA5555, XIL_TESTMEM INCREMENT) ;
print (" 32-bit test: "); print (status == XST_SUCCESS? "PASSED!":"FAILED!");

print ("\n\r");

memset ( (ul6*) range—->base, 0x0, 2048);

status = Xil_TestMeml6 ((ul6*)range—>base, 2048, O0xAA55, XIL_ TESTMEM_ INCREMENT) ;
print (" 16-bit test: "); print (status == XST_SUCCESS? "PASSED!":"FAILED!");
print ("\n\zr");

memset ( (u8*) range—->base, 0x0, 4096);
status = Xil_TestMem8 ((u8*)range—->base, 4096, O0xA5, XIL_TESTMEM_ INCREMENT);
print (" 8-bit test: "); print (status == XST_SUCCESS? "PASSED!":"FAILED!");

print ("\n\r"); 74




Example lll.) Question & Answer

e What is the size of the modified Memory test
application?

"Invoking: ARM w7 Print Size'

— ~37 Kbyte arm-none-eabi-size Memory test.elf |tee "Memory test.elf.size"
text data bss dec hex filename
27968 1134 8248 37392 a21a Meml:lr‘}r test.elf

'Finished building: Memory test.elf.size’
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Example lll.) Build and Debug

Build the modified Memory Test application (.elf)

2. Lunch the proper Debug configuration (GDB) for hardware
debugging

3. Setup the VITIS serial terminal/Console (USB-serial port),

Connecting and setup a JTAG-USB programmer,
—  Configuring the FPGA (.BIT if PL-side existing)

5. Debug procedure (insert breakpoints, stepping, run, etc.)
— Watching variables and examine memory monitor !

6. At the end of debug procedure do not forget to Terminate
and Remove the actual Debug configuration (GDB)!

7. That’s all :D
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HW debug — Memory monitoring

* Set a ,Memory monitor” during the HW debug [0 Memory

— Window - Show View - Debug - Memory (if not visible)
* [+] Add section: 0x0010 0000 (or range->base)

A B Memory 32 O ™[5
Monit -
Monito 2 Ji (000100000 : 0100000
) Monitor Memory s
Enter address or expression to monitor: 4 0 Memory 53] [ .'".'l -El HH <~1='={3*| E['_I *+ ¥ = 0
~1 B ||Menitors g= 3¢ g [0x00100000: 0x100000 <Hex> 52 . s New Renderings...| A
i & 0x00100000 Address @ - 3 4 -7 8 - B C-F ~
5 [ 5 eo100000 il 2000eann , 0eaREE08 , PEE0EERA
Q O Cancel &
= > 20100018 4 2(;. 100000 A aaaejaaa A 000ERE00 , 0AEDEO0E
00100020 4 AAEEPEDE 4 PPECdERe . PEARE0ER . BAREROEN
ﬂMemcuryEE] u'..'ltﬁlli.ﬂ{fb|g[l' v~ O
Monitors 4= 9 3 [0x00100000: 0x100000 <Hex> 52 .= New Renderings...| )
& 0x00100000 Address @ - 3 4-?‘L 8 - B C-F ~
oolooeoe BNILFCECS 05056708 @OBAGBOC  @DBEGF1e
@@lees18 11121314 15161718  191A1BIC 4 1D1E1F28
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Example IV.) Memory Test Timing

 Modify the memory test application so that

— it measures the elapsed time in each test cases (for 8-/16-
/32-bits os data). HINT: Note: COUNTS PER SECOND -

Global Timer is always
clocked at half of the CPU
frequency! (650/2 = 325 MHz)
Therefore multiplication by

#include "xtime_1l.h"
void test_memory_range (struct memory_range_s *range) {

XTime tStart, tEnd; glilsinecessary.

xil_printf ("Global timer clock freqg: %d [MHz]\n", COUNTS_PER_SECOND/1000000) ;
xil_printf ("Note: Global Timer is always clocked at half of the CPU freg\n");
xil_printf ("-> ARM PLL clock freq: %d [MHz]\n", 2*COUNTS_PER_SECOND/1000000) ;
XTime_GetTime (&tStart);
status = Xil_TestMem32 ( (u32*) range—->base, 1024, O0xAAAA5555,

XIL_TESTMEM INCREMENT) ;
XTime_GetTime (&tEnd) ;

printf ("Output took %1lu [clock cycles].\n", 2* (tEnd - tStart));

int time = (tEnd - tStart) / (COUNTS_PER_SECOND/1000000);
printf ("Output took %d [us].\n", time);
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