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Beagyazott rendszerek fejlesztése
(FPGA)

3. Beagyazott alap tesztrendszer (BSB - Base System Builder)
osszeallitasa
(Xilinx Vivado — Embedded Development Kit / Software
Development Kit)




Targyalt ismeretkorok \'}

1. Bevezetés — Beagyazott rendszerek, FPGA-k, Digilent
ZYBO fejleszt6 kartyak és eszkdzok

2. Beagyazott Rendszer fejlesztd szoftverkornyezet
(Xilinx Vivado Embedded Development) attekintése

3. Beagyazott alap tesztrendszer (BSB - Base System
Builder and Board Bring-Up) Osszeallitasa

4. Perifériak hozzaadasa (IP adatbazisbol) az 6sszeallitott
peagyazott alaprendszerhez. Sajat periféria
nozzaadasa az osszeallitott beagyazott
alaprendszerhez

5. Szoftver alkalmazasok fejlesztése, tesztelése,
hibakeresése (debug) Xilinx Vivado SDK (Software
Development Kit) hasznalataval
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DOMA!

Figyeljink arra, hogy a létrehozandod Vivado projekt elérési
utja NE tartalmazzon ékezetet, illetve un. ,white-space”
karaktereket!

Megfelel6 jogosultsagunk legyen azon a meghajton amin
dolgoztok:

— Halozati meghajtora lehetbség szerint NE dolgozzunk!

A projekt neve, és a forrasok nevei NE kezdddjenek
szammal, de tartalmazhatnak szamot! (VHDL)

Hasznaljuk kovetkezetesen a kis-nagy betlket egy forras
fajlban, és a projekten belll!

Lehet6ség szerint a projekt konyvtaranak neve, projekt
neve és a forras(ok) neve legyen eltérd, és utaljon azok
funkcidjara, a hibalzenetekben szerepl6 kdnnyebb
azonositas vegett!

Mire figyeljetek? (jotanacsok)



HW platform felismertetése

 Ahhoz, hogy a ZyBo HW platform, kivalaszthato
legyen a Vivado fejleszté kornyezetben, a

kovetkezd lépéseket kell megtenni (csak elsé
alkalommal):

e 1.) A kartya gyartojanak megfelel6 tamogato
csomagot letdlteni: M”m
Digilent ZYBO XDC (FPGA labkiosztas - GIT master):

Zybo-Master.xde
— Vivado-hoz a tdmogaté csomag(**): — Base System Peck (550

Digilent Zybo hivatalos weboldal:
Zybo Zynq-7000 ARM/FPGA SoC Trainer Board

Xilinx Vivado telepitési Gimutato:

Kt TM_Xilinx_Vivado_telepitesi_utmutato_1.0




/YBO platform Xilinx Vivado alatt

e ** A gyartd oldalardl is letolthet6:
— https://github.com/Digilent/vivado-boards/archive/master.zip

A csomagban |évd
\vivado-zybo-master\new\board_files\zybo alkdnyvtar
atmasolasa a Xilinx alkonyvtarba a kovetkezb helyre:

— ATMASOLNI =
C:\Xilinx\Vivado\2015.x\data\boards\board files

alkonyvtarba.



BEAGYAZOTT RENDSZER
OSSZEALLITASA



Feladat

e Egy uj projekt létrehozasa a Xilinx Vivado-ban

—a BSB = Base System Builder - bedgyazott alap
rendszer 6sszeallitasa (Block Designer),

— Egyszeri ARM / AXI alapu beagyazott alap
tesztrendszer (BSB) létrehozasa,

— AXI-Lite "busz” interfész alapu Xilinx IP-k
(Intellectual Property = gyartd szellemi
termékeinek) hozzaadasa.



A feladat megoldasanak |épései

» Uj projekt létrehozasa a Xilinx Vivado bedgyazott
rendszer tervezGjének segitségéevel,

* A létrehozott projekt attekintése,

 (Implementacios és Bitstream generadlasa,
amennyiben PL oldal is konfiguralva van!)

e ARM-en futd Hello world! és Memoria-teszt
alkalmazas készitése a Xilinx Vivado Software
Developement Kit (SDK) segitségével,

Az elkészitett beagyazott rendszer és szoftver
alkalmazas teszt verifikalasa Digilent ZyBo kartyan
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A megvalositando tesztrendszer

_ N
Egyel6re nem lesznek IP-k a PL (FPGA) oldalon

hozzdadva, igy csak a PS oldal konfiguralt !

AXI -
AXI4, " |nterconnect %XI-BRAM Controller<—>} BRAM
Block

RS2z > PL
AR LED_IP L—E»
) AXI ‘
Tie > lnte;gggect alas GPIO Push-Buttons
PS e C IR < Ol Suitches
. ,
PS oldal: PL (FPGA) oldal most nem lesz
* ARM hard-processzor mag (Core0) konfiguralva: pl.
* bels6é OnChip-RAM
P . GPIOKk, LED IP

UART1 (soros) interfész
DDR3 memoéria vezérl6 (kiilsé) * AXlinterconnection, stb. .



ilinx Vivado inditasa

start menl - Programok — Xilinx Design Tools - Vivado 2018.3

¢ Vivado 20183 = b
File  Flow Tools Window  Help Q- Quick Access

VIVADO! & XILINX.

HLx Editions

Recent Projects

Quick Start me—

EfBER_ 2018 Vivado2(13 3/project_]

Create Project > osszeado

= 3 c./Probs forditasok/201 8.2 osszeado
Open Project >

dma_ex_fft vZ 0

E:fpeldak_Vivado_2016 2/dma_fitfprj_42_ft_dma_rybo_77_10_OKE/dma_ex_fft_vZ_{

Open Example Project >

dma_ex fft v2.0
efpeldak_Vivado_ 2018 2/dma_fft/dma_ex_fit/projidma_ex_fit v2 0

sw2led4
Efpeldak_Vivado_2018.2/swled4

Tasks

Manage iP >

'Open Hardware Manager >
Xilinx Tcl Store >

AD1_PMOD_vivado
Ef_PE_/_DBiplomazok_2018/Kiss_Balint_dualis_Balluff_2018/PMODE_AD1_projekt/ ADT_PMOD_vivadofprj_

spi_adc_prj

Ef_PE_/ Diplomazok /207&/Kiss_Balint_dualis_BallufT_2073/PMOD0_ADY_projekt/AD1_PMOD_vivado/prj_14

labd2c

Tcl Console ? 0B X

o
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=
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w
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H
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g
.
>
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Uj projekt létrehozasa |.

Tobb lehetbség is van:

}g) 2

¢ Vivado 20183 / Vivado 2018.3
File Flow Tools Window Help % Quickﬂw’ﬂs File Flow Tools Window Help Q- Qluick Accy
VIVADO!
: Dpen...
HLx Editions =P
Open Recent k
Open Example...
Checkpaoint 3

Quick Start

Create Project >

Open Project >

Open Example Project >

Open Project »

Open Example Project >
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Uj projekt készitése II.

¢ Mew Project =

Project Name

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

| . .y
Project name: ||project_1
Project location IE:IELER_ZMQ_Vivad02018.3ﬂabﬂ1| k 2L E Uj projekt elérési
__ Utvonalanak és

Create project subdirectory > et
nevének beallitasa
<nev.xmp>

Project will be created at: EX/BER_2019_Vivado2018.3/1ab01/project_1

@ = Back | MNeaxt = ’ @ Cancel
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Uj projekt készitése III.

’

Mew Project

Project Type
Specify the type of project to create.

(@) ETL Project
" You will be able to add sources, create block designs in IP Integrator, generate [P, run RTL analysis, synthesis,
implementation, design planning and analysis.

Do not specify sources at this time

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

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

Imparted Project
Create a Vivado project from a Synplify, X3T or [SE Project File.

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

)

= Back | Mext =

Cancel

'RTL projekt

kivalasztasa (kés6bbi
blokk design-hoz, és IP
integraciohoz).

Ne adjunk hozza mas
forrasokat (mivel
nincsenek még:)
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Fejlesztd platform kivalasztasa

** Csak azutan véalaszthatoé ki a Zybo, miutan telepitettiik a tamogatd csomagjat (lasd 5-6. dia)

¢ Mew Project ot

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

Partiz || Boards

Feset All Filters

Vendor: | All “* Mame: | Zybo ~ Board Rev: | Latest “*
Search: | Q- w
Display Mame Preview Yendor File Version Part
shx Fybo - i = N . 2
= digilentinc.com 1.0 ¥c7z010clig400-1

o
(?) = Back m) Einish Cancel
: 15




Projekt 6sszegzés - ellendrzés

¢ MNew Project *

New Project Summary

VIVADO'

HI_x Edition
e o A new RTL project named ‘project_1" will be created.

©) The default part and product family for the new project:
Default Board: Zybo
Default Part xc7z010clg400-1
FProduct: Zyng-7000
Family: Zyng-7000
Package: clgd400
Speed Grade: -1

i: XI LI NX: To create the project, click Finish

@ = Back Mext =

Cancel
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Projekt beallitasok — VHDL

* Project Manager -> Settings -> General ->

VHDL kivalasztasa, majd OK.

Flow Mavigator ==

v PROJECT MANAGER

e 2

[ £} Settings

.Y
]

Add Sources
Language Templates

LF IP Catalog

v |P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

¢ Settings

Project Settings

Kz | General

Simulation
Elabaration
Synthesis
Implementation
‘ Bitstream
> IR
Tool Settings
Project
IP Defaults
Source File
Display
WebTalk
Help
» Text Editor
3rd Party Simulators
» Colors
Selection Rules
Shortcuts
» Sirategies
» Window Behavior

A blokk diagramokbdl generalt
top szintd ,wrapper” erre a

General

Specify values for various settings used throughout the design flow. These

settings apply to the current project.

Mame: project 1

Project device: B Zybo (xc7z010clg400-1)

Target language:; WHDL

Default liorary: #il_defaultiib

Top module name:

Language Options

Verilog options: verilog_version=\Yerilog 2001
Generics/Parameters:

Loop count.

N |

HIEH

-

1,000

nyelvre (VHDL) generdlddik le.
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Beagyazott rendszer — IP integrator

* |IP Integratorral — uj Block Design |étrehozasa
— 1. Create Block Design, vagy
— 2. Flow menu -> Create Block Design,
— 3. Legyen a neve ,,system” (3.). Végul OK.

2
Flow Tools Reports  Window Lz
v PROJECT MANAGER oy Vv
) * Project Manager
£} Settings
Settings 3
Add Sources 3
Create Block Design . U
Language Templates . = . ¢ Create Block Design x
Dpen Block Design 3
¥ IP Catalog i Please specify name of block design.
Run Simulation 3 ‘
v [P INTEGRATOR g Open Static Simulation... é
Create Block Design Design name: system
Open Block Design Directory: & =Local to Project= b
Generate Block Design Specify source set: Design Sources v
Pt
\2) l Ok I Cancel
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Beagyazott rendszer — Add IP
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e Diagram kivalasztasa (system.bd)

* Majd Add IP 1%
— ,ZYNQZ7 Processing System” kivalasztasa (=\PS)

Diagram

@+

o dn 0

Source Mode Properties...

AddIP...
Add Module...
Pinning

IP Settings...

Cirl+

pty. Press the

», C

button to add IP.

a = 2 +

W Design Sources (1)

Sources » Design Signals

= Is].rstem {system.bdﬂ

I Sz(irés megadhato. ’

—

v

Search: <z

¥ Clocking Wizard

T LA (Integrated Logic Analyzer)

F MicroBlaze

T MicroBlaze Debug Module (MDM)
F MicroBlaze MCS

T SelectlO Interface Wizard

¥ XADC Wizard

T ZYMNQT Processing System

=
matches)

CTRL+Q: IP details
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Nyissuk meg az IP katalogust.

IP katalogus: (adatbazis)

Project Manager -> IP Catalog

IP integracio tamogatasa

'~ Ingyenes = ,included” vs.
B- fizet6s = ,,purchaze”
(licenszelhet6

— prébaid6 90 nap)

gyors |IP paraméterezés
Vivado IP GUI:
* kompatibilitas

&

* adatlapok elérése @

|

* changelog, webpage

Vivado ,, design flow”: Szintézis és
Implementacié tamogatasa

.Tcl tamogatas

Diagram ¥ | Address Editor

»« | IP Catalog *

Cores | Interfaces

Q T & |# = 0,
Search: |-
Mame 1 a4 Status License
» Math Functions
» Memories & Storage Elements
» Partial Reconfiguration
» SDAccel DSA Infrastructure
» Standard Bus Interfaces
' Video & Image Processing
¥ 2D Graphics Accelerator Bit Bloc... A4 Production Purch...
7 AXl4-Stream to Video Out AX|4-Stream Production Included
¥ AXIS FIFQ monitor Axld, AXl4-Stream Production Purch...
¥ ANIS N to M Axld, AKl4-Stream Production Purch...
¢ Re-customize IP x
ZYNQ7 Processing System (5.5) '

© Documentation  £F Presets IP Location  £F Import XPS Settings

Page Navigator - Zyng Block Design Summary Report
Zynq Block Design ] ==
- 10 Peniphecais Genersl
. SPIO Selte beation P Uit (APU)
PS-PL Configuration .. BPI1 SRR SIR R B GEEN
MG [F . N
? A {15:00 126 1 ARM Cortex A9 AR Corlex -AD
Peripheral 1/0 Pins CAN G —— ) =
AN 1 Control Regs
UART O &in
MID Configuration i T — Ll Al
[—ar 1 ™ acep
oy i ¥ (o 1= iz ok T S
: DMAS
Clock Configuration 4 o i 1 512 KB L2 Cache and Controfier ‘ Ports
U8 0
USH 1 oem 256 KB
DDR Configuration ENET 0 =l CoreSignt Interoonnect SRAM
ENET 1 Contal Components 1
1
imi i IO FLASH Memory
SMC Timing Calculation ool el 55 = ]
i e —
Interrupts UL 5
T T — et Programmable DORZS LPODRZ
~— : e J Logie 1o Memery Controer
SME Timing 5
Caculaton
DA Byne [E[EE]
i el P System(PS)
’ 'TOCE SSN &y
| | Gommsicr re | a Sy
EYRTRE ETHNSWN [0 X 1 g sy | peopsy N oW P Hign Perormamce. R
Mo (B8 PIPL A AXI AES] ARSI
ok Foms Master Sizve SHA Pans
Programmable LQQ(G)




Milyen IP perifériak vannak?

* Bus and bridge controllers e External peripheral controller
_  AXI to AXI connector Memory and memory controller
— Local Memory Bus (LMB) * High-speed and low-speed

communication peripherals

— AXI Chip to Chi
P P — AXI 10/100 Ethernet MAC

— AHB-Lite to AXI

controller
— AXI4-Lite to APB — Hard-core tri-mode Ethernet
— AXl4 to AHB-Lite... MAC
« Debug cores — AXIIIC
— Integrated Logic Analyzer — AXISPI
— AX| UART...

e DMA and Timers
— Watchdog, fixed interval

e QOther cores

o — System monitor
* Inter-processor communication — Xilinx Analog-to-Digital Converter

— Mailbox, Mutex (XADC)

— — Clock generator, System reset
module

— interrupt controller

— Traffic Generator, Performance
monitor
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IP repository (kdnyvtar szerkezet)

Pl

IP Core konyvtara (két lehet6ség: a projekt kdnyvtaraban vagy a
kozponti kdnyvtarban = Repository - CVS/GIT )

— {component}.xml alapu leirod Pl 70 ) s gpiova o

— /MyProcessorlPLib directory ' b

(user defined) . ﬁZf

e Repo alkonyvtarak listazasa: 4 | src

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

- $XILINX INSTALL%$\Vivado\2018.X\data\ip

<?xml-version="1.0"-encoding="UIF-8" 2>
<spirit:component-xmlns:xilinx="http://vwww.xilinx.con" -xmlns:spirit="http://www.spiritconsortium.org/AML5chema,/SPIRIT/1685-2009" - xmly]
rr<gpirit:vendor>xilinx. com<,/spirit vendor>q
srggpirit:library>ip</spirit:libraryv>J
--<3pi:it::ame)axi_gpio<;3pi:it::ame}ﬂ
--<gpirit:version>»2.0</spirit:version>q
sr¢zpirit:busInterfaces>q
sresgzspiritibusInterfaces>q
------<3pi:it::ame}S_BXI<53pi:it::ame}ﬂ
------ <spirit:displayName>5 AXI</spirit:displayName>T
------ <gpirit:busType-spirit:vendor="xilinx.com"-spirit:library="interface"-spirit:name="aximm"-spirit:version="1.0"/>9
------<3pi:it:abst:actLU:Type-3pi:it:ve:d0:=”xi;i:x.com”-3pi:it:;Lb:a:y=”i:te:face”-3pi:it::ame=”axinm_:t;”-3pi:it:ve:310:=”L.0";>q
reerssggpiritislave/>q
------ <spirit:portMaps>d
-------- <spirit:portMap>d
---------- <spirit:logicalPort>q
e ggpiritiname>ARADDR<,/spirit iname>q
reereesgfapirit: logicalPort >

22




Diagram — Run Block Automation

Diagram » Address Editor ¢ | IP Catalog o
Qa2 Kl ola -+ - E Ao

[ } Designer Assistance available. Run Block Automation w

Példany ,instance” név (tetszéleges
PrﬂﬁEESiﬂg_S?stEm' Yo ( ges)

i . 4

DDR + |||
FIXED_I0 + |||

= M_AXI_GPO_ACLK ZYNQ‘ M_;;Eifiﬁ:if
FCLK_RESETO_N r

EYNE? Processing System Minden maradjon az
' alap beallitdson. OK.

'LIP katalogus név (fix) A il X

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

configuration options en the right. ‘
Q T 2
e Description
v [v] All Automation (1 out of 1 selected)
() 7 processing system7._0 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 DOR interfaces.

MNOTE: Apply Board Preset will discard existing IP configuration - please uncheck this box,
if you wish to retain previous configuration.

Instance: /processing_systerm7_0
Options

Make Interface External: FIXED_IO, DDR

Apply Board Preset ]

Cross Trigger In: Dizsable ~

Cross Trigger Out: Dizable ~ @)




Zynqg Blokk Design (DDR, 10 portok)

1 - processing systemy? O

=/

Lathatova valnak a

MOIO. ETHERNET 0 +‘| ktlsé DDR és 10

DOR - ||f——{"> DDR
FIXED 10 || jeeee 3 FIXED 1O -portOk

8010 0 +
e NG A i I Z6ld: konfiguralhatd,
g a4l L BN e :i & 7~
LY O i y? paraméterezhetd blokkok
S \: hasznélatra
0 WRWE - P
" ou ciko | ¢ R BRbmize P , engedélyezett blokkok
FOLK. RESETO N @
r ZYNQ7 Processing System (5.5) '
ZYMOT Processing System
@ Documentation  £F Presets IP Location ¥ Import XPS Settings
Page Navigator - Zynq Block Design Summary Report
Import XPS settings: holue IR | e ———
. SPlO | Sefings Application Processar Unit (AFU)
7 7 PS-PL Configuration ECEE S
Lehet8ség van a e | e 1 ; .
g : (48:0) 12C1 — ARM Corex -A9 AR Corex -AS
, ;. . P , Peripheral /10 Pins L : Syl cpU cBul
beallitasok importalasara i ot o =
MIO Configuration b _IJER?T_T 3 7“_@ MR
V4 . B GPID + " Snoop Control und =
(gyari default preset .xml a— | - N o | | | L2
. 7 Y74 '_33"&:—?_'_' 1 | ocu 256 KB
file-tol eltéréen)! = I (e et | S
o _ENETS Conts Sonp) ; L —
SMC Timing Calculation —t bl D — [ .
Y | E== — T W - N
Catoulaton
DA Byne A ELES
— I | Clach | E ; i‘ | | | | Processing System(P5)
R E [ali=T4] A RQ | HgnPero
S [ [
Ponts Podls -
Programmable Logic{PL)
OK | | Cancel




/yng — PS-PL configuration

General [+] ->

— UART1 Baud rate: 115.200 ?
— Enable Clock Resets : torolni a FCLK_RESETO_N —t.

 AXI Non Secure Enablement [+] ->
— GP Master AXl interface: torolni a M AXI GPO bridge-t .

Page Navigator  —

Zyng Block Design

F5-PL Configuration

Feripheral I0 Pins

MIO Configuration

Clock Configuration

DOR Configuration

SMC Timing Calculation

Interrupts

PS-PL Configuration

Search: -

Mame Select
> General

~  AXl Mon Secure Enablement 0

~  GP Master A Interface

> M AXlI GPO interface

ne

> M AX]I GP1 interface
»  GP Slave AXl Interface
»  HP Slave AXl Interface
»  ACP Slave AXl Interface
> DMA Cantroller
?

PS-PL Cross Trigger interface ]

Description

Enable AXl Mon Secure Transaction

Enables General purpose AXl master interface 0

Enables General purpose AXl master interface 1

Enables PL cross trigger signals to P35 and vice-versa

25



Zyng PS — Peripheral 10 pins

Allitsuk be (V) az UARTI-et a soros
log-olas miatt.

A tobbi alapértelmezett blokkot
egyelGre NE engedélyezziik, azaz ‘ :
vegylik ki a pipat el8lik:  PSMIOabak (0...53)

Page Navigator Peripheral 10 Pins Summary Report
Zynq Block Design « O = - (1]
PS-PL Configuration Search:

{
ENET 0 \ 1,) Peripheral /O Pins
Peripherals 35 38 37 33 39 40 41 42 43 44 45 4B 4?50 51 52 53  EMIO

MIO Configuration 3 Ethernet 1 -

— USBO

Clock Configuration

UsSB 1
— SD 0 DDR Configuration UsB1

500 sSD0 EMIO

?
SMC Timing Calculation
— GPIO - GPIO MIO >Dso1 - - w—
?
>

Interrupts SPI O

— Memory Interfaces Oysei o —
- Q uad SPI F la S h \ 2 } UART O o UARTD UARTO UARTD UARTO EMID

> W UART 1

UARTA UARTH UARTA UART1 UARTA EMIO

— Application Processor , - - - ﬁ\ -
Unit - Timer 0 (TTCO). 12c1 12¢1 12C1 12c1 12c1 12C9

EMIO

UART1: akar rakattintassal
is bedllithato

©® Conflict View: ha periféria MIO tkdzés van, akkor hibat jelez.
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Zynqg — Clock configuration

e PL Fabric Clocks (FPGA) ->
— FCLK_CLKO torlése

Page Navigator - Clock Configuration g
Zyng Block Design Basic Clocking  Advanced Clocking
PS-PL Configuration Input Frequency (MHz) 50.000000 CPU Clock Ratio| 6:2:1 W
Peripheral 1O Pins = Q E $ -[:
MIO Configuration Search:
y : Component Clock Source Requested Frequ... Actual Frequency(.. Range(MHz)
( 1 )CIockConﬂguratmn v ProcessorMemory Clocks
CPU ARM PLL 650 650.000000 50.0:667.0
DDR Configuration e
DDR DORPLL « | 525 525.000000 200.000000 : 534.000...
SMC Timing Calculation « |0 Peripheral Clocks
SMC 10 PLL 100 10.000000 10.000000 ; 100.000000
Interrupts
QsPI 10 PLL 200 10.000000 10.000000 ; 200.000000
ENETD 10 PLL 1000 Mbps 10.000000
EMNETA 10 PLL 1000 Mbps 10.000000
3010 10 PLL 100 10.000000 10.000000 : 125.000000
3P| 10 PLL 166 666666 10.000000 0.000000 ; 200.000000
»  CAN

w  PLFabric Clocks

° VégUI: klikk OK. ‘ [] FeLK_CLKo |IDPLL 100 10.000000 0.100000 : 250.000000
C Regenerate Layout processing_system?7_0
[ Validate Design (DRC) BRNO™ - 204

DDR

FIXED_IO<R FIXED_IO

ZYNQ?7 Processing System
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Generate top-level HDL

* Design Sources -> Create HDL wrapper ->
— Let Vivado manager wrapper and auto-update

Megj: top-level «= wrapper nélkil nem futna majd az implementacié

BLOCK DESIGN - system *
¥ Sources »  Design Signals Board
Sources x Design | Sign Source Node Properties... Ctrl+E Q = = +
- . s . . b Design Sources (1)
Cl. = — + s  Open File ST . I systemiwrapp-eriSTRUCTURE:: ujs,.'ste-wi'-.-'-.-'rar:r:-':r.'-;h-jj (1)
_ i w oo [B system_i: system (systerm.bd) (1)
v L Design Sources (1) Q}CFEE’EE HDL Wrapper... v @ system({STRUCTURE) (system vhd) (1)
‘ [T system (5 stem.bdi ' . ‘ -8 processing_system7_0 : system_processing_system7_0_0
&1/2 Y (sy View Instantiation Template e e bemiete P = — - SYSEmLP =y -
onstraints e ________________ 1=
> Simulation Sources (1) Generate Qutput Products... Hierarchy = IP Sources  Libraries  Compile Order
> o Utility Sources Reset Output Products...
Hierarchy @ IF Sources LiE

System_wrapper.vhd keletkezik:

Address Editor x| IP Catalog «  system_wrapper.vhd x 4 »p = 200
2018.31ab0/project_1/project_1.srcsisources_1/bdisystemihdlisystem_wrappervhd =

Q s B B X f/ B © &
10+ library IEEE; ~N
. use IEEE.STD LOGIC 1164.RLL;

12 © library UNISIM;

. use UNISIM.VCOMPOWENTS.ALL;

1l entity system wrapper is

15 port 28
g DCE_addr : inout STD_LOGIC VECTOR { 14 downtc 0 )




Export HW -> Vivado SDK

* RTL Analysis -> Open Elaborated Design
* File -> Export -> Export hardware

¢ Export Hardware *

Export hardware platform for software development tools.

[ Include bitstream

Export to: E:/BER_2019_Vivado2018 3Mab01/project_1 w

* File -> Launch SDK, Utvonalak beallitasa, OK.

— Vivado SDK inditasa a keretrendszerbdl (ezt kiviilrdl

. V4 [ .
inditva is meg lehetne tenni) # === .
Launch software development tool.
/
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE hd
Workspace: | EJBER_2019_Vivado2018.3/1ab01/project hd
29




SZOFTVER TESZT ALKALMAZAS
OSSZEALLITASA



SDK — alkalmazas-fejlesztés altalanos lépései

Vivado projekt létrehozasa, majd Export - SDK,

2. Uj lires, vagy C/C++ template-bd8l generalhatd
alkalmazas létrehozasa (legyen egy Hello World, ill. egy
Memoria-teszt alkalmazas):

a) BSP (Board Support Package) generalasa és forditasa,
b) Linker Script generalasa (memoaria szekcidk megadasa, .Id),
c) SW alkalmazaskod megirdsa/generalasa, és forditasa.

Soros terminal beallitasa (USB-soros port beallitasa),
JTAG-USB programozo csatlakoztatasa és beallitasa,
FPGA konfiguraldsa ( .bit, ha van PL oldal)

,debug’ — hardveres hibakeresés beallitasa

N oon s w

Debug (breakpoint-ok beszurasa, léptetés, stb.)
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Vivado SDK

.hdf = Hardware description file = hardver konfiguracios csomag file.
(Valdjaban egy zip, amely két leiré xml-t tartalmaz!) Ebbdl olvassa ki az SDK a beallitasokat.

m project_l.sdk - C/C++ - system_wrapper_hw_platform_0/system.hdf - Xilinx SDK - s
File Edit MNavigate Search Project Run  Xilinke Window Help
Br-HR S-S -i%-0-nB2B@S Fite o (Quick Access| || g% | [
[ Project Bxplorer &3 BE%| ¥ v° 8 {5 system.hdf 33 =R e w57 T Do 8 Ma = o |
L st hw_platf ] . g . ~
viE e — system_wrapper_hw_platform_0 Hardware Platform Specification
[€] ps7_init_gpl.c An cutline is not available,
[ ps?_!n!'t_gpl.h Design Information
[€ psT_init.c _—
[ ps7_inith Target FPGA Device:  7z010
& ps7_init.html Part:  xc7z010clgd00-1
|=| ps7 init.tcl Created With:  Vivada 20183
' | system.hdf l Created On:  Tue Feb 19 0:32:24 2019
Address Map for processor psT_cortexa®_[0-1]
Cell B Base Addr High Addr Slave I/f Mem/Reg
P i} 0xfB008000 OxFRO0BFF REGI .. .
ps7 afi 1 Oxfo00o000  <Consameomy res. Memoria térkép (PS)
. H 7_afi 2 OxfB00a000 OnfB00afF REGI
HW platform: Vivado- i - - -
b I , t h tt ps7_afi_3 OufB00BO00 O BODBFTE REGISTER
an letrenozo ps7_coresight_comp_0 Cref3300000 nfBEFFFFF REGI " .
bed d Felhasznalt PS oldali
eagyazott rendszer — ps7_ddr 0 0xD0100000 [Patisiiid MEM
. ’ .7 . 7. .
,platform” leirdsa ps7_ddrc_0 0xFB006000 OXFB00GH perifériak listaja és
psi_dev_cfg 0 OnfB00T000 OnefBOOTOEF verz ié i
ps7_dma_ns OefBO0A000 Oncf BODAFFF ..
ps7_dma_s Onef 8003000 | ('e”ebb)
Overview |
4} Target Connections 53 £ 8= 8 [ toblems 52 =] Tasks Bl Console Properties Bl SDK Termina =i SDK Log 23 = O
» (= Hardware Server - ©YPidbiYs LNFU 1 KEGLSTEr1Ng COMWand Nandaiers TOr SUK ILF SEervices
s (= Linuc TCF Agent Dit BB:45:85 INFO  : Launching XSCT server: xsct.bat -interactive E:\Bl
Sl QEMU TefGbClient ftems = B9:45:85 INFO : XSCT server has started successfully.
= Lo Description Resource Path @e:46:86 INFO : Successfully done setting XSCT server connection ¢
@Be:46:86 INFO : Successfully done setting SDK workspace
Be:46:86 INFO : Processing command line option -hwspec E:/BER 281!
v
< 3 < >

€ 5)
NP



Teszt alkalmazas készitése |.

New Project o x SDK menu: File > New -
Application Project ) Application Project
Create a managed make application project. \E
Project name: | MemoryTest | é@f' Adek meg d prOjEkt neVét
Usedefa,_”th:,cat,,:,n .......................................................................... :
EA\BER_2019_Vivado2018.3\lab0T\project_T\Memor| | Browse.. Adjuk meg a projekt elérési
: default £— 2~ utvonaldt (alapértelmezett az
0 . Vivado_bél genera’lt kanyvta'r)

05 Platform: | standalone W

Ty 3 0OS, non-0S kornyezet beallitasa:
Hardware Platform: | systern_wrapper_hw_platform_0 v Mew... u Standalone VS. (Xilkernel) VS. Linux
Processon ps{_cortexad 0 e

|[ 4 Valasszuk ki: ps7_cortexa9 0

Target Software \\ (= ARM Core O)

Language: @®C OC++

bt @ I e o4 s 7
A <— | Uj, vagy meglévé BSP létrehozasa l
Board Support Package: (® Create New | MemoryTest_bsp |
Use existing //
NEXT >>
&)
@ < Back [ Next > ] | Finish Cancel 33




Teszt alkalmazas készitése |l.

Bl Mew Project [l X

Templates
Create one of the available templates to generate a fully-functioning ﬁ
application project.

------------------------------------------------------------------------------------------------------------------------
0
»

Available Templates:

Dhrystone This application tests Memaory .ﬂ.
Empty Application Regions present in the hardware.

Helle World

lwIP Echo Server
lwlP TCP Perf Client
bwIP TCP Perf Server
wIP UDP Perf Client
lwlP UDP Perf Server
B Memory Tests

“{, | OpenAMP echo-test ]
OpenAMP RPC Demo
Peripheral Tests

R5A Authentication App
Zyng DRAM tests

Zyng FSBL
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BSP — system.mss (grafikus nézet)

.MSS: Microprocessor Software Specification (system.mss)

e ;
@iject Explorer i3 Cliiss | == & cystem hdf [Lﬂsystem.mss &3

s (b MemoryTest
W @ MemoryTest_bsp
i BSP Documentation

MemoryTest_bsp Board Support Package

> = ps/_cortexa® 0 | Modify this B5P's Settings | | Re-generate BSP Sources |
| & Makefile L)
([ system.mss \2) Target Information

v (3 system_wrapper_hw_platform_C

8 s ol This Board Support Package is compiled to run on the following t
P ap

5l ps7_init_gplh Hardware Specification: EMNBER 2019 Vivado2018.34ab0projec

[@ psT_init.c Target Processon ps/_cortexa® 0

[k ps7_init.h

@ psT_init.html Operating System

[ psT_inittc Board Support Package O5.

g system.hdf Mame: standalone

Version: 6.8

’ s Description: Standalone is a simple, low-level software layer
SYStem-mSS (JObb gomb) -> environment, such as standard input and outp

Open with MSS Viewer Documentation: standalone vb &

Peripheral Drivers

Drivers present in the Board Support Package.
ps/_afi_0 generic
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BSP — system.mss (szOveges nézet)

\})

.MSS: Microprocessor Software Specification (system.mss)

> [= psi_cortexad
| & Makefile ?
s \2)
v (3 system_wrapper_hw_platform_C
[€] ps7_init_gpl.c
Il ps7_init_gplh
[€ ps7_init.c
[k ps7_init.h
@ ps7_init.html
= psi_inittcl

4 system.hdf

| System.mss (jobb gomb) ->
Open with Text Editor

3
@ Project Explorer 53 == | i ST ] [i_msystem.mss &3
» [ MemoryTest BEGIN OS # alap beagyazott 0S -
w @ MemoryTest_bsp ,,standalone”
i ESP Documentation PARAMETER OS_NAME = standalone

PARAMETER OS_VER = 6.8

PARAMETER PROC_INSTANCE =
#fpréldany név
PARAMETER STDIN =

PARAMETER STDOUT =
portra log-ol

ps/_uart_1

ps7_uart_1 #soros

. # az Uartl IP modulhoz tartozd Xilinx
driver

BEGIN DRIVER

PARAMETER DRIVER_NAME =
neve fix

PARAMETER DRIVER_VER =
PARAMETER HW_INSTANCE =
END

uartps #driver

3.7
ps/_uart_1

ps/_cortexa9_

0
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Teszt alkalmazas készitése Ill.

[ Project Explorer &2

4 i memory_test]’

4 34:;? Binaries

* i Includes
¢ = Debug
4 = src
. [€] memaory_config_g.c
. [h] memary_config.h
. [€] memaorytest.c
. [n| platform_config.h
. [g] platform.c
. [n| platform.h

memaory_testd_bsp
-1 BSP Documentation
¢ = psl_cortexad 0

| @ Makefile

. %5 memory_test0.elf - [arm/

le]

—

[, system.mss
>.l Eg systermn_wrapper_hw_platform_0
€ ps7_init_gpl.c

[ ps7_init_gpl.h
[ psT_init.c
[ ps7_init.h
@@ psi_init.html
=] psT_init.tcl
[=| system_bd.tcl

\ |3 system.hdf

SDK Project Explorer

NTIARy,
No\: Uy ..

S 2

& 2
Z

g 7
o I

@

2
7T
DOMA;

SW: memory_test0 (SW alkalmazas)

— \Binaries (futtathatd .elf object f3jl)
\Includes (gyari header-ek)
\Debug

\Src =.h, .c, .cpp forrasok gydjteménye
.1d = linker scrlpt'

Main () a memorytest.c-ben

BSP: memory_test0_bsp (SW BSP)

— MSS: Microprocessor software/driver leiré fajl

(system.mss)

— /includes/xparameters.h (minden
kapcsolodé #define és cimtartomany itt
definialddik)

HW platform (Vivado-badl exportalt)

(.bit, .hdf
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SW alkalmazas: memory test.c

- xparameters.h hasznalata (define-ok, cimek)
* 1nit_platform();
— enable caches () ;
* test_memory_range (struct memory_range_s
*range)
* test_memory_range (&memory_ranges[1])
— n_memory_ranges = 2 (memory_config.h-ban
definialva)
* cleanup_platform();
— disable_caches (); //$ ARM alapbdl engedélyezné
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Xil TestMemN() fuggvény

status = Xil_TestMem32 ((u32*)range—->base, 1024, OxAAAA5555,
XIL TESTMEM ALLMEMTESTS) ;

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

status = Xil_TestMeml6 ((ul6*)range—->base, 2048, O0xAA5S5,
XIL TESTMEM ALLMEMTESTS) ;

print (" 16-bit test: "); print (status ==
XST_SUCCESS? "PASSED!":"FAILED!"),; print ("\n\r");

status = Xil_TestMem8 ((u8*)range->base, 4096,
OxAb5, XIL TESTMEM ALLMEMTESTS) ;

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

Xil_TestMemN() fliggveny deklaracioja a kovetkez6 helyen van:
<xilinx_install_dir>\SDK\2015.2\data\embeddedsw\lib\bsp\standalone_v5
_1\src\common\xil testmem.c

s32 Xil_TestMem32(u32 *Addr, u32 Words, u32 Pattern, u8 Subtest);
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Teszt alkalmazas készitése 1V./a.

Linker script generdlasa (1script.1d)

e Xilinx Tools menu - Generate Linker Script (Basic nézet)
 Allitsuk 4t a memdria részeket (ddr_0-rél -> ram_0-ra)

m Generate a linker script >
Generate linker script
Control your application's memory map.
Output Settings Basic | Advanced ( 1 )
Project: MemoryTest —A
Output Script: Place Code Sections in: || ps7_ram_0 -
EABER_2019 Vivado2018.34ab0 1\ project_1\MemoryTest\srchlscript.ld Browse Place Data Sections in: | ps7_ram_0 ‘”’|
Modify project build settings as follows: Place Heap and Stack in:{| [0 ~
Set generated script on all project build configurations e Heap Size:
Hardware Memory Map Stack Size: L|1 KB |
Memory Base Address Size @) f
ps7_ddr 0 CeeD01 00000 511 ..
ps7_ram_0 CeeD0000000 192 KB BRAM vs. kulsé
psi_rarm_1 OheFFFFODO0 ~03,... . .
memoria teruletre
kertljenek?
"
@ ) e
- Programkadd By—
- Valtozok
- Heap / Stack
(méretik

40
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Teszt alkalmazas készitése IV./b.

Linker script generaldsa (1script.1d)

e Xilinx Tools menl - Generate Linker Script (Advanced nézet)

Basic | Advanced

Code Section Assignments
Section Assigned Memory Compiled Size
et ps/_ram_0 0 bytes

Add Section | | Remowve Section

Data Section Assignments
"Section Assigned Memory \ Compiled Size [
/ srodata ps?_rarm_0 0 bytes
Jrodatal ps?_ram_0
.sdata? ps/_ram_0 0 bytes
shssd ps?_rarm_0 0 bytes
J«ata ps?_ram_0 0 bytes
«datal ps?_rarm_0 0 bytes
Sixup ps?_ram_0 0 bytes
.sdata ps/_ram_0 0 bytes
.shss ps7_ram_0 0 bytes
\ bss ps7_ram_0 / 0 bytes /
N

Add Section | | Remowve Section

Heap and Stack Section Assignments

Section Assigned Memory éigned Size

(| heap ps/_ram_0 1EB
stack ps?_rarm_0 1KB
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Teszt alkalmazas készitése V.

Forditas (build) fontosabb lépései:
e 1.) Build Project - BSP
e 2.) Build Project - SW alkalmazas

Megjegyzés: alapértelmezettként az automatikus
forditas be van kapcsolval

(Erdemes kikapcsolni:

Project menu - Build Automatically — nincs pipa)
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Memoria-teszt alkalmazas készitése VI.

SW alkalmazas forditasanak eredménye:

'"Building target: MemoryTest.elf'

'"Invoking: ARM v7 gcc linker'

arm—none—-eabl—-gcc —-mcpu=cortex—-a9 —-mfpu=vfpv3 —-mfloat-abi=hard -W1, -
build-id=none -specs=Xilinx.spec -Wl,-T -Wl,../src/lscript.ld -
L../../MemoryTest_bsp/ps7_cortexa9_ 0/1lib -o "MemoryTest.elf"
./src/memory_config g.o ./src/memorytest.o ./src/platform.o =0l . ==
start-group, -1x11l, -1gcc, -1c, ——end—group

'"Finished building target: MemoryTest.elf'

"Invoking: ARM v/ Print Size'
arm-none-eabi-size MemoryTest.elf |tee "MemoryTest.elf.size"
text data bss dec hex filename

28368 1184 8248 37800 93a8 MemoryTest.elf
'"Finished building: MemoryTest.elf.size'

Decimal: 37800 byte ~38 KByte . Azaz a program el tud férni mind a belsé on-chip
RAM 0/1, mind pedig a kiills6 DDR RAM memoaridban. PL/FPGA-oldalon viszont ekkora
BRAM memoariat kellene lefoglalni. Ezért generalddott a futtathato .elf fajl is sikeresen.
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Bedgyazott rendszer és szoftver teszt-verifikacioja |.

A USB-soros kabel (tap+programozo) csatlakoztatasa
— JP7 jumper = USB power!
— JP5 jumper = JTAG maod!

e Az ZyBo kartya bekapcsolasa

JTAG Programozé port
(opcionalis, nem ezt hasznaljuk!)

JTAG Header
1lxg TMS-JTAG
) oJ|_IDLITAG
TDOFX2
3 O—cxkaTAG 1
. 4 46
T 2 y 5 Gﬂ
ol , > ol_VCC3V3
5
TDO-FX2

TCK-JTAG - sarga TCK (4)

'USB-Soros
csatlakozo (tap is
egyben)

TDI-JTAG — fehér TDI (2)
TMS-JTAG - zold TMS (1)




Bedgyazott rendszer és szoftver teszt-verifikacidja |. (&8

Amennyiben Vivado-ban konfiguralva lett a PL oldal is:

 FPGA felprogramozasa: Xilinx Tools - Program FPGA
« MemoryTest.elf fajl kivalasztasa - Program

— A MemoryTest.elf €sasystem.bit,

(system.bmm) fajlok

0sszekombinalasa (merge) - egyetlen download.bit fajlba.
— Végil download.bit fijl letoltése az PL/FPGA-ra*

i —_—
i Program Fpﬁﬁf

o

Program FPGA
€3 Mo bit file found for the design.

Hardware Configuration

Hardware Platform: [system_wrapper_hw_plaﬁurm_ﬂ

1 | T

®

e

Connectiom |Luca} v‘ l Mew |
Device Auto Detect Select...
&1‘{ Bitstream: I Search... | IEmwse.. |
(| Partial Bitstream
BMM/PAMI File: Search...| | Browse.,
Software Configuration
Processor ELF/MEM File te Initialize in Block RAM
F

Cancel

.bit (.bmm) fajlok,
valamint a
futtathato .elf fajl
megadasa

9

download.bit

(FW+SW = Program)

Progress Information O *

Configure FPGA with bitstream: D:\BER_...es\BER_zybo_bsb_hw_platform\system.bit




HW-es hibakeresés konfiguralasa

7.
Ny

UNIVE
),

« Jeloljiik ki a Project Explorer-ben az alkalmazast (MemoryTest)

 Run - Debug Configurations... (vagy jobb gomb Debug As...)

m Debug Configurations

Run or Debug an 50K exe

@@=
‘ type filter text

| A Performance Analysis
Target Communication Framewc

Create, manage, and run configurations

T
|| Name: | 3DB Debugger using Debug_MemoryTest.elf on Local

UjGDB Debug -
feladat létrehozasa (

%5 Debugger| ] Common |

- @T;lrgetSetu [[7] Application

| v B Ailinx C/C++ Application (GDE)
£ GDB Debugger using Debug_

\ GOE

$€F Kilinx C/C++ application (Systerr
@ -?:‘r Kilinx C/C++ application (Systerr
[

Debug feladat =
Xilinx C/C++
application GDB

£ >

[ Filter matched 6 of 17 items

@)

W

[~] Stop at ‘rnain’ @
Summary
Download Processor Project Application Details
ps/_cortexal 0 MemoryTest Debug/MemonyTest.elf stop at entry = false, relocate elf = fai51
] ps7_cortexad ] w reset = true, stop at entry = false, reloc
Project Mame: | MemoryTest | Browse...
Application: | Debug/MemoryTest.elf | Search... Brow:
Reset processor
] Stop at program entry
Advanced Opticns: . Edit... W
€ > |
Revert Apply
O == o=
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HW-es hibakeresés konfiguralasa

* Debug Configurations -> Target Setup

w Debug Cenfigurations

Create, manage, and run configurations

Run or Debug an 50K executable

= [Iom i \ .
L2 R | = 1 )\lame: | GDE Debugger using Debug_MemoryTest.elf on Local
type filter test \©r Target Setup\LD Application\l ﬁﬁ‘- Debugger\l i Common\l
3 Performance Analysis
Fﬁ Target Communication Framewc Debug Type: | Standalone Application Debug  ~
v E Xilinx C/C++ Application (GDB) _
Git;s GDE Debugger using Debug_ Cannection: | Local ¥ | [New
.?::F Kilinx C/C++ application (Systemr
. Xilinx C/C++ application (Systerr
Hardware Platform: | system_wrapper_hw_platform_0 ~
Bitstrearn File: | | Search... Browse... Generate...
Initialization File: | ps7_init.tel | Search... Browse...

Reset Entire
System és

Program FPGA
pipaljuk ki!

Summary of operations to be performed

[] Reset entire system
1. Runs ps7_init to initialize P5.
2. Runs ps7_post_config. Enables level shifters from PL te PS. (Recommended to use this option
only after systern reset or board power ON),
3. The following processors will be reset and suspended.
1) ps7_cortexad_0

Program FPGA
Run psi_init
Run ps7_post_config

™

Following cperations will be performed before launching the debugger. A

4, All processors in the system will be suspended, and Applications will be downloaded to the
following processors as specified in the Applications tab.
1) ps7_cortexad_0
(ENBER_201% Vivado2(018.3\lab01 project_1"MemoryTest'DebugMemory Test. elf) A
€ >
Rewvert Appl
Filter matched & of 11 items e

@
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Debug soros port beallitdsa (sok Terminal)

e SDK - Window ment -> Show view -> Terminal.

2
B Console = Tasks {E SDK Terminal &3 ],'_ Problems () Executables oo | &

— M cEmAR P [
OmM14, 1152 2]
- Y ] Sl )

32-bit test: PASSED!

Connected to: Serial |

16-bit test: PASRED!

8-bit test: PASBED!

Testing memory region: ps/_ram_]

| — SRS

Connect to serial port

b Terminal ablak ‘ Soros port beallitasa, Basic Settings
csatlakozas Port: COM14 -
Baud Rate: | 113200 e

Lehet8ségek - Soros porti Uizenetkildés hasznalatara:
1. SDK Terminal: beépitett vagy

* Advance Settings

2. kulsé program haszndlata: (HyperTerminal, Putty stb.) Data Bite: = »

Stop Bits: 1 y

 Terminal: BaudRate / Adatbitek beallitasaia Parity: None v

PS UART vagy / AXI_UART IP modulban adottak Flow Control: | None v
szerint! Timeout (sec): |

e Port: coM[XY] — beallitasat a ,Vezeérlé pult > — m—
Hardver eszk6zok” beallitasai szerint adjuk meg 13




Debug — Hibakeresés

Debug
eszkozsor
/

Néz6ke -
Valtozok

/

m project_1 - Debug - MermoryTest/src/memorytest.c - Xilinx SDK

Kilinx  Window Help{

= X

= main() at memorytest.c:97 0x794
o arm-none-eabi-gdb (8.0.30.20171128)

File Edit Source Refactor Mavigate Search Project Run
Ml @ slrieNze v D RPEE SO ie G [Quick Access] | g9 | 348
%5 Debug 22 8o | = ¥ 5 B  ix=Varables Breakpoint 5 Register & ole §i Emulation Console B\ Modules =S¢ |
v ED:B GDE Debugger using Debug_MemeoryTest.elf on Local [Xilink C/C++ Application (GDB)] o 'E]| L | s o
v 2 MemoryTest.elf [1] Pl Type Value
~ o Thread #1 1 (ARM Cortex-A9 MPCore #0: Hardware Breakpoint) (Suspended : Breakpaint) i s i
=i in

[€] memaorytest.c i3

= int main()
int i;
init platform({};
print("--Starting Memory Test Application--‘nir");

print( "NOTE: This =
print("As a result, cacheline requests will not be generated\n\r");

for (i =@; i < n_memory_ranges; i++) {
test_memory_range(&memory_ranges[i]);

1

print("--Memory Test Application Complete--\nir");

cleanup platform();
return 8;

é Console o= Tasks [ SDK Terminal 52 |[f] Problems (3 Executables

a8

JRin

Connected te: Seral { COMY4, 115200, 0, 8)

|--Starting Memory Test Application--

X =

| | 5end | | Clear |

ARM/MicroBlaze

] i

Monitors

e .
o= Outfine &3

|
=
o
28
=
|

|
H |
=+
e
®

BElERY o¥% Y= O
stdic.h

xparameters.h

xil_types.h

wstatus.h

xl_testrmem.h

platform.h

memeory_config.h

xil_printf.h

putnumiunsigned int} : void
test_memeory_range(struct memory_range_s*) : void
main() : int

O o |28 BEiSl %~

¥ =2 H

Uzenet ablaka
(SDK terminal)
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Bedgyazott rendszer és szoftver teszt-verifikacidja IV

e Az SDK Terminal ablakban lathatd a memoria-teszt
alkalmazas futasanak eredmeénye

* Ha az dsszeallitott rendszer 6sszeallitasa helyes volt,
akkor a tesztnek sikeresen le kell futnia (PASSED!),
minden adatbit szélességre ©

=l Console i3 ¥ Tasks .;\,:'J Terminal | i Problems i;;' Executables [j Mermory

rmemary_test Debug [Xilinx C/C++ application (GDEB)] D:A\BER_zybo_bsb\workspacesimemory_test\Debughmemony_test.elf (22/03/2017 23:11) [Console connected to COME, 113200 Baud]

—-5tarting Memory Test Application—-—

HOTE. This application rups with DoCache disabled.BA= a result, cacheline reguests will not be generated

Testing memory region: ps7_ddr O
Memory Controller: ps7 ddr

Base Address: ELapRapialaly

Size: Ox1ffO0000 byvtes

et ARMY/PS oldal kilss
N 512MB DDR3 RAM

E-bit tes
Testing memory reglio ps7 ram 1

Herr.orifat:rjntroller: psT7 ram (ps7_ddr) i"etve bels6

se Lddress: Oxf£££0000

Size: 0x0000fe0d0 bytes On_chip 64K

32-bit test: PASSED!

\ 16-bit test: PASSED! / memériéja (raml)

B-bit test: PASSED!
——-Memorv Test Application Complete——

oot oot oot
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Debug folyamat terminalasa

A HW-es hibakeresés végén nagyon fontos terminalni
és eltavolitani a futtatott debug konfiguraciot!

Debug ablak
—jobb gomb

File Edit Mavigate Search Run  Project  Xilinx Tools Window Help
@ | B0~ Q%] | % H BE
5 Debug £
£ ili icat .-
v reltow Debug [Xilinx C/C++ applicat e ’]:Ap}r Stack Crle C
w 5@ XMD Target Debug Agent (22/03, —
w . Thread [1] (Suspended: Break Fanid Clikeb
= 2 exit) 000101590 Drop To Frame
= 1 _start() xil-crt0.S: 160 Ol
s arm-xiling-eabi-gdb (22/03/2017 . Step Into F3
p| DABER zybo_bsbworkspacesihe Step Over Fi  iconnected to CQMS, 115200 Baud]
Step Return F7
i Instruction Stepping Mode
5 systemaml :lm system.mss | [ S Use Step Filters
Mo source available for "eat() " Connect...
i Dieacserbhye. [ Resume Without Signal
i Resume Fa
Suspend
Terminate Ctrl+F2
Ep. Terminate and Relaunch
< Disconnect
Remowve All Terminated
Q, Relaunch
£ Edit hellow Debug...
B  Edit Source Lookup..,
| %, Terminate and Remove
@ Terminate/Disconnect All

v

Debug - Source not found. - Xiline SDE

'Debug konfig futdasanak
2, ledllitasa, és eltavolitasa

}J€— (kiilonben folyamatosan

Properties

foglalna a memoriat!)
g | )




Példa 1.) Hello World

NTIARY,
¥o\: Upy .
$ C:
& 2
Z
Z a
o I
@
2,
7T
DOMA!

 MemoryTest-hez hasonloan hozzon létre egy template-

bl generalhatd HelloWorld alkalmazast (1asd kv oldal)

(hozza tartozo sajat BSP-vel).
— Mekkora a Hello_world.elf file mérete? (~28.7 - 37 Kbyte).

?Atm'afrn Plggvényben a kovetkez6 a modositas (printf):

init_platform();
unsigned int i1 = O0;
do{

//printf ("Hello World (%d)\n\r",1i); //printf() = nagy

mem. foglalasa van
xil printf ("Hello World (%d)\n\xr",1i); //xil_ print ()

vagy print () kis mem. foglalas. FPGA-ra optimalizalt.

i++;
}while (1) ;
return O;

}

Kérdés: Mekkora lett a printf()-el forditott .elf file mérete?
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Példa 2.) Kéd analizis

* Vizsgalja meg a MemoryTest SW mintaalkalmazas
forraskodjait:
e \src\

— memory_config.h (struktura definicio)
* memory_range_s

— memory_config_g.c (struktura ddr vs. ram1l)
— memorytest.c (main fliggvény)
— platform_config.h
— platform.c
o \<* bsp>\ps7 cortexa9 x\include\
— xparameters.h (#defines .hdf/.xml szerint)



Példa 3.)

Modositsa ugy a memoria teszt alkalmazast
ugy, hogy az a kilénboz6 8-/16-/32-bites
adatszélességeknél a jelenleginél nagyobb
kils6 ddrO memoria tartomanyt (1024 szo
helyett ... akar 8-32...512 MByte!) teszteli le!

Segl'tség: 511 MB = 0x1FF0_0000 = range->size
— TestMem32(): (range->size) /64 (?), esetleg

— TestMem16(): (range->size) /32,

— TestMem8(): (range->size) /16.



Példa 3.) folytatas

. memset()” figgvénnyel nullazzuk ki a tesztelendd
régiokat és adjuk a memorytest.c alkalmazas kédhoz:

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

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");
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Példa 4.)

« Allitsuk be a HW-es hibakaresés soran a
Memory ablakot:

— Window - Show View - Memory
* [+] Adjuk meg: 0x100000 (vagy Oxffff0000)

9= Variables | ®g Breakpoints @XMD Console | 418! Registers | = Modules i Memory &2

Monitors

Manitor Memeory >

Enter address or expression to menitor:

(9= Variables | ®g Breakpoints @XMD Console| [J Memory 2 il Registers | = Modules

@ e . I Monitors = ¥ 9 (DxDD100000: 0x100000 <Hex> 52 - <= New Renderings...

@  DacD0100000 Lddress 0 -3 4 - 7 8 - B C-F

O00FFFDO  OO0OO000000 00000000 QQoOo0000 QQOO00000
O00FFFEQ 00000000 00000000 Q0000000 QQ0O00000
O00FFFFO 00000000 00000000 00000000 Q0000000

00100000 [EEEINNY N | ScSsinAn , SSSSARRR , SSSSARAR
00100010 , S55SRARR , SS5SARAR , SS5SS5ARAA |5qopoogiBBE
00100020 5, S555AAAA , S555AAAA , S55SARAA , SSSSAAAA
00100030 5, S555AAAA , S555AAAA , S5555ARAAA , SS555ARAA
00100040 5, 555SARAA , S5555ARARA , S5S555ARAA , SS55ARAA

A HW-es hibakaresés el6tt érdemes kikapcsolni az FPGA-s kartyat (random meméria
bejegyzések miatt) ! 56



Osszefoglalas

* A Block Designer segitségével kdnnyen és egyszer(ien lehet
létrehozni ARM/MicroBlaze processzor alapu bedgyazott
rendszereket a Xilinx Vivado-ban

* A folyamat részeként szamos implementacios fajl is létrejon
koztuk a rendszert leiréo .HDF (Hardver Definition File) fajl.

e A Vivado IP Integrator kulonboz6 nézetei segitségével
beallithatjuk az  0Osszeallitott beagyazott rendszer
komponenseit, és kilonb6z6 paramétereit.

* A rendszer 0sszeallitasa utan generalhatjuk a konfiguracios
allomanyt (bitstream, amennyiben van PL tartalom!).

* A létrehozott BSP-re épliléen a Software Development Kit
(SDK) segitségével készithetjik el a szoftver alkalmazast,
melynél szamos template (sablon) all a rendelkezésiinkre.

e A HW/FW és a SW helyes mikodése verifikalhatéd a
bitstream .BIT+futtathatd .ELF FPGA-ra torténo letoltésével.



