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FPGA-alapu beagyazott
rendszerek tervezése

Dr. VOoroshazi Zsolt

10. Szoftver alkalmazasok fejlesztése, hibakeresése (debug) Xilinx
SDK hasznalataval (Software Development Kit) - Timer
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Targyalt ismeretkorok

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

3. Beagyazott Rendszer fejleszt6 szoftverkornyezet (Xilinx Vivado
Embedded Development) attekintése.

4. Beagyazott alap tesztrendszer (BSB - Base System Builder és Board
Bring-Up) 0sszeadllitasa Vivado-ban.

5. Perifériak hozzaadasa (IP adatbazisbodl) az 6sszeallitott beagyazott
alaprendszerheaz.

6. Sajat periféria hozzaadasa az osszeallitott beagyazott
alaprendszerhez

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

8. HW-SW rendszerek egylittes tesztelése (Xilinx Vivado
ChipScope)

9. Egyedi hardver szellemi termékek fejlesztése és tesztelése (ZYBO
VGA vezérld).

10. Szoftver alkalmazasok fejlesztése Il. - Timer
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Feladatok \-/

e Kezdd-szintl szoftver alkalmazas fejlesztése

— Kezd6 szint( szoftver alkalmazas készitése az SDK-ban
talalhato IP periféria (pl. GPIO, 12C, stb.) eléréséhez

— Linker script létrehozasa (.Id)

— A futtathato részek particionalasa kilonb6z6
OnChip/External meméria tertletekre

— Bitstream (.BIT) létrehozasa
— Bitstream (.BIT) letoltése és kiprobalasa az ZyBo kartyan

e Halado-szintl szoftver alkalmazas fejlesztése

— |d6zitd (SCU timer) hasznalata:
* SCU = Snoop Control Unit / ,private” Timer (ARM
idozitéje)
— SDK Debugger hasznalata



A bovitendo tesztrendszer

~ LAB 07

AXI -
AXI4 | interconnect —2X!_,JAXI-BRAM Controller «—»|  BRAM |
Block
/ AXi- B 120
Lite

. AXId- C_eo =
Interconnect Lite LEDui L—- =
AXI4+ Block .

Cihe e
Lite Lt GPIO Push Buttons
AXI4- Lm '
K Lite GPIO N

\ 4

PS oldal: PL oldal:

*  ARM hard-processzor mag « A:GPIO

* bels6é OnChip-RAM vezérld —  PBSs: Push Button (nyomégomb kezeld)
 RS232 soros interfész —  DIPs: Switches (kapcsol6 kezeld)

e kuls6 DDR3 memoria vezérld e  B:GPIO

* 12Cvezerl —  LEDs: LED kijelz6

*  SCU Timer (ARM) C: 12C vezérlés hémérsékletméré modul (PMOD_TMP2)

— ARM PS/ vagy PL oldalra is tehet6



ld6zit6 €s megszakitas vezerld illesztese |.

 Hozzunk létre egy Uj mappat, legyen a neve
\LABO7

— Archivaljuk és masoljuk at az el6z6 ismeretkor
(\LABO2_B) elsajatitasakor |étrehozott projektet

— Project -> Save as ...
* Inditsuk el az Vivado kornyezetet

* Mivel a CPU (ARM) bels6/private Timer-ét
hasznaljuk, nem kell ujraforditani a FW-t!

e SDK inditasa...



Tesztalkalmazas készitése |.

 1.) SDK elinditasa (EDK-bdl): Project - Export
Hardware Design to SDK
e 2.) Kattintsunk az Export & Launch SDK gombra

— Ha még nincs elkészitve az uj rendszerhez tartozé
netlista és bitstream, akkor ezt le kell generalni mielott
az SDK elindulna

e 3.) A Select a workspace ablakban valasszuk ki a
<project_dir>/LAB07/SDK/SDK_Export—>
majd kattintsunk az OK-ra

e 4.) Az SDK-ban: File - New - Xilinx Board
Support Package — kattintsunk a Finish-re.

— Uj BSP neve SCUTimer_bsp_0 lehet



Export&Launch SDK

¢ Export Hardware *

Export hardware platform for software development tools.

Include bitstream

Export to: E/BER_2019 Vivado2018. 3Mab07/project_1 d

@

Cancel

j  Launch SDK et

Launch software development toal.

[
Exported location: E/BER_2019 VivadoZ018. 3M1ab07iproject_1 A

Workspace: E/BER_2019_Vivado2018.31ab07/project_1 bl
\_

@ IR Cancel




SDK - system.hdf ellenbrzése

SCU_Timer: PS oldali cimtartomanydnak és driverének (verzié szam)
ellendrzése

Address Map for processor ps7_cortexa9_[0-1]

Cell Base Addr High Addr Slave I/f Mem,/Reg
ps7_intc_dist_0 e 3RO 000 O R0 REGISTER
[ps7_scutimer 0 | [ oxrzf00600 OxFBFO061F | REGISTER

ps7_sler 0 Ceef 2000000 Oeef B000FFE REGISTER

ps7_scuwdt_0 Do BF00G20 Onef BF00GTE REGISTER

ps7_l2cachec 0 OneFBF0R000 O BF02fFF REGISTER

ps7_scuc_0 OacfBF00000 Oocf 3000 c REGISTER

5 system.hdf 3
IP blocks present in the design

ps7_0_axi_periph axi_interconnect 2.1
ps7_intc_dist_0 ps7_intc_dist 1.00.a
leds_dbit axi_gpio 20 Eegisters
rst_ps7 0_100M proc_sys_reset 5.0
ps7_scutimer_0 ps7_scutimer 1.00.3 ]
ps/_slcr_0 ps7_sler 1.00.3
dip axi_gpio 2.0 Registers
ps7_scuwdt D ps7_scuwdt 1.00.a
ps/_l2cachec D ps7_ldcachec 1.00.a




Tesztalkalmazas készitése |l.

®

C/C++ - standalone_bsp_0/systemn.mss - Xilinx SDK

Alinx Tools  Window  Help

Application Project

File |Edit Source Refactor Mavigate Search Run  Project
Mew Alt+Shift+MN »| (&)
Open File... 2 1

2 2
Close Ctrl+W -
Clase All Ctrl+ Shift+ W &%
Save Ctrl+5 &
c{‘r*
Save As... =l
. h
Save All Ctrl+Shift+5 | &
¥
Revert —
C

Move...
4
Rename... I

Board Support Package
Project...

Source Folder
Folder

Source File

Header File

File from Template

Class

Other...

l3)

Ctrl+M

(QENTIARYy,
< 2
& C.
Z
g 7
- 3
o
£ %
DOMA!

» Uj projekt alkalmazas létrehozasa (Application Project)
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Tesztalkalmazas (SCUTimer) készitése Ill.

BB New Project O x

STARY

Application Project .
Create 3 managed make application project. @
| _ Projekt neve: SCUTimer
Project name:|| SCUTimer J
T
Use default location
- w Mew Project
Location: | EABER_2019 Vivado2018.3\lab0Mproject 1NSCUTimer Browse...
) Templates
Choose file systern: [defaul
Create one of the available templates to generate a fully-functioning
application project.
05 Platform: | standalone ~
Available Templates:
Target Hardware Dhrystone A blank C project.
B Empty Application
Hardware Platform: | systern_wrapper_hw_platform_0 = New... Hello World
Proceszon psi_cortexad 0 w :E:E E’Ehpopg::g Irien ¢ @
hwlP TCP Perf Server
hwlP UDP Perf Client
Target Software lwiP UDP Perf Server
Memory Tests
Language: ®c OC+ Gpenﬁ.mp echo-test
3 - OpenAMP matrix multiplication Demo
C ler 32-bit
il ' OpenAMP RPC Demo
Hypervisor Guest 2 N/A Peripheral Tests
7 RSA Authentication &pp
Board Support Package: ®) Create New SCUTimer_bsp Zyng DRAM tests
Zyng FSBL
Lse existing
SCUTImer alkalmazas uj BSP-hez
rendelése (SCUTimer_bsp)
@ < Back Next > Finish
@ < Back Net> |[  Fimish ||  Cancel

Cancel
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Tesztalkalmazas (TestApp) készitése V.

e Cforras fajl hozzaadasa (1ab07.¢c): r@mm 0 x

BH project_1- C/C++ - Xilinx SDK Select
S
File Edit Navigate Search Prﬂ_iEL‘t Fun  Xilink Window Import resources from an archive file into an existing project. H

M@ - &-BiwD:2DE:E 4

Select an import wizard:

F T = 5 L-ﬁ type filter text

fr Project Explorer 53 Q.) (==
= y v [ General ~
b L-E:’" SCUTimer /[ ‘@ Archive File 3
sy =5 Existing Projects into Workspace U

ol e
SCUT FHew (=7} File System
o @ _ : %2) E Preferences
1 B3 Go Into [} Projects from Felder or Archive
= Py —_— b = C/C++
[ g—j_ fm,‘pn ﬁ_._ > = Git
= . Ex % (= Install
E IﬂlI 5y =1 FI'DI!t... » [= Remote Systems
3 ster » (= Run/Debug
g o Refresh » (= Team
» [ Tracing W

Rezource Configurations

x

m Import

Run As

Archive file

O

/___"
Import the contents of an archive file in zip or tar format from the local [ ¥
file system. -

. kck I Finish Cancel
SCUTimer -> Src -> Import... -> From archive file: | is2_2019\foliak\BER 1ab07_SCUTimerLedzip - | Browse.. | r
General -> Archive file i e 4)

-

Filter Types... Select All Deselect All

Into folder: | SCUTimer/src Browse...

[] Ovenwrite existing resources without warning

12
® < Back Mext = | Cancel




SCU Timer API driver

 SCUTimer_bsp -> system.mss vizsgalata

[ Project Explorer 53
v =5 SCUTimer
; ﬁh Binaries
» |:]_l Includes
» (&= Debug
w E‘ ErC
[ lab07.c
E lscript.id
[£] README.txt
= Kilinx.spec
v @, SCUTimer_bsp
i BSP Documentation
- Eb ps/_cortexad 0
| @ Makefile

Ul ﬂ: EmmSSI

3 system_wrapper_hw_platform_C

C-EHE 24 - B D2RABRE H -0 F - mErc

= {3;3| ¥ ¥ = 0 | |ggsystem.hdf .| lab07.c [l system.mss &3

bt prien T e S e
ps/_top_bus_config 0 generic
ps/_l2cachec_0 generic
ps/_occmec_ 0 generic
ps/_pl310_0 generic
ps/_pmu_0 generic
ps/_ram_0 generic

ps/_ram_1 generic
ps/_scuc_0 generic
ps7_scugic_0 scugic

Crocumentation

Import Examples

" 2 ps/_scutimer_0 scutimer

Documentation

Import Examples

ps7_scuwdt_0 scuwdt
ps7_slcr 0 generic
ps/_uart_1 uartps
ps/_xadc_{) xadcps

Crocumentation

Import Examples

Documentation

Import Examples

Documentaticn

Impeort Examples

Driver APl: dokumentacio (html), és példaprogramok

elérhetbek (polling vs. interrupt valtozatban is)

13
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SCU Timer API driver dokumentacio

File Edit View History Bookmarks Tools Help

scutimer_v2_1: Main Page

ﬁ} @ file:)///CXilinx_2018.3/5DK/2018.3/data/embeddedsw/XilinxProcessorlPLib/drivers/scutimer_v2_1/doc/html/ap

i: X|L|NX® scutimer _v2_ 1

Hilinx SDK Drivers API Documentation

Overview | Data Structures = | APls = | File List | Examples |

P Data Structures
P APls

P File List
\ P Examples

scutimer_v2_1 Documentation

The timer driver supports the Cortex A9 private timer The timer driver supports the following features:

» Maormal mode and Auto reload mode
» |nterrupts (Interrupt handler is not provided in this driver. Application has to register it's own handler)

Initialization and Configuration
The device driver enables higher layer software (e.g., an application) to communicate with the Timer.

XScuTimer_Cfglnitialize() AP is used to initialize the Timer. The user needs to first call the XScuTimer_LookupConfig()
parameter to the XScuTimer_Cfglnitialize() API.

14



SCU Timer API példaprogramok

File Edt View History Bookmarks Tools Help

scutimer_v2_1: Examples

- 3 ‘@' @ file:///CXilime_2018.3/5DK/2018.3/data/embeddedsw/XilinxProcessorlPLib/drivers/scutimer_v2_1/doc/html/api/exar e w

> 34 XlL'NX@ scutimer v2 1

Xilinx SDK Drivers API Documentation

Overview | Data Structures = | APls = | File List | Examples |

¥ scutimer_v2_1
B Data Structures Examples
B APz
B File List

B Examples You can refer to the below stated example applications for more details on how to use scutimer driver

xscutimer_intr_example.c

Contains an example on how to use the XScutimer driver directly, This example contains the Cortex A9 Scu Private Timer-and the driver (XScuTimer) using interrupts

For details, see xscutimer_intr_example.c.

xscutimer_polled_example.c

Contains an example on how to use the XScutimer driver directly. This example shows the usage of the Scu Private Timer driver (XScuTimer) and hardware timer devic
Reload mode is not enabled

For details, see xscutimer_polled_example.c

15



SCU Timer (xscutimer.h referencia)

Data Structures

struct
struct

Defines

XScuTimer_Config
XScuTimer

#define
#define
#define
#define
#define

XScuTimer_IsExpired(InstancePtr)
XScuTimer_RestartTimer{InstancePtr)
XScuTimer_LoadTimer(InstancePtr, Value)
XScuTimer_GetCounterValue(InstancePtr)
XScuTimer_EnableAutoReload(InstancePtr)

#define
#define
#define
#define

XScuTimer_DisableAutoReload(InstancePtr)
XScuTimer_EnableInterrupt(InstancePtr)
XScuTimer_DisableInterrupt(InstancePtr)
XScuTimer_GetInterruptStatus(InstancePir)

#define

XScuTimer_ClearInterruptStatus(InstancePtr)

Functions

[ XScuTimer_Config *

XScuTimer_LookupConfig (ul6 Deviceld) ]

int

XScuTimer SelfTest (XScuTimer *InstancePtr)

int
void
void

XScuTimer_CfglInitialize (XScuTimer *InstancePtr, XScuTimer_Config *ConfigPtr, u32 EffectiveAd dressj\
XScuTimer_Start (XScuTimer *InstancePtr)
XScuTimer_Stop (XScuTimer *InstancePtr)

void
ud

XScuTimer_SetPrescaler (XScuTimer *InstancePtr, u8 PrescalerValue)
XScuTimer_GetPrescaler (XScuTimer *InstancePtr)

16



SCU Timer alkalmazas: forditasi hibak javitasa

File Edit MNavigate

i Project Bxplorer 53
v [ SCUTimer
> 34 Binaries
> il Includes
> (= Debug
v [ SIC
» pEl 18b07.c
Tl Iscript.id
README ot
= Xilinx.spec
v (B SCUTimer_bsp
» i BSP Documentation
> (= psT_cortexad 0
@ Makefile
I, systern.mss
(3 system_wrapper_hw_platform_Q

4 Target Connections 53
s [ Hardware Server
5 = Linux TCF Agent
s (= QEMU TefGdbClient

Search Project Run

m project_1 - C/C++ - SCUTimer/src/lab07.c - Xilinx SDK

Kilinx

BS|FT 5 B |[Gpsystmhd

& XScuTimer. Timer:

Window Help

M- EHD -/ -B DR PAEES 0

g G oo

[ 1ab07.c 32

kinclude "xparameters.h”
#include "xgpic.h”
£/ Include sgutimer header file

(¥ Cortex AQ SCU Private Timer Instance */

t#tdefine ONE SECOND <> // be a half of the CPU clock speed/18

= int main (wvoid)

1

XGpio dip, push, led;
& int psb check. dip check, dip_check prew, count, Status;

&) Problems & Taske B Console 32 5 Properties

=

> 1
0lm

goom

]

EE Ou...

| | B
&2 -_'.‘_ Do, &) Ma = 5
B laz a ‘8? @ #' b

xparameters.h
xgpic.h

Tirmer : XScuTimet
OME_SECOMND
main{void) : int

=B B~ -= O

@2:32:35 **** Auto Build of configuration Debug for project SCUTimer **%*
make pre-build main-build
ad-linaro-pre-build-step

'Building file: ../src/lab@?.c’
"Inwvoking: ARM w7 gcc compiler’®

arm-none-eabi-gcc -Wall -08 -g3 -c -fmessage-length=8 -MT"src/lab@7.0" -mcpu=cortex-a9 -mfpu=vfpv3 -mfloat-abi=hard

..fsrc/lab@7.ci6:1:

XScuTimer Timer;

AT FTNTRPSVPTNERES

.ofsrc/lab87.c: In function ‘main’:

..otsrc/1ab@7.c:17:4: error: unknown type name 'XScuTimer Config';
XScuTimer Config *ConfigPtr;

o

error: unknown type name ‘XScuTimer®
/* Cortex A9 5CU Private Timer Instance */

did you mean 'XGpio Config'?

rarang

XGpioc_Config
..fsrc/1lab@7.c:18:4: error: unknown type name ‘XScuTimer'
XScuTimer *TimerInstancePtr = &Timer;

M

-I../../SCUTimer_bsp/ps7 c

L.fsrc/1abB7.c:22:27: error: "XPAR SWITCHES DEVICE ID' undeclared (first use in this function); did you mean 'XPAR SCUTIMER DEVICE ID'?

XGpio Initialize(&dip, XPAR SWITCHES DEVICE ID);
£
| 121

Writable Smart Insert

17




SCU Timer alkalmazas: ellenOrzés és bovités I.

i
[X] Xepio Imitialize (&push, XPAER PUSH DEVICE ID); #defi XPAR PUSH DEVICE ID XPAR PB DEVICE ID
¥Gpio SetDataDirection(&push, 1, OXEfffffff):; » etine - - - - = -
Vivado:
Zynq Block Design
Page Navigator - Clock Confi ti
— 5l | Patiphasats _____u _____ |‘_ﬂ ______________________ f _tu_“_r?_?{l ________________________________________
5P10 : ] _ )
e SPI1 Zynq Block Design Basic Clocking  Advanced Clocking
MO 1200
bt A PS-PL Configuration Input Frequency (MHz) 50.000000 CPU Clock Ratio| 6:2:1
CAN 1
UART O
o UARTY v | Feripheral /O Pins « O = = o
BUx
MK 500 .
il EIE MIO Configuration Search: |C-
USE 0
::"‘i - : Component Clock Source Oequested Frequ...
ENET 1 Clock Configuration w~  ProcessorMemory Clocks 2
Bank1 — i
M FLASH Mamony ARMPLL ~ (650
{53181 intesfaces DDR Configuration
" ERAMINOR |
R / DDR DDRPLL ~ 525
— ouAD &R |
'--.._______\_--- ——
E3AC Timing
Calcukaton
| EM' 1

#define ONE_SECOND <> // be half of the CPU clock speed

¥

#define ONE_SECOND 325000000 // be half of the CPU clock speed - 650 MHz

18
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Forditasi hibak: Xparameters.h

1.) Define-ok hibainak javitasa (atdefinidlas):

of8rcflabS.c: In function 'main':

.. farcflab5.c:33:28: error: 'XPAR PUSH DEVICE TID' undeclared (first use in this function)
..ferc/lab5.c:33:28: note: each undeclared identifier i= reported only once for each function it appears in
.. farcflab5.c:36:27: error: 'XPAR LEDS DEVICE ID' undeclared (first use in this function)

make: ***%* [srcflabS.o] Error 1

Hozzaadas, vagy helyettesités (22., 25. és 28. sorokban):

#define XPAR_PUSH_DEVICE_ID XPAR PB_DEVICE_ID
#define XPAR_DIPSWITCH_DEVICE_ID XPAR DIP_DEVICE_ID

#define XPAR_LEDS_DEVICE_ID XPAR LEDS_4BITS_DEVICE_ID

19



B  ¥ScuTimer Timer: J* Cortex A9 S5CU Private Timer Instance */

“ 2.) Header hozzaadasa (4. sor):

// Include scutimer header file
#include "xscutimer.h"

3.) Timer inicializadldsanak hozzdadasa, status lekérdezéssel (33-39. sorok):

// Initialize the timer
ConfigPtr = XScuTimer_LookupConfig (XPAR_PS7_SCUTIMER_O_DEVICE_ID);
Status = XScuTimer_CfglInitialize (TimerInstancePtr, ConfigPtr, ConfigPtr->BaseAddr);
if (Status != XST_SUCCESS) {
return XST_FAILURE;

}

4.) Timer beallitasai, és inditdsa (42. - 47. sorok):

// Load timer with delay in multiple of ONE_SECOND
XScuTimer_LoadTimer (TimerInstancePtr, ONE_SECOND*dip_check_prev);

// Set AutoLoad mode
XScuTimer_FEnableAutoReload (TimerInstancePtr);

// Start the timer
XScuTimer_Start (TimerInstancePtr);

20




SCU Timer alkalmazas: ellenOrzés és bovités Ill.

5.) Nyomogomb ellen6rzése — legbaloldalibb megnyomasa esetén lépjen ki (52. sor) —
folyamatos lekérdezés while(1)-on belll:

// Read push buttons and break the loop if leftmost button pressed
psb_check = XGpio_DiscreteRead (&push, 1);
if (psb_check >= 0x8)

6.) Timer betoltése a dip kapcsold Uj értékével (63. sor) — folyamatos lekérdezés while(1)-
on beldl:

// load timer with the new switch settings
XScuTimer_LoadTimer (TimerInstancePtr, ONE_SECOND*dip_check);

7.) Timer statusz bitjének torlése, és counter értékének LED-re iratasa (67. - 73. sorok):

if (XScuTimer_IsExpired (TimerInstancePtr)) ({

/r// increment counter \\
count++;

// clear status bit

XScuTimer_ClearInterruptStatus (TimerInstancePtr);

// output the count to LED and increment the count
XGpio_DiscreteWrite (&led, 1, count);
\\xil_printf("Count value 1is: 0x%x \r\n", count); 4/

21



A program tesztelése a fejleszt6 kartyan I.

 Debugger elinditasa

— Project Explorer = Jobb kattintdsa \SCUTimer projektre =
Debug As - Launch on Hardware - Yes (Debug perspektiva
engedélyezése)

e A SCUTimer.elf letoltodik

* Jobb kattintas a Variables fiil-re & Add Global Variables =
count valtozo kivalasztasa = OK

¢ Brea kPOI nt el helyeZése Connected to: Sernial { COME, 113200, 0, &
/ — Dupla kattintas a kivalasztott soron DIP Switch Status 7, F

Count value is: Ox1
. - Count value is: (el
syitem. hdf [ lab0T.c &% |3 system.mss al_io.h gdb[11].p DIP Switch Status F, B
} ' DIP Switch Status B, 3
Count value i1s: (el
Count value is: (el
/I Count value 1s: Ox3

&)l Conscle J=| Tasks [l 50K Terminal 53

if(XScuTimer IsExpired(TimerInstancePtr)) {
[/ increment counter

count++; / !
f/ clear status bit Count value is: (ed
XScuTimer ClearInterruptStatus({TimerInstancePtr); Count value is: 0x3
fL output the count to LED and jocrement the count Count value is: (xb

XGpio _DiscretelWrite(&led, 1, count);
x1l prlnt'FI: "Count value is: 8x%x \rin", count);

22



A program tesztelése a fejleszt6 kartyan II.

e Kattintsunk a Resume gombra
— A program lefut egészen az els6/kovetkezs bedllitott breakpoint-ig

e Kattintsunk a Memory flilre - Adjunk hozza egy Memory Monitor-t

Resume (F8) {

/

| Terminate (F9) ’

o —

W gﬁ

4 |3

GDE Debugger using Debug_SCUTimer.elf on Local [Kilinx C/C++ Application (GDE]]
w LIE-} SCUTirmer.elf [1]

SRS HAE S

&2

v 2 Thread #1 1 (ARM Cortex-A% MPCore #0: Hardware Breakpoint) (Suspended : Breakpoint)
= main{) at lab07.c:72 0100364
w arm-none-eabi-gdb (8.0.50.20171128)

-

Monitors o

w Scount

Memory 23

o | 28] EE (S| % ~
count: DxI0CTEE <Hex= & 03 Tew REndernges..,
Address a8 - 3 4 - 7 8 - B
galecasa CCzaleaa 285aleaa 15eaa00a8
galecada a3eaaeaa a3eaaaa8 aaeaaaaa
aalecasa FEF7IFFD FCFBDSEE EQ7FSAEZ
aaleCeca FFIF2FFD F3E3139B6 FEDEFEDF

akkor

debuggolasat!

TIARY,
CENTIARG,,
S -
& 2
A
g -
i N
B <
2,
7
DOMA

Step Into (F5)
Step Over (F6)
Step Return (F7)

Memory Monitor
hozzaadasa: csak
lathatjuk a
memoria  tartalmat,
ha felfliggesztettik
(pause) az alkalmazas

23



A program tesztelése a fejlesztd kartyan IlI.

* Vizsgaljuk meg a count valtozo értékét - OK

Bl Monitor Memory =

Enter address or expression to monitor:

&lcount e

'/?j' QK Cancel

e Kattintsunk a Resume gombra
— Minden resume-ra kattintassal no a count értéke

e Allitsuk le a program futdsat a Terminate gombbal

0 ~ |58 =5 Resume-ra kattintva
e | BB B % ~ o
B e valtozik a count

Monitors 2= 3 5 [&count:0x10C038 <Hex> 5% _db New Renderings.. P
értéke
@ Bucount Address @ - 3 4 -7 8 - B
O16CE30 (C201000 2530100

galeCada  a3ooao00 B3eaaaea gaaaaEae
galecCaze  FaF77FFD FCFEDEER E97F5AEZ
galaCesd®  FFIFZFFD F3E3139B6 FEDEFBDF
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Osszefoglalas

 Megtanultuk hogyan lehet Vivado SDK-ban az
ARM PS oldali Private Timer nevi idozito-
vezéerlot kezelni

* Timer hivasok, konfiguracio
e A bels6 Timer-t teszteltik a hardveren is
(Digilent ZyBo kartya)

e Megnéztuk az SDK Debugger hasznalatat,
lathattuk, hogyan modosul egy valtozd értéke,
memoria térkep, stb.



