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Beagyazott rendszerek fejlesztése
(FPGA)

2. Beagyazott Rendszer fejleszto szoftverkornyezet
(Xilinx Vivado — Embedded Development Kit / Software
Development Kit) bemutatasa




Targyalt ismeretkorok \-j

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

2. Beagyazott Rendszer fejleszt6 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




El6zmények:

e Xilinx Vivado Design Suite fejlesztd kdornyezet
hasznalatanak elsajatitasa

* Alapszintl( C/C++ tudas
— Programozas I. / Il.

 Digitalis Technika / Szamitogép Architekturak
alapismerete



Xilinx termeék portfolio (2019)

* Vivado
— Vivado Design Suite (2015.4-ig)

— Vivado Design Suite HLx 2018.3 (UltraScale SoC-k, és
7-es sorozatok tamogatasa). Jelenleg: 2019.1 sp3

* Vivado HLS: High Level Synthesis
— C/C++, OpenCV tdamogatas
* SDx: Software Defined

— SDAccel, SDSoC (reVision), SDNet
e Cloud tamogatas, C,C++, OpenCL

 Korabban: ISE, és XPS Platform Studio

— FPGA 6-0s sorozatok, ill. réegebbi eszk6zok tamogatasa.
Tamogatasa mara megszint!



Xilinx Vivado Design Suite

Laborokon a Xilinx Vivado Design Suite HLx 2018.3 integralt
fejleszté kornyezetet hasznaljuk!

* Vivado Project Navigator: keretrendszer, integralt fejleszto
kdrnyezet, amelybdl mas program modulok indithatok
(korabbi projekt management szemléletmodu PlanAhead)

— Embedded designer / IPI = IP integrator (YEDK) — Beagyazott
firmware rendszer (FPGA logika, és APSoC konfiguracio)

 Xilinx IP katalogusbdl (ingyenes, vagy fizetos)
e Sajat, vagy kiilsé IP
— Timing Analyzer — Id6zitési analizator
— FPGA Editor
— HW Manager- Bitstream (FPGA konfiguracio) letolté program
— ChipScope: logikai analizator
* Vivado SDK — Bedgyazott szoftver rendszer (sw alkalmazas)
* Eclipse alapu IDE kornyezet




Xilinx Vivado Design Suite

Keretrendszer fo modul-részei:

* Embedded Designer / IP integrator (~EDK): Xilinx
FPGA-alapu integralt fejleszté kornyezet Beagyazott
Rendszerek  d6sszeallitasahoz, parameéterezéséhez
(HW/FW szinten), gyors prototipus fejlesztésre

 SDK: Software Developer Kit: Eclipse-alapu integralt
szoftver fejleszt6 kornyezet beagyazott processzorok
tamogatasahoz (pl. MicroBlaze™, ARM™, stb.):

— SW: C/C++ nyelv( alkalmazasok,

— GCC, GPP (esetleg kiils6) forditok,

— GNU debugger - hibakeresés

— Beagyazott OS (Linux disztribucidk) tdamogatasa.

ey F\W/SW Simulation —)
HW/FW SW
Design Design
)  FW/SW Debug  ¢e—)



BEAGYAZOTT RENDSZER-FEJLESZTO
KORNYEZET (XILINX VIVADO)



Attekintd irodalom

« L Xilinx Vivado Design Suite fejleszt6 eszkdzok:

— https://www.xilinx.com/products/design-tools/vivado.html#documentation

« [ Vivado Getting Started Guide (UG-910)

— https://www.xilinx.com/support/documentation/sw manuals/xilinx2019 1/ug910-
vivado-getting-started.pdf

. Zyng-7000 APSoC Concepts, Tools, and
Techniques (Hands-on Guide)

— https://www.xilinx.com/support/documentation/sw manuals/xilinx2015 3/ug873-zynqg-ctt.pdf




Xilinx Vivado = embedded + sw

Cél:
 Beagyazott rendszerek fejlesztése (firmware)

Xilinx FPGA-kra (pl. Spartan-7, Virtex-7, Kintex-7),
vagy APSoC-kra (pl. Zyng-7000 sorozat),

 Komponensek (IP) leirasa és integralasa,
parameterezése,

« HW/FW tervezés megvaldsitasanak mddszerei,
|épései,

e eszkozok (tools) bemutatasa,

* SDK sw-fejleszt6 kornyezet megismerése,
hardveres hibakeresés (debug).



Beagyazott rendszer FPGA-n

* Beagyaz(hatd/ott) processzoros rendszer fejlesztése:
— Xilinx MicroBlaze™ : soft-core processzor, vagy
— ARM: hard-core processzor

— Periféria 6sszekottetések:
 AXI AMBA v.4 busz interfész (Vivado és EDK 12.x —t6l tdmogatva)

— Reset, Clock, Debug portok, kivezetések 6sszekapcsolasa

 SW konyvtarak, driverek generalasa
— C/C++ nyelvi tdmogatas
— SW alkalmazas osszeallitasa
— SW driverek, rutinok (timer, interrupt), el6re definidlt
fuggvények
* QOperacios rendszer hasznalata (OS v. RTOS)
— Stand-alone (non-0S)
— Beagyazott Linux OS (Petalinux), vs. VxWorks RTOS distro-k stb.



Beagyazott rendszer fejlesztés folyamata .

A. Bedgyazott hardver/firmware fejlesztése
— IP Integrator: gyors prototipus fejlesztés célhardverre
— Meglévé bedgyazott HW/FW rendszer kib6vitése, ha szlikséges,
* |P katalégusban lévo perifériak integralasaval,
* Egyedi (sajat készités() IP perifériak segitségével,
— HDL netlista (leird) generalasa
B. Beagyazott SW fejlesztése SDK-ban
— BSP: board support package
— Konyvtarak (library) és driverek generaldsa

— SW alkalmazas készitése és debug-olasa Software Development Kit
(SDK)

* Opcionalisan: alkalmazas debug-olasa Xilinx Microprocessor Debug (XMD) és GNU
debugger (gdb) segitségével akdr ARM/MicroBlaze magokra

C. Implementacio
— Szintézis, MAP, PAR, illetve id6zitési analizis (user constraints)
D. Konfiguralas és vizsgalat
— bitstream (.BIT) generalasa és konfiguraldasa FPGA-n
E. Konfiguracid betoltése (opcionalis)
— Kils6 Flash memoria inicializalasa, ill. boot procedura 12



Beagyazott rendszer fejlesztés folyamata Il.

L ’ System Design Entry Viaco™ s i" Software Development
Vl\/ADO . # C-Based Design 4. DSP Design
™ ‘ A > with with
High-Level Synthesis | System Generator ( B)
, i
Configuring Xilinx and IP Packager — IP Integrator Development Software
Third-Party IP and Processor OS
Configuring IP Embedded Processor
Subsystems Design
BSP
RTL
Development
Implementation Y /

Logic Simulation

A
Partial Reconfiguration [« Assign Logical and Physical Constraints . e E—

A

< C ) Logic Synthesis
A

— Implementation

Timing Closure and Design Analysis Yy

IP:
Intellectual
Property

Generate Bitstream, Programming, and Debug

Processor Boot and Debug

Export to SDK

SDK

Software Development Kit
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Beagyazott rendszer fejlesztés

Szemléltetd példa

1. Launch Vivado

Vivado

2. Invoke IP Integrator to create SDK

Block Diagram \

5. Generate Top-Level HDL z Spgaf.y hz;rdwa\;(.e .
6. Add Constraints escription from Vivado

7. Generate Bitstream => .bit QOBA?S _SOftVI‘;a re Project
Hardware Configuration 8. Export hardware to SDK HHlie} == o=
IP Integrator (Vivado)

3. Configure PS settings «
4. Add IP & configure »

11. Program bitstream & .elf into Zynq

ZYBO

14



Vivado GUI* feliilete

. ¢ project_] - [E/BER_2019_Vivado2018.3/project_1/project_1.xpr] - Vivado 2018.3 — O Pt
A . P rOJ ect File Edit Flow Tools Repos Window Layoul View  Help Ready
* E‘ H <« a & b‘ A - SN . Default Layout ~
M BLOCK DESIGN - design_1* ? X
anagement
SESRRESECHNANECES Sources » Design Signals Board 7 =0 &= Diagram % Address Editor x | [P Catalog = 200
A+ g alz|e|+ ollajajz x| oa + i

Add Sources

B . I P I nte rato r y ™ Degign Sources (1 * Designer Assistance available. Run Block Automation  Run Conne
. A Language Templates [ design_1 (¢ gn_1.bd}

~

. b Constraints
¥ |p catalog 2

. Simulation Sources (1) .
> @ sim_1(1 @ ) axi_bram_ctrl_0
C: FPGA Flow - e mon = e
] 5

Create Block Design BRAM_PORTA +|||
BRAM_PORTB |||

B
Open Block Design

D . Layo ut Se I ect i O n Generate Block Design Hierarchy  IP Sources Libraries Compile Order
.

s _axi_aresetn

AXI BRAM Controller

v SIMULATION Block Properties ?2 OO0 X . -
= processing_system7_|
. Run Simulation axi_bram_ctrl_0 - f o]
[]
E [ ] P rOJ e Ct Name: axi_bram_ctrl_D L |
v RTLANALYSIS : ! G FIXED_IO + |
( > 0 Elaborated Desi P t : design_1 N %
. . pen Elaborated Design arentname:  design_ M AXI GPO ACLK ZYNQ M_AXI_GPD |
view/Preview
v SYNTHESIS e e e ol Pt T FCLK_RESETO_N w
¥» Run Synthesis General | Properties P < .
> Open Synthes
Tcl Console % Messages Log Design Runs ? _0O0
~ IMPLEMENTATION a =T £ 11 B B d F
P Run Implementation 1 create bd cell —type ip -vlnv xilinx.com:ip:processing S¥stem7:5.5 processing system7 0 -~
F: Console
> Design
[] ) = STAartgroup
| create_bd_cell -type ip -vlnv xilinx.com:ip:axi bram ctrl:4.l axi_bram ctrl 0
v PROCGRAM AND DEBUG . INFO: [xilinx.com:ip:axi_bram ctrl:4.1-2] design 1 axi bram ctrl 0 0: In IP Integrator, please note that 1
iy ;. -) INFO: [xilinx.com:ip:axi_bram ctrl:4.1-1] design_ 1_axi bram ctrl 0 _0: In IP Integrator, The Maximum addre:
J5 Generate Bitstream .
’ endgroup w
> Open Hardware Manager < ?

*Megjegyzés: Vivado keretrendszert kétféle modon lehet hasznalni
- Project mode: projekt management szemléletmdd, GUI-val (ezt hasznaljuk!)

- Non-project: script parancsos szemléletmdd, GUI nélkul, parancs sorban 15



Fontosabb Vivado konyvtarak

Top-level kdnyvtarban elérhet6
— .xpr = Vivado Project File (xml), log, journal

4 labh2
lab2.cache
V4 lab2.hw
/<név>.srcs Lo
— Project source files, IP Integrator fileok o0s.
» k. impl_
/<név>.sim W syt
. 7 e s . 4 lab2.sdk
— Szimulaciods fileok B mctadata
/<név>.runs e
— szintézis, implementacids futtatasok RemotesystemsTempFiles
> standalone_bsp_0
/ < nev>.$ d k system_wrapper_hw_platform_0
. system_wrapper_hw_platform_1
— SDK Export directory, Hardware Platform (xml) B Testhop
/<név>.cache ek
— ldeiglenes fileok (temp) 4 ). lab2sres
4 sources_1
bd
ipshared
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IPI — IP Integrator

Diagram  x Address Editor x| IPCatalog X 2006

IP_ IntEIIECtuaI ) Q|| x|l o|a e B | |ic|er e
P ro pe rty = Sze | I e m i * Designer Assistance available. Run Block fxutom.ation Run Connection Automation
te rm é k Search: |&

“F 1G/2 56G Ethernet PCSPMA or SGMII ”n

I P k t | 4 ¥ 2D Graphics Accelerator Bit Block Transfer
a a Og u S ¥ AGPP LTE Channel Estimator
3GPP LTE MIMO Decoder

—_ Drag&Drop ¥ 3GPP LTE MINO Encoder

~ 3GPPLTE Turbo Encoder
2GPP Mixed Mode Turbo Decoder

’ z
H ate ko ny G U I ¥ AGPP Turbo Encoder
“F 10G Ethernet MAC axi_bram_ctrl_0
¥ Accumulator f
- AUtO rOUter ¥ AdderiSubtracter
AHB-Lite to AX| Bridge

- REd raW = AMM Master Bridge

T AMM Slave Bridge

— H i bé S Ve Zeté ke k 1 Audio Clock Recovery Unit AX| BRAM Controller

Audio Formatter

j e I Zé S e * Audio 123 Transmitter/Receiver
= AXl-Stream FIFO

F AX] 1012.506 Ethernet Subsystem

- B I 0 kk CSO po rtos I,tal S’ _ Axld-Stream Accelerator Adapter

H4- s axi

5_axi_aclk

BRAM_PORTA -+ |||

: BRAM_PORTE + |||
s_axi_aresetn

processing_system7_0

. o« 7 7 “F mX¥l4-Stream Broadcaster o8 = "
hierarchiak kezelése § A Stream Clock Comveter - o
¥ AXl4-Stream Combiner = M_AXI_GPO_ACLK ZYNQ M_AXI_GPO +

I P Pa ka e r ¥ AX|4-Stream Data FIFO FCLK_CLKO
C g T AXI4-Stream Data Width Converter FCLK_RESETO_N
T AX|4-Stream Interconnect |

— Saj alt’ Va gy ku |56 % mxl4-Stream Protocol Checker ZYNQT Processing System

o AXld-Stream Register Slice

pa rtn e r / 3 rd pa rty Axl4-Stream Subset Converter

~ AXl4-Stream Switch

| P_k |m po rta’ Iésa ¥ AXI4-Stream to Video Out v

EMNTER to select, ESC to cancel, Ctri+0 for IP details

P
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IPI — IP Integrator (folyt)

Dlaqtam X | B Address Editor % |

Sheyng b

[# Designer Assistance available. Run Connection Automation

¢ Re-customize IP X
AXI GPIO (2.0) '
© Documentation IP Location
(] show disabled ports Component Name  axi_gpio_0
proc_sys_meset
E . sync, o mk peset Boarid IP Configuration
ext_reset in s struct_resst[0: 0] m )
- Feset in penpheral_rese] 0:0] m GPIO
—mb debug sys st intenconnec f 0: ]
—{dom_ocked penpheral_aresein{0:0] [] At Inputs
Proc Sys Reset AXT Interconnect [ Al outputs
]
GPIO Width 132 Y [1-321
Default Qutput Value 0x00000000 @ [0x00000000 0xFFFF
Default Tri State Value OxFFFFFFFF @ [0x00000000,0xFFFE
[] Enable Dual Channel
GPIO 2
All Inputs
All €
GPIO Width 32 [1-33
Default Qutput Value  0x00000000 i ] {{]XUUDUUUUU,UXFFFFV
< ?
[ | Enable Interrupt
Ok | | Cancel |
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Exporting HW/FW -> SDK

 .HDF: hardware
definition file:
minden fontos
informacio a
beagyazott rdsz-rol

* .BIT: Bitstream is
exportalhato
(opcionalis, ha van
PL rész)

 SDK inditasa (de akar
kulon is)

File | Edit Flow Tools Window

Layout View Help

&

B

&

Mew Project...

Open Project...

Open Recent Project
Open Example Project...
Save Project As...
Write Project Tdl...
Archive Project...

Close Project

Close Block Design

Open Checkpoint...
Open Recent Checkpoint

Mew IP Location...

Open IP Location...
Open Recent IP Location
New File...

Open File...

Open Recent File

Open IP-XALCT File...

Add Sources...
Open Source File...
Export

Launch SDK

Open Log File
Open Journal File
Print...

Exit

Ctrl+S

]

Ctrl+O
3

Alt+A
Ctrl+N

=

¢~ Launch SDK

(0} Launch software development tool

Exported location: | & <Local to Project>  ~

Workspace: &) <Local to Project> v

oK

( | Export hardware platform for
- software development tools

|| Include bitstream

Export to: | @) <Local to Project> -

i OK [[ Cancel ]

]

Fi

Export Hardware...
Export Block Design...
Export Bitstream File...

Ctrl+P

19



Vivado Projekt beallitasok

Céleszkdz beallitasa pp— .
— FPGA architektura,

Project Settings Specify values for various settings used throughout the design flow. '
General These settings apply to the current project.
X V 4
— k t 6270 V=1 T e
eszkoz merete, - .
Synthesis ame: projecL
A A A Implementation Project device: B Zybo (xc7z010clg400-1 ]
— tokozas, labszam Boiecdevor: IS0 RETR0I0G0400)
3 IP Target language: VHDOL b
— Tool Settings Default library: ¥il_defaultlib
Speed grade :
::I':'roliizgults Top module name: EI
Simulation, Synthesis,

WebTalk

I m plementation’ Help Verilog options: verilog_version=Verilog 2001 %

» Text Editor ) )
. Generics/Parameters:
3rd Party Simulators

BitStream bealllllta,SOk » Colors Loop count: 1,000 2

Selection Rules
Shortcuts

IP repOSitory z‘.sﬂ.tirsfjenﬂeasehavinr
elérésének beadllitasa

] @
— Path-utvonal a

kiilsé 1P-k
megadasa

Tool settings 20



GUI — Zynqg PS nézete

* Zynqg PS
konfiguracioja
ARM magok

— 1/0O periféridk
— DDR vezérl6
— Memoria

rendszer

e |/O particionalas:

— PS, PL részek
— MIO konfig

« MemoryMapped

konfiguracios
regiszterek

(ENTIARY,

¢ Re-customize IP

ZYNQ7 Processing System (5.5)

€ Documentation  £F Presets

Page Navigator —

zyma Block Design.
PS-PL Configuration
Peripheral 10 Pins
MIQ Configuration
Clock Configuration
DDR Configuration

SMC Timing Calculation

Interrupts

IP Location £ Import XPS Settings

Summary Repori

>

Zynq Block Design
S 10 Periphacais e
3P0 S SHoT Application Procesaor Unit (APU)
SPI1
Bankd
i T [Tre o )
{15:0) 12C 1 il —— ARM Conlex -AD ARM Cores -AD
L Syatem Leve! cPU aPU
GAN 1 Confrol Regs
UART O Ein
o UART 1 N . L L] ¥l
MUX [F1%] K G Bnoop Contod wnid Ak
M) 500 El + P D Siave
T —— E01 Channal 512 KBLZ Cache and Controfiar Porfs
YECT I | |
UsH 1 ooM 255 KR
ENETO N L CoreSight Interconnedt SRAM
EMET 1 Conval Components
Bank1 = 3
MO FLASH Memory + '
{53:18) Intedaces — el .| oap ]
SEAMIOR = Memory Intedzcss
NAND <
GUAD SPL_ | e pEVE I Programmahbis DOR2E LPOORZ
— - v— ST Logic to Memany - Conirofier
Interconnact
S8C Tming = 2
Calculaion
DA Eyne SIS
Clock : : n:u :‘ Processin
g System({PS
Resata ] t Generation | TErE 4
il iz CIENERE a2 OMA RS | High Perormamce
fended oGP MG | epones | (Config L XADC
M0 EMID) . PEPL Rl AX1 AES! AX 1 A20/EdD Slave
Gl Perts Naster Save EHA Forta
Pons Podts -
4 Re-customize P x
ZYNQ7 Processing System (5.5) P Programmable Logic(PL)

© Documentation ¥ Presets - IPLocation &% Import XPS Settings

Page Navigator  — Peripheral 0 Pins

«azz:e

Zynq Block Design

PS-PL Configuration Search: | &

Peripheral 110 Pins ko | LvcHos3av v

Peripherals

WIO Configuration > ) Quad SPIFlas |

Summary Report

‘Banm LvCHOS 1.8V v

e T s e e i e o e inglle el il 2 = e 2 T

oK | | Cancel

Clock Gonfiguration >

>

DOR Configuration

SrAM

> &) Ethemet0

s Tming Caloulaton

Interrupts W useo
Ouss1
>@ 800
>0 so1
> sPio

> sPi1 s

>(J uART 0 E

e i
sra - 0
o
>
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Orajel konfiguracio

Bemeneti frekvencia allithato (Processzor, DDR)
Minden IOP frekvencia allithaté

PL oldali 6rajelek engedélyezhetSk/ allithatok

Timer(ek) beallitasa

Page Mavigator

PS-PL Configuration

Peripheral IO Pins

MIQ Configuration

Clock Configuration

DODR Configuration

SMC Timing Calculation

Interrupts

Zyng Block Design

Clock Configuration

Basic Clocking

Input Frequency (MHz) SD.DDDDUD| CPU Clock Ratio| 6:2:1

LB L U

Summary Report

Search:
Component Clock Source Requested Fregu... Actual Frequency(... Range(MHz}
Processor/Memory Clocks |
CcRU ARMPLL » | 650 650.000000 50.0 : 667.0
DOR DDRPLL » | 525 525.000000 200.000000: 534.000...
~ |0 Peripheral Clocks
SMC IO PLL 100 10.000000 10.000000 : 100.000000
Q5P| 10 PLL v || 200 200.000000 10.000000 : 200.000000
EMNETO IO PLL w || 1000 Mbps w | 125000000
EMNETH IO PLL 1000 Mbps 10.000000
S0I0 10 PLL w |50 50.000000 10.000000 : 125.000000
5P 10 PLL 166 6EEE6G 10.000000 0.000000 ; 200.000000
> CAM
~ PL Fabric Clocks
[ FCLK_CLKD IO PLL w 100 100.000000 0.100000 : 250.000000
[ FCLK_CLK1 IO PLL 50 10.000000 0100000 : 250000000

* Clock Configuration (forras ARM_PLL, DDR_PLL, I0_PLL)

22



Fontosabb roviditések

* Vivado beagyazott rendszerfejlesztd eszkoz altal hasznalt, vagy
generalt fontosabb fajlok (kiterjesztései):

XPR = Xilinx Project File

.HDF = Hardware Definition File (XML alapu leiré -> SDK bemenete)
.XDC = Xilinx Constraint File (~ Synopsis .SDC)

.BIT = Bitstream (configuration file)

XBD = Xilinx Board Definition (3rd Party HW leiré fajl) — XML alapu

* Vivado SDK fejleszt6 eszkoz altal generalt fontosabb fajlok:

.ELF = Extensible and Linkable Format
.LD = Linker Script Download file

.BSP = Board Support Package (SW + OS)



ARM™ BEAGYAZOTT PROCESSZOR
MAG



ARM processzor architektura

e 7Zynq PS részén talalhaté

 ARM Cortex-A9 processor az ARMv7-A alapokon
— ARMV7 az ARM Instruction Set Architecture (ISA)
— ARMvV7-A: Alkalmazas Memory Management Unit (MMU)

* Ezértis hivjak még APU-nak, azaz Alkalmazas Processzornak
— ARMvV7-R: Real-time Memory Protection Unit (MPU)
— ARMVvV7-M: Microcontroller: MO, M3 (2019%*)
 ARMV7 ISA utasitasok
— 16 bits/32 bits
— NEON: ARM’s Single Instruction Multiple Data (SIMD) utasitas
bévitmény
 ARM Advanced Microcontroller Bus Architecture (AMBA®) protocol
— AXI3:v3 ARM , busz” interfész
— AXIl4: v4 (extended bursts)

e ,Cortex” Ujabb processzor csalad neve: A9, A53




Zyng APSoC blokk diagramm

&
Processing System v
] Static Memory Controller Dynamic Memory Controller Programmable
"" »| Quad-SPI, NAND, NOR DOR3, nnnz LPDDRI Logic:
* ¢ System Gates, e
=P 2 SPl g st _ g
“T" s_AXI_HPO &
—p 2x12C (=P
ARM® CoreSight™ Multi-core & Trace Debug s AXI HP1 3
=P 2xCAN |gep ' : —— = &
NEON™/ FPU Engine NEON™/ FPU Engine I ¥t
=P 2 UART (g : | S_AXI_HP2 =)
> 10 Cortex™-A9 MPCore™ | Cortex™-A3 MPCore™ _ S AXI HP3 =
MUX || GPIO |y quep| 32/32 KB /D Caches 32/32 KB I/D Caches =AAL g
¢=p| 2xSDIO 512KBL2Cache | SnoopContralUnit(SCU) S_AXI_ACP g
D Timer Counters 256 KB On-Chip Memory - =
g—p| 2xUSB GeneralInlerrupt Controller DMA Configuration .E
withDMA [ E
2x GigE t 3 U t t =
| Lwith oA [+=> . AMBASSwiches 2
— # 4 t l l
v | b
EMIO XADC S_AXI_GP0ONM M_AXI_GP0/1 PCle
Multi-Standards 1/0s (3.3V & High Speed 1.8V) Multi Gigabit Transceivers

¢ t ¢
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ARM processzor architektura

Zyng PS részén talalhaté

ARM Cortex-A9 processor az ARMv7-A
alapokon

— ARMVvV7 az ARM Instruction Set Architecture
(1SA)

— ARMv7-A: Alkalmazas Memory Management
Unit (MMU)
* Ezért is hivjak még APU-nak, azaz Alkalmazas
Processzornak | ROFIO

ﬁl:\li\tllzll\alpRU;{eal time Memory Protection Cors = ewprot - | | ‘_égtmﬂ:uwr:r

— ARMvV7-M: Microcontroller, skalazhato ln -
orajellel
ARMV7 ISA utasitaskészlet Cortex A9
— 16 bits/32 bits Single core

— NEON: ARM’s Single Instruction Multiple FTo¢essor
Data (SIMD) utasitas b&vitmény

ARM Advanced Microcontroller Bus
Architecture (AMBA®) protocol

— AXI3:v3 ARM , busz” interfész

— AXI4: v4 (bursts)

,Cortex” Ujabb processzor csalad neve

T Coresight
Gm Trace

PL310 L2 Cache Cont
L2 Cache Bus Interface Unit (BIU) ECCRAMS

Controller  [NNGHENERESIN SR w—w)

; AMEA 3 AX] et *
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ARM PS/PL memoria térképe

 The Cortex-A9 processor
uses 32-bit addressing
(4Gbyte)

e All PS peripherals and PL
peripherals are memory
mapped to the Cortex-A9
processor cores

e All slave PL peripherals will
be located between

4000_0000 and 7FFF_FFFF

(connected to GPO) and
8000 0000 and BFFF_FFFF
(connected to GP1)

R

FFFC_0000to FFFF_FFFF
FDO00_0000 to FFFB_FFFF
FCO00_0000to FCFF_FFFF
F8F0_3000 to FBFF_FFFF

F890_0000to FBFO_2FFF
F801_0000to FB8F_FFFF

F800_10001to FB80_FFFF
F800_0C00 to FBO0_OFFF
F800_0000 to FBO0_0BFF
EG00_0000to F7FF_FFFF
E100_0000to ESFF_FFFF
E030_0000to EOFF_FFFF
EO00_0000to EO2F_FFFF
C000_0000to DFFF_FFFF

OCM

Reserved

Quad 5Pl linear address

Reserved

CPU Private registers

Reserved

PS System registers,

Reserved

SLCR Registers

Reserved

SMC Memory

Reserved

10 Peripherals

Reserved

6000_00001to BFFF_FFFF
4000_0000to 7TFFF_FFFF

PL (MAXI _GP1)

PL (MAXI _GPO)

0010_0000to 3FFF_FFFF

0004_0000to O00F_FFFF
0000_0000to 0003 _FFFF

DDR(address not filtered by SCU)

DDR{address filtered by SCU)

OCM




PS fontosabb részei

Application processing unit (APU)

/O peripherals (I0OP)

— Multiplexed 1/0 (MIO), extended
multiplexed 1/O (EMIO). Max 54 1ab!

Memory interfaces

DDR
Controller

NAND, NOR/SRAM, QSPI
Controllers

— Public and private

PS interconnect g e
(= o 2
DMA g 3
Timers 2 £t
o
5
£

General interrupt controller (GIC)
On-chip memory (OCM): RAM
Debug controller: CoreSight

Processing Processing
System Master System Slave
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Boot sorrend

e CPUO boots from OCM ROM; CPU1 goes into a sleep
state

* On-chip boot loader in OCM ROM (Stage 0 boot)
* Processor loads First Stage Boot Loader (FSBL) from
external flash memory:
— NOR
— NAND
— Quad-SPI
— SD Card
— JTAG; not a memory device—used for debug only
— (Boot source selected via package bootstrapping pins)

* Optional secure boot mode allows the loading of
encrypted software from the flash boot memory



|OP — |0 perifériak
Legend
° 2 GI gE Arrow direction shows control (master to slave)

dataflows inboth directions
e 2 USB AHB 32bit, APE 32bit, MIO Only, EMIO only, MIO or EMIO
2 SPI

» 2SD/SDIO
e 7 CAN Master
e 212C

* 2 UART e
* 4 db 32-bit GPIOs

54 Dedicated Pins

. . IoOP
e Static memories e can
] {2C
— NAND, NOR/SRAM, > I —— AT
> 6"
— Quad SPI B ——,
* Trace ports e

.
Paidiel Bus
{SHAR, Flah)
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PS-PL 6sszekottetések (hidak)

To DDR
e AXI high-performance slave portok (HPO-HP3) "
— 4 Configurable 32-bit or 64-bit data width
— Access to OCM (1) and DDR (2) only
— Conversion to processing system clock domain Fiogiaieabie

Logic to Memory
— AXI FIFO Interface (AFl) are FIFOs (1KB) to smooth
large data transfers

e AXl general-purpose portok (GPO-GP1)

— 2masters from PS to PL el N From Programmable Logic
System System Slave S_AXI_HPO...3
— 2slaves from PL to PS Master ¥ |nterconnect

Interconnect

— 32-bit data width

clock domain M_AXl_GPO/1 S_AXI_GP/1
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PROCESSZOR MAGOKHO?Z
CSATLAKOZO BUSZRENDSZEREK



Buszok , 1x1”

* Busz: egy olyan tébb-vezetékes utvonal, amely a kdvetkez6
informaciokat hordozza:

— cim, adat, utasitas, vezérlési informacio
* Processzor (magok) és az IP perifériak 6sszekapcsolasara
* Perifériak osztalyozasa a , kezdeményezés” alapjan:

— Arbiter (A) — arbitracidés egység, master (M) - kezdeményez6, vagy
slave (S) - fogado, vagy mindketté master/slave is egyben (hid=bridge)

Arbiter Master | | Arbiter

Master/

Master = Slave
(Hid)

Slave Slave Slave




Buszok , 1x1”

* Busz master (M) : képesség busz tranzakcid inditasara
e Busz slave (S): csak valaszol egy kérésre
e Busz arbitracid (A): egy 3-1épéses dontési folyamat

— A master (M) eszkdz a BR (bus request) vonalon keresztul benyujtja
busz foglalasi igényét az arbiter (A) felé a soron kovetkez6
tranzakciohoz

— Az arbiter (A) folymatosan monitorozza (poll) az igényeket, és kiad egy
BG (bus grant) jelet annak a master egységnek, amelynek pl.
legnagyobb volt a fix-prioritasa (ha tobb is benyujtotta egyszerre
igényét)

— Az busz-igényl6 master (M) egység veszi a BG jelet, majd pedig akkor
inditja el a tranzakciot (iras-olvasas) a slave (S) egység felé, amikor az
el6z6 master (M) egység befejezi az aktualis tranzakcidjat

e Arbitracio: dontési mechanizmus = Ki legyen a master a
kdvetkezb tranzakcional? Dontés alapja lehet:

— Fix-prioritasu,

— round-robin, vagy akar

— hibrid mdédszer



ARM AMBA — AX| interfész

AMBA: Advanced Microcontroller Bus Architecture

ARM AMBA Szabvany FPGA-kra
|
| | |
(2003)
Szabva'nyos I-----h-----—----+----1IIlllllllllblllllllll:
specifikacid \ I - AMBA 4.0
" : (2010)
Interfész Tulajdonsag Hasonl6 busz

Memory Hagyomanyos cim/adat Burst - Ioket PLBv46, PCI
Mapped / Full (SAMD = egy cim — tdbb adat). Burst: max 256 egység
Streaming Nincs cim, csak adatatvitel — Léketszerii Local Link / DSP interfészek /

(unlimited burst) FIFO / FSL
Lite Hagyomanyos cim/adat — Nem Ioketszerii PLBv46-single

(SASD = egy cim — egy adat) OPB (elavult)

Adat lehet 32 / 64 bites *

*Xilinx IP 32-bites adatvitel tdAmogatasa 36



AXI - Advanced Extensible Interface

e Szabvanyos interfész és protokoll definicid egyben,
e Széles korben hasznalt,

e Nem tekinthetd busz 0sszekottetésnek!

e Az AXI specifikaciok inkabb interfészként
definialjak (és nem pedig busz 6sszekottetésként!) :

— Nem azt adja meg, hogyan kell 6sszekotni a
rendszerben |évd IP perifériakat, hanem

— Egy IP periféria be-, ki-meneteit definialja.
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AXI4 alap mdd (memory mapped) &

\J

Read address channel
Address
//’i::t(:ol
Read Address Channel Master " A Siave
el / Read data channel \ N —ch
Read Data Channel——F—— esd | Ress | Read | Read
data data data data
Write address channel
Address
/%coar;(:ol
T
Write Address Channel N
. 4 Write data channel
erte Data Channel Master Write Write Write Write Slave
. interface data data data data interface
Write Response Chan@ - - - .
\ Write response channel
N Write
response
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AXI4 Stream

* No address channel, no read
and write, always just master
to slave
— Effectively an AXI4 “write data”

channel

e Unlimited burst length
— AXI4 max 256
— AXI4-Lite does not burst

* Virtually same signaling as AXI
Data Channels

— Protocol allows merging,
packing, width conversion

— Supports sparse, continuous,
aligned, unaligned streams

Master
interface

AXI4-Stream Transfer

data channel

data data data data

Slave
interface
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AXI4 Lite mad

No burst

— Ex. pass control information

Data width 32 or 64 only
— Xilinx IP only supports 32-bits

Very small footprint

Bridging to AXI4 handled
automatically by
AXI_Interconnect (if needed)

Read address channel

(QENTIARY,
Yy, e
& O
Z
g 2
o
@
A/J/
DOMA

AXl4-Lite Read

Slave
interface

AXlI4-Lite Write

Address
and
control
—_—
Master
interface
Read data channel
Read
data
-—
Write address channel
Address
and
control
_—
Write data channel
Master Write
interface data
_

Write response channel

Write
response

-—

Slave
interface
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AXI vs. PLB

PLBA6 ’ Osztott elérésu busz
MB Processzor " " p
osszekottetés
PLB
AXI Master-ek AXI Slave-ek
AXI Interconnect IP
, . AXI ax| AXl AXI
IP Perifériak " Implementacio
nincsen egzakt moédon
PLB ,
leirva AXI > AXI  AXI »AXI
" Minden cég sajat “AXI L
& interconnect IP”-t =
hozhat létre | A AXI
s = Xilinx is megépitette a
sajét AXl rendsze I’ét AXI: A nyilak irdnya a master — slave
viszonyt, nem pedig az adatatvitel
Arbiter - iranyat mutatjak!
L AXI = interfész |
specifikacio (és nem busz Master >| Slave
specifikacio, mint a PLB!)
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LMB — Local Memory Bus

e Az LMB 1 orajel ciklus alatt végbemeno
adat/utasitas elérést biztosit a MicroBlaze
processzornak

— on-chip, két-port-os memoriak (BRAM-ok)
— sajat dedikalt adat/utasitas busszal
e Egyszerl szinkron protokoll

— DLMB: Adat interfész LMB (csak BRAM)
— [LMB: Utasitas interfész LMB (csak BRAM)



Buszok — interfészek osszefoglalasa

* MicroBlaze/ARM az AXl-interfész tamogatott a Vivado-ban

« AXI: interfész nagy sebességl pont-pont O0Osszekottetest
biztosit

e LMB: processzor lokalis memoriaja (adat, verem, és
megszakitas kezeld rutinok szamara). Fix, és determinisztikus
késleltetésd.

 MicroBlaze esetén:
— AXI: Little és Big-endian is lehet



BEAGYAZOTT SZOFTVER-FEJLESZTO
KORNYEZET (XILINX VIVADO SDK)



Software Development Kit (SDK)

Altalanos tulajdonsagai (roviden): SDK

Software Development Kit

20183

* Teljes-értékd integralt SW fejleszt6 kornyezet RIS

— Eclipse-alapu nyilt forraskédu IDE e
e Az Vivado Project Navigatortol kilonallé Xilinx modul SpK
— Csak beagyazott SW alkalmazasok fejlesztésére hasznalhaté Xilirx SDK

2018.3

* Bedgyazott HW/FW rendszerek debug-olasat biztositja

e Kifinomult SW kornyezet, mely egyszerre tamogat:

— Tobb-processzor magos platformokat,
— Tobb BSP-t hasznald SW rendszereket,
— Tobb SW alkalmazast futtatdé rendszereket.

* Hatékony C/C++ forrdskdd szerkeszt6 (editor) és hiba-keresé
(navigator)

e *SDK hasznalata részletesen a BER_04. foliatol
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SDK — Eclipse/CDT modulok:

* Forditd (builder) modul:

Forras fajlok forditasa és 6sszerendelése (linker script: .LD)

Alapértelmezett forditasi beallitasok (option) generaldodnak egy beagyazott SW
alkalmazas |étrehozasakor: Debug, Release vagy Profile konfiguraciok
kivalasztasa

Késbbb ezek a beallitasok szabadon valtoztathatdk, finom-hangolhatok
(custom build)

Forditasi tipusok: Standard Make, Managed Make (makefile.)

e Futtatd modul:

Meghatdrozhatd: alkalmazas futtatdsa (Run /+ Profile), vagy Debug
Céleszkoz beallitasai (Target Connection settings)
Futtathato file: .ELF + Executable Load File

* Hibakeres6 (debug) modul:

Hibakeresé (gdb) inditasa, alkalmazas betbltése, majd pedig hibakeresés
Hibakeresés allapotardl informacidkat ad (Debug nézet)

e Keres6 (search) modul:

Segiti az alkalmazas fejlesztését

e Segitd modul:

Online-help



Vivado SDK GUI

Project Explorer (3 szint):

- HW Platform

- BSP: Board Support Package
- Alkalmazas projekt

Run  Window Help

- | B -EEEEEE E v | Ty Qv @ n

'L/ﬁroject Explorer &2 \ = \':"/| v v E\@

Quick Access

£ | [% C/C++ | %5 Debug
emory_confi... ‘A [5) ps7_init.cl ‘A 23 = = Ou%e 52 | © Make Target’ C’\R

1

orm.c &3 L@ memorytest.c ‘ @ xil_testmem.c

B

4 BS memory_test \ || /& copyright (C) 2010 - 2014 Xilinx, Inc. Allfights reserved.] ) EERY 0 % )
b 34 Binaries | s
i *‘ | #include "xparameters.h" S/l A et
> [ Includes P 2 i
= #include "xil_cache.h" ® il cacheh
b (= Debug = platform_config.h
4 (5 src #include "platform_config.h" = xuartns550_Lh
> € memory_config_g.c @ enable_caches() : void
b [ memory_config.h #ifdef STDOUT_IS 16550 . o disable_caches() : void
, #include "xuartns55@_1.h
> € memorytest.c Sendif e init_platform() : void
b [h] platform_config.h © cleanup_platform() : void
> g platform.c = void
b [n platform.h enable_caches()

T8 Iscript.id
4 M memory_test0_bsp
» 1 BSP Documentation

{
#ifdef _ PPC__
Xil_ICacheEnableRegion(XPAR_CACHEABLE_REGION_MASK);
// Do not enable caches for memory tests, this has pros and cons

b & ps]_cortexad 0 // Pros - If caches are enabled, under certain configurations, there will be very few
| ® Makefile // transactions to external memory
(M, system.mss // Con - This might not generate a burst cacheline request
4+ [ system_wrapper_hw_platform_0 // Xil_DCacheEnableRegion(CACHEABLE_REGION_MASK);
i) - - #elif _ MICROBLAZE
[€ ps7_init_gpl.c o = )
[ ps7_init_gpl.h ~\ — &
[€) psZ_init.c | . W‘@Tasks El Console 2 | 5 Properties| & Terminal 1 = |m Luog
s7_init.h B — - p— — —
% 257-init html [ T U2 =B 68 - cx| | I B H : : .
= = {CDT Build Console [memory_test0] 00:17:01 INFO : Inferring section assignmen
— ps7_init.tcl 'Invoking: ARM Print Size' .|| ©0:24:19 INFO : ps7_init is completed.
|=) system_bd.tcl arm-xilinx-eabi-size memory test@.elf |[tee "memory_test@.elf.size" 00:24:19 INFO : Processor reset is complete(
|4g system.hdf text data bss dec hex filename 80:53:46 INFO  : ps7_cortexa9_@ Processor is|_
N m ] » 26292 1184 18292 37768 9388 memory_test@.elf 00:53:49 INFO : Processor reset is complete|™
! 'Finished building: memory_ test@.elf.size' 00:54:35 INFO : Processor reset is complete| _
E;ﬂ;Target Connections &% 4 g_? = B | L — || @0:54:58 INFO : Inferring section assignmen
- : - 1 _|||| @@:55:12 INFO : Successfully generated D:\_
» &2 Hardware Server IR9:04:24 Build Finished (tomms_)\ "': ‘ ©0:55:12 INFO : Applying linker script to a
I -~ —— -t .

b &% Linux TCF Agent

S - | ]Uzenet / Konzol ablak

" -
ne reset is comnleter
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3 fO tertlet:

1.

3.

Compiler/Linker
beallitasok -
alkalmazasra

BSP: Board
Support Package
— SW platformra

Linker Script
generalas
(memoria
kiosztasok)

C/C++ Build
Build Variables
Discovery Options
Environment
Logging
Settings
Tool Chain Editor
C/C++ General
Project References
Run/Debug Settings

r N
@ Properties for hello_world_0 - L_IM
| Settings v v v
Resource "

Builders

Configuration: [Debug [Active ]

% Tool Settings | & Build Steps |

Build Artifact | iy Bina

$3 ARM gcc bl

m

(= General
$3 ARM gcc compiler
(2 Symbols
(2 Warnings
(2 Optimization
(2 Debugging
(2 Profiling
(% Directories

(2 Miscellaneous
(2 Inferred Options
(2 Software Platform
(3 Processor Options
) ARM gcc linker

(53 General
< mn

=]

Vivado SDK — SW management

b i 7
All options:
@ Board Support Package Settings - &

Expe|
C'om Overview
fine standalone
drivers
cpu_cortexad

-
& Generate a linker script -

Generate linker script

Output Settings
Project: hello_world_0
Output Script:

Control your application's memory map.

board\project_2\project_2.sdk\SDK\SDK_Export\hello_v
Modify project build settings as follows:

[Set generated script on all project build configurations v]

Hardware Memory Map

Memory

ps7_ddr 0_S_AXI_BASEADDR
ps7_ram_0_S_AXI_BASEADDR
ps7_ram_1_S_AXI_BASEADDR

@

Base Address Size

0x00100000 1023 MB
0x00000000 192 KB
0xFFFFO000 ~63.5 KB

Board Support Package Settings

Control various settings of your Board Support Package.

hello_world_bsp_0

0S Type: l

is a simple, low-level software layer. It provides access to basic

0S Version: R

Target Hardware

Hardware Specification: C:\xup\zedboard\project_2\project_2.sdk\SDK\SDK_Export\system_hw_platform\system.xml
ps7_cortexad 0

Processor:

Supported Libraries

Check the box next to the libraries you want included in your Board Support Package.You can configure the library in

the navigator on the left.

processor features such as caches, interrupts and exceptions as well as the basic
features of a hosted environment, such as standard input and output, profiling,
abort and exit.

Name Version
] Iwip140 1022
| xilfatfs 1.00.a
] xilflash 3022
[T xilisf 3.00.2
] xilmfs 1.00.a

Description

IwIP TCP/IP Stack library: IwIP v1.4.0, Xilinx adapter v...
Provides read/write routines to access files stored on...
Xilinx Flash library for Intel/AMD CFI compliant paral...
Xilinx In-system and Serial Flash Library

Xilinx Memory File System

Basic Advanced}

Place Code Sections in: ~ ps7_ddr_0_S_AXI_BASEADDR

Place Data Sections in:

ps7_ddr_0_S_AXI_BASEADDR

Place Heap and Stack in:  ps7_ddr_0_S_AX]_BASEADDR

Heap Size: 1KB
Stack Size: 1KB

3

Generate ] [ Cancel

]
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