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Outline

Part 1

 FPGA structure and design platform
 VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

« Embedded software design FPGA

* |P core development and integration
Part 3

« Software and hardware debuging
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Introduction

ReleF

{5

+o

Field Programmable Gate Array
 Integrated circuit that can be programmed after
manufacturing (at field)

First FPGA in 1984 (Altera EP300)

Initially primarily used in telecommunication
and networking

Spread to consumer, automotive, and
iIndustrial applications

Used for acceleration (Bing search engine), in
data centers (Amazon AWS)



Introduction
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* Producers
« AMD (just acquired Xilinx),
 Intel (acquired Altera),
* Microsemi (Actel),
o [attice, ...

« Digital circuits
« synchronous design,
« asynchronous design

« Analog and mixed signal blocks (ADC, PLL)



Introduction
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Comparison with other technologies

| AsC FPGA

Speed Very fast (GHz) Fast (100 MHz) Medium
Power consumption Low Medium High
Development cost Very high Medium Low

Reconfiguration Limited Field upgrades High

ReleF
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 FPGA structure and design platform
 VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

* |P core development and integration
 Embedded software design FPGA
Part 3

« Software and hardware debuging
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General FPGA structure

Input/Output

Flock \l

Configurable
Logic

FPGA Structure

|CLB iCLR iCLR iCLB

|CLR ICLB5+H=CLBHHHCLB

Block I

L

Switch
Matnx

T o F

ReleF




Configuration memory
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2D array of frames

Technology

« Volatile memory: SRAM (Xilinx, Intel)
* Non-volatile memory

* Flash (Microsemi, Lattice)

« EPROM, EEPROM (obsolete)

« fuses

Vulnerable to radiation induced faults (SEU)
* Error correction techniques



FPGA hardware resources

* Logic blocks (CLB or slice)

 10B

* Memory

 DSP blocks (computational blocks)
« Switching matrix

* Clock sources

« Special blocks (e.g. ICAP)

* Analog or mixed signal blocks

Al
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Logic block

« Look-Up Table
« 60r5 input

* Flip-flop

« Carry-add logic

* Multiplexer

« Shift register
* Distributed RAM

G4
G3 ;
G2
Gl
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Input / Output Block
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Interface to chip pins

Support voltage levels for different
semiconductor technologies

« TTL, CMOS, ...

Different speed:
* General purpose interface (majority of 10 pins)

« High performance interface (DDR, PCI, Ethernet)
Latching flip-flops
Buffers on the 10 pins



Input / Output Block

Passie
Slew Fate | | gl g

Control |1 Bl Down
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Memory

Distributed memory consumes logic blocks
Block RAM (memory cores)

Synchronous memory

2 X 18kb or 36kb RAM blocks

Single/Dual port RAM

Used for
« Buffers

« FIFOs
Integrated error correction

T o F
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Memory

WEA

ENA

SSRA

CLKA

ADDRA[r,—1:0]

DIA[wA—l 0]

Pa-
DIPA 1.0]

WEB

ENB

SSRB

CLKB

Y

ADDRBJ[rg—1:0]

DIB[wg—-1:0] _

DIPB [pg-1:0]
—

DOPA[ps—1:0]

ﬂ
DOA[Wa—1:0]
_»

DOPB[pg—1:0]
ﬁ

DOB[wg—1:0]
ﬁ
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DSP block

« 25 x 18 multiplier

« 48 bit adder

« 48 bit logic operators
* Pipeline registers

e Pattern detectors

« SIMD operations
 Pre-adder

Al
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DSP block
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Pre-adder

48-Bit Accumulator/Logic Unit

>

25x18
Multiplier

Y

>

Y

Pattern Detector
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Switching matrix

« Connects horizontal and vertical signals
* Route signals between |IOBs, CLB
« Controlled by configuration memory

T o F
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Clock sources
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Global clock buffer
« High fan-out clock distribution buffer

Low-skew clock distribution
Clock regions

Clock management tile (CMT)

 One Mixed-Mode Clock Manager (MMCM) and
one Phase-Locked Loop (PLL) per clock

* Frequency synthesis, clock de-skew, and jitter
filter



Special blocks

ICAP interface
« Dynamic partial reconfiguration

SEM controller

« Soft Error Mitigation controller
Frame ECC interface
Status interface

Error Injection interface
Monitor interface, ...

Al
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Analog or mixed signal blocks
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« XADC block introduced In latest Xilinx 7-séries

and Zynqg family
Dual 12-bit IMsps ADC
17 analog inputs
1V input range
16 bit resolution

Built in digital gain and offset calibration



Analog or mixed signal blocks

Temperature Supply veomr

VREP_0 VREFN_O

Sensor  Sensors Veocaux ? (I)
; VoceRa
Die | - 't .
Temperature c $ Egg;ﬂ;m ang'& Ref
| Yeco_porl™ | ' |
: Control Status
VP_D o——] 12-bit, r = -
VN_O 0—\ Mux 1 MSPS Registers Registers
VALIXP[0] o—— ADG A
VALIXN[0] © “
. i |_ff 64 x 16 bits 64 x 16 bits
. Read/\Write Read Only
External VAUXP[12] o—— Mux
Analog Inputs | VAUXN[12]0— .
VAUXP[13] 0—— / 12-bit, —
VAUIXN[13) O— < 1 MSPS
VAUXP[14] o0— ADC B e
VAUXN[14] O— N
VAUXP[15] —| ) 4
UALIXNHE]D—/ ]
DRP
FPGA
JIAG Interconnect l

®0c0c0cc000000000000000000000 00
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Xilinx FPGA device families I8
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« XC series (from 1984)
« Spartan series
* Virtex — high performance family

With 7-series Xilinx introduced new families:

« Artix — low power and cost

« Kintex — best price/performance ratio

« Zyng — SoC with hard ARM processor core



Xilinx 7-series families
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Artix Kintex Virtex Zynq
Logic cells [K] 33-215 66-478 583-1955 26-444
BRAM [Mb] 2-13 4-34 26-68 2-27
DSP 90-740 240-1920 1260-3600 80-2020
DSP perf (GMAC) 929 2845 5335 2622
Transcievers Up to 16 Up to 32 Up to 96 Upto 16
Trans. Perf (Gbps) 6.6 12.5 28 12.5
Mem. Perf. (Mbps) 1066 1866 1866 1333
/O pins 106-500 285-500 350-1100 54-400




Xilinx Vivado

WebPack:

* Limited to smaller FPGA devices
* Synthesis

« HDL Simulation

* Logic analyzer

« High-level synthesis

Design edition:
o All 7-series devices and later devices

System edition:
« System Generator for DSP

T o F
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Xilinx Vivado

« Hardware representation (Vivado HLXx):
HDL languages:

 VHDL language

* Verilog

« Not all code is synthesizable
Schematic capture Is not supported
C / C++/ SystemC (Vivado HLS)
Constraint specification

« Timing constraints, clock definitions

* 1/O pin definitions

T o F
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Outline

Part 1

 FPGA structure and design platform
« VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

* |P core development and integration
 Embedded software design FPGA
Part 3

« Software and hardware debuging
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Vivado: Getting started

Quick start
Create new projects

Open existing projects
Open example projects

List of recent projects
Link to various tasks
Manage IP

Learning center
User guides
Tutorials

: LLL]
e -ﬂ?&-
il
Fle Fow Tools Window Help =~ Q- QuickArcess
VIVADO! & XILINX
. A ®
HLx Editions
Recent Projects
Quick Start
fexport/homeftoni/sandbox/XilinkVivadoluar...

L4

Create Project >

Open Project >

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >
Xilinx Tcl Store >

Learning Center

e

Tel Conscle

>

b




Vivado: Create new project RS
s

Project Name

¢ S e I e Ct p rOJ e Ct fo I d er Enter a name for your project and specify a directory where the project data files will be stored.
 Different types pocrame: [une

Project location: | fexport/homestonifsandboxXilink/Vivado E‘

e RTL
Create Project Type
. Project will Specify the type of project to create. '
* Post-synth
ost-syntnesis
- (@) RTLProject
[ ) I/O p | an n I n g "~ Youwill be able to add sources, create block designs in IP Integrator, generate IP, run RTL

analysis, synthesis, implementation, design planning and analysis.
[) Do not specify sources at this time

« Import from other tools

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

(™} I/O Planning Project
Do not specify design sources. You will be able to view part/package resources.

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

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

FEinish Cancel




Vivado: Create new project

« Add HDL sources
 Select HDL sources

« Copy sources Iinto
project

e tb XXX sources are
simulation definitions

1 voc

(o
e

®0c0c0c0000000000000000000000

Look in:

® led_ctlv

@ meta_hardeny

® th fifow

lab1_zed ~

toaE0, mXC s

Recent Directories

fexport/homestonifsandbox/ilinyWorkshop-2014/sys_design..

® th_resetge
@ th_resp_che
® th_uart_driy
@ th_uart_rxy
® test_uart_ryf
@ uart_baud g
® uvart ledwv
® vart_rxv

© uvart_rx_ctly

File name:

Files of type: D

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to '
your project. Create a new source file on disk and add it to your project. You can also add and

+,
Index Name Library HDL Source For Loca
[ ] 1 led_ctlv xil_defaultlib ~ Synthesis & Simulation  ~  fexp
® 2 meta_hardeny  xil_defaultlib  Synthesis & Simulation v Jexp
[ 3 vart_baud_genv  xil_defaultlib  Synthesis & Simulation  ~  fexp
® 4 vart_led.v xil_defaultlib ~ Synthesis & Simulation = fexpc
[ ] 5 uart_rwv xil_defaultlib ~ Synthesis & Simulation  ~  fexpt
® 6 vart_rx_ctlv xil_defaultlib ~ Synthesis & Simulation = fexpc
< ¥
Add Files | | Add Directories | | Create File
[_] Scanand add RTL include files into project
Copy sources into project
Target language: | Verilog w Simulator language: | Verilog w

Fg .




Vivado: Create new project

Add Constraints

Select constraint
definitions XDC

Copy constraints into
project

Multiple constraint
sets of same type

One Is active

(o 0 o

1o
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Look in:

[ vart_led_pins.xdc

lab1_zed v | ol P X C [EEiE

Recent Directories

|[[: uart_led_timing.xdc

fexportshomestonifsandbox/XilineWorkshop-2014/sys_design..

File name|

Files of ty{

Add Constraints (optional)
Specify or create constraint files for physical and timing constraints. '

+,
Constraint File
vart_led_timingxdc  fexport'home/toni/sandbox/XilinWorkshop-2014/sys_design/2014_2_zyng

Location

< >

Add Files | | Create File

Copy constraints files into project




Vivado: Create new project

 FPGA device / board

 Select correct FPGA
board / device

« Speed information
« 1/O pin assignment
* Predefined constraints

Al

Default Part

Choose a default Xilinx part or board for your project.

Parts | Boards

Reset All Filters

vendor: | All w | Name: | All

Search: -

Display Name
Kintex-Ultrascale Alphadata board

ZedBoard Zyng Evaluation and Development Kit
Add Daughter Card Connections

Artix-7 ACTO1 Evaluation Platform
Add Daughter Card Connections

Alveo U200 Data Center Accelerator Card

Alveo U250 Data Center Accelerator Card

<

Update Board Repositories

Preview Vendor

silino.com

silino.com

silinx.com

@

alpha-data.com 1

em.avnet.com 1

Fi
A

Cancel




Vivado: Project manager

48

|
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;

« Manage source, customize IP, and view project

details in the Project Summary window
* Flow navigator

e Source view:
« Hierarchical display of sources
« |P sources an library view
« Access to constraint sources

* Project summary
« Report device utilization, timing, ...

 Consoles: tcl, messages, reports,...



Vivado: Project manager

Eile
=

]

Edit Flow Tools

Md
"

Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

v IPINTEGRATCR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

~ RTLANALYSIS

> Open Elaborated Design

v SYNTHESIS

P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

> OpenImplemented Design

v PROGRAM AND DEBUG

¥ Generate Bitstream

Reports
b‘

? -

T ™

ReleF

Window  Llayout View Help Q- Quick Access Ready
i o > == Default Layout v
PROJECT MANAGER - UART ? X
Sources ? _ 00O X Project Summary 200 X
a = = + & Overview | Dashboard
~ [ Design Sources (1) ~
~ @ 5 vart_led (uart_ledy) (4) Settings  Edit
® meta_harden_rst_i0 : meta_harden (meta_harden.y) Project name: UART
@ meta_harden btn i0 : meta_harden (meta_harden.v) Project location: fexporthomestonifsandbox/XilingVivado/JART
» @ uart_rx 0 ruart_rx (uart_rnav) (3) Product family: Zyng-7000
® led ctl i0:led ctl (led ctlv) Project part: ZedBoard Zyng Evaluation and Development Ki
’ Constraints (1) Top module name: uart_led
» [ Simulation Sources (1) Target language: Verilog
> [= Utility Sources Simulator language: Verilog

Hierarchy = Libraries Compile Order
Board Part
Properties ? 00X Display name: ZedBoard Zynq Evaluation and Development Kit
o Board part name: em.avnet.com:zed:part0:1.4
Board revision: d
Connectors: No connections
Select an object to see properties Repository path: foptXiline/Vivado/2019.1/datasboards/board_files
URL: http:/fiwww.zedboard.org
Pl mosm e i T AN a A Tommm FCiamliimdimm mm A Fuimssn om0 il
<
Tcl Console | Messages | Log | Reports | DesignRuns X 2 _ 0O
Q = = + %
Name Constraints ~ Status WNS  TNS  WHS THS TPWS Total Power FailedRoutes LUT FF  BRAMs  URAM
~ synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
< ?




Vivado: HDL simulation

* Vivado XSIM simulator supports RTL,
netlist, and timing simulation

* First stage of HDL design verification
« Simulation is controlled by a HDL

wrapper called testbench
 Add testbench sources

It
:4+—0

-
o—
(o
fa

File Edit Flow Tools Reparts

v PROJECT MANAGER

£} settings

Add SEurces

Language Templates

4F 1P Catalog

v IPINTEGRATOR

Create Block Design

Open B lock Design

Add Sources

VIVADO!

HL Editions This guides you through the process of adding and creating

sources for your project

() Add or

create constraints

() Add or create design sources

(®) Add or create simulation sources

£ XILINX.
®




Vivado: HDL simulation

7S
535
A%

®0c0c0cc000000000000000000000 00

* Create separate simulation set
« Simulation set is compiled to a program

« New set requires recom

Add or Create Simulation Sources

Specify simulation specific HDL files, or directeries containing HDL files, to add to your
project. Create a new source file on disk and add it to your project.

Specify simulation set: sim_1 -
Add Files | | Add Directories | | Create File
Scan and add RTL include files into project
Copy sources into project

Add sources from subdirectories

Include all design sources for simulation

@

Cancel

pilation — time consuming

Lookin: lab1_zed vt P BXC [EEE
® led_ctlv Recent Directories
® meta_hardeny fexport/homestonifsandboxXilineWorkshop-2014/5ys_design.
® b fifow
@ th_resetgeny File Preview
el plhieelatign] | |- mmmmoooommmmemooseeoeeeoooooooos i
@ tb_vart_driverw /s . .

ff Copyright (c] 2889 xilinx Inc.
® th_uart v i

® test_vart_rxwv /! Project | Programmable Wave Gemerstor

@ uart baud genv Af Module oth fifo.wv

/¢ Parent ;oth vart_rx
® vartledv /¢ Children : none
® vart_rxv £
Sr Description:
® wart A This module is & generic FIFD for testhench sppli
I fntarnallv fn a warilan memary  and nravidess arce ™
File name: "th_resetgens “th_resp_checkery" "th_uart_drivery” "th_uart_rev" “test_uart_rew"

Files of type: Design Source Files {.vhd, vhdl, vhf, vhdp, vho, v, vf, verilog, vr, vg, vb, tf, viog, vp, vm, ve
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Vivado: HDL simulation

®0c0c0cc000000000000000000000 00

« Set new simulation set as top module
« Start behavioral simulation

PRC”ECTHU”“AEER_UART TITTUTAUOIT SUUTTES 7.7 Al : GEFEﬁﬂeBm{kDEQEF V’.L;'Mstuar
sim_1(2) ;; = v @ th:th
> @ = uvart_led (uart_led.y) (4 :
Sources 2 _00 X e Hed {art e ol | v svuaTion ® ]
« @ tegt uart rvitact uart read 111 I ®
Q = = 4+ 0 o g Source Node Properties... Ctri+E Run Simulation
v [ constrs_1 (1) A @ OpenFile Alt+C 1 Run Bghavioral Simulation 1
" uart_led_timing.xdc Replace File... v RTLANAL
w [ Simulation Sources (2] > OpenE
v osim_1(2)
> @ vart led (uart ledy) (4) rehy L 3 Remove File from Project... Delete ~ SYNTHESI
~ @ test_uart_rx(test_uart_rv) (1) P RuN Syfurreors

~ @ th:tb_vart_nx(th_uart_rw) (5) - ]
] p File Pro Disable File Alt+Minus |
@ th_resetgen_i0 : th_resetgen (tb_resetgen.y) ]

@ th_char fifo_0 : tb_fifo (tb fifo.) -uart.n
@ th_uart_driver_i0 : tb_uart_driver (th_uart_driv Maove to Design Sources ]

@ th_resp_checker_i0 : tb_resp_checker (tb_res ral Fro Hierarchy Update »
> @ uart_ g0 vart  (uart_mu) (3) C  Refresh Hierarchy
» Utility Sources || [psele 1P Hierarchy N

= £ J. SetasTop
Hierarchy = Libraries Compile Order ~ | ¥

Eynth_1
impl_1
Set Library... Alt+L
SetFile Type...
Set Used In...

Edit Constraints Sets...



Vivado: HDL simulation
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Eile Edit Flow Tools Reports ~ Window Layout Wiew Run Help Ready
E‘ b-‘ i £ 2 4 p» 10| us v | (& Default Layout L%
Flow Navigator B e B SIMULATION - Behavioral Simulation - Functional - sim_1 - test_uart_rx
v PROJECT MANAGER - .
Scope ob Untitled 1
LF settings "
Q = = # Q . O W @ 9 I < 4 [
Add Sources
Name DesignUnit ™ Name value Dz A, e, e s | B
Language Templates « {} test uart_rx test uartrx > BE10] X Ar 500 ns
1F 1P Catalog v it th_vart_rx > B jE10] X Ar n
> ME1:0] ] X00000KX
I th_rese th_resetgen s B char_to_ XX Ar .
- > MgE10] | 0000000
v IPINTEGRATOR 1 th_char th_fifo > B string[0: 576560 Ar
» W char_to_send[7:0
Create Block Design § tb_uart th_uart_driv » B NUM_CE 41 Ar .
» W string[0:327]
A Blal Facian i th_resp th_resp_che
) » I uart_rx uart_rx
SEEEEE  glbl glbl
~ SIMULATION
Run Simulation
v RTL ANALYSIS
> Cpen Elaborated Design
v SYNTHESIS
P Run Synthesis
h
» Open Synthesized Desig < 21| e 21V 2
Tcl Console
v IMPLEMENTATION _
. . Q = Il B E @
P RunImplementation
INFC: [USF-X5im-98] X5im completed. Design snapshot 'test_uart_zx behav' loaded. ~
» OpenImplemented Design INFDR: [USF-XSim-97] XSim simulaticn ran for 18@88ns
launch_simulation: Time {s}: cpu = 9@:8@:88 ; elapsed = #@:808:15 . Memory {MB): peak = 7326.812 ; gain = 549.835 ; free
v PROGRAM AND DEBUG ~
" . < >
u Generate Bitstream
. Mnan Warrwars Mananar b
Sim Time: 1 us

RolsF




Vivado: HDL simulation

« Select modules and add signals to monitor

* Change signal radix for easier inspection

Qa = =
Name
~ I} test_uart_rx
v @i th
1 th_rese
T th char
& th_uart
I th resp
» 1} vart_p
i glbl

Scope ¢ Sources

Design Unit
test_uart_rx
th_uart_rx
th_resetgen
th_fifo
th_uart_driver
th_resp_checl
uart_rx

glbl

Ve

Ve
Ve
Ve
Ve

Objects « Protocol I

Q
Name
W oclkorx
& orst_elk rx
W orxd
W rad_clk rx
> W rx_data[7:0]
Bl rx data_rdy

W frm_err

Value

0

1
0o
0
0

14 baud_x16_en 0
» [ BAUD_RATE[ 115200 Array
> @ CLOCK RATE 200000 Array

=y
o

Data Typ ™
Logic
Logic
Logic
Logic
Array
Logic
Logic
Logic

T o F

Dbjects x ProtocolI | 2 _ 0O [4

Q

Name
Bl clkrx
A rst_clk =
W ord
ol rxd clk]

> W rx data
W data
W frm_err
1% baud_x

» W BAUD_|

» & CLOCK.

o
0 Logic
n Lonir
#dd to Wave Window

Log to Wave Database

Radix

Eemove Force

Default Radix

uart_ledv x| uart_rxv

QO W a o

Name
W i[31:0]
W [31:0]
¥ char_to_send[7:0]
W string[

& NUM_CHAR[31:0]

% | Untitled 1

-

14

Value

4!

RolsF




Vivado: HDL simulation

Al
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« Restart the simulation with Restart button
e Re-run simulation with Run All button

Untitled 1*

I« »l

- 5.379317508 ms |~
Zoom Fit

Value
> W i[31:0]
> M [31:0]

57656c636f6d6s]

> B NUM_CHAR[31:0] 00000029
W clk_rx
W rst_clk_rx

1 m:l_i

Wl red_clk_rx

il rx_data_rdy

W frm_err

8 baud_x16_en




Vivado: HDL simulation

Al

RolsF

« Use markers, delay measurement, and zoom
* Buses can be expanded to individual signals

Untitled 1*
14

ZoomIn

> W i[31:0]
> M [31:0]
_send[7:0]

string[0:327]

> B NUM_CHAR[31:0]

W clk_rx

W rst_clk_rx
W rxd_

W rxd_clk_rx
il rx_data_rdy
W frm_err

8 baud_x16_en




Vivado: Elaborate RTL design

 Perform RTL analysis on the source files
* In Flow Navigator select Open Elaborated Design
« Structure of top level module is visualized

1F 1P Catalog

<

IPINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

<

SIMULATION

Run Simulation

<

RTL ANALYSIS

» Open Elaborated Design

SYNTHESIS

<

P Run Synthesis

(o 0 o

1y

ReleF
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> Open Synthesized Design

Project Summary x| Schematic x| uartledv x| uartrxv x| testuart.rxv x| Schematic(2) x 2006
@ e H B © C  4cells 121/0Ports 24 Nefs o
cli_pin [ meta_harden_rst_i0
+
cll_dst .
rst_dst signal_dst meta_harden_btn_i0
. i |
rstpin D SO cli_dst
meta_harden =
rst_dst signal_dst led ctl i0
) = signal_src ——
btn_pin [ e
btn_clk_rx
meta_harden
elk_rx [ 3
telk led, :0 .
ke jrx 2d_0(7:0] : » led_pins[7:0]
uart_rx_i0 rx_data[7:0]
rx_data_rdy
clk_rs rx_data[7:0]
led_ctl
rst_clk_rx rx_data_rdy -
. d_i
rxd_pin [ _» e

uartrx




Vivado: Elaborate RTL design

« HDL code for each module can be searched
e Structure of modules can be examined
* Unconnected signals can be identified

FST_ast

®0c0c0cc000000000000000000000 00

+o

Nty

uart_rx

nic

[ STgnarast led ctl i0
signal_src Cell Properties... Ctrl+E ‘
meta_ Floorplanning »
Select Leaf Cells Ctrl+Shift+5
uart|
+ uart_rx_i0
cli_rx 9 #®.  Highlight Leaf Cells ﬁ N
rat_clk_rx
; clk_rx
rxd | % Highlight uart_baud_gen_rx_i0 uart_rx_ctl_i0
uar + T
clk . baud_x16_en baud_x16_en . frm_err frm_err nic
@ Mmark rst_clk_rx rst clk_rx rx_data[7:0] rx_data[ 7:0]
AT rst_clk_rx rx_data_rdy rx_data_rdy
Show Connectivity rxd_clk_rx
meta_harden_rxd_i0 uart rx ctl
BRAMs URAM DSP S GotoSource = rxd_clk_rx
Go to Definition clk dst
Expand Cone rst_dst signal_dst N
rxd_i signal_src
meta_harden
.
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Vivado: Elaborate RTL design 1%

ReleF
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 From Flow Navigator generate noise report
« Several warnings since |/O pins are not defined

v RTL ANALYSIS

~ Open Elaborated Design

Report Methodology

Report DRC
R_EMRNE
| schematic Tcl Console | Messages | Log | Reports | Design Runs | Moise x 2 _0O0G
Summary O, = % UoOBankDetails o
v SYNTHESIS Messages{a. Name Port Lo swd Veco Slew Dr.. Off-ChipTe.. Rem.. MNotes
B Run Synthesis 1/0 Bank Details T LU BdIIK 335 (U] =
Links k%, /O Bank 34 (0)
/O Bank 35 (0)
w Unplaced Ports (8]
{7 led_pins[0] led_pins[0] LVCMOS18 1.80 SLOW 12 FPNTT_50 CRITICAL WARNING - Unplaced port
< led_pins[1] led_pins[1] LVCMOS18 1.80 SLOW 12 FPVTT.50 CRITICAL WARNING - Unplaced port
{1 led_pins[2] led_pins[2] LVCMOS18 1.80 SLOW 12 FPNTT_50 CRITICAL WARNING - Unplaced port
< led_pins[3] led_pins[3] LVCMOS18 1.80 SLOW 12 FPVTT.50 CRITICAL WARNING - Unplaced port
{1 led_pins[4] led_pins[4] LVCMOS18 1.80 SLOW 12 FPNTT_50 CRITICAL WARNING - Unplaced port
< led_pins[s] led_pins[S] LVCMOS18 1.80 SLOW 12 FPVTT.50 CRITICAL WARNING - Unplaced port
{1 led_pins[6] led_pins[6] LVCMOS18 1.80 SLOW 12 FPNTT_50 CRITICAL WARNING - Unplaced port
{] led_pins[7] led_pins[7] LVCMOS18 1.80 SLOW 12 FPVTT 50 CRITICAL WARNING - Unplaced port b
I — T T T T T T T T T T T T T T T T T T T T T oI Tomommoomoamoorazmmomn 5 >
ssn_1




Vivado: Elaborate RTL design

(o 0 o

®0c0c0cc000000000000000000000 00

« Add I/O pin constraints
* Reload the design
* Regenerate noise report

ELABORATED DESIGN - xc7z020clg484-1

@ Elaborated Design is out-of-date. Constraints were modified. details Relpad

) Reload design
Sourcas Neatlist 2 00O PI

ReleF

Tcl Console | Messages | Log | Reports | DesignRuns X

i a4 « - Q ol=|e + 1%

vart_led ~ - -

5 = Nets (24) Nl Name Constraints ~ Status WNS TNS WHS THS TPWS  Total Power
, Leaf Cells (1) w synth_1 constrs_1 Not started

y @ led ct iD"I-ec ctl) o impl_1  constrs_1 Not started

e v )
Source File Properties 2?2 _0C X L3
[T vart_rio =3

d
Blosost o o o oo oo e O =l




Outline

Part 1

 FPGA structure and design platform
 VHDL harware design in FPGA

« Embedded system design on FPGA
Part 2

* |P core development and integration
 Embedded software design FPGA
Part 3

« Software and hardware debuging

Al
Relet

+o




System-on-Chip

 Complete system implemented in an ASIC

« System-on-Chip (SoC) can include:
* Processor,

« Memory (RAM and storage),

« Other digital devices (timers, interfaces,...),
« Radio frequency components,

* Mixed signal devices (ADC, DAC, ..))

T o F
Relet

+o




System-on-Chip on FPGA

{4

|
o
O—
(o
F

;

All-programmable System-on-Chip (APSo:C)

Hardware devices can be modified
FPGA implementations

« Soft processor: microBlaze, Nios, Leon, or1200, ...

« Hard processor: PowerPC, ARM

Dedicated IP cores
On field upgrades



Hard processor based FPGA

PowerPC-based system
CPU in the middle of FPGA

FPGA fabric between CPU and
device 10

ARM-based system
CPU boots independently

Dual ARM Cortex-A9
I/O peripherals

CLB

CLB

CLB

Programmable
Logic (PL)

AXI
interfaces

\

5
Relet

+o




Zynqg-7000 family

T 4o
A

ReleF

 ARM-based system Processing System
e Dual ARM Cortex-A9 nou.m.mmaﬂm mgﬁﬁfﬁ'ﬁ"’

2;| AMBA® Interconnect

* [ntegrated memory controllers
g y ;{c
« |/O peripherals e )

I ca 7 [NEOK™0SPPU Engine | NEONDSPEPY ngie
P Tlghtly Integrated . Ui;ﬂ . . 3%%?;&?/90"&%%’&
- 610 ~ SizkoyelzCache
programmable logic N
with DMA
« Extend the processing system |.| ush |.|
. ﬁhsl% ecuri
* Flexible array 10 | oo b8
- Wide range of external multi- e |
standard I/O KL Programmable Log e

-
=]
=
(=
=
-
o
v
v
@
b
©
4
a.

[} A D C | n p utS i Multi-Standard 1/0s (3.3V & High-Speed 1.8Y) Multi-Gigabit Transceivers |




Vivado: Create embedded system

Start with empty project
 No HDL sources

FPGA device / board

 Select correct FPGA
board / device

e Speed information
« 1/O pin assignment
* Predefined constraints

* |P Integrator

« Create block design

|
e
: |

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

Reset All Filters

vendor: | All -

Search: |G- “

Display Name
Kintex-Ultrascale Alphadata board

ZedBoard Zyng Evaluation and Development Kit
Add Daughter Card Connections

Artix-7 ACTO1 Evaluation Platform
Add Daughter Card Connections

Alveo U200 Data Center Accelerator Card

Alveo U250 Data Center Accelerator Card

Update Board Repositories
w | Boa
Vendor Fi
~
alpha-data.com 1
em.avnet.com 1
lince.com 1
lince.com 1
linx.com 1




Simple embedded system

« Start with empty system

Al

ReleF

®0c0c0cc000000000000000000000 00

* First system consist of CPU and UART

* Ele Flow Tools Window Help Q- Quick Access ‘

Eile Flow Tools Window Help Q- Quick Access

Fle Flow Tools Window Hel
VIVADO VIVADQ'

HLx Editions Project Name
Enter a name for your project and specify a directory where the project data

Q U |C|’( Sta rt Projectname:  |project 1

Project location:  /exportzhomestonifworkTetraMax/System.Design/semin
- ) iar \ .
Crea :fL-I-T roject > Create project subdirectory

—— \
Open Project > Project will be created at: ../System.Design/seminar/project_1

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager »
¥Hub Stores >

VIVADO.' & XILINX.

Project Type
Specify the type of project to create. '

(e) ETLProject
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis,
synthesis, implementation, design planning and analysis.

Do not specify sources at this time
() Post-synthesis Project

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

Do not specify sources at this time

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

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

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

® =a ©




Simple embedded system

« Select hardware platform (board)

File Fow Tools Window Help Q- Quick Access

VIVADO' _§ XILINX.

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

Parts | Boards

Reset All Filters | Install/Update Boards
Vendor: | em.avnet.com “ Name: | ZedBoard Zynq Evaluation and Development Kit - | Board Rev: | Latest W
Search: |- w

Display Name Preview Vendor File Version  Part

ZedBoard Zyng Evaluation and Development Kit

Add Daughter Card Connections Em.aVnEEDm 1.4 #72020clg484-1

®

®0c0c0cc000000000000000000000 00
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Simple embedded system

* Project manager (Create Block Design)

File Edit Flow

=

Tools

Flow Navigator
v PROJECT MANAGER
£} Settings
Add Sources
Language Templates

I 1P Catalog

IP INTEGRATOR

Create Block Gesign

Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

» OpenElaborated Design

» Open Synthesized Design

IMPLEMENTATION
P RunImplementation

> OpenImplemented Design

L)
L1

a T ¢ + 0 o
Design Sources ~

> Constraints

w [ Simulation Sources

sim_1
Hierarchy = Libraries Compile Order
Properties 2 _ 00K X
o

Select an object to see properties

Tcl Console | Messages | Log | Reports | Design Runs
Q = = %
Name Constraints  Status WNS  TNS
w synth_1 constrs_1 Mot started

impl_1  constrs_1 Mot started

Overview | Dashboard

Reports ~ Window  Layout VMiew  Help Q- Quick Access Ready
B X == Default Layout v
PROJECT MANAGER - project_1 ? X

e
Settings  Edit
Project name: project_1
Project location: fexport/homeftoni/workiTetraMax/System.Design/semina
Product family: Zyng-7000
Project part: ZedBoard Zyng Evaluation and Development Kit (xc7z020c¢
Top module name: Not defined
Target language: Verilog
Simulator language: Mixed
Board Part
LR AR R R | N PN PR PRSP SN P I —— hd
»
b ? 00
WHS THS TPWS Total Power FailedRoutes LUT FF  BRAM  URAM
»

®0c0c0cc000000000000000000000 00
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Simple embedded system

Add Processor core (ZYNQ)

®0c0c0cc000000000000000000000 00

Al

ReleF

File Edit Flow Tools Reports  Window  Layout View  Help - Quick Access Ready
~3 - = r B & % = Default Layout v
Flow Navigator c3 A BLOCK DESIGN - design_1 ? X
v PROJECT MANAGER & ) ) ) i
Sources Design x Signals Board 2 _ 00 Diagram  x Address Editor x 200
£} Settings .
a = A & om0 = # C
Add Sources
design_1
Language Templates
¥ 1P Catalog
~ IPINTEGRATOR
. nis empty. Press the = button to add IP.
Create Block Design Search: | Q- zy (1 match)
Properties .
Open Block Design F ZYNQ7 Processing System
Generate Block Design
v SIMULATION
Run Simulation Tel Consola » _Ow
v RTLANALYSIS a =
X ©ostart_c -~
> OpenElaberated Design ) cTeate. inar/project_1 -paTt wc7zA20clgdad-1
©OINFO: |
o INFC: |
v SYNTHESIS UOINFOY | 0. 1/datarip’ .
P Run Synthesis =) WARNINC for the component wendor name. Setting th
. set_pIc
> Open Synthesized Design [ create.
=] Wrote yroject_1, sTesssources_Libdsdesign_l/desic
. update_
v IMPLEMENTATION '
P Run Implementation : < ENTER to select, ESC to cancel, Ctrl+Q for IP details )v
> OpenImplemented Design Type a Tcl command here



Simple embedded system

Customize ZYNQ processor

®0c0c0cc000000000000000000000 00

T o F

ReleF

File Edit Flow Tools Reports  Window  Layout View  Help Q- Quick Access Ready
= W o« B X & & »p b & X ¥ = Default Layout ~
Flow Navigator =3 8 BLOCK DESIGN - design_1 * ? X
v PROJECT MANAGER & ) ) - -
Sources Design x Signals Board 2 _0O0n Diagram  x AddressEditor x 200
£ Settings .
a X # |[eaaxxoa + % FER2CY
Add Sources -
design_1 * Designer Assistance availablgl’ Run Block Autpmation
Language Templates > TF processing_system7_0 (ZYNQ7 Processing System:S.5)
¥ 1P Catalog r processing_system7_0 -1
DDR +
~ IPINTEGRATOR
— FIXED_IO +
Create Block Design M_AXI_GPO_ACLK Z\( M_AXI_GPO +
Block Properties ? 00X NQ' FCLK_CLKD
Open Block Design e
¥ processing_system7_0 o elde ldzzlzrn L]
Generate Block Design .
_________________________________________________________ ~ L 7Y q System = |
General = Properties P
v SIMULATION
Run Simulation -
Tcl Console . Messages Log Reports Design Runs 2 _ 00
> | a
v RTLANALYSIS Q’ s B Ed
. ' WARNING: [BD 41-178] The physical port 'S_AXI_GPZ_td_socket' specified in the portmap, is not found on the block! |~
> Open Elaberated Design \ WARNING: [BD 41-176] The physical port 'S_AXI_GP2_wr_socket' specified in the portmap, iz not found on the block!
WARNING: [BL 41-176] The physical port 'S_AXI_GP3_td_socket' specified in the portmap, is not found on the block!
v SYNTHESIS ) WARNING: [BD 41-176] The physical port 'S_AXI_GP3_wr_socket' specified in the portmap, is not found on the block!
. endgroup
P Run Synthesis o) set_property -dict [list CONFIG.PCw_UART1_PERIPHERAL_ENABLE {1}] [get_bd_cells processing_system7_@]
. WARNING: [BC 41-176] The physical port 'S_AXI_GP2_rtd_socket' specified in the portmap, is not found on the block!
> Open Synthesized Design ' WARNING: [BD 41-178] The physical port 'S_AXI_GP2_wI_socket' specified in the portmap, is not found on the block!
. WARNING: [BC 41-176] The physical port 'S_AXI_GP3_rtd_socket' specified in the portmap, is not found on the block!
r1l_1 WARNING: [BL 41-176] The physical port 'S_AXI_GP3_wr_socket' specified in the portmap, is not found on the block!
v IMPLEMENTATION :
' W
P RunImplementation C¢ >
> OpenImplemented Design Type a Tcl command here




Simple embedded system

« Customize ZYNQ processor

ZYNQ7 Processing System (5.5) ‘

O Documentation  £F Presets 1P Location ¥ Import XPS Settings

Page Navigator — Zynqg Block Design Summary Report

Zyng Block Design
o
Settings

PS-PL Configuration SPLO
Bankd

: ; MIO o -
Per|pheraI?P|ns (150) 2C1 "*— ARM Cortex -AS ARM Cortex A3

i ; System Level cPu cPU
MID Configuration ; Cantral Regs —

Application Processor Unit (APL)

B
ig

vo —
) 1 —
Clock Configuration MUK GPIO t { G Snaop Control unit ACP

Opel IO} =00 oy 1 Slave

512 KB LZ Cache and Controller Parts

Gen DDR Configuration USB 0 ¥
USE 1 | ¥ om 256 KB

CoreSight Interconnect SRAM

SMC Timing Calculation ENET 1 Central
Bark1 - Interconnect

- < 1
Rury Interrupts (53:16) Interfaces — [w: |
SRAM/NOR

v SIMULAT

NAND v
UAD 5P DEVC | Programmable DDR2/3LPDDR2
v ————— Logic to Memory Controller = »
Interconnect
SMC Timin q
> Calcdaﬂmg desic
DMA fync

Clock
Resets | Generation

[(EHE k!
CIRTIEIETHNAUN A N L I ey | R oM High performamce xaDE "
MIC (EMIC) m"s*’ L AXL AL AES/ Al Slave !

ck Ports Master Slave SHA Ports k!
Ports Ports Il

v SYNTHE =5 7 Processing System(PS)

EEEE
o
a

> Opel

v IMPLE

Programmable Logic(PL) L
Rur >

OK | | Cancel |

®0c0c0cc000000000000000000000 00
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Simple embedded system

« Customize ZYNQ processor

ZYNQ7 Processing System (5.5)

Al

ReleF

HETAENEE @ Documentation  £F Presets 1P Location ¥ Import XPS Settings

Page Navigator — Peripheral I/O Pins Summary Report
Zynq Block Design - @ z =2
PS-PL Configuration Search: | Q-
Peripheral 1/0 Pins Bank0  LVCMOS 3.3V Bank1 LVCMOS 3.3V
Peripherals 5 & 7 (8 9 10 11 12 13 (14 15 16 (17 18 19 20 21 22 23 24 2
MIO Configuration use1 Al
Clock Configuration >[Jspo —
>[JsD1
DDR Configuration sD1 sD1
’ D SPLo SPI0 mos
SMC Timing Calculation e
> sp11 - o
Interrupts >[) UART D " 0 o )
> UART 1 UART1 UART1 UART1 UART1 AR
Uhaco jelay] jelay] jelay] jelay]
Qoct jrlu] jrlu] jrlu] jelu]
> cano CAND CAND CAND CAND
> cant CANT CANT CAN1 CANT CANT
[JTTco e
[T —
[J swoT Ny
= »
| OK | | Cancel |




Simple embedded system

* Connect signals (Block Automation)

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 on the right.

Qa = £

~ [+ All Automation {1 out of 1 selected)

Description

i This option sets the board preset on the Processing System. All current properties will be overwritten by the board
“F processing_system7_0 preset. This action cannot be undone. Zyng7 block automation applies current board preset and generates external
connections for FIXED_IO, Trigger and DDR interfaces.

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

Instance: /processing_system7_0
Options
Make Interface External: FIXED_IO, DDR

Apply Board Preset:

Cross Trigger In: Disable  «

Cross Trigger Qut: Disable  «

®0c0c0cc000000000000000000000 00
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Design validation

Simple embedded system

File  Edit Fow Tools Reports Window  Layout View  Help Q- Quick Access Ready
= b o« E X &« & p, & 3 == Default Layout ~
Flow Navigator =2 A BLOCK DESIGN - design_1 * ? X
v PROJECT MANAGER 4 ) ) - -
Sources Design x Signals Board 2?2 00O Diagram » Address Editor x 200
£ Settings "
Q = M & & ailxoQq + & ok C o
Add Sources
design_1 e et : .
| processing_system/_C Validate Design (F6)
Language Templates > External Interfaces e )
Tp Catalog > Interface Connections ——{> FXEDID
> 7F processing_system7_0 (ZYNQ7 Processing System:5.5) |
-
~ IPINTEGRATOR wd M_AXI_GPO_ACLK TTC
| ZYNG
Create Block Design T
Block Properties ? 00O X l
Open Block Desii ET
Generate Block [ 0 There was one error message while validating this design. L ZTNG 7 Processing Gystem
Messages
v  SIMULATION
. . © [ED 41-758] The following clock pins are not connected to a valid clock source:
Run Simulation fprocessing_system7_0/M_AXI_GPO_ACLK 2 _0Or

v RTL ANALYSIS

> Open Elaborated

~ SYNTHESIS
P Run Synthesis

> Open Synthesize

v IMPLEMENTATION
» RunImplementation

> OpenImplemented Design

specified in the portmap, is not found on
specified in the portmap, is not found on
specified in the portmap, is not found on

: {131 [get_bd_cells processing_system?_@]

o' specified in the

- o' specified in the

OK | Open Messages View ' specified in the
' specified in the

apply_bd_automation -Tule xilinx.combd_Tule:pIccessing_system? -config {make

<
Type a Tcl command here

Validate and display errors and critical warnings in this design

portmap,
poItmap,
portmap,
portmap,
_external

iz net found on
is not found on
iz net found on
iz not found on
"FIXED_IC, DCR"

the block! ~
the block!
the block!

the block!
the block!
the block!
the block!
apply_board_j

®0c0c0cc000000000000000000000 00
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Simple embedded system

* Manually

File  Edit Flow Tools Reports

= b o«

Flow Navigator =% ?
s

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

IF 1P Catalog

v IPINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS

> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION
» RunImplementation
> OpenImplemented Design

Press any key to cancel connection mode

connect clock

Window Layout View Help Q- Quuick Access Ready

& & b ¥ & X 2= Default Layout v

BLOCK DESIGN - design_1 * ? X

Sources Design x Signals Board 2?2 00O Diagram » Address Editor x 200

Q = M & & ailxoQq + & 4 Coa”
design_1

> External Interfaces
> Interface Connections

> ¥ processing_system7_0 (ZYNQ7 Processing System:5.5)

Block Properties ? 00 X
¥ processing_system7_0 -3
General  Properties P

processing_system7_0

usaND o |||
M_AXI_GPO 4 fi

1 GPO_ACLK ZYNQ‘ TTCOWAVED_OUT

FELK RESETO_N
Connect from 'M_AXI_GPO_ACLK' port
to 'FCLK_CLKO' port

Tcl Console  x Messages | Log | Reports | Design Runs
o = £ Il B B o

validate_bd_design

fprocessing_system?_B/M_AXI_GPA_ACLK

B R [} EEEE T (] T )

Tegenerate_bd_layout
delete_bd_objs [get_bd_nets processing_system7_B_FCLK_CLKA]

<
Type a Tcl command here

WARNING: [BD 41-176] The physical port 'S_AXI_GP3_wr_socket' specified in the portmap, is not found on the block! &
apply_bd_automation -Tule xilinx.com:bd_tule:processing_system? -config {make_external "FIXED_IC, DOR" apply_boazd_|

ERRCR: [BD 41-7538] The following clock pins are not connected to a walid cloeck source:

ERRCR: [Common 17-39] ‘walidate_bd_design' failed due to earlier errorIs.
connect_bd_net [get_bd_pins processing_system7_B/M_AXI_GPA_ACLK] [get_bd_pins processing_system?_@8sFCLK_CLKA]

®0c0c0cc000000000000000000000 00

Al

ReleF




Simple embedded syst

Design validation

em

File Edit Flow Tools Reports Window Layout View Help = O QuickAccess Ready
E‘ H « =] X & & p‘ | I - TN x == Default Layout v
Flow Navigator =2 A BLOCK DESIGN - design_1 * ? X
~ PROJECT MANAGER = . . - :
Sources Design x Signals Board 2?2 00O Diagram » Address Editor x 200
£ Settings »
Q = M & ® 6 W oQq + »,C o
Add Sources |
design_1 oy validate Design (F6)
‘alidate Design
Language Templates > External Interfaces processing_system7_0
IF 1P Catalog » = Interface Connections DDR + "_|—D DDR
v Nets FIXED_IO + ||l FIXED_IO
. USBIND_ O + ||
v IPINTEGRATOR T processing_system7_0_FCLK_CLKD ol WK GRO 4
= XL ;]
Create Block Design ndcroac ZYNQ. :ﬁ'x:::?'ﬁﬂ:
) System Net Properties ? 00X TTC0_WAVEZ_OUT
Open Block Design " ReLK cLko
. T processing_system7_0_FCLK_CLKD - o FELK_RESETON
Generate Block Design - -
......................................................... > Z¥NGQ7T Processing System
General  Properties Pins
v  SIMULATION
Run Simulation Tcl Console  x Messages | Log | Reports | Design Runs ? 006G

v RTL ANALYSIS

o Validation successful. There are no errors or critical warnings in this design.
> Open Elaborated

~ SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

» RunImplementation

> OpenImplemented Design

Tegenerate_bd_layout
delete_bd_objs [get_bd_nets processing_system?_B_FCLK_CLKA]

B D

<
Type a Tcl command here

Validate and display errors and critical warnings in this design

g_system? -config {make_external "FIXEC_IC, DOR" apply_boazd_ps

nnected to a walid cleck source:

ERRCR: [Common 17-39] ‘'walidate_bd_design' failed due to earlier errors.
connect_bd_net [get_bd_pins processing_system?_8/M_AXI_GPA_ACLK] [get_bd_pins processing_system?_B/FCLK_CLKA]

connect_bd_net [get_bd_pins processing_system7_B/M_AXI_GPA_ACLK] [get_bd_pins processing_system?_@8sFCLK_CLKA]

®0c0c0cc000000000000000000000 00
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Simple embedded system

* Create HDL wrapper

File  Edit Flow Tools

= M« o B

Flow Navigator = ®

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

4F 1P Catalog

v IPINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

> OpenImplemented Design

Generate HDL wrapper file and copy into project

Reports

X

s

®0c0c0cc000000000000000000000 00

Window  Layout View  Help Q- Quick Access Ready
& & b U & X ¥ = Default Layout v
BLOCK DESIGN - design_1 * ? X
Sources x Design | Signals | Board 2 _ 00 Diagram  x Address Editor x 200
Q T & 4+ 0 #l aaxmoaq + & 2Ca”
~ [ Design Sources (1) ]
= desigr : The following output products will b ted,
Source Node Properties... Ctri+E € Tollowing output products will be generated.
> Constraints ) '
| = simulations @ OpenFile Alt+0
Hierarchy 1F S Creat-N-IDLWrapper._. )
. L MaxiGPo,  Preview
View Instantiation Template
Source File Prope Generate Output Products... Q = =
design_1.bd Reset Output Products... v = [§] design_1.bd (OOC per IP) ~
< =l Synthesis
General  Prope = Implementation
= Simulation
T Lhuar LmmdnfF hd
Tel Console x| ¢ gemove File from Project.. Delete
> | a Synthesis Options
Q £ £ Y P
- -
) ERRCR:  [Comm Disable File Altehinus | earlier ertors.

connect_bd_n
TegeneTate_b
delete_bd_ob] O
connect_bd_n

© validate_bd_
| WARNING: [BD
" WARNING: [BD
| WARNING: [BD
&) WARNING: [BD
s

Type a Tcl com

Hierarchy Update
Refresh Hierarchy
IP Hierarchy

Set Used In...

Edit Constraints Sets...
Edit Simulation Sets...

Associate ELF Files...
Add Sources...

Report IP Status

PB_ACLK] [get_bd (® out of context per IP

Ko _) Out of context per Block Design
iPE_ACLK] [get_bd
Run Settings
‘ket' specified 1
ket' specified i (®) On Jocal host: Number of jobs: | 4 ~
‘ket' specified 1
ket' specified i () On remate hosts

() Launchrung on Cluster | |sf V

Apply

Al
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Simple embedded system

Synthesis, iImplementation, generation

File  Edit Flow
=

’l

Tools

e
a

Flow Navigator

1F 1P Catalog

<

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

> OpenElaborated Design

(N

> Open Synthesized Design

IMPLEMENTATION

Run Implementation

> OpenImplemented Design

PROGRAM AND DEBUG

Generate Bitstream

> OCpenHardware Manager

Reports

3

Window  Layout VMiew  Help Q- Quick Access Running synth_design Cancel O
& & b, o o X == Default Layout v
BLOCK DESIGN - design_1 ? %
Sources x Design | Signals | Board 2 _0O0n Diagram  x Address Editor x 200
a = = + 0 o @ 0 ko Q + & C a7
v DesignSources (1) ~
. o . processing_system7_0
~ @ 5. design_1_wrapper (desion 1 wrappery) (1)
|—| » DDR
~ =[5 design_1_i: design_1 (design_1.bd) (1) oor +||}
v FIXED IO o ||| ™> FIXED_IO
| ¢ S ] > usaIND_ O +|||
Hierarchy = IF Sources Libraries Compile Order - M_AKLGPO 4
M_AXI_GPO_ACLK ZYNQ TTCO_WAVED_OUT
T TTCOWAVEL OUT
Source File Properties ? _ 00O X TTCOWAVES OUT
FCLK_CLKD
design_1.bd - o FCLK_RESETO_N
{ S > ___ Z¥YNQT Processing System
General  Properties
Tcl Console x Messages | Log | Reports | Design Runs 2 _ 00
a = Il B B o
catch { config_ip_cache -export [get_ips -all design_1_processing_system?_#_#] } ~

export_ip_user_files -of_objects [get_files fexportshomestoniswoThksTetTaMaxs/ System, Designs/seminars/project_L/project.
create_ip_tun [get_files -of_objects [get_fileset sources_1] fexportshomestoni/works/TetraMax/System.Designi/seninars|
launch_tuns design_1_processing_system7_8_@_synth_1 -jobs 4

[Wed Now 25 B5:45:88 282@8] Launched design_l_pIocessing_system?_8_@_synth_1... -
Run cutput will be captured here: fexportshomestonisworlksTetraMaxs/System, Designsseminars/project_ls/project_1.Tunssde:
export_simulation -of_objects [get_files fexportshomestonisworksTetraMax/System.Designs/seminazs/project_Liproject_1.:

S T 1) ST () FE R

) launch_tuns synth 1 -jobs 8
[Wed Mow 25 B5:58:15 282@] Launched synth_1...
=) Run output will be captured here: fexportshomestonisworhksTetTaMaxsSystem. Besignsseminaz/project_1s/pToject_1.Tunsisyr
W
< >

Type a Tcl command here

®0c0c0cc000000000000000000000 00

Al

ReleF




Simple embedded system

* Export hardware description to Vitis

File Edit Flow Tools

Project
I Add Sources...

Close Project

( Save Block Design As...

Close Block Design

Checkpoint
IP

Text Editor

Export
Print...

1 Exit

P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION
P RunImplementation

> OpenImplemented Design

v PROGRAM AND DEEUG

Vi Generate Bitstream

> OCpenHardware Manager

b

Reports  Window  Layout View  Help Q- Quick Access write_bitstream Complete  «/
y | ® E r bW o = == Default Layout v
" BLOCK DESIGN - design_1 2?2 X
Sources x Design | Signals | Board 2 _0O0n Diagram  x Address Editor x 200
Qlz|e|+ : #| eaitmoaQ + A Ca”
v DesignSources (1) ™

processing_system7_0

~ @ 5. design_1_wrapper (desion 1 wrappery) (1)

|—| » DDR
~ =[5 design_1_i: design_1 (design_1.bd) (1) oor +||}
v FIXED IO o ||| ™> FIXED_IO
| ¢ S ] > usaIND_ O +|||
Hierarchy = IF Sources Libraries Compile Order - M_AKLGPO 4
M_AXI_GPO_ACLK ZYNQ TTCO_WAVED_OUT
T TTCOWAVEL OUT
Source File Properties ?2 00O X TTCO WAVEZ OUT
FCLK_CLKD
design_1.bd - -3 FCLK_RESETO_N
£ ———— > _:_ Z¥YNQT Processing System
Export Hardware...
Export Block Design...
Export Bitstream File.. | | Log | Reports | Design Runs ?2_00
Export Simulation... = ]
export_simulation -of_objects [get_files sfexportshome/toni/worksTetIaMaxs/System,Designi/seminaIspIoject_Ll/pIoject_1.:/
=) launch_tuns synth_1 -jobs 8
[Wed Now 25 85:58:15 2828] Launched synth_1...
=) Run ocutput will be captured here: fexportshomestonisworlksTetraMaxs/System, Designsseminars/project_l/project_1.Tunss syt
) launch_tuns impl_1 -jobs & =
¢ [Wed Now 25 85:51:52 2@82@] Launched impl_1...
=) Run ocutput will be captured here: fexportshomestonisworlksTetraMaxs/System, Designsseminars/project_ls/project_1.Tunssim
I?I launch_zuns impl 1 -to step write bitstream -jobs 4
. [Wed Now 25 85:54:87 2828] Launched impl_1...
|1l_| Run cutput will be captured here: fexportshomestonifworksTetTaMaxsSystem,Designs/seminar/project_LsipIoject_1.Tuns Sim
: v
< ?
Type a Tcl command here

Export a hardware description file for use with the Vitis

®0c0c0cc000000000000000000000 00

T o F
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Outline

Part 1

 FPGA structure and design platform
 VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

« Embedded software design FPGA

* |P core development and integration
Part 3

« Software and hardware debuging
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Simple embedded system

* Export hardware description to Vitis

Export Hardware Platform

VIVADO'’

HLx Editions This wizard will guide you through the export of a hardware platform for use in the Vitis or PetaLinux

software tools.

To export a hardware platform, you will i
specify the platform properties.

Platform type
(o) Fixed
A platform supporting embedded

() Expandable
A platform supporting accelerafic

& XILINX.

Output
Set the platform properties to inform dow

Pre-synthesis
This platform includes a hardware

() Include bitstream
* This platform includes the comple
software tools.

Files

Al

ReleF

®0c0c0cc000000000000000000000 00

Enter the name of your hardware platform file, and the directory where the XSA file will be stored. '

XSA file name: design_1_wrapper

Export to:

fexportfhome/tonifwork/TetraMax/System.Design/seminar/project_1 Iz‘

The XSA will be written to: /export/home/tonifwork/TetraMax/System.Design/seminar/project_1/design_1_wrapper.xsa

| Finish | | Cancel |




Vitis: Software Development Kit

* Unified software development environment
 Based on eclipse
* Requires hardware definition files (Vivado)

« Supports different types of applications:
« Standalone

e freeRTOS
 Petalinux

Programming tools (over JTAG)
Debugging tools

T o F
Relet

+o




Vitis: create platform project

* From hardware definition file build

platform description

File Edit | Search Xilinx Project Window Help

Select a directory as workspace

®0c0c0cc000000000000000000000 00

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

o

[ Welcome 2@1

Workspace: ftonifwork!TetraMaﬂSystem.Designiseminar!workspacd

W XILINX

a VITIS.

VITIS
IDE

PROJECT

Create Application Project

Create Pla&form Project

Create Library Project

1, t+ Proic
L T €t

Use this as the default and do not ask again

» Restore other Workspace

PLATFORM

Add Custom Platform

RESOURCES

Vitis Documentati

Xilinx Developer

-

ReleF

Browse...

Cancel

-

Launci‘



Vitis: create platform project

* Importing hardware definition file

Platform Project Specification

Create new platform project

Enter a name for your platform project

Project name: platform_1|

(] Use default location

Location: | /export/home/tonifwork/Tetra

Platform
Project
_ B
XSA

Platform Project

Create new platform project

Create a platform project from the output
to specify options for the kernels, BSPs, as
for embedded software developers.

(@) Create from hardware specificatior

Create a new platform project fromal
can be customized later from the plati

Create from existing platform

Load the platform definition from an ¢
your platform project.

< Back |

T o F
ReleF

®0c0c0cc0c00000000000000000000 00

Provide the hardware and software specification for the new platform project

Hardware Specification
XSA file: | /export/home/toni/work/TetraMax/System.Design/seminar/project_1/design_1 _wrapper.xs:ﬂ Browse...
Software Specification

Operating system: | standalone v

Processor: ps7_cortexad_0 -

u Note: A domain with selected operating system and processor will be added to the platform. The platform project can be
modified later to add new domains or change settings.

(W] Generate boot components

@ < Back Next Cancel Finish

Next > Cancel Finish



Vitis: create platform project

Build platform configuration

File Edit | Search Xilinx Project Window Help

¥ (= export
= platform_1
- = hw
P = sw
= platform_1.xpfm

» = hw
b = logs
b = ps7_cortexa9_0

«J Assistant 23] = m)

/KOH ~

Quick Access ’hs Debug

«J platform_1 S@}

= B ||5= outline 2 =@

type fi... € = X

> 5
{} ps7_cortexa9_0
~ [=% zynq_fsbl
[ Board Support f
~ [ standalone on ps7 |

2 Board Support f

Platform: platform_1

Name: platform_1

Hardware Specification: design_1_wrapper.xsa

Description: platform_1
&
samples: Browse... | Q
(W) Generate boot components
Pre-built Companents
FSBL: Browse... || Q| Gk

Main Hardware Specification |

An outline is not available.

& Console 2@] 2! problems [ vitisLog (D Guidance

BEEE "B~ ~

=

8

Platform Tl Console

platform create -name {platform_1} -hw {/export/home/toni/work/TetraMax/System.Design/seminar/project_1/design_1_wrapp

platform read {/export/home/toni/work/TetraMax/System.Design/seminar/workspace/platform_1/platform.spr}
platform active {platform_1}

platform_1/export/platform_1/hw/design_1_wrapper.xsa

T o F

ReleF




Vitis: create application project

File

Using hardware platform data (libraries)

Edit | Search Xilinx Project Window Help

Shift+Alt+N P

Open File...
Close

Close All

\=l Save

=), Save As...
[E) save All
Move...

| Rename...
& Refresh
Import...
Export...
Properties
Switch Workspace
Restart

Exit

Shift+Ctr+W

E= Library Project...

Ctri+w

Alt+Enter ~ O

L3 =

7 HwKernel Project...
B platform Project...
[ Other...

im Applicatin Project...

ReleF

Quick Access # Debug

=

]

&= Outline 52 =g

Ctri+N |

~ {} ps7_cortexa9_0
~ [=® zyng_fshl
Board Support F
~ [ standalone on ps7_
Board Supportf

Name:

Hardware Specification: design_1_wrapper.xsa

Description:

Samples:

l Platform: platform_1

platform_1

platform_1

(W) Generate boot components

Pre-built Components

FSBL:

Browse... || Q,

Browse... Q

Main‘ Hardware Specification |

An outline is not available.

& console BS] 7 Problems [l vitisLog @ Guidance

LB BEE=&#rByy = O

Build Console [platform_1]

@6:17:39 Build Finished (took 28s.97ms)




Vitis: create application project

ReleF

« Using hardware platform data (libraries)

®0c0c0cc000000000000000000000 00

Platform
Choose a platform for your project. You can also create an application from XSA through the 'Create a new platform from hardware (XSA)' tab.
Create a New Application Project

Select a platform from repository Create a new platform from hardware (XSA)
This wizard will guide you through the 4 steps of creating new & i L = + add & Manage
1. Choose a platform or create a platform project from vivac | Name Board Flow Vendor Path
2. Put application project in a system project, associate it with B
3. Prepare the application runtime - domain
4. Choose atemplate for application to quick start developmel
Platform
Project
Processor I Domain
Platform Info
XSA General Info Acceleration Resources Domain Details
Name: platform_1 The selected platform does not have Domains
application acceleration capabilities ; ;
Part: XC72020clg484-1 i e Domain name Detalls
_ standalone on ps7_corte...CPU: ps7_cortexa9_

* A platform provides hardware information and software envil Family: yng 05: standalane
* A system project contains one or more applications that run a Description:
* A domain provides runtime for applications, such as operatin
* A warkspace can contain unlimited platforms and unlimited s platform_1

Skip welcome page r

@ @ < Back Next > Cancel Finish



Vitis: create application project

Application Project Details

Specify the application project name and its system project properties

Application project name: | hello|

System Project

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

Select a system project System project details

|
System project name: | hello_s
Target processor

Select target processor for the

Processor A

ps7_cortexad_0 he

Show all processors in the hardy

Define name, type, and domain)

™

Domain

select a domain for your project or create a new domain

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

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

Select a domain Domain details

standalone on ps7_cortexad_0

== Create new...

Name:

Display Name:

Operating System:

Processor:

standalone_domain

cortexad 0

standalone on p

standalone -

Cancel

T o F

ReleF

Finish



Vitis: create application project

« Select template to ease programming
* Application is “Hello World” demo

Templates
Select atemplate to create your project.

Available Templates:
Find: a Hello World

~ SWdevelopment templates Let's 2y ‘HelloWorkf InC.

Dhrystone

Empty Application
Empty Application (C++)
IwiP Echo Server

IwIP TCP Perf Client
IwIP TCP Perf Server
IwIP UDP Perf Client
IwIP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demao
OpenAMP RPC Demo
Peripheral Tests

RSA Authentication App
Zyng DRAM tests

Zyng FSBL

® Next > Cancel Finish

T o F

ReleF




Vitis: create application project

« Build "Hello World” application

File Edit | Search Xilinx Project Window Help

R -R i vO~-is

5 -

N4 R

JUEE
i4+—0 O
37

Quick Access # Debug

[ Explorer 231

B ¥ =0 ||\I platform_1 & hello_system X hello (I@ *helloworld.c 231

= B ||5= outline 2 = a

FII e
New ]

» & Includes
> (= src
» [ hellov
b [n platfo
» [c platfo
» [n platfo
B Iscript
B xilinx.
» 4 ide

«f Assistant 52

platform_1 [Pl:

Move To System Project...
T Paste

® Delete

2 Refresh

41 Import Sources...

1 Export as Archive
Build Prqject

Clean Project

T Generate Linker Script
22 Program FPGA

2 Create Boot Image
! Program Flash

C/C++ Build Settings
Team

Run As

Debug As

Properties

F5

-

»
»

Alt+Enter

Hartnssse 9600
lartlite Configurable only in HW design
1s7_uart 115200 (configured by bootrom/bsp)

ide <stdio.h>
ide "platform.h"
ide "xil_printf.h"

in()

iit_platform();

‘int("Hello Worldinixr");

‘int("Successfully ran Hello World application\n\r");

.eanup_platform();
iturn @;

PR o %~
o stdio.h

U platform.h

o xil_printf.h

11 [f problems [ vitis Log (D Guidance

B EEER M2y = O

[hello, Debug]

1€} hello



Vitis: create application project

* Run “Hello World™ application

File Edit | Search Xilinx Project Window Help

JUEE
i4+—0 O
37

Nyl S ~R~i~O~ivF~ D@ 0E YD~ Quick Access # Debug
[ Explorer 231 Be - =0 ||\I platform_1 & hello_system #* hello (I@ helloworld.c 2@1 = 8 ||g= outline 2 = 5

uartnss50 9600

.:....---ﬂﬁ,
New »

» 3 Binaries _
b & Includes Move To System Project...
» = Debug L Paste
v &= src K Delete
» [c] hellowor, 2] Refresh
» [B platform| =3 Import Sources...
b [& platform .4 Export as Archive
» [ platform ;i project
—___ Miscrintid Clean Project
assistant 5 C ) Generate Linker Script

0

2% Program FPGA
2 Create Boot Image

platform_1 [Platfc B Program Flash
C/C++ Build Settings
Team 4
Debug As »
Properties Alt+Enter

1€} hello

tlite Configurable only in HW design
_uart 115200 (configured by bootrom/bsp)
<stdio.h>

"platform.h"

"xil_printf.h"

()
_platform();

t("Hello World\n\r");

t("Successfully ran Hello World application\n\lf};
nup_platform();

m 0;

PR o %~
o stdio.h

U platform.h

o xil_printf.h

B EEER M2y = O

I Problems [E] vitis Log (@ Guidance

£ 1 Launch on Hardware (Single Application Debug)
. 2 Launch on Emulator (Single Application Debug)
& 3 Launch on Hardware (Single Application Debug (GDB))

X




Vitis: create application project

« Select run/ debug environment (JTAG)

Create, manage, and run configurations

Debug a program using Application Debugger.

CEeEX Bl ~ Configure launch settings from this dialog:

type filter text [] - Press the 'New Configuration' button to create a configuration of the selected type.

87 - Press the 'New Prototype' button to create a launch configuration prototype of the selected type.

¥ . Single Application C~* ""

£ Debugger_hello Ney(Configuration s the 'Export’ button to export the selected configurations.
- I 5 New Prototype

& single Application C i ew Prototype

EdsPM Analysis & Export

=| Duplicate

s the 'Duplicate’ button to copy the selected configuration.
sthe 'Delete’ button to remaove the selected configuration.
v s the 'Filter' button to configure filtering options.
R Delete

U Link Prototype or view an existing configuration by selecting it.

u| Unlink Prototype ct launch configuration(s) and then select 'Link Prototype’ menu item to link a prototype.

Rl Resetwith Prototype Values €t launch configuration(s) and then select 'Unlink Prototype’ menu item to unlink a prototype.

[r| - Select launch configuration(s) and then select 'Reset with Prototype Values' menu item to reset with prototype values.

Configure launch perspective settings from the preference page.

Filter matched 4 of 4 items

)

T o F

ReleF




Vitis: create application project

T o F

ReleF

* Execution “Hello World” application

root@5I51-amb: /home/saam#

root@5I51-amb : /home /saam#

root@5I51-amb: /home/saam# miniterm /dev/ttyACHO 115200

Create, manage, and run configurations -—— Miniterm on /dev/ttyACHO 115200.8.N.1 ——-

Debug a program using Application Debugger. ——= Quit: Ctrl+] | Menu: Ctrl+T | Help: Ctrl+T followed by Ctrl+H ——
Hello World

—Successfully ran Hello World application

CH] &5 —+],
O X - v Name: Debugger_hello-Default_1
type filter text €@ || (87 main [ Application| @ Target Se
~ % single Application Debug
% Debugger_hello-Default 1 I
Debugger_hello-Defauit_1 Debug Type: | Standalone Appllcatlp_n
& single Application Debug (GDB) T vl [P—.
EAsPM Analysis —
Project: hello
3
Configuration: = Debug -
Emulation
Performance Analysis
Revert A
Filter matched 5 of 5 items PPl
() Close

Ru r~_




Embedded system with PL part

« Start from previously build system
« Use Zedboard prototyping board
« Define two GPIO interfaces in PL
* One attached to five push buttons
* Other attached to eight slide buttons
« Use avallable AXI-Lite cores

T o F
Relet
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Embedded system with PL part

Look in: seminar
project_1 Recent Directories
workspace
File Praview
Select a file to preview.
File name:
Files of type: | Vivado and PlanAhead Project Files (xpr, ppr)

Open simple project

tokdd, @XC

fexportfhomeftonifworkTetraMax/System.Design/seminar v

Look jn: project_1 v toaEs BXC
project_1.cache Recent Directories
project_1.hbs fexportfhomedtonifwork/TetraMax/System.Design/seminar/p..
project_1.hw
project_1.ip_user_files File Preview
project_t.runs File: project_1.xpr
project_1.5im Directory: ) A . .
A JexportshomeftonifworksTetraMax/System.Design/seminar/project_1
project_1.srcs Created: Today at 05:54 AM

¢ project_1.xpr Accessed: Today at 06:43 AM

Modified: Today at 05:54 AM
Size: 123 KB

Type: Vivado project
Version: Vivado v2020.1
Owner: toni

Permissions: rw-rv-r-

File npame: project_1.xpr

Files of type: | Vivado and PlanAhead Project Files (xpr, ppr)

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

T o F
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Embedded system with PL p

Save to new project

al

T o F

ReleF

®0c0c0cc000000000000000000000 00

File Edit Flow Tools Reports  Window  Layout View  Help Q- Quick Access write_bitstream Complete
Project New... == Default Layout v
Add Sources... Alt+A Open... ect 1 ? X
Close Project Open Recent 2 i
? 006G X Project Summary 200 X%
Open Example...
Savp As... 0 * Overview | Dashboard
‘ | "~ ”~
] Open Log File ) )
Checkpoint ' ) Bpper (design_1_wrapper.v) (1) Settings  Edit
Open Journal File
F ' . Project name: project_1
Write Tcl... 1) ’ ) .
Text Editor 3 b v Project location: fexportfhomeftonifwork/Tetri
- Archive..  Jtrrrtooooomoossssoosocoososooooooooooo oo .
- Libraries  Compile Order Product family: Zyng-7000
Project part: ZedBoard Zyng Evaluation ar
Export 4 ;
Properties 2 _0OMn X Top module name: design_1_wrapper
o Target language: Verilog
Exit Simulator language: Mixed
v SIMULATION . . .
Select an object to see properties Save this project to a new name and location. '
Run Simulation
v RTLAMNALYSIS Project name: |pruﬂ'ect_2| |
- Tcl Console | Messages | Lo Reports | Design Runs  x
» Open Elaborated Design <! = 2 9 Project Jocation: |/export/home/toniiwork/TetraMax/System.Design/seminar Iz‘
> -~
Q = = + % Create project subdirectory
v SYNTHESIS F
[ENTE CEEEME  SEIE i) Project will be created at: ../System.Design/seminar/project_2
P Run Synthesis ~ « synth_1(active)] constrs_1 synth_design Complete! Include run results
> Open Synthesized Design + impl_1 constrs_1 write_bitstream Complete! N
v Out-of-Context Module Runs
v IMPLEMENTATION » o design_1 Submodule Runs Complete
» RunImplementation
O Impl ted Desi
» OpenImplemented Design MR >

Save the current project under a new name




Embedded system with PL part

File

’l

Edit Flow Tools
Flow Navigator
v PROJECT MANAGER

£ Settings
Add Sources
Language Templates

¥ 1P Catalog

<

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

<

SIMULATION

Run Simulation

<

RTL ANALYSIS

» OpenElaborated Design

v SYNTHESIS
P Run Synthesis

» Open Synthesized Design

<

IMPLEMENTATION
» RunImplementation

> OpenImplemented Design

Open Block Design and add new IP cores

®0c0c0cc000000000000000000000 00

L)
4

WARNING: [IP_Flow 19-3899] Cannct get the environment domain name wariable for the co
update_compile_order -fileset sources_1

save_pIoject_as pIoject_2 fexportshomestonisfwoTks/TetTaMaxs/System, besignsseminazs/pIoie
open_bd_design {fexportshomestonifworlTetTaMaxs/System. Design/seminars/project_2/proje

- - - - {

Adding component instance block -- xilinx. com:iip:processing_system?:5.5 -
WARNING: [BD 41-176] The physical port 'S_AXI_GP2_td_socket' specified in
WARNING: [BL 41-176] The physical port 'S_AXI_GP2_wr_socket' specified in
WARNING: [BL 41-176] The physical port 'S_AXI_GP3_rd_socket' specified in
WARNING: [BL 41-176] The physical port 'S_AXI_GP3_wr_socket' specified in

o

<
Type a Tcl command here

processing_
the portmap
the portmap
the portmap
the portmap

successfully read diagram <design_1» from BC file <sfexportshomestoniswoIksTetTaMaxsSy

Window  Layout View  Help Q- Quick Access write_bitstream Complete
& & b B & X == Default Layout v
BLOCK DESIGN - design_1 ? X
Sources Design x Signals Board 2 _0O0n Diagram  x AddressEditor x 200
o = A * @ e dx oo & 2 C a7
design_1
rocessin em7_0
> External Interfaces P 9-SyStemy
DDR
» = Interface Connections Bleld qp ||—'_D
FIKED IO o || FIXED_IO
> Nets usainp_o +]|
> T processing_system7_0 (ZYNQ7 Processing Systen:s.5) - M_AXLGPO
M_AXL_GPO_ACLK ZYNQ TTCO_WAVED_OUT
Properties ? 00X Search: | Q- gpi| {1 match)
& 4 AXIGPIO
) ) Z¥YNQT Processir
Select an object to see properties
Tcl Console x Messages | Log | Reports | Design Runs
o = = Il B B @

EMNTER to select, ESC to cancel, Ctrl+Q for IP details

T o F

ReleF




Embedded system with PL par

Eile  Edit
= b«

Flow Navigator

W

<

<

<

<

Flow Tools

L)
4

PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS
» OpenElaborated Design

SYNTHESIS
P Run Synthesis

» Open Synthesized Design

IMPLEMENTATION

» RunImplementation

> OpenImplemented Design

Connecting new cores

Window  Layout View  Help Q- Quick Access write_bitstream Complete
& & b B & X == Default Layout v
BLOCK DESIGN - design_1 * ? X
i« || Diagram  x AddressEditor x ?2 9
i)
2le e H ¥ o Q + & &, C o = DefaultView i
* Designer Assistance availabl Run Connection Automation
)
g angpio_0
n
T
=
L=}
i
AXl GPIO
'E . .
z axi_gpio_1
o
i+ 5.0
n = s_axi_aclk ar1o +|| DDR
1)
a a i n
5 soarese FIXED_IO
g
o AXI GPIO
processing_system7_0
DDR +
FIXED_IO +
USBIND_O +

M_AXI_GPO i

-

M_AXI_GPO_ACLK ZYNQ TTCO_WAVED_OUT
’ TTCO_WAVE1_OUT

TTCD_WAVE2_OUT

FCLK_CLKD

FCLK_RESETO_N

Z¥YNQ7 Processing System

Tel Conscle

IMessages

Leg

Reports Design Runs
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Embedded system with PL part

« Connecting new cores to the AXI bus

Autormnatically make connections inyour design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

Q = £
~ [m] All Automation (2 out of 4 selected)
v (W) F axi_gpio_0

Description

Connect Slave interface (/axi_gpio_1/5_AXI) to a selected Master address space.

[0 GpIO Options
Ik S_AXT
~ [m] 9 axi_gpio_1 Master interface fprocessin v
0 4 &PI0 Eridge IP v
s
Clock source for driving Bridge IP | Auto v
Clock source for Slave interface Auto v

Clock source for Master interface | /processin rstem7_0/FCLK_CLKD (100 MHz) w

®
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Embedded system with PL part

« Connecting new cores to the AXI bus

Autormnatically make connections inyour design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

Q = £
~ [m] All Automation (2 out of 4 selected)
v (W) F axi_gpio_0

Description

Connect Slave interface (/axi_gpio_1/5_AXI) to a selected Master address space.

[0 GpIO Options
Ik S_AXT
~ [m] 9 axi_gpio_1 Master interface fprocessin v
0 4 &PI0 Eridge IP v
s
Clock source for driving Bridge IP | Auto v
Clock source for Slave interface Auto v

Clock source for Master interface | /processin rstem7_0/FCLK_CLKD (100 MHz) w

®
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Embedded system with PL part

* Connecting new cores to the I/O pins

Autormnatically make connections inyour design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on

the right.

Q = £
~ [+ All Automation (2 out of 2 selected)

v |v] FF axi_gpio_0

9% o

~ [ FF axi_gpio_1
{} GPIO

Description

Connect Board Part Interface to IP interface.

Interface: faxi_gpio_0/GPIO
Options

Select Board Part Interface | sws_8hits { DIP switches )

Cancel
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Embedded system with PL part

* Connecting new cores to the I/O pins

Autormnatically make connections inyour design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

Q = =
~ [+ All Automation (2 out of 2 selected)
v |v] FF axi_gpio_0
[+ 7} GPIO Interface: faxi_gpio_1/GPIO
~ [ FF axi_gpio_1

& Options

Select Board Part Interface | btns_Shits [ Push buttons ] »

Description

Connect Board Part Interface to IP interface.

®
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Embedded system with PL p

Validate hardware design

al

®0c0c0cc000000000000000000000 00

File Edit Fow Tools Reports Window  Layout View  Help Q- Quick Access write_bitstream Complete
=, H « & = b, | I - B = Default Layout w
Flow Navigator =38 BLOCK DESIGN - design_1 * ? X
~ PROJECT MANAGER & N )
n || Diagram  x AddressEditor x ? 30
£} Settings i
zl@ & 4 B O Q s + C ¢ | = DefaultView - o
Add Sources bl
Validate Design (F6)
Language Templates 5
4F 1P Catalog a
axi_gpio_0
v IP INTEGRATOR E -
2 ps7_0_axi_periph o [
i F - Axl_| p——] s_axiaclk GPIO ||| T3 5005 _Bbits
Create Block Design ”rﬁsmm iy
=T o
Open Block Design = rst_ps7.0_100M ACLK A CPID
T f{ ARESETN
. ] lowest, Ik b_reset i_gpio_1
Generate Block Design © s rm bus struct rr:s;x;am sopck Wl A i PR
 aux reset in peripheral_reset{00) 1 m‘fsn" B ™ Morax [ St s aa
' = mhb_debug sys_rst interco nnect_aresetn [0:0] m_aa:zem L L s _axi_aclk GPIO ||| T3 bitnis_Shiits
v SIMULATION .z = dem_locked peripheral_aresetn|0:0) q b 5_axi_aresetn
E - - |' I MO1_ACLK R
Run Simulation ? Processor System Reset MOLARESETH A GPIO
E processing_system7.0 AXI Interconnect
11
v RTLANALYSIS t oor +| J D DoR
£ FAXED IO ||| { FIXED_IO
> Open Elaborated Design = usenD.o +||
= - M_AKIGPO - e
o = MAXLGROACK TVNIY TICO_WAVED_ OUT
v SYNTHESIS ’ TICO_WAVET_OUT
o o ‘alidation successful. There are no errors or critical warnings in this design.
e Validati ful. Th tical gs in this desig
P Run Synthesis FCLE_CLKO
Y FELK_RESETO_N
Open Synthesized Design
> op Y g IVNQT Processing System
v IMPLEMENTATION
» RunImplementation
> OpenImplemented Design TclConsole | Messages | Log Reports Design Runs

Validate and display errors and critical warnings in this design

T o F
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Embedded system with PL part

Eile Edit Flow Tools Reparts

= b -

Flow Navigator = 8 ? _
s

v PROJECT MANAGER
£} Settings
Add Sources
Language Templates

¥ 1P Catalog

<

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

<

SIMULATION

Run Simulation

v RTLANALYSIS

» Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

» RunImplementation

> OpenImplemented Design

Verify memory addresses of GPIO

Window  Layout Miew  Help Q- Quick Access write_bitstream Complete
& & » E B Z == Default Layout v
BLOCK DESIGN - design_1 * ? X
|| Diagram  x Address Editor  x ? 30
1)
2l = £ ) [¥] Assigned (2) [+] Unassigned {0) [v] Excluded (0) Hide All &
L
Name 1 Interface Slave Segment Master Base Address  Range Master H
5 |+~ 2 Network0
a ~ AF /processing_system7_0
v [ /processing_system7_0/Data (32 address bits : 0x40000000 [1G])
75“1 18 /axi_apio_0 S_AXI Reg Bx4120_0000 2 B4K v Bx4128
@ ¢ /axi_gpio_1 S_AXI Reg Bx4121 0020 64K v @xal21
=
[+
&
o
g
£
1)
o
2
[
1)
£
o
=
=
2
E 3
< b
TelConsole | Messages Log Reports Design Runs

®0c0c0cc000000000000000000000 00
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Embedded system with PL part

File Edit Flow Tools Reports
SEET RS B X
Flow Navigator s 7? -

s

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

~ IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

» OpenElaborated Design

v SYNTHESIS
P Run Synthesis

» Open Synthesized Design

v IMPLEMENTATION
» RunImplementation

> OpenImplemented Design

Generate HDL wrapper file and copy into project

Create new HDL wrapper

Window  Layout View  Help Q- Quick Access write_bitstream Complete
& & b B & X x = Default Layout v
BLOCK DESIGN - design_1 * ? X
Sources  x Design Signals Board 2 _0O0n Diagram  »  AddressEditor 200
aQa = = <+ 0 -3 Q = = 1 [+) Assigned (2) Unassigned (0)
~ [ Design Sources (1) -~ Name 1 Inte
~ @ & design_1_wrapper [design_1_wrappery) (1) w2 Network0
[ design_1_i : desic rocessing_system7_0
g. T Source Node Properties... Ctri+E I il -
~ @ design_1 (desig . . /processing_system7_0/Data (32 address bits : 0x40000000 [1G
- & OpenfFile Alt+C
» TF[E processir 18 jaxi_gpio 0 S_AX
> Constraints CreateﬁDL Wrapper... ¢ /axi_gpio.1 < Al
| ¢ ST View Instantiation Template
Hierarchy = IP Sources Liby Generate OutpUt Products...
Reset Qutput Products...
Source File Properties
design_1.bd
Enabled
. . X Remove File from Project...
_4 S —
General = Properties 3
Disable File Alt+Minus
Tcl Console  « Messages Hierarchy Update 4 ?2 00
Refresh Hierarc
ax =2 nmegc "y
: 1P Hierarchy * - i ]
 INFG: [BoardRule 1@2-8] 1. com:interface:gpio_1tl:1.8 sws_B8bits ~
=) INFD: [BoardRule 182-9] aPIG
I?I apply_bd_automation -Tul Interface {btns_Sbkits { Push buttons 3 3 Manual_:
¢ INFD: [board_tule 188-1F [get_bd_cells saxi_gpio_1]
INFD: [board_Tule 1@@-1E btns_Sbits [get_bd_cells saxi_gpio_1] o
< ; >
Type a Tcl command here SetUsedIn..
Edit Constraints Sets...
Edit Simulation Sets...
Associate ELF Files...

®0c0c0cc000000000000000000000 00
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Embedded system with PL part

Synthesis, iImplementation, generation

File  Edit Flow Tools
&, B

Flow Navigator = 9
¥ 1P Catalog

v IPINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

> OpenElaborated Design

v SYNTHESIS

» Dpen Synthesized Design

v IMPLEMENTATION

p RunImplementation

> OpenImplemented Design

v PROGRAM AND DEBUG

I Generate Bitstﬂaam

Reports

X

?

s

Window  Layout Miew  Help Q- Quick Access Synthesis and Implementation Qut-of-date  details  «£
& & » E B Z x = Default Layout v
BLOCK DESIGN - design_1 ? X
Sources x Design | Signals | Board 2 _ 0O Diagram x| Address Editor x IP Catalog X 200
Q = 2 |+ 0 o Q T = 1 ] Assigned (2) ) Unassigned(0)
~ [ Design Sources (1) My Name 1 Inte
~ @ & design_1_wrapper [design_1_wrappery) (1) v 2 Network 0

~ - [7] design_1_j : design_1 (design_1.bd) (1)
v @ design_1 (design_1.v) (6]

~ AF fprocessing_system7_0

v [ /processing_system7_0/Data (32 address bits : 0x40000000 [1G
“F[E axi_gpio_0:design_1_axi_gpio_0_0 (design_1_=

¢ /axi_gpio_0 S_AX
TF[E axi_gpio_1 : design_1_axi_gpio_1_0 (design_1_z ., ¢ Jaxi_gpio_1 S AX
R >
Hierarchy = IP Sources Libraries ~ Compile Order
Source File Properties ?2 00X
design_1.bd - o
e
Enabled
" " - - . — - |v
| { G >
General = Properties < 5
Tcl Console . Messages Log Reports Design Runs 2 _ 00
a = £ Il B B @
endgToup ~

walidate_bd_design

© wvalidate_bd_design -force

=) make_wrapper -files [get_files sexportshomestonisworlksTetraMaxs/System, Designs/seminar/project_2/project_2. sIcs/souTce

WIote | </export/homestonis/worksTetTaMaxs/System, Designsseminal/project_2/project 2. sTcs/souTces_1/bd/design_1/desic,,
< >

Type a Tcl command here

®0c0c0cc000000000000000000000 00
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Embedded system with PL p

Export hardware description

File  Edit Fow Tools Reports Window  Layout View  Help Q- Quick Access write_bitstream Complete
o L]
Project y |® B P, B X == Default Layout v
Add Sources.. ij-+s |BLOCKDESIGN - design_1 ? X
Close Project . ) ) .
Sources x Design | Signals | Board 2 _ 0O Diagram  x AddressEditor x| IP Catalog X 200
- - L] ¥
. QI % + 0 # eauxNoQ= s+ @ ACY
Save Block Design As..
) w Design Sources (1) ~ ~
Close Block Design ) L )
~ @ & design_1_wrapper [design_1_wrappery) (1)
w =[5 design_1_j : design_1 (design_1.bd) (1)
v @ design_1 (design_1.v) (6]
. > TF[E axi_gpio_0: design_1_axi_gpio_0_0 (design_1_z=
Checkpoint 3 - -_gp. g .g ._gp. _ !
» LR [E axi_gpio_1 : design_1_axi_gpio_1_0 (design_1_z
_gpio_ gn_1_axi_gpio_1 U1 an_l_z __(D—
F b | O > 2+ s00.ax1
: S : rst_ps7_0_100M A etk
. Hierarchy = IP Sources Libraries ~ Compile Order ACLK
Text Editor » b——| ARESETN
showest_sync_clk mhb_reset SO0 ACLK
ext_reset_in bus_struct_reset|0:0) sco_ =0
__Sourcs Cils Bronartisas ? _00 X « aux_reset_in peripheral_reset{m0) — MtX;:CLK
Export Export Hardware, . = mhb_debug sys rst interconnect_aresetn[0:0] ]
- q- = dem_locked peripheral ; ) q -
Print... Ctrl+P Export Block Design... - r |- :2:’:‘;;:
- . . L Processor System Reset -
) Export Bitstream File... )
Exit 84-1 processing_system?7_0 )
- Export Simulation... w
P Run Synthesis . portSin > o :]” —
T even a1 ¥
> Open Synthesized Design General  Froperties < P
v IMPLEMENTATION Tcl Console . Messages Log Reports Design Runs 2 _ 00
P RunImplementation Q = £ Il B B o
~ OpenImplemented Design . Mo Unisim elements were transformed. ~
Constraints Wizard |1l_| open_tun: Time {s}: cpu = @9:8@:18 ; eclapsed = B@:8@:13 . MemoIy {MB}: pealk = 8138.195 ; gain = 722.168 ; free phys:
. open_bd_design {fexportshomestonisworksTetraMaxs/System, Designsseminars/pIoject_2/project_2. srcsssources_lsbdidesign_t
Edit Timing Constraints . N
o < >
) Report Timing Summary —
Type a Tcl command here
Rennrt Clork Netwnrks hd

al

Export a hardware description file for use with the Vitis
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Embedded system with PL part

* Export hardware description

®0c0c0cc000000000000000000000 00

Export Hardware Platform

VIVADO'’

HL Editions This wizard will guide you through the export of a hardware platform for use in the Vitis or Petalinux
software tools.
) Output
To export a hardware platform, you will need to . . . .
specify the platform properties. Set the platform properties to inform downstream tools of the intended use of the target platform's hardware design. '
Platform type

(@) Fixed () Pre-synthesis

A platform supporting embedded softw: ~ This platform includes a hardware specification for downstream software tools.
™y Expandable ® Include bitstream
" A platform supporting acceleration. This.platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for........
software tools.

& XILINX.

Il

[ss]

T o F
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Vitis: create platform project

1y

ReleF

* New platform description must be built

I Edit | Search Xilinx Project Window Help

Shift+Alt+N P ™ Application Project... b - Quick Access BT 45 Debug
Open File... Z= Library Project... =
= = . =
Close P # HwKernel Project... stem X hello [g helloworld.c 2@1 B || 5= outline 2 B
———————————————————————————————— d 5 -
Close All Shift+Cerl+w latform Project... L BV o %
. :
5| save ™ other... ctri+N nfigurable only in HW design R stdioh
I * i U platform.h
B Save As... 45 N ps7_uart 115200 (configured by bootrom/bsp) P. .
46 / 1 xil_printf.h
o i o mamgimt
ove 48 #include <stdio.h>
- 49 #include "platform.h”
#| Rename... 50 #include "xil_printf.h"
Refresh 51
52
Lmport... 53°int main()
Export... 54 {
55 init_platform();
Properties Alt+Enter © B 56 -P 0
Switch Workspace [ 57 print(“Hello Worldin\r");
58 print(“Successfully ran Hello World application\n\r"};
Restart
59 cleanup_platform();
Exit 60 return 0;
Bl platform_1 [Platform] 61 }
= console 2@1@ Problems [E] vitis Log (D Guidance T 7 =B B~ =08
Build Console




Vitis: create

Create new platform project

Enter a name for your platform project

This wizard will guide you through creation of a platform project f
platform will enable you to specify options for the kernels, BSPs,
supported for embedded software developers.

Platform project name: | platform_2

Platform
Project

Processor

A new platform project can be created from one of the two inpu

From hardware specification (XSA)

Create a new platform project from a hardware specification
customized later from the platform project editor.

From existing platform

Load the platform definition from an existing platform. You
project.

Importing hardware definition file

platform project

—O0

8

®0c0c0cc000000000000000000000 00

| —|
Platform

Choose a platform for your project. You can also create an application from XSA through the 'Create a new platform from hardware (XSA)' tab.

o—
e

77 Create a new platform from hardware (XSA) Select a platform from repository

Hardware Specification

XSA File: | /export/home/toni/work/TetraMax/System.Design/seminar/project_2/design_1_wrapper.xsa ¥ | | Browse...

Software Specification

Specify the details for the initial domain to be added to the platform. More domains can be after the platformis created by double clicking the
platform.spr file

Operating system: | standalone -

Processor:

ps7_cortexa9_0 -

Note: A domain with selected operating system and processor will be added to the platform. The platform project can be modified later to
add new domains or change settings.

(9] Generate boot components

< Back Next > Cancel Finish



Vitis: create platform project

« Build platform configuration

File Edit | Search Xilinx Project Window Help

» & platform_1

b (= bitstream

» (= export

b = hw

» = logs
(= ps7_cortexa9_0
(= resources

» (= zyng_fshl
«J platform.spr

«J Assistant 2@1 = a

v @ O viFdviCovD -

LS
+—0 o
-

Quick Access # Debug

«d platform_1 & hello_system ¥ hello ¢ helloworld.c (\I platform_2 2@1

KROH ~
~ [ hello_system [System]
» {c} hello [Application]
platform_1 [Platform]

= B ||g= outline &2 =8

typefi.. €@ % X| Pplatform: platform_2

- {1 ps7_cortexad_0 Name: platform_2
~ 28 zynq_fshl Hardware Specification: design_1_wrapper.xsa
=/ Board Support F Description: platform_2
~ [ standalone on ps7_
=| Board Support f
Samples:

(M) Generate boot components
Pre-built Components

SBL:

Browse...

Browse...

Q

Q| E

Main‘ Hardware Specification |

An outline is not available.

-

& console E@] 7 Problems [E] vitis Log @ Guidance

LI

=

]

Platform Tcl Console

platform create -name {platform_2} -hw {/export/home/toni/work/TetraMax/System.Design/seminar/project_2/design_1_wrapp

platform read {/export/home/toni/work/TetraMax/System.Design/seminar/workspace/platform_2/platform.spr}

platform active {platform_2}

platform_2



Vitis: create application project

(o 0 o

« Using hardware platform data (libraries)

= Edit | Search  Xilinx Project Window Help

Shift+Alt+N P

Application Project... -

Quick Access # Debug

Open File... £ Library Project...

ReleF

Close P # HwKernelProject stem # hello [€] helloworld.c (\I platform_2 2@1 = B8 ||g= outline 2 = 5
=
Close All shift+Ctrl+w | [ Platform Project... l .
= oth N I Platform: platform_2 An outline is not available.
5] save er... tri+

=), Save As...
[E) save All
Move...
| Rename...
Refresh
Import...
Export...
Properties
Switch Workspace
Restart
Exit
platform_1 [Platform]
platform_2 [Platform]

Alt+Enter ~ O

L3 =

Name: platform_2

{} ps7_cortexa9_0

~ [=2 zynq_fshl Hardware Specification: design_1_wrapper.xsa
Z| Board Supportf  Description: platform_2
~ [ standalone on ps7_
=/ Board Support §
Samples:

(W) Generate boot components
Pre-built Components

FSBL:

Browse... || Q,

Browse... Q

Main‘ Hardware Specification |

& console E@] 7 Problems [l vitisLog @ Guidance

OB =& By =0

Build Console [platform_2]

@7:38:1@ Build Finished (took 21s.445ms)
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Vitis: create application project

A

ReleF

« Using hardware platform data (libraries)

®0c0c0cc000000000000000000000 00

Create a New Application Project Platform
Choose a platform for your project. You can also create an application from XSA through the 'Create a new platform from hardware (XSA)' tab.

This wizard will guide you through the 4 steps of creating r Select a platform from repository (1 Create a new platform from hardware (XSA)
1. Choose a platform or create a platform project from Find: a + Add & Manage
2. Put application project in a system project, associate it
3. Prepare the application runtime - domain Name Board Flow Vendor Path
4. Choase atemplate for application to quick start develo) B platform_1 [custom] zed Embedded SW Dev xilinx /export/home /toni/work/TetraMax/System.Design/semi
[~
Platform
Project
Platform Info
General Info Acceleration Resources Domain Details
Name: platform_2 The selected platform does not have Domains
application acceleration capabilities ; ;
Part: Xc72020clg484-1 PP pa Domain name Details
* A platform provides hardware information and software Eamilv: N standalone on ps7_corte...CPU: ps7_cortexad_
* A system project contains one or more applications that t y: g 05: standalone
* A domain provides runtime for applications, such as opet Description:
* A workspace can contain unlimited platforms and unlimit
platform_2
Skip welcome pi

® ® < Back Next > Cancel Finish



Vitis: create application project

T o F

ReleF

« Select template to ease programming
« Application read GPIO data end write to UART

Templates
Select atemplate to create your project.

Available Templates:
Find: a

®0c0c0cc000000000000000000000 00

Peripheral Tests

SW development templates Simple test routines for all peripherals in the hardware.

Dhrystone

Empty Application
Empty Application (C++)
Hello World

IwIP Echo Server

IwIP TCP Perf Client
IwIP TCP Perf Server
IwIP UDP Perf Client
IwIP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

RSA Authentication App

Zyng DRAM tests
Zyng FSBL

@ < Back Next > Cancel Finish
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Vitis: create application project _Lg
« Build GPIO application |

+o

<L Expl Build ‘Debug’ for project ‘primer’ [EECERIIN] platform_2 & primer_system ¥ primer (I@ testperiph.c 2@1 = B ||5= outline = g
RO b2 1T 5Tatus; a . -
~ [=] primer_system [ platform_2 ] 63 BR o %
~ {2} primer [ standalone on ps7_cortexa9_0 ] 64 print("\r\n Running ScuGicSelfTestExample() for ps7_scugic_@...\r\n"); o stdio.h
65 U xparameters.h
b B Irchides 66 Status = ScuGicSelfTestExample(XPAR_PS7_SCUGIC_@_DEVICE_ID); o xil cache.h
v (= SrC &7 xil_cache.
» [n] devcfg_header.h 68 if (Status == @) { o xscugich
» [ dmaps_header.h ?3 } print("ScuGicSelfTestExample PASSED\1\n"}; = xil_exception.h
» [n gpio_header.h 71 else { & scugic_header.h
b [n] gspips_header.h 72 print("ScuGicSelfTestExample FAILED\T\n"); 21 xgpio.h
» [H scugic_header.h ;j ) } 2 gpio_header.h
» [k scutimer_header.h 75 o xdevcfg.h
¥ [n scuwdt_header.h 76 { M devcfg_header.h
78
H dmaps_header.h
» [n ttcps_header.h 79 Status = ScuGicInterruptSetup(&intc, XPAR_PS7_SCUGIC_@_DEVICE_ID); . P_h
«J Assistant EX} =7 80 if (Status == @) { d xgspips.
81 print("ScuGic Interrupt Setup PASSED\T\n"); o gspips_header.h
GROH - 2 1 - o
w % hello_system [System] & console 2’51 7 problems [E] vitis Log (@ Guidance 44 BB~~~ = O
» {2} hella [Application] Build Console [primer, Debug]
platform_1 [Platform]
platform_2 [Platform]

Writable Smart Insert | 1:1

ReleF



Vitis: create application project

* Run GPIO application

File Edit | Search Xilinx Project Window Help

A

(o 0 o

Nyl S~~~ O @ B0 ~iFv oD~ Quick Access jhﬁDebug
L Explorer 231 B ~ = |\I platform_2 & primer_system & primer (I@ testperiph.c 2@1 = B || outline 2 = 8
> & zynq_fsbl . e Sratds: AR ok ¥
«J platform.spr 64 print("\r\n Running ScuGicSelfTestExample() for ps7_scugic_@...\r\n"); & stdio.h
v@prlmer system [ platform_2 ] 65 U xparameters.h
AA Status = ScuGicSelfTestExample(XPAR_PS7_SCUGIC_@_DEVICE_ID); N .
» = xil_cache.h
» “‘Blnarles : . x i
= Move To System Project... (Status == @) { = xsaugich
» [l Includes print("ScuGicSelfTestExample PASSED\x\n"}; 2 xil_exception.h
Paste -
» (= Debug U scugic_header.h
S Fuam % Delete se { . i
& . print("ScuGicSelfTestExample FAILED\1\n"); ® xgpio.h
b [ devcfg_header ! Refresh = gpio_header.h
» [E dmaps_header  £21 Import Sources... = xdevcfg.h
» [n] gpio_header.h 1 Export as Archive u devcfg_header.h
» [0 gspips_header,  Build Project nt Status; 2 xdmaps.h

b [n] scugic_header.

«f Assistant 22

~ E hello_system [System]
» {2} hello [Application]
platform_1 [Platform]

Clean Project

T8l Generate Linker Script
2% Program FPGA

2 create Boot Image

ﬂ Program Flash

C/C++ Build Settings

platform_2 [Platform] Team
P RUN As
Debug As
£} primer g

Properties

Alt+Enter

itatus = ScuGicInterruptSetup(&intc, XPAR_PS7_SCUGIC_@_DEVICE_ID);
f (Status == @) {
print("ScuGic Interrupt Setup PASSED\r\n");

2 dmaps_header.h
o xgspips.h
o gspips_header.h

blems [E] vitis Log @ Guidance

B EEER 2y = O

Jebug]

* vished (took 771ms)
» $EF 1 Launch on Hardware (Single Application Debug)

» % 2 Launch on Emulator (Single Application Debug)
£ 3 Launch on Hardware (Single Application Debug (GDB))

Run Configurl_\tions...
k;
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Vitis: create application project

* Execution “Hello World” application

Create, manage, and run configurations

Debug a program using Application Debugger.

>

OFeoEa%Xx B3~

type filter text a

% single Application Debug

% Debugger_hello-Default
&, single Application Debug (GDB)
EAsPM Analysis

Filter matched 5 of 5 items

Name: | Debugger_hello-Default_1

& Main O Application} ® Target Setup} 6= Arguments} -] Environmenq 5 Symbol FiIes}

33
B

Debug Type:
Connection:
Project:

Configuration:

Emulation

Standalone Application Debug *

remote A New

hello

Debug

Performance Analip, s, Buttons Status 0

DIP Switch Status 10
Push Buttons Status 0
DIP Switch Status 10
Push Buttons Status 0
DIP Switch Status 10
Push Buttons Status ©

DIP Switch Status 10
Push Buttons Status ©
DIP Switch Status 10

)

Push Buttons Status ©
DIP Switch Status 10
Push Buttons Status 0
DIP Switch Status 10

Browse...

Running GpiolnputExample(}) for axi_gpio_1l...

GpioInputExample PASSED. Read data:0x0

———Exiting main-—-—
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Outline

Part 1

 FPGA structure and design platform
 VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

« Embedded software design FPGA
 |P core development and integration
Part 3

« Software and hardware debuging
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Manage IP

Start with Manage IP
Select New IP

Fle Fow Tools Window Help ‘Q'QUiEkAEEESS

VIVADO?

HLx Editions

Quick Start

New IP Locationy,

OpenIP Location..

Tcl Console

Start using Vivado with the IP Catalog as a starting point te more quickly customize and create IP.

Recent Projects

& XILINX.

ILA
fexport/homestonifwork/TetraMax/2021/test/ILA

ILA
fexport/homestonifwork/TetraMax/2021/dbg/ILA

check_ILA
fexport/homestonifwork/TetraMax/2021/sandbox/check_ILA

UART_LED_IP
fexport/homeftonifwork/TetraMax/2021/sandbox/UART_LED_IP

Hello_wWorld
fexport/homeftonifwork/TetraMax/2021/sandbox/Hello_World

UART_LED
fexport/homeftonifwork/TetraMax/2021/sandbox/UART_LED

UART_LED_ILA
fexport/homeftonifwork/TetraMax/2021/sandbox/UART_LED_ILA

counter
fexport/fhomeftonifworkTetrahax/2021/sandbox/counter

uart_1
fexportfhomeftonifworkTetraMax/2021/sandbox/uart_1

Recent IP Locations

led_ip

1
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IP Core Project

Add custom core in VHDL

2= Default Layout

®0c0c0cc000000000000000000000 00

~

File Edit Tools Reports Window Layout View  Help Q- Quick Access
E‘ - 1 Crezfe and Package New IP... !
Arilldey Ii&% Create Interface Definition...
| Enable Dynamic Function eXchange...
Sources IP Catalog
Run Tcl Script...
Q T i Property Editor N Cores | Interfaces
Compile Simulatien Libraries... Q = =2 # ..[:‘ F P B
XHub Stares... Search: Q-
Custom Commands 3 )
Name “1 AXI4 Status License VLNV
Launch Vitis IDE ~ [ Vivado Repository
Q  Language Templates b Alliance Partners
&  Settings... > [ Alveo Card Management
Avedin Fanactiing © Rencarcins
Details
IP Sources
Tcl Console | Messages | Log | DesignRuns
Qa = = %
v
Mame Constraints Status Progress Incremental RunStrategy ReportStrategy Part Host  Description “ XILINX.

VIVADO!

HLy Editions

Create and Package New IP

This wizard can be used to accomplish following tasks:

Package a nawIP for the Vivado IP Catalog
This wizard will quide you through the process of creating a new
Yivado IP using scurce files and information from your current

project, block design or specified directony.

Create a new AXI4 Peripheral

This wizard will guide you through the process of creating a new AXI4
peripheral which includes HDL, driver, software test application, IP
Integrater VIP simulation and debug democnstration design,

Click Next to continue

Package your project and additional files to reuse as a piece of IP

T o F
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IP Core Project

Add custom core in VHDL

Ele Edit Tools Reports Window Layout View Help — © Quick Access
= + Create and Package New IP... | = Default Layout ~
Arilldey Create Interface Definition... ? X
Enable Dynamic Function eXchange...
Sources IP Catalog 200 X
Run Tcl Script...
Q = Property Editor ctrl+] Cores | Interfaces
Compile Simulatien Libraries... Q = =2 # ..[:‘ F P B o
Create Peripheral, Package IP or Package a Block Design Peripheral Details
X @ VLNV
Please select one of the following tasks. [ Specify name, version and description for the new peripheral
Packaging Options Name: led_ip
Package your current project Version: 1.0
Use the project as the source for creating a new IP Definition. ] -
Package a block design from the current project Display name: |led_ip.v1.0
hoose a block design as the source for creating a new IP Definition. o
Choose Ircl-'.ce |g|. he source for creating a ne efinitior Description: | My LED IP
Package a specified directory
Choose a directory as the source for creating a new IP Definition. 1P location: fexport/homestonifwork/TetraMax/2021/sandbox/MY_IF/ip_repo
. [] averwrite existing

Create AXI4 Peripheral

(@ CreateanewAX4 peripheral
Create an AXI4 IP, driver, software test application, IP Integrator AXI4 VIP
simulation and debug demonstration design.

©)

®

®0c0c0cc000000000000000000000 00
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IP Core Project

led_ip_v1.0

®

®0c0c0cc000000000000000000000 00

& XILINX.

Cancel @

Ll
 Add custom core in VHDL
File Edit Tools Reports Window Layout View Help Q- Quick Access
E‘ - Create and Package New IP... = Default Layout ~
Arilldey Create Interface Definition... ? X
Enable Dynamic Function eXchange...
Sources IP Catalog 200 X
Run Tcl Script...
Q = Property Editor Ctrl+) Cores | Interfaces
Compile Simulatien Libraries... Q = =2 # ..[:‘ F L2 & 1 o
Add Interfaces Create Peripheral
2 VLNV
Add AXI4 interfaces supported by your peripheral ' V |VADO'
HLx Editions 1. 1P (user.orgiuserled_ip:1.0) with 1 interface(s) ~
2. AX14 VIP Simulation demonstration design more info
—— 3. AXI4 Debug Hardware Simulation demonstration design ma
[ Enable Interrupt Support | e mm Name sl g g
Interfaces | | Interface Type Lite v Peripheral created will be available in the catalog ;
I 5_AXT . "
Interface Mode Slave - fexporthomeftonifworkTetraMax/2021/sandbox/MY_IP/ip_r
¢ ¢ Data Width (Bits) 32 ~
MNext Steps:
Memory Size (Bytes) | 64 - () Add TP to the repository
> H
Mumber of Registers |4 [4.512] S=cynton ® edit1p

() Verify Peripheral IP using AX14 VIP

< >
Click Finish to continue

() Verify peripheral IP using JTAG interface o

T o F
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IP Core Project

hdl > MY _IP/ip_repo/led ip 1.0/hdl

Update HDL part of IP core template

File Edit Flow Tools Reports Window Layout View Help Q- Quick Access Ready
E‘ E X '. E o X ¥ == Default Layout ~
Flow Navigator S8 PROJECT MANAGER - edit_led_ip_v1_0 ? X
+ PROJECT MANAGER 2y : .
Sources ?2 _ 00O X Froject Summary  x PackageIP - led_ip Oon
£} Settings
a = = + 0 o
Add Sources Packaging Steps Identification
[ Design Sources (3] i T O [
Language Templates - = F [tz doch oy
v @~ ; " N(: P i on Vendor: user.org
<F 1P Catalog ® led_ip.v1_0_S_AXLins ource Node Properties..
= OpenFile f Library: user
Edit Packaged IP "_‘ """"" P ity
Hierarchy  Libraries Compil Replace File... ) Name: led ip
i
v IPINTEGRATOR Source File Properti Copy File Info Project Version: 10
ource File Properties ! .
Create Block Desi P Copy All Files Inta Project tion Parameters
reate Block Design P hd ) . Display name: led_ip_v1.0
) ed_ip_vi_0u X Remove File from Project... ntarf
Open Block Design eriaces Description: My LED IP
. . Enabled
Generate Block Desigr 2 Disable File Alt+Minus 1 and Memory Vendor display name:
<
e Move to Simulation Sources . Company url: v
v SIMULATION General  Properties tion GUI >
Run Simulation X
Tcl Console | Messages | Log Hierarchy Update 4 2 _ 00
- C  Refresh Hjgrarchy
~ RTLANALYSIS Q = = : ¥
IP Hierarchy 3
> OpenElaborated Design Name Consfrai.. Sta .| BR.. UR.. Elap.. FRunStrategy
v synth_1 constrs_1  No Vivado Synthesis Defaults (Vivado ¢
v SYNTHESIS impl_1  constrs_1 No Vivado Implementation Defaults (V
P Run Synthesis
> Open Synthesized Design Set Library... AlteL
Set File Type...
v IMPLEMENTATION
o Lt Set Used In.. >
Analyze and Refresh the Hierarchy
Edit Constraints Sets...
Edit Simulation Sets...
<+  Add Sources...

®0c0c0cc000000000000000000000 00
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IP Core Project

Fle Edit Flow Tools

= B
Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates
F IP Catalog

Edit Packaged IP

<

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

> OpenElaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

Update IP core properties

Reports  Window  Layout View  Help Q- Quick Access Ready
X " ) a4 » == Default Layout ~
T s PROJECT MANAGER - edit_led_ip_vi_0 2 X
Sources ?2 _0O X Project Summary  x PackagelIP-ledip oo
a =z & + 0 %
Packaging Steps File Groups
~ (= Design Sources (2] i T O N
. . . ~ - -
~ @ - led_ip_v1_0{arch_imp) (led_ip_v1_0.vhd) ( Identification @ Merge changes from File Groups Wizard
~ @ led_ipv1_0_5_AXLinst: led_ip_vi_0_S_A - Q z = ,[:' + C
@ led_ip_inst : LED_IP{rt]) {led_ifvhd) + Compatibility
s . Library I Used
¢ ) Name N Type T c
4 /#  File Groups ame nclude ons
Hierarchy = Libraries  Compile Order Standard [~
«/  Customization Parameters o Advanced O C
Source File Properties ?2 _ 00O X -
«/  Ports and Interfaces > VHDL Synthesis (2) O C
® led ip v1 Owvhd - > = VHDL Simulation (2) O C
2 +/  Addressing and Memaory 3 Ul Layout 1) 0O C
< > ;
---------------------------------------------- _ Block D [
General  Properties </ Customization GUI ’ eckDiagram (1) o Cv
A 4 >
Tcl Console | Messages | Log | Reports | DesignRuns ?2 _0O0
Q z & + %
Name Constrai.. Status T.. Total Po.. FailedRo.. . BR.. UR.. .. S.. Elap.. RunStrategy
v synth_1 constrs_1 Mot started Vivado Synthesis Defaults (Vivado £
impl_1  constrs_1 Mot started Vivado Implementation Defaults (v
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IP Core Project

Eile  Edit
= B

7l

Flow Tools
Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates
F IP Catalog

Edit Packaged IP

<

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS

> OpenElaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

Update IP core properties

Reports  Window  Layout View  Help Q- Quick Access Ready
X " ) a4 » == Default Layout ~
T s PROJECT MANAGER - edit_led_ip_vi_0 2 X
Sources ?2 _0O X Project Summary x| PackageIP-ledip x led_ip.vi ovhd x ]
a =z & + 0 %
Packaging Steps Customization Parameters
~ (= Design Sources (2] i T O N
. . . ~ . -
> @ 2 led_ip_v1_o6(arch_imp) (led_ip_v1_0.vhd) { Identification @ Merge changes from Customizatign Parameters Wizard
3 o IPXACT (1) N oz 2 @ + ¢
> [ Constraints +/  Compatibility
—_— — Name Description Di
K ~/ File Groups
Hierarchy | Libraries  Compile Order " Customization Parameters
<+ Customization Parameters C.S AXIDATAWIDTH  Width of S_AXI data bus C
Source File Properties ?2 _ 00O X .
2 Ports and Interfaces C_S_AXI_ADDR_WIDTH Width of S_AXI address bus €
® led_ip.v1_Owhd -3 C_5_AXI BASEADDR C
2 «/  Addressing and Memory C_5_AXI HIGHADDR C
i #  Customization GUI
General  Properties o Iz 5
Tcl Console | Messages | Log | Reports | DesignRuns 2 _ 00O
Q z & + %
Name Constrai.. Status T.. Total Po.. FailedRo.. . BR.. UR.. .. S.. Elap.. RunStrategy
v synth_1 constrs_1 Mot started Vivado Synthesis Defaults (Vivado £
impl_1  constrs_1 Mot started Vivado Implementation Defaults (v
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IP Core Project

Eile  Edit
= B

Update IP core properties

Flow Tools

7l

Flow Navigator

w

W

PROJECT MANAGER
L Settings
Add Sources
Language Templates
F IP Catalog

Edit Packaged IP

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS

> OpenElaborated Design

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

IMPLEMENTATION

Import HDL Parameters from specified source file

Reports  Window  Layout View  Help Q- Quick Access Ready
) o X » == Default Layout ~
PROJECT MANAGER - edit_led_ip_vi_0 2 X
)
Sources ?2 _0O X Project Summary x| PackageIP-ledip x led_ip.vi ovhd x oo
a =z & + 0
Packaging Steps Customization Parameters
e DesIgN S OUrCeS (2]
> @2 led_ip_v1_o(arch_imp) (led_ip_v1_0.vhd) { Identification Q T £ =@ 4+ C
3 o IPXACT (1)
» Constraints +/  Compatibility Name Description Di
¢ Tos - ) v [ Customization Parameters
= ~/ File Groups
Hierarchy = Libraries Compile Order C_S_AXI_DATA_WIDTH ‘Width of S_AXI data bus C
+/ Customization Parameters C_S_AXI_ADDR_WIDTH Width of S_AXIaddressbus  C
IP Parameter Properties ? 001 X C_S_AXI_BASEADDR C
«/  Ports and Interfaces
C_LED_WIDTH - & C_S_AXI_HIGHADDR c
= +/  Addressing and Memory v Hidden Parameters
Config groups: C_LED_WIDTHI c
v +/  Customization GUI Edit Parameter... r
< ¥ < >
Add Parameter..,
Tcl Console | Messages | Log | Reports | DesignRuns Remove Parameter _onmn
Q = = + % Import IP Parameters...
Name Constrai.. Status T.. TotalPo.. FailedRo.. . BR.. UR. .. S.| (O RefreshTable ‘
v synth_1 constrs_1 Mot started Its (Vivado ¢
- Export to Spreadsheet.. E
impl_1  constrs_1 Mot started . Defaults (V
o L€ b4
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IP Core Project

« Update IP core properties

FEile Edit Flow Tools Reports Window Layout View Help Q- Quick Access Ready
~3 P O X == Default Layout v
Flow Navigator =2 P PROJECT MANAGER - edit_led_ip_vi_0 2?2 X

+ PROJECT MANAGER “ . . .
Sources ?2 _0O X Project Summary x| PackageIP-ledip x led_ip.vi ovhd x oo
L Settings
a =z & + 0 %
Add Sources Packaging Steps Customization Parameters
~ (= Design Sources (2] i T R N [
Language Templates . . A o e - | -
> @ led_ip_v1_0(arch_imp) (led_ip_v1_0.vhd) { i = | &
® _ip_v1_0(arch_imp) (led_ip_v1_O.vhd) ( v Compatbiliy Q = & @ + C
F IP Catalog > = IP-XACT (1)
Exit Packaged P s Constraints < File Groups Name Description  Display Name
- - - . e . .
¢ . v Customization Parameters
= X X «/  Customization Parameters
v 1P INTEGRATOR Hierarchy = Libraries Compile Order C_S_AXI_BASEADDR C 5 AXIBASEADD
. +/  Ports and Interfaces C_S_AXI_HIGHADDR C S AT HIGHADD
Create Block Design )
Properties ? 00O X C_LED_WIDTH C Led Width
Open Block Design o </ Addressing and Memory C_S_AXIDATA WIDTH € S Axi Data Width
Generate Block Design o Customization GUI C_S_AXIADDR WIDTH C S Axi Addr Width
Select an object to see properties )
v SIMULATION 2 Review and Package ¢ 3
Run Simulation
Tcl Console | Messages | Log | Reports | DesignRuns 2 _ 00O
v RTLANALYSIS Q = = + %
> OpenElaborated Design Name Constrai.. Status we | o | w | | T | TotalPo.. | Failed Ro.. . BR. UR.. .. 5. Elap.. RunStrategy
v synth_1 constrs_1 Mot started Vivado Synthesis Defaults (Vivado £
v SYNTHESIS impl_1  constrs_1 Mot started Vivado Implementation Defaults (v
P Run Synthesis
> Open Synthesized Design
v IMPLEMENTATION ¢ by
W
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IP Core Project

Re-package and exit

FEile Edit Flow Tools Reports Window Layout View Help Q- Quick Access Ready
~3 P O X == Default Layout v
Flow Navigator =2 P PROJECT MANAGER - edit_led_ip_vi_0 ? X
+ PROJECT MANAGER “ - - -
Sources ?2 _0O X Project Summary x| PackageIP-ledip x led_ip.vi ovhd x oo
L Settings
a =z & + 0 %
Add Sources Packaging Steps Review and Package
~ (= Design Sources (2] i T O N
Language Templates > @ = led_ip_v1_6(arch_imp) (led_ip_v1_0.vhd) { - " @ 1P has been modified.
/' Compatibility
. { |
¥ IP Catalog > = IPXACT (1) Display name: led_ip_v1.0
" Constraints i .
Edit Packaged IP b .ons ra.l . «/  File Groups Description: My LED IP
< i i +/ Customization Parameters Root directory: fexport/homestonifwork/TetraMax/2021/sand
v 1P INTEGRATOR Hierarchy | Libraries  Compile Order
Creats Block Design +/  Ports and Interfaces After Packaging
Properties ? 00X N )
Open Block Design +  Addressing and Memory An archive will not be generated. Use the settings link below
B o Project will be removed after completion
Generate Block Design o Customization GUI ( . - s e
Select an object to see properties )
v SIMULATION 2 Review and Package by Re-Paciage IP
Run Simulation
Tel 2 _ 00O
v RTLANALYSIS Q o Finished packaging 'led_ip_v1.0' successfully.
Package IP Location: /fexport/home/tonifworks/TetraMax/2021/sandbox/MY_IPfip_repofled_ip_1.0
» OpenElaborated Design Na S.. Elap.. RunStrategy
w Do you want to close the project? Vivado Synthesis Defaults (Vivado £
v SYNTHESIS Vivado Implementation Defaults (v
P Run Synthesis
> Open Synthesized Design
v IMPLEMENTATION ¢ by
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IP Core Project

« Create new project

File  Flow Teols Window  Help ‘Q'QuiCkAccess

N
VIVADO! A
HLx Editions VIVADO

HLx Editinns

Quick Start

& XILINX
©)

Tel Console

Create a New Vivado Project

This wizard will guide you through the creation of a new project.

To create a Vivado project you will need to provide a name and a
location for your project files. Next, you will specify the type of flow
you'll be working with. Finally, you will specify your project sources
and choose a default part.

‘ Finish | ‘ Cancel ‘

X

1
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IP Core Project

Al

ReleF

* Create new project

®0c0c0cc000000000000000000000 00

Fle Flow Tools Window Help Q- Quick Access

VIVADO! £ XILINX.

Ll v Editnne
Project Name Project Type
Enter a name for your project and specify a directory where the project data files will be ' | Specify the type of project to create. ‘
stored.
1
. 1
Projectname: |UART_LED_IP | s (@ RTLProject
~ Youwill be able to add sources, create block designs in IF Integrator, generate IP, run
Project location: | fexportthomestonifwork/TetraMax/2021/sandbox E c RTL analysis, synthesis, implementation, design planning and analysis.
L Do not specify sources at this time

Create project subdirectory
Post-synthesis Project

Project will be created at: .../2021/5andbox/UART_LED_IP 3 : : . ) . .

Je You will be able to add sources, view device resources, run design analysis, planning and
implementation.

L

L - -

it 10 Planning Project

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

) O Imported Project

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

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

[

'J'_ L —

Finish Cancel



IP Core Project
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* Create new project

®0c0c0cc000000000000000000000 00

Fle Flow Tools Window Help Q- Quick Access

VIVADO! £ XILINX.

Ll v Editnne
Default Part p New Project Summary
Choose a defaultXilinx part or board for your project. ' 0 V |VADO
HLx Editions . )
1l © A new RTL project named "UART_LED_IP' will be created.
Parts | Boards “ © The default part and product family for the new project:
---------------------------------------------------------------------------- Default Board: ZedBoard Zynq Evaluation and Development Kit
Reset All Filters Install/Update Boards < Default Part: xc72020clg484-1
3 Product: Zyng-7000
Vendor: | All w | Name: | All ~ L Family: Zyng-7000
It Package: clg484
v Speed Grade: -1
search: | Q- v i
L
Display Name Preview Vel it
ZedBoard Zyng Evaluation and Development Kit ~ L
Add Daughter Card Connections e "

ZYNQ-7 TEOT745-%-81C11-AA35-1C
(1GBE DDR). *SPRT PCB: REV02, REVO1

¢ |\I i: XILINX, To create the project, click Finish

A

Cancel



IP Core Project

Add new IP repository

File  Edit Flow Tools
=

4

Flow Navigator

~ PROJECT MANAGER
£} Settings
Add Sources
Language Templates

IP Catalog

v IPINTEGRATCOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulatien

~ RTLANALYSIS

> OpenElaborated Design

v SYMNTHESIS
Run Synthesis

> Open Synthesized Design

~ IMPLEMENTATION

Run Implementation

1P = Repaository
Project Settings Add directories to the list of repositories. You may then add additional IP to a
General selected repository. If an IP is disabled then a tool-tip will alert you to the reason.
Simulation T TTTTTTTTmTmmomooooossooooosooosooosoossooooossooocioseoooos
Elaboration IP Repositories
Synthesis
Y . + -
Implementation : :
Jexport/home/toni/work/TetraMax/2021/sandbox/MY_IP/ip_repo (Project)
Bitstream
v IP
Repository
Packager
Tool Settings Add Reposit martin=
Project ‘
1P Defaults o 1 repository was added to the project. For more information related to
> ¥Hub Store disabled IPs, please refer to IP Catalog.
Source File
Display Repository
WebTalk
= =
Help -~ ¥
> Text Editor v fexportshomeftoniiworkiTetraMax/2021/sandbox/MY_IP/ip_repo
3rd Party Simulators > IPs(1)
> Colors
Selection Rules
Shortcuts
> Strategies
» Remote Hosts

» Window Behavior

Ready
== Default Layout v

200X

tramMax/2021/sandbox/UART_LEC

and Development Kit (xc7z020clc

OK | Cancel | | Apply | | Bestore...

DSP  Start Elapsed Runf
Viva

viva
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IP Core Project

File
=

4

Edit Flow Tools

L

Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

~ IPINTEGRATOR
Create "Iock Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

~ RTLANALYSIS

> OpenElaborated Design

w SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

ar

Create block design

Reports  Window  Layout View  Help - Quick Access Ready
B B o X == Default Layout v
PROJECT MANAGER - UART_LED_IP 2?2 X
P
Sources ?2 00O % Project Summary 200 %
a x £ + 0 & Overview | pashboard
Design Sources il il
> = Constraints Settings  Edit
[ Simulation Sources Project name: UART_LED_IP
--------- L OO . Project location: Jexport/heme/tonifworkTetraMax/2021/sandbox/UART_LELC
Hierarchy = Libraries  Compile Order Product family: 2yng-7000
Project part: ZedBoard Zynqg Evaluation and Development Kit (xc7z020clc
PRI ? 00O X Top module name: Not defined
-3 Target language: VHDL
Simulator language: Mixed
Select an object to see properties
Board Part o
< ?
Tcl Console | Messages | Log | Reports | DesignRuns X 2 _ 00
Qa =z 2 %
Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power FailedRoutes LUT FF BRAM URAM DSP  Start Elapsed Run)
v synth_1 constrs_1 Not started Viva
impl_1  constrs_1 Not started Viva
o L£ >
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IP Core Project

Add and configure zyn

File Edit Flow Tools
o - £
Flow Navigator 3

~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

~ IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

~ RTLANALYSIS

> OpenElaborated Design

w SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

External Interface: FIXED_I0

Window  Layout

® ¥ »

view  Help

oo X X

- Quick Access

== Default Layout

Ready

BLOCK DESIGN - design_1 *

Sources | Design x Signals | Board 2 _00K

a = 4 &
design_1

> External Interfaces

» Interface Connections

a a

» 7F processing_system7_0 (ZYNQY Processing System:5.5)

Block Properties ? 00X

#F processing_system7_0 o

Name: processing_system7_0

Parent name: design_1

General  Properties IP

Tcl Console  x Messages | Log

a =z 2 I B E 0

() WARNING: [BD 41-176] The physical poTt 'S_AXI_GP3 wI_socket' spec

Reports | Design Runs

Diagram

x Address Editor

om0 Q

X

+ oA E A C Y

Search: | Q- led|

T led_ipv10
3

H andgIoup

ENTER to select, ESC to cancel, Ctri+Q for IP details

{1 match)

DDR +
DIO +
GPO 4+
K_CLKO
SETO_M

lock!

Type a Tcl command here

DDR

FIXED_IO
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IP Core Project

File Edit Flow Tools
o - £
Flow Navigator 3

~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

<

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

<

SIMULATION

Run Simulation

<

RTL ANALYSIS

> OpenElaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

<

IMPLEMENTATION

P RunImplementation

2z

Reports

X

A

Connect all cores

Q- Quick Access

Window  Layout  View  Help Ready
® @ b B & X % v
BLOCK DESIGN - design_1 * 2?2 X
Sources Design x Signals | Board 2 00 Diagram » AddressEditor x 200
a = 4 & @ ailxmoa + 5 A ACY ”
design_1 - » Designer Assistance available. Run Cunnecti@ Automation
> External Interfaces
» Interface Connections
» 7 led_ip_0 (led_ip_v1.0:1.0) processing system?_0 boR
FIXED 1O
| & _processing system? 0 (ZYMOT Processing System:s 9] b oom +] r 2
-
WLAX]_GPO_ACLE
Block Properties 2 _ 00 X ZYNQ.
¥ led_ip .0 o ZYNG7 Processing System
_________________________________________________________ £
General  Properties IP
Tcl Console  x Messages |Log | Reports | Design Runs oo
a x £ I B E @

-1

startgroup

endgIoup

<
Type a Tcl command here

set_property location {2.5 745 47} [get_bd_cells led_ip_a]

create_bd_cell -type ip -vlnw user.orgiuser:led_ip:1.8 led_ip_#

Adding component instance block -- xilink com:ip:processing system7:5.5 - pIocessing_system7_@
WARNING: [BD 41-176] The physical port 'S_AXI_GP2_rd_socket' specified in the portmap,
WARNING: [BD 41-176] The physical port 'S_AXI_GP2_wr_socket' specified in the portmap,
WARNING: [BD 41-176] The physical port 'S_AXI_GP3_rd_socket' specified in the portmap,
WARNING: [BD 41-176] The physical port 'S_AMI_GP3_wr_socket' specified in the portmap,
Successfully Tead diagram <design_1» from BD file </export/home/tonifworlk/TetTaMax/2821/sandbo/UART_LED TP/UART_LED_IP.sTcs/sources_1/bd/de

iz not found
iz not found
iz not found
iz not found
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on
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block!
block!
block!
block!
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IP Core Project

Connect all cores (export LED pin)

File Edit Flow Tools
o - £
Flow Navigator 3

~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ 1P Catalog

~ IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

~ RTLANALYSIS

> OpenElaborated Design

w SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

Reports

2z

X

A

Window  Layout  View - Quick Access

® @ b, B 8 X *

Help

write_bitstream Complete /'

== Default Layout v

BLOCK DESIGN - design_1 *

Sources x Design | Signals | Board 2 _00K

a = = + 0 &

w Design Sources (1) il
> @ & design_1_wrapper(STRUCTURE) (design_1_wrapper.vhd)

~ [ Constraints (1)

~ [ constrs_1 (1)
I led_ip.xdc

Hierarchy [P Sources Libraries  Compile Order
External Port Properties ? 00X
@ LED - o
Ll
Name: LED
Direction:  Qutput
- Femmuo e &4
General  Properties
Tcl Console  x Messages |Log | Reports | Design Runs
= s I B8 E @
andgIoup

set_property name LED [get_bd_ports LED_8]

Type a Tcl command here

Diagram

a a

x Address Editor

om0 Q

processing sstem? 0

TVRGT Preceamng Syatem

X 700
+ E #C ”

P

o oor
o mED o

81,p47,0,100M

ed_ip 1 0( Beal
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IP Core Project

» (Generate bitstream and export hardware

File Edit Flow Tools Reports

Window  Layout View  Help - Quick Access

Project 3
Add Sources...
Close Project

Save Block Design Ctrl+5

Save Block Design As...

Close Block Design

Checkpoint 3
P ¥
Text Editor »
Export

Print... Ctrl+P
Exit

~ RTLANALYSIS

> OpenElaborated Design

w SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P RunImplementation

|

® @ b, B 8 X *

write_bitstream Complete /'

== Default Layout v

BLOCK DESIGN - design_1 *

Sources x Design | Signals | Board 2 _00K

a = = + 0 &

w Design Sources (1) My
> @ & design_1_wrapper(STRUCTURE) (design_1_wrapper.vhd)

~ [ Constraints (1)

~ [ constrs_1 (1)
I led_ip.xdc

Hierarchy [P Sources Libraries  Compile Order

| External Port Properties ? 00X
Expor'tﬁ‘ardware... - E ]
Export Block Design.. "

Export Bitstream File...

Export Simulation...

R T 7 S

General  Properties

Tcl Console  x Messages |Log | Reports | Design Runs

= = Il B B O
andgIoup
set_property name LED [get_bd_ports LED_8]

Type a Tcl command here

Export a hardwa re descrlpt-lon file for Use with the Vifis

Diagram  x AddressEditor x

aailxnoaq

P

+ 2 C o

processing sstem? 0

D oo

TVRGT Preceamng Syatem

81,p47,0,100M

Frocesor Systen Reset

o mED o

ed_ip 1 0( Beal
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IP Core Project

Start Vitis SDK

File Edit Flow Tools Reports Window Layout View Help (- Quick Access write_bitstream Complete  «/
L [  validate Design F6 * == Default Layout v
Flow Navigator ? X
g Create and Package NewIP...
~ PROJECT MANAGER iti i .
Create Interface Definition... Board 2 _00K Diagram  x AddressEditor x 200
4 Settings Enable Dynamic Function eXchange... n | na - »
& @ ailxoa <
Add Sources Run Tcl Seript...
o~
Property Editor Ctrl+]
Language Templ LUCTURE) (design_1_wrapper.vhd)
Associate ELF Files...
¥ 1P Catalog o
Generate Memory Configuration File...
processing_system7. 0
Compile Simulation Libraries... 0 oor
v IP INTEGRATOR D oo
hd
Create Block De XHub stores... —________J]
Custom Commands »
Open Block Desit es  Compile Order TVRGT Preceamng Syatem it
Launch Vitis IDE
Generate Block ‘ - O x st pa7_0_100M
@ Language Templates -
i ’ g‘ ied_ip v1.0(Beta)
~ SIMULATION £ setiings...
Ll
Run Simulation MName: LED
Direction:  Qutput
~ RTLAMNALYSIS
S S 54
> OpenElaborated Design General  Properties
~ SYNTHESIS Tcl Console  x Messages | Log | Reports | Design Runs = (o] (g
P Run Synthesis QO T =2 N1 e E @
> Open Synthesized Design | endgToup ™
. set_property name LED [get_bd_ports LED_ @] -
v IMPLEMENTATION : < > ™
» Run Implementation Type a Tcl command here
W

Launch Vitis IDE '
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Outline

Part 1

 FPGA structure and design platform
 VHDL harware design in FPGA
 Embedded system design on FPGA
Part 2

« Embedded software design FPGA

* |P core development and integration
Part 3

« Software and hardware debuging
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Vitis: Software debugging

* |s part of the embedded toolkit

* Is supported over programming
Interface (JTAG)

* Can be performed remotely

* Applications must be build with enabled
debugging

* Debugging is enabled by default
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Vitis: Software debugging

Al

ReleF

« Start debugging session

File Edit Run Search Xiinx Project Window Help

v ®~A v Broefzecp SR 0@ 0 §Fviovy o~ Quick Access || [2 Design FRIL
L, Explorer 23] «J Assistant = 8 || X primer (I@ testperiph.c 231 [0 gpio_header.n  [b devcfg_header.h ™ =0 ||&=V. 231% B.. % E. B M. Hir. = O
Bes v || 37 SEIliwil i
> B { Name Type Value
» = logs 39 %Gpio dip, push; YP!
40 int i, j, psb_check, dip_check;
» 7 texad_0
(= ps7_cortexad_| =
(= resources 42 print("\r\n-- Start of the Program --\r\n");
» = zynq_fsbl 43
44 Xopio_Initialize(&dip, XPAR_GPIO_@_DEVICE_ID);
latform. i . i i
‘d.pa orm.spr 45 XGplo_SetDataDirection(&dip, 1, @xffffffff);
~ [ primer_system [ platform_2 ] 46 XGpio_Initialize(&push, XPAR_GPIO_1_DEVICE_ID);
A7 ¥Gnin SetDataDirection(&push, 1, @xffffffff);
_ N b
» % Binaries e bo; 35 0; §--) 1
Move To System Project... ' =
* &l Includes — ek ! check = XGpio_DiscreteRead(&push, 1);
» (= Joptxilinx/Vitis/2( Paste orintf("Push Buttons Status %x\r\n", psb_check);
b (2 jopt/Xiinxwvitis/2( % Delete check = XGpio_DiscreteRead(&dip, 1); =
Y ——— &) Refresh o printf("DIP Switch Status %x\r\n", dip_check); -
opt/Xilinx/Viti £ Refres
& platform_2/expor £21 Import Sources... i=@; 1<9999999; ji++);
P! p P!
» = Debug 1 Export as Archive
A Build Project
» [n devcfg_header.h Clean Project
» [ dmaps_header.h - -
i E Generate Linker Script
» [H gpio_header.h =
2% Program FPGA '
» [H gspips_header.h R Read;
- Create Boot Image
b |8 scugic_header.h
' B f B header| I Program Flash erial Terminal @ Executables E] vitis Log [ Problems & Debugger Console "2~~~ =08
scutimer_header.
» @ scuwdt_header.h C/C++ Build Settings 1al - ARM Cortex-A9 MPCore #1
» [g testperiph.c Team »
» [n ttcps_header.h RUN AS 4
¥[8 xdevcfg_selftest IV » . 1 Launch on Hardware (Single Application Debug)
» & xdmaps_example_ Properties Alt+Enter . 2 Launch on Emulator (Single Application Debug)
b [# vanin tann avamnla r AN

E. 3 Launch on Hardware (Single Application Debug (GDB,
{5} primer 3 (Single App g(GDB))

Debug Configurati{gs.




Configuration is the same as in running

Create, manage, and run configurations

Debug a program using Application Debugger.

Vitis: Software debugging

OFreExX B2~

type filter text a

~ % Single Application Debug

Debugger_primer-Default

& single Application Debug (GDB)
EAsPM Analysis

Name: | Debugger_primer-Default

& Main ™~ O Application} ® Target Setup} (d= Arguments\I m Environmenﬂ 5 symbol Filesw

Debug Type: = Standalone Application Debug +

3

Connection: | remote v || New
Project: primer Browse...
Configuration: | Debug -
Emulation
Performance Analysis
) ) Revert Apply
Filter matched 4 of 6 items
® Close Debug
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Vitis: Software debugging

Setting breakpoint

®0c0c0cc000000000000000000000 00

File Edit Run  Search Xilinx Project Window Help

i =] BvRv@Broesdyepg SR 0@ 0 vidvyi OO vo v Quick Access @Demgn
~L Explorer B@W «J Assistant = 8 || X primer (@ testperiph.c 2@] [ gpio_header.n  [n devcfg_header.h 2 = O ||e=v.. 23]‘0 B.. YE.. BAM.. {iiR.. = O
. = D mrives sunsLaunss  rNCon GEERCES WEALE e goiciaton Ei Foos
_ B8 v 26 * SDK application project when you run the "Generate Libraries” menu it wlBealce -
&5 platform_2/export/platform_2/sw/pl i; y
» = Debug 29
v = SIC 30 #include <stdio.h>
31 #include "xparameters.h”
> B deucfg_header.h 32 #include "xgpio.h”
» [ dmaps_header.h 33 #include "gpio_header.h”
» [H gpio_header.h 34=int main ()
» |1 gspips_header.h 35 | e
» [H scugic_header.h b Toggle Breakpoint Shift+Ctrl+B )i
» [H scutimer_header.h Add Breakpoint...

¥ [n scuwdt_header.h
o wtesperphe
» [H ttcps_header.h
» [ xdevcfg_selftest_example.c
» [ xdmaps_example_w_intr.c
» [g xgpio_tapp_example.c
» [€ xgspips_selftest_example.c
¥ [€ xscugic_tapp_example.c
» [ xscutimer_intr_example.c
» [g xscutimer_polled_example.c
» [ xscuwdt_intr_example.c
b [€ xttcps_tapp_example.c
& Iscript.Id
B Xilinx.spec
» 3£ ide
# primer.prj
b = Debug
& primer_system.sprj

Add Dynamic Printf...

0 Memory 2@]

Build Console [primer, Debug]
FLOLSNCU DULIULNY. PLANCL 211 . 53140

@8:51:18 Build Finished (took 34@ms)

PoE EE AR MBS

QEMU Process

gemus

) neck; . .
4 Disable Breakpoint &0t @ - ¥
4 Breakpoint Properties... Program --\r\n"}; M R %
4 1
4 BreakpointTypes » 3 GPIO_@ DEVICE ID);
4 Go to Annotation 3, 1, @xffffffff);
4 AR_GPIO_1_DEVICE_ID);
I AddlBookmEAK sh. 1, OXFPFFFFEF);
4 Add Task...
4 " . ¥
+Chrl+
f@ Show Quick Diff shift+Ctri+Q T
<[] show Line Numbers s Status %x\r\n", psb_check);
| & Falding y reteread(&dip, 1);
=
B preferences... les [E] vitisLog [l Problems G Debuggerc.. = S || XsCTcon... [ﬂ Emulatio... 32| = 8

Writable Smart Insert | 35:1
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Vitis: Software debugging

Stepping Into

File Edit Run | Search Xilinx Project Window Help

Nl D~Q~ iMoo =

~. Explorer 2@] «J Assistant

By ¥
& platform_2/export/platform_2/sw/pl
b = Debug
= src
[ devcfg_header.h
[a] dmaps_header.h
[8] gpio_header.h
[8 gspips_header.h
[ scugic_header.h
» [A scutimer_header.h
¥ [B scuwdt_header.h
. ctesperphc
b [H ttcps_header.h
b [g xdevcfq_selftest_example.c
» [ xdmaps_example_w_intr.c
» [g xgpio_tapp_example.c
» [g xgspips_selftest_example.c
» [g xscugic_tapp_example.c
b [ xscutimer_intr_example.c
» Lg xscutimer_polled_example.c
b [g xscuwdt_intr_example.c
» [g xttcps_tapp_example.c
) Iscript.ld
B xilinx.spec
» @ ide
# primer.prj
= Debug

& primer_system.sprj

@0c0c0cc0c0000000000000000000 00

2R SR DI -0~ FfriCor ~ Quick Access | i [2 Design RN

m@ testperiph.c S@} [0 gpio_header.h [0 devcfg_header.h ™ =0 ||&=v. 2@1'0 B.. ®{E. B M. Hip. = 8B

- T e Sl E = e e e s

26 * SDK application project when you run the "Generate Libraries" menu it w@E=alm e

27 |

28 */

29

30 #include <stdio.h>

31 #include "xparameters.h”

32 #include "xgpio.h"

33 #include "gpio_header.h”

34=int main ()

35 {

36 print("---Entering main---\n\r");

37

38 {

39 XGpio dip, push; 0 Memory Ziﬂ =g

juz int i, j, psb_check, dip_check; alcm @ L|_I I

42 print("\r\n-- Start of the Program --\r\n"}); M X %

43

44 Xepio_Initialize(&dip, XPAR_GPIO_@_DEVICE_ID);

45 XGplo_SetDataDirection(&dip, 1, @xffffffff);

46 XGpio_Initialize(&push, ¥PAR_GPIO_1_DEVICE_ID);

47 XGpio_SetDataDirection(&push, 1, @xffffffff);

48

49 for (j=40; j> 8; j--) {

50 psb_check = XGpio_DiscreteRead(&push, 1);

51 xil_printf(“"Push Buttons Status %x\r\n", psb_check);

52 dip_check = XGpio_DiscreteRead(&dip, 1);

& Console 231 Bl vitis Serial Te... @ Executables [E] VitisLog [f Problems & Debugger C... = B8 || xscT Con... {ﬂ Emulatio... 2| = 8

Build Console [primer, Debuq]
FLrsneg UUllUlHH H pll L= G = N . Y

@8:51:18 Build Finished (took 34@ms)

LB BEFER 2Dy

e

QEMU Process

qemnu

Writable SmartInsert | 35:1
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Vitis: Software debugging
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Step over

File Edit Run Search Xilinx Project Window Help

@0c0c0cc0c0000000000000000000 00

Wil DyQ~iloenm S EDI@ -0~ i~ - QuickAccess |1 [2 Design (RN
~. Explorer E@] «J Assistant = 0 £ testperiph.c 2@1 [8] gpio_header.n  [W devcfg_header.h 2 = 8 ||0=v. 231'0 B.. &TE. EAM.. iR =8
= = . Bt e T N AR -an oL Sty Tl i . & -
_ B8 26 * SDK application project when you run the "Generate Libraries" menu it LE=alm
&t platform_2/export/platform_2/sw/pl g; y
» = Debug 29
v &= 5rc 30 #include <stdio.h>
b [@ devefg_header.h 31 #include "xparameters.h”
g- ' 32 #include "xgpio.h"
¥[8 dmaps_header.h 33 #include "gpio_header.h”
» [n gpio_header.h 34= int main ()
» [n] gspips_header.h 35 K o 3 3 .
! 36 print(”---Entering main---\n\r");
[ scugic_header.h 37
» [A scutimer_header.h 38 {
» [A scuwdt_header.h 39 XGpio dip, push; 0 Memory 231 =g
- 40 int i, j, psb_check, dip_check; e N o =] =
3 BCELE
» [H ttcps_header.h 42 print("\r\n-- Start of the Program --\r\n"); M o e
b [g xdevcfq_selftest_example.c 43 i L i
. 44 Xepio_Initialize(&dip, XPAR_GPIO_@_DEVICE_ID);
» 19 xdmaps_example_w_intr.c a5 XGpio_SetDataDirection(adip, 1, @xFFFFFFFf);
» [g xgpio_tapp_example.c 46 XGplo_Initialize(&push, XPAR_GPIO_1_DEVICE_ID);
» [8 xqspips_selftest_example.c 47 XGpio_SetDataDirection(&push, 1, @xffffffff);
48
» [g xscugic_tapp_example.c 49 for (j=40; §> ; j--) {
» [g xscutimer_intr_example.c 50 psb_check = XGpio_DiscreteRead(&push, 1);
» [¢ xscutimer_polled_example.c 51 xil_printf(“"Push Buttons Status %x\r\n", psb_check);
, Xscuwdt_intr_example.c 52 dip_check = XGpio_DiscreteRead(&dip, 1);
» [2 xttcps_tapp_example.c & Console EZ]EVLUS Serial Te... O Executables [E] vitisLog [fl Problems B3 DebuggerC.. = 8 || XSCTCon... (. Emulatio... 2| = B
&) Iscript.ld $ o8B FREEEE M yMH - B
B xilinx.spec Build Console [primer, Debuq] QEMU Process
rFirnsneu UUllUlHH. Plllltﬁl.tﬁll .S1ZE
» @ ide
# primer.prj
@ Debug @8:51:18 Build Finished (took 340ms)
K primer_system.sprj qemus
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Vitis: Software debugging

Step return

File Edit Run Search Xilinx Project Window

Wl S~-Q il wnm
~. Explorer E@] «J Assistant = B8
T
&t platform_2/export/platform_2/sw/pl
» = Debug
- (= s

» [H devcfg_header.h

» [n dmaps_header.h

» [n] gpio_header.h

» [n] gspips_header.h

[ scugic_header.h

» [A scutimer_header.h

» [A scuwdt_header.h

» [H ttcps_header.h

3 xdevcfg_selftest_example.c
xdmaps_example_w_intr.c
xgpio_tapp_example.c
Xgspips_selftest_example.c
¥scugic_tapp_example.c
xscutimer_intr_example.c
xscutimer_polled_example.c
xscuwdt_intr_example.c
xttcps_tapp_example.c

--------
FrPeEREFEBRGBE

Iscript.id
B xilinx.spec
» @ ide
# primer.prj
(= Debug

K primer_system.sprj

Help

SR OB -0~ isd~ iy~

@0c0c0cc0c0000000000000000000 00

Quick Access [2 Design

Lc| testperiph.c 2@1 [0 gpio_header.n  [n devcfg_header.h "2

= 8

= o

[P TICoC Giavoio maia Do guoriocoo o yows

26 * SDK application project when you run the "Generate Libraries" menu it
27 | T

28 %/

29

30 #include <stdio.h>

31 #include "xparameters.h”

32 #include "xgpio.h"

33 #include "gpio_header.h”

34=int main ()

35 {

36 print("---Entering main---\n\r");

37

38 {

39 XGpio dip, push;

40 int i, j, psb_check, dip_check;

41

42 print("\r\n-- Start of the Program --\r\n"});

43

44 Xepio_Initialize(&dip, XPAR_GPIO_@_DEVICE_ID);
45 XGplo_SetDataDirection(&dip, 1, @xffffffff);
46 XGpio_Initialize(&push, ¥PAR_GPIO_1_DEVICE_ID);
47 XGpio_SetDataDirection(&push, 1, @xffffffff);
48

49 for (j=40; j> 8, j--) {

50 psb_check = XGpio_DiscreteRead(&push, 1);
51 xil_printf(“"Push Buttons Status %x\r\n", psb_check);
52 dip_check = XGpio_DiscreteRead(&dip, 1);

=\, 2310. B.. STE.. B M.. MR = B
L@e & =
0 Memory EZ] =g

ac @ E8

M ® %

B console 231 Bl vitis Serial Te... @ Executables [E] VitisLog [fl Problems & Debugger C...

= 0

B %5CT Con... (ﬁEmulatno... 2| =8

LB EEEE( By

Build Console [primer, Debuq]
FLnsney UUllUlHH H Pll IEL . ELT . 51/€

@8:51:18 Build Finished (took 340ms)

=N
QEMU Process

qemu%

Writable

smart Insert

E5H

1

T o F

ReleF




Vivado: hardware debuggin

 |LA—-embeded logic analyser
* Debug purely hardware solutions (PL)

 AXI Ila core enabled hardware debugging
of embedded hardware (custom cores)
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