EE3220 System-on-Chip Design
Tutorial 8: PYNQ Overlay Tutorial (Part 2)

(Part 2: Test your custom IP)

You can find more details about this tutorial in https://pyng.readthedocs.io/en/latest/overlay_desi
gn_methodology/overlay_tutorial.html

Objectives

After completing this tutorial, you will be able to:

e Build the SoC system in Vivado;

e Apply the custom IP built by Vitis HLS in tutorial 9 to the above SoC system;
e Write driver to configure registers;

e Test the custom IP on Pynq board.

Steps
1. Build SoC System in Vivado

1. Create a new project named ex_EMB in Vivado.

Open Vivado 2020.1. And click Create Project. Then click Next.

VIVADO’

HLx Editions

Quick Start

Create Project »
Open Project »

Open Example Project >
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# Mew Project X

P Create a New Vivado Project
VIVADO

Wy s This wizard will guide you through the creation of anew project.

To create a Vivado project you will needto provide a name and a lacation for your project files. Next, you will specify the ype of flow you'l be
working with. Finally, you will specify your project sources and choose a default part

& XILINX.

=)
&)

Choose a location for your project and specify the project name, then click Next.

# New Project X

Project Name

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

Projectname:  ex_EMB

Project lacation |F:fEE322u ” ‘

Create project subdirectory

Project will be created at F/EE3220/ex_EMB

Choose RTL Project, then click Next.



#  New Project ®

Project Type
Specify the type of project to create '

® RTL Project
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

1O 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

Click Next to create an empty project with no source code.

#  New Project *®

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 itto your project. You can also add and create sources later.

+,

Use Add Files, Add Directories or Create File buttons below

Add Files | | Add Directories | ‘ Create File

Targetlanguage:  Verilog - Simulator language: = Mixed ~

Click Next to continue without adding any constraint.



# Mew Project

Add Constraints (opticnal)

Specify or create constraint files for physical and timing constraints.

Use Add Files or Create File buttons below

Add Files || Create File

Einish

Choose Boards tab, and search pyng. Then choose PYNQ-Z2 and click Next.

#  MNew Project

Default Part

Choose a default Xilinx part or board for your project.

Pars | Boards

Reset All Filters Update Board Repo:

Vendaor: | All ~ Mame: | All ~ Board Rev:  Latest -
Search: | Q- pyng ~ (1 match)
Display Mame Preview Vendor File Version  Part
pyng-z2
tul com tw 10 *c7z020¢
< b

Finish




Cross check the summary and click Finish to create the project.

¢ New Project x

New Project Summary

VIVADO'

HLx Editions : 3
© AnewRTL project named ex_EMB' will be created.

No source files or directories will be added. Use Add Sources to add them later.
No constraints files will be added. Use Add Sources to add them later.

@ The default part and product family for the new project
Default Board: pyng-z2
Default Part: xc7z020cig400-1
Product Zyng-7000
Family: Zyng-7000
Package: clg400
Speed Grade: -1

i: XI Ll NX. To create the project, click Finish
® e

Cancel

2. Find and click IP catelog. In the window of IP catelog, right click and open Add
Repository....

Flow Navigator = ¢ ?

~

v PROJECT MANAGER
£+ Settings
Add Sources

Language Templates

£F |P Catalog

~ IPINTEGRATOR



Project Summary  x | IP Catalog  x

Cores | Interfaces

Q[ z/¢|# w2 @R

Search: |O.- |
| Properties... Cirl+E
| VLNV
~ | Vivado Repository IP Settings...
» o Alliance Pariners Add Repository...
» & Audio Conneclivity & Processing Refresh All Repositories
» = Automotive & Industrial Exportto Spreadsheet..

> = AXlInfrastructure
» [ AXIS Infrastructure

3. In the previous tutorial, we exported RTL design in Vitis HLS. The exported Add IP is in HLS
Project->Solution->impl->ip folder. Select this folder and add it to the IP repository. Then
click OK.

# Repositories hed

Recent | FJ/EE3220/ex_HLS/solution1implip v+, I OXRZC

Directory: |FAEE3220%ex_HLS\soluti on‘l\jmpl\jp| |

> 42 DVD RW Drive (D:) ~
> DATA(E)
v PROG (F3)
v EE3220
> ex_EMB
w ex_HLS
> .apc
> .settings
w solution
> .autopilot
> .debug
b tcls
b csim
w impl
~ ip
> il
> bd
b constraints
b doc
> drivers o
¢ Add Repository X

o 1 repository was added to the project

Repository

- -
= e

~ FIEE3220/ex_HLS/solution1implip
> IPs (1)




Now the Add IP is in the repository.

Project Summary w« IP Catalog *

Cores | Interfaces

Q = = #F @, F C

4 F

Search: -

Mame 1 pXl4  Status License VLMY

w User Repository (F/EE3220/ex_HLS/solution1/implip)

<

YIVADO HLS IP
4 Add AXl4  Pre-Production | Included ¥ilinx.com:hls:add: 1.0
w Vivado Repository

> Alliance Partners

» Audio Connectivity & Processing

> Automotive & Industrial

» AXl Infrastructure

4, Create a new block design named system.

In Flow Navigator, click create block design. In the Create Block Design window, set
Design name as system, then click OK.

Flow Navigator A PROJECT MANAGER - ex_EMB

~ PROJECT MANAGER

Sources ? _ O X |  Proectsummary x| IPCatalog  x
£ Setiings
a I £ + -3 Cores | Interfaces
Add Sources
Design Sources ql = = [# =« W
Language Templates » B3 -Consiaints ]
T 1P Catalog - Simulation Sources Search: |
sim_t Name A1 AX4  Status  License VLNV
~ IP INTEGRATOR > © Utility Sources v [ User Repository (MEE3220/ex_HLS/solution1/implfip)
Create Block Desian ¥ BUVAROHISTE

F Add AXI4 Pre-Proc Included  silinx.oc
Open Block Design

v [ Vivado Repository

Generate Block Desigr
HETERE #" Create Block Design %
Hierarch Libraries Compile Order
~ SIMULATION y L Flease specify name of block design p
Run Simulation I
Properties 20K X
pesionname:  [svstem| | ]
*¢ RTL ANALYSIS &
> Open Elaborated Design Directory: » <Local to Project= v
Specify source set Design Sources v
V SYNTHESIS -
®
P Run Symthesis -
Select an objectto see properties

> Open Synthesized Design

Click +, then search add in the catalog, and double click the Add IP. The Add IP will be added
to the design.



Diagram x Address Editor  x

Pl @ = » C = Default View -

search |- add| | (3 matches)

I Add

F Adder/Subtracter
 Multiply Adder

This design is empty. Press the =+ button to add P

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

Click +, then search zynq in the catalog, and double click the ZYNQ Processing System |P.
The ZYNQ Processing System IP will be added to the design.

Diagram  x Address Edifor  x

lElola ® ® 2, C | | = Detautview -

seoen [ornd | (1t
“F ZYNQ7 Processing System |

add_0

S+ s adi_control [ veedehis
ap_clk interrupt
ap_rst_n ’

Add (Pre-Production)

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

Click Run Block Automation, and choose the following configuration then click OK.



_ O s  Diagram  x AddressEditor

2
& @ a B O Q + & F & A C U = DefaultView -
# Designer Assistance availablel Run Block Automation YRun Connection Automation
l DDR +l
# Run Block Automation X

Automatically make connections in your design by checking the boxes of the blocks to cannect Select a block on the [eftto display its configuration options on the right

add 0

ftes [vnedo= s
=z | a
Q z = Deseription ' interrupt

All Automation (1 out of 1 selected)
This option Sets the board preset on the Processing System. All current properties will be overwritten by the board
preset This action cannot be undone. ZynaT block automation applies current board preset and generates external
connections for FIXED_IO, Trigger and DDR interfaces.

I processing_system7_0

Pre-Production)

1
NOTE: 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  ~
a Cross Trigger Out Disable  + .
10
e
ke

Click Run Connection Automation, and choose the following configuration then click OK.

Diagram  x Address Editor  x

@ e 3 B ¢ Q + & &, C o | = DefaultView -

¥ Designer Assistance available. {Run Connection Automation

processing_system?7_0

DDR +=:: {~> DDR
FIXED_IC + ||} [ FIXED_IO
- USBIND_0 +
meax_erosctk ZYNQL M_AXI_GPO +

FCLK_CLKO

FCLK_RESETO_N add_0

ZYNQ7 Processing System 4 s axi_ AXiLiteS [wwsdomrus

ap_clk interrupt
ap_rst_n '

Add (Pre-Production)




#  Run Connection Automation

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

the right
a = s -
Description
~ All Automation (1 out of 1 selected)
Connect Slave interface (fadd_0/s_axi_AXILiteS)to a selected Master address space.
v [ add_0
[} s_axi_AXILiteS Options

Master interface _Gl
Bridge IP MNew A
Clock source for driving Bridge 1P Auto
Clock source for Slave interface Auto
Clock source for Masterinterface  Auto

/

Cancel

You are expected to build a SoC system in the following figure, with Zynq PS, Processor
System Reset, the Add IP built by Vitis HLS in tutorial 9, and AXI Interconnect.

rst_ps7_0_100M

slowest_syne_clk mb_reset
axt_rasat_in bus_struct_reset[0:0]
aux_resat_in peripharal_msat[0:0]
mb_debug_sys_rst  interconnect_aresen[0:0]
dem_locked peripheral_aresetn[0:0]

processing_system7_0

Processor System Reset

DOR + ||| [ DDR
FIXED_IO +||| [ FIXED_IO
- USBIND_0 + |||
M_AXIEPO_ACLEE ZYNO M_AXI_GPO i
FCLK_CLKO

FCLK_RESETO_N r add_0
ZYNQT Processing System “:[+ s axi_control | Vivsdo™ HiS
ap_ck internupt
e 4

Add (Pre-Production)

ps7_0_axi_periph

il spo_axi

ACLK
ARESETN
SO0_ACLK
S00_ARESETN
MOO_ACLK
MOD_ARESETN

| Forl |
E=W moo_axi + [
—n

AXI Interconnect

Click on the Regenerate Layout button. Then click on the Validate Design button and

make sure that there are no errors.

5. Create a top-level module for block design and generate bitstream file. There is no need to

add constraint in this tutorial.

In the Sources panel, right click on system.bd, and select Generate Output Products...
and click Generate to generate the Implementation, Simulation and Synthesis files for the

design. Then click OK.
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BLOCK DESIGN - system

Sources  x Design Signals | Board 2 _0On Diag
Q=& |+ 0 o @
v Design Sources (1

? o T3 2T Source Node Properties... Ctrl+E
> Constraints

= OpenFile Alt+0

v = Simulation Sources |

> & sim_1(1 Create HDL Wrapper...
> Utility Sources View Instantiation Template

Generate Output Products...
Reset Output Products...

Hierarchy = IP Sources

¢ Generate Output Products X

o CQut-of-context module runs were launched for generating output products.

Right click again on system.bd, and select Create HDL Wrapper... to generate the top-level
Verilog/VHDL model. Leave the Let Vivado manager wrapper and auto-update option
selected, and click OK. The system_wrapper.v will be created and added to the project.

11



BLOCK DESIGN - system

Sources x Design Signals | Board ?2 _ 0O Diagran
Q=S|+ : o @ ¢
v Design Sources (1)

> system (system.by Source Node Properties... Cirl+E
> Constraints a2 OpenFile Alt+C

~ ' Simulation Sources (1)
Create HDL Wrapper...
> & sim_1(1)

» = Utility Sources View Instantiation Template

Generate Output Products...

Reset Output Products...
Hierarchy IP Sources |
¢ Create HDL Wrapper X
You can either add or copy the HDL wrapper file to the project. Use copy Wy
option if you would like to maodify this file. '

Options
O Copy generated wrapper to allow user edits

@ Let Vivado manage wrapper and auto-update

®

Click the Generate Bitstream in the Flow Navigator panel to generate the bitstream. Click
Yes. Then leave all the settings unchanged, and click OK. PIs wait until a Bitstream
Generation Completed dialog box is displayed. Then close the dialog box of Bitstream
Generation Completed.

12



Bitstrearn Generation Completed ®

o Bitstream Generation successfully completed.

Next

(®) Open Implemented Design

(") View Reports

(") Open Hardware Manager

O Generate Memory Configuration File

() Don't show this dialog again

¥ IMPLEMENTATION

» Run Implementation

> OpenImplemented Design

v PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

6. Select File > Export > Export hardware, select Include bitstream and Leave all the settings

unchanged.

# Export Hardware Platform

VIVADO’

HLx Editions

Expert Hardware Platform

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 need to provide a name and location for the exported file and
specify the platform properties.

Platform type
(@) Fixed
A platform supporting embedded software development only.

3] Expandable
A platform supporting acceleration

13



4 Export Hardware Platform X

Output

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

Pre-synthesis
This platform includes a hardware specification for downstream software tools.

clude bitstream
“This platform includes the complete hardware implementation-and-bitstream, in-addition to the hardwar ion for
software tools

Then click Next.

#" Export Hardware Platform X
Files -
Enter the name of your hardware platform file, and the directory where the XSA file will be stored. ‘ “

XSA file name: system_wrapper [x]

X]

Exportto: F./EE3220/ex_EMB

3

The XSA will be written to: FAEE3220\ex_EMB\system_wrapperxsa

Click Finish.

14



#° Export Hardware Platform

VlVADO"‘ Exporting Hardware Platform
HiLx Ediions .
ﬂ Anew fixed hardware platform named ‘system_wrapper will be wrilten as
‘FAEE3220\ex_EMB\system_wrapperxsa’

© The piatform will inciude a post-i model, i ing a deseripti

, describing
the hardware for downstream software tools.

i: XILl NXH To export the platform, click Finish.

B. Test your hardware system on Pynq board

1. Connect the board and your computer.
Connect Ethernet cable and USB cable to you computer, insert SD card into the board, set

static IP of the computer, and power on the board.

2. Create a new folder named T8 under jupyter_notebooks folder, we will put overlay files and
software codes under this folder.

| ¥ = | jupyter_notebooks

- Home Share Wiew
* El o cut =) x @ ) New itern ~ \/j T Open ~ [ select all
=1 Copy path « d ;

ﬂ Easy access ~

_ ) | _‘ Edit 55 select none
Plnai&:etjszld( Copy Paste |1] Paste hartak I\:I:\-re Ctgp.y Deieta Rename f:ii:r Prop'er‘tles R History |:I‘E|‘ e lsclean
Clipboard Organize MNewr Open Select
L > Network > pyng > xilink » jupyter_notebooks » v | L
%ES%IB HBERE ™ Name Date madified Type Size
€ Desktop base 10/4/2019 1:34 AM File folder
Documents common 10/4/2019 1:34 AW File folder
Email attachme getting_started 10/4/2019 1:34 AM File folder
GE Pictures GPIO 9/30/2019 5:36 PM File folder
HLS 9/30/2019 5:18 PM File folder
= This PC i ’
logictools 10/4/2019 1:34 AM File folcer
P 3D Object:
3 Jects L] Welcome to Pyngipynta 10/4/2019 1:32 AM IPYNE File 2KB
€ Desktop 9/30/20195:19 PM File folder
[ Documents
¥ Downloads
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3. Search the bitstream file system_wrapper.bit and another system.hwh file. For example,
our file location of system_wrapper.bit file is F\EE3220\ex_EMB\ex_EMB.runs\impl_1, and
our file location of system.hwh file is
F:\EE3220\ex_EMB\ex_EMB.srcs\sources_1\bd\system\hw_handoff.

4. Rename system_wraper.bit to be system.bit. Then copy your design system.hwh and
system.bit into the T8 folder.

» Network > pyng > xlinx * jupyter_notebooks > T10 v D
& Name Date modified Type Size

_| systembit BIT File 3,051 KB

|| system.hwh HWH File 156 KB

password is xilinx, you will open the Jupyter notebook of the board. Then create a new
Python3 notebook under T8 folder. We configure the FPGA with Overlay first. We can find
an add_0 block in our design.

In [1]: from pynq import Overlay
overlay = Overlay("system.bit")

In [2]: overlay?

Type: overlay

string form: <pynq.overlay.0verlay object at @xb5506dbo>

File: /usr/local/lib/python3.6/dist-packages/pynq/overlay.py
Docstring:

Default documentation for overlay system.bit. The following
attributes are available on this overlay:

IP Blocks

add : pynq.overlay.DefaultIp

6. We can expose the register map associated with the IP. Find the input a and b, the outputc,
and the control signal CTRL.

In [3]: add_ip = overlay.add @

In [4]: add_ip.register_map

out[4]: Registermap {
CTRL = Register(AP_START=@, AP_DOME=@, AP_IDLE=1, AP_READY=0, RESERVED_1=0, AUTO_RESTART=@, RESERVED 2=0),
GIER = Register(Enable-8, RESERVED=0),
IP_IER = Register(CHAN@ INT_EN=0, CHAN1_INT_EN=0, RESERVED=0),
IP_ISR = Register(CHAN@_ INT_ST=0, CHAN1_INT_ST=0, RESERVED=0),
al = Register(a=e),
b = Register(b=0),
¢ = Register(c=0),
c_ctrl = Register(c_ap vld=8, RESERVED=0)

7. We can interact with the IP using the register map directly.

16
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In [5]: add_ip.register_map.a = 4
add_ip.register map.b = 3
add ip.register map.CTRL.AP_START = 1

In [6]: add_ip.register_map.c

out[6]: Register{c=7)

8. Alternatively by reading the driver source code generated by HLS, we can determine offsets
that we need write and read. In my project, the offset of a, b, and c are 0x10, 0x18, and
0x20, respectively.

add_ip.write(ox10, 6)
add ip.write(ox18, 3)
add_ip.write(oxoo, 1)
add_ip.read(ox20)

9

9. (Optional) Furthermore, we can create a more user-friendly driver for other users to easily
develop software programs with your hardware system. This step requires that you are
more familiar with Python, so it is an optional step.

In [11]: from pynq import DefaultIP

class AddDriver(DefaultIP):
def _ init_ (self, description):
super()._ init (description=description)
bindto = [ 'xilinx.com:hls:add:1.6"]

def add(self, a, b):
self.write(ox10, a)
self.write(ox18, b)
self.write(oxo0, 1)
return self.read(ox20)

overlay = Overlay("system.bit")

1
In [12]: scalar_adder = overlay.add o
scalar_adder.add(1e, 15)

out[12]: 25

End
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