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Xilinx® makes Zynq® and Zynq Ultrascale+™ devices, a class of programmable System on Chip (SoC) which inte-
grates a multi-core processor (Dual-core ARM® Cortex®-A9 or Quad-core ARM® Cortex®-A53) and a Field Pro-
grammable Gate Array (FPGA) into a single integrated circuit. FPGA, or programmable logic, and microprocessors
are complementary technologies for embedded systems. Each meets distinct requirements for embedded systems that
the other cannot perform as well.
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CHAPTER 1

Project Goals

The main goal of PYNQ, Python Productivity for Zynq, is to make it easier for designers of embedded systems to
exploit the unique benefits of Xilinx devices in their applications. Specifically, PYNQ enables architects, engineers
and programmers who design embedded systems to use Zynq devices, without having to use ASIC-style design tools
to design programmable logic circuits.

PYNQ achieves this goal in three ways:

* Programmable logic circuits are presented as hardware libraries called overlays. These overlays are analogous
to software libraries. A software engineer can select the overlay that best matches their application. The overlay
can be accessed through an application programming interface (API). Creating a new overlay still requires
engineers with expertise in designing programmable logic circuits. The key difference however, is the build
once, re-use many times paradigm. Overlays, like software libraries, are designed to be configurable and re-used
as often as possible in many different applications.

Note: This is a familiar approach that borrows from best-practice in the software community. Every day, the Linux
kernel is used by hundreds of thousands of embedded designers. The kernel is developed and maintained by fewer
than one thousand, high-skilled, software architects and engineers. The extensive re-use of the work of a relatively
small number of very talented engineers enables many more software engineers to work at higher levels of abstraction.
Hardware libraries or overlays are inspired by the success of the Linux kernel model in abstracting so many of the
details of low-level, hardware-dependent software.

* PYNQ uses Python for programming both the embedded processors and the overlays. Python is a “productivity-
level” language. To date, C or C++ are the most common, embedded programming languages. In contrast,
Python raises the level of programming abstraction and programmer productivity. These are not mutually-
exclusive choices, however. PYNQ uses CPython which is written in C, and integrates thousands of C libraries
and can be extended with optimized code written in C. Wherever practical, the more productive Python environ-
ment should be used, and whenever efficiency dictates, lower-level C code can be used.

¢ PYNQ is an open-source project that aims to work on any computing platform and operating system. This goal
is achieved by adopting a web-based architecture, which is also browser agnostic. We incorporate the open-
source Jupyter notebook infrastructure to run an Interactive Python (IPython) kernel and a web server directly
on the ARM processor of the Zynq device. The web server brokers access to the kernel via a suite of browser-
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based tools that provide a dashboard, bash terminal, code editors and Jupyter notebooks. The browser tools are
implemented with a combination of JavaScript, HTML and CSS and run on any modern browser.
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CHAPTER 2

Summary

PYNQ is the first project to combine the following elements to simplify and improve APSoC design:
1. A high-level productivity language (Python in this case)
2. FPGA overlays with extensive APIs exposed as Python libraries
3. A web-based architecture served from the embedded processors, and

4. The Jupyter Notebook framework deployed in an embedded context

2.1 Getting Started

This guide will show you how to setup your development board and computer to get started using PYNQ. Any ques-
tions can be posted to the PYNQ support forum.

If you have one of the following boards, you can follow the quick start guide.

2.1.1 PYNQ-Z1 Setup Guide

Prerequisites for the Pynqg-Z1

PYNQ-Z1 board

* Computer with compatible browser (Supported Browsers)
* Ethernet cable

* Micro USB cable

* Micro-SD card with preloaded image, or blank card (Minimum 8GB recommended)



https://groups.google.com/forum/#!forum/pynq_project
http://jupyter-notebook.readthedocs.org/en/latest/notebook.html#browser-compatibility
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Getting Started Video

You can watch the getting started video guide, or follow the instructions in Board Setup.

Board Setup

1. Set the JP4 / Boot jumper to the SD position by placing the jumper over the top two pins of JP4 as
shown in the image. (This sets the board to boot from the Micro-SD card)

2. To power the PYNQ-Z1 from the micro USB cable, set the JP5 / Power jumper to the USB position.
(You can also power the board from an external 12V power regulator by setting the jumper to REG.)

3. Insert the Micro SD card loaded with the PYNQ-Z1 image into the Micro SD card slot underneath
the board.

4. Connect the USB cable to your PC/Laptop, and to the PROG - UART / J14 MicroUSB port on the
board

5. Connect the board to Ethernet by following the instructions below

6. Turn on the PYNQ-Z1 and check the boot sequence by following the instructions below

Turning On the PYNQ-Z1

As indicated in step 6 of Board Setup, slide the power switch to the ON position to turn on the board. The Red LD13
LED will come on immediately to confirm that the board has power. After a few seconds, the Yellow/Green LD12 /
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Done LED will light up to show that the Zynq® device is operational.

After a minute you should see two Blue LD4 & LD5 LEDs and four Yellow/Green LD0-LD3 LEDs flash simultane-
ously. The Blue LD4-LD5 LEDs will then turn on and off while the Yellow/Green LD0-LD3 LEDs remain on. The
system is now booted and ready for use.

Network connection

Once your board is setup, you need to connect to it to start using Jupyter notebook.

Ethernet

If available, you should connect your board to a network or router with Internet access. This will allow you to update
your board and easily install new packages.

Connect to a Computer

You will need to have an Ethernet port available on your computer, and you will need to have permissions to configure
your network interface. With a direct connection, you will be able to use PYNQ, but unless you can bridge the Ethernet
connection to the board to an Internet connection on your computer, your board will not have Internet access. You will
be unable to update or load new packages without Internet access.

Connect directly to a computer (Static IP):
1. Assign your computer a static IP address
2. Connect the board to your computer’s Ethernet port

3. Browse to http://192.168.2.99

Connect to a Network Router

If you connect to a router, or a network with a DHCP server, your board will automatically get an IP address. You must
make sure you have permission to connect a device to your network, otherwise the board may not connect properly.

Connect to a Router/Network (DHCP):

1. Connect the Ethernet port on your board to a router/switch
Connect your computer to Ethernet or WiFi on the router/switch
Browse to http://<board IP address>

Optional: see Change the Hostname below

A

Optional: see Configure Proxy Settings below

Connecting to Jupyter Notebook

Once your board is setup, to connect to Jupyter Notebooks open a web browser and navigate to:

* http://192.168.2.99 If your board is connected to a computer via a static IP address

2.1. Getting Started 7
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If your board is configured correctly you will be presented with a login screen. The username is xilinx and the

password is also xilinx.

After logging in, you will see the following screen:

— Home -

« C & [ pyng9090/tre:

— Jupyter

Files Running Clusters

Select items to perform actions on them.

~ @
(3 base
[0 common
[0 getting_started
(3 logictools
[ slides

& Welcome to Pyng.ipynb

Logout

Upload | New = &

=

The default hostname is pynq and the default static IP address is 192.168.2.99. If you changed the static IP of the

board, you will need to change the address you browse to.

The first time you connect, it may take a few seconds for your computer to resolve the hostname/IP address.

Example Notebooks

PYNQ uses the Jupyter Notebook environment to provide examples and documentation. Using your browser you can

view and run the notebook documentation interactively.

The Getting_Started folder in the Jupyter home area includes some introductory Jupyter notebooks.

Chapter 2. Summary
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— Getting_Startedf *
- C AN | [ pyng:9090/tree/Getting_Started HOD = B =

: Jupyter Logout

Files Running Clusters

Select items to perform actions on them.

Upload  New - |

« i | Getting_Started

|

[0 images

& 1_jupyter_notebook.ipynb

& 3 _programming_python ipynb
= 3_programming_onboard. ipynb

4_hase_overkay_iop.ipynhb

5 base overlay video.ipynb

M W M

6_base_ovarkay_audio.ipynb

The example notebooks have been divided into categories
e common: examples that are not overlay specific

Depending on your board, and the PYNQ image you are using, other folders may be available with examples related
to Overlays. E.g. The base directory will have examples related to the base overlay. If you install any additional
overlays, a folder with example notebooks will usually be copied here.

When you open a notebook and make any changes, or execute cells, the notebook document will be modified. It is
recommended that you “Save a copy” when you open a new notebook. If you want to restore the original versions,
you can download all the example notebooks from GitHub.

Configuring PYNQ

Accessing Files on The Board

Samba, a file sharing service, is running on the board. This allows you to access the Pynq home area as a network
drive, to transfer files to and from the board.

Note: In the examples below change the hostname or IP address to match your board settings.

To access the Pynq home area in Windows Explorer type one of the following in the navigation bar.

\\192.168.2.99\xilinx # If connected to a Computer with a Static IP

2.1. Getting Started 9
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When prompted, the username is xilinx and the password is xilinx. The following screen should appear:

=[5l
e, s .
@g'l 4 Wpyngailine rl =5 sarch xilin 2
Organize = Mew fialder =~ 3 8
r Favorites Mame ’ Date modified Type LT
B
| iup;mr_nctrhm;-l:s L207/2017 1154 File falder
4 Libraries Py L0017 050 File falder
| REVISION 4,/ D7/2017 14:14 File
I Computer
il Metwaork
4 m v
3 iterns Offfine status: Online
‘é Cfline availability: Mot available

To access the home area in Ubuntu, open a file broswer, click Go -> Enter Location and type one of the following in
the box:

smb://192.168.2.99/xilinx # If connected to a Computer with a Static IP

When prompted, the username is xilinx and the password is xilinx

Change the Hosthame

If you are on a network where other PYNQ boards may be connected, you should change your hostname immediately.
This is a common requirement in a work or university environment. You can change the hostname from a terminal.
You can use the USB cable to connect a terminal. A terminal is also available in the Jupyter environment and can be
used from an internet browser.

To access the Jupyter terminal, in the Jupyter portal home area, select New >> Terminal.
Upload || New v | &

Text File
Folder

Terminal

Motebooks

FPython 3

This will open a terminal inside the browser as root.
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Use the preloaded pynq_hostname.sh script to change your board’s hostname.

’pynq_hostname.sh <NEW HOSTNAME>

The board must be restarted for the changes to be applied.

shutdown —-r now

Note that as you are logged in as root, sudo is not required. If you connect a terminal from the USB connection, you
will be logged in as the xilinx user and sudo must be added to these commands.

When the board reboots, reconnect using the new hostname.

If you can’t connect to your board, see the step below to open a terminal using the micro USB cable.
Configure Proxy Settings
If your board is connected to a network that uses a proxy, you need to set the proxy variables on the board. Open a ter-

minal as above and enter the following where you should replace “my_http_proxy:8080” and “my_https_proxy:8080”
with your settings.

set http_proxy=my_http_proxy:8080
set https_proxy=my_https_proxy:8080

Troubleshooting

Opening a USB Serial Terminal

If you can’t access the terminal from Jupyter, you can connect the micro-USB cable from your computer to the board
and open a terminal. You can use the terminal to check the network connection of the board. You will need to have
terminal emulator software installed on your computer. PuTTY is one application that can be used, and is available
for free on Windows. To open a terminal, you will need to know the COM port for the board.

On Windows, you can find this in the Windows Device Manager in the control panel.
1. Open the Device Manager, expand the Ports menu
2. Find the COM port for the USB Serial Port. e.g. COMS
3. Open PuTTY
Once PuTTY is open, enter the following settings:
4. Select serial
5. Enter the COM port number
6. Enter the serial terminal settings (below)
7. Click Open
Full terminal Settings:
* 115200 baud
* 8 data bits
* 1 stop bit
* No Parity

2.1. Getting Started 11
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¢ No Flow Control

Hit Enter in the terminal window to make sure you can see the command prompt:

’xilinx@pynq:/home/xilinx#

You can then run the same commands listed above to change the hostname, or configure a proxy.

You can also check the hostname of the board by running the hostname command:

’hostname

You can also check the IP address of the board using ifconfig:

ifconfig

If you are having problems, please see the Troubleshooting section in Frequently Asked Questions (FAQs) or go the
PYNQ support forum

2.1.2 PYNQ-Z2 Setup Guide
Prerequisites

¢ PYNQ-Z2 board

* Computer with compatible browser (Supported Browsers)
* Ethernet cable

* Micro USB cable

* Micro-SD card with preloaded image, or blank card (Minimum 8GB recommended)

Getting Started Video

You can watch the getting started video guide, or follow the instructions in Board Setup.

12 Chapter 2. Summary
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Board Setup

)

1. Set the ** Boot** jumper to the SD position. (This sets the board to boot from the Micro-SD card)

2. To power the board from the micro USB cable, set the Power jumper to the USB position. (You can
also power the board from an external 12V power regulator by setting the jumper to REG.)

3. Insert the Micro SD card loaded with the PYNQ-Z2 image into the Micro SD card slot underneath
the board

4. Connect the USB cable to your PC/Laptop, and to the PROG - UART MicroUSB port on the board

2.1. Getting Started 13
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5. Connect the Ethernet port by following the instructions below

6. Turn on the PYNQ-Z2 and check the boot sequence by following the instructions below

Turning On the PYNQ-Z2

As indicated in step 6 of Board Setup, slide the power switch to the ON position to turn on the board. The Red LED
will come on immediately to confirm that the board has power. After a few seconds, the Yellow/Green / Done LED
will light up to show that the Zynq® device is operational.

After a minute you should see two Blue ** LEDs and four **Yellow/Green LEDs flash simultaneously. The Blue
LEDs will then turn on and off while the Yellow/Green LEDs remain on. The system is now booted and ready for use.

Network connection

Once your board is setup, you need to connect to it to start using Jupyter notebook.

Ethernet

If available, you should connect your board to a network or router with Internet access. This will allow you to update
your board and easily install new packages.

Connect to a Computer

You will need to have an Ethernet port available on your computer, and you will need to have permissions to configure
your network interface. With a direct connection, you will be able to use PYNQ, but unless you can bridge the Ethernet
connection to the board to an Internet connection on your computer, your board will not have Internet access. You will
be unable to update or load new packages without Internet access.

Connect directly to a computer (Static IP):
1. Assign your computer a static IP address
2. Connect the board to your computer’s Ethernet port

3. Browse to http://192.168.2.99

Connect to a Network Router

If you connect to a router, or a network with a DHCP server, your board will automatically get an IP address. You must
make sure you have permission to connect a device to your network, otherwise the board may not connect properly.

Connect to a Router/Network (DHCP):
1. Connect the Ethernet port on your board to a router/switch
2. Connect your computer to Ethernet or WiFi on the router/switch
3. Browse to http://<board IP address>
4. Optional: see Change the Hostname below
5

. Optional: see Configure Proxy Settings below

14 Chapter 2. Summary


http://192.168.2.99
http:/

Python productivity for Zynq (Pynq) Documentation, Release 2.5

Connecting to Jupyter Notebook

Once your board is setup, to connect to Jupyter Notebooks open a web browser and navigate to:

* http://192.168.2.99 If your board is connected to a computer via a static IP address

If your board is configured correctly you will be presented with a login screen. The username is xilinx and the

password is also xilinx.

After logging in, you will see the following screen:

Files Running Clusters

Select items to perform actions on them.

*
(3 base
(3 common
[0 getting_started
3 logictools
[0 slides

& Welcome to Pyng.ipynb

Upload | New »

= _ PETEs Ty
€ > & # B pmasosorue
: Ju pyter Logout

L |
L=

The default hostname is pynq and the default static IP address is 192.168.2.99. If you changed the static IP of the

board, you will need to change the address you browse to.

The first time you connect, it may take a few seconds for your computer to resolve the hostname/IP address.

Example Notebooks

PYNQ uses the Jupyter Notebook environment to provide examples and documentation. Using your browser you can

view and run the notebook documentation interactively.

The Getting_Started folder in the Jupyter home area includes some introductory Jupyter notebooks.

2.1. Getting Started
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— Getting_Startedf *
- C AN | [ pyng:9090/tree/Getting_Started HOD = B =

: Jupyter Logout

Files Running Clusters

Select items to perform actions on them.

Upload  New - |

« i | Getting_Started

|

[0 images

& 1_jupyter_notebook.ipynb

& 3 _programming_python ipynb
= 3_programming_onboard. ipynb

4_hase_overkay_iop.ipynhb

5 base overlay video.ipynb

M W M

6_base_ovarkay_audio.ipynb

The example notebooks have been divided into categories
e common: examples that are not overlay specific

Depending on your board, and the PYNQ image you are using, other folders may be available with examples related
to Overlays. E.g. The base directory will have examples related to the base overlay. If you install any additional
overlays, a folder with example notebooks will usually be copied here.

When you open a notebook and make any changes, or execute cells, the notebook document will be modified. It is
recommended that you “Save a copy” when you open a new notebook. If you want to restore the original versions,
you can download all the example notebooks from GitHub.

Configuring PYNQ

Accessing Files on The Board

Samba, a file sharing service, is running on the board. This allows you to access the Pynq home area as a network
drive, to transfer files to and from the board.

Note: In the examples below change the hostname or IP address to match your board settings.

To access the Pynq home area in Windows Explorer type one of the following in the navigation bar.

\\192.168.2.99\xilinx # If connected to a Computer with a Static IP

16 Chapter 2. Summary
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When prompted, the username is xilinx and the password is xilinx. The following screen should appear:

=[5l
e, s .
@g'l 4 Wpyngailine rl =5 sarch xilin 2
Organize = Mew fialder =~ 3 8
r Favorites Mame ’ Date modified Type LT
B
| iup;mr_nctrhm;-l:s L207/2017 1154 File falder
4 Libraries Py L0017 050 File falder
| REVISION 4,/ D7/2017 14:14 File
I Computer
il Metwaork
4 m v
3 iterns Offfine status: Online
‘é Cfline availability: Mot available

To access the home area in Ubuntu, open a file broswer, click Go -> Enter Location and type one of the following in
the box:

smb://192.168.2.99/xilinx # If connected to a Computer with a Static IP

When prompted, the username is xilinx and the password is xilinx

Change the Hosthame

If you are on a network where other PYNQ boards may be connected, you should change your hostname immediately.
This is a common requirement in a work or university environment. You can change the hostname from a terminal.
You can use the USB cable to connect a terminal. A terminal is also available in the Jupyter environment and can be
used from an internet browser.

To access the Jupyter terminal, in the Jupyter portal home area, select New >> Terminal.
Upload || New v | &

Text File
Folder

Terminal

Motebooks

FPython 3

This will open a terminal inside the browser as root.

2.1. Getting Started 17
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Use the preloaded pynq_hostname.sh script to change your board’s hostname.

’pynq_hostname.sh <NEW HOSTNAME>

The board must be restarted for the changes to be applied.

shutdown —-r now

Note that as you are logged in as root, sudo is not required. If you connect a terminal from the USB connection, you
will be logged in as the xilinx user and sudo must be added to these commands.

When the board reboots, reconnect using the new hostname.

If you can’t connect to your board, see the step below to open a terminal using the micro USB cable.
Configure Proxy Settings
If your board is connected to a network that uses a proxy, you need to set the proxy variables on the board. Open a ter-

minal as above and enter the following where you should replace “my_http_proxy:8080” and “my_https_proxy:8080”
with your settings.

set http_proxy=my_http_proxy:8080
set https_proxy=my_https_proxy:8080

Troubleshooting

Opening a USB Serial Terminal

If you can’t access the terminal from Jupyter, you can connect the micro-USB cable from your computer to the board
and open a terminal. You can use the terminal to check the network connection of the board. You will need to have
terminal emulator software installed on your computer. PuTTY is one application that can be used, and is available
for free on Windows. To open a terminal, you will need to know the COM port for the board.

On Windows, you can find this in the Windows Device Manager in the control panel.
1. Open the Device Manager, expand the Ports menu
2. Find the COM port for the USB Serial Port. e.g. COMS
3. Open PuTTY
Once PuTTY is open, enter the following settings:
4. Select serial
5. Enter the COM port number
6. Enter the serial terminal settings (below)
7. Click Open
Full terminal Settings:
* 115200 baud
* 8 data bits
* 1 stop bit
* No Parity

18 Chapter 2. Summary
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¢ No Flow Control

Hit Enter in the terminal window to make sure you can see the command prompt:

’xilinx@pynq:/home/xilinx#

You can then run the same commands listed above to change the hostname, or configure a proxy.

You can also check the hostname of the board by running the hostname command:

’hostname

You can also check the IP address of the board using ifconfig:

ifconfig

If you are having problems, please see the Troubleshooting section in Frequently Asked Questions (FAQs) or go the
PYNQ support forum

2.1.3 ZCU104 Setup Guide

Prerequisites

e ZCU104 board

* Computer with compatible browser (Supported Browsers)
* Ethernet cable

* Micro USB cable (optional)

* Micro-SD card with preloaded image, or blank card (Minimum 8GB recommended)

Getting Started Video

You can watch the getting started video guide, or follow the instructions in Board Setup.

2.1. Getting Started 19
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Board Setup

€ XILINX. 27157

UliraSCALE *

Ii I 0 |

i
K
H

1. Set the Boot Dip Switches (SW6) to the following positions:
(This sets the board to boot from the Micro-SD card)
* Dip switch 1 (Mode 0): On (down position in diagram)
* Dip switch 2 (Mode 1): Off (up position in diagram)
* Dip switch 3 (Mode 2): Off (up)

20 Chapter 2. Summary
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* Dip switch 4 (Mode 3): Off (up)

2. Connect the 12V power cable. Note that the connector is keyed and can only be connected in one
way.

3. Insert the Micro SD card loaded with the appropriate PYNQ image into the MicroSD card slot
underneath the board

4. (Optional) Connect the USB cable to your PC/Laptop, and to the USB JTAG UART MicroUSB
port on the board

5. Connect the Ethernet port by following the instructions below

6. Turn on the board and check the boot sequence by following the instructions below

Turning On the ZCU104

As indicated in step 6, slide the power switch to the ON position to turn on the board. A Red LED and some additional
yellow board LEDs will come on to confirm that the board has power. After a few seconds, the red LED will change
to Yellow. This indicates that the bitstream has been downloaded and the system is booting.

Network connection

Once your board is setup, you need to connect to it to start using Jupyter notebook.

Ethernet

If available, you should connect your board to a network or router with Internet access. This will allow you to update
your board and easily install new packages.

Connect to a Computer

You will need to have an Ethernet port available on your computer, and you will need to have permissions to configure
your network interface. With a direct connection, you will be able to use PYNQ, but unless you can bridge the Ethernet
connection to the board to an Internet connection on your computer, your board will not have Internet access. You will
be unable to update or load new packages without Internet access.

Connect directly to a computer (Static IP):
1. Assign your computer a static IP address
2. Connect the board to your computer’s Ethernet port

3. Browse to http://192.168.2.99

Connect to a Network Router

If you connect to a router, or a network with a DHCP server, your board will automatically get an IP address. You must
make sure you have permission to connect a device to your network, otherwise the board may not connect properly.

Connect to a Router/Network (DHCP):
1. Connect the Ethernet port on your board to a router/switch

2. Connect your computer to Ethernet or WiFi on the router/switch

2.1. Getting Started 21
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3. Browse to http://<board IP address>
4. Optional: see Change the Hostname below

5. Optional: see Configure Proxy Settings below

Connecting to Jupyter Notebook

Once your board is setup, to connect to Jupyter Notebooks open a web browser and navigate to:

* http://192.168.2.99 If your board is connected to a computer via a static IP address

If your board is configured correctly you will be presented with a login screen. The username is xilinx and the

password is also xilinx.

After logging in, you will see the following screen:

Files Running Clusters

Select items to perform actions on them.

~
[0 base
[0 common
[0 getting_started
(3 logictools
[ slides

& Welcome to Pyng.ipynb

= _ (i) o
1—" C & [ pyng:9090/trec
$ Ju pyter Logout

Upload | New - &2

u

The default hostname is pynq and the default static IP address is 192.168.2.99. If you changed the static IP of the

board, you will need to change the address you browse to.

The first time you connect, it may take a few seconds for your computer to resolve the hostname/IP address.

Example Notebooks

PYNQ uses the Jupyter Notebook environment to provide examples and documentation. Using your browser you can

view and run the notebook documentation interactively.
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The Getting_Started folder in the Jupyter home area includes some introductory Jupyter notebooks.

lin | [ = | =)
— Getting_Started/ ® .'-_L
« C A [ pynq:9090/tree/Getting_Started mOD = B =

: Jupyter Logout

Files Running Clusters

Select items to perform actions on them.

Upload Neww= IF

~ #®& | Getting_Started

W}

)

Images
1_jupyter_notebook ipynb

2_programming_python.ipynb

M W M

J3_programming_onboard. ipynb
4 base_overlay_iop.ipynb

5 hase_overlay_video ipynb

m b m

§_base overlay_audio.ipynb

The example notebooks have been divided into categories
* common: examples that are not overlay specific

Depending on your board, and the PYNQ image you are using, other folders may be available with examples related
to Overlays. E.g. The base directory will have examples related to the base overlay. If you install any additional
overlays, a folder with example notebooks will usually be copied here.

When you open a notebook and make any changes, or execute cells, the notebook document will be modified. It is
recommended that you “Save a copy” when you open a new notebook. If you want to restore the original versions,
you can download all the example notebooks from GitHub.

Configuring PYNQ

Accessing Files on The Board

Samba, a file sharing service, is running on the board. This allows you to access the Pynq home area as a network
drive, to transfer files to and from the board.

Note: In the examples below change the hostname or IP address to match your board settings.

To access the Pynq home area in Windows Explorer type one of the following in the navigation bar.
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\\192.168.2.99\xilinx # If connected to a Computer with a Static IP

When prompted, the username is xilinx and the password is xilinx. The following screen should appear:

ke 'r]
o —— 1
@g'l 4 Wpynegtaline rl =¥ rarch xilin 2
Organize = Mew fiolder =~ 3 B
- Fawarites Hame i Date rcdified Type Sid
B
| iur{mr_nctrbnpks 130772017 11-54 File folder
4 Libraries [ TA0F 2017 050 File falder
| EEVISION 04/ 07,/2017 14:14 File
:E ':I?J'I'Ipl..ﬂ.bl
i Metwork
4 m v
3 iterns Cifffine status: Online
‘é Cfline availability: Mot avaidlable

To access the home area in Ubuntu, open a file broswer, click Go -> Enter Location and type one of the following in
the box:

smb://192.168.2.99/xilinx # If connected to a Computer with a Static IP

When prompted, the username is xilinx and the password is xilinx

Change the Hosthame
If you are on a network where other PYNQ boards may be connected, you should change your hostname immediately.
This is a common requirement in a work or university environment. You can change the hostname from a terminal.

You can use the USB cable to connect a terminal. A terminal is also available in the Jupyter environment and can be
used from an internet browser.

To access the Jupyter terminal, in the Jupyter portal home area, select New >> Terminal.

Upload || New ~ | &

Text File
Folder

Terminal

Motebooks

FPython 3
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This will open a terminal inside the browser as root.

Use the preloaded pynq_hostname.sh script to change your board’s hostname.

’pynqﬁhostname.sh <NEW HOSTNAME>

The board must be restarted for the changes to be applied.

shutdown —-r now

Note that as you are logged in as root, sudo is not required. If you connect a terminal from the USB connection, you
will be logged in as the xilinx user and sudo must be added to these commands.

When the board reboots, reconnect using the new hostname.

If you can’t connect to your board, see the step below to open a terminal using the micro USB cable.
Configure Proxy Settings
If your board is connected to a network that uses a proxy, you need to set the proxy variables on the board. Open a ter-

minal as above and enter the following where you should replace “my_http_proxy:8080” and “my_https_proxy:8080”
with your settings.

set http_proxy=my_http_proxy:8080
set https_proxy=my_https_proxy:8080

Troubleshooting

Opening a USB Serial Terminal

If you can’t access the terminal from Jupyter, you can connect the micro-USB cable from your computer to the board
and open a terminal. You can use the terminal to check the network connection of the board. You will need to have
terminal emulator software installed on your computer. PuTTY is one application that can be used, and is available
for free on Windows. To open a terminal, you will need to know the COM port for the board.

On Windows, you can find this in the Windows Device Manager in the control panel.
1. Open the Device Manager, expand the Ports menu
2. Find the COM port for the USB Serial Port. e.g. COMS
3. Open PuTTY
Once PuTTY is open, enter the following settings:
4. Select serial
5. Enter the COM port number
6. Enter the serial terminal settings (below)
7. Click Open
Full terminal Settings:
* 115200 baud
» 8 data bits

* 1 stop bit
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* No Parity
¢ No Flow Control

Hit Enter in the terminal window to make sure you can see the command prompt:

’xilinx@pynq:/home/xilinx#

You can then run the same commands listed above to change the hostname, or configure a proxy.

You can also check the hostname of the board by running the hostname command:

’hostname

You can also check the IP address of the board using ifconfig:

ifconfig

If you are having problems, please see the Troubleshooting section in Frequently Asked Questions (FAQs) or go the
PYNQ support forum

2.1.4 Alveo Getting Started Guide

Prerequisites

* A version of the Xilinx Runtime (XRT) above or equal 2.3 installed in the system. Previous versions of
XRT might still work, but are not explicitly supported. Moreover, the functionalities offered by the Embedded
Runtime Library (ERT) will not work with versions of XRT below 2. 3.

* Any XRT-supported version of either RedHat/CentOS or Ubuntu as Operating System

* Python and PIP must be installed. The minimum Python version is 3. 5. 2, although the recommended mini-
mum version is 3.6

Install PYNQ

Simply install pyng through PIP

pip install pyng

In case needed, please read the Extended Setup Instructions section for more detailed instructions.

Get the Introductory Examples

Install the pyng-alveo—-examples package using PIP

’pip install pyng-alveo-examples

Once that is done, run the get -notebooks command in your shell session

’pynq get-notebooks

This will deliver all the available notebooks in a pyng-notebooks folder in your current working directory.

You can now move to the newly created pyng—notebooks folder and run Jupyter there
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cd pyng-notebooks
jupyter notebook

Note: When retrieving the notebooks using the pyng get-notebooks command, overlays might be downloaded
from the web and might be available only for specific cards/shells. The get-notebooks command has a few
optional parameters that can be used to customize the notebooks delivery. Please run pyng get-notebooks -h
to see them. Refer to the PYNQ Command Line Interface section for more detailed information.

Extended Setup Instructions

Sourcing XRT

The first thing you will have to do before every session, is source the XRT setup script. To do so, open up a bash shell
and type:

source /opt/xilinx/xrt/setup.sh

The path /opt /xilinx/xrt is the predefined install path for XRT and should not be changed. Therefore, the setup
script will always be located there.

Note: In case you try to use PYNQ without sourcing XRT, you will get a warning asking if XRT was correctly
sourced.

Install Conda

To get PYNQ, we recommend to install and use Conda. In particular, we recommend to install Anaconda as it already
includes most of the required packages.

To install conda, you can follow either the official conda installation guide, or look at the anaconda instructions.

For instance, to install the latest Anaconda distribution you can do

wget https://repo.anaconda.com/archive/Anaconda3-2019.10-Linux-x86_64.sh
bash Anaconda3-2019.10-Linux-x86_64.sh

After you have installed it make sure conda is in your PATH, and in case is not just source the conda activation script

source <your-conda-install-path>/bin/activate

Using a Conda Environment

In case you want to use a conda environment instead of the base installation, follow these simple steps to get everything
you need:

1. Save the content of this GIST as environment.yml

2. Create the pyng—env environment using the above configuration

conda env create —-f environment.yml
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3. Activate the newly created environment

conda activate pyng-env

The provided environment.yml can also be useful to re-create an environment which is already tested and confirmed
to be working, in case you are having issues.

Install Jupyter

By default, installing pyng will not install Jupyter. In case you want it, you can install it using PIP

pip install Jjupyter

Or install the pyng—alveo—-examples package as previously shown. This package will install Jupyter as a depen-
dency, alongside the other packages required to run the included example notebooks.

Note: When installing jupyter with a version of Python less than 3. 6, you will have to make sure to have a compatible
version of ipython installed. Therefore, in this case after installing jupyter, force-install ipython with an
appropriate version. The recommended is version 7.9, and you can ensure this is the version installed by running
pip install —--upgrade ipython==7.09.

If you have another Zynq board see the following guide:

2.1.5 Using PYNQ with other Zynq boards
Pre-compiled images

Pre-compiled SD card images for supported boards can be found via the PYNQ boards page.

If you already have a MicroSD card preloaded with a PYNQ image for your board, you don’t need to rewrite it unless
you want to restore or update your image to a new version of PYNQ.

To write a PYNQ image, see the instructions below for MicroSD Card Setup.

Other boards

To use PYNQ with other Zynq boards, a PYNQ image is required.
A list of community contributions of images for other unsupported boards is available here.

If a PYNQ image is not already available for your board, you will need to build it yourself. You can do this by
following the PYNQ SD Card guide.

MicroSD Card Setup

To make your own PYNQ Micro-SD card:
1. Download the appropriate PYNQ image for your board
2. Unzip the image
3. Write the image to a blank Micro SD card (minimum 8GB recommended)

For detailed instructions on writing the SD card using different operating systems, see Writing the SD Card Image.

28 Chapter 2. Summary


https://gist.github.com/PeterOgden/4916e82c3e4bff77a9ce11c7e77bfdb8
http://www.pynq.io/board.html
https://discuss.pynq.io/t/3rd-party-images-for-zynq-boards/431

Python productivity for Zynq (Pynq) Documentation, Release 2.5

2.2 Jupyter Notebooks

2.2.1 Acknowledgements
The material in this tutorial is specific to PYNQ. Wherever possible, however, it re-uses generic documentation de-
scribing Jupyter notebooks. In particular, we have re-used content from the following example notebooks:

1. What is the Jupyter Notebook?

2. Notebook Basics

3. Running Code

4. Markdown Cells

The original notebooks and further example notebooks are available at Jupyter documentation.

2.2.2 Introduction

If you are reading this documentation from the webpage, you should note that the webpage is a static html version of
the notebook from which it was generated. If the PYNQ platform is available, you can open this notebook from the
getting_started folder in the PYNQ Jupyter landing page.

The Jupyter Notebook is an interactive computing environment that enables users to author notebook documents
that include:

* Live code

* Interactive widgets
* Plots

* Narrative text

* Equations

* Images

* Video

These documents provide a complete and self-contained record of a computation that can be converted to various
formats and shared with others electronically, using version control systems (like git/GitHub) or nbviewer.jupyter.org.

Components

The Jupyter Notebook combines three components:

* The notebook web application: An interactive web application for writing and running code interactively and
authoring notebook documents.

» Kernels: Separate processes started by the notebook web application that runs users’ code in a given language
and returns output back to the notebook web application. The kernel also handles things like computations for
interactive widgets, tab completion and introspection.

* Notebook documents: Self-contained documents that contain a representation of all content in the notebook
web application, including inputs and outputs of the computations, narrative text, equations, images, and rich
media representations of objects. Each notebook document has its own kernel.
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Notebook web application

The notebook web application enables users to:
* Edit code in the browser, with automatic syntax highlighting, indentation, and tab completion/introspection.
* Run code from the browser, with the results of computations attached to the code which generated them.

¢ See the results of computations with rich media representations, such as HTML, LaTeX, PNG, SVG, PDF,
etc.

* Create and use interactive JavaScript widgets, which bind interactive user interface controls and visualizations
to reactive kernel side computations.

e Author narrative text using the Markdown markup language.
* Build hierarchical documents that are organized into sections with different levels of headings.

¢ Include mathematical equations using LaTeX syntax in Markdown, which are rendered in-browser by Math-
Jax.

Kernels

The Notebook supports a range of different programming languages. For each notebook that a user opens, the web
application starts a kernel that runs the code for that notebook. Each kernel is capable of running code in a single
programming language. There are kernels available in the following languages:

 Python https://github.com/ipython/ipython

* Julia https://github.com/JulialLang/IJulia.jl

* R https://github.com/takluyver/IRkernel

* Ruby https://github.com/minrk/iruby

» Haskell https://github.com/gibiansky/IHaskell

* Scala https://github.com/Bridgewater/scala-notebook
* node.js https://gist.github.com/Carreau/4279371

* Go https://github.com/takluyver/igo

PYNQ is written in Python, which is the default kernel for Jupyter Notebook, and the only kernel installed for Jupyter
Notebook in the PYNQ distribution.

Kernels communicate with the notebook web application and web browser using a JSON over ZeroMQ/WebSockets
message protocol that is described here. Most users don’t need to know about these details, but its important to
understand that kernels run on Zynq, while the web browser serves up an interface to that kernel.

2.2.3 Notebook Documents

Notebook documents contain the inputs and outputs of an interactive session as well as narrative text that accom-
panies the code but is not meant for execution. Rich output generated by running code, including HTML, images,
video, and plots, is embedded in the notebook, which makes it a complete and self-contained record of a computation.

When you run the notebook web application on your computer, notebook documents are just files on your local
filesystem with a .ipynb extension. This allows you to use familiar workflows for organizing your notebooks into
folders and sharing them with others.

Notebooks consist of a linear sequence of cells. There are four basic cell types:
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* Code cells: Input and output of live code that is run in the kernel
* Markdown cells: Narrative text with embedded LaTeX equations
* Heading cells: Deprecated. Headings are supported in Markdown cells

¢ Raw cells: Unformatted text that is included, without modification, when notebooks are converted to different
formats using nbconvert

Internally, notebook documents are JSON data with binary values base64 encoded. This allows them to be read and
manipulated programmatically by any programming language. Because JSON is a text format, notebook documents
are version control friendly.

Notebooks can be exported to different static formats including HTML, reStructeredText, LaTeX, PDF, and slide
shows (reveal.js) using Jupyter’s nbconvert utility. Some of documentation for Pynq, including this page, was
written in a Notebook and converted to html for hosting on the project’s documentation website.

Furthermore, any notebook document available from a public URL or on GitHub can be shared via nbviewer. This
service loads the notebook document from the URL and renders it as a static web page. The resulting web page may
thus be shared with others without their needing to install the Jupyter Notebook.

GitHub also renders notebooks, so any Notebook added to GitHub can be viewed as intended.

2.2.4 Notebook Basics

The Notebook dashboard

The Notebook server runs on the ARM® processor of the board. You can open the notebook dashboard by navigating
to pynq:9090 when your board is connected to the network. The dashboard serves as a home page for notebooks. Its
main purpose is to display the notebooks and files in the current directory. For example, here is a screenshot of the
dashboard page for an example directory:

— Jupyter

Files Running Clusbers
Ta import a nolabook, drag the fila onto the listing balow or click hera.  Mew = Z

= & [ examples
(|

[ Builtin Extensions
O Customization

[ Embadding

O Motebook

[0 Parallel Computing
[0 images

3 wtils

& Index.ipynb

The top of the notebook list displays clickable breadcrumbs of the current directory. By clicking on these breadcrumbs
or on sub-directories in the notebook list, you can navigate your filesystem.
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To create a new notebook, click on the “New” button at the top of the list and select a kernel from the dropdown (as
seen below).

Upload fNew-r 4]

Text File
Folder

Terminal

Motebooks

Python 3

Notebooks and files can be uploaded to the current directory by dragging a notebook file onto the notebook list or by
the “click here” text above the list.

The notebook list shows green “Running” text and a green notebook icon next to running notebooks (as seen below).
Notebooks remain running until you explicitly shut them down; closing the notebook’s page is not sufficient.

NN ALUYE VIUYSLS
3 Notebook

O3 Parallel Computing
2 images

T3 utils

& Index.ipynb Running

To shutdown, delete, duplicate, or rename a notebook check the checkbox next to it and an array of controls will appear
at the top of the notebook list (as seen below). You can also use the same operations on directories and files when
applicable.

Duplicate  Rename u New - &

To see all of your running notebooks along with their directories, click on the “Running” tab:
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= Jupyter

Files Running Clusters

(W

Currently running Jupyter processes

Terminals =

There are no terminals running.

MNotebooks -
& examples/Notebook/Index.ipynb
& examples/Notebook/What is the IPython Motebook.ipynb
& examples/Notebook/Bunning the Notebook Server.ipynb
& examples/Notebook/MNotebook Basics.ipynb
& examples/Notebook/Running Code.ipynb
& examples/Notebook/Working With Markdown Cells.ipynb

F evamnlas/Natahnnk/Cistam Kovhnard Shoarkote inenb

This view provides a convenient way to track notebooks that you start as you navigate the file system in a long running
notebook server.

2.2.5 Overview of the Notebook Ul

If you create a new notebook or open an existing one, you will be taken to the notebook user interface (UI). This Ul
allows you to run code and author notebook documents interactively. The notebook UI has the following main areas:
* Menu
* Toolbar

¢ Notebook area and cells

The notebook has an interactive tour of these elements that can be started in the “Help:User Interface Tour” menu
item.

Modal editor

The Jupyter Notebook has a modal user interface which means that the keyboard does different things depending on
which mode the Notebook is in. There are two modes: edit mode and command mode.

Edit mode

Edit mode is indicated by a green cell border and a prompt showing in the editor area:
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In [1]: a = 10

When a cell is in edit mode, you can type into the cell, like a normal text editor.

Enter edit mode by pressing Enter or using the mouse to click on a cell’s editor area.

Command mode

Command mode is indicated by a grey cell border with a blue left margin:
In [1]: a = 18

When you are in command mode, you are able to edit the notebook as a whole, but not type into individual cells. Most
importantly, in command mode, the keyboard is mapped to a set of shortcuts that let you perform notebook and cell
actions efficiently. For example, if you are in command mode and you press c, you will copy the current cell - no
modifier is needed.

Don’t try to type into a cell in command mode; unexpected things will happen!

Enter command mode by pressing Esc or using the mouse to click outside a cell’s editor area.

Mouse navigation

All navigation and actions in the Notebook are available using the mouse through the menubar and toolbar, both of
which are above the main Notebook area:

File Edit \iew Insert Cel Keamel Halp Python 3 O

B o+ = & B o+ 4+ B C Makdown %+ Cell Toolbar: Mane i

Cells can be selected by clicking on them with the mouse. The currently selected cell gets a grey or green border
depending on whether the notebook is in edit or command mode. If you click inside a cell’s editor area, you will enter
edit mode. If you click on the prompt or output area of a cell you will enter command mode.

If you are running this notebook in a live session on the board, try selecting different cells and going between edit and
command mode. Try typing into a cell.

If you want to run the code in a cell, you would select it and click the play button in the toolbar, the “Cell:Run” menu
item, or type Ctrl + Enter. Similarly, to copy a cell you would select it and click the copy button in the toolbar or the
“Edit:Copy” menu item. Ctrl + C, V are also supported.

Markdown and heading cells have one other state that can be modified with the mouse. These cells can either be
rendered or unrendered. When they are rendered, you will see a nice formatted representation of the cell’s contents.
When they are unrendered, you will see the raw text source of the cell. To render the selected cell with the mouse, and
execute it. (Click the play button in the toolbar or the “Cell:Run” menu item, or type Ctrl + Enter. To unrender the
selected cell, double click on the cell.

Keyboard Navigation

There are two different sets of keyboard shortcuts: one set that is active in edit mode and another in command mode.
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The most important keyboard shortcuts are Enter, which enters edit mode, and Esc, which enters command mode.

In edit mode, most of the keyboard is dedicated to typing into the cell’s editor. Thus, in edit mode there are relatively
few shortcuts. In command mode, the entire keyboard is available for shortcuts, so there are many more. The Help-
>‘“Keyboard Shortcuts‘* dialog lists the available shortcuts.

Some of the most useful shortcuts are:
1. Basic navigation: enter, shift—enter, up/k, down/ j
Saving the notebook: s
Change Cell types: y, m, 1-6, t
Cell creation: a, b

Cell editing: %, c, v, d, z

A T

Kernel operations: i, 0 (press twice)

2.2.6 Running Code

First and foremost, the Jupyter Notebook is an interactive environment for writing and running code. The notebook
is capable of running code in a wide range of languages. However, each notebook is associated with a single kernel.
Pynq, and this notebook is associated with the IPython kernel, which runs Python code.

Code cells allow you to enter and run code

Run a code cell using Shift-Enter or pressing the play button in the toolbar above. The button displays run cell,
select below when you hover over it.

:a =10

: print (a)

There are two other keyboard shortcuts for running code:
e Alt-Enter runs the current cell and inserts a new one below.

* Ctrl-Enter run the current cell and enters command mode.
Managing the Kernel
Code is run in a separate process called the Kernel. The Kernel can be interrupted or restarted. Try running the

following cell and then hit the st op button in the toolbar above. The button displays interrupt kernel when you hover
over it.

: import time

time.sleep(10)

Cell menu

The “Cell” menu has a number of menu items for running code in different ways. These includes:
* Run and Select Below

¢ Run and Insert Below
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e Run All
¢ Run All Above
¢ Run All Below

Restarting the kernels

The kernel maintains the state of a notebook’s computations. You can reset this state by restarting the kernel. This is
done from the menu bar, or by clicking on the correspond