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PYNQ " ython Productivity for zynq

Jupyter notebooks, PYNQ enables JupyterLab
browser-based interface / on Zyng and ZU+
l Jupyter web
| server Hardware C-drivers wrapped

IPython kernel ﬂ in Python packages

Ubuntu-based
Linux

Overlays/designs

Most competitive, open
and advanced GUI ARM A9 / A53

QEET
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Applications

pGthon .
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Jupyter
S’

Domain
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Hardware

- VIVADO!
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Embedded
software
Engineers

Hardware
Engineers

Framework

S d
>

) N ] ]
Jupyter/ L[—[_[ PYNQ notebooks I
IPython Apps
N matplotlib numpy | e scikit-learn opencv ya
4 y N |
Python - APIs
XLNK
Overlay
- PL_ H cprio H interrupt H mmio H libsds.so V
Linux kernel - Drivers
xdevcfg sysgpio H uio H devmem H xInk
s ‘ axi_intc ~ i
U User designs \
FPGA . [—U PYNQ overlays ‘ - Bitstreams
[—U PYNQ IPs
- J ]
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Configure board, SD card
Connect to the board
Login in to portal

Jupyter Notebook

PYNQ™~ | XILINX.



==:ii *Instructions to download and prepare SD card:
http://pynqg.readthedocs.io/en/latest/getting_started.html

e & XILINX.
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'Connecting to the board

1. Configure board to boot from SD 4. Connect USB cable

arg 5. Connect Ethernet cable to PC or to a
2. Set Jumper to power from USB Switch/Router
3. Insert SD Card 6. Power On

o & XILINX.
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'Connecting to the board - Direct connection

> Connect board directly to Ethernet
porton PC

>> USB to Ethernet adapter if no Ethernet
port available

> Board IP will default to 192.168.2.99 Connect board directly to PC

> Manually specify static IP for PC R . S —
>> Must be in same range as board: Wy e pe——— 1
- Eg. 192.168.2.1 B ' e Potocs Veron 4 (PP Propedes oM

;b Aeremor s

! LT LR

| [ Gereral
||||| r— ’

>> No internet access unless you bridge ]| e sty e e |
network connections =

ihe aporopriste [P setings.

] () Dbtein an TP address sutomaticsly
(@ Uze the foliowing [P adoness:

1P address: 132,088, 2,
Subnat mask:
_______ Default gatenay:
e
fRat | Oibitain DMS server address autematical
1

i@ Ueg the following DNS server addresses:
[
| Praferred DMS sarver:

Alb=rrabes DhS s=rver:

[ vdidzte settings upon exit [T———

=

o & XILINX.
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'Samba share

> Board can also be accessed as a
shared drive
>> Windows: \\192.168.2.99\xilinx
>> Linux: smb://192.168.2.99/xilinx
> MAC OS: smb://pyng/xilinx

— Hit Command+K to bring up the
‘Connect to Server’ window

> Log-in
>> Username = xilinx
>> Password = xilinx

> Copy files easily between PC and
board

>> 7
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@h_-f."l ) | r———— 2|
Organize 3 0 &
r Favarites o
...... oldes
" Libearies jupyter_notebocks  21403/2007 10:58 falde
g oldes
B Computer scripts ¢
Jbash_logou |
¥ Network Jbashre
Jprofile
| REVISIO 104022017 12228
| & iterm
-
[ ] Connect to Server
Server Address:
smb:Ypyng + @v

Favorite Servars:

Server Address

smb://pyng

Recent Servers

Cancel Connect

& XILINX.



' Introduction to Jupyter notebooks

> Copy workshop files to the board: \\192.168.2.99\xilinx\jupyter notebooks\

WinsCP

&

| ¥ s | PYNQ_ Workshop O *
Home Share View 0
- SR C: it ilinx\ PYNQ Workshop “| & [ Searchpy.. o
[0 Name Date modified Type Size
Session_1 23/08/2018 08:09 File folder
Session_2 23/08/2018 08:09 File folder
Session_3 23/08/2018 08:09 File folder
Session_4 03,/09/2018 15:22 File folder
E 00_PYNQ_Workshop_agenda.pdf 23/08/2018 08:09 Adobe Acrobat D... 342 KB
ﬁ; 01_PYNQ_Workshop_introduction.pdf 23/08/2018 08:09 Adobe Acrobat D... 4,894 KB
j LICENSE 23/08/2018 08:09 File 2KB
= README.md 23/08/2018 08:09 Markdown File 3KB
8 items &=l
From laptop
>> 8

MobaXterm
| ¥ = | PYNQ_Workshop — O *
Home Share View o
&« > v 4 | \\192.168.2.9%jupyter_notebooks\PYNC_Workshop v|=> Search PY... ©
] Name Date modified Type Size
Session_1 23/08/2018 18:31 File folder
Session_2 23/08/2018 18:31 File folder
Session_3 23/08/2018 18:31 File folder
Session_4 23,/08/2018 18:32 File folder
E 00_PYNO_Workshop_agenda.pdf 23/08/2018 08:09 Adobe Acrobat D... 342 KB
'ﬁ; 01_PYNQ_Workshop_introduction. pdf 23/08/2018 08:09 Adobe Acrobat D... 4,894 KB
:1 LICENSE 23/08/2018 08:09 File 2KB
= README,md 23/08/2018 08:09 Markdown File 3 KB
8 tems

|£|

To the board

© Copyright 2018 Xilinx
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Log in to Jupyter portal

S Open a browser* & C @ pyng:9090/tree/PYNQ Workshop
>> Chrome (preferred) — Jupyter

> Browse to: http://192.168.2.99:9090

> password = xilinx

Files Running Clusters Nbextensions

Select items to perform actions on them.

> Browse to PYNQ_Workshop folder -~ B/ PYNQ_Workshop
0O
[ Session_1
[ Session_2
[0 Session_3

O Session_4

*http://jupyter-notebook.readthedocs.io/en/latest/notebook.html#browser-compatibility

The board doesn't have a realtime clock. The first time a board is used, the date and time of the system may be too far out of sync, and cause some browser (e.g. FireFox) to refuse setting a
cookie which prevents log-in to the board. Chrome does not have this issue. To resolve this issue, update the date on the board. In a terminal execute: sudo date +%%Y%m%d -s "20180920 "
"20180920% is YYYYMMDD

>>0 .
© Copyright 2018 Xilinx i‘- X“—INX




Documentation and Support

> Documentation > GitHub
>> pyng.readthedocs.io >> |ssue tracker
>> qithub.com/Xilinx/PYNQ

> Support

>> pynd.io/support > All accessible from
>> WWW.PYNQ.io

Ve - 0O x N e mE‘&I-E
I G e~y = [E] What's Mew —Brtncn W ¥ [ NG Bhor pmdc MW
e -— —
“ B0 | & Sear | hp p et @ & ] 2 0§ @ ¢ s & | 0 wwpreas B
for 2y
# Python N?g:é'l\'"\' or Zyng Docs » Getting Started 3 Edit an CitHub Homo Gt Startod  PYMO-Z4 Board  Evamplos Sourco Code Support

Wi tha PYNG supgort foruia directly on Geoghe Groups

G :
Getting Started = ¢

Mridame  Rom s P
= Getting Stamed
This guide will shaw you how to setup your development board and I m
FYMG-T1 Setup Guide computer io get started using PYMOL Ary questions can be posied to
PPN smwma punscy | Mt o o
FYMNG 2 Setup Guide the PYMND support forum, | " P e
Using FYMG with other Zyrg
Eoards IF v v onee of the fallowing baards, vou can follow the quick |
PN image sdart puide | S
Conrcling 19 iy e Motk
c NG « FYMNQ-£]1 Setup Guide
“nnfgrin
pring ¢ FYMNO-22 Setup Guide
Trow bl haaciting
IF i harve anather Zyidg Baard see the Tollow ing giice:
Jsinig FYNG with other Zyng boards

Connecting to Jupyter Notebook

Cnce your board is setup, to cannect o Jupyter Matebooks apena
wich browser and navigate to;

>> 17 .
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'Lab exercises: Session 1

> Getting started with Jupyter Notebooks
>> Notebook's browser-based interface
>> \Writing text with Markdown
>> \Writing and running Python scripts
>> The |IPython interpreter

> Programming on-board peripherals
>> Controlling on-board LEDs
>> |nteracting with buttons, switches, and LEDs

w0 & XILINX.
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Questions?

#7 XILINX.




PYNQ ™~

Introduction to Overlays

XILINX.



Overlay Concept
Base Overlay
External devices support

Python programmer’s view

XILINX



' FPGA overlays — hardware libraries

> Overlays are generic FPGA designs that target multiple users with
new design abstractions and tools

> Overlay characteristics

+ Post-bitstream programmable via software APls

Typically optimized for given application domains

Encourages the use of open source tools & fast compilation

Enables productivity by re-using pre-optimized designs

Makes benefits of FPGAs accessible to new users

e & XILINX.
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Applications

pGthon .

_

Jupyter
S’

Domain
Experts

Hardware

- VIVADO!
So

Embedded
software
Engineers

Hardware
Engineers

Framework

S d
>

) N ] ]
Jupyter/ L[—[_[ PYNQ notebooks I
IPython Apps
N matplotlib numpy | e scikit-learn opencv ya
4 y N |
Python - APIs
XLNK
Overlay
- PL_ H cprio H interrupt H mmio H libsds.so V
Linux kernel - Drivers
xdevcfg sysgpio H uio H devmem H xInk
s ‘ axi_intc ~ i
U User designs \
FPGA . [—U PYNQ overlays ‘ - Bitstreams
[—U PYNQ IPs
- J ]
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FPGA overlays — hardware libraries_

6c78 3963 7367 3232 3500 6300 8b32
332f 3039 2f33 3000 6460 0931 323a
3a31 3900 6500 0532 7cff ffff ffff

ffff ffff ffff ffff 6630
HE I ©720 0031 a103 8031 6169
§ideme | c204 0010 9330 e100 6 8120
0620 0020 0020 0020 BE @ 8620
PRSI 0020 0020 0020 0020 002€ 8620
—dnsh ~ ot 813c c831 8168 8134 2100 0032 0160
- = e1ff £33 2160 0533 4100 0433 /161
s 6100 0032 8160 0032 31600 0032 c100
. - Lo AT
o = {{ced & @

Step1: - Step 2:
Create an FPGA design for a class Export the b|tstream and a C API
of related applications for programming the design

3 )'J[] 6300 Bb32
1 323a
£ rrre

6c/8

void sethormalidisplay()( 3963 7 m/ 3232

endCoenand (OLED_Mormal Display cwd);

from time import sleep

from pynq import Overlay 5 6630

void setTeverseDisplay(){ from pynq,iop import PMOC_ADC, PMOD_DAC 1 6109
¢ ! Imvar P =d 3

” 5 8120

ol = overlay(“"base.bit™)
ol, 10Mnln¢-1()

Wit vals fr vV to 2.6V with ste LIV,
dé{_l r(u .r( Type in the PMOO ID of the DAC (1 ~ 2): "))
adc_1d = Int(input(“Type in the PMOO ID of the ADC (1 ~ 2): *))

oD 0020
2 0020
2
3
2

2 0100
0101
2 €108

dac = PMOD_DAC(dac_id)
ade = PMOD_ADC(adc_id)

for j in range(2e):
value = 2,1 * j
_6P10, dac .write(value)

Step 3: g, TR Step 4:
Wrap the C API to create a Python Import the bitstream and the library
library in your Python scripts and program

:.4F ) Volts”.format(adc.read( a,n,u][u]})

© Copyright 2018 Xilinx



The rest of the base Overlay

NN
s

“7 XILINX




Complete base Overlay (base.bit)

DDR HDMI In/Qut Pmods

A\

4 IRV L

DDR HDMI || HDMI IOP 1OP
AR out In , :
Dua ortex-AY |i ' r____'_ _L_““—_

Jupyter Server

PyngAPl & — Interr:th ______ I
Controll -
PO Arduino S Arduino/Raspberry Pi
IOP ” header
MIC/
Audio <—>] Audio
Out

GPIO Controller

LEDs, Buttons, Switches
218 & XILINX.
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' base Overlay - Vivado Interface View

> PL design of the base Overlay U r— cmzc
i = = A S
> Standard FPGA design flow used | o | [ Trooe [——
Buffers
> Vivado IPI = e -
> Interface to Python T e el
agn E—C [t — <
> Memory Map i §: r_—:_J_ e
1 : Ud,ol T —
b Open source —_—P—I__I Interrupts . "J A#
> Components are F ‘E—
re-useable - q J
e & XILINX.
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'Video

> HDMI_in, HDMI_out
>>  Stream from HDMI_in to DRAM; stream from DRAM to HDMI_out
>> 3 separate DRAM framebuffers available

> Image processing on ARM A9s
>> E.g. OpenCV

AXI Video Direct Memory Acces

>> 20
© Copyright 2018 Xilinx
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'Video In path

> HDMI_in (TMDS) -> frontend -> color_convert -> axis_register_slice -> pixel_clock -
> axis_vdma -> HPO (PS7)

>> The frontend module wraps all of the clock and timing logic

5 axi_AXILiteS1 D—l
colar_convert
S_axi_AXIL iteS [ | 4 5_axi_AXILt2S
: 4-in_data e e anis_register_slice_0 pixel_pad«
ap clk ap_clk L of o
aut_datase = S _AXIS ——- | =5 dx] AXILIGES
ap_rst_n[0:0] Lret n I: :| - L -
i y = ad Bfnean T o
- —ap L
_—{wﬁt_n_cmw —farese - ‘ out_stream - F—————— 3 out_stream
AXI4-Stream Reqister Slice A
Color Corwert (Pre-Production) J tl control

ap_rst_n_eontral

Pixel_pack [ Pre-Production)

S_AXI

T™DS

ctrl

RefClk [

resetn[0:0] D

control
ap_rst_n_conkrol[0:0]
vid_io_in_reset[0:0]

frontend
.
H[45 At
|| 4 TMES BBC- | |———1 DI
EER= video_out - |3
RefClk PlrelCIk PixelClk
aclk aPivelClklckd aPixelClkLekd
setn[0:0] gpio_io_a[ 0:0] gpic_io_c[0:0]
s axi_ack ip2inte_irpt D ipZintc_irpt
_avi_aresetn[0:0] irg {5 i
vid_io_in_reset{0:0]

>> 21

© Copyright 2018
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'Color conversion and pixel packing

color_convert

> color_convert
>> Transform the input signal into different color spaces

=i dks_axi_AXILiteS

> pixel_pack
>> Convert between 8/24/32-bit

> Default: BGR (24-bit)
>> RGB (24-bit)

_rst_n_control

Color Convert (Pre-Production)

.> RGBA (32-bit) @ mmu;”‘e'-“’"’d‘
>> BGR (24-bit) Henwan
> YCbCr (24-bit) :ap:in I:‘ :I out_stream 4 £
>> Grayscale (8-bit) ~=control
=gap_rst_n_control
> HLS source available Pixel pack (Pre-Production)

>> 22
© Copyright 2018 Xilinx

& XILINX.



'Video Out path

> HPO (PS7) -> axi_vdma -> pixel_unpack -> axis_register_slice -> color_convert ->
frontend -> HDMI_out (TMDS)

>> All sub-modules perform reverse operations of the HDMI IN block

ext resel_in
ap_rst_n_control[0:0]
control

aux_reset_in[_y—
slowest_sync_clk [_y—

pixel_unpack
£ axi_A¥ILiteS | dbs_a AXILItS
in_stream =+~ In_stream P axis_register_slice_0 color_canvert
elke L _ i,
I :[pa.céﬁ :—m ) out_stream== 3 Z S AXIS | 1| 4ms_ani_mLites
P_rst_nid: Filn ‘ aclk M_AXIS 4= Hinda ey
‘“'": trol = ’- L ut_data<-
I-—Tq;_r M _con n ' aut_ + E
I control

AXI4-5tream Register Slice

Pixel_unpack (Pre-Production)

*—qq)_tst_n_l_‘miml
Calor Convert ( Pre-Production)

s_axi_AKILiteS1 [y
frontend
§
S_AXT | S _AXI TMDS = TMDS
etrl §i| et gpin_io_o[0:0] I:ngia_ic_c[o;o]
s00_axi i 4ps00_ani ip2inte_isptm— 3 ipZintc_irpt
={==video_in irg Irg
aclk lacked locked
aux_resat_in ovarflow overflow
et reset_in paripharal_aresatn[0:0) peripheral_aresem[0:0]
s00_avi_aclk peripharal_reset[0:0]) peripheral_reset[0:0]
; axl_aresem[0:0] status[31:0] status[31:0]
slowest_syne_dk urderflow -—D unde rfi ow

>> 23

© Copyright 2018 Xilinx
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Base overlay resource utilization

> Z-7020, LUTs resource utilization ~50%
> |OP (Pmod) ~ 6%

>>
W

Name Slice LUTs , Slice Registers r-.-Ilees l-.-1L'J:xis Slice LUT as Logic  LUT as Memory LUT Flip Flop Pairs Block RAM Tile  DSPs
(53200) (106400) (26600)  (13300) (13300) (53200) (17400) {53200) (140) (220)
base_wrapper 37339 52149 963 104 13100 35699 1640 18304 79 18
base_i (base 37339 52149 963 104 13100 35699 1640 18304 79 18
> video 8648 16255 323 20 4036 8320 328 4790 10 18
> iop_arduinc 234 1 2228 .
> 747 1249 : 1687 92 2299 ;
ps7_0_axi_periph (base_ps7 3748 5888 61 61 1680 3389 359 1731 0 0
iop_pmodb 3488 3885 128 4 1289 3332 156 1433 16 0
b iop_pmoda 3486 3885 128 4 1322 3330 156 1425 16 0
» trace_analyzer_pi (frace_ana 1644 2545 0 0 689 1565 79 1022 3 0
> trace_analyzer_pmodb (trace. 1318 1927 0 0 523 1244 74 796 2 0

The cost of handling the interfaces is modest

e & XILINX.
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External interfacing with the
Base Overlay

XILINX PYNQ“



'Low-cost PYNQ boards: Pmod, RPi, Arduino
Interfaces

£ XILINX.

H

IO} . #Es s

a0 LA
an an -

Typically every new Pmod, Raspberry Pi, or Arduino module requires a new design/seperate bitstream

T & XILINX.
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Pmod: many physical & electrical instances

| Pin | signal |
1&5S | |SCL Serial Clock
Pmod 2&6 SDA Serial Data }

FRGAID 4—— 1 3&7 GND Power Supply Ground
— 488 VCC Power Supply (3.3V/5V)
v Connector J1
:::::‘3 : : : : Pin Signal Description
FPGALO @8 10 il cs SPI Chip Select (Slave Select)
N - 2 SDIN SP1 Data In (MOSI)
3 None Unused Pin PR
4 SCLK SPI Clock } 3 e, T
{7 D/C Data/Command Control f
8 RES Power Reset =
9 VBATC Vg7 Battery Voltage Control :
VCC GND 8 signals 10 VDDC Vop Logic Voltage Control

Pin6 % % Pin 1 511 GND Power Supply Ground
Pin 12 o 6,12 VCC Power Supply
A ajgio o
T T T

1 ~CS, Chip Select
2 MOsI Master-Out-Slave-in } Y r~dis
3 (NC) Not Connected o ety £ o e
4 SCLK Serial Clock L My oo
5 GND Power Supply Ground
6 VCC Power Supply (3.3V/5V)

What if we could handle all Pmod instances with a single bitstream?
8 & XILINX.
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'base Overlay MicroBlaze IO Processor (IOP)

>>0

ARM
A9

ARM
A9

AXI-Lite

A A

'Y

Switches

Onboard (Fixed)
Peripherals

LEDs

Pushbuttons

The A9 controls the MicroBlaze processors

The A9 delivers the binary code to be
executed via dual-ported Instruction BRAMs

The A9 exchange data and control
(commands/status) with the MicroBlazes via

dual-ported Data BRAMs

© Copyright 2018 Xilinx

Y

F 3

A 4

F 3

MB-PMOD Switch
ol FMOD
Control o
Signals -
P
- IT& EMOD
Shared .
DBRAM "ol PMOD
._| LT 108
MB-PMOD Switch
ol FMOD
Control - 01
Signals -
T
| _,j .|, PMoD
Shared .
DERAM "ol PMOD
MB-Arduino Switch
ol
Control
Signals -
T
Shared —rlm
IBRAM
Shared .
DERAM "ol

PmodA

FPGA 11D =& Ll
FRGA 10 - -7
FPGA 1D -4 -3
FPGA D - -4
5

iw +—= &
FPGA 0 4= 7
FRGA 1D - B
FROA D -4 = 8
FPGA 10— 0

aw = 12

PmodB

FPGA 1D - -1
FPGA 1D - -2
FPGA 1D -8 -3
FRGA 1D - -4
5

W L]
FRGA |10 = 7
FRGA IO 4——» B
FROAID - B
FPGA I - 10
"

W - 12

Arduino

& XILINX.



' Configure 10 Processor for Pmod

» CONFIG T
MicroBlaze o | Pmod
—> _| 51
GPIO “
[ — T
RESET  LMB — oS
TO2
L i |
- CPU IC |4 Pmod
Reset .
ARM- Switch
A9 —
Shared SPI | ¢
IBRAM T
Shared : \ o B Pmod
Timer |—) R >
DBRAM — O 108

>> 10
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' Soft Processor Subsystem (SPS)

>> 15

ARM

A9

The A9 controls the MicroBlaze processors

The A9 delivers the binary code to be
executed via dual-ported Instruction BRAMs

A J

MicroBlaze
RESET  LMB
GPIO | CPU
| Reset
AXI
1 IOP
—» —™
Code
Data |,
Cmds

The A9 exchange data and control
(commands/status) with the MicroBlazes via
dual-ported Data BRAMs

i\/lultiple SPS units can be used to
control subsystems in the PL

F 3

\J

fabric: e.g. 10 interfaces,
internal interfaces, data-path
units and instrumentation

k)

ISPS can also be used for
distributed processing

& XILINX.
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y 10 Switch (I0S)

AXI
»| CONFIG
T
0
< | Block |T—— —%—ﬂo*]
) o#1 {—— |
_ T
_O%_.m The 10 Switch
|
Switch can be re-used to control
any external interface
P | Block |T—> T
1 #n  — —
—O%—PIOn
_
>> 16
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The Python programmer’s
view

XILINX PYNQ“



Load base overlay on PL

ARM
A9

ARM AXI-Lite

MEB-PMOD Switch

A A

'Y

A9

Switches |—»

Onboard (Fixed)
Peripherals —* LEDs

Pushbuttons

Python code on ARM A9:

from pyng.overlays.base import BaseOverlay
base = BaseOverlay("base.bit")

>> 27
© Copyright 2018 Xilinx

v
3

A 4

PMOD

Control o
Signals
T
Shared o e
102
IBRAM '
Shared .
DBRAM " o] PMOD
1 IC8
MB-PMOD Switch
m |, PMOD
Control o1
Signals
T
Shared o mop
102
IBRAM :
Shared .
DBRAM ol PMOD
| 108

MB-Arduino Switch

Control
Signals

F 3

Shared
IBRAM

Shared
DERAM

of.F

PmodA

FPGA 11D =&
FRGA 1D -
FPGA 1D -4
FRGA 1D -

I
FRGA IO

FRGA 1D -

FRGA 1D -
FPGA 10 -

aw

L
-2
-3
L
5

4 B
o7

- B

.l
]

4 12

PmodB

FPGA 10 - L

FPGA 1D - -2

FPGA D -8 -3

FRGA 1D - -4

5

3 ]

FRGA |10 = 7

FRGA IO 4——» B

FRPOAID - 8

FPGA I - 10

"

aw 4 12

.

Arduino

& XILINX.



Configure |0 Processor

from pyng.lib.pmod import Pmod OLED

oled = Pmod OLED (base.PMODA)
AXI .
MicroBlaze
«—
Pin Signal Description
RESET LMB 1 (o SPI Chip Select (Slave Select)
T i 2 SDIN SP| Data In (MOSI)
£ " 3 None Unused Pin
i GPIO CPU 4 SCLK SP| Clock
ARM " Reset 1 |7 D/C Data/Command Control
| 8 RES Power Reset
A9 AXI | 9 VBATC Va7 Battery Voltage Control
D |IOP 10 VDDC Voo Logic Voltage Control
- — —»] = 511 GND Power Supply Ground
C Od e || 6,12 VvCC Power Supply
Data
Cmds IH i e
I

oled.write("1 2 3 4 5 6")
>> 28 i: X“_lNX
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'Jupyter Notebook

>> 29

S lines of user code ... thanks to Python, FPGA overIaXF,
abstraction & re-use

: JU pyter Pmod_OLED Last Checkpoint: 01/01/1970 (unsaved changes)
Fila Edit Viaw Inser Gal Karma Widgets Help

+ 3 @ B 4+ 4| 0 B C|coe ﬂ =1 | CellToolbar

Writing to the Pmod OLED

: from pynq.overlays.base import BaseOverlay

base = BaseOverlay("base.bit")

: from pynq.lib.pmod import Pmod OLED

oled = Pmod OLED(base.PMODA)

: oled.write("1 2 3 4 5 6")

© Copyright 2018 Xilinx

ﬂ Logout

Python 3 ©

& XILINX.



' Lab exercises:

Lab (Choose 1)

> PMOD OLED Example
> PMOD Grove Tmp

> PMOD Grove LEDbar
> PMOD Grove Light

w0 & XILINX.
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Questions?

#7 XILINX.




