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Recap. PYNQ Framework
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Drivers

- Bitstreams

Interactive computing environment
based on Jupyter Notebook

Using Python to invoke hardware
libraries and overlay in Programmable
Logic

Through PYNQ, we can easier to create
high performance applications with

o Parallel hardware execution
o Hardware acceleration algorithm

o High frame-rate video processing.



What is an Overlay?

e Hardware library, consisted of one or several IPs

e Extends user application from Processing System(CPU) to Processing
Logic(FPGA)

o Speed-up or customize the hardware platform for a particular application.

e Example: PYNQ base overlay

Zynq PS

-Audlo Pmod 10 Pmod IO Arduino 10
it - - m - I t




Case Study: Video input/output

e [wo Methods

a. OpenCV on ARM A9s
b. HDMI_IN and HDMI_OUT on Processing Logic

e \Which one is better? In terms of throughput(FPS), energy consumption(Watt)

Method (a) Method (b)
e USB Webcam on USB port of Zynq
PS(CPU)
e Capture image and stored to DRAM ARM A9s DRAM

e OpenCV package is used

Source code reference: HDMI_IN
https://qist.github.com/cathalmccabe/b0ab8 DMA

017748840f0d3959f7 eabf0f82
HDMI_OUT |-



https://gist.github.com/cathalmccabe/b0ab8917f748840f0d3959f7eabf0f82
https://gist.github.com/cathalmccabe/b0ab8917f748840f0d3959f7eabf0f82

FPGA Architecture



Field Programmable Gate Arrays(FPGAS)

e Recap, Programmable Logic Device
o Contains an array of AND gate & another array of OR gate

o Users can configure these devices in order to implement the Boolean functions

o E.x. some form of sum-of-product. d: Iih Iﬁl

e I|dea behind FPGA, m m

oo oo B

o Programmable/configurable logic blocks, —

o Programmable interconnections between logic blocks

m  Configure how the logic blocks are connected

o  Xilinx and Altera

e Two dominant FPGA makers -_g H H
N




Configurable Logic Block(CLB) or Slice

e Based on Look-up Tables(LUTs), Flip-Flop and other specialized
functions(e.g. Full Adder)
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Configurable Logic Block(CLB) or Slice

e Configuring the FPGA
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Configuration Bit0

Configuration Bit1
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Configuration Bit2

Configuration Bit3

in[1] in[0] |out
0 0 0

0 1 0

1 0 0

1 1 1

out =in[1] &in[0]

LUTs are configured using Bitstream
Example, truth table for a 2 input AND gate



Programmable Interconnections

e Flexible network connections of CLBs(or Slices)

Routing Track

O

Swi

tch

<}

s
L JHI

N

At each interconnect, there is
a switch transistor which is
default OFF

Each switch is controlled by
a 1-bit reqgister

Configuring routing is simply
put O or 1 into the register
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Modern FPGAs

e As the number of transistors
on FPGA increasing...

Gt  [ecece =] Feoel | e More “hard” resources
e DSP48

o Mul, Add, MAC

SI;ieg:d o Higher frequence

Interfaces

o Not flexible as CLB
e Microprocessors

o ARM or x86
e Block RAM (BRAM)

e

sl |k 111 1 Microprocessor
\BRAM / \DSP /

o Transfer data

o Store large data on-chip 11



Comparison of three different on- and off-chip memory
storage options

External
Memory BRAM FF's
count 1-4 thousands millions
size GBytes KBytes Bits
total size GBytes MBytes 100s of KBytes
width 8-64 1-16 1
total bandwidth | GBytes/sec | TBytes/sec | 100s of TBytes/sec

e External Memory: highest density, lowest bandwidth

e FFs: highest total bandwidth, limited amount of data storage capability.

e BRAM: intermediate value between external memory and FFs

12



PYNQ-Z2

usB
Headphone + MIC  Host HDMI Out Raspberry Pi

Line In

Ethernet :
(RJ45)

JTAG / UART
(Micro USB)

Power Switch

DC Power In
(7v-15V)

RGB LEDs
(User Defined)

Jumper for Power 2 Slide Switches Buttons for Programming SD Card
Source Selection (User Defined) and System Reset (On the Back Side)

HDMI In

Jumper for Boot
Mode Selection

Pmod A

Arduino
Pmod B

4 Buttons
(User Defined)

4 LEDs
(User Defined)
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FPGA Design Process



Block diagram showing a hypothetical embedded FPGA

design
Low Performance — 4 |

Accelerator 3 Interconnect
/ T Video Input
’ Control
Console 4_/ / / Accelerator 1

Interface <j_/ l Processor *
Network ! é V 6

1 Interface High Performance Interconnect Accelerator 2
v 1
.| Storage External .
Interface Memory Video Output

! 1

e |/O Interface Core: highly constrained by timing, RTL implemented
e Standard Core: Generic, fixed-function processing,

o Processor core, on-chip memory, interconnections
e Accelerator core:

o  Where we focus on and develop by using HLS. 15



Design Optimization



Benchmarking Metrics for Hardware Design

e Accuracy
o  Quality of result for a given task
e Throughput
o  Analytics on high volume data
o  Real-time performance (e.g., video at 30 fps)
e Latency
o For interactive applications (e.g., autonomous navigation)
e Energy and Power
o Edge and embedded devices have limited battery capacity
o  Data centers have stringent power ceilings due to cooling costs
e Hardware Cost

Reference: https://www.rle.mit.edu/eems/wp-content/uploads/2019/09/2019 icip tutorial.pdf
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https://www.rle.mit.edu/eems/wp-content/uploads/2019/09/2019_icip_tutorial.pdf

Definitions

e TJask

o Function invocation, e.g. int32_t func(int32_t a)

e TJask latency
o Time between task start and when it finishes

e TJask interval
o Time between one task starts and the next starts

Task Interval = 1
~

e Horizontal Axis: time
e Vertical Axis: Functional units in design
o E.g. Mul(*), Add(+)
e Four executions of a design, starting a
new task every cycle

Task Latency = 10

18



Area/Throughput Tradeoffs

e Example: FIR filter
o 1-Dim convolution
o Key question: what circuit is generated from this code?
#define NUM_TAPS 4

void fir(int input, int xoutput, int tapsi]NUM_TAPS])

{
static int delay_line[NUM_TAPS] = {};

int result = 0;
[for (int 1 = NUM_TAPS — 1;1 > 0; 1i——) {

delay_line[i] = delay_line[i — 1]J; Left shift one
¥

delay_line[0] = input;

[for (int i = 0; i < NUM_TAPS; i++) {

result += delay_line[i] * taps]i]; Inner-product
}

xoutput = result;

}

2
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R XX XD
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5 7 | 14 | 20
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Area/Throughput Tradeoffs

e Architecture generated from previous slide

input(n

T

Task Interval = 4

i
-

—
rs
In
o *
@ . |; | R +
(SEE) — = Out
=
To Register Resets output(n) o rii?
and Clock Enables Task Latency = 4

Design 1
e Advantage: Less resources on multiplication and add operations
e Disadvantage: Higher latency

e Disadvantage: more resources on control logics 20



Area/Throughput Tradeoffs

e With little modifications on HLS(Next week)

input(n)

taps|0

output(n)

Design 2

e Advantage: Higher processing rate, less latency
e Advantage: Simpler architecture

e Disadvantage: Need more resources on Mul and Add

—t

=

+ ok kO %

O

=

Task Interval = 1
A

v

Task Latency = 1
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In this course
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Lab 1: Overlay Tutorial



Overview

e Developing a Single IP
o Intellectual Property(IP) is a reusable IC design that is the intellectual property of one party.
o Using Vivado HLS

e Generating Bitstream and download to FPGA
e Interact with our own IP by using PYNQ

24



Developing a Single IP using Vivado HLS

Open the Vivado HLS 2020.1 IDE

Vivado HLS 2020.1

File Edit Project Solution Window Help
& |#1Vivado HLS Welcome Page &

— 2 N\
. VIVADO™ XILINX.
Vivado™ HLS

Quick Start Recent Projects
scalar_add
/home/jiaming/workplace/tutorial/scalar_add
/,‘1 yir matmul
= \ \ 3 //home/jiaming/workplace/tutorial/matmul
\/A = . . speed_test_hls
Create New Project Open Project Open Example Project /home/jiaming/workplace/practices/speed_test/spee

Documentation

@ B" é [
225 x 225 Tutorials User Guide Release Notes Guide

Short path on desktop .



Developing a Single IP using Vivado HLS

New Vivado HLS Project o
Add/Remove Files

+ -
Add/remove C-based testbench files (design test) 9%
.
Create the P I'OjeCt
Name CFLAGS CSIMFLAGS Add Files...

New File...

Add Folder.

New Vivado HLS Project

Jit CFLAGS

Project Configuration A

€
——— Create Vivado HLS project ofglf(tia)roj eCt N%_m e |
Proje{E name: | add_ip ) 5 ] PI’eSS to S kl p

add

/@ Locatiog] /home/jiaming/workplace/tutorial Browse... i <Ba(k Cancel

3. Project Locatiort ™" — ]
1. ©hek-to Create

Add/Remove Files

+ —
Add/remove Cbased source files (design specification) E%
J =

# Top Function: r
Tasad k\ \

Design Files
Tutorials User Guide Rele

Name CFLAGS CSIMFLAGS Add Files...
= New File.
B Cancel rish e EWIES:
Edit CFLAGS
4. Next

IMFLAGS

‘/nﬂ\
=N

Create New Project,

6. Press to Skip



Developing a Single IP using Vivado HLS

Create the Project

Device Selection Dialog

Solution Configuration

Create Vivado HLS solution for selected technology ;; ) o o0 8 CI ick to Select boa rd

Solution Name: | solution1 Filter
Clock Vendor: All T

Period: | 10 Uncertainty: Display Name: /Al X

Part Selection

Part: xc7vx485tffgl157-1

Vitis Bottom Up Flow 7 SeleCt
Device

Reset All Filters

Search: ¥

TPty TY ar Family Vendor
9. Select PYNQ-Z2x: o wiconns
aScale+ ZCU111 Evaluation Platform

xczu28dr-ffvg1517-2-e  zynquplusRFSOC xilinx.com

B Zynq UltraScale+ ZCU106 Evaluation Platform xczuTev-ffuc11562-e  zynquplus xilinx.com
B Zynq UltraScale+ ZCU104 Evaluation Board xczuTev-ffuc11562-e  zynquplus xilinx.com
B Zynq UltraScale+ ZCU102 Evaluation Board xczu9eg-ffvb1156-2-e  zynquplus xilinx.com
Bl ZedBoard Zynq Evaluation and Development Kit Xc72020clg484-1 zynq em.avnet.com

Cancel @

10. Click OK

< Back Cancel Finish
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Developing a Single IP using Vivado HLS

|Efpv .

Create Project

Solution Configuration

Create Vivado HLS solution for selected technology

Solution Name: | solution1

Clock

Period: | 10 Uncertainty:

Part Selection

Vi 1O"RMAKE Sure the
selected device is
PYNQ-Z2

< Back

12. Click if
everything ready

Cancel

Toolbar

Vivado :'LS 2020.1 - add_ip (/home/ji=ming/workplace/tutorial/add_ip)
File Edit Project Solution Wind Help

% Debugl/ [Synthesisés Analysis

5 Explorer 8 $=0 =0 |[8 Outlin 8 & Direct| =0
-
» &@includes An outline is not available.
£ Source

@=Test Bench
» =solution1

Coding

File Area
Browser
B Console % . @IErrors| & Warnings| ‘= DRCs SR EMBYRv4=D0
Vivado HLS Console
Console
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Developing a Single IP using Vivado HLS

Create New Files

5 Explorer %
viZadd ip

» @' Includes
d| ~ = Source

Right Click
New File...

i&testbench.cpp
» t=solution1

Three new files...

Under Source,

(1) top.h: Define datatype or function, ...

(2) top.cpp: Hardware design implementation
Under Test Bench,

(1) testbench.cpp: Check hardware/software
result is matched.

29



top.h

#include <iostream>
#include <ap_int.h>

using namespace std;

// 32 bit integer
typedef ap int<32> data t;

void add(data t a, data t b, data t &c);

top.cpp

Developing a Single IP using Vivado HLS

testbench.cpp

#include "top.h"

void add(data t a, data_t b, data_t& c) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE s_axilite port=a

#pragma HLS INTERFACE s_axilite port=b
#pragma HLS INTERFACE s_axilite port=c

c'=a % b;

#include "top.h"

int main(){
data t a =
data_t b
data_t c;

Il
o w;m

add(a,b,c);
int err = 0;

if (c !'= (a+b)){
err+=1;
cout << "Error, HW c
<< C << endl;

}

return err;

30



Developing a Single IP using Vivado HLS

e Toolbar: &k v v
o 1 C Simulation: Check the design output is same with software implementation
o p C Synthesis:
m Generate RTL design(e.g. Verilog) from HLS C code

m Performance and Resource consumption report

o M CIRTL Cosimulation: Check RTL output is matched with software implementation.

o @ Export RTL: wrap the design to an IP module
e Inthis Lab, click “C Simulation” — “C Synthesis” — “Export RTL"

31



Generating Bitstream and Download to FPGA

e Open Vivado

Vivado 2020.1

File Flow Tools Window Help Q- Quick Access

VIVADO! £ XILINX. |

HLx Editions

Recent Projects

Q U | C k Sta rt scalar_add_vivado

/home/jiaming/workplace/tutorial/scalar_ad...

Create Project > matmul_vivado
/home/jiaming/workplace/tutorial/matmul_v...

Open Project >

Open Example Project > /home/jiaming/workplace/practices/speed_te...

iTasks

Manage IP >
Open Hardware Manager >
XHub Stores >

Tcl Console

Short path on desktop



Generating Bitstream and Download to FPGA

File

Create Vivado Project

Vivado 2020.1
Flow Tools Window Help Q- Q_u\»:k Access

VIVADO! £ XILINX.

HLx Editions

Recent Projects
Quick Start TPy
/home/jiaming/workplace/tutorial/scalar_ad...

Create Project > matmul_vivado

/homejiar rkplace/tutorial/matmul_v..

) j e Qt_data_v;vado

/homef/jiaming/workplace/practices/speed_te...

Open rroject >

Open Example Project >

iTasks

Manage IP >
Open Hardware Manager >
XHub Stores >

Tcl Console

— ———

New Project

VIVADO'

HLx Editions

& XILINX.
@

Create a New Vivado Project

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

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

2. Click Next
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Generating Bitstream and Download to FPGA

e Create Vivado Project

New Project x

Project Name

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

3. Project Name

Project nam@p_design )
Project locati@/jiaming/workplace/tu% I B

) Create project subdirectory 4. Project Location

Project will be created at: .../tutorial/add_ip_design

Cancel

® [ ] D
S—Next

i

New Project x

Project Type
Specify the type of project to create. '

6. Select RTL Project

e RTLProject
You will be glfe to add sources, create block designs in IP

grator, generate IP, run RTL analysis, synthesis, implementation,
design planning and analysis.

ot specify sources at this time

7. Select not specify sources

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

N -

8--Next —

A
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Generating Bitstream and Download to FPGA

e Create Vivado Project

Defoult part e —[ 13. Confirm the settings

Choose a default Xilinx part or board for your project. ’
A 9., . SWltCh . tO . BoardS . Tag ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, New Project Summary

| Boards

VIVADO'
Vendor: | All v Name: | Al v Board Rev: | Latest v HLx Editions © A new RTL project named 'add_ip_design' will be created.
search: [ v 1 O . ScrO” down @ The default part and product family for the new project:

Default Board: pyng-z2
Default Part: xc7z020clg400-1
Product: Zyng-7000

Family: Zyng-7000

em.avnetcom 1.0 xczu3eg-sbvadsa-l-e Package: clg400

Speed Grade: -1

Display Name Preview Vendor File Version Part ‘
o avnet.com 11 xczu3eg-sbva484-1-

Ultra96v2 Evaluation Platform

ZedBoard Zynq Evaluation and Development Kit

Add Daughter Card Connections em.avnet.com 14 xc72020clg484-1
v
= & XILINX. ect clck Fin
< e ie X72020¢1g400-1 A ® To create the project, click Finish
Add Daughter Card Connections xilinx.com 14 xc7a200tfbg676-2 ~

14--Find-and select PYNQ-Z2 | e C UMD oo ]

' T4 Finish
® e=dl -
’ ' ' 12. Next '
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Generating Bitstream and Download to FPGA

e Import HLS IP

Eile Edit Flow

n‘«

Tools

Add Sources

Language Templates

4F IP Catalog

v IP INTEGRATOR

Create Block Design

Open Block

ate B

v SIMULATION

Run Simulation

v RTLANALYSIS

> Open Elaborated Design

v SYNTHESIS
» Run Synthesis

> n Synth

Design Sources A
> = Constraints

Window Layout  View Help Ready
o == Default Layout v
PROJECT MANAGER - add_ip_design 2?2 x
S.lr ttleﬁ Déx Project Summary 2°0 o X
e: = +g > Overview | Dashboard
~

v
LS S 288
Hierarchy Lib1 » =
Prop 2 0B X
-3
rd_files
hd
< >
Tcl Console Messages Log Reports Design Runs X S P ]
Q| = | = %
Name Constraints ~ Status WNS TNS WHS THS TPWS Total Powel
v synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
< bd

Settings x

IP > Repository
» Add directories to the list of repositories.
You may then add additional IP to a selected ‘

Project Settings

General repository. If an IP is disabled then a tool-tip
Simulation will alert you to the reason.
Elaboration @~ (Ml B ----cessasostosisistanissastosssastesaas

SelettiP/Repository Tag

Implementation

12 ositories

Repository
Packager

No ¢

3. Click to-select
HLS IP path

Tool Settings

Project

IP Defaults
XHub Store
Source File

v

Display
WebTalk
Help -

[ Cancel ] [ Apply ] [ Restore... ]

36



Generating Bitstream and Download to FPGA

IP Repositories > add_ip_design - [/home/jiaming/workplace/tutorial/add_ip_design/add_ip_design.xpr] - Vivado 2020.1
File  Edit Flow Tools Reports  Window Layout  View Help « s Ready

Recent: = /homefjiaming/workp... v 4 & & & LR ¥ > B8 T = Default Layout
Flow Navigator ERRL IS BLOCK DESIGN - design_1 * 7 Cllck “+” to add modulés
: —_— - - ~
Directory: | /home/jiaming/workplace/tutorial/add ip | ¥ PROJECT MANAGER Mo W e p— o
£+ Settings
1 z 8% f ”
> [ optical_flow A~ Add Sources al=18 ¥ Ll il b
. design_1
> practices Language Templates
pI'OJECt £F |P Catalog

Search: Q- hls (1 match)

IP

4. Nawgate tQamuiator

|1 LS Projeéﬁﬁﬁ%ﬁést Create Block Design RS = B:
/ | tutorial Spantlock esiga SRR - M - | T —_the
Knd se eCt 6. S‘;Iee'trate RpiReten Tcl Console x Messages Log 8R:-pc::earCh keyword hls ,? - r

4 Add

> I B B @
And ¢liek OK e te st comne i
i | apply_bd_automation -rule xilinx.com:bd_rule:pri 10, DDR"
> solution2 r‘ c Ic o apply_bd_automation -rule xilinx. com bd rule:ax - Clk_xbe
S add_ip_design | INFO: [Ipptcl 7-1463] No Compatl I t th IP GUI
P 9 L 5 Slave seqment '/add_o/s_axi_AXIL E ec e 'stem7_0/
> matmul > Open Elaborated Design ' open_bd_design {,fhome/]laming/~orkplace/tutcrla |/design_
1 regenerate_bd_layout
> matmul VIVadO + delete_bd_objs [get_bd_nets processing_system7_\
| regenerate_bd_layout
5 CI- SCE BS I I C'K ¢ [SYNTHESIS | delete_bd_objs [get_bd_intf_nets processing_sys iystem7_C
A » Run Synthesis . delete_bd_objs [get_bd_nets processing_system7_) . L MOO_AXT
ﬁﬁ;’ p p y, o ! ! delete bd objs [get bd_cells add 0] ENTER to select, ESC to cancel, Ctrl+Q for IP details S
> Open Synthesized Design < >

Type a Tcl command here
Select m = ‘




Generating Bitstream and Download to FPGA

e Constructing Block Design

The Created Block Design View v Y || = BefaultView v
Run Block Automation Run Connection Automation
Address Editor x| Diagram  x

) x| O] Q + || & | EF | A C|JT||= r add (

— N
3. Click “Run Blgck Automaf;g:ja d OK

4. Click “Run nnection Automation” and

(1 match) & Add (Pre-Proguction -
- : processing_system7_0

1.|Search keyword DoR |||
11 ”»

zZvn FIXED_10 + |||

yng — M_AXI_GPO_ACLK ZYNQ‘ M_AXI_GPO i

’ FCLK CLKO |=

2./Sedect theemodule:aorr aeis FCLK_RESETO_N ©

ZYNQ7 Processing System




Generating Bitstream and Download to FPGA

e Constructing Block Design

Address Editor  x Diagram  x 5_ Cli to Validate design

Q a x| x| O|Q s + #*, C o | = Default View v
ps7_0_axi_periph
(+]
add_0 i+ s00_AXI

—= ACLK

i+ s axi AxiLiteS  [Veoss s ARESETN IYI
ap_clk $—— 500 ACLK HEE MOOAX! [

ap_rstn # S00_ARESETN g

p—{ MOO_ACLK
Add (Pre-Production) MOO_ARESETN

processing_system7_0

AXI Interconnect

DR + I} {2 DDR
FIXED_1O + ||} {O FIXED_IO
Y USBIND_O + ||
MLAXI_GPOACLK ZYNQ M_AXI_GPO - [t
FCLK_CLKO

FCLK_RESETO_N
rst_ps7_0_100M

ZYNQ7 Processing System

slowest_sync_ck mb_reset
ext_reset_in bus_struct_reset{0:0]
aux_reset_in peripheral_reset[0:0]

mb_debug_sys_rst interconnect_aresetn[0:0]

dem_locked peripheral_aresetn[0:0]

Processor System Reset




Generating Bitstream and Download to FPGA

e (Generate Bitstream

BLOCK DESIGN - design_1 *
p—

s+ sl a a

v _Desi

> klesign_l (design_1.bd) (1)[
> aint

"2 Rjght Click and

Hierarchy IP Sources Librariesa » =
Source File Properties ?2 00O X
design_1.bd e o
. ~
+| Enabled
Location: /home/jiaming/workplace/
< ) )

General | Properties

(%4
P2

» - ugaleet “Create HDL. Wrappe

Sour x [>es11|_1 S;eileetdsour :tégAddress Editor  x Diagram  x

"
N

o Q

ad

|+ s_axi_AXiLiteq

ap_clk

r”

ap_rst.n

Add (Pre
processing|

MAXIGPOACLK 7\

ZYNQ7 Proce

' Create HDL Wrapper

You can either add or copy the HDL wrapper file to the project. Use copy
option if you would like to modify this file. f

Options

3' Y_Sog)l %ﬁ&at!a%rgﬁﬁgﬂg user edits

@ Let Vivado manage wrapper and auto-update
iy

4. Click OK
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Generating Bitstream and Download to FPGA

Generate Bitstream

e
Fle Edt Flow Tools Repoits Window Layout View  Help Running multiple block runs Cancel €
s, B X & @ b, B & T X
Flow Navigator BLOCK DESIGN - design_1 T h H I H HI b t' t
« PROECT MANAGER — _ e compiltier Is running.... pe patien
Sourx Design Signals Board 2 _ O [ Address Editor x| Diagram  x 20
£ settings
Q=[S |+ = Q@ @ i K o Q : + & #, C o | = DefaultView v L]
Add Sources 2
= Design Sources (1 | ps7.0_axi_periph
Language Templates %@ idEslgn 1 W apEEIY .
T IP Catalog « 14 design_L_i: design 1 (design e
” AveseTn
> @design 1 (design_Lv S0ACK  WEHM MOOAX +F
o0 anesern
« 1P INTEGRATOR > Constraints L ]
« = Simulation Sources (1) i Add (Pre Production) Voo AResETH
Create Block Design < 5 processing_system?_0 4
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D Fixep o
Generate Block Design
Source File Properties 2 - DX
design_1.bd -
v SIMULATION gn_. hd [—
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Run Simulation /) Enabled slowest sync_ck b_reset
extresit in bus stuct reset0.0]
Location. /nomejiaming/workplace/ D ]
« RTLANALYSIS o mb_debug sy st terconnect aresetn(00]
< 5 am_locked perpheral srsein(00]
> Open Elaborated Design
General  Properties Processor System Resel
v SYNTHESIS Tcl Console Messages |Log |Reports | Design Runs ?2_00O
» Run Synthesis =
Q T ¢ Il B B @
’ Exporting to file /home/jiaming/workplace/tutorial/add_ip_design/add_ip_design.srcs/sources_1/bd/design_1/hw_handoff/design_1.hwh ~
Generated Block Design Tcl file /home/jiaming/workplace/tutorial/add_ip_design/add_ip_design.srcs/sources_1/bd/design_1/hw_handoff/design_1_bd.tcl
enerated Hardware Definition File /home/jiaming/workplace,/tutorial/add_ip_design/add_ip_design.srcs/sources_1/bd/design_1/synth/design_1.hudef
v IMPLEMENTATION [wed Mar 3 23:38:30 2021] Launched design_1_rst_ps7_©_100M 1 synth_1, design_1_add_0_2 synth_1, design_1_processing system7 0_1 synth 1, design_1 auto_pc_0_synth_1, synth 1.
mat\on Run output wlu be cay tured here:
rkpl add 4 ) add i_ip_design. runs/design_1_rst_ps7_0_100M_1_synth_1/runme.log
en toria a Sign.runs,/design_1 add_0_2_synth_1/runme.log
nl e 1 a Hg/wo p ial il sign/add_ip_design.runs/design_ umcessmg system7_0_1_synth_1/runme.log
deslgr\ auto_pc_o_sy nth 1.~ Fome/ mmmg/wnrkpla(e/tutnrla'L dd _ip_¢ deslgn/add 1p design. runs/design_1_auto_pc_0_synth_1/runme.log
synth_1 /home/Jiammg/workplace/tutorial/add ip_desiqn/add_ip_design. runs/synth_1/runme.log
[wed Mar 3 23:38:30 2021] Launched impl_:
Run output will be captured here: /home/)1am1ng/workplace/(utonal/edd ip_design/add_ip_design.runs/inpl 1/runme.log
launch_runs: Time (s): cpu = 00:00:18 ; elapsed = 00:00:17 . Memory (MB): peak = 7566.523 ; gain = 82.039 ; free physical = 3343 ; free virtual = 11192
v
< >

Source File: design_1.bd
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Generating Bitstream and Download to FPGA

e (Generate Bitstream

BLOCK DESIGN - design_1

Sourx Design Signals Board| 2 _ O 4 Address Editor »  Diagram X
Q| =|e |+ & Q @ N B | O Q s + & #* C 9 | = DefaulView v
w = Design Sources (1) i ps7_0_axi_periph
~ @ =~ design_1_wrapper ( w
o - g PP add_0
v design_1_i : design_1 (design, =)
5) + s axiAXiLites [Feosriis
> @ design_1 (de v) (5 sk 100 AXI + [
> = Constraints ap_rst.n ¢
~ = Simulation Sources (1) o .
= Bitstream Generation Completed
) AXI Int t
Hierarchy |P Sources Librariesd » = S > DOR
0 Bitstream Generation successfully completed. {D FIXED_IO
Source File Properties RSN R
Next
design_1.bd - Y
o h (® Open Implemented Design rst_ps7_0_100M
~
) Enabled View Reports slawest_sync_clk mb_reset
N ext_reset_in bus_struct_reset{0:0]
Location: /home/jiaming/workplace/ Open Hardware Manager pux reset In pepimal el ]
® mb_debug_sys_rst interconnect_aresetn[0:0]
(T @ = Generate Memory Configuration File s ppheaLEnenltd

General Properties Processor System Reset

[_) Don't show this dialog again

Tcl Console x Messages |Log | Reports --
Qa = ¢ I B B @

Exporting to file /home/jiaming/workplace/tytorial/. ip_ de ,{add ip_design.srcs/sources_1/bd/ e51 1/hw hal gff/ 51g] hwh

Generated Block Design Tcl file /home/jiamm kh Hm ﬁ@mni tg% R gﬁngg bd.tcl

Generated Hardware Definition File /home/jid 7 a hwdef

[wed Mar 3 23:38:30 2021] Launched design_1_rst_ps7_0_ IOOM 1_synth_1, design_1_add_0_2 synth_1, deslgn_l_process1ng_system7_0_1_synth_1 design_1_auto_pc_0_synth_1, synth_1..
Run output will be captured here:

design_1_rst_ps7_0_106M_1_synth_1: /home/jiaming/workplace/tutorial/add_ip_design/add_ip_design.runs/design_1_rst_ps7_0_100M_1_synth_1/runme.log
desian 1 add @ 2 svynth 1: /home/iiamina/worknlace/tutorial /add in desian/add in desian.runs/desian 1 add @ 2 svnth 1/runme . loa
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Generating Bitstream and Download to FPGA

e Two Design files
o <Your Design Path>/<Your Project Name>.srcs
/add_ip_design.srcs/sources_1/bd/design_1/hw_handoff/design_1.hwh
o <Your Design Path>/<Your Project Name>.runs/impl_1/design_1_wrapper.bit

e Power on PYNQ-Z2 and create new folder from Jupyter-Notebook

=1 ~ W/ tutorial &

1. Create New Fol
~'2. Rename folder qreate o Folder

O Diabo 2 10

0 O matmul jo

Terminal
[ scalar_add o JO
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Generating Bitstream and Download to FPGA

e Transfer two design files to PYNQ-Z2 by using file upload in
Jupyter-Notebook

Files Running Clusters Nbextensions

1. Upload files

Upload YNew~ &

Select items to perform actions on them.

(Jo0 | ~ @B | tutorial | scalar_add Name ¥ Last Modified

5. seconds ago
U & add.ipynb 25 days ago
O/ design_1.bit 24 days ago
O\ design_1.hwha 24 days ago

2. Rename “design_1_wrapper.bit” to “design_1.bit”
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Generating Bitstream and Download to FPGA

e Create new Notebook, named “add.ipynb”

In [1]: from pyng import Overlay

Download bitstream to FPGA

In [3]: overlay = Overlay("./design 1.bit")
overlay? # show the modules in the overlay

Bitstream loaded
In [5]: Add = overlay.add 0

In [6]: Add.register_map
Out[6]: RegisterMap {

a_V = Register(a V=0),
b V = Register(b V=0),
c_V = Register(c_V=0),
c V ctrl = Register(c_V_ap vld=1, RESERVED=0)

}

In [9]: Add.register map.a V = . . .
Add.register_map.b_V = 4 . Interact with the IP using register map
Add.register _map.c V

Out[9]: Register(c_V=16)

In [10]: Add.write(0x10, 6) #
Add.write(0x18, 7) #
Add.read(0x20) # c

= Interact with the IP using offset

o

Out[1l0]: 13
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Summary

e FPGA Architecture
CLB,
Programmable Interconnection
Modules in Morden FPGA
Memory Hierarchy
e Design Optimization

o Task

o Task Latency

o Task Interval

o Next Week

o PP4FPGA chapter 2: Hardware Implementation of Finite Impulse Response and
Optimizations.

o O O O



