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DPU Introduction

* The Xilinx® Deep Learning Processing Unit (DPU) is
a configurable computation engine optimized for
convolutional neural networks.

* Itincludes a set of highly optimized instructions,
and supports most convolutional neural networks,
such as VGG, ResNet, GooglLeNet, YOLO, SSD,
MobileNet, FPN, and others.

* The DPU requires instructions to implement a
neural network and accessible memory locations
for input images as well as temporary and output
data. A program running on the application
processing unit (APU) is also required to service
interrupts and coordinate data transfers.
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DPU Introduction

 The DPU has the following features:
One AXI slave interface for accessing configuration and status registers.

One AXI master interface for accessing instructions.

Supports configurable AXI master interface with 64 or 128 bits for accessing data depending on the

target device.
Some highlights of DPU functionality include:

* Configurable hardware architecture core includes: B512, B800, B1024, B1152, B1600, B2304, B3136, and B4096

* Maximum of three homogeneous cores
e Convolution and deconvolution

e Depthwise convolution

* Max pooling

* Average pooling

* RelU, RelLU6, and Leaky RelLU

* Concat

* Elementwise-Sum

e Dilation

* Reorg

* Fully connected layer

* Softmax (Not Support at Zyng-7000)
e Batch Normalization

* Split
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DPU Introduction

Table 1: DPU Signal Description

Signal Name Interface Type width | I/O Description
S_AXI Memory mapped 32 /0 32-bit memory mapped AXI interface
AX] slave interface for registers.
s_axi_aclk Clock 1 | AXI clock input for S_AXI
s_axi_aresetn Reset 1 | Active-Low reset for S_AXI
dpu_2x_clk Clock 1 I Input clock used for DSP blocks in the
DPU. The frequency is twice that of
m_axi_dpu_aclk.
dpu_2x_resetn Reset 1 | Active-Low reset for DSP blocks
m_axi_dpu_aclk Clock 1 I Input clock used for DPU general logic.
m_axi_dpu_aresetn Reset 1 I Active-Low reset for DPU general logic
DPUx_M_AXI_INSTR Memory mapped 32 /0 32-bit memory mapped AXI interface
AX| master interface for DPU instructions.
DPUx_M_AXI_DATAQ Memory mapped 128 /0 128-bit memory mapped AXI interface
AXI master interface for DPU data.
DPUx_M_AXI_DATA1 Memory mapped 128 /0 128-bit memory mapped AXI interface
AX| master interface for DPU data.
dpu_interrupt Interrupt 1~3 o] Active-High interrupt output from DPU.
The data width is determined by the
number of DPU cores.
SFM_M_AX| (optional) Memory mapped 128 /0 128-bit memory mapped AXI interface
AX| master interface for softmax data.
sfm_interrupt (optional) | Interrupt 1 o] Active-High interrupt output from
softmax module.
dpu_2x_clk_ce Clock enable 1 0 Clock enable signal for controlling the
(optional) input DPU 2x clock when DPU 2x clock

gating is enabled.
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DPU Introduction

Table 7: Deep Neural Network Features and Parameters Supported by the DPU

stride_w * output_channel <= 256 *

Stride_w channel_parallel
Stride_h Arbitrary
Padding_w 1: kernel_w - 1
Padding_h 1: kernel_h - 1
Input Size Arbitrary

Input Channel

1-256 * channel_parallel

Output Channel 1-256 * channel_parallel
Activation RelLU or LeakyRelU
Kernel Sizes W: 1-8 H: 1-8

Max Pooling Strides W: 1-4 H:1-4
Padding W:1-4 H: 1-4

Elementwise-sum

Input channel

1-256 * channel_parallel

Features Description
Kernel Sizes W: 1-16 H: 1-16
Strides W: 1-4 H:1-4
Padding_w 1: kernel_w - 1
Padding_h 1: kernel_h - 1
Convolution Input Size Arbitrary
Input Channel 1-256 * channel_parallel
Qutput Channel 1-256 * channel_parallel
Activation RelLU, LeakyReLU, or ReLUb6
Dilation dilatiorll * input_channel ‘:.: 256 * channel_parallel
& & stride_w == 1 &8¢ stride_h == 1
Kernel Sizes W: 1-16 H: 1-16
Strides W: 1-4 H:1-4
Padding_w 1: kernel_w - 1
Padding_h 1: kernel_h - 1
Depthwise Input Size Arbitrary
Convaolution

Input Channel

1-256 * channel_parallel

Input size Arbitrary
Concat Qutput channel 1-256 * channel_parallel
. stride * stride * input_channel <= 256 *
Reorg Strides
channel_parallel
Input_channel Input_channel <= 2048 * channel_parallel
FC

Output_channel

Arbitrary

Output Channel 1-256 * channel_parallel
Activation RelLU or RelLU6
o dilation * input_channel <= 256 * channel_parallel
Dilation , ,
& & stride_w == 1 &8¢ stride_h == 1
Deconvolution Kernel Sizes W: 1-16 H: 1-16
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DPU Introduction- DPU with Enhanced Usage of DSP

e DSP Double Data Rate (DDR) technique is used to improve the performance achieved with

the device.

* Therefore, two input clocks for the DPU are needed, one for general logic, and the other

for DSP slices.
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DPU Introduction-DPU Convolution Architecture

Table 8: Parallelism for Different Convolution Architectures

Convolution Pixel - Input Channel Output.ChanneI Peak 0;?5
Parallelism ] Parallelism (operations/per

Architecture (PP) Parallelism (ICP) (OCP) clock)
B512 4 8 8 512

B800 4 10 10 800
B1024 8 8 8 1024
B1152 4 12 12 1150
B1600 8 10 10 1600
B2304 8 12 12 2304
B3136 8 14 14 3136
B4096 8 16 16 4096

In each clock cycle, the convolution array performs a multiplication and an
accumulation, which are counted as two operations.
Thus, the peak number of operations per cycle is equal to PP*ICP*OCP*2.
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DPU Introduction-RAM Usage

Table 9: Number of BRAM36K Blocks in Different Architectures for Each DPU Core

DPU Architecture Low RAM Usage High RAM Usage
B512 (4x8x8) 73.5 89.5

B80O (4x10x10) 91.5 109.5

B1024 (8x8x8) 105.5 137.5

B1152 (4x12x12) 123 145

B1600 (8x10x10) 127.5 163.5

B2304 (8x12x12) 167 211

B3136 (8x14x14) 210 262

B4096 (8x16x16) 257 3175
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DPU Introduction-Channel Augmentation

* Channel augmentationis an
optional feature for improving the
efficiency of the DPU when

] . Table 10: Extra LUTs of DPU with Channel Augmentation
handling input channels much

lower than the available channel DPU Architecture Extra LUTs with Channel Augmentation
parallelism. 31024 BExd) 70

* When the number of input B1152 (4x12x12) 2189
channels is larger than the channel [ B4096 (8x16x16) 1550
parallelism, then enabling channel | B512 (4x8x8) 1475
augmentation will not make a B800 (4x10x10) 2796
difference B1600 (8x10x10) 2832

* In summary, the channel B2304 ©x12x12) 1697
augmentation can improve the B3136 (Bx14x14) 1899

total efficiency for most CNNs, but
it will cost extra logic resources.
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DPU Introduction- DSP Usage

* This allows you to select whether
DSP48E slices will be used for
accumulation in the DPU Table 11: Resources for Different DSP Usage
convolution module.

High DSP Usage Low DSP Usage

* In low DSP usage mode, the DPU IP

. . Arch | LUT Register | BRAM | DSP | Arch LUT Register | BRAM DSP
will use DSP slices only for 7 7

B512 20055 28849 69.5 98 B512 21171 33572 69.5 66

mU|t|p||Cat|On n the ConVOIUtlorL B800 | 21490 34561 87 142 B800 | 22900 33752 87 102

° |n h|gh DSP usage mode’ the DSP B1024 | 24349 46241 101.5 194 B1024 | 26341 49823 101.5 130

S||Ce W|” be used for bOth B1152 | 23527 46906 117.5 194 B1152 | 25250 49588 117.5 146

|t I t d I t B1600 | 26728 56267 123 282 B1600 | 29270 60739 123 202
mu Ip ICation and accumuiation. B2304 | 39562 67481 161.5 386 B2304 | 32684 72850 161.5 290
° ThUS’ the hlgh DSP usage B3136 | 32190 79867 203.5 506 B3136 | 35797 86132 203.5 394

B4096 | 37266 92630 249.5 642 B4096 | 41412 99791 249.5 514

consumes more DSP slices and less

LUTSs
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DPU Introduction- DPU Development Flow

* The DPU requires a device driver which is included in the Xilinx Deep Neural Network
Development Kit (DNNDK) toolchain.

* Vivado to generate the bitstream. Then, download the bitstream to the target board and

install the DPU driver.
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DPU Introduction- Example System with DPU
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Open vivado and create new project

N Vivado 2020.1

Eile

Flow Tools Window Help

Q- Quick

VIVADO!

HLx Editions

Quick Start

Create Project )

Open Project >

Open Example Project >

roject

VIVADO'

HLx Editions

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 3 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.

T

& XILINX.
©)

2.Click next




Change project name and directory

L Mew F'n:l_i ect

Project Name

Project name:

Project location:

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

1.Setup project name and directory

pyngz2_dpu

o

[+ Create project subdirectory

Project will be created at: Dopyngz2_dpu

2.Click next

= Back

Cancel




Select RTL project and next

% New Project

Project Type

Specify the type of project to create.

1.Select RTL Project and check Do not specify source at this time

(@) RTL Project

[+] Do not specify sources at this time

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

110 Planning Project
Do not specify design sources. You will be able to view partipackage resources.

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

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

2.Click Next

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

Cancel




Select pyng-z

1.Cli

2.Select pyng-z

2 Board File

% New Project

Default Part

Choose a default Xilinx part or board for your project.

ck boards

Boards

Reset All Filtels

Install/Update Boards

Vendoar: | All ~ Mame: | All w Board Rev. | Latest -
Search: Q- w
Display ... Yendor File Versi... Part IO PinC... BoardRev Available . LUTEle.. FlipFlops Block RA...  Ultra RAMs
ZedBoard 2 A
2 Add Dauaht em.avnet.. 1.4 Xc7z020c.. 484 d 200 53200 106400 140 a
pyng-z2
tul.comtw | 1.0 xc7z020c.. 400 1.0 125 53200 106400 140 a
A= ACTU =
Add Dauaht 8 ilink.com 14 xc7a2oot.. 676 400 134600 269200 365 a
Alveo U200
== xilink com 13 Accelerat.. 2104 1182240 2364480 2160 860
W
< >
3.click next
(2) < Back Cancel




Project Summary should be look like this

% New Project

New Project Summary

VIVADO’

HLx Editinns

€ The default part and product family for the new project:
Default Board: pyng-z2
Default Part: xc7z020clg400-1
Product: Zyng-7000
Family: Zyng-7000
Package: clg400
Speed Grade: -1

i: XI LI NX To create the project, click Finish

0 Anew RTL project named ‘pyngz2_dpu’ will be created.

= Back

Cancel




Add DPU IP repository
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Creat Block design

Flow Navigator =

Alr

2 8  BLOCK DESIGN -

~ PROJECT MANAGER sources | Des

'ﬂ‘ Settings -
o = 4
Add Sources
design_1
Language Templates
¥ |P Catalog
v IPINTEGRATOR Please specify name of block design.

Create Block Design ‘

Open Block Design

Generate Block Design Design name: pyanZ_d pU
v SIMULATION Directory: « <=Local to Project= w
Run Simulation Properties
Spetifsource set: Design Sources W
¥ RTL AMALYSIS
» Open Elaborated Design Ir",; "

i
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~ SBYNTHESIS

P Run Synthesis

Open Synthesized Design

~  IMPLEMEMTATION

Tcl Console
P RunImplementation
a = 2
> Openlmplemented Design :
'+ =et_property
| set_property
v PROGRAM AND DEBUG update_ip ca
© INFO: [IP_F1
¥ Generate Bitstream . [IE]
: IWFOD: [IP_F1
> Open Hardware Manager create_bd_de
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Add Zynq processor and click Run Block Automation
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Configure processing_system7 0

Diagram »% Address Editor ? 00

@ ook O Q + & F & A, C O = DefaultView v &

processing_system7_0
r- . |

DOR + | "> DDR
FIXED 10 + | ==eee™» FIXED_IO
- USBIND 0 +
M_AXI_GPO_ACLK
ZYNO. M_AXI GPO +
FCLK_CLKD
FCLK_RESETO_N

L ZYNQ7 Procesging System -

Double click




Configure processing system7 0O

A Re-customize [P

ZYNQ7 Processing System (5.5)

© Documentation  £# Presets IP Location £F Import XPS Settings

MIO Configuration

»  GP Slave AXl Interface

Clock Configuration
~  HP Slave AX] Interface

DDR Configuration » 5 AXI HPO interface
» 5 AKX HP1 interface

SMC Timing Calculation © 8 AXI HP2 interface

Interrupts S AXI HP2 DATAWIDTH

» 5 AXI HP3 interface
»  ACP Slave AX| Interface
» DMA Controller

» PS-PL Cross Trigger interface

PS-PL configuration -> HP Slave AXI Interface
-> S AXI HPO~HP2

Page Navigator - PS-PL Configuration
Zynqg Block Design « O =
PS-PL Configuration Search: | Q-
Select Description
Peripheral 110 Pins
0 +w | Enable AXl Non Secure Transaction

Enables AXl high performance slave interfag
Enables AXl high performance slave interfag
Enables AXl high performance slave interfag
Allows HP2 to be used in 32/64 bit data wigt| ~ MIO Configuration

Enables AXl high performance slave interfag

Enables PL cross trigger signals to PS and

A Re-customize IP

ZYNQ7 Processing System (5.5) '

@ Documentation  £F Presets IP Location ¥ Import XPS Settings

Page Navigator - Interrupts Summary Report
Zyng Block Design « QO T =
PS-PL Configuration Search: | Q-

Interrupt Port |n] Description

Peripheral /O Pins —
P w || Fabric Interrupts Bnable PL Interrupts to PS and vice versa

~ PL-PS Interrupt Ports

[+ IRQ_F2P[15:0] [91:84], [68:6° Bpables 16-bit shared interrupt port from the PL. MSB is assigned the hi

Clock Configuration [_] Core0_nFIQ 28 Enables fast private interrupt signal for CPUQ from the PL
i I:| Core0_nIRC K} Enables private interrupt signal for CPUD from the PL

DDR Configuration =

|| Core1_nFIQ 28 Enables fast private interrupt signal for CPUA from the PL
SMC Timing Calculation ) Corel_nIRQ Ky Enables private interrupt signal for CPU1 from the PL

» PS-PL Interrupt Ports

Interrupts

Interrupts-> Fabric Interrupts -> IRQ_F2P[15:0]

—1

Change S AXI'HP2 Data WIDTH 64 ->32

Click Ok and ignore warnings.

| OK | | Cancel |




It should look like this

processing system7 0
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Add DPU IP

1.Search for DPU IP and
add it into design

Search: |- DF'L.I| {1 ms

Diagram

@ e n M

* De

<+ Deep Learning Processing Unit (DPU)

» Address Editor  x
o Q + o

signer Assistance available. Run Connection Automation

/A C U

— Default View

r pu_et
4+ s

- IPUO JATAD

JE e
- PUO M ISTR

f iy l DPUO_M l ; :.l\ | I+

ad set =

L Deep Learning Processing Unit (DPU) e

2.Double click on DPU IP

S_AX|_HPO_F|
|+ s_axi_HP1_F
I+ s_axi_HPz_F
H4 8 AXI_HPO
H4 5 AXI HP1

S_AXI_HPO_ACL
S_AXI_HP1_ACL
S_AXI_HPZ_ACL
IRQ_F2P[0:0]

EMTER to select, ESC to cancel, Cirl+C for IP details

% Re-customize IP

Deep Learning Processing Unit (DPU) (3.0)
IP Location

@ Documentation

[ show disabled ports Component Name | dpu_eu_0

Arch Advanced Summary
Mumber of DPU Cores | 1 v
Arch of DPU B1152 ~
RAM Usage Low v

Channel Augmentation = Enabled w

. DepthWiseConv Enabled ~
% _axl_aclk .-
T DR uG_W_axl_Catac + [0
£l _arszem Dnu\}_\l_hxl_mmi +|:
nm_z:_c\kw DPUT U ASLWETR 4 AveragePool Enabled -
Conv

RelLU Type = RelLU +LeakyRelLU + RelLUB

Softmax

Number of SFM cores | 0

3.Configue the DPU IP by
changing Arch to B1152
and click OK.

-

Cancel




Connect DPU with PS

DPUO_M_AXI_DATAO ->S_AXI_HPO
DPUO_M_AXI_DATA1 ->S_AXIl_HP1
DPUO_M_AXI_INSTR ->S_AXIl_HP2
(DPU) S_AXI -> M_AXI_GPO
dpu_interrupt -> (concat) inO, (concat)dout -> (PS) IRQ_F2P

dpu_eu 0O

-~

bl - 5_AX]

= 5 axi_aclk

0 s axi_aresein
= dpu_2«_clk
8 dpu_2« resetn

= m_axi_dpu_aclk

1 m_axi_dpu_aresetn

DPUO_M_AXI_DATAD + fi
DPUO_M_AXI_DATA1 + fi
DPUO_M_AXI_INSTR 4}

dpu_interrupt[0:0]

xlconcat_ 0

-

Deep Learning Processing Unit (DPU)

Search: | Q- concal

T Concat

In0[0:0]
In1[0:0]

»>

dout[1:0]

— j/' ':Dr“:at

processing_system7 0

-

S_AXI_HPO_FIFO_CTRL
S_AXI_HP1_FIFO_CTRL
S_AXI_HP2_FIFO_CTRL

S_AXI_HPD

S_AXI_HP1 -
S_AXI_HP2 ZYNQ
M_AXI_GP0O_ACLK :
S_AXI_HPD_ACLK

S_AXI_HP1_ACLK

S_AXI_HP2_ACLK

IRQ_F2P[0:0]

++++++

DOR + ||}

FIXED_IO + ||IB
USBIND_0 + |||

M_AXI_GPO | i
FCLK_CLKO =

FCLK_RESETO_N o

ZYNQAT Processing System

DDR
FIXED _IO



Add other require IP

2.Add Processor System Reset

Search: Q- processorSys| (1 match)
Sources | Design x Signals | Board 2 _ 000G Diagram  x Address Editor % L + Processor System Reset 200
Q = 4 84 @ N E O Q = = + & FEF FHC U= o
= mh_dehuo_sys_rst A ) )
Search (Alt+Slash) * Designer Assistance available. Run Connection Automation

< peripheral_aresetn
& peripheral_reset 3. Change IP name
= slowest_sync_clk

~ T proc_sys_reset_300M (Processor System Reset5.0) r:

= alx_reset_in

& bus_struct_reset
= dem_locked
= ext_resel_in dpu_eu 0
< interconnect_aresetn L
F S_AXI
= mb_debug_sys_rst " | adk
s_axi_| .
a mo_reset s DPUO_M_AXI_DATAO +
_ proc_sys_reseg 150M s DPUD_M_AXI_DATA1 + [i
& peripheral_aresetn v dpu_2x_ck DPUO_M_AXI_INSTR 4 |1
clk wiz O s mb_reset dpu_2x_resetn R N
L i . dpu_interrupt[0:0]
P B exi_resel_in bus_siruct_reset[0:0] m_axi_dpu_ack
0 aux_resel_in peripheral_resat[0:0] m_axi_dpu_aresetn
4 proc_sys_reset_300M mb_debug_sys_rst  interconnect_aresetn[0:0]
dem_locked peripheral_aresetn[0:0] Deep Learning Processing Unit (DPU) xlooncal_tl
Name: proc_sys_reset_300M Clocking Wizard
) it Processor System Reset Ind[0-0]
dout]1:0
Parent name: design_1 In1[0:0] RES

proc_sys_reset_0

Concal

. . slowest_sync_dk mb_resel

1.Add Clocking|Wizatd ot et n bus_siuct rese0)
aund_nesetl_in peripharal _resat[0:0]

mb_debug_sys_rst interconnect_aresetn[0:0]

Search: - clocking| (1 match) dem_locked peripheral_afesetn[0:0]

I <F Clocking Wizard I

General Properies P > %

Processor System Reset




Configure clocking wizard

A Re-customize IP X A Re-customize IP
Clocking Wizard (6.0) P Clocking Wizard (6.0) P
@ Documentation IP Location @ Documentation IP Location

IP Symbol  Resource CerZnan&e l\ericlt O ut p ut IP Symbol ~ Resource Component Name  clk_wiz_0

() Show disabled ports

() Show disabled ports
Eua€ Icove k(gs ‘Qutput Clocks MMCM Settings Summary Board Clocking Options ‘Qutput Clocks MMCM Settings Summary
~ Clocking Feedback ~
The phase is calculated relative to the active input clock.
Qutput Freq (MHz) Phase (degrees Duty {
Output Clock Port Name P eal ) {deg ! Y Source Signaling
r 1 Requested Actual Requested Actual Requ OutputClock | Sequence Number
[w] cli_out? clk_out_150M | 150000 15000000 0.000 0.000 50.00 1 (®) Automatic Gontrol On-Chip
- [+) clk_out2 clic_out_300M ||300.000 300.00000 0.000 0.000 50.00 1 () Automatic Control Off-Chip

_/ ) clk_outa cli_out3 100.000 0.000 50.00 1 4 S ¥ b dntr i) i
. Scrolt-Down and
3.Congfigure clk_oute= 1 AtLLLTLoN

L = 1
. clk_outs 100.000 0.000 50.00 Clk out 300M C h R t t
| = | ek ind - O : ange neset type
ocied clk_outh 100.000 0.000 50.00 ocied
1 .
1 D bl CI_ k clk_out? 100.000 0.000 50.00 to actlve LOW
.Douple LliIC
Enable Optional Inputs / Outputs for MMCMIPLL Reset Type
Clocking Feedback
[ reset [ power_down [_] input_clk_stopped () Active High () Active Low
Source Signaling . .
‘Output Clock Sequence Number [+ locked [_] clkfbstopped
1 (®) Automatic Centrol On-Chip
“ “
< > < >

Output Freq (WHz) Phase (degrees) Duty |

Requested Actual Requested Actual Requ 5 Clle OK
|v*| clk_outt clk_out_150M | 150.000 150.00000 0.000 0.000 50.00

Qutput Clock Port Name

|w*| clk_out2 clk_out_300M | 300.000 300.00000 0.000 0.000 50.00




Connect clock

dk_wiz_0

proc_sys_reset_300M

slowest_sync_ck
ext_reset_in
aux_resel_in
mb_debug_sys_rst
dcm_locked

mb_reset
bus_struct_reset[0:0]
peripheral_rese(0:0]
interconmnect_aresetn[0:0]
peripheral_aresetn[0:0]

Processor System Reset

e

dpu_eu 0

|

proc_sys_reset_150M

locked
ck_out_150M
ck_out_300M

resetn
ck_inm

Clocking Wizard

slowest_sync_ck
ext_reset_in
aux_reset_in
mb_debug_sys_rst
dem_locked

mb_resel
bus_struct_reset[0:0]
peripheral_rese(0:0]
interconnect_aresetn[0:0]
peripheral_aresetn{0:0]

Processor System Reset

proc_sys_reset 0

slowest_sync_ck
ext_resel_in
aux_reset_in
mb_debug_sys_rst
dem_locked

mb_reset
bus_struct_reset[0:0]
peripheral_rese{0:0]
interconnect_aresetn{0:0]
peripheral_aresetn[0:0]

Processor System Reset

+ S_AXI

s_axi_ack

s_axi_aresetn
_2x_clk

dpu_2x_resetn

m_axi_dpu_aclk

DPUO_M_AXI_DATAD + |
DPUO_M_AXI_DATA1 + {:
DPUO_M_AXI_INSTR + i

dpu_interruptj0:0]

m_axi_dpu_aresetn

processing_system7_0

I+ s_axi_HPo_FFo_CTRL
lIl+ s_Axi_HP1_FIFO_CTRL
ll+ s_axi_HP2_FiIFo_CTRL
H 4 S_AXI_HPO

S_AXI_HP1
+ SAX Y

Deep Learning Processing Unit (DPU)

H4 s axi_HP2 ZYNQ~™

DOR +
FIXED_IO +
USBIND_O +

M_AXI_GPO + i3

FCLK_CLKO
FCLK_RESETO_N

M_AXI_GPO_ACLK
- S_AXI_HPO_ACLK
- S_AXI_HP1_ACLK
= S_AXI_HP2_ACLK
xlconcat_0 IRQ_F2P(00)
1n0[0:0] . -
oo dout[1:0] ZYNQ7 Processing System

Concat

9]9)



Connect reset

proc_sys_reset_300M

slowest_sync_ck mb_reset
ext_reset_in bus_struct_reset[0:0]
aux_reset_in peripheral_rese{0.0]
mb_debug_sys_rst interconnect_aresetn{0:0]
dem_locked peripheral_aresetn[0:0]

Processor System Reset

proc_sys_reset_150M

dk_wiz_0

focked
ck_out_150M
ck_out_300M

resetn
chk_int

Clocking Wizard

slowest_sync_ck mb_reset
ext_reset_in bus_struct_reset[0:0]
aux_reset_in peripheral_rese{0.0]
mb_debug_sys_rst interconnect_aresetn{0:0]
dem _locked peripheral_aresetn[0:0]

Processor System Resel

proc_sys_reset 0
(SMl_sync_cl( mb_reset
ext_reset_in bus_struct_reset[0:0]
aux_reset_in peripheral_resef0.0]
mb_debug_sys_rst interconmnect_aresetn[0:0]
dem_locked peripheral_aresetn[0:0]

Processor System Resel

dpu_eu 0
%
—"[+ S_AXI

i ;
:—:i':m DPUO_M_AXI_DATAO + |
d;‘ ; g DPUO_M_AXI_DATA1 + i

SR DPUO_M_AXI_INSTR + }i
dpu_2x_resetn diu_intempti0:0] 2
m_axi_dpu_adlk = '
m_axi_dpu_aresetn

processing_system7_0

Deep Learning Processing Unit (DPU)

\
+ S_AXI_HPO_FIFO_CTRL
I+ s_Axi_HP1_FIFO_CTRL
S_AXI_HP2_FIFO_CTRL
!+ G T DOR + ||}
4+ S_AXI_HPO 0 +|i
25 8 A0 Het - USBIND_O + Il
: ; i}?me}:” ZYINC) M_AXI_GPO + i
LAXI_GPO_ACLK FCLK_CLKO fm—o
= S_AXI_HPO_ACLK FOLK. RESETLN
- S_AXI_HP1_ACLK =
% - = S_AXI_HP2_ACLK
oonceL. IRQ_F2P{0:0]
In0i0:0} - ZYNQ7 P ing S ’
: 1 rocessing System
In1[0:0] o thy

Concat




Connect lock

proc_sys reset 3000

-

- slowest sync clk mb_reset
—j ext reset_in bus_struct reset[(:0]
aux_reset_in peripheral_resef(:0]
= mb_debug sys rst interconnect_aresetn[0:0]
dem_locked peripheral_aresetn{0:0]
L
Processor System Reset
I proc_sys reset 1500
p
clk_wiz_0 = slowest sync clk mb_reseat
| o ext reset_in bus_struct reset{(:0]
i locked b t i ipheral 0 0]
resetn aux_reset_in ipheral_resefl:
) clk_out_150M - - ) hare -
clk_imi = mb_debug sys rst interconnect_aresetn[:0]
clk_out_ 300M ]
dem_locked peripheral_amesetn[0:0]
Clocking Wizard -
g Processor System Reset
proc_sys_reset 0
p
! slowest_sync_clk mb_reseat
—j ext reset_in bus_struct reset{(:0]
aux_reset_in peripheral_resefl:0]
= mb_debug sys rst interconnect_aresetn[:0]
= dcm locked peripheral_amesetn[0:0]
L.
Processor System Reset




Connect Clock_150Mhz

proc_sys_reset_300M

slowesl_sync_clk mb_reset

ext_resel_in

dem locked

bus_struct_neset]:0]
aux_resel_in peripheral_resel0:0]
mb_debug_sys_rst interconnect_aresatnf0:0]
peripheral_aresetn[0.0]

Processor System Reset

proc_sys_reset_150M

dk_WIz_ﬂ slowesl_sync_clk mb_reset
j ext_resel_in bus_struct_neset[0:0]
resetn o out 150M aux_reset_in peripheral_resel0:0]
ch_inl i = mb_debug_sys_rst interconnect_aresatnf0:0]
- clk_cut_300M - - ) -
—== dcm_locked peripheral_aresein[0:0]
Clocking Wizard -
g Processor System Reset
proc_sys_reset 0
slowesl_sync_clk mb_resat
—al ext_resel_in bus_struct_reset[0:0]
& aux_reset in peripheral_reself0:0]
= mb_debug_sys_rst interconnect_aresetnf0:0]
= dom locked paripheral_amesatnf0:0]

Processor System Resel

dpu_eu_ 0
—§§|'+ S_AXI
s_axi_adk o2
AP DPUD_M_AXI_DATAD + f:
e DPUO_M_AXI_DATA1 4 fi
=i DPUD_M_AXI_INSTR + i
dpu_2x_resetn - - +

dpu_interrupt[0:0]

m_axi_dpu_aclk
{ m_axi_dpu_aresetn

Deep Learning Processing Unit (DPU)

xlconcat_0

processing_system7_0

I+ s_axi_HPO_FIFO_CTRL
I+ s_axi_HP1_FFO_cTRL
|+ s_Axi_HPz_FIFO_CTRL
+ S_AXI_HPD

+ S_AXI_HP1

4+ s AXI_HPZ
M_AXI_GPO_ACLK

Jigagzeniy

-

ZYNQ.

S_AXI_HPO_ACLK
S_AXI_HP1_ACLK

S_AXI_HP2_ACLK

IRQ_F2P{0:0]

1n0(0:0]

In1[0:0] SN

Concat

DDR +
FIXED_IO +

usaiND_0 + |||
M_AXI_GPO + =t
FCLK_CLKO f=—o
FCLK_RESETO_N @—

ZYNQT Processing System




Connect Clock_300Mhz

proc_sys reset 300M

-

slowest_syne_clk

mb_reset

clk_wiz_0
locked
resetn
i clk_out_150M
clk_imi
clk_out_300M

ext reset_in bus_struct reset[0:0]
j aux_reset_in peripheral_resef0:0]
= mb_debug_sys_rst
dem locked

interconnect_aresetn]0:0]

peripheral _aresetn[0:0]

b

Processor System Reset

proc_sys reset 150M

-

» slowest_sync_clk mb_reset
j ext reset_in bus_struct reset[0:0]

N
aux_reset_in peripheral_resef0:0]

Clocking Wizard

= mb_debug_sys rst
dom_locked

interconnect_aresetn[{:0]
peripheral_aresetn[0:0]

L

Processor System Reset

proc_sys_reset 0

-

slowest_sync_clk

—j ext reset_in
aux_reset_in

= mb_debug_sys rst

= dom locked

mb_reset

bus_struct reset[0:0]
peripheral_resef0:0]
interconnect_aresetn[{:0]
peripheral_aresetn[0:0]

L

Processor System Reset

dpu_eu_0
i~ "
— i S_AXI
5_axi aclk .
; DPLUD_M_AXI DATAD + =
= = axi_amesetn ]
- - DPUD M_AXI DATAT 4 =
dpu_2x_dk .-
DPUD_M_AXIL INSTR 4 =
=@ dpu_2x_resetn ) -
] dpu_interrupt[0:0] e
m_axi_dpu_aclk

-I m_axi_dpu_aresetn

-

Deep Learning Processing Unit (DPU)




Connect dpu aresetn (Active-low reset)

1.

N_usuuy 9ye_tan

dcm_locked

T o s g
pebheral_amsatn{O:of dpu_eu_0
' N
Processor System Reset e 51|+ S_AXI
s_axi_adk i
t_150M @ s_axi_aresetn DRV M AXLONIAG X b
- proc_sys_reset_ A DPUO_M_AXI_DATA1 + fiimm
| o2 DPUO_M_AXI_INSTR + f{i=
slowest_sync_clk mb_reset @ dpu_2x_resetn  dpu_interrupti0:0 il
ext_reset_in bus_struct_reset{0:0] m_axi_dpu_aclk dpu_jok 1{0:0]
aux_reset_in peripheral_resef{0:0] m_axi_dpu_aresetn
Edly mb_debug_sys_rst interconnect_aresetn{0:0] )
dem_locked peripheral_aresetn[0:0] Deep Learning Processing Unit (DPU)
Processor System Reset
proc_sys_reset_300M
-
slowest_sync_ck mb_reset
ext_reset_in bus_struct_reset{0:0]
@ aux_reset_in peripheral_resef0:0]
- mb_ _sys_rst interconnect_aresetn[0:0]
—== dcm_locked peripheral_aresetn[0:0] dpu_eu 0
r N\
.
Processor System Reset i+ s Ax
s_axi_acdk .
t_150M s_axi_aresetn DEO MDA SE L
= proc_sys_resel. ol DPUO_M_AXI_DATA1 +
f dpu_2x_dk DPUO_M_AXI_INSTR + |i:
slowest_sync_clk mb_reset dpu_2x_resetn i s
AT dpu_interrupt{0:0]
ext_reset_in bus_struct_reset[0:0] m_axi_dpu_ack
aux_reset_in peripheral_rese{0:0] m_axi_dpu_aresetn
! mb_debug_sys_rst interconnect_aresetn[0:0] )
dcm_locked Deep Learning Processing Unit (DPU)

peripheral_aresetn[0:0]

Processor System Reset

G P e

peripheral_aresetn{0:0]

i _wruy_aya_iou
% dem_locked

JI_

Processor System Reset

dpu_eu 0

i+ s_Ax

proc_sys reset_150M

slowest_sync_clk mb_reset

ext_reset_in bus_struct_neset[0:0]

& aux_reset_in

peripheral_resef0:0]

—= dcm_locked

= mb_dabug_sys_rst interconnect_aresetn[0:0]

peripheral_aresetn{0:0]

Processor System Reset

proc_sys_reset 0

slowest_sync_clk mb_reset

ext reset_in bus_struct_reset[0:0]
peripheral_resef0:0]
interconnect_aresaetn{0:0]
peripheral_aresetn[0:0]

8 aux_reset_in

mb_debug_sys_rst
=t dem_locked

Processor System Reset

s_awi_aclk
- DPUO_M_AXI_DATAD +

—= dpu_2x_clk

s_axi_aresetn
- DPUD_M_AX]_DATA1 +

DPUO_M_AXI_INSTR +

dpu_2x_resetn

m_ad_cpu_adk dpu_interrupt[0:0]

m_ax_dpu_aresetn

Deep Learning Processing Unit (DPU)




Final Layout

proc_sys_reset_150M

4

-

t_sync_clk
ext_reset_in
aux_reset_in
mb_debug_sys_rst
dcm_locked

mb_reset
bus_struct_reset[0:0]
peripheral_reset[0:0)
interconnect_aresetn|0:0]
peripheral_aresetn[0:0]

Processor System Reset

processing_system7_0

{> DDR
[ FIXED_

Processor System Reset

proc_sys_reset_300M dpu_eu_0 " 1+ S AXI_HPO_FIFO_ CTRL
r 3 Ot = - s
A ||+ s_Axi_HP1_FIFO_CTRL
—== slowest_sync_clk mb_reset | -+ S_AXI I'*' S AXI HP2 FIFO CTRL
ext_reset_in bus_struct_reset(0:0) s_axi_aclk ’ R R ooR + ||}
i aux_reset_in peripheral_reset{0:0) s_axi_aresetn OPAO_MLASLDATAD -+ 1 TS AL FIXED_IO + "
X A .
ok_wiz 0 S P e DPUO_M_AXI_DATA1 -+ [} + S_AXI_HP1 =
) =~ mb_debug sys rst interconnect_aresetn[0:0] dpu_2x_clk : - UsBIND_0 +|||
DPUO_M_AXI_INSTR + i + S_AXI_HP2 ZYNQ .
locked dem_locked peripheral _; tnf0:0) dpu_2x_resetn - M_AXI_GPO +:3
resetn dpu_interrupt[0:0) M_AXI_GP0_ACLK 4
P clk_out_150M L m_axi_dpu_aclk SRt FCLK_CLKO
= clk_out_300M Processor System Reset m_axi_dpu_aresetn S—AXI—D-PI_A i FCLK_RESETO_N
- -~ > N 7
Clocking Wizard Deep Learning Processing Unit (DPU) Sggx;;::;;\aK
_-U N :
ZYNQ7 Processing System
xlconcat_0
proc_sys_reset_0
slowest_sync_clk mb_reset
ext_reset_in bus_struct_reset[0:0)
aux_reset_in peripheral_reset(0:0) Concat
mb_debug_sys_rst interconnect_aresetn[0:0]
dem_locked peripheral_aresetn[0:0]



Assign address

Pyt g = [ fpwgre A2 0 anipryimepe? clien aga] = Wi

File ESl Flow Tools FRepal #indow  Larou.  View Hep 1 Lhnce feon2a

I=‘H_ - =+ [ e H b = & = ¥ . . o= Dw'all Lapal w
TR cocceson-ie 1.Switch to Address editor 2 x

“ PROUCCT MAMAGI R

s o e e e e ]y il Assign all

Reals

a T 4 o 2 F & Wl Azsiznea s prUnassigred (4 b Ecdez m Fidy 4 -]
&6 5 ES
pLrEs desagn_1 o e . A Inler e Sewe Segoen s Fuse Aodiesy Ranye Maslen High Bk ess
Aﬁ*lll'l B
Language Templmcs LB 1TIETa0es v B NeworkD
F i Caaizg b lisle s Ll & w o HEWE
Api_=u_CI_IH M50 AL S0 )
. S « F |processing_system7_0
w10 MTEGRATOR dpu gu J DPJC M AX] CATEI]
| " I _BETT i (32 address bits : 0 I
I ERCKUSI0R dpu_rua_) T I0_M_ 0BT ~ B Iprocessing_system7_0/Data (32 address bits : 0x40000000[ 1G]}
i gvEemT C DO
fipan Fnck Miesign . ¢ fdpu_eu_0 |s_A req0 0x4F00_0000 2 18N 0x4FFF_FFFF
prOvESE m_syEcemn T _T_FOFT)_KD
Gene-ile Block Design PRCOCES MG SHETemT o M AKX CPD
hets 3.Change dpu_eu_0 Address to
v SIJ_ATICH 2 ek wk 0_cik_eul_150M

Feun 5 raslabior T cl_wiz 0_clk_out 200N OX4 FOO_OOOO

T cE WL U_hookec

- = dou a3 co e v And make sure address is
| e e e ? .00 X% Ox4F00_0000 ~ Ox4FFF_FFFF

B Dk - o
¥ SYMTHESIE
P Run Arihesin Jasenzme: st
¥ Open Synt-es zod Ces g “ul name; process ng_spstem®_lilaca
g l-H FOLDT D00
WP EMERLR 10N
Airth i -

B Funimp emenzaton

WZEET B K § procostmgsmiermT_0

OV A KA AR T NS

F cons ol Bilsbuan

PooLpan Hardwiie NanRa e -
» 9 Tl i el % Meisapes Liag Regarts D= sigpm Ko s



Validate Design

Address Editor

@ e N M

« Diagram

o Q

*

Click Validate Design

+ »‘ C o | = DefaultView v

proc_sys_reset Validate Design (F&)

slowest_sync_clk mb_reset

200

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_ [0:0]
Processor System Reset
proc_sys_reset_300M % Validate Design
—== slowest_sync_clk mb_reset £ - S_AX|
ext_reset_in bus_struct_reset[0:0] s_axi_acl
clk_wiz_0 < aux_reset_in peripheral_reset[0:0] s_axi_are Validati ful Th itical . in this desi
=| mb_debug_sys_rst interconnect_ tn[0:0] dpu_2x_cl allgaton successIul. ere are no errars or crincal warnings in s design.
L locked dem_locked peripheral . tn[0:0] dpu_2x_rd
r clk_out_150M —=={ m_axi_dp
Wk_in1 Ep— " "
clk_out_300M Processor Sy:.tcm Reset m_axi_dp
Clocking Wizard Deep |
TR T
xlconcat_0
proc_sys_reset_0 =
In0[0:0]
slowest_sync_clk mb_reset n1[0:0) dout[1:0]
ext_reset_in bus_struct_reset[0:0] '
0 aux_reset_in peripheral_reset[0:0] Concat
= mb_debug_sys_rst interconnect_aresetn[0:0]
= dcm_locked peripheral_aresetn[0:0]
»
< > %

Should Be successful



Create HDL Wrapper

2 Nawpwiege? thin i el = Viveeks 2070 1
fle ESl “low Tools Repxls Niedow  Laveu view Hep L QuaccAczerd Ready
S Mo~ & X &« & b, 5 & E 4 = Dv'at Laped ~

—— \ 2.Right Click at
1. SWIRRR T8 %ource [ J o Tomm g o 72 ] e g
' design_1(design, 1.bd}.and
Q * & + esign_11gesl =-bd}).a + B # C o |SCeutvow v a
400 SeLrces = t
R click Create|HDL Wrapper ‘
Lenzuage Templiacs Cason 10063107 1871 poc sys reset 150M
- Sin \udo P »e
@0 caazg ? W Sumadol Fourcy Sanls Preowi e vt sy Ak reh_tennt b
imitmes iy @@ Ocen Plke Q r Mt n s stue et v) -
¥ 1P NTEGRATOR 2 G owim | Fenate HIY Wiranper < ‘T:: c;—: 0 - : portbural .,,:,:: z: ;
2 - > Pk~ O - »~ M) Ay e 2o e _arereln|
Creae LixccJragn P view knslank dion Tep Ls — - 3o fockec pari=haral_nrecetafd 0] @
Dpan Fa$ Nesigr SEnerats OUDw Proua:
g . 8 N Create HDL Wrapper . —
Cene he Bicch Design =e201 Orput Priducts il
|1 e
2 _ You can either add or copy the HDL wrapper file to the project. Use copy || + S8
v GNJATICH - ) N ' I+ =.»
- | option if you would like to modify this file. -
Rin 3 muslabsor S DATAD + 4 S 4
C wr bte
MATA! + - P
Werarchy | 1P 24 X icmevaidercm rofIc | i neTR . | €
v RT./ANALYSS K leeend "-— - Options L0 7] G N AX
\ 7 [ G R LU S— ) _— -
) (ptis Flaharalad Nevign Soawes Tie Propes 3 sable File k. b cut FOM y —1 5
x : Copy generated wrapper to allow user edits 8 §_AXI
deig _* i { orascy Lpaate ) ) it - Y (OF — R AXI
v SYNTHESIE 400G WA - (1) ¥
Cr  ceheshilersicry Let Vivado manage wrapper and auto-update 3 ROF
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Generate Bitstream
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Launch the selected synthesis or implementation runs.

Launch directory: & =Default Launch Directory=

Options

(@) Launch runs on local host: Mumber of jobs: | 6

() Generate scripts only
3. Click OK
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Wait for it

File Edit Flow Tools Reports
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Flow Navigator - RN B

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

T 1P Catalog

Vv IPINTEGRATOR
Create Block Design

Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

Vv RTLANALYSIS

> Open Elaborated Design

Vv SYNTHESIS
P Run Synthesis

> Open Synthesized De

V¥ IMPLEMENTATION
P Run implementation

>

v PROGRAM AND DEBUG
§% Generate Bitstream

> Open Hardware Manager

Block: proc_sys_reset_0

Window Layout View Help Q- Quick Access Running multiple block runs Cancel
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Bitstream Generation Completed

o Bitstream Generation successfully completed.

Next
@ Qpen Implemented Design
() View Reports
) Open Hardware Manager
[ ) Generate Memory Configuration File

[) Don't show this dialog again

Click cancel when finished
generate Bitstream



Export Hardware
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1.Click Export Hardware
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% Export Hardware Platform

VIVADO'

HI_¥ Editions

& XILINX.

Export Hardware Platform

This wizard will guide you through the export of 2 hardware platform for use in the Vitis ar
Petalinux software tools.

To export a hardware platform, you will need to provide a name and location for the
exported file and specify the platform properies.

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

() Expandable
A platform supporting acceleration.

2.click next

Cancel




Export Hardware

A Export Hardware Platform

ort Hardware Platform

Files

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

2.Change XSA File name

() Pre-synthesis /(g'\ﬂle name:lpynqu_dpu| |

This platform includes a hardware specification for downstream software tools.

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

Export to: Dipyngz2_dpu
(@) Include bitstream
This platform includes the complete hardware implementation and bitstream, in addition to the hardware The XSA will be written to: D:\pyn dpu'pyngz2_dpuxsa
specification for software tools. u -

1.Select include bitstream

Mext = | FEinish ‘ ‘ Cancel |




Click Finish

% Export Hardware Platform

VIVADO'

HL_¥ Editions

& XILINX.

Exporting Hardware Platform

OA new fixed hardware platform named "pyngz2_dpu® will be written as

Dpyngz2_dpu\pyngz2_dpu.xsa’.

OThe platform will include a post-implementation model, including a bitstream description,

describing the hardware for downstream software tools.

To export the platform, click Finish.

= Back

Cancel




Done!
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pyngz2_dpu.cache

B pyngz2_dpuhbs

B ongz2 dpuhw

l pyngz2_dpu.ip_user_files
B 0ynaz2 dpuruns

B 0yngz2_dpusim
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B pynaz2 dpuxsa
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Save pynqgz2_dpu.xsa



