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= 43 TOPS

8 Input Layes @ Hidden Layer @ Output Layer

1080p Object Detection (SSD) @ 30 FPS < 10W, < 50 ms latency, <$50

ERE . .
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'Challenges Are Opportunities
<5%

ML expertise

with FPGA
25%

ML expertise

with GPU/CPU/DSP >70%

No expertise
Looking for near

“turn-key” solutions

>
Number of Opportunities

23 H “ . .
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'Xilinx Al Solution

Surveillance Data center ADAS/AD

1 1

Dense Neural Network Pruned Neural Network

Compilation

e Runtime

Core API Loader
Driver Tracer
ARISTOTLE

ZU9
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'Algorithm Model Zoo

Inception_v3  Inception

SSD VGG16
RefineDet VGG-16
Densebox

Yolo v3 Yolo

>

DPU deployment

224*224
299*299
300*300
480*360
320*320
512*288

in which

Models in the zoo,

models

are already deployed.

Network Backbone DPU Input Paras | Training Val Set Eva Norm | Eva Norm
Deployment Size Set Float Fixed

Resnet50 vl  Resnet

7.7G 25.6M ImageNet
11.43G 23.8M ImageNet
62.77G 26.3M Voc07+12
123.9G 29.6M Coco2014
492M Private

53.7G 61.8M Cityscape

- Yes: the model is successfully deployed on DPU.
- Support: the model is supported but not deployed. Similar model structure is deployed and test successfully.

- No: the model is not supported by DPU right now mainly due to some special operations or layers.

= I E X AH
XILINX TECHNOLOGY DAY
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ImageNet 0.7483
ImageNet 0.7401
Voc07 77.19%
Coco2014 70.14%
Private 97.92%

Cityscape 53.7%

0.7338
0.7347

97.50%
53.1%

& XILINX



'DNNDK — Deep Neural Network Development Kit

> DECENT DNNDK

>>  FIt32 to Int8 quantization with one line command

DECENT N2Cube
> DNNC
>> Automatic layer fusion to avoid frequently data read DNNC DSi 0 ht
and write

> Runtime N2Cube

> Profiler Dsight

>> Powerful tool as failure analysis and optimization

¢

) SILINX TE HTN%LZ)EYElil)AY © Copyright 2019 Xilinx & XILINX

@)



P DNNDK Dev Flow

_01 Model-Compression

_02 Model-Compilation

~03 Programming

_04 Hyhsid-Compilation

Five Steps ;
with DNNDK 7 05 Exeeution

XILII\IX'TIE\C\HNOLOGYE[IDAY © Copyright 2019 Xilinx £ XILINX



Step 1: Model Compression With DECENT

>

S - I 5 - s -

Dense Neural Network Pruned Neural Network
(FP32) (FP32)
Consists of two separate tools o Effects
* Quantization Tool * Compress model size
*  Pruning Tool 5x — 100x

e Compress running
time 1.5x — 10x

= I HE

B . .
XILINJX\ TECHNOLOGY DAY © Copyright 2019 Xilinx

decent — Deep compression Tool

decent_q — Quantization Tool

decent_p — Pruning Tool

Platform

Compressed sparse
Neural Metwork (INT8)

Caffe, Darknet
TensorFlow

Quantization Tool Beta version
Pruning Tool Internal version

& XILINX.



'Step 2. Model Compilation With DNNC

Parser
Caffe 10101101010101
N Onirr 11010101010101
— R 00111011010101
ol 00101100001101
'F‘ Code-generator 10101101000011

TensorFlow

Neural Network Model DPU Instruction Code

Programmable tensor-level DPU instruction set
- Compatible for Caffe/TensorFlow frameworks
- Flexible & scalable for various CNN layers

23 H ‘ . .
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Step 3: Programming with DNNDK API

int main({int argc, char *argv]

DPUKernel *kernel_conv

DPUKernel *kernel_fc

DPUTask  *task_conv

DPUTask  *task_fc

char *input_addr

char foutput_addr

t* DNNDK API to attach to DPU driver */

dpuInit()

t* DNNDK API to create DPU kernels for CONV & FC networks */
kernel _conv = dpulLoadKernel("resnet5@ conv", 224, 224)

kernel fc = dpulLoadKernel(“resnet5e fc", 1, 1)

t* Create tasks from CONV & FC kernels */

task_conv = dpuCreateTask(kernel conv)

task_fc = dpuCreateTask(kernel fc)

L* Set input tensor for CONV task and run */

input_addr = dpuGetTensorAddress(dpuGetTaskInputTensor(task conv))
setInputImage(Mat Zimage, input_addr)

dpuRunTask(task_conv)

output_addr = dpuGetTensorAddress(dpuGetTaskOutputTensor(task_conv))

P = = B AR A
XILINX TECHNOLOGY DAY

© Copyright 2019 Xilinx

/* Run average pooling layer on CPU */

run_average pooling(output_addr)

/* Set input tensor for FC task and run */

input_addr = dpuGetTensorAddress(dpuGetTaskInputTensor(task fc))
setFCInputData(task_fc, input_addr)

dpuRunTask(task_fc)

output_addr = dpuGetTensorAddress(dpuGetTaskOutputTensor(task_fc))
/* Diaplay the Classification result from FC task */
displayClassificationResult(output_addr)

/* DNNDK API to destroy DPU tasks/kernels */
dpuDestroyTask(task_conv)

dpuDestroyTask(task_fc)

dpuDestroyKernel(kernel conv)

dpuDestroyKernel(kernel fc)

/* DNNDK API to dettach from DPU driver and free DPU resources */
dpuFini()

return @

& XILINX



'Step 4: DNNDK Hybrid Compilation Model

<

DNNC DNNAS
® \
Neural Network Linker Hybrid
/ Executable
Assembler

GCC/LLVM

C/C++ DL CPU

CPUELF
Object

Application Assembly

=i
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'Acceleration on Hardware - SSD

Pruning Speedup on Hardware (2xDPU-4096 @ZU9)
VGG_SSD 4 classes detection @Deephi surveillance data

200 5.7x 150
180 4x 100
103
160
N 18 71 50
< 140 0
E 120 117
) 50
‘gloo C
S -100
= 80
o 1.5 634 635 634 624 62 615 61.1 61 608 592 604 _i50
g 60 7
40 37 -200
20 19 1788 15688 14,608 13 6 12 2 . -250
0 -300
baseline 1 2 3 4 5 6 7 8 9 10 11

Pruning Iterations

mm Operations(G) mEMAP(%) =e=fps

== B A | N
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'Xilinx Al SDK

> Xilinx Al SDK to enable low touch engagements for customers
>> Encourage top customers to use SDK to build applications and solutions
>> Only use generic SDK release to support low priority customers

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

! X|||nX Al SDK Xilinx Al Suite \\\

Libraries and reference solutions

BSP for boards

: Cross-compiling tools i

== B A | N
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'DPU Scalability

Peak y

Perfﬂ

INT8

(OPS

T ] ZU15

5T I ZUl1

B ZU9

0 T T T ettt ZU7

R ZU6

28T | 27100

7 R ZUs

17T [ Z7045 DPU Configuration LUTs | Registers | BRAM DSP

LOT | 27035 2u4 B256(8x4x4) 16132 | 25064 43 66

12T b 7U3 B256(2x8x8) 15286 | 22624 | 535 50

N 7080 B288(4x6x6) 15812 | 23689 46 62

] 2U2 B512 (4x8x8) 20177 | 31782 | 695 08

230G 27020 B1024 (8x8x8) 27377 | 46241 | 1015 194
B1152 (4x12x12) 28698 | 46906 | 1175 194

115G [~ Z7014S/Z7015 B1600 (8x10x10) 30877 | 56267 123 282

102G 270125 B2304 (8x12x12) 34379 | 67481 | 1615 386

ffffffffffffff 77010 B3136 (8x14x14) 38555 | 79867 | 2035 506

B4096 (8x16x16) 40865 | 92630 | 2495 642

A I TR CHNOL OG Y DAY © Copyright 2019 Xilinx B256/288/512/3136 work in progress g X||_|NX



DPU IP Integration

The DPU TRD (Targeted Reference Design) has been published in Xilinx.com.
https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html#edge

Zcu102-dpu-trd-2018-2

apu

dpu V1301 EU pack v1.3.0 (1.3.0)

app5 B Documen tation IP Location (' Switch to Defaults

resnEtso Show disabled ports

dpu_petalinux_bsp

DPUO_M_AXI_GPO =f= |-
DPUO_M_AXI_HPO == t:-

DPUO_M_AXI_HP1 wfu f}-

dpu_interrupt[0:0]

doc

images
BOOT.BIN

-~

common .-
_ --| = 5 AxI
image.ub "

== 5 axi aclk
resnet30

=0 s axi_aresetn

:

P - x2 clk
constrs =0 x2 resetn
pre-built —e
Readme.tct O resetn
scripts 9
5rcs

P = = B AR A
XILINX TECHNOLOGY DAY
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Compenent Name | dpu_V1301_EU_pack 0

Hide |Arch Summary

Number of DPUs | 1 v
Arch of DPU 1152w

512
Advance

800
| Independ{1024
1152
Implementatior 1600

2304 ength | 4 [1-71

DSP48 Maxim
DSP4B Use | ,ngg Maximal v
Ultra-RAM Use per DPU 50
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' Key Takeaway

Xilinx offers advanced Edge ML solution
DNNDK makes neural network deployment easily on FPGA

DPU IP is ready to download from Xilinx website for free

2
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Adaptable.
Intelligent.
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