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Heterogeneous
Compute
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Cloud to Edge Al Proliferation
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VoT - Video of Things
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VoT - Video of Things

40 feet

Wide Field of View
Digital Zoom
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VoT - Video of Things
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VoT - Video of Things

100 feet

Widél, Field of View
DiFital Zoom
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VoT - Video of Things

Wide Field of View
Digital Zoom
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VoT - Video of Things




VoT - Video of Things

Resolution H.264 MJPEG

1MP (1280*720) 2 Mbps per camera 6 Mbps per camera

2MP (1920*1080) 4 Mbps per camera 12 Mbps per camera

5MP (2560*1960) 10 Mbps per camera 30 Mbps per camera

4K (3840*2160) 18 Mbps per camera 64 Mbps per camera




Industry Trend: Cloud/Edge Unification
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Industry Trend: Al Proliferation

Data Center 5G Autonomous Driving Security

Al Proliferation

Power efficient inference

along with traditional Genomics Video Analytics Healthcare Finance
software



Industry Trend: Heterogeneous Compute

SINGLE CORE MULTICORE HETEROGENEOUS ADAPTIVE
HETEROGENEOUS
1980-2000 : 2000-2010 2010-2020
process - Dennard scaling multithreading - Amdahl’s law density - Moore’s law
CPU Multicore CPU Multicore CPU Accelerator FPGA, ACAP

T T 1 T 1T 1

Scaling from: Silicon process Architecture-aware software Software-aware architecture




Top-1 Accuracy (1%)

Speed of Innovation Outpaces Silicon Cycles

Silicon Design Cycle

>
80
Innovation Cycle
70
60
50
AlexNet BN-NIN GoogLeNet VGG-16 ResNet-34 ResNet-101 Inception v3 DenseNet-264 ShuffleNet 2x MobileNet v2
BN-AlexNet ENet ResNet-18 VGG-19 ResNet-50 ResNet-153 Inception-v4 ResNeXt-101 SENet-154

Pace of AI/ML Innovation



~ Architecture Adaptability
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Programmable OR Adaptable

COMPUTE EFFICIENCY

CPU, GPU, ASSP

.................................................................................. Architecture

ASIC
ADAPTABLE (once)

4

COMPUTE EFFICIENCY



Why Not Programmable AND Adaptable?

COMPUTE EFFICIENCY

2/

DSA1 -
vy @ FPGA,ACAP | 22 DR Architecture

ADAPTABLE



Deep Learning vs. Traditional Software

AlphaGo beats
Lee Sedol

Robo-taxis
IBM Watson becomes (geofenced) gy
Jeopardy Champion! autonomous
ADAS vehicles
Classification
- I ﬁ better than humans
. | _ae ';.} oy
Deep Blue (traditional software)
beats Garry Kasparov o ﬂ w
W L TR AlphaZero
Image chess champion!
classification
Complexity: 107120
1997 2004 2009 2014 2019 2024



The Monster



FPGAS

entity blinker mod
Port ( clockl R ) LO
ALLOUT - 1 T D > VEC X (9 downto 0)):;
end blinker mod;
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architecture Behavioral of blinker mod is
MainClk : STD _LOGIC = Q"
MainCounter : UNSIGNED 16 DOWNTO 0);

STD TOCIC . '0';

[ S
W N

ype state_type is (5TO0,5Ti,S5T2,5T3,5T4,5T5,S5T6,ST7,5T8,5T3):;
attribute ENUM ENCODING: STRING;

attribute ENUM ENCODING OF state_type: type is "C

SIGNAL STATE: state_type := S5TO0;

begin

COUNT: PROCESS (RESET,MainClk)

BEGIN
IF or MainCounter >= "11010110110110000") THEN MainCounter <= (OTHERS => '0'):
ELSIF (RISIN( ) (MainClk)) THEN MainCounter <= MainCounter + 1;
END IF;

END PROCESS COUNT;
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MainClk <= clockl:;
with STATE select
ALLOUT <="010000001 WHEN
3100100C WHEN
WHEN
WHEN

WHEN
WHEN
WHEN
WHEN
WHEN




FPGAS

Busy
Usable

Door Open_Engine

DoorClosed_Engine

Bottons Circuit

DisplayPiano

CallTod
L}

CallTo3
LK

CallTo2
LB

CallTo1

CallTo0

Elevator Circuit

'-'=—|

DoorClosed

DoorOpen

MoveUP_Engine
IoveDOWN_Engine _lResetMotore
ResetPorta
_Reset







The Solution



SoC

Single-Core Dual-Core Dual Core

7/66MHz 800MHz 1GHz
Artix-7 FPGA Fabric Artix-7 FPGA Fabric Kintex-7 FPGA Fabric

“?C'Q‘%\\EQ\\\ WD BIPS

Application Processor wot | neon swo eed | a8  High BW Memory
q rm « Single or Dual Core . | T W N8 ¢ L1/L2 Cache, OCM
A9 * Up to 1GHz R \ij;‘ oo m\w%\ $.® - DDR2/3, LPDDR2 W/ECC

FPGA Eabric o \ Integrated Peripherals
S=T i g

s=» 3 7 Series FPGA Fabric \ * USB, GIgE, CAN
- Custom Engines ) * UART, SDIO, I12C, SPI

2.

Tightly Couple &7 _.cunS
« 3000+ interconnects
-/ * Up to 100Gb/s Bandwidth

Integrated Analog
* Temp & Power Monitor
* 12-bit IMSPS ADC

LT
mzzs 3}

= \



Mais periféricos?

Drag & Drop
100’s de IP & Peripherals FPGA / SoC v Expand Interfaces and
B (P Catalog ~eatures
B Partner IP v Adopt New Protocols
- Automotive & Industrial (e.g., EtherCAT, TSN, ...)
B CAN brag, Drop. v’ Develop a “Future-Proof”
m... and Customize project that evolves with market
B Embedded trends
- Networking

- Video & Image Processing
- Digital Signal Processing
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if (is_uyvy) {
uyvy2bgr (in_mat, in_rgb);

else {
yuyv2bgr (in_mat, in_rgb);

resize <INTERPOLATION_AREA,
MAX_IN_HEIGHT,
MAX_IN_WIDTH,
MAX_OUT_HEIGHT,
MAX_OUT_WIDTH,
NPC,

MAX_DOWN_SCALE> (in_r, out_r);




Architecture for Smart Camera

System Performance
ML Latency

OUTPUT

[ — — Preprocess — — Al — — Postprocess —»

IiDUgH'




Adaptive Architecture for Smart Camera

Running in CPU e — Preprocess — Al m———— POStProcess 6 FPS
In Al Engine
Al acceleration m— Preprocess = e A POSIProcess et 30 FPS
In Al Engine

In Programmable Logic

Acceleration in - P Al == POSIDIOCESS — 40 FPS
Programmable Logic

Vitis Dataflow P Al ____ Postprocess — 80 FPS
Pipelining



- Vitis: Unified Software Platform

Coming soon...

Domain-specific
development
environment

Vitis accelerated
libraries

Compilers Analyzers Debuggers

Vitis core
development kit

Xilinx runtime libraries (XRT)




Putting it All Together

Al Scientists
(iterations in minutes)

Application
Software Developers

Embedded
Developers

Hardware
Developers

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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[ Networks |

| classification

Vgg, Resnet,
Inception, Moblienet

| Detection

Light head rcnn,
SSD,YoLov2,YoLov3

| Segmentation |

Enet, Segnet, Esonet,
FPN, DeeplabV3+

Open for all users

Leveraging mainstream frameworks and
networks

Deployable and re-trainable

Applications

Framework

Caffe

| Pose Estimation |

Openpose,
Coordinates regression

Pytorch

Pruning result

/[ Model info ]\

Backbone, Input size, Flops

Parameters, Train set,
validation set, Platform

Float acc, fixed acc, Test

\codes, video demo, . /

Application

Pedestrian

Video Analytics

ADAS/AD

Face detection

Landmark Localization
Face recognition

Face attributes recognition
Pedestrian Detection
Pose Estimation

Person Re-identification

Object detection
Pedestrian Attributes Recognition

Car Attributes Recognition
Car Logo Detection

Car Logo Recognition
License Plate Detection
License Plate Recognition
Object Detection

3D Car Detection

Lane Detection

Traffic Sign Detection
Semantic Segmentation

Drivable Space Detection

XILINX




Single-chip Deployment of Multiple Models

Multi-task

Multi-model

Multi-framework

Cascaded inference

One or more DPU instances
Custom layer types

Graph segmentation

One bitstream supports many CNNs



Edge Deployment of Custom Models

>> 36

Camera 01
s



Extensive Open Source Libraries

400+ functions across 8 libraries
Open source, performance-optimized out-of-the-box acceleration

() GitHub

=3
o)

Vitis BLAS Library 25 functions Vitis Vision Library

é )
Source
\. J
é )
Tests
\. J
é )
Examples B g N .
L ) Vitis Data Compression Library 25 Vitis Quantitative Finance Library 55 Vitis Database Library Vitis Al Library 37 Models
é )
Benchmarks
\. J




Committed to Open Source

User Since 2001
Contributor Since 2007
Now Core to Xilinx Strategy

% ﬁva P'rgiect MM

@ emu
& PYNQ™

( ’ Runtime
Libraries
@ Al Models

Compilers
Al optimization

' )

:::ROS




PB Switches

SysMon
PL /O Access

FMC 1 (LA Bus + 8GTH)

ZU9EG (XCZUSEG-2FFVB1156E)

FMC 2 (LA Bus + 8GTH)

DDR4 Component (PL 16-bit)

DDRA4 DIMM (PS 84-bit)

Power-On Switch

12 Volt Power e

SD Card Silot 2x Pmod /O + 12C PCle® Gen 2x4 slot (4 x GTR)

"‘I‘l_

LPC FMC XCZU7EV-2FFVC1156

PC4 Header

USB/JTAG UART

PB Switches

Micro SD

PL-Side SODIMM Socket
*DIMM not included with kit

CAN Header

GTH SMA Rx/Tx + Ref Clock
ARM® Trace

1 x 4 SFP Cages (4 x GTH)
(Stacked)

!
!

-8 HDMI In/Out (Stacked)
(3 x GTH)
1
w—— Ethernet
[ =]

DisplayPort (2 x GTR)

B8 s USB UART

— USB JTAG

HDMI InfOut

SATAM.2
Connector

Power Switch

PS2GBX16 PMBus 12V Power
DDR4 Component

Edge Al Evaluation Boards

Documentation

Image Download

h.imc

DNNDK

. MDS5 Checksum
Version

311

MB 1d67b1

657
VIB

571

fhd89e

64d0fd5277

XILINX



What about
Rhinos?



In the last decade 8,889 African Rhinos have been lost to poaching

African rhinos poached 2006 - 2018

1,324 1,349

1123 1167 1,124
751
532
425
252 201
"\.

.{b

Q-
rL‘C.‘n

Year

Source:

XILINX


https://www.savetherhino.org/rhino-info/poaching-stats/

Apache MXNet
TensorfFlow

PyTorch

Amazon

Train and tune the model Choose target SageMaker Neo You can then deploy your
using Amazon SageMaker hardware platform SageMaker Neo will optimize models on the cloud
the trained model for the or at the edge

XGBoost

Build a ML model with the

framework of your choice target hardware platform . l fl eng

ENGINEERING TECHNOLOGIES

XILINXo

ZYNQ.

UltraScale+™

PR S CNN AWS 0T
I" e e DPU Greengrass

XILINX



FPGAS - Brave New World

@ @ outhor SIMULINK

ined  pyNgS 9P

PROJECT

Very High Speed Integrated Circuit V E I { I L O G
Hardware Description Language

%) F FMPEG nu OpenCV “"‘g’s treamer

~

N, Caffe

Tensor




Building the Adaptabl 2

Intelligent World

i



