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What’s the difference between Al, ML, and DL? CEVA

ARTIFICIAL
INTELLIGENCE

Planning

Understanding language
Recognize object / sound

Learning

Problem solving

1950’s 1960’s
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1970’s

MACHINE
LEARNING

1.
2.
3.
4.
>

1980’s

Image database

DEEP

Manual tagging LEARNING

Build a model - o
High accuracy - Mimic the biological

Learned!

1990’s

structure of the brain
Using ANNs

Depth is created by
using multiple layers

2000's  2010’s
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Al: Intelligence demonstrated by
machines rather than humans or animals

ML: Giving computers the skills to learn
without explicit programming

DL: Is an ML subset, examining
algorithms that learn and improve on their
own




Hype Cycle for Emerging Technologies CEVA

Digital Twin

Biochips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots
Smart Robots

Deep Neural Network ASICs
Al PaaS

Quanium Computing

5G

Deep Neural Nets (Deep Learning)
Carbon Nanotube
10T Platform

Virtual Assistanits
Silicon Anode Batteries
Blockehain

Connected Home

Autonomous Driving Level 4 Deep Learnlng
Hsaresy s still at the
peak

Volumetric Displays
Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5
Edge Al

Exoskeleton

Blockchain for Data Security
Knowledge Graphs

4D Printing

Artificial General Intelligence

Neuromorphic
Hardware

expectations

Smart Fabrics

Flying Autonomous Vehicles Augmented Reality

Biotech — Cultured or Artificial Tissue

As of August 2018

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger ) Disillusionment Enlightenment Productivity
o Expectations -
time

Plateau will be reached:

O lessthan2years @ 2to5years @ S5to10years 4k more than 10 years @& obsolete before plateau
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Use of Neural Networks to Perform

"~ Computer Vision Functions

Don't know

4% Yes, extensively

7% % 4 35%
3.»,‘-{:.&_( ‘14%

Not yet, but/
%% planning to

34% | ~~___Yes, in a minor

role

16%
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Al Market Trends




Intelligence (keep) Moving to the Edge CEVA

Cloud Al Intelligence & Analytics Edge Devices

/@
& 2

Key Benefits

Low Latency | Low Power | Low Cost | High Privacy | High Reliability
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Al Smartphones Market CEVA

y A1l Bionic Al12 Bionic Smartphone with Native Al Forecast
; Neural Engine x 2 . Neural Engine 8 e Native Al Smariphones =0 (%) Penchafion of Tofal
+ Sep 2017 + Sep 2018 = A%
35%
\"’ Kirin 970 Kirin 980 0%
+ NPU/Image DSP « NPUx2
! 4HUAWEI + 10nm e 7nm 500

« Sep 2017 + Sep 2018

Helio P60 Helio P70

» (APU) Image DSP + (APU) Image DSP x2
+ 12nm .
« Feb 2017 .

250

= 1]
§ §
Penetration of Toral smartphone (%)

Native Al Smartphone Shipment (In Millions)

SDM 845 SDM 855
S » Hexagon 685 . 77
QUALCOMWW [ i i _

+ Dec 2017 + Dec2018 2017 2018 2019 2020

1 in 3 smartphones to be shipped in 2020 will natively embed

ML & Al capabilities at the chipset level
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Intelligent Video Analytics Market CEVA
*‘

o m 1

KEY TREND MARKET DRIVER MARKET DRIVER FORECAST
Shift toward IP Increasing demand Rising demand for The market is
cameras. for reduced improved security. projected to

workforce. reach $1.65

billion by 2021.

Ftechnavio
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Intelligent Video Analytics Market

One ofthe KEY TRENDS for

this market will be the rising trend

of SMART CITIES

AL .t

Facial recognition Skynet program in China

CEVA

Will grow by more than
US$64 billion by 2022
as it particularly picks

Al-based video
surveillance as a key
trend for the future

loT powered by Al
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WHY NEURAL NETWORKS?

Because there are more image sensors
than people on the planet!

2E+10
1.8E+10
1.6E+10
14E+10

World population

1.2E+10 Three-year sensor
1E+10 population

8E+09

6E+09 —

2000 2005 2010 2015




Intelligent Video Analytic;s,Road map
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ADAS to Autonomy

Functionalities

T ACC:Active Cruise Control e EAEEE pN ""::“" Hiasanic 19
S e s METIERr o
AEB:Automatic Emergency Braking ACCH ELDwS | ST Radar SRR 6
2:;3::;;::0;1;2""8 pa AEB | DM Long distance cam 4

LKA m gy, Camera surround 5
o [RES) [BH Acci] pwsi| Gia Stereo camera 2
Assisted : Full _ pbolo |
driving Do % automation LIDAR |
PA go4o Dead reckoning |
LKA TOTAL 32
e 2 [T Ce
| — Ultrasonic Ultrasonic
m 2022 2028 Radar LRR 2 Radar LRR 2
ACC  LDWS Radar SRR 6 Radar SRR 6
<2012 2015 mn Long distance cam 2 Long distance cam 2
‘ Ultrasonic Camera surround 5 Camera surround 5
mn Radar LRR | Stereo camera | Stereo camera |
Ultrasonic 4 Radar SRR 4 pbolo | pbolo |
Radar LRR | Camera for surround 4 LIDAR 1 LIDAR |
Camera for surround | TOTAL 17 Dead reckoning | Dead reckoning |
TOTAL 6 TOTAL 29 TOTAL 29

yioLE
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World market

standard 2016top Advanced  Fylly automated growth factor
S aloon Driver Assistance System driving 2016-2026
(ADAS) model (AD) vehicle

B gk

Forecast demand AD/ADAS sensor types (million units)

Cameras RADAR LIDAR
Q& ) o

&y
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Passenger Awareness CEVA

VEHICLES

GUARDIAN

Opticol Technologles
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Drones — Obstacle Sense & Avoid CEVA

DJI Mavic 2 Obstacle Sensing Technology

Forward Vision Sensors .,

=1 Lateral Vision Sensor

on each side

ﬁ Downward Vision Sensor

Omnidirectional Obstacle Sensing
Can sense objects in 6 directions
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Intelligent Robots CEVA

Going from here... Into the future!

/
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" NeuPro Introduction I



NeuPro - Holistic Philosophy

/
Specialized ,Optimized
Al Accelerator @ @
N\ NeuPro
Engine
Ve

» Advanced DMA features
* Multi dimension DMAs
« DMA Queue Manager
» Automatic padding/cropping
* Internal buffers & paths
\- AXI Buss Bridges

Data
Throughput
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CEVA

Programmable Vector
Processor for
Expandability & computer

Vision Co-processing

Neural Network

Compiler includes offline

optimizer and runtime
software framework

\

4




- Al Processor Highlights
Self-contained, four specialized Al processors
Scalable performance up to 4K 8x8 MACs, up to 12.5 TOPS

Composed of -
_ _ o _ NeuPro
NeuPro Engine - Convolution, Fully Connected, Activation and Pooling layers  byceva

NeuPro VPU - Fully programmable vector processor, simultaneous processing

Dynamic quantization supported - 8-bit and 16-bit mix
Per layer precision vs. performance tradeoff — via CDNN

All layer types and NN topologies supported
Maximize performance via CDNN SW compiler

Optimized Data Bandwidth
Internal busses, DMAS, smart data re-use

Tera Ops Per Second

Use models: standalone Al or Computer Vision and Al combo —
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Al Processor

) CDNN
Compiler Optimizer

NeuPro NeuPro
Engine VPU

Offline
Tools

Real-Ti . AF -
. Li%e;ar;(me Self-contained, Specialized Al Processor Family
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Al Processors Family

MAC
Product Configuration Target Market

NP4000 4096 2048 1024

High-performance edge processing in enterprise
surveillance and autonomous driving

High-end smartphones, surveillance, robots and

NP2000 2048 1024 512

drones

Mid-range smartphones, ADAS, industrial
MRS LV R ale applications and AR/VR headsets
NP500 512 256 128 loT, wearables and cameras

Self-contained, specialized Al processors, scaling in performance for
a broad range of end markets
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HW Block Diagram, Parallelism Flow  CEVA

w
5 _ _ 5
£0 Convolution & ®
NeuPro VPU 9 ‘g’ Fully Connected g
50 MAC units =
Seamless 3 8
Handover Pooling
between
NeuPro MSS / DMA &) AXlInterconnect MSS / DMA
Engine |
&
NeuPro
VPU AXI Interconnect

$

m . NeuPro VPU . NeuPro Engine
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CEVA-X/ & Engine - Combo Platform  CEVA

A flexible option for a single unified platform for

Imaging, Computer Vision and Neural networks

Imaging & gigitnl :::pl
Vi Si on Super oom e AR/VR
SW Libraries Resolution
HDR SLAM
20"
Vid o %“6
. o & " Video
Imaglng & Stabilization & °L, Analytics
Vision & %
£ >
N <
Applications pustcamerss  [NGH 3
@ Reconstruction
- - Forward
e = CEVA Collsion
Rms" Bt % Warning
) g
o
Emotion 9{\6 &k Lan
) Sensing /5@/ o(\ Departure
NeuPro Engine | 2t 3
Hardware \ g , “ace »
\ / destri
Accelerators i % / e ging e
\ ] Face
Recognition ' p5ce Traffic ;r::‘e
NeuPro Detection  Sign
/ Detection

© Copyright by CEVA CEVA Proprietary Information



[ CDNN SW Compiler -



CEVA Deep Neural Network (CDNN) CEVA

Neural network SW compiler for Inferencing

Frameworks

Automatic offline optimization and run-time SW framework
Mature and robust solution supporting over 130 NNs

Fully optimized for CEVA-XM and NeuPro Al Processors

Embedded

INNOVATIVE

v
NN K.

AR/VR ADAS Smartphone  Drone  Surveillance
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CDNN Compiler Usage Flow

n Offline Training B

Floating-point
Network + Weight

CDNN
Network =
Weights Optimizer

I

Supported Frameworks

Network Structure

Caffe
TensorFlow

Image
Database

Caffe E)ONNX
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Offline Optimization

Fixed-point
Customized Network + Weight

Hidden
Input
@gtwt

Real-time Inference

“Young girl with
long hair
riding a bicycle,
withacatin
a front basket”




CDNN Workflow

Precision
Optimization
(FP32 to
INT8/INT16)

—)

Trained Neural Retraining
INT8 /INT16

Network (backward

propagation)
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Layers &
Tensors
Fusion

C
Optimizer
(Offline)
| I -
15

Multi-Stream
Execution

CEVA Proprietary Information

CEVA

Memory and
Bandwidth
Optimization C

Runtime

— ()

Layer
Dispatching

Optimized Inference
Engine




CDNN - Performance Vs. Accuracy CEVA

Accuracy
Vs. 32-bit FP

CDNN | 100.00%
Optimized Area '
i —i

Max FPS

99.50%

99.00%

98.50%

98.00%
97.50%
97.00%

96.50%
Min FPS

’ ? ? _ 96.00%
Max 16-Bit MACs < 16/8-Bit Mixed MACs » Max 8-Bit MACs

(*) Tested using MobileNet running on 5K images
(**) Percentage of images whose true class matches the network's maximum prediction

Topl Accuracy** s FPS

© Copyright by CEVA CEVA Proprietary Information




CDNN PC Simulation Package

CDNN Evaluation SW package
Visual studio environment
Example reference projects

Full development flow on PC
Edit = Build = Execute = Debug

CEVA-XM and NeuPro simulators are
available, covering all configurations

Enables to achieve neural networks cycle count accuracy

File Edit Source Refactor MNavigate Search Project Run CEVATools Window Help
o [ e i [ @it O - i
: - - - - Quick Access -
| B m Appl &3 = 0O [Persn *
- 4 nt g hostio_dbg = 8; = 18
46 endif 2
e -
]
FUNCTION u
u
main(int argc, char *argv[]) #
= &
InputTestParameters_t* pApplicationParal | »
int s32TestsCnt = @8; -
int s32TestsIdx = @;
// add tests
#if defined(CDNN_DEBUG_CONFIGURATION_REL
CEVAPRINTF ("debug@ - start parsing cfg T
#endif i
O T « [
oblems Tasks [E Console 32 - O
Mo consoles to display at this time.

on a PC before having a dedicated HW
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Real-time Tiny Yolo Neural Network Demo  CEVA

Real-time Tiny Yolo
Neural Network
Running on SoC Powered
by CEVA-XM4

Class probability map
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https://youtu.be/kuQQUvUfGzU

Thank You CEVA

Liran Bar, Director of Product Marketing,
CEVA

Email:

www.ceva-dsp.com
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