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Imagination Technologies on

Imagination

10 billion units shipped

1.2 billion in past year

« Developing innovative IP

* Industry leading graphics, vision & Al and communications

» Delivering exceptional service

« Enabling fast time to market to customers around the world

* Driving major new markets

« Helping our partners create successful solutions across many segments

Confidential — Subject to NDA Imagination Technologies, 2019 2



On

Imagination

The Imagination IP family

Imagination
The best solution for embedded graphics, vision, Al
and communications

PowerVR GPU

Leading graphics IP
cores for embedded
devices

XEP/XMP GPU XTP GPU

Focused Features

Fillrate & perf/mm2 Feature rich
focus Performance/mwW

SiFive Tech Symposium June 2019

PowerVR Vision & Al

Dedicated Al and
Computer Vision IP
Products

PowerVR 3NX

Neural Network
Accelerator

Performance/mm2 ISP
Performance/mW

Video codec

© Imagination Technologies, 2019

Ensigma

Connectivity and broadcast
communications

High performance, low power

Connectivity
RF Broadcast
Wi-Fi, Bluetooth
IEEE 802.15.4
GNSS

Wi-Fi, Bluetooth TV, Digital Radio




Enabling the Edge for AloT R [ | = \
Enables New Worlds - . 4 ’ o

Our Vision )‘
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Embedded intelligence at low power enables the EDGE

loT
Retail PoS automation Security
Smart Cities Smart Buildings
Asset tracking Foot-fall analytics

Consumer / Media/AR VR

Image enhancement Gesture control
Viewer analytics Voice interface
Automatic subtitling Content filtering

Environment awareness User interaction

Automotive
Auto emergency breaking Driver monitoring
Lane departure warning Navigation and safety
Collision warning Traffic-sign recognition

SiFive Tech Symposium June 2019
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On

Imagination

Mobile

Facial identification Picture annotations
Application monitoring Speech recognition
Advance camera filters Smart assistance

Industrial & Robotics

Defect detection
Object detection
Context awareness

Smart Surveillance

People tracking Abnormal behaviour alerts
Queue monitoring Event detection
Engagement recognition Vehicle detection






Smart Automotive — ADAS and Autonomous q:l

Imagination

ADAS — Advanced Driver-Assistance Systems
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Device + Cloud + Urban infrastructure Q:|

imagination
Hybrid model

V2V, V2X
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Distracted Driver

PowerVR applications in the e-cockpit

Combining graphics, compute and neural networks

_ NNA: Detection
Mirror Replacement

Surround View
i

GPU: Render

NNA: Object detect GPU: De-warp, Stitch

NNA: Object detection

Autonomous Drive IVI/Navigation
A =
T /[ I \ ﬁ:—:____.
nhi P
T Q) = W T GPU: Render
GPU: Pre-processing - o GPU: Render NNA: Route planning,
NNA: Path planning GPU: Render NNA: Identification Voice understanding

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019 9



™

Imagination
2. Smart Cities
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AloT enables the Smart City QO

Facial Recognition Retail Theft Monitoring
& Directional Movement Self-Checkout
@

Imagination

b SN VNN

@M Passenger Control
Suspicious Activity

Anti Terrorist Activity/
Threat Monitors

QJ : Smart Factory Public Safety
|mqgma|'|on Work Site Monitoring Operations Management Traffic Area Monitoring

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019 11




Smart Workplace + Robotics

EXHIBIT 2 | Al Will Be Ubiquitous in the Factory of the Future

On

Imagination

Machines self-optimize their ]
parameters on the basis of material
Input and process parameters

Virtual agents verbally provide
operators with information
from IT systems upon request

Automated guided vehicles
carry parts, detect obstacles,
and adjust their routes

Al systems develop new
products based on generative
design principles

Al systems dynamically
optimize warehouse
utilization, taking into
account material
outflows, inflows,
inventory levels, and
turn rates

‘
rC
L

; =
o’
<
I \’o -
3

[/

O—I Robots use image recognition
= to automatically adapt to the
g changing locations of parts

Al systems detect quality
defects through image
recognition

Al systems predict
maintenance needs by
identifying failure patterns

est
ased on

Al systems predict quality issues
by analyzing and learning from
quality and process data

Assistant systems su
solutions to incidents
earlier failure reports

Source: BCG Global Al Survey, February-March 2018; BCG analysis.

Al systems accurately predict future demand
for products by learning from patterns in
demand and environmental data

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019
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On

Imagination

Smart Camera Urban Infrastructure

, S "\\
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00:00:12:00!!

Application Application
Queue Monitoring Suspicious Behaviour
Al Technology Al Technology
Object Detection

Application
People Tracking
Scene Recognition

Al Technology
Face Identification

© Imagination Technologies, 2019
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Edge Device + Cloud Brain = Efficiency — only ship vital dat

How local analytics can improve effectiveness

Send all video
frames

Standard camera f’

Camera with
motion sensor

Only interesting
video frames

Convert video
to metadata

Smart camera
with GPU + NNA

© 06 0 1111 © © © 0 111
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Imagination

Choose the future

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019



PowerVR flexibility: Addressing the markets QO

Imagination

Security Camera
* People detection & recognition

* Emergency detection STB/DTV Platform
« Emergency identification . .
« Breaks . U;er Recognltlon/D.et.ectlon
« Fire/Smoke * Video scene recognition
e * Commercial detection
* Leak Identification CPU
Memory
(optional)
Automotive ISP Memory CPU
Non-ADAS .
* Lane detection warning Mobile . .
« Driver distraction warning * Scene Detection/Recognition
« Street Sign Detection CPU * Image Depth Estimation

* Super Resolution

* Blind spot [ -
Ind spot warning » Speech Recognition

ADAS . .
+ Environment Recognition Memory * Noise Reduction .
» Obstacle detection (optiona) * GPU post processing

*« MSAA
» Depth of field

* Feed into ASIL Brain

L ———————
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Balancing Requirements with Reality: GPU On

Imagination

_ ® Real World
Wide Range of Practical
@ Requirements GPU
ﬁ ® o0

= Extreme Performance Expectations = Performance matching true requirements
= Tiny silicon Area = Balanced silicon area usage
= All the features in the universe = Sensible feature set
= Virtually no bandwidth usage = Minimal bandwidth usage
= Photo-realistic = |ndustry Standard Conformance
= Market-leading = Market-leading within segment/budget
= Perpetual Motion Machine = Power efficiency
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Balancing Requirements — Silicon Area On

Imagination

Balance requirements versus Area Costs

GT9524 Target Chip Cost determines Silicon Budget
GM9740 @© . .
) 4_. L v Excessive GPU area prices SoC out of target segment
= % GM9446 <
g @ GM9226 = GPUs take in a growing % of SoC die
= S Q
£ < GE9920 N v Never-ending user expectations
o 5}
L ";) CEITI0 CED v/ Continues to scale linear (unlike CPU)
22 - GE9610 0 _
i '% e O v Largest component in most SoCs already
© o o
S S GE8300 2 The right core for your requirements
c —_—
. GES8200 : .
PowerVR GPU Product line-up offers a wide range of
GES8100

performance/areal/feature trade-offs

o
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Case Study — UHDTV SoC - Low Cost

GPU Selection Process Example

On

Imagination

Requirements =) Bglgncing ¢———————— | |mitations

4K Screens

Smooth 30 FPS
GUI Performance

‘Not’ Games

YUV handling

OpenGL ES 3.x

Android &
Linux

Gestures Camera
Vision OpenCL

PowerVR
GE8300

Cost dominates in the TV Market
GPU Size and Bandwidth driven by Cost

Conflict with very high fillrate requirement (4K)

OpenGL ES3.x Area Efficient GPU

Sensible Power

Low Bandwidth

Cost &

Silicon Area

SiFive Tech Symposium June 2019
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PowerVR Graphics Strengths - Summary

V \ / Q i’ o
z ejle
(7. 2 NK
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' ' g
U : 0

Leading APl Support
Free Tools & SDK
Ecosystem

AVERAGE

EFFICIENCY |

Performance/mW
Performance/mm?
Bandwidth Reduction

On

Imagination

Performance Scalability

Feature Scalability
NNA Synergy

SiFive Tech Symposium June 2019
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Imagination

How we enable the Edge
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Smart Al Q:I

imagination
Why GPU and Neural Network Accelerators provide the optimum solution

E=o-

GPU Neural Network Fixed Function
Accelerator

 Fully Flexible * Fully Flexible  Fully Flexible - Configurable  Single usage case

* BUT inefficient and  BUT hard to » Standardised APIs « Lowest power with * Lowest power BUT
slow for high program — no for Compute, Float domain specific zero flexibility
compute workloads standardisation, INT and INT support flexibility

focussed

Best partners

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019



Why the dedicated accelerator approach on

Extracting the best performance for the area budget Imagination

PowerVR NNA Solution Comparison
Performance Performance Density

199x PowerVR NNA - 4bit 850x

106x PowerVR NNA - 16bit 450x

12X I PowerVR GPU - FP32 10X

1x Mobile CPU

1x

Neural Networks have high bandwidth and computation requirements
A dedicated architecture addresses both of these issues

Cost efficient because of mobile experience

PowerVR NNA is designed to deliver the best performance per mm?

L ———————
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NNA: Series3NX highlights + PowerVR8300 GPU QO

Imagination

New core
AX3595

Improved PPA New Features

* Up to 70% better inf/s

* NNA new single core + Up to 40% better Clgr?]spsrlgssssi(\)/\;]elght
* 4,096 MACs/clk inf/s/mm?
» Advanced security
* Up to 10 TOPs « Up to 35% lower enablement
bandwidth

I
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Acceleration for popular Neural Networks Q3

Imagination

@ AT . e.g. Networks with significant support !
a era e ff :

6 C ff 2 Ca e Inception v2 ShuffleNet

X~ Lalire

SSD Inception
V2

Inception v3

SSD MobileNet

Cognitive
Toolkit

MobileNet
@xnet Resnet—50 YOLO v2
O PyTorch F Resnet—-101 DeeplLab v3
Tensorflow  » .
.Fh Classification
Object
TensorFlow

Detection

Lite Segmentation

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019 25



PowerVR Al: One combined API Q7

Your network, one API, optimised for GPU and NNA

Imagination

i I e O ff O PyTorch $¢» Chai <1 Cognitive m
I PaddlePaddle OP Caffe? ylorc ainer {\Lﬂj Toolkit

i LA & ONNX Caffe

Lite TensorFlow

\ |
Cost Lowering effort to support a wide range of networks
Performance Zero copy memory sharing between IP, driver-level synchronisation
Ease of use Common tools across GPU and NNA

SiFive Tech Symposium June 2019 Imagination Technologies, 2019 26



Award Winning Q:I

Imagination

National

PowerVR NNA ° Technology
ards
@ Team of the year 2018

@ Design team of the year 2018

british engineering excellence awards

@ Best IP product 2018 World Electronics \ \
Achievement Awards \\

\ . 2018118
Sheraton Shenzhen Futian Hotel

Shenzhen - China

SiFive Tech Symposium June 2019 © Imagination Technologies, 2019 27
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Imagination

Building the NNA ecosystem together

22 X 28 A2 35
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www.imgtec.com
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