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World leading technologies in GPU, Al, Wireless Connectivity IP and more

An independent worldwide provider of strategic silicon

> 11 B i I I i O n ~38% Intellectual Property

: : : Mobile GPU IP market share >900 employees worldwide — 80% engineers
Cumulative chip shipment

with Imagination IPs . o -
An original IP portfolio with a significant, long-present &

long-term, patent portfolio underpinning it

~43%
$108 I\/I Domain expertise in GPU, Al, CPU & Connectivity

Automotive GPU IP market

2018 Revenue share Targeting the fastest growing market segments
including Mobile, Automotive, AloT, Compute, Gaming,
h d Consumer
Fundamental patents and the In Wireless Connectivity IP _
only non-US core GPU patents fi’TEXAs @ LG (@mswicov  Renesns @
NSTRUMENTS
holder UNISOC

@ mepInTek S7 socionext
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Global Team

Headquarters
Kings Langley
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R&D
Australia
China
India
Poland
Romania
Sweden
UK

Sales

China
Europe
Japan
South Korea
Taiwan

USA
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Our business model
Licensees

OEMs and ODMs
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Consumers
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Imagination
The best solution for embedded graphics, Al, compute
and connectivity
N J
4 G hi I 4 I
raphics L
i suite of P | _ Compute Connectivity
Broad suite of products covering Dedicated Compute & Al Connectivity and broadcast
embedded graphics needs communications
across all markets hardware 1P _
High performance, low power
N J N J
- N( D ~ N N
PowerVR GPU PowerVR Ray PowerVR NNA PP
Tracing PowerVR Neural : Ensigma IP
Scalable cores with Network Accelerators Ethernet Packet Ensigma RF
best PPA Architecture for Al Compute Processor Wi-Fi. Bluetooth Wi-Fi, Bluetooth
+ Safety Critical advanced Software, Tools & 7, BIUEtoo Digital Radio
Automotive Cores modelling of light Libraries
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Firmware Managed GPU

Maximal Host CPU offloading while maintaining ultimate flexibility

Unique GPU innovation including:

» Concept in use since 1996
» C-Programmable Firmware Code
* Enables:
Local Event Handling
Performance Monitoring
Direct HW Syncs and Control
Direct Power Control via GPIO Signals

Q0 Imagination

Data log | Firmware |
processor

= — Step Debugging of the GPU
| GPU Kernel Dump Logs (debug logs)

Hardware based virtualisation — multiple clients
Programmable workload priority mechanisms

Now based on RISC-V Architecture
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Firmware Managed GPU Benefits

Imagination FIRMWARE SENEFITS

@

GPU management - microkernel
« Local event handling

«  Minimal host CPU load

* Full flexibility, C-coded
* Mrionty-based rendering schemes
«  Adapt to future usage scenarnos :
+  Secunty — AS|L/sel-test/fault detection 1jf| | Soomery

P

Fizd Fips

Data log to memeory
«  PFerformance counters Data |OQ Firmwal‘e

=  Microkernel logs

+ Fault analysis DFOCE}SSOFL I _ l-:-'"'l.l--r-'ln--‘-l:

Bland Linit

Debug GPIO for direct power control

* Power domain control signals

 DVFS control signals

+ Low latency, minimal overhead

+  Pro-active DVFS algorithms with
render deadline support

GPU debug
GDE based
Step-by-step mode
GPU register access
Visual source code debugging on HW

P dred oon Boeral 6
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Firmware Managed GPU - Enables Advanced Tool Flows
Enable extensive developer workload optimisation and problem solving

PVRTune — Hardware Performance Profiling PVRStudio — Hardware assisted GPU Debugger

Disassembler (MemaryCapy) - PVRStudio

B file://C:mdy Miscellaneous/__/manhattan31 purtune - PYRTuneComplete v14.145 u} ®
Nrp” . Highlight Select View ﬂ ) | i ‘ . 0 maches :
e I R I R N
IR IO T [ TN (I g
e - Al il = ——| :
S L T 1 I I N I e i
'| =l
gt i
* Firmware manages performance counters  Firmware runs GDB Server
« Efficient sharing of data with host for analysis « Direct Access to HW Registers for debug
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Adopting RISC-V as the processor of choice for GPU Firmware Processing

Introducing the RISC-V architecture into the GPU Alpine Core Complex
FIC
- Adopting RISC-V to receive benefits from a modern and — s IFU EXU
ICCM
dynamic CPU architecture Pty
RV3IZ2IMCZicsr_Zifencei
* Alpine core is an adaption from Western Digital’'s SweRYV, ~Cache
L5U Bus
but with D-cache support € Master -su PEC
DCCM
« ECC support to meet functional safety requirements
D-Cache
» Up to 40% faster than previously used processors o " Debug DMA
T
Depg “ﬂt Bus DMA ISIewe
dsier Port
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RISC-V Tools — Imagination’s “Catapult” SDK

We offer a fully-featured RISC-V SDK, including:

> OPEN EDITORS
~+ COREMARK

> e
> build

« Latest versions of GCC and LLVM compilers, with

performance enhancements for SweRV/Alpine i

matrix_add_const(N,A,val);

* Optimized picolibc C library e o
Z:ﬁ:’*‘itl:wd‘ matrix_mul_matrix
- Catapult Studio IDE, based on VS Code = jae
! § © d Basic co s mostly with minor changes
README.
ks 1),crc);
* Alpi imulat ith GDB support |
plne Slmu a Or WI Su Or [build] .;r‘ting build -
[proc] Executing c : C:\imgtec\cata ¢ @\build\bin\cmake .EXE --build c
[build] [6 14% uilding C aks fcoremark.elf.dir/: /cor
[build] [6 28% .16 uilding C
[build] [e 2 8. uilding C
. . . [bu?ld] 6 ‘J%ld%ng
* Available for Linux, Windows and macOS S e o L M
bui 1d a9
> OUTLINE i)
> TIMELINE
@0A0 (@ CMake: [Debug Semihosting enabled}: Ready  3€ [Catapult SDK dang] @¥Build [al] 3 DB In1,Col1 TabSzesd UTF-8 CRIF C Win32 0
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Scaling mobile to the cloud

High-performance
High-efficiency scaling blocks

Decentralised design
Greater flexibility
Improved layout
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MUL(-CORE
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Full flexibility
Multi-primary core scaling
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8XS - AUTOMOTIVE

Automotive-focused
performance scaling

- - Multi-core + TRP highly
/BX: // BXb/ efficient additional
, redundancy

Safety delivered without

high cost of lockstep
BXS MC2 _

Hardware Virtualisation
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ARTHITETTURE

8XS 8XS
M1 M2
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GPU KANGE

YT SXT

SXT _
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THANK YOU
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