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We're creating
a future of

distributed
intelligence

Privacy
Performance

Personalization

Cloud

Bringing the cloud closer to /
devices at the edge \

Private
networks
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Itra reliable,
low-latency wireless =
connection

tory  fyfiliment

Powering the factory Shaping the future
of the future of transportation
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Mobile -

THE most pervasive Al platform

>7.3 Billion

Cumulative smartphone unit shipments
forecast between 2019-2023

>1 Billion

Al capable devices enabled
QUGICO/WV\ with QT technology

Source: IDC Mobile Phone Tracker 1Q2019




Al use cases in key segments
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embedded

Mobile

-

AR/VR

Lol

loT/Camera

<

loT/Speakers

summit
R
‘I
Automotive/ADAS

Face ID/Auth

Gesture Tracking

Video Summarization

Multi Keyword Detection

Vehicle Detection

Super Resolution

3D Reconstruction

Age/Ethnicity/
Emotion Detection

ECNS

Pedestrian Detection

ASR Object Detection Zone Intrusion Voice Biometrics Path Planning

Voice Translation Scene Segmentation Food Classification ASR Traffic Sign Recognition
Night Shot Split Rendering Face Detect/Reco Audio Context Detection 323332{ tSiéo:qker
Portrait Backlight Hand Tracking Object Avoidance Speech Synthesis Distracted Driver Alerts
Call Noise Reduction Body Pose Tracking Multi-object Detection

Call Voice Enhancement




embedded

VISI N
Summit

Best-in-class Al

performance at ComrT)On
the edge Mobile

Challenges
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Qualcomm FastConnect, Qualcomm Spectra, Qualcomm Adreno, Qualcomm Hexagon, Qualcomm Sensing Hub, Qualcomm Processor Securit¥ Quﬁcomm Kryo, Qualcomm Agstic, Qualcomm Quick Charge and Qualcomm 3D Sonic are products of Qualcomm Technologies, Inc. and/or its subsidiaries.
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Best-in-class Al
performance at
the edge

Use cases driving Peak Perf, Complex
increase in peak
performance
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Qualcomm Spectra 480 ISP

Adreno 650 GPU

Scalar

Kryo
585 CPU

Processor
Security

Generation

Qualcomm Al Engine

Qualcomm Al Engine is a product of Qualcomm Technologies, Inc. and/or its subsidiaries.



New Al mixed precision
instructions

2x higher TOPS!
16-bit and 32-bit FP

New Tensor Accelerator
* Lx higher TOPS'

* Up to 35% power savings'
* 8-bit and 16-bit INT

Deep Learning Bandwidth
Compression

* Up to 50% lossless Compression

* Frees up bandwidth for
other parts of the SoC

* Saves power due to reduced memory
transfers

1. Comparing to previous generation

000000000000000000000000000000
000000000000000000000000000000
o0 - ee
o0

o0

Qualcomm Spectra 480 ISP o0

o0

® e

o0

o0

e

L

Adreno 650 GPU o

o0

e o

Vector
Tensor

Scalar

LN J
Processor Kryo o0

585 CPU o0
0
o0
0000000000 0COCFEOCGFOGEOGIOGOGIOGIOGOOG"IOGOGOOGNOSGNONOGONONOINLOS
(N N N N N N N N N N N N N N N N N N NN NNMNMNMNMNNNN)

Sensing
Hub Security

30% more bandwidth*

Improved Al processing

<ImW
camera

<imA
voice multi-word wakeup

Scalable sensor framework 0
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Trillion operations per second
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Qualcomm
snapdragon

845

| QuG'CO
snopdragon A

Snapdragon 865+

Snapdragon 855

Snapdrqgon QLD

on

5X

15 0nc
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Antutu Top 10 Best Performing Android Flagship Phones, August embedded

2020 e

Xiaomi 10 Ultra Snapdragon 865 5G 646730
iQO0 5 Snapdragon 865 5G 637616
ROG game 3 Snapdragon 865 5G 629245
Tencent Black Snapdragon 865 5G 62031

Shark 3S
vivo X50 Pro+ Snapdragon 765 5G 609396

OPPO Find X2 Pro Snapdragon 865 5G 607276

OPPO Find X2 Snapdragon 865 5G 600976
Xiaomi 10 Pro Snapdragon 865 5G 600618
iQOO Neo3 Snapdragon 865 5G 599955

Redmi K30 Pro Snapdragon 865 5G 595738
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Qualcomnm
snapdragon

Qualcomm
Neural Processing SDK

TensorFlow
Lite

AR

Android Neural
Networks API

Runtime

>



) Qualcomm ‘ Android Neural
chwoid Neural Processing SDK Networks API

snapdragon

3x number of
accelerated
operators

Improved
performance

3-5Xx

Speed improvements
on Hexagon

processor Wide adoption
from developers

Support for more
network models

Graph analysis
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Solution

T

TensorFlow

\ 4
Hexagon

Lite

NN Direct

Library

2\

T2222

SESEO SV

He>x<agonm 698 Processor
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Always-on use
cases require q
different

approach to Al

N

AlWays_on /
Real-time

17



Qualcomm i
Sensing Hub

Health & Fitness Security

Qualcomm”Hexagon™
698 Processor

Qualcomm® | Qualcomm®
Processor Kryo™

585 CPU

Context
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Best-in-class
Performance per
unit power is key 4

Low power

for edge devices e
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$ 82
Qualcomm
_J Snapdragon 865

’ 855
izl Snapdragon 855 3X

845

Qualcomnm

e | Snapdragon 845
L0 1 2 ©

Performance/Watt




New Qualcomm’ Al
Model Efficiency Toolkit

Quoigoanmq Lgde; 'Fffﬂciency oolkit is a product of Qualcomm Technologies, Inc. and/or its subsidiaries.
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© 2020 Qualcomm
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New Qualcomm’ Al A ‘,‘ll‘
Model Efficiency Toolkit ;"&W@
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N | FP32 3x

Compression with
less than 1% loss
in accuracy*
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QUG lcomwa © 2020 Qualcomm

*Comparison between baseline and compression with both Bayesian compression and spatial SVD. Example uses ResNet18 as baseline.
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New Qualcomm’ Al [ /l
Model Efficiency Toolkit /)

\'g j

O\ _— 3X

Quantization aware training ‘E v Compression with

Model compression ¢
Data free quantization

0
\% less than 1% loss

“ in accuracy™
0N

]

¢
i

9 R

Qualcomm

snapdragon
QUGICONVV\ © 2020 Qualcomm

*Comparison between baseline and compression with both Bayesian compression and spatial SVD. Example uses ResNet18 as baseline.
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New Qualcomm Al
Model Efficiency Toolkit

Xy
Model compression P

Data free quantization INTS

Quantization aware training

9 R

Qualcomna

snapdragon
QUGICO/WV\ © 2020 Qualcomm

>4 X

Increase in
performance
per watt with
quantization



3X >4

Compression with Increase in
less than 1% loss performance
in accuracy* per watt with
e quantization
A ‘.v,
¢ 6\::‘ [ INT8
v U

Adreno &SSO GPRPU

QUGICOM - N © 2020 Qualcomm



Qualcomm Spectra 480 ISP

Adreno 650 GPU

Hexagon 698 Processor

Processor
Security

QUG ICONV\A © 2020 Qualcomm



Qualcommn







Enabling new experiences

Real time language translation

Mic1 A D EC/NS ASR— gecogniﬁets ipefch
Qualcomm L1 speech to tex
User1l o : : Qualcomm
Agstic™ audio Audio DSP H ‘M NMT—Understands &
speech (L1) \% Codec - Veeéfogron translates
Mic 2 Translated & ACUCCUCH TTS—Text to speech
encoded speech
Modem ﬁ ﬁ ;I'Lc>2§Jser 2
Speech
enhancement
User 2 Quqlcomm L1 Hexagon ASR
translated Il Agstic audio _ Audio DSP Vector NMT
speech (L2) Codec eXtensions TTS
From
Modem [ __J RFFE — User2
L2
Requirements

Different types of NNx Low-latency Power consumption,

(LSTM/RNN,GRU/GLU, (real time operation) performance, concurrency

Transformer/BERT)— and thermal

Ops & Topology

Qualcomm Agstic and Qualcomm Hexagon are products of Qualcomm Technologies, Inc. and/or its subsidiaries.

User 2
(Any phone)

Hears User1's
translated

speech (L2)

29



XR gaming

Neural Processing SDK

bt $ 14

vi v viov

Al improves gaming experience
on the device

o Display I,'l Mechanics
W Visual style transfer / Al opponent
4
Control ‘ 0 I I
Hands tracking ]
Eye tracking Audio

Body motion Al audio effects

Object tracking Al placed audio

Al game assistant n

2020
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\ XR World

° People/object detection

Scene segmentation

Pose estimation

. Intent detection
Hearing
No howling
Speech recognition & NLP

Your voice selection

30



Al Performance Continuum (1/2)

g 3d Gen Snapdragon H /B
:l: Automotive Cockpit Platforms @:

Snapdragon SSnapdrcgong

630/36:

* Qualcomm -+ : Qualcomm + : Qualcomm -

:QCS400: [l :QCS603: M :QCS605:

31



. Qualcomm ::

Al Performance Continuum (2/2) T

>15

TOPS

10.5-1+
TOPS




Cloud Al 100 addressing

edge-to-cloud industries

Hardware Architecture

Up to 400 TOPS
Power

« DM.2e @ 15W

« DM.2 at 25W

 PCle/HHHL @ 75W
Al Core (AIC) - Up to 16 cores
Precision = INT8, INT16, FP16, FP32
On-die SRAM - Up to 144 MB
Lx64 LPDDR4xX (21GHz) with inline ECC

 Upto 32GB on card DRAM
PCle Gen 3/4 - Up to 8 lanes

33
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Y. Active Safety
' Max performance
available

Powering the shopping Pioneering
of the future safety
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We're creating a
future of distributed
intelligence




2020

embedded

Resource Slide VISI N
summit

* Qualcomm Al page:  GitHub AIMET:

https:/www.qualcomm.com/invention/artificial-intelligence https://github.com/quic/aimet

e Qualcomm Al research:

https:/www.qualcomm.com/invention/artificial-intelligence/ai-
research?cmpid=fofyus193556&qgclid=CjwKCAjw19z6 BRAYEiwA
mMob4LfQjU8vgH8TxgKTM2PZQp8JibXriev85wLfKFknJnS b494y
Z7e WhoCPQKkQAvD BwE

*  Qualcomm Platform Solution Ecosystem:

https:/www.qualcomm.com/support/qgan/platform-solutions-
ecosystem

QUG lcomwa © 2020 Qualcomm 36


https://www.qualcomm.com/invention/artificial-intelligence
https://play.google.com/store/apps/details?id=com.ludashi.aibench&hl=en_US
https://www.qualcomm.com/invention/artificial-intelligence/ai-research?cmpid=fofyus193556&gclid=CjwKCAjw19z6BRAYEiwAmo64LfQjU8vqH8TxqKTM2PZQp8JibXrjev85wLfKFknJnS_b494yZ7e_WhoCPQkQAvD_BwE
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