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Al Innovation Challenge

Qualcomm Al Innovation Challenge
A stage for developers to unleash the potential of Qualcormm Al Eng_me 2o+

12,000+

Developers Touchbased
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Qualcomm Snapdragonis a product of Qualcomm Technologies, Inc. and/or its subsidiaries.
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Adreno 650 GPU
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Vector

Scalar

Sensing Processor Kryo

Security 585 CPU



Hexagon 7 2 Processor

Shared Memory
Sca la r Tensor * 16X dedicated memory
for single application
* Up to 1000X hand off
time improvementin
certain use cases
» Seamless workload
Scalar Tensor Vector sharing between
Accelerators Accelerator eXtensions Scalar, Vector and Tensor
500/0 fOl' matrix
performance processing
improvement 2X
compute
capacity

*Comparing to previous generation



L:3% faster Al performance

New instructions:

L-input mixed precision  Wave Matrix Multiply for
dot product 16/32-bit floating point

Fused Al accelerator:

Up to Tensor Scalar Vector 3
3X 2X 50% e el Scalar Tensor Vector
Performance  compute  performance  dqgta types 3
per watt capacity  improvement b
Shared Memory: Qualcomm®
16X Up to Sensing Krvo"
dedicated 1000x Hub Security 680%PU
memory hand off time improvement
; toi .
in certain use cases :::: Qualcomm
280y Snapdragon® Qualcomm®
seee X605G Mod F
Dl em-RF astConnect

'Y s Quel-n... e alatalls
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Trillion operations per second

26 1ors
Snapdragon 888

Snapdragon 865




Peak performance on classification networks

Inference: (inf/s)

Snapdragon 888 670

1,10

600




Power consumption
Efficiency: (inf/W)

Snapdragon 888 150 T
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o0 Qualcomm® Hexagon™

Se ke 780 Processor

Qualcomms Qualcomm®  Qualce
Sensing Processor Kry

Always-on low-power i 3 Hub Security 680 (

dedicated hardware |
Al processor 0000 Qualcomm®
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Al performance

With 2" Gen
Qualcomm Sensing Hub

1st G 5X Task Reduction

S en 0

Qualcomm Sensing Hub - : offload from
Hexagon Processor-

*Based on INT8, GOPS/s, LPI performance



Ambient audio /
audio event detection

Screen wake

Lift detection F

TensorFlow
Micro

Qualcomm Car crash detection

Sensing Hub

Activity recognition Earthquake detection



Hot word detection on Snapdragon 888 using TensorFlow Micro

2nd Gen 3 8
Qualcomm O/O

Sensing Hub Task offload from
Hexagon processor

TensorFlow
Micro
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Qualcomm® Neural
Processing SDK

Ever |
Vel Powering over

5HoM+

Android Devices

on-device
Al SDK




Hexagon NN direct

on Qualcomm® Snapdragon™ 865
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Android Neural
Networks API

S
Qualcomm

Qualcosmnn .
sanacgn . Neural Processing SDK
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i}y Al Engine direct
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User defined operators

operators

Hexagon
OpenCL sDK




o
h I I I def quantized_add_generic(size, a, b, a_offset, b_offset, a_mult, b_mult, output, target, ctx):

A offset = tvm.var('A_offset', dtype='uint8')
B_offset = tvm.var('B_offset', dtype='uint8')
A mult = tvm.var('A_mult’, dtype='uintle')

B_mult

tvm.var('B_mult’', dtype='uintl6')

=
I

tvm.var("“N")
tvm.placeholder((N,), name='A', dtype='uint8')
tvm.placeholder((N,), name='B', dtype='uint8')

>
]

..I t.. Qualcomm
‘.._ MR Al Engine :
dlrect c

]

tvm.compute((A.shape),
lambda i: ((A[i].astype('int32') - A _offset.astype('in

t ) nt32')) * A mult.astype('int
((B[1i].astype('int32') - B_offset.astype('int32’

2')) +
) * B_mult.astype('int32’

3
3

St N

tvm.create_schedule(C.op)
pX, X = s[C].split(s[C].op.axis[@], nparts=1)
s[C].bind(px, tvm.thread_axis("pipeline"))

w
]

Custom operators
efficiently written in

P pgthon func = tvm.build(s, [A, B, C, N, A_offset, B_offset, A_mult, B_mult], target, name='gadd_tvm')

func(tvm.ndarray.array(a, ctx=ctx), tvm.ndarray.array(b, ctx=ctx), output,
size, a_offset, b_offset, a_mult, b_mult)

)), name='C
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13 years of research to product

Research in spiking @
neural networks

2007

Qualcomm Research
initiates first Al project

Qualcomm Cloud Al, Qualcomm QCS405 and Qualcomm Snapdragon Rl

ImageNet competition

Deep-learning
based AlexNet wins

Research artificial ®

neural processing
architectures

Investment
and
collaboration

@ with Brain Corp

Completed
Brain Corp
@ joint research @

(Qualcomm’ Snapdragon™ 820

® Research face ® MWC demo
detection with showcasing
deep learning photo sorting
and hand
writing
recognition
® Opened
Qualcomm
Research
Netherlands

Acquired
EuVision

15t Gen
Qualcomm’ Al Engine

Mobile Platform) @

Opened joint
research lab
with University

® of Amsterdam

@ Collaboration
with Google on
TensorFlow

Announced @
Facebook
Caffe2
support

@ Brain Cor

Acquired
@ Scyfer
Qualcomm’ Snapdragon
Neural 660
Processing Snapdragon
® SDK 630 @
2nd Gen 3rd Gen
Qualcomm Al Qualcomm Al
Engine Engine
(Snapdragon 835) @ (Snapdragon 845)

P

raises $114M

Qualcomm @
Technologies
ships ONNX
supported

by Microsoft,
Facebook,
Amazon

® Qualcomm [}
Atrtificial Intelligence
Research initiated

Power efficiency
gains through
compression,
quantization,
and compilation

® Gauge
equivariant
CNNs

Qualcomm
Technologies
researchers
win best paper
@ atICLR
Qualcomm’ 34 Gen
Vision Snapdragon Snapdragon
Intelligence Automotive 665, 730,
Platform @ ® Cockpit ® 730G
Snapdragon Qualcomm?®
710 @ ® Cloud Al100
Qualcomm®
QCS405
@ (First audio SoC)
4th Gen
Qualcomm Al Engine
(Snapdragon 855) @

roducts of Qualcomm Technologies, Inc. and/or its subsidiaries. Qualcomm Research is a division of Qualcomm Technologies, Inc. Qualcomm Al Research is an initiative of Qualcomm Technologies, Inc.

® Mobile Al
Enablement
Center in
Taiwan

to open

SJoL
(p'm| el
Al
Al Model
Efficiency
Toolkit open
® sourced
Qualcomm’
Snapdragon

® Ride™ Platform

5th Gen
Qualcomm Al Engine
(Snapdragon 865)
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2nd gen Qualcomm @
Sensing Hub

Dedicated Al
accelerator

First to support
Tensorflow Micro

Hexagon 780 Processor @

Fused Al Accelerators

* Tensor - 2X compute capacity

* Scalar - 50% performance improvement

* Vector — Support for additional data types

3X performance per watt improvement

16X dedicated memory

Up to 1000X hand off time improvement

in certain use cases

26 TOPS

Qualcomm Neural
Processing SDK & Al
Model Efficiency Toolkit

New features and
improvements

AInghllghts il
$'

Qualcomm
snapdragon

Qualcomm Al @
Engine direct

Easier and faster access

to the entire Al Engine

TVM Opensource @

More efficient coding

Industry leading @
Al use cases

Super movie with Tetras.Al

Snapchat lenses accelration

NLP with Hugging Face
Skin condition detection with trinamiX

40



Qualcomm

Thank you

Followuson: f ¥ in

For more information, visit us at:

www.qualcomm.com & www.qualcomm.com/blog
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