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As generative AI adoption grows at record-setting speeds and computing demands increase, hybrid processing is more important than ever. But just like traditional computing evolved from mainframes and thin clients to today’s mix of cloud and edge devices, AI processing must be distributed between the cloud and devices for AI to scale and reach its full potential. In this talk you’ll learn:
•	Why on-device AI is key
•	Which generative AI models can run on device
•	Why the future of AI is hybrid
•	Qualcomm Technologies’ role in making hybrid AI a reality
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The future of AI is hybrid

	1. Snapdragon and Qualcomm  branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.
June 8, 2023
FDCAI 2023
The future of AI is hybrid
Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.
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VP, Engineering
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Agenda
1 On-device AI  is key
2 Generative AI (Gen AI) can run on device
3 The future of AI is hybrid
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On-device
intelligence is
paramount
Process data  closest to the
source, complement the cloud
Privacy
Reliability
Low latency
Cost
Energy
Personalization
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Making power efficient  AI pervasive
Focusing on high-performance hardware/software and optimized neural network design
Algorithmic
advancements
Algorithmic research that benefits from
state-of-the-art deep neural networks
Optimization for space and
runtime efficiency
Efficient
hardware
Developing heterogeneous compute
to run demanding neural networks
at low power and within thermal limits
Selecting the right compute block
for the right task
Software
tools
Software accelerated run-time
for deep learning
SDK/development frameworks
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Full-stack
AI research
Model, hardware,  and software
innovation across each layer
to accelerate AI applications
Early R&D and
technology inventions
essential to leading
the ecosystem forward
Transfer tech to commercial
teams and influence future
research with learnings
from deployment
Vision
Identify a problem
or need; establish
requirements
Ecosystem
collaboration
Collaborate and
drive the ecosystem
toward rapid
commercialization
at scale
~2-3
years
Model
quantization &
optimization
Develop tech & tools
to quantize weights and
modify architecture to run
efficiently on hardware
Software
compilation
Develop tech & tools
to improve graph-level
and kernel-level software
compilation performance
Proof of concept
Target teams integrate models
into final application for stable and
intuitive demonstration
Invention
Invent new methods
that set state-of-the-art
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Holistic model
efficiency research
Multiple  axes to shrink
AI models and efficiently
run them on hardware
Quantization
Learning to reduce
bit-precision while keeping
desired accuracy
Conditional
compute
Learning to execute only
parts of a large inference
model based on the input
Compilation
Learning to compile
AI models for efficient
hardware execution
Neural
architecture
search
Learning to design
smaller neural networks
that are on par or
outperform hand-designed
architectures on
real hardware
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Leading AI research  and fast commercialization
Driving the industry towards integer inference and power-efficient AI
AI Model Efficiency Toolkit (AIMET)
AIMET Model Zoo
Relaxed Quantization
(ICLR 2019)
Data-free Quantization
(ICCV 2019)
AdaRound
(ICML 2020)
Bayesian Bits
(NeurIPS 2020)
Quantization
research
Quantization
open-sourcing
Overcoming Oscillations
(ICML 2022)
Transformer Quantization
(EMNLP 2021)
Joint Pruning and Quantization
(ECCV 2020)
FP8 Quantization
(NeurIPS 2022)
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*Qualcomm Technologies internal  test results 8
Super
resolution
(RDN)
Bokeh
(DeeplabV3+)
Natural
language
processing
(MobileBERT)
Face
recognition
(FaceNet)
Mobile performance / watt
VS
Competitor A
Competitor B
Competitor A
Competitor B
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Qualcomm
AI
Studio
Programming Languages
Virtual platforms
Core  Libraries
Math Libraries
Profilers & Debuggers
Compilers
System Interface SoC, accelerator drivers Emulation Support
Qualcomm® AI Engine direct
AI Frameworks
AI Runtimes
Qualcomm® Neural Processing SDK TF Lite
TF Lite Micro Direct ML
9
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1: Counterpoint Research,  May ’23
Our unmatched
global footprint
and scale
at the edge
Installed base of billions
of user devices powered
by Snapdragon and
Qualcomm platforms1
Hundreds of millions of devices
powered by our platforms enter
the market each year1
Our AI capabilities span a wide
range of products – including
mobile, vehicles, XR, PC, and IoT
We are
the edge
AI leader
AI
Handset
Mobile
Broadband
Networking
IoT
Wearables
Hearables
Auto
Tablets
PC
XR
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11
Generative AI will  impact use cases across device categories
Gen AI can help improve customer
and employee experience in retail,
such as providing recommendations
for inventory and store layout
“Suggest inventory
and store layout
changes to increase
user satisfaction
in the sports section”
IoT
Gen AI is transforming productivity
by composing emails, creating
presentations, and writing code
PC
Phone
“Make me
reservations for
a weekend getaway
at the place Bob
recommended”
Gen AI can
become a true
digital assistant
XR
Gen AI can
help create
immersive
3D virtual
worlds
based on
simple
prompts
Automotive
Gen AI can
be used for
ADAS/AD
to help improve
drive policy by
predicting the
trajectory and
behavior of
various agents
“Make me a status
presentation for
my boss based
on inputs from
my team”
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World’s first
on-device demo  of
Stable Diffusion
running on an
Android phone
1B+ parameter generative AI model
runs efficiently and interactively
Full-stack AI optimization to achieve sub-15
second latency for 20 inference steps
Enhanced privacy, security, reliability,
and cost with on-device processing
Fast time-to-market enabled by Qualcomm
AI Research and Qualcomm® AI Stack
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INT8 quantization with  AIMET and
Qualcomm® AI Studio for improved
performance and power efficiency
Qualcomm® AI Engine direct
for improved performance and
minimized memory spillage
AI acceleration on the Qualcomm®
Hexagon™ Processor of the Snapdragon® 8
Gen 2 Mobile Processor
Full-stack AI
optimization
for Stable Diffusion
Runs completely
on the device
Significantly reduces
runtime latency and
power consumption
Continuously improves
the Qualcomm® AI Stack
How to run
Stable Diffusion on
Windows on Snapdragon:
https://bit.ly/43I6Myz
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Researching visually-grounded LLMs  with the
ability to reason and interact with the environment
14
Visually-grounded LLM
Vision
Action recognition
Orchestrator
Front
end
LLM
TTS
 


	15. 15
1: Reuters 2023
Cloud
economics
will  not allow
generative AI
to scale
Cost per
query1
(e.g. web search)
Traditional Generative AI
~10x
Gen AI
applications
Coding
assistant
Copy
creation
Web search
Office
copilot
Image & video
creation
Text
summarization
Conversational
chatbots
…
Billions
of users
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We are leading  the
realization of the hybrid AI
Convergence of:
Wireless connectivity
Efficient computing
Distributed AI
Unlocking the data
that will fuel our digital
future and generative AI
To scale, the center of
gravity of AI processing is
moving to the edge
Central Cloud Edge cloud On device
Privacy
Reliability
Low latency
Efficient use
of network
bandwidth
Hybrid AI
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2024
2023
Assuming INT4 parameters
On-device  AI
can support
a variety of
Gen AI models
A broad number of Gen AI
capabilities can run on device
using models that range from
1 to 10 billion parameters
We can run models with
over 1 billion parameters
on device today and
anticipate this growing to
over 10 billion parameters
in the coming months
0.1 1 10 100 1000
Collaborative robotics
Video understanding
Image understanding
Combinatorial optimization
Mathematical reasoning
Programming
Dialog and NLP
Text-to-image
Model size (billions of parameters)
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Device-centric
hybrid AI
On-device neural  network
or rules-based arbiter will
decide where to run the model
More complex models will
use the cloud as needed
It will be seamless to the user
On-device neural network
or rules-based arbiter
Yes
Is cloud needed?
No
The device acts as
the anchor point
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On-device AI offers  many
benefits and is key for
making AI ubiquitous
Hybrid AI is the future
Our on-device AI leadership
will allow generative AI to scale
19
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For  more information, visit us at:
qualcomm.com & qualcomm.com/blog
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