Introduction of Processor Design for
Al Applications
LO1 <Intro

Pengju Ren
Institute of Artificial Intelligence and Robotics
Xi’an Jiaotong University

http://gr.xjtu.edu.cn/web/pengjuren




Different Platforms, Different Goals
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b >Jl Modern computing is as much about
\\ enhancing capabilities as data processing!




Evolving Devices and Computing Models

MSP HYPE CYCLE 2019

y Busincss Modeleg ‘é‘,ﬁ;ﬁ;?:;‘i::'rzﬁg“m Emergence of Fog/Edge Computifig, Processing at Endpoints

PIaﬁorrgBusirwsskModels
et Wotkspac ) Digital Business Consulting
Digital Dexterity

Hyperscale Computing
Natural Langua?e Processing o ’ .
A 4
SIM O N V‘
Outcome-Based Service Contracting Y —

Edge Computing
Digital Twin 2
Digital Security Virtual Assistan

Citizen Data Science e-

expectations

Chatbots
Serverless Blockchain
Managed SD Services Cognilive Computing Connected Endpomts FOg / Edge Cloud
Infonomics A Digital Business

Algorithmic Business

ps
Al C&SI Services

Data Marketplace API Economy ==~ Speech Recognition

Internet of Things SaaS ﬁ
Micro Data Centers OE\EO i‘hiﬂ!ii = ﬂ ﬁ [0)
- |

T TIIT]
HARRH (EGAER

L Web Real-Time Communications M Internet Video
4D Printing Alitoniofmous Vehiclas f@& Data Deduplication ’ﬁ -Q
Smart Contracts Supply Chain Convergence . =9 =
Smart Building

DAO processing

\
Artificial Gerieral g D20 Notwork Intelligence Hybrid Cloud Of{} ) L
Intelligence” ) yffﬁ\ Software-Defined Security D loT gateways,
ﬁ DigitalOps e

base stations, etc

_~ —
P 2 Cloud Computing D D ’ o (O) On-premise
ﬁé‘%rganizaﬁonai Change *

Intelligent
Automation ¢ .
Scaaiéﬁ e Bkl s Processing closer to data, at / near endpoints improves
Immersive Workspaces \atency, bandwidth energy use

B Al-driven autonoemous capabilities(Drones, Vehicles, Robotics)
B Augmented Analytics (Business Insights)
B Al-driven Development(Al-powered Solutions/Al enabled Tool)

Centralized Computing (1990-2000)->Mobile Computing(2000-2010)->Fog/Edge and Cloud Computing (2010+

Intel's Nervana, Mircosoft BrainWave(FPGA), Google TPUs, HiSilicon, Graphcore, AMD and nVidia’'s GPU, etc.



Domain-Specific Processor Design

“Deep learning is transforming how
we design computers...[but] custom
machine-learning hardware is in its
infancy, so it will be an exciting time
ahead with a lot of creativity in
processor design”

Jeff Dean
(Director of Google Brain )

“This is a renaissance of
computer architecture and
packaging. We will see much
more interesting computers in
the next year than we did in the
past decade” |

David Patterson
(Berkely Professor/Google) (Stanford/Nvidia Chief Scientist)

“People who are really
serious about software
should make theirrown
hardware”

|
Alan Kay
(Computer Pioneer)

“Microprocessor designers
need to adopt a balance of
specialized and general-
purpose architecture to
succeed in deep learning.”

Bill Dally



Domain-Specific Processor Design
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A New Golden Age for Computer Arcehitecture: Domain-
Specific Hardware/Software Co-Designh, Enhanced Security,
Open Instruction Sets, and Agile Chip Development

——John Hennessy and David Patterson Turing Award

need to adopt a balance of
specialized and general-
1 purpose architecture to
succeed in deep learning.”

computer architecture and
packaging. We will see much
more interesting computers in
the next year than we did in the
past decade” }

David Patterson Bill Dally
(Berkely Professor/Google) (Stanford/Nvidia Chief Scientist)



For example: Elon Musk’s Choice

“Nvidia'makes great hardware,
High respect for Jensen &
company,

Our Hardware needs were just
unique & matched tightly with
our software.”




For example: Autonomous Vehicle
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All Tesla Vehicles with 8 cameras, 3 front (One wide Forward@6fps, Main Forward@36fps, Narrow
Forward), 2 side (Forward Looking Side@9fps), 2 rear (Rearward Looking Side@9fps), 1 revers
(Rear View@30fps) , All Camera @ 1280x960 except the Rear View One)



For example: Tesla Fully Self-Driving (FSD) Chip
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All Tesla Vehicles with 8 cameras, 3 front (One wide Forward@6fps, Main Forward@36fps, Narrow
Forward), 2 side (Forward Looking Side@9fps), 2 rear (Rearward Looking Side@9fps), 1 revers
(Rear View@30fps) , All Camera @ 1280x960 except the Rear View One)



Camera I/F
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For example: Tesla Fully Self-Driving (FSD) Chip

Tt cPu+GPU+NPU

| Samsung 14nm

3 x 4core Cortex-A72

il Mali G71 MP12 GPU

i 2 x NPU (96x96 MACs)
il 36TOPs/Chip@36W

72TOPs/Board@72W



Applications using Deep Neural Networks

B Image
[ Classification: image to object class
[0 Recognition: same as classification (except for faces)
[0 Detection: assigning bounding boxes to objects
[0 Segmentation: assigning object class to every pixel
B Speech & Language
0 Speech Recognition: 'audio to text
0 Translation
0 Natural Language Processing: text to meaning
B Audio Generation: text to audio
B Games
B Medical (Cancer Detection, Pre-Natal)
B Finance (Trading, Energy Forecasting, Risk)
B Infrastructure (Structure Safety and Traffic)
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Recap: What is Computer Architecture

Application

]

Gap too large to
bridge in one step

In its broadest definition, computer
architectureiis'the design of the
abstraction/Implementation layers

that.allow us to implement information

processing applications efficiently
using available manufacturing
technologies.

[ Physics
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Recap: What is Computer Architecture

Application

Algorithm

Programming Language

Operating System/Virtual Machines

Instruction Set Architecture (ISA)

Microarchitecture

Register-Transfer\Level (RTL)

Gates

Devices

Physics
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Can we go directly from Al Algo to Architecture?

Application Properties of Al App-and Algo:

Algorithm

Programming Language

Operating System/Virtual Machines

Instruction Set Architecture (ISA)

Microarchitecture

Register-Transfer\Level (RTL)

Gates

Devices

Physics

Data-Stream(or Data-Driven)
Real-time throughput
Non-terminating

PPACR sensitive
Diversification & Individuation

Need to design families of
Architecture for specified

Algorithm complexity and
speed constrains.
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Main Contents of the Course

Four Graphical Representation:

B Block Diagram

B Signal flow Graph

B Dataflow Graph

B Dependence Graph

6 key techniques for'Customized design:

Retiming\Pipelining\Unfolding\Folding\Scheduling\Systolic Array
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Next Lecture. Data Streaming Applications

& -Various Architectures
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