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“The future is already here.

It’s just not evenly distributed.”
William Gibson
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The Data Problem -

1

150

enerating data at a faster rate than our

ability to analyze, understand, transmit, secure

100

Zettabytes

and reconstruct in real-time
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Performance Democratization
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Cloud Everything
Mobile Everything O 10°
Network Everything
For Everyone %
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.. We create world-changing
technology that enriches the lives

of every person on earth
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USB & Thunderbolt

Silicon Photonics

Light Source Guide Light

Building

Modulation
Low Cost Assembly Blocks

Photodetection
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Today’s Tracks
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Attacking the I/O Power Wall

James Jaussi

Senior Principal
Dire "_.. (

Labs Day 2020
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Integrated Photonics
Bringing optical I/O

directly into our servers
and onto our packages
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Credit: DARPA for trendlines
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Silicon Photonics Building Block: B
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Modulation
Mux/Demux
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Detection
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Modulation
Mux/Demux
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"‘ Silicon Photonics
‘ CMOS Electronics
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— Package Integration

CMOS Circuits

Detection

Guide/Amplify

Z Light

intel.labs



The
Future
Begins
Here

Integrated Photonics Prototype

Electronic [{{7.
CMOSIC / | w—
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Laser Mo ailiiie Photodetectors [  Semiconductor
Optical Amplifier

Industry-leading Prototype with Key Technology Building Blocks
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Brains are Unrivaled Computing Devices

COCKATIEL PARROT AUTONOMOUS DRONE
\

Brain Navigates and learns
Power: 50 mW unknown environments
Mass: 2.2 grams at 22 mph

CPU/GPU controller Pre-trained to fly
Power: 18,000 mW between known
Mass: ~40 grams gates at 5.6 mph

Canlearnto ) _
Canlearn to speak manipulate cups Can't learn anything

English words for drinking online

Sources: PNAS, June 13, 2016; https://link.springer.com/article/10.1007/s00360-011-0603-1; Davide Scaramuzza, ETH Zurich and A. Loguercio et al, “Deep Drone Racing: From Simulation to Reality with Domain Randomization,” IEEE Trans. Robotics, 2020.
The

Future
Begins
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https://link.springer.com/article/10.1007/s00360-011-0603-1

A New Kind of Computer Architecture

Standard Computing

Parallel Computing

‘MR EEE o N
B - “::: C— JER-ER ER-ER
—— Memory :: : :. ( 3 L — Memory ﬁ::':
— rains’ N
EEEEE -
— BE-EE R
— | N
PROGRAMMING BY OFFLINE TRAINING USING LEARN ON THE FLY THROUGH
ENCODING ALGORITHMS LABELED DATASETS NEURON FIRING RULES ‘
SYNCHRONOUS SYNCHRONOUS ASYNCHRONOUS
CLOCKING CLOCKING EVENT-BASED SPIKES
SEQUENTIAL THREADS PARALLEL PARALLEL
OF CONTROL DENSE COMPUTE SPARSE COMPUTE _
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Loihi

KEY PROPERTIES

= 128k neurons and 128 million synapses
= Compute-memory integrated architecture

= Fully digital in standard 14nm process ik $\| A

= Asynchronous design enables scalability PR e iRy

&wm&wmﬂ

Versatile on-chip learning — a first for the field

1B

1 ! ».: £z ‘ ,‘ 1]
: ..a*m&szg’.iwi‘éamﬁi

Fundamental to
deep learning
hardware

k 80000000
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Wellgl
KEY PROPERTIES
= 128k neurons and 128 million synapses
= Compute-memory integrated architecture
= Fully digital in sta%\rd 14nm process

= Asynchronous design enables scalability

Versatile on-chip learning — a first for the field

Fundamental to
deep learning
hardware
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Loihi Efficiency

Efficiency

JOOO

Precision Speed

—@— Neuromorphic
—@-— Conventional (unbatched)

Capacitynper dollar
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Pohoiki Springs
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intel PRODUCTS  SUPPORT  SOLUTIONS  DEVELOPERS  PARTNERS & D usaenousn Q, search Intel.com

Neuromorphic Computing

Beyond Today's Al

New algorithmic approaches emulate the human brain's interactions with the world.

@intel

And now a conversation that will fire up everyone’s
neurons with Mike Davies, Director or Neuromorphic
Computing at Intel Labs. Follow #BehindTheBrains to
keep track and enjoy the thread

Neuromorphic Computing Community Probabilistic Computing

The emergent capabilities in artificial intelligence being driven Byl
have more in common with human cognition than with conve

computer logic. : :
P 8 Join us on Twitter

for a Q&A with

What Is Neuromorphic Computing
The first generation of Al was rules-based and emulated classical logi

HIGHLIGHTS

Neuromorphic computing research
emulates the neural structure of the
human brain.

The Loihi research chip includes 130,000
neurons optimized for spiking neural
networks.

Intel Labs is making Loihi-based systems
available to the global research

conclusions within a specific, narrowly defined problem domain. It was
processes and improving efficiency, for example. The second, current ge
concerned with sensing and perception, such as using deep-learning
contents of a video frame.

A coming next generation will extend Al into areas that correspond to hul
interpretation and autonomous adaptation. This is critical to overcom

of Al solutions based on neural network training and inference, which
deterministic views of events that lack context and commonsense und

WG
Davies

intel.

community. Al must be able to address novel situations and abstraction to automate'®

Probabilistic computing addresses the o ) : .
fundamental uncertainty and noise of Intel Labs is driving computer-science research that contributes to this third gen8

RaturEldata; focus areas include neuromorphic computing, which is concerned with emulating tf
structure and operation of the human brain, as well as probabilistic computing, which

Collaborations on next-generation Al creates algorithmic approaches to dealing with the uncertainty, ambiguity, and contradictl®

extend to worldwide industry and natural world.

academic researchers.

11:00 AM - Sep 17, 2020 - Twitter Web App

Neuromorphic Computing Research Focus

The key challenges in neuromorphic research are matching a human's flexibility, and ability to learn
from unstructured stimuli with the energy efficiency of the human brain. The computational
building blocks within neuromorphic computing systems are logically analogous to neurons. Spiking
neural networks (SNNs) are a novel model for arranging those elements to emulate natural neural
networks that exist in biological brains.
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|nte|, newsroom Top News Sections ~  News By Category ~ IN(ENEOZR Scarch Newsroom... Q B EY )

News Byte Accenture, Airbus, GE and Hitachi

November 18, 2019 Latest News: Artificial

Join Intel Neuromorphic Research Intelligence
Community

SIGOPT

Neuromorphic Computing Uses the Human Brain a... (U ~»

October 29, 2020
Watch later Share

Intel to Acquire SigOpt to
Scale Al Productivity and
Performance

October 29, 2020
Artificial Intelligence

October 20, 2020
Intel Powers First Satellite
with Al on Board

What's New: Today, Intel announced the first corporate members — Accenture, Airbus, GE and
Hitachi — to join the fast-growing Intel Neuromorphic Research Community (INRC). The INRC has

tripled in size over the past year and now has more than 75 organizations, spanning leading
Other names and brands may be claimed as the property of others
The
Future
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INRC includes
over 100
groups

Other names and brands may be claimed as the property of others
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€ Drexel

ING'S
College
LONDON

»
UNIVERSITAT
sERN

UNIVERSITY OF
@N()TRF DAME

Portland State

Ty

Graz University of Technology

UNIVERSITAT
BIELEFELD

logitech

UNIVERSITATS
S KLINIKUM s =

UTSA

The University of Texas
at San Antonio™

“ MACQUARIE
University

g9 RUTGERS

UNIVERSITE DE

SHERBROOKE

|| Univenity of
3 ) 2o ETHzurich

HITACHI

Inspire the Next

UNIVERSITY OF CALIFORNIA

USCViterbi

Technical
Uriversity
of Munich

UC SANTA BARBARA

MANCHESTER

WASHINGTON STATE

G UNIVERSITY
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Opportunity at All Scales

_ _ Personalized Computing
Visual Intelligence (Real-time speech, speaker ID, D

localization, denoising)
- |

At-Scale Problem Solving

ata Analytics, Securityi.Scientific Computing
Sl LN

S AL
D\ B
Fee

Intelligent Sensors
(Low latency, event-based,
anomaly detection)

loT '
&[&l @ Human-Computer Interfacing

(EEG, neuroprosthetics)

%E:A%

Other names and brands may be claimed as the property of others
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Intel newsroom Top News Sections ~ News By Category ~ UMYl Search Newsroom... Q@

News Byte Intel and Sandia National Labs

October 2, 2020 Latest News: Artificial

Collaborate on Neuromorphic intelligence
Computing .

November 18, 2020
Survey Shows Next Era of
Healthcare Will Be Powered
by Al

November 17, 2020

First Intel Structured ASIC for
5G, Al, Cloud and Edge
Announced

A SIGOPT

October 29, 2020
Intel to Acquire SigOpt to
A close-up shot of an Intel Nahuku board, each of which contains 8 to 32 Intel Loihi Scale Al Productivity and

neuromorphic chips. Intel’s latest neuromorphic system, Pohoiki Beach, is made up of Performance

multiple Nahuku boards and contains 64 Loihi chips. Pohoiki Beach was introduced in July
o
2019. (Credit: Tim Herman/Intel Cor
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( Sudoku Solver % (: . J ik
Spikes '
m s L) 1 s L ] l .
e 1 7. » 3 2 . . »
7R 2 4 13 s ()
i1l &« 3 2 & 8 & e
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3 s 2 - s r * 5 1 4,
s L] - o 3 1 a ' ’,l ;
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sjejr 3 1 4 & 5 2
Pimestep
514
: \\“é‘. 2P b R

J 7 \ .

Adaptive robotic arm control 40x
lower power , 50% faster (vs GPU)

ed optimization problems
(e.g. Sudoku)

1000x lower energy

100x faster

& =

Similarity search
24x faster and 30x lower

energy (vs CPU)
sad dire Visual-tactile sensing
vOOx lower power vs 45x lower power
1000x lower energy 20% faster (vs GPU)

100x faster
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PROPHESEE

ETAVISION FOR MACHINES

Mercedes-Benz

logitech

Lenovo.

intel labs



-
Quantum Computing

intel labs



The
Future
Begins
Here

intel labs

Four biggest challenges to Quantum
Practicality & How We Might Solve Them

D

Anne Mat uura
Director of Quantt
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Changing the World

Financial
Modelin‘q

.
.
-
.
’
}
: 1
4

.

Climate Travel &
Modeling

/

4

~ Cryptography |

O : .|; ,.,?rf \] %7. l]’) lv ’j |

Logistics

|

Other names and brands may be claimed as the property of others
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Quantum Computing: Key Concepts

Superposition Entanglement

Classical Physics Quantum Physics

Heads OR Tails Heads AND Tails N Quantum Bits or Qubits = 2N States

Fragility

Observation or noise
causes loss of information

Begins inte‘l |abS
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Quantum Computing
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A Quantum Bit

/ Current \ / \

L
.!. -------- ol —— Microwaves
o

' Inductor  “a== Capacitors /
e —
Ny Sl N
[ ] r‘: ....... . [ ]
S a2 ®»®» » » == P J
JL Laser Microwaves
o~ \

_ y 3 A

Honeywell, Intel Corporation, Google, IBM,
lonQ HRL Rigetti, DWave

Electron

N

Only one of these Qubits is built on the technology of transistors

Other names and brands may be claimed as the property of others
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Future
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Architecture: Completely New Kind of Compute

Key system challenges for
Quantum Practicality

* Error mitigation & resilience
Qubit Control Processor = Scalability
= [nterconnect complexity
= Qubit device design

Control Electronics

Qubit Chip

intel labs



Putting it All Together

23 U.S. DEPARTMENT OF

Argonne & @

NATIONAL LABORATORY

Qubit Control Processor

Control Electronics

Qubit Chip

*Q-NEXT brings together nearly 100 world-class researchers from three national laboratories, 10 universities and 10 leading U.S.

technology companies with the single goal of developing the science and technology to control and distribute quantum information.
The
Future
Begins

s intel. labs
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B The Data
Silo Problem

= Privacy / Legality
= Data too valuable
= Data too large to transmit

uuuuuu
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Federated Learning — Move Compute to Data

Centralized Learning Federated Learning

Model Update
— = Data A S A
'
Hospital A Hospital A S o0
8 :\\":’f'
‘ Training Model Update ‘ Aggregation
= Data B Infrastructure = Server
> S— M~ dii
DataC_aw = Model Hospital B MOde'gpdate‘
S st ot
Seie o 00 Updated
|_J ‘ o 9 '® model
Hospital C Hospital C T

The
Future

Begins
Here
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Intel-UPenn Collaboration

How much better does each institution do when training on the
full data vs. just their own data?

17% onthe hold-out BraTS data

BETTER

SCIENTIFIC

REPORTS : i I
nature research REPORTS 2.6% on their own validation data

o e B BETTER
Federated learning in medicine:

facilitating multi-institutional
collaborations without sharing
patient data

Micah J. Sheller’, Brandon Edwards’, G. Anthony Reina’, Jason Martin?, Sarthak Pati®%?,
Aikaterini Kotrotsou™*%, Mikhail Milchenko®, Weilin Xu', Daniel Marcus %,
Rivka R. Colen @572 & Spyridon Bakas 23

inds tumors from MRIs

Sheller, M.J., Edwards, B., Reina, G.A. et al. Federated learning in medicine: facilitating multi-institutional collaborations
without sharing patient data. Sci Rep 10, 12598 (2020).

Other names and brands may be claimed as the property of others
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Fully
Homomorphic
Encryption

The
Future
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Traditional Encryption

== 8 )

E'egins inte‘l |abS

;

uuuuuu



Fully Homomorphic Encryption

~ 10,000X
k L arger
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FHE Performance Explorations

Exploration


https://arxiv.org/abs/2003.04510
https://arxiv.org/abs/1909.09731

Advancing technologies in privacy

Intel Launches  gnd trust for decentralized Al
Private Al

Collaborative
Research
InStrtUte Carnegie Mellon University

National University of Singapore

Université Catholique de Louvain
University of California, San Diego
University of Louvain

University of Southern California
University of Toronto

University of Waterloo

Technische Universitat Darmstadt

Other names and brands may be claimed as the property of others
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Programming Challenges

10,000
ming in the
U Era
1,000
3
&
r
£
5
x 100

A cosmology application from the Stephen Hawking Institute
Source: Intel Labs
Ninja —an expert in SW development generally requiring a deep understanding of HW
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Programming Challenges

10,000

ming in the

U Era

—_—

10 months o
work/trainin
from a dedicat
Ninja working o

— Ninja
Gap

Runtime (seconds)

100

Performance
from Ninja

on from the Stephen Hawking Institute
Source: Intel Labs
Ninja —an expert in SW development generally requiring a deep understanding of HW
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Programming Challenges 26.4

18.2 Million
: @
Million
[ )
45%
Increasein 6
: years
Programmer Population (2013-2019)

Ada 34% 25% JavaScript 20% JavaScript 23%

uages

24%

Other names and brands may be claimed as the property of others
Source — Programming Languages: https://youtu.be/0g847HVwWRSI, http://pypl.github.io/PYPL.html
Source — Programmer Population size: http://www.computersciencezone.org/developers

intel labs
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Reimagining the Future
of Al-assisted Software Desi

JustinGoftsqli R o
Principal Engin

it

Labs Day 2020




How do you develop software to fully exercise the
capabilities of these novel types of hardware?

’ |!|achine Programming

e Any technigue that automates software development

NEW
PARADIGM
AHEAD

Intel’s goal with MP

* Democratize and accelerate the creation of quality
software

s intel. labs
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L ess than 1% of the global

, ~ population can code.
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Programmers spend
50% of their time debugging

Can we do better?

uuuuuu
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egal Information

Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performancelndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See backup for configuration details. No
product or component can be absolutely secure.

Your costs and results may vary.

Results have been estimated or simulated.

Intel technologies may require enabled hardware, software or service activation.

Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability, fitness for a particular purpose, and non-infringement,
as well as any warranty arising from course of performance, course of dealing, or usage in trade.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be claimed as the property
of others.

Statements in this presentation that refer to business outlook, future plans, and expectations are forward-looking statements that involve a number of risks and uncertainties.
Words such as "anticipate,” "expect,” "intend,” "goals,” "plans,” "believe,” "seek," "estimate,” "continue,” "may," "will," “would,” "should,” “could,” and variations of such words and
similar expressions are intended to identify such forward-looking statements. Statements that refer to or are based on estimates, forecasts, projections, uncertain events or
assumptions, including statements relating to market opportunity, future products and technology and the expected availability and benefits of such products and
technology, and anticipated trends in our businesses or the markets relevant to them, also identify forward-looking statements. Such statements are based on management’s
expectations as of the date of the presentation, unless an earlier date is indicated, and involve many risks and uncertainties that could cause actual results to differ materially
from those expressed or implied in these forward-looking statements. Important factors that could cause actual results to differ materially from the company's expectations are
set forth in Intel's earnings release dated October 22, 2020, which is included as an exhibit to Intel's Form 8-K furnished to the SEC on such date, and Intel's SEC filings,
including the company's most recent reports on Forms 10-K and 10-Q. Copies of Intel's Form 10-K, 10-Q and 8-K reports may be obtained by visiting our Investor Relations
website at www.intc.com or the SEC's website at www.sec.gov. Intel does not undertake, and expressly disclaims any duty, to update any statement made in this presentation,
whether as a result of new information, new developments or otherwise, except to the extent that disclosure may be required by law.
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