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The Data Problem

We are generating data at a faster rate than our 

ability to analyze, understand, transmit, secure 

and reconstruct in real-time 
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Performance Democratization
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In Pursuit of
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Today’s Tracks
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James Jaussi
Senior Principal Engineer and
Director of PHY Research Lab
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Over

Intel 100G transceivers shipped 
to our customers
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Integrated Photonics
Bringing optical I/O 
directly into our servers 
and onto our packages
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Millions to Billions
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Credit: DARPA for trendlines

1990 2000 2010 2020 2030

1

10

100

1000

10000

Total Power per 
Package

Power for 
off-chip I/O

P
o

w
e

r 
(W

)

Trendlines

POWER 
WALL

Year



labs

Integrated Photonics 
will fundamentally 
change compute I/O.
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Silicon Photonics Building Blocks

Detection

Light Source Modulation 
Mux/Demux

Guide/Amplify 
Light
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Silicon Photonics

CMOS Electronics

Package Integration Detection

Light Source Modulation 
Mux/Demux

CMOS Circuits

Guide/Amplify 
Light

Integrated Photonics

Packaging
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Industry-leading Prototype with Key Technology Building Blocks

Integrated Photonics Prototype 
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4 All-silicon 
Photodetectors

Integrated 
Semiconductor 

Optical Amplifier

Electronic 
CMOS IC

Integrated 
Laser

4 Micro-ring 
Modulators
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2018 IROS Drone Racing Competition

Other names and brands may be claimed as the property of others
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Brains are Unrivaled Computing Devices

Navigates and learns 
unknown environments 

at 22 mph

Brain
Power: 50 mW

Mass: 2.2 grams

Can learn to speak 
English words

Can learn to 
manipulate cups 

for drinking

Pre-trained to fly 
between known 
gates at 5.6 mph

Can’t learn anything 
online

CPU/GPU controller
Power: 18,000 mW

Mass: ~40 grams

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

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


labs

A New Kind of Computer Architecture

Standard Computing Parallel Computing Neuromorphic Computing

PARALLEL

DENSE COMPUTE

OFFLINE TRAINING USING

LABELED DATASETS

PROGRAMMING BY

ENCODING ALGORITHMS

SEQUENTIAL THREADS 

OF CONTROL 

SYNCHRONOUS

CLOCKING 

SYNCHRONOUS

CLOCKING

PARALLEL

SPARSE COMPUTE

LEARN ON THE FLY THROUGH 

NEURON FIRING RULES

ASYNCHRONOUS

EVENT-BASED SPIKES
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Loihi

KEY PROPERTIES
▪ 128k neurons and 128 million synapses

▪ Compute-memory integrated architecture

▪ Fully digital in standard 14nm process

▪ Asynchronous design enables scalability

▪ Versatile on-chip learning – a first for the field

Yet,

▪ No floating point numbers!

▪ No multiply-accumulators!

Fundamental to
deep learning 
hardware
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Efficiency

Precision Speed

Capacity per dollar

Neuromorphic

Conventional (unbatched)

Loihi Efficiency
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Pohoiki Springs 
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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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Opportunity at All Scales

Visual Intelligence
Personalized Computing

(Real-time speech, speaker ID, 
localization, denoising)

At-Scale Problem Solving
Data Analytics, Security, Scientific Computing

Robotic Sensing + Control SWaP-constrained AI
(Autonomous systems)

Intelligent Sensors
(Low latency, event-based, 

anomaly detection)

Human-Computer Interfacing
(EEG, neuroprosthetics)

IoT

Other names and brands may be claimed as the property of others
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Constrained optimization problems
(e.g. Sudoku)
1000x lower energy
100x faster

Head direction localization and learning
v00x lower power vs CPU
1000x lower energy
100x faster

Similarity search
24x faster and 30x lower
energy (vs CPU)

Visual-tactile sensing
45x lower power
20% faster (vs GPU)

Adaptive robotic arm control 40x
lower power , 50% faster (vs GPU)
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Anne Matsuura
Director of Quantum Computing Architecture
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Changing the World

Drug Design
Financial 
Modeling

“Quantum 
Will Change 
Everything”

Climate 
Modeling

Travel & 
Logistics

Cryptography

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

Superposition

Classical Physics Quantum Physics

Heads OR Tails Heads AND Tails

Entanglement

N Quantum Bits or Qubits =  2N States

1)

2)

3)

4)

Observation or noise
causes loss of information

Fragility
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Quantum Computing
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Quantum Computing
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Quantum 
Computing
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A Quantum Bit

Google, IBM, 
Rigetti, DWave

Honeywell,
IonQ

Intel Corporation,
HRL

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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Architecture: Completely New Kind of Compute

Control Electronics

Quantum Algorithms

Qubit Chip

Quantum Runtime

Quantum Compiler

Qubit Control Processor

Key system challenges for
Quantum Practicality
• New execution model

• Error mitigation & resilience

• Scalability 

• Interconnect complexity

• Qubit device design
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Putting it All Together
*

*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.

Control Electronics

Quantum Algorithms

Qubit Chip

Quantum Runtime

Quantum Compiler

Qubit Control Processor

Full-Stack Research Testbed
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The Data
Silo Problem
▪ Privacy / Legality
▪ Data too valuable
▪ Data too large to transmit
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Jason Martin
Principal Engineer, Security and Privacy Research
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Aggregation
Server

Training
Infrastructure

Hospital A

Hospital B

Hospital C

Hospital A

Federated Learning – Move Compute to Data

Centralized Learning

Model

Data A

Data B

Data C

Updated
model

Model Update
A

Model Update
B

Model Update
C

Federated Learning

Hospital B

Hospital C
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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).

Intel-UPenn Collaboration

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

17%
BETTER

2.6%
BETTER

on their own validation data

on the hold-out BraTS data

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

Encryption
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Traditional Encryption
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Fully Homomorphic Encryption

Larger
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FHE Performance Explorations
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Exploration

See cited sources for workloads and configurations. Results may vary.
Jung et al. HEANN Demystified. arXiv:2003.04510, March 2020
Riazi et al. HEAX. ASPLOS 2020

https://arxiv.org/abs/2003.04510
https://arxiv.org/abs/1909.09731
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Intel Launches 
Private AI 
Collaborative 
Research 
Institute

Advancing technologies in privacy 
and trust for decentralized AI

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 Universität Darmstadt

Other names and brands may be claimed as the property of others
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Programming Challenges
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A cosmology application from the Stephen Hawking Institute
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Source: Intel Labs
Ninja – an expert in SW development generally requiring a deep understanding of HW

Programming in the

XPU Era
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Programming Challenges

10 months of 
work/training

from a dedicated
Ninja working on-site

Optimization
over original
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Source: Intel Labs
Ninja – an expert in SW development generally requiring a deep understanding of HW

Programming in the

XPU Era
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Million

Million

1990 202020102000

Programmer Population

C

Ada

Pascal

C

Java

JavaScript

Java

JavaScript

PHP

JavaScript

Python

Java

Top Programming Languages

56%

34%

24%

32%

25%

20%

32%

20%

17%

24%

23%

22%

Increase in 6 
years

(2013-2019)

Programming Challenges
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Justin Gottschlich
Principal Engineer, Machine Programming Research
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How do you develop software to fully exercise the 
capabilities of these novel types of hardware?

• Any technique that automates software development

• Democratize and accelerate the creation of quality 
software
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The Three Pillars of Machine Programming
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Less than 1% of the global 
population can code.
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Empower all people 
to express their 
intention to a 
machine and have 
the machine build 
the software
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Programmers spend
50% of their time debugging

Can we do better?
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Legal Information

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

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.  




