Hardware 2.0

Silicon Valley used to be about hardware. ..
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Huang's Law

* ” IN 5 YEARS
"Nvidia’s GPUs today are 25 times UK

faster than 5 years ago" (Nvidia
CEO Jensen Huang , April 2018)

2012: It took six days on two Nvidia
GTX 580s to train AlexNet

2018: It takes 18 minutes with the
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K 2 GTX 580s ey oy
Nvidia DGX-2 Time to Train Alexiet € 9

| SPECTRUM

Move Over, Moore’s Law: Make Way
for Huang’s Law




Hardware 2.0

Google’s TPU (programmed via TensorFlow and offered
via Google Cloud)

Internal search ranking model training:

~9 hours on 1/4 pod vs. ~132 hours on 275 high end CPU machines
(14.2 times faster)

Internal image model training:

~22 hours on 1/4 pod vs. ~216 hours on previous production setup
(9 times faster) Tensor Processing Unit v2 Google
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DARPA Electronics Resurgence
Initiative (ERI): $1.5 billion, 5-
year program

Extend Moore’s Law by using new
materials such as carbon nanotubes

2025 - 2030
NATIONAL ELECTRONICS CAPABILITY
$216 MILLION e
TOTAL (FY18)

$75 million MATERIALS ARCHITECTURES DESIGNS
Of New Funding
Electronics (FY18)
Resurgence
Initiative

E RI Page 3 Investments

*1‘“5;;‘;',';2"(;';55"6"‘ JUMP + Traditional Programs

DARPA Announces First Annual
Electronics Resurgence Initiative
Summit

U.S. electronics community to convene atinaugural event around
five year. $1.5B effort fo create transformative advances in
electronics

_\ E R ELECTRONICS
a0\ RESURGENCE INITIATIVE
/ SUMMIT

2018 | SAN FRANCISCO, CA @
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NeurOmOrpth ChlpS é@ Human Brain Project
« SpiNNaker @ Manchester h
« BrainScaleS @ Heidelberg

Second Generation SpiNNaker
Neuromorphic Supercomputer
to be Built at TU Dresden

P4
m "@ Human Brain Project

PROJECTS STORY | 19 March 2018

Two new neuromorphic chips
developed in the Human Brain Project

AT

Brainscals 8
Scale S



Neuromorphic chips

Hardware 2.0

Intel Loihi
IBM TrueNorth
Stanford Neurogrid

Neurogrid

"] Juty 15,2019

Bl Pohoiki Beach, is made
=l up of multiple Nahuku
il boards and contains 64

Loihi chips.
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Neuromorphic chips
Intel Loihi

Intel Creates
Neuromorphic Research
Community to Advance
‘Loini’ Test Chip  venz0n

Loihi: A Neuromorphic
Manycore Processor with
On-Chip Learning

Mike Davies | E E E MiCl‘O
Intel Labs, Intel Corporation

i Volume: 38

Narayan Srinivasa

Eta Compute Janualk fFEerﬂr}" 2018
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Hardware 2.0

Neuromorphic ChipS Introducing a Brain-inspired Computer

TrueNorth's neurons to revolutionize system architectur

I B M True N Orth (2014) Dharmendra Modha By Dharmendra S. Modha

Tayfun Gokmen and Yuri Vlasov (IBM, 2016): Resistive
Processing Unit (analog units)

a9 United States New IBM patent on neuro-chip of Sep 2018
- - - -
a2y Patent Application Publication () Pub. No.: US 2018/0260682 Al
Amir et al. (43) Pub. Date: Sep. 13, 2018
(54) GRAPH PARTITIONING AND PLACEMENT Publication Classification
FOR MULTI-CHIP NEUROSYNAPTIC 51} Int. Cl
NETWORKS (1) Int. Cl,
o - GoaN 304 {2006.01)
(71)  Applicant; INTERNATIONAL BUSINESS (52) US. Cl. ]
MACHINES CORPORATION, CPC e GO6N 3/04 (2013.01)
Armonk, NY (US) (57 ABSTRACT
(72) Inventors: Arnon Amir, San Jose, (-2,\ (US.).; Graph partitioning and placement for multi-chip neurosyn-
Pallab Datta, San Jose, CA (US); aptic networks. According to various embodiments, a neural
Nl)"‘l‘lll'l D. Flickner, San Jose, CA network description is read. The neural network description
(US): I]harmend.ra S. M“d_h“‘ San describes a plurality of neurons. The plurality of neurons has
Jose, CA (US). Tapan K. Nayak, San a mapping from an input domain of the neural network. The
Jose, CA (US) plurality of neurons is labeled based on the mapping from
the input domain. The plurality of neurons is grouped into a
(21)  Appl. No.: 15/457,658 plurality of groups according to the labeling. Each of the

plurality of groups is continuous within the input domain.
Each of the plurality of groups is assigned 1o at leasi one
neurnsynaptic core.
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 BRAIN Initiative - larpa’s Microns: Allen
Institute; Baylor College of Medicine;
Harvard University; Princeton University
(David Markovitz)

Machine Intelligence
from Cortical Networks

(MICrONS)

10
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« Neuromorphic processors

TCEaNS Tennessee;-July-23-25:2019)

International Conference on Neuromorphic
Systems .

BICT 2020 - 12th
@BICT

%OAK RIDGE

National Laboratory

Catherine Schuman

semsiea wiomaion o EA| INternational — A Survey of Neuromorphic Computing and Neural
chnolog F’] .
Conference on > Networks in Hardware
. . . «w— Catherine D. Schuman, Member, IEEE, Thomas E. Potok, Member, IEEE, Robert M. Patton, Member, IEEE, 1.
BIO-InSplrEd <~ Douglas Birdwell, Fellow, IEEE, Mark E. Dean, Fellow, IEEE, Garrett S. Rose, Member, IEEE, and James S.
Plank, Member, IEEE
Information and
Communications
Technologies
July 7-8, 2020

Shanghai, People's
Republic of China
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Neuromorphic processors
Neuron Models OAKRIDGE  Catherine Schuman

More‘
Hodgkin-
Hindmarsh Huxley
-Rose [
'B. : < Morris-
x Fitzhugh- e
Q2 Nagumo
Q.
£ Integrate- Izhikevich
° and-Fire
= Family
Less !
Less Tiene

Biological Inspiration
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e Open-source Hardware

Open-Source Processors: Bringing
Silicon Back to Silicon Valley?

Tuesda@mber 18,2018

6:00 pm
Stanford Faculty Club, Stanford

University, 439 Lagunita Drive, Stanford,
CA 94305

Sponsored by:
US-Asia Technology Management center S

Stanford

University

13
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« Boom of semiconductor design:

— unrelenting demand for new memory
chips

— digitization of entire industry sectors
such as automotive and industrial

« Chip design spending in 2018: $412

billion SEMICONDUCTOR
ASSOCIATION

Global Semiconductor Sales Increase
12.7 Percent Year-to-Year in October;

Double-Digit Annual Growth Projected
for 2018

Monday, Dec 03, 2018, 4:30pm

14
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e Open-source Hardware
— RISC-V Foundation: open-source RISC-V instruction set
— RISC-V architecture for Internet of Things devices

by RISC
Inaugural RISC-V Summit

WHERE: Santa Clara Convention Center, 5001 Great America Pkwy, Santa
Clara, Calif., 95054

WHEN: Monday, Dec. 3 to Thursdgy, Dec. 6, 2018

15
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e Open-source Hardware
— RISC-V

Chisel: Constructing Hardware In a
Scala Embedded Language

Chisel Program I

Krste Asanovic 16
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e Open-source Hardware
— Members of the RISC-V Foundation include

o SKY

<

nvioia

Qeautoava

Google, Microsoft, IBM and Oracle and Tesla

Antmicro
FOUNDING PLATINUM

C-SKY
PLATINUM

Marvell
PLATINUM

NVIDIA
FOUNDING PLATINUM

Qualcomm
FOUNDING PLATINUM

~ -
W E

cortus

Berkeley
Architecture
Research

FOUNDING PLATINUM

Cortus
FOUNDING PLATINUM

b RISC

Aicron

Micron Technology
PLATINUM

NXP
PLATINUM

Rambus Inc.
FOUNDING PLATINUM

bluespec

Google

i

ORION

SAMSUNG

Bluespec
FOUNDING PLATINUM

Google
FOUNDING PLATINUM

Microsemi
FOUNDING PLATINUM

Orion
PLATINUM

Samsung
PLATINUM
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« Open-source Hardware
— Chip-design factories in the cloud (TSMC’s y Open Innovation Platform®

Ecosystem Forum

C I 0 u d AI I Ian C e ’ 2 O 1 8) e 5 The Trusted Technology and Capacity Provider

— SiFive (Krste Asanovic, Yunsup Lee and
Andrew Waterman, the researchers that
created the RISC-V architecture)

— Esperanto (founded by Dave Ditzel)

ElectronicDesign.

TECHNOLOGIES > EMBEDDED REVOLUTION
San Mateo

Foster City SiFive Raises $50.6 Million to Recreate
@ Esperanto Chip Prototyping
Visi Technologies
1875 South Grant Street
Suite 600 US Headquarters:

San Mateo, CA 94402 Mountain View, CA, 94041
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« Open-source Hardware

— MIPS:

19
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Open-source Hardware
— MIPS: Wave MIPS Open (May 2019)

Stanford EE Computer Systems Colloquium

4:30 PM, Wednesd
Shriram Center for Bioengineering and Cheé - gineering Room 104

20
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« Traditional memory/storage hierarchy: SRAM is
Integrated into the processor for cache, DRAM, used for
main memory, is separate and located in a dual in-line
memory module (DIMM), disk drives and NAND-based
solid-state storage drives (SSDs) are used for storage

« Not optimal for Al

* An alternative: Memory-centric chip technologies, in-
memory and near-memory computing

EETimes

Al Revives In-Memory
Processors

Startup aims to ship chip late next year

By Rick Merritt, 04.30.18

21
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Memory-centric chip technologies: in-memory and near-
memory computing

Peter Kogge (IBM, 1994). EXECUBE, the first
Processing-in-Memory chip

Christos Kozyrakis & Mingyu Gao (Stanford, 2015):
Near-Data Processing

Mythic (Redwood City, CA) MYTHIC
Syntiant (Irvine, CA)

Untether Al (Toronto, Canada) UNTETHER Al
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« A.l. Hardware
— Google: TensorFlow
— Nvidia: AGX etc

— Intel: Nervana Neural Network Processor for
Inference NNP-I (2019), Movidius Myriad Vision
Processing Units (2018), acquired Nervana
Movidius, Untether (2016-19) >

<ANVIDIA.

DEEP LEARNING Al

23
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« A.l. Hardware I
— Qualcomm (2020) s
— ARM: Trillium (2019)

Project Trillium

Project Trillium, Arm’s Machine Learning (ML) platform, enables a
new era of advanced, ultra-efficient inference at the edge.

REUTERS

TECHNOLOGY NEWS

APRIL 9, 2019 / 6:25 PM

Qualcomm aims to take on Nvidia, Intel
with new Al chips

24



Hardware 2.0 \\//

COMPUTI NG
 A.l. Hardware

— Wave Computing (Campbell, 2010)

— Cerebras Systems (Los Altos, 2016)

Cambrcon
— Cambricon (China, 2016)
— SambaNova (Palo Alto, 2017)
— Groq (Palo Alto, 2017) &) SambaNova:

— Untether (Toronto, 2017)

UNTETHER Al

crunchbase news

Groq, A Stealthy
Startup Founded
By Google’s TPU
Team, Is Raising
$S60M

25

September 6, 2018
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« A.l. Hardware
— Graphcore (Britain, 2016)

GRAFHCORE
NeurlPS 2019 Expo

Start West 211 -
Time 214 #5 Dec. 8, 2019

Sun Graphcore:

09:00 Showcasing

am. how
extremely
large
language
models can
be trained
using new
Al
processor
technology

26
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« ASIC
— Light (Palo Alto, 2013)

!

The Light ASIC-

The world’s only multi- comefal mtegrok:d circuit

I

It
o §
| 0 |
It

that can support up to 6 corl‘nerds Buﬁt
specifically for eemputational lrhoglng: | O

applications and optimized for moblle:phones

27
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« Jim Keller (Intel): "Moore's Law is not Dead" (UC
Berkeley, 2019)

 https://www.youtube.com/watch?v=01G9ztQw2Gc

MOORE'S LAW IS NOT DEAD

Jim Keller
Intel Corporation

https.//www .youtube com/watch?v=0IG9ztQw2Gc
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New materials

— Max Shulaker (MIT, 2019) builds a microprocessor
from carbon nanotube transistors

 16-bit microprocessor with more than 14,000
CNFETs

* RISC-V compliant

N
|||" August 28, 2019

MIT engineers build advanced
microprocessor out of carbon nanotubes

g
’ “?ﬁfy / 4
»\"‘. \'.\ X
A S

o - R A

Max Shulaker

29



Hardware 2.0 :intel
e |ntel

— Kaby Lake-G processor: CPU + GPU + High
Bandwidth Memory (HBM) + EMIB (Embedded
Multi-die Interconnect Bridge)

— Foveros (2019): 3D die stacking

— Trailing behind TSMC: 45nm process in 2007, 32nm
In 2009, 22nm in 2011, 14nm in 2015, 10nm in 2018

— Extreme ultraviolet lithography (EUVL) not
announced 2019 FOVERDS PRODUCT

— Intel acquired Nervana
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* Global Foundries:
— Skips 7nm logic technology

31
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i

« TSMC

— CLNYFF (2017): 7nm Fin Field-Effect Transistor (FINFET)
process technology that enables chip designers to shrink

die sizes by 70% at the same transistor count and to
lower power consumption by 60%

— Built with deep ultraviolet (DUV) lithography
— More than 50 chip designs of the 7nm process

technology underway in 2018 (Apple, AMD, Huawel, and

Qualcomm
— Announced EUVL for 2019

‘._1---|il October 12, 2018

TSMC Announces First EUV 7nm
Production, 5nm Tapeouts in Q2

Risk
2019
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The cost-per-transistor is going down, but the cost of
design with finFETs is in the $100-million range.

Small companies can'’t afford to design with FInFETs

GlobalFoundries and Samsung offer FD-SOI based
platforms that use planar transistors and reduce design
cost (Fully Depleted Silicon On Insulator)

SOl more suitable for loT chips
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 Silicon Catalyst, the first incubator for semiconductor
start-ups

- .
S ..
AE /I;ﬂN YXN @ Active Layer Parametrics m Ayar LCle ‘ CHAOS PRIME

SILICON "o 7
CATALYST

ALUMNUS ALUMNUS

"°;§GlOPTeCh Eridan Communications /C G mK

With a soulful touch
ESPRE TECHNOLOGIES

ALUMNUS ALUMNUS

B i o0 | | SO
s One Silicon Chip Photonics | " q ST S P @/Bl US

= uSeamless Microsystems S PA R K X
I M Digitizing Your World Seamlessly

Microsystems Xceler Systems
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 Quantum Processors
— Does quantum mechanics work? The MRI!

— Difference between the MRI and quantum
computing: the MRI measures average
properties, we need to measure each spin

mleldua”y A MRI Scan Relies on Quantum Mechanics!

www.livescience.com

35
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 Quantum Processors

— How to make quantum materials: engineers “encourage” nature
to assemble stable structures, and nature does the rest

— Problem of entanglement: in order to describe 300 entangled
gubits, we need more numbers than particles in the universe

— Many different techniques... see graph of when we expect to
be able to describe n entangled atoms M. Head-Gordon, M. Ay

hysics Today 4 (2008)

cho,

— Superconducting circuits

36



« Centers of quantum computing

Hardware 2.0

D-Wave (Canada)

QuTech (Netherlands)
Nokia/Bell Labs (New Jersey)
IBM (upstate New York)

UC Santa Barbara

D\WJOWE

NOKIA Bell Labs

‘ QUTechz

l
1
[

37
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« Quantum-computing startups q_'
— QA Ware (Palo Alto, 2014): Forge cloud platform &3 QCWARE
— Rigetti (Berkeley, 2013): quantum cloud computing

— PsiQ (Palo Alto, 2019): will encode information in )
photons instead of electrons
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 Quantum Processors
— Superconducting circuits are the most promising platform
— UC Berkeley

Welcome to the Quantum Berkeley

Nanoelectronics Laboratory!

39
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« Superconducting Quantum Processors

ADVANCED QUANTUM TESTBED [t &

A
'/ . ASCR: TESTBED

Quantum
|
|
|
|

Accelerator

ISA
Quantum
Accelerator
Interface

Y

rie—— Application

o Soaammen . Irfan Siddiqi
(UC Berkeley)
28 May 2019

40

11 BERKELEY LAB
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October 2019: John Martinis (UC Santa Barbara &
Google) announces supercomputing supremacy

nature
Quantum supremacy using a programmable
superconducting processor

https://doi.org/10.1038/s41586-019-1666-5  Frank Arute', Kunal Arya', Ryan Babbush', Dave Bacon', Joseph C. Bardin*?, Rami Barends',
Received: 22 July 2019 Rupak Biswas®, Sergio Boixo', Fernando G. S. L. Brandao'*, David A. Buell', Brian Burkett’,

x Yu Chen', Zijun Chen', Ben Chiaro®, Roberto Collins', William Courtney', Andrew Dunsworth',
Accepted: 20 September 2019 Edward Farhi', Brooks Foxen'®, Austin Fowler', Craig Gidney', Marissa Giustina’, Rob Graff’,
Published ontine: 23 October 2019 Keith Guerin', Steve Habegger', Matthew P. Harrigan', Michael J. Hartmann', Alan Ho',
Markus Hoffmann', Trent Huang', Travis S. Humble’, Sergei V. Isakov', Evan Jeffrey’,

U C S B Zhang Jiang', Dvir Kafri', Kostyantyn Kechedzhi', Julian Kelly', Paul V. Klimov', Sergey Knysh',

Alexander Korotkov'®, Fedor Kostritsa', David Landhuis’, Mike Lindmark’, Erik Lucero’,

Dmitry Lyakh®, Salvatore Mandra®*®, JarrodkoClean Matthew McEwen®,
-, Anthony Mogran( XiaoMi', Krlstel d Mohseni', Josh Mutus',

Ofer N: !, Matthew N 1, Charles Neill', Murpthuazhon Niu', Eric Ostby',
C O 1 Andre Petukhov', John C. le' Chris Quintana', Eleanor G. Rieffel’, Pedram Roushan’,
8 | Nicholas C. Rubin’, Danblsank‘ Kevin J. Satzinger', Vadim Smelyanskiy', Kevin J. Sung'®,

Matthew D. Trevithick', Amit V: her', Benjamin Villalonga', Th ‘uWNle'
John M. Martinis Z. Jamie Yao', Ping Yeh', Adam Zalcman', Hartmut Neven' & John M. Martinis***

W
%g l‘l The Sycamore processor

John Martinis (UC
Santa Barbara)
September 2019
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« Superconducting Quantum Processors
— Suitable for specific applications

— Suitable for improving classical algorithms, eg
“‘quantum recommendation systems” for Netflix and
Amazon
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« Edge Computing
— Edge computing: gathering data from
sensors and computing actions in real
time

— Edge server (on board) vs data center
(on the cloud)

— Internet of Things -> Edge server ->
Internet -> Data center

Gary Brown of Intel
showing an edge
server at Stanford
(Oct 2019)

«With sensors, -—%ﬂ tes
con j data
nectivity applies analm Is, 43
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« Edge Computing
— Why the need for edge computing: pedestrian

recognition in a self-driving car cannot depend
on cloud computing

019 .
pmhpddpdb

ﬂMIT l-‘l

Bringing visual intelligence to products,
at the edge and in the cloud.

44
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« Edge Computing
— Market

¢ w0 Dgug -
fwsae*

5 AD

srowthoimfomuhon basedpfocuc ts & services by 202¢
tndmwpfoducts&

Zembytes(ZB)ofdanmzozs erated by 41 6 pdlion
794 cmctedlo'rdevxesonh i

A\ 52% ofdevelopersdeemloT\'efy-mponant 10 Ogtal strateges’

|
ofalldauforeasnobeaeoc o7
A >55 /0 in 2025? ;

ofdanwilc'eatedandproceuec Outside the Gata center
or cloud by 20224

43% Mthﬂstﬁk'ngphcemedaedences tvs. cloug)
in 2023°

>m08 annual B2B IoT revenye®

2018 2 ] - i
:-«:-ue.-rnn 'nnn'.o' ‘ba OC Forecast June 201 (22 3 Dacange 2073 L

e,
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Edge Computing
— Applications

Edge Computing,
industries’

specifically vision technology, is fueling
growth with better services, more safety and efficiency

4’

x - r
| SHARCES” )
Public Safety People Counting Machine Vision
Traftfic, Parking and LPR Customer (eg. Wait Time)
Emergency Response

PLI)UC Safety
Asset Inspection (i.e, Pipeline) Activity Recognition
ATM Facial Recognition Augmented Reality

= ' i L E
Autonomous Vehicles Security & Surveillance Manufacturing Automation Emergency Response
Public Safety (ie, Bus/Rail) Responsive Retail Advertising Industrial (e, Pipeline Welding) Asset Inspection (ie., Windmill)
Traffic & People Counting Digital Home Assitant

46
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« Edge Computing
— Requirements on high-performance chips

CHIP INNOVATION TO
MEET THE EDGE'S NEEDS

* Efficient Data Flow On-chip

* Better Algorithm Processing

* Efficient Memory Use

Silicon Process Technology

47
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« Edge Computing

— New chips at Hot Chips 2019 HIOW
pasanssnansana
CHIPS
Hot Chips: A Symposium on \ )
Stanfor
High Performance Chips o Auditori
Stanford University, Palo Alto, California, Stanford

Sunday-Tuesday, August 18-20, 2019.

What was Presented

DL Inference chip “NNP-I"
(codename Spring Hill)

DL inference chip “Goya”

DL Inference IP core “Da Vinci”

48
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« Edge Computing
— Low-power and non-connected solutions

Market segments

Low power

. edge (non-connected) A
quired for domains .
cle and security

49
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« Edge Computing
— Deep Learning solutions

Hardware
accelerator circuits

Low-bit, quantized
neural networks

gSoftware stack

50
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« Edge Computing
— Deep Learning solutions: example of target device in

2019 (Terasic DE10-Nano, built around the Intel®
Cyclone® V System-on-Chip (SoC) FPGA)

) Piasic| DE10-Nano Kit I

ot - fie A TR R W W |
oy etk T kb et Y Cy Uy O e 1
= [ : Yy ety e
’L‘)nnn‘“,‘.l‘--'-‘—“- il @ delo-nano.te:.r
? am i a2t A e E 3
us -

|||||||

1111111
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« Edge Computing
— Edge servers

Lr" https://leapmind.io/

Our technologies for energy-efficient deep learning on edge will be the key to
implementing intelligent machines in every aspect of our world.

Dr. Atsunori Kanemura, Chief Research
Officer and Chief Scientist, LeapMind

Pruning

)
%

NOVEMBER 14, 2019 - 4:30PM TO
6:00PM

b

r
%

SKILLING AUDITORIUM, 494
LOMITA MALL, STANFORD, CA

N

% ,‘%m Quantization
Ny, 32bit - Xbit

Deep learning compression and

acceleration
52

LeapMind (Japan)
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« Edge Computing
— Edge servers

Logitech Rally Camera
@ EXPERIENCE WHAT'S INSIDE With NUC Bu nd Ie

INTEL NUC MINI PC
NUCSPGYH

Storage 1 Memory

OFFER A COMPLETE SYSTEM AND READY
TO PLUG AND PLAY OUT OF THE BOX.

Intel NUC mini-PC >
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« Edge Computing
— Edge servers

iR VisionSeed ik

FPCELHEZ 62

Visionseed (Japan)



— Development Kits
||
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Hardware 2.0

« Edge Computing

<~ 7

VISION PRODUCT
p OF THE YEAR 2

Intel OpenVino
(Open Visual Inferencing and
Neural Network Optimization)

O g
Run Model

Inference
Optimizer Engine

xmil
.bin
OpenVINO™




| Video Image
Decode Process

Intel® OpenCV
Media SDK OpenVX
H.264 Mophology
H.265 Blob detect
MPEG-2

Model Optimizer

Convert to optimized
Intermediate
Representation

Hardware 2.0

« Edge Computing
— Development Kits

OpenVINO™ toolkit

Inference Image
Engine Process

Intet* Deep OpenCV
Learning OpenVX
Deployment Overlay
Toojkit Text

N

Optimize IR
Inference Engine

Video
Encode

Intel”
Media SDK
H.264
H.265
MPEG-2

Intel Accelerator
CPU
GPU

FPGA
VPU

Deploying Neural Network using OpenVINO™ sy

Available today
Consistent workflow to enable optimized inference on all Intel® architecture

Coming soon

CPU Plugin
GPU Plugin
FPGA Plugin

| GNA Plugin ]

Myriad-2 Plugin
v

Convert & optimize to
fit all targets
Model IR . ﬁ
Optimizer Load, infer

1
)
2
o
|
°
£
&
7}
=

Inference Engine Common API

1R = Infecence Reference File
GPU = Intet* CPU with integrated graphics processing unit/Intet* Processor Graphics

e e
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« Edge Computing
— A new kind of software, e.g. Morpho (Japan)
« Sep 2019: 3 billion licenses worldwide!

Morpho Wins Award from the Embedded

Vision Alliance — Video Now Available

embedded
VlS'ON 2019 8. 21

ALLIANCE
ear Designing machines that see

Rapid Al Inference Software

SoftNeuro®

57
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« Edge Computing
— Fog Computing (Cisco, 2014) pushes data
toward the Edge and away from the Cloud
— Cloud computing: centralized system

— Fog computing: a distributed decentralized

SyStem Fog Nodes Fog Data ‘ Gloue
: Services 1689y B
: ™
* Low latency = e, @&
= Qp s N\ao“\.--"". _
e High security L -
Wide of Things
D r— :
L | 1at )
S CISCO
\(.
g

58
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« Edge Computing

— Fog Computing

59
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« Edge Computing
— Consolidation of workload on edge server
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« Tiny machine learning (tinymil)

: uTensor http://utensor.ai
‘¢ TensorFlowlite + arm

https://www.tensorflow.org/lite/microcontrollers/overview

Machine-learning technology on ultra-low power hardware (custom
Integrated circuits) capable of processing sensor data

Enabling a new class of devices: always-on battery-operated
devices

First tinyML Summit: March 2019

Low-power applications for vision and audio

Software platforms for embedded environments: Google TensorFlow
Lite

Problems: no standards, no open-source hardware, no software
abstraction layers

.

MICIro oaLors o Loy i Lo O Lo
784 128 [ 10
— rel) o o
L,

Tensorflow Mbed



Hardware 2.0

Processors for robots
— Eg Nvidia’s Jetson

Jetson AGX Xavier &2

December 12, 2018

NVIDIA Jetson AGX Xavier Module
delivers 32 TeraOPS for robots

62



New materials

Graphene: a single layer of carbon atoms

Borophene: a single layer of boron atoms e L 4 4o
Two-dimensional materials Ry ey 1 Ny S

Very strong, flexible and superconducting

63



Borophene

SCiE']lce Scrence. 2015 December 18
Synthesis of borophenes: Anisotropic, two-dimensional boron

First Synth esized In polymorphs

2015 by Nathan Andrew J. Mannix'-2, Xiang-Feng Zhou>#, Brian Kiraly'-2, Joshua D. Wood?, Diego
Alducin®, Benjamin D. Myers2-, Xiaolong Liu’, Brandon L. Fisher'!, Ulises Santiago®,

G u ISI nger's team In Jeffrey R. Guest1, Miguel Jose ‘I’acaman5, Arturo Punce5, Artem R. Oganovglg-B-*, Mark C.
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Rectennas

Rectennas: devices that convert AC electromagnetic
waves into DC electricity

Eliminate batteries: convert Wi-Fi signals to electricity

Traditional rectennas use either silicon or gallium
arsenide for the AC-to-DC rectifier

Traditional rectennas operate at low frequencies: they
cannot feed on the gigahertz frequencies of cell phone
and Wi-Fi signals
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Rectennas

« Tomas Palacios (MIT, 2019): a rectenna made of a 2-D
(three atoms thick) semiconducting material,
molybdenum disulfide (Mo0S2), that is flexible and
captures high frequencies
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Two-dimensional MoS>-enabled
flexible rectenna for Wi-Fi-band
wireless energy harvesting
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