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Kaissa

1974: first world
computer chess
champion

Dartmouth

Conference
1956: the birth of Al

Mac Hack

1967: chess Al beats
person in tournament

History of Game Al
By: Andrey Kurenkov

TD-

Gammon
1992: RL and neural
net based back-
gammon Al shown

predicted probability
of winning, v,

MCTS Go

2006: French
researchers advance
Go Al with MCTS

Monte
Carlo Go

1993: first research
on Go with stochastic
search

Crazy

Stone
2008: MCTS Go Al
beats 4 dan player

Zen19

2012: MCTS based Go
Al reaches 5-dan rank

NeuroGo

1996: ConvNet with
RL for Go, 13 kyu
(amateur)

Zobrist's Al

1968: First Go Al,
beats human amateur

Checkers Al
Wins

1962: Samuel's

program wins game
against person

DeepMind
2014: Google buys
deep-RL Al company
for S400Mil

AlphaGo

2016: Deep
Learning+MCST Go Al
beats top human

CNN

1989: convolutional
nets first
demonstrated

Checkelfs Al

1956: IBM Chejlkers Al
first demongjrated

CHINOOK | Deep Blue

1994: checkers Al 1997: IBM chess Al
draws with world | beats world champion
champion

Bernstein's
Chess Al

1958: first fully
functional chess Al
developed

Backprop

1986: multi-layer
neural net approach
widely known
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ARTIFICIAL INTELLIGENCE

A program that can s
act, and adapt

MACHINE LEARNING

Algorithms whose performance improve
as they are exposed to more data over time

ARTIFICIAL INTELLIGENCE

Any technique which enables
computers to mimic human MACH INE LEARN|NG

behavior

Subset of machine learning in

Al techniques that give

computers the ability tolearn DEEP LEARNING

,,,,,, without being explicitly _
programmed to do so A subset ot ML which make

the computation of multi-layer |

neural networks feasible
2000’s 2010s

1950’s 19s 1970’s 1980’s  1990’s

ORACLE

Copyright © 2018, Oracle and/er its affiliates. All rights reserved. |
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€C ..
As long as our brain is a mystery, the

universe, the reflection of the structure
of the brain will also be a mystery.

Santiago Ramon y Cajal
Nobel Prize in Physiology or Medicine (1906)

Al
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See https://en.wikipedia.org/wiki/Watson_(computer) but also https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care 8
At
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INPUT

sin(X,)

sin(X,)

From http://playground.tensorflow.org/

2 HIDDEN LAYERS

+ - + -

5 neurons 2 neurons

OUTPUT

Test loss 0.510
Training loss 0.518
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Colors shows
data, neuron and '
0

weight values.

[] Show test data

[[] Discretize output
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n of speech
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One of the problem thatWe ve also been tryi
Is machine translation.
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MACHINE

LU EMARKETING
g GOMMNCAION \ARK

SOCI ALCOM;lil'fER

CONSUMER DEMAND

e [N] Neural Network
® Probabilistic Model
@ Supervised learning

Deep Learning evolution

@ Unsupervised learning

#84517548

|E Perceptron SVM Boosting RBM@
[Rosenblatt 1958] [Vapnik 1979] [Schapire 1990] [Hinton 1999]

Decision Tree(CLS) AE GMM (P)
[Hunt 1966] [Hinton 1989] | [Reynolds 1992]
Traditional models -
O O O O O—0——O0
eep models [ 0BNG
/ [Hinton et al 2006]
[N] RNN NE) Sparse Coding(P) D-AE

. [Grossberg 1973] [Hornik 1989] [Olshausen 1996] [Vincent 2008]
N| Neural Nets [N] Conv. Net BayesNP (P)
cCulloch & Pitt 1943] [Fukushima 1979] [Teh & Jordan 2009]

[N]DBM(P)

[Salakhutdinov & Hinton 2009]

e | onﬁpn LeCun’s Deep Learning class at NYU — Spring 2014 From httDS' / /WWW.\/OUtUbe.Com/WatCh?V=OVNX\/bMoaVC
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AlexNet

From https://www.graphcore.ai/,

Conv 2 - 5x5
Backward
[192 in, 64 out]

[192 in, 384 out]

Conv 2 - 5x5
Weight Update

Conv 4 - 3x3
Weight Update

Conv 5 - 3x3
Weight Update

what-does-machine-learning- ¢

' [9216 in, 4096 out]

Fully Connected 7
Forward / Backward
[4096 in, 4096 out]

[384 in, 192 out]

Conv 5 - 3x3
Forward / Backward
[256 in, 256 out]

Conv1-11x11
Forward
[3 in, 64 out]

Conv 4 - 3x3
Forward
[384 in, 256 out]

Fully Connected 8
Forward / Backward
[4096 in, 1000 out]

Conv 4 - 3x3
Backward
[256 in, 384 out]

Conv 2 - 5x5
Forward
[64 in, 192 out]

15
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“The solution to
the mystery
is always inferior to
the mystery itself.

The path toward understanding the brain is long, winding, and littered with
dead ends. [“...”] As The Idea of the Brain demonstrates, the mysteries of the
mind may not just be stranger than we suppose; they may be stranger than
we can suppose.

THE IDEA OF
THE BRAIN

Jorge Luis Borges
Received the first Prix Formentor (1961)

A History

MATTHEW COBB

“This is a masterpiece’ Adam Rutherford
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E: Google's Al research dates back to its founding year
Al-related publications, 1998 - 2019 (as of Aug. 5)

g 698

c 576

S “Searching the 488

S a 449
< web by voice 183 289

7 “Extracting 126 331 361 4435

S patterns and 306

S relations from the

z world wide web”

S 3 2 2 5 5 14 18

;:)- 1998 2001 2004 2007 2010 2013 2016 2019

Source: GOOQ|€ Al https://ai.google/ and https://www.cbinsights.com/ == CBlNSlGHTS
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PwC Al analysis -- Sizing the Prize.pdf - Adobe Acrobat Reader DC

r B OG -B- % BZ2a9

Sizing the prize

What’s the real value of Al for
your business and how can
you capitalise?

+26% !

Feb. 2019

2019 - Toward Al Security.pdf - Adobe Acrobat Reader DC

r OO0 =-B T BLad

CENTER FOR LONG-TERM CYBERSECURMEN

CLTC WHITE PAPER SERIES

Toward Al Security

GLOBAL ASPIRATIONS FOR A MORE RESILIENT FUTURE

2019 -- Community Roadmap for Al Research.pdf - Adobe Acrobat Reader DC

kD O@ =- B 7 B2 a&ath

A 20-Year Community Roadmap for
Artificial Intelligence Research in the US

ccc

‘Computing Community Consortium // MA'
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&5 60+ STARTUPS USING DEEP LEARNING
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THE ECONOMIC IMPRCT OF

ARTIFICIAL INTELLIGENCE -

4  NORTHERN \ S
NORTH EUROPE 51 SR |

AMERICA

‘ & 87)7 R "

‘ROMania

~_SOUTHERN

Y2 LATIN ¢
AMERICA EUROPE

Projected Global L 7 # DEVELOPED

Economic Effects ey <P
of Alby 2030 ~ /

From https://Www.pwt s/ d /{/-/analvtics/ publications/artificial-intelligence-study.html
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Europe

https://www.cbinsights.com/

STARTUP CONTINENT
THE MOST WELL-FUNDED TECH STARTUPS IN EUROPE

The most well-funded VC-backed tech companies in Europe with new funding since 2014.
Excludes countries whose most well-funded start-up has not raised more than $1M.
Excludes debt and lines of credit. Data is as of 10/8/2019.

@Triptreamr
Iceland

O OneWeb

United

Kingdom & RELEX

Finland 1 Wa AY >
X Kolonial.no ( E ™y ;

Norway

b 4

Klarna. Russian Federation

Sweden

* Trustpilot

gm:s
Ireland

banuba
Belarus

. 5 PDFfiller
( / zech Republic Ukraine
b /aBlaCar f —) o
. o

France

fv © outsystems

Portugal

f;’ Company valued at $1B+

R —— &2 CBINSIGHTS

=8TM > $10M = $7100M > $1,000M

24
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STARTUP CONTINENT
THE MOST WELL-FUNDED TECH STARTUPS IN THE ASIA-PACIFIC

The most well-funded VC-backed tech companies in Asia and the Pacific with new funding since 2014.
Excludes countries where most well-funded startup has not raised at least STM.
Excludes debt and lines of credit. Data is as of 9/3/2019.
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THE UNITED STATES OF TECH STARTUPS

The most well-funded VC-backed tech startup in every US state.
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From https://www.quantamagazine.org/oxygen-and-stem-cells-reshaped-animals-during-the-cambrian-explosion-20180307/
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THE COMING FLOOD OF DATA IN AUTONOMOUS VEHIGLES
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From https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/ (see also https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html
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100 MOST PROMISING A.l. STARTUPS GLOBALLY
(GROUPED BY SECTOR)
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Figure 6. Growth of computer performance using integer programs (SPECintCPU).
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From https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
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Late 2015

Create a new
type of computer
that can

» proactively
interpret and learn
from data,

» solve unfamiliar
problems using
what it has
learned, and

e operate with the
energy efficiency
of the human brain

See http://www.nano.gov/futurecomputing

Home | Stemap | NSET Agenci ortact s Search Nano.gov

National Nanotechnology Initiative

Nanotechnology 101 | Nanotechnology & You | About the NNI | Collaboration & Funding | Publications & Resources Education | Newsroom | Events

A Nanotechnology-Inspired Grand Challenge for
Future Computing

Announced 10/20/2015

Create a new type of computer that can proactively interpret and learn from data, solve unfamiliar problems using
what it has learned, and operate with the energy efficiency of the human brain.

While it continues to be a national priority to advance conventional digital computing—which has been the engine of the
information technology revolution—current technology falls far short of the human brain in terms of both the brain’s sensing
and problem-solving abilities and its low power consumption. Many experts predict that fundamental physical limitations will
prevent transistor technology from ever matching these twin characteristics. This grand challenge will bring together
scientists and engineers from many disciplines to look beyond the decades-old approach to computing based on the Von
Neumann architecture as implemented with transistor-based processors, and chart a new path that will continue the rapid
pace of innovation beyond the next decade.

To meet this challenge, major breakthroughs are needed not only in the basic devices that store and process information, but
in the way a computer analyzes images, sounds, and patterns, interprets and learns from data, and identifies and solves
problems. A human can do such tasks in ways that a conventional computer cannot, with a fault-tolerant, adaptive brain that
uses less energy than it takes to power an incandescent light bulb. By combining innovations in nanotechnology, computer
science, and neuroscience, radically new approaches to creating both hardware and software can be developed, enabling
computers capable of efficiently interpreting images and speech, proactively spotting patterns and anomalies in data, learning
from data as it is received, and solving unfamiliar problems using what has been learned.

Many of these approaches will require new kinds of nanoscale devices and materials integrated into three-dimensional
systems. These nanotechnology innovations will need to be developed in close coordination with new computer architectures
and informed by our growing understanding of the brain. Although it may take a decade or more, enabling these
transformational computing capabilities will be essential for turning the rising deluge of data that surrounds us into useful
information when and where it is needed. Efficiently interpreting and responding to this data will be crucial to solving
important problems facing the Nation, from delivering individualized treatments for disease, to allowing advanced robots to
work safely alongside people, to proactively identifying and blocking cyber intrusions.

Read more about: I
+ Nanotechnology-Inspired Grand Challenges

« A Federal Vision for Future Computing: A Nanotechnology-Inspired Grand Challenge (White Paper)

.
Statements of support for this challenge from Federal agencies (DoD, DOE, IARPA, NIST, NSF) r@ O O t | I I

Statements of support for this challenge from other organizations (CCC, Moore Foundation, IEEE, Kavli Foundation, SRC)

COMPUTIN

Workshop reports and white papers relevant to this challenge

Meetings and workshops relevant to this challenge
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$580M

$435M

$290M

Advanced Design Cost

$145M

oM

$542.2M
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Prototype
Software
$297.8M
— Physical
$174.4M
1
$106.3M - \Verification
$70.3M
$51.3M | B |
$28.5M $37.7M Architecture
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RELENTLESS INNOVATION CONTINUES

Transistor efficiency
(Perf | W)

7++

7+

7

» 2x scaling

» Planned intra-node optimizations
10+ R, 4x Reduction in design rules

—— » EUV

» Next-gen Foveros & EMIB packaging

10++

10

e
14++

12+ [ 1276
14—
—_— 12700
1272

b 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |
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| The high volume EUV system at 170 wph: NXE:3400C ASML
~ Shipping H2 2019 @ $S120 M, 180 tons, 1 MW e

OFP:3400B (standard)
o]2{[0]\
UV-LS 2nd Gen

Optics DGL Membrane Source with Modular Vessel

Transmission improvement (optional)

collector swap <8hrs
DULERIGEG {1

Reticle Handler

Improved productivity R - BT oy R T ) | NXE34008 [NxE 34000
Resolution 13 nm | 13 nm

_ WA 1 Wi : FullwaferCDU  <11nm | <1.1nm

Wafer Handler Lol EOT - oy “ e p3 -l el DCO <14 | <t4nm

@ 2170WPH 15 o E | \a P - MMO <15mm | <15nm

XMMO <1.9nm <1.9nm
Matchedto  NXT:2000i NXT:2000i
| - : = VAW o A AR Productivity* > 125 WPH 'fz170WPH
Faster Reticle Align / 3T e OPO™ (M+3S) <24nm | <24nm
reduced wafer overhead s | Focus  _oom | <conm

control**

* Productivity as ATP specs, 20mj/cm2, all ATP tests no DGL-membrane, no pellicles

Intl. Conf. Comp. Comm. Ctrl. (ICCCC) e Oradea, Romania e 11-15 May 2020

** On product overlay (OPO) and focus control are not ATP specs, but are performance targets for
specific customer nodes to be achieved including Application and DUV configuration. Performance of
these parameters is to be within population of NXE:3400B + OFP, but at the higher productivity
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Two distinct trends are emerging within Al and energy:

Al Chip Landscape 0.5 Aug
+ Energy-efficient Al devices
Tech Giants/System  — — IC Vender/Fabless —] Startup in China — Startup Wc
,j ; Al tools for large-scale energy management
Google intel Cambricon (@
=l Microsoft SAMSUNG Lt VVAVE First, energy efficiency will take center stage as Al comes to more
> BITMAIN | | cemremme edge devices, such as phones and cameras, since edge computing
@Qnvibia. . . . does not have the same power and resources as cloud computing.
intellidusion Graphcore
u :: =EBY
g Qua & Think Force For instance, Kneron is one company that recently announced low-
> Thi
‘; dws AMDAOl power Al processors for edge devices.
ji°} & XILINX. [raj Fwear o
i Hlextpy shabana As another example, Apple acquired Xnor.ai, a startup that makes
Sy HAILD low-power edge Al tools, in Q1'20.
‘: I @ UNISOC
2 o (( Enflame @@ thinci
o - “ . . -
5 Aﬂijl . @) €) kaLmay ...our hardware engineering and machine
2 - oroq learning teams asked the audacious
" \" mbarella : 1
b S pmberel question, ‘can we create a hardware,
——7 - - -
£ g - T machine learning architecture capable of
al - = = -
. Automated Driving D & Esperanto running deep learning models without a
A — wr —
e T . Smart Voice battery? That can be so low-power they
U N 1 -
S — 8 Rfomenes prevComputine - ean harvest ambient energy from the
¥ Hewlett Pack
g Er?t';r;riseac RENESAS |Rokid| ,ﬁ_- Eta Compute (asu n?m
. =5 TOSHIBA SPEICH = 5t
£ FUITSU D GREENYAVE: — XNOR.AI
§ &7 & E o
k‘! @ Moare at https.//basicmi.github.io/Al-Chip/
E
8 Compilers Benchmarks
7 Western Digital.
= P .
S TensorFlow SANVIDIA. TensorRT AI-Benchmark Al Matrix.
~ NOKIA L x Oclow " < Sree MLPerf
= . -
= @ &ociavi © - nGraph onpc R Te””rﬁ'ag:ob)’a Sl AW\ 'erqm # DAWNBench MLMark

All information contained within this infographic is gathered from the internet and periodically updated, no guarantee is given that the information provided is correct, complete, and up-to-date.



NVIDIA VOLTA

The New GPU Architecture, ; :
Designed to Bring Al to Every Industry.
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See https://www.nvidia.com/en-us/ 45
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ANNOUNCING NVIDIA
DGX SUPERPOD

ﬁ: :_"E?SESI?;B%?SRQEILREEASDERSHIP Autonomous Vehicles | Speech Al | Healthcare | Graphics | HPC

Test Bed for Highest Performance Scale-Up Systems
* 9.4 PF on HPL | ~200 Al PF | #22 on Top500 list
* <2 mins To Train RN-50

Modular & Scalable GPU SuperPOD Architecture
* Built in 3 Weeks
» Optimized For Compute, Networking, Storage & Software

Integrates Fully Optimized Software Stacks
* Freely Available Through NGC i _
- +96 DGX-2H

¢ *10 Mellanox EDR IB per node
1,536 V100 Tensor Core GPUs
-+ 1 megawatt of power

See https://www.nvidia.com/en-us/
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AMD, Wave (DPU), Habana

n **‘:’
See httSTTTrRaTRE=tb T M= waveBomp. ai/ & https: //ha
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core core

scalar/vector scalar/vector
units units

16 GB of HBM
600 GB/s mem BW
Scalar/vector units:

32b float
MXU: 32b float
accumulation but MXU MXU
reduced precision for 128x128 128x128
- multipliers
% 45 TFLOPS
= ¥
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See https://cloud.google.com/tpu/
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https://www.cerebras.net/
https://www.cerebras.net/
https://www.cerebras.net/

21.5%x21.5 cm? ... 56 x larger than the largest

The world's largest chip

46,225 mm? chip

56x larger than the biggest GPU ever made

400,000 cores

78X more cores

18 GBE on-chip SRAM

3000x more on-chip memory

100 Pb/s interconnect

33,000x more bandwidth

See https://www.cerebras.net/ as well as watch?v=DdlbVLrw820
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Cerebras workstation CS-1

See https://www.cerebras.net/ as well as'watch?yv
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- “Traditional machine learning took many

~.  years from its inception until a general
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r@bo@?'ig framework for supervised learning was

~ established. We are at the exploratory

Reserve your seat by 1 October 2019 for early registra stage in the design of quantum neural

networks.”
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Early IBM “quantum” 3-bit sorter (1993 ...)
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Information transport and computation in nanometre-scale structures, Phil. Trans. R. Soc. Lond. A 362(1819):1135-1147, Jun. 2004 (including the first 3 refs.) 60
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No small effort

Estimated annual spending on non-classified

quantum-technology research, 2015, €m National

European Union* spending

Netherlands 27 ( 250 ' '
Denmark 22
@ Britain Russm 30
100 105
: apan
63

Fra nce
; 52
United States South
360

Spaln @ Korea 13
Italy 36® '

Switzerland
Austria 35 67 Slngapore
O 44
Brazil 11

World 1,500
Source: McKinsey (estimate) *Combined estimated budget of EU countrie
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&% Quantum computing startups with 2 $50M raised
(as of 1/7/2019)

Total disclosed funding: $210M $119M $66M SSOM
e CANAMa United States Australia UK
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Source: chinsights.com &8 CBINSIGHTS
nttps://www.cbinsights.com/
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& Quantum computers are getting more powerful |
Number of qubits achieved by date and organization 1998 - 2020*

128 qubits
Rigetti ;’
2019%
7 qubits /
Los Alamos National . /
Laboratory 72(;2:??5 , ’
2000 20;% K
28 qubit 50 qubits
. . qubits IBM
5 quh“s 12 qubits  p.wave Systems 2016
. Technical Institute for Quantum 2008
2 qubits University of  Computing, Perimeter
IBM, Oxford, Munich  |nstitute for Theoretical
Berkeley, Stanford, 2000 Physics, and MIT
MIT 2006
1998
-—-"'""-—-_

1998 2000 2002 2004 2006 2008 2010 2012 2074 2016 2018 2020

O R 7 N1 7 H 7 ~ 7 7 ~ T3 LTl '.. { -'_'-
Source: MIT, Qubit Counter. *Rigetti quantum computer expected by late 2019. :.-C B =Moo
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The three known types of quantum computing and their applications, generality, and computational power.

Quantum Annealer

A very specialized form of
quantum computing with
unproven advantages over
other specialized forms of
conventional computing.

DIFFICULTY LEVEL

The quantum annealer is least powerful
and maost restrictive form of quantum
computers. It is the easiest to build, yet can
only perform one specific function. The
consensus of the scientific community is
that a quantum annealer has no known
advantages over corventional computing,

APPLICATION
Optimization Problems

GENERALITY
Restrictive

OMPUTATIONAL POWER

Same as traditional computers

The most likely form of
quantum computing that
will first show true
quantum speedup over
conventional computing.
This could happen within
the next five years.

Analog Quantum

DIFFICULTY LEVEL

The analog quanturm computer will be able
to simulate complex quantum interactions
that are intractable for any known con-
ventional maching, or combinations of these
machines. It is conjectured that the analog
quantum computer will contain somewhere
between 50 to 100 qubits.

APPLICATIONS
Quantum Chemistry
Material Science

GENERALITY
Partial

COMPUTATIONAL POWER

High

Universal Quantum

The true grand challenge
in quantum computing.

It offers the potential to

be exponentially faster
than traditional computers
for a number of important
applications for science
and businesses.

DIFFICULYY LEVEL

The universal quantum computer

Is the most powerful, the most
general, and the hardest to build,
posing a number of difficult technical
challenges. Current estimates indicate
that this machine will comprise more
than 100,000 physical qubits.

APPLICATIONS

Secure computing
Machine Learning

Cryptography
Ouamuma&':emlstry
Material Science
Optimization Problems

Sampling 3
Quantum Dynamics
Searching
GENERALITY

Complete with
known speed up

COMPUTATIONAL POWER

Very High

|BM Research

Carl De Torres for IBM Research



s



https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/




@ Intl. Conf. Comp. Comm. Ctrl. (ICCCC) e Oradea, Romania e 11-15 May 2020

Fast ... and, hopefully (low power)

Noblesse oblige (alternatives) Solution Power (W)
» With great power comes great responsibility” I\l . Re 4! 1,000,000
» With great size comes great power Google TPU 250,000
consumption © FelPY Yoo (R ). 25,000
. }Nith largc?'i and larger chips comes ... Quantum 25,000
ower and lower power consumption

I MW < 250 KW =3 15 KW = 10 KW Gy Cerebras WSE 15,000
Pending 1,000

» ... great, just that we still have a lot .
of work ahead (a long way to go) Pending 100
= 1000 W = -> Brain 40

* https://en.wikipedia.org/wiki/With_great power comes great responsibility , earlier versions https://books.google.fr/books?id=D55aAAAACAAJ&pPg=PA72 (1793) & the Bible 67
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| SPENT AGES TRYING TO MAKE MY INVENTION
SMALL ENOUGH TO FIT INTO A TROUSER POCKET

BEFORE | REALISED THAT THE SOLUTION LAY
| IN DOING THINGS THE OTHER WAY QOUND.
|

MATT

KASPAROV BEATS
‘DEEP BLUE IN

ONE MOVE

0
T
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