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What is AI?

Artificial intelligence (AI): machines able to perform
tasks involving sophisticated information processing
(eg normally requiring human intelligence).
(sensors, input) + algorithms + (actuators/output)
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Kasparov vs Deep Blue, 1997
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Machine / Deep Learning

15AI IN THE UK: READY, WILLING AND ABLE?

Figure 2: Deep neural networks

When data is fed into a deep neural network, each artificial neuron (labelled as “1” or 
“0” below) transmits a signal to linked neurons in the next level, which in turn are likely 
to fire if multiple signals are received. In the case of image recognition, each layer usually 
learns to focus on a particular aspect of the picture, and builds up understanding level by 
level.
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Source: ‘New Theory cracks open the black box of deep neural networks’, Wired (10 August 2017): https://www.
wired.com/story/new-theory-deep-learning/ [accessed 8 March 2018]

13. We have also chosen to refer to the AI development sector, rather than an 
AI sector, on the grounds that it is mostly a particular sub-group within the 
technology sector which is currently designing, developing and marketing 
AI systems, but multiple sectors of the economy are currently deploying AI 
technology, and many more will likely join them in the near future.

Categories of artificial intelligence

14. Artificial intelligence can be viewed as ‘general’ or ‘narrow’ in scope. 
Artificial general intelligence refers to a machine with broad cognitive 
abilities, which is able to think, or at least simulate convincingly, all of the 
intellectual capacities of a human being, and potentially surpass them—it 
would essentially be intellectually indistinguishable from a human being.

15. Narrow AI systems perform specific tasks which would require intelligence 
in a human being, and may even surpass human abilities in these areas. 
However, such systems are limited in the range of tasks they can perform.

16. In this report, when we refer to artificial intelligence we are referring to 
narrow AI systems unless explicitly stated otherwise. It is these systems 
which have seen so much progress in recent years, and which are likely to 
have the greatest impact on our lives. By contrast, there has been little to no 
progress in the development of artificial general intelligence.21

17. The terms ‘machine learning’ and ‘artificial intelligence’ are also sometimes 
conflated or confused, but machine learning is in fact a particular type of 
artificial intelligence which is especially dominant within the field today. 
We are aware that many computer scientists today prefer to use ‘machine 
learning’ given its greater precision and lesser tendency to evoke misleading 
public perceptions.

21 Written evidence from Professor Michael Wooldridge (AIC0174)
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AlphaGo -> AlphaGo Zero -> AlphaZero

Figure 1: Training AlphaZero for 700,000 steps. Elo ratings were computed from evaluation
games between different players when given one second per move. a Performance of AlphaZero

in chess, compared to 2016 TCEC world-champion program Stockfish. b Performance of Al-

phaZero in shogi, compared to 2017 CSA world-champion program Elmo. c Performance of
AlphaZero in Go, compared to AlphaGo Lee and AlphaGo Zero (20 block / 3 day) (29).

Self-play games are generated by using the latest parameters for this neural network, omitting
the evaluation step and the selection of best player.

AlphaGo Zero tuned the hyper-parameter of its search by Bayesian optimisation. In Alp-

haZero we reuse the same hyper-parameters for all games without game-specific tuning. The
sole exception is the noise that is added to the prior policy to ensure exploration (29); this is
scaled in proportion to the typical number of legal moves for that game type.

Like AlphaGo Zero, the board state is encoded by spatial planes based only on the basic
rules for each game. The actions are encoded by either spatial planes or a flat vector, again
based only on the basic rules for each game (see Methods).

We applied the AlphaZero algorithm to chess, shogi, and also Go. Unless otherwise speci-
fied, the same algorithm settings, network architecture, and hyper-parameters were used for all
three games. We trained a separate instance of AlphaZero for each game. Training proceeded
for 700,000 steps (mini-batches of size 4,096) starting from randomly initialised parameters,
using 5,000 first-generation TPUs (15) to generate self-play games and 64 second-generation
TPUs to train the neural networks.1 Further details of the training procedure are provided in the
Methods.

Figure 1 shows the performance of AlphaZero during self-play reinforcement learning, as
a function of training steps, on an Elo scale (10). In chess, AlphaZero outperformed Stockfish

after just 4 hours (300k steps); in shogi, AlphaZero outperformed Elmo after less than 2 hours
(110k steps); and in Go, AlphaZero outperformed AlphaGo Lee (29) after 8 hours (165k steps).2

We evaluated the fully trained instances of AlphaZero against Stockfish, Elmo and the pre-
vious version of AlphaGo Zero (trained for 3 days) in chess, shogi and Go respectively, playing
100 game matches at tournament time controls of one minute per move. AlphaZero and the
previous AlphaGo Zero used a single machine with 4 TPUs. Stockfish and Elmo played at their

1The original AlphaGo Zero paper used GPUs to train the neural networks.
2
AlphaGo Master and AlphaGo Zero were ultimately trained for 100 times this length of time; we do not

reproduce that effort here.

4

Surpassed Stockfish in four hours, AlphaGo Lee in
eight. (Using 5000 1st gen TPUs.)
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Object Recognition

“bouquet of red flowers”, “water
with ice and lemon”, all together:
“dining table with breakfast
items”

“A group of young people playing
a game of frisbee.”
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“Table of Food”
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DeepGlobe 2018: A Challenge to Parse the Earth through Satellite Images

İlke Demir1, Krzysztof Koperski2, David Lindenbaum3, Guan Pang1,
Jing Huang1, Saikat Basu1, Forest Hughes1, Devis Tuia4, Ramesh Raskar5

1Facebook, 2DigitalGlobe, 3CosmiQ Works,
4Wageningen University, 5 The MIT Media Lab

Figure 1: DeepGlobe Challenges: Example road extraction, building detection, and land cover classification training images
superimposed on corresponding satellite images.

Abstract

We present the DeepGlobe 2018 Satellite Image Under-
standing Challenge, which includes three public competi-
tions for segmentation, detection, and classification tasks
on satellite images (Figure 1). Similar to other chal-
lenges in computer vision domain such as DAVIS[21] and
COCO[33], DeepGlobe proposes three datasets and corre-
sponding evaluation methodologies, coherently bundled in
three competitions with a dedicated workshop co-located
with CVPR 2018.

We observed that satellite imagery is a rich and struc-
tured source of information, yet it is less investigated than
everyday images by computer vision researchers. However,
bridging modern computer vision with remote sensing data
analysis could have critical impact to the way we under-
stand our environment and lead to major breakthroughs in
global urban planning or climate change research. Keep-
ing such bridging objective in mind, DeepGlobe aims to
bring together researchers from different domains to raise
awareness of remote sensing in the computer vision com-
munity and vice-versa. We aim to improve and evaluate

state-of-the-art satellite image understanding approaches,
which can hopefully serve as reference benchmarks for fu-
ture research in the same topic. In this paper, we analyze
characteristics of each dataset, define the evaluation crite-
ria of the competitions, and provide baselines for each task.

1. Introduction
As machine learning methods dominate the computer vi-

sion field, public datasets and benchmarks have started to
play an important role for relative scalability and reliabil-
ity of different approaches. Driven by community efforts
such as ImageNet [45] for object detection, COCO [33] for
image captioning, and DAVIS [21] for object segmentation,
computer vision research had been able to push the limits of
what we can achieve, by using the same annotated datasets
and common training/validation conventions. Such datasets
and corresponding challenges increase the visibility, avail-
ability, and feasibility of machine learning models, which
brought up even more scalable, diverse, and accurate algo-
rithms to be evaluated on public benchmarks.
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Efficiency
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Please see important disclosures at the back of this report.   

      
On the other hand, the restaurant industry has been a relatively slow adopter of 
automation. Although labor represents a large share of total costs, the typical task of a QSR 
employee is non-routine and therefore not easily automated.* While other factors are 
surely at play, this may be a contributing factor to the industry’s modest productivity gains 
and unremarkable wage growth relative to the broad economy. (Exhibit 17) 

Rapid Advances in Technology Changing the Game 
A convergence of technologies is yielding new applications for automation and opening 
doors to a larger and more diverse addressable market. Non-routine tasks deemed 
prohibitively costly or difficult to automate are being re-evaluated, bringing potentially 
disruptive changes to the aforementioned Task Model and parts of the labor market. Key 
technologies driving these changes include: 1) cheaper, faster and more efficient 
computing power, 2) improved software, 3) advanced sensors, 4) machine vision systems, 
and 5) enhanced user interfaces.  

Computing Power 

Gordon Moore, co-founder of Intel, predicted in 1965 that data density in computing 
hardware would double every two years.† In what ultimately became known as Moore’s 
law, this statement underscores the concept of exponential growth and supports the notion 
that digital technologies are improving at an increasing rate.  Furthermore, it’s observed 
that “Moore’s law is both consistent and broad; it’s been in force for a long time (decades, 
in some cases) and applies to many types of digital progress.” To this end, “many of the 
critical building blocks of computing – microchip density, processing speed, storage 
capacity, energy efficiency, download speed, and so on – have been improving at 
exponential rates for a long time.” 7  

                                                           
* We use the term “routine” in a relative sense. While QSR tasks may seem repetitive, they require more flexibility than many 
factory-line tasks.  
† Gordon Moore’s article in Electronics magazine, titled “Cramming More Components onto Integrated Circuits,” predicted the 
number of transistors incorporated in a chip would double every two years. This estimate turned out to be conservative as it’s now 
believed that computing power doubles every 18 months.  

Exhibit 18: Computing Power is a Key Driver of Automation  
(log scale)  

 

Exhibit 19:  The Many Dimensions of Moore’s Law   

 
Source: Carnegie Mellon-The Robotics Institute, Cornerstone  
Capital Group 

Source: The Second Machine Age: Work, Progress, and Prosperity in 
a Time of Brilliant Technologies 

 

Converging technologies are 
creating new opportunities to 
automate  

Computing power doubles every 
18 months 
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Applications of Narrow AI

■ agriculture
■ health and medicine; drug discovery
■ investment and finance
■ logistics
■ environment (energy systems, waste, conservation)
■ transportation and autonomous vehicles
■ manufacturing
■ recommendation systems
■ personal and professional assistants
■ education
■ legal services and justice
■ social networks
■ relationship services
■ science and engineering; material design
■ policing and security
■ military (LAWs, cyber, intel)..
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Near-term Governance Challenges

Safety in critical systems, such as finance, energy
systems, transportation, robotics, autonomous
vehicles.

(Consequential) algorithms that encode values,
such as in hiring, loans, policing, justice, social
network.
Desiderata: fairness Hardt , accountability,
transparency, efficiency, privacy, ethics.

AI impacts on employment, equality, privacy,
democracy...
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Sufficiency Hypothesis: Even if we stopped
fundamental (hardware and algorithmic) progress in
AI today, the application of existing AI is sufficient
to radically transform wealth, power, and world
order.
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Some Extreme Challenges from Near-Term AI

■ Mass labor displacement and inequality. If AI
substitutes, rather than complements, labor.

■ AI Oligopolies: strategic industry and trade. If AI
industries are natural global monopolies, due to low/zero
marginal costs of AI services, incumbent advantage, high
fixed costs from AI R&D.

■ Surveillance and Control: mass surveillance (sensors,
digitally-mediated behavior), intimate profiling, tailored
persuasion, repression (LAWs).

■ Strategic (Nuclear) Stability: autonomous escalation;
counterforce vulnerability from AI intel, cyber, drones;
autonomous nuclear retaliation (esp w/ hypersonics).

■ Military Advantage: LAWs, cyber, intel, info operations.
Shifts, volatility, common knowledge.

■ Accident/Emergent/Other Risks, from AI-dependent
critical systems and transformative capabilities.
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Narrow Transformative Capabilities

Most likely where: data rich, can simulate
environment, narrow domains, ripe technical
problem, fast decisions, many variables, and/or high
stakes.

■ Finance. Operations/logistics.
■ Engineering, science, math, drug discovery, material

science.
■ Cyber.
■ Surveillance.
■ Profiling (lie detection, emotion detection, psychological

insight, DNA). Personal assistants/advertising.
■ Social network mapping and manipulation.



AI Today Governance AI Tomorrow Canada’s AI Grand Strategy App

Narrow Transformative Capabilities

Most likely where: data rich, can simulate
environment, narrow domains, ripe technical
problem, fast decisions, many variables, and/or high
stakes.

■ Finance. Operations/logistics.
■ Engineering, science, math, drug discovery, material

science.
■ Cyber.
■ Surveillance.
■ Profiling (lie detection, emotion detection, psychological

insight, DNA). Personal assistants/advertising.
■ Social network mapping and manipulation.



AI Today Governance AI Tomorrow Canada’s AI Grand Strategy App

Narrow Transformative Capabilities

Most likely where: data rich, can simulate
environment, narrow domains, ripe technical
problem, fast decisions, many variables, and/or high
stakes.

■ Finance. Operations/logistics.
■ Engineering, science, math, drug discovery, material

science.
■ Cyber.
■ Surveillance.
■ Profiling (lie detection, emotion detection, psychological

insight, DNA). Personal assistants/advertising.
■ Social network mapping and manipulation.



AI Today Governance AI Tomorrow Canada’s AI Grand Strategy App

Survey of NIPS/ICML about HLMI (Grace et al 2017)

 

Fig. 1: Each respondent provided three data points for their forecast and these were fit to the Gamma 
CDF by least squares to produce the grey CDFs. The summary of forecast is a mean or “mixture” 
distribution over all individual CDFs. [We calculated the 95% confidence interval for the summary 
distribution by bootstrapping, clustering on respondent, and plotting the 2.5%-97.5% interval of 
bootstrapped CDFs for each year.]. TODO: explain LOESS curve.  Explain why LOESS differs from 

Summary at low years.  

We asked a logically similar question to a distinct group of respondents, but with an emphasis on 
employment consequences. We asked about “full automation of labor”, which is “when all occupations 
are fully automatable. That is, when for any occupation, machines could be built to carry out the task 
better and more cheaply than human workers.” For this question we received substantially later time 
estimates: the median respondent’s 50% prediction was 100 years from now, and the median respondent’s 
10% prediction was 50 years. The ability to fully automate human labor seems roughly equivalent to 
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Outstanding AI Challenges / Current Work

■ Imagination-based Planning
■ Hierarchical Planning
■ Unsupervised Learning
■ Memory and One-Shot Learning
■ Continual and Transfer Learning
■ Language Grounding / Abstract Concepts
■ Predictive World Model

(h/t Hassabis)
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Rapid Broad Takeoff? Soon?

■ One breakthrough to AGI? (A single missing
common factor: common sense/world
model/general reasoning?)

■ Narrow capabilities unlock cluster of other
technologies?

■ Highly recursive self-improvement?
■ Hardware overhang / insecure compute. Insight

overhang. Data/sensor overhang.
■ High train to execute costs.
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Accident Risks from Advanced AI

One can imagine such technology outsmart-
ing financial markets, out-inventing human
researchers, out-manipulating human leaders,
and developing weapons we cannot even un-
derstand. Whereas the short-term impact of
AI depends on who controls it, the long-term
impact depends on whether it can be con-
trolled at all...

-Stephen Hawking, Stuart Russell, Max Tegmark, Frank Wilczek,
2014
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Canada’s AI Grand Strategy

■ (1) Leading in AI capacity and
governance.

■ (2) Prepare to co-lead
AI-for-common-good coalition.
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National Strategies



AI Today Governance AI Tomorrow Canada’s AI Grand Strategy App

Canada’s Advantages

· Strong AI community; scientific and economic assets.
· National cohesion, identity, and trust.
· Cosmopolitan and non-militaristic values, foreign policy, research
culture. Eg Hinton and Sutton both came to Canada in part for
this. (cf Google and Project Maven).
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The AI Race

The coordination problem
is one thing [we should
focus on now]. We want
to avoid this harmful race
to the finish where
corner-cutting starts
happening and safety gets
cut.... That’s going to be
a big issue on a global
scale, and that’s going to
be a hard problem when
you’re talking about
national governments..

Demis Hassabis, CEO of
DeepMind, January 2017
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Risks from a Great Power AI Race

■ “Corner cutting” on powerful systems, extreme
accident risks.

■ Breakdown in liberal economic world order from
rivalrous strategic industries and securitization
of AI.

■ Militarization of AI science.
■ Strategic instability.
■ International hostility.
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AI-for-Common-Good Coalition

Canada could co-lead a coalition building AI for the
common good, an alternative to the US-China AI race.
Could channel world resources and legitimacy to non-rivalrous
AI project, elevate best practice, ethics, safety, values.

■ Explicit commitment to principles: non-threatening,
cosmopolitan. Common good.

■ Transparency: citizens and allies can ensure compliance
with principles.

■ Accountability: members have political control over
program.

■ Openness to inclusion on the basis of rules.
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What should Canada’s
national strategy be for

the AI revolution?
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Governance: Asilomar 2017 Principles for Beneficial AI
1) Research Goal: The goal of AI research should be to create not
undirected intelligence, but beneficial intelligence.
18) AI Arms Race: An arms race in lethal autonomous weapons should
be avoided.
19) Capability Caution: There being no consensus, we should avoid
strong assumptions regarding upper limits on future AI capabilities.
20) Importance: Advanced AI could represent a profound change in the
history of life on Earth, and should be planned for and managed with
commensurate care and resources.
21) Risks: Risks posed by AI systems, especially catastrophic or
existential risks, must be subject to planning and mitigation efforts
commensurate with their expected impact.
22) Recursive Self-Improvement: AI systems designed to recursively
self-improve or self-replicate in a manner that could lead to rapidly
increasing quality or quantity must be subject to strict safety and control
measures.
23) Common Good: Superintelligence should only be developed in the
service of widely shared ethical ideals, and for the benefit of all humanity
rather than one state or organization.
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