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FOREWORD
The technological enablers for widespread adoption of artificial intelligence (AI)
have fallen into place. Early movers in technology industries have driven initial
applications, but the scene is now set for widespread and accelerated adoption.
For ambitious businesses, this is good news.
There is now a democratization of access to AI techniques,
thanks to faster and cheaper compute, better data and
significant advances in machine learning techniques.
AI has firmly taken its place as a transformative technology
with limitless potential. I believe it has the potency to
transform diverse industries – especially as we respond to the
challenges brought about by the COVID-19 pandemic.
We’re seeing an AI renaissance, but not everything is solved
yet. There is a complex landscape of hardware, data and
algorithms to navigate (some off-the-shelf and others custom
built for true competitive differentiation). And of course,
making the new AI systems robust, responsible and explainable
is not necessarily straightforward.
In this paper, we look at what is happening in today’s market
to spark this AI innovation. Perhaps more importantly, we
explore where the opportunities lie for ambitious businesses
in the coming years.

Much of this innovation will be driven by the interplay of
AI with other technologies. For example, there are many
synergies between AI and 5G, and a growing opportunity to
take advantage of advances in semiconductors to deploy AI
that is smaller, faster and at the edge.
This technological convergence leaves me highly optimistic
that, despite these challenging times, it’s increasingly realistic
for many businesses to enhance their strategy and operations
with AI. This could include increasing operational efficiencies
through more robust processes or developing completely new
digital services to reignite a business and transform a market.
We’ve been honored to work with many businesses across
the globe to harness the potential of AI. I hope this paper
proves to be a useful resource for you and perhaps inspires the
next innovation in your business. If you have any feedback or
would like to discuss these ideas in more detail, please don’t
hesitate to send me an email.
Tim Ensor
Director of Artificial Intelligence
tim.ensor@cambridgeconsultants.com
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THE AI RENAISSANCE: WHY IT HAS TAKEN OFF AND
WHERE IT IS GOING
The great technological leaps in history have all been the
culmination and alignment of multiple enablers. The first
industrial revolution, from about 1760 to 1840, led to a huge
increase in economic output and with it came better wages
and a higher standard of living for much of the population.
It did not happen in the mid-eighteenth century by chance.
Many different technologies had been advancing gradually
over the preceding decades, and only when the necessary
contributing factors were in place could the revolution
gain pace.
 Improvements in TRANSPORTATION, such as the steam
locomotive and steamship, enabled raw materials to be
brought from their sources – in many cases from global
locations – to a central point of manufacture and the
finished products to be sent to their destination markets
 The use of POWER SOURCES advanced from water wheels
and windmills to steam-powered engines which could
provide a much more reliable and higher power output
for a more centralized factory
 Advances in MATERIALS AND MECHANICS, including the
mass production of steel and manufacturing techniques,
such as the use of milling machines and screw-cutting
lathes, enabled the development of more efficient
specialized tools

1.1	TECHNOLOGICAL ENABLERS HAVE FALLEN
INTO PLACE
More recently, the rapid uptake of smartphones since the
launch of the iPhone in 2007 has demonstrated how quickly
a new technology can become pervasive.
Before the arrival of the smartphone there had been early
precursors which indicated the applications and market
demand, but which failed to take off. It was only when all the
necessary technological (and market) building blocks were in
place that the scene was set for smartphones as we know
them today:
 Advances IN BATTERY TECHNOLOGY were needed so that a
device could last for at least a day between charges

 TOUCHSCREEN DISPLAYS were needed to provide the simple
and intuitive interface for a mass consumer product
 LOW-POWER PROCESSING was needed to handle the many
data-rich applications which we regularly use on our
smartphones
 All this was needed at A LOW ENOUGH COST that early
adopters could drive initial volumes high enough to allow
later lower cost devices to reach more consumers
Similarly, the technological enablers for widespread adoption
of AI have been falling into place in recent years. Early adopters
in technology industries have driven initial applications but
the scene is now set for widespread adoption to accelerate.
In this paper we explore the technological enablers which are
contributing to the revolution in AI, as summarized in Figure 1.

1.2	ADVANCES IN AI TECHNIQUES
The term AI is used loosely to describe a wide range of
computational techniques of varying complexity. It is defined
by its systems’ behaviors, performance and results rather than
the ways they are achieved. A selection of these is illustrated
in Figure 2.
AI algorithms have improved significantly in recent years.
Faster compute and better data don’t just enable algorithms to
be trained for better accuracy and inference, but also facilitate
easier and more practical experimentation. As a result,
architectures that were originally designed in the 1980s,
1990s and 2000s but were too impractical to implement, can
now be fully explored.
Machine learning (ML) is a general framework and family of
techniques that enable computer systems to computationally
improve with increasing experience of performing a task. The
experience is typically built from examples of task data, but it
can also be simulated or real-world experience from an agentenvironment interaction. ML is by far the largest field within
AI and is the focus of the most active research. Many of the
recent advances in ML have arisen from the development of
artificial neural networks (ANN) which are inspired by the
workings of animal brains. Table 1 outlines some of the most
prominent ANN techniques currently available.
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Greater impact of AI on society
Advances in AI techniques

Increasing volume of available data

Increasing volume
of data collected

Reducing cost and
greater availablity
of data storage

Increasing compute power

Faster and more
pervasive connectivity

Faster personal
devices

Increasing use of
personal computing
devices

Reducing cost of
local storage

Improving mobile
and fixed network
technologies

Increasing use of
connected machines

Reducing cost of
cloud storage

Reducing cost of
transported data

Faster GPUs

Improving
semiconductor
technology

FIGURE 1: The technological enablers for AI are driving a greater impact on society
SOURCE: Cambridge Consultants

AI
Control

Agents
Reinforcement
learning
Bayesain
inference

Deep learning

ML – Machine learning
AI – Artificial intellence
SVM – Support vector machine
MCMC – Markov chain Monte Carlo
NLP – Natural language programming

Robotics
Logic

SVM
Clustering

MCMC

ML

Knowledge
discovery

...

Graphical
models

NLP

Reasoning

...

Planning

FIGURE 2: AI covers a range of different techniques and areas of application
SOURCE: Cambridge Consultants
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Increasingly, other subfields of AI are being tackled with ML
methods. Prominent applications of ML are object recognition,
speech recognition, clustering and recommender systems. ML
can be further subdivided according to the kind of data that
is available to it:
 SUPERVISED LEARNING – each example consists of input data
and label pairs. The system has access to the correct
label and must learn the mapping from input to label
 UNSUPERVISED LEARNING – each example consists of input
data with no label. The system must learn the underlying

SELECTED
TECHNIQUES
Convolutional
Neural Network
(CNN)

DESCRIPTION
 Like all neural networks,
CNNs comprise many layers of
interconnected neurons. In a
CNN each layer acts as a filter
for the following layer
 Each successive layer of a CNN
recognizes more complexity and
abstract detail than the last

Reinforcement
Learning (RL)

 Reinforcement learning
involves machines learning
from feedback – either in the
form of positive and negative
reinforcement
 The purpose is for the machine
to learn how to reach a
particular goal or outcome,
using trial and error

Generative
Adversarial
Networks (GAN)

 One system generates, another
recognizes. This feedback loop
allows both systems to improve
 Both systems improve by
competing and the machine
improves its ability to generate
scenarios

Long Short Term
Memory (LSTM)

 A type of neural network which
is well suited to classify, process
and predict time series with time
lags of unknown size
 Good at learning from sequences
and predicting rare events

WHITE PAPER

structure of the data, probability distributions over
parameters to generate the data
 REINFORCEMENT LEARNING – input data is gathered by the
system through interaction with the dynamic environment.
Some interactions generate positive or negative rewards.
The system must select actions to maximize the rewards
In addition, the explosion of data has allowed machines to be
exposed to ever larger and more comprehensive training sets.
The greater compute power has allowed machines to analyze
the data in a reasonable time frame, draw conclusions and
then use these conclusions to make decisions.

APPLICATIONS
 Classifying music and video to improve recommendations for
OTT content subscribers
 Image and video recognition in autonomous vehicles or
security systems
 Analyzing the drivers for consumer churn, predicting churners
based on behavior in order to intervene
 Natural language processing tasks such as search query
retrieval
 Machines that are used in manufacturing to move objects
can continually learn about the object to move it with greater
precision and speed
 Delivery management e.g. optimal route to serve customers
with just one vehicle
 Dimension and optimize networks by learning the drivers for
each class of device
 Optimize network policy in response to a changing environment
 Creating images from descriptive language
 Improving the quality of images – applications in a number of
fields including astronomy
 Generate parameters to create network slices on demand for
different users on the network
 Training anomaly detection systems – e.g. medical imaging,
network security
 Speech recognition and sentence classification – understanding
the semantic meaning of a sentence from keywords and context
 Predictive maintenance of infrastructure
 Predicting rare events, such as flooding, based on sensory data
 Anomaly detection based on expected configuration of a
network

TABLE 1: Selected neural network techniques
SOURCE: Cambridge Consultants
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1.2.1 AFICIONADO: LSTM AND RNN TO CLASSIFY
MUSICAL GENRE
Recurrent Neural Networks (RNN) and Long-Short Term
Memory (LSTM) are both classes of neural network that use
directionality between nodes to handle data that includes a
temporal element.
Cambridge Consultants has developed a demonstration of
these techniques that is able to classify music by genre. This
could be equally applicable to detecting faults in an industrial
system or rapidly assessing patient health from sensor
waveforms.
Our Aficionado demonstration was tested by having a pianist
play a variety of music – covering baroque, classical, ragtime
and jazz genres – in a live demonstration. Applying complex
algorithms, the system then searched for different influences
and assessed the likely genre in real time. It overwhelmingly
outperformed conventional hand-coded software, painstakingly
written by humans.

1.2.2 GANS TO GO BEYOND HUMAN VISION
Technology has never enabled machines to interpret realworld scenes the way that humans can.
Generative Adversarial Networks (GAN) heralds a new era of
sensing, realizing the potential of deep learning to advance
practical AI and opening the way to countless applications for
real-world businesses.
GANs combine two AI systems. One generates output, the
other assesses or classifies the output of the first. This
feedback loop allows both systems to improve.

WHITE PAPER

The real-world perception delivered by SharpWave will make
machines much more valuable thanks to enhanced decisionmaking and services. Empowering healthcare professionals
with more accurate medical imaging, equipping manufacturing
facilities with higher-grade sensing and predictive maintenance
systems, helping farmers detect crop health, providing
autonomous vehicles with more accurate and complete data…
the potential is incalculable.
We are now applying a strain of this deep learning research to
enhance the images surgeons view during medical procedures.
Early results show real promise.

1.3	INCREASING VOLUME OF DATA AVAILABLE
A critical enabler for AI has been the huge volume of data that
is now routinely generated, harvested and stored by digital
systems. These huge data sets can be used to train machines
and allow them to continuously learn and improve. The
increase in accessible data can be attributed to three factors:
 DIGITALIZATION OF SERVICES – increasing volume of data
collected
 CLOUD COMPUTE – reducing cost and greater availability of
data storage
 INTERNET OF THINGS – more pervasive connectivity
The digitization of retail, media and telecommunications
means that these areas are benefitting from AI first. The
Internet of Things – wearables, autonomous vehicles and
smart cities – will only expand the domains that AI can be
applied to.

Cambridge Consultants has demonstrated the potential of this
technique through its SharpWave™ technology. The system
has been trained to know what the real world looks like, with
both optically perfect and distorted images. Then, when it is
presented with something distorted, the technology can form
a real-time judgement of the ‘true’ scene.
Beyond imaging, this technique can be applied to virtually any
source of signal or data. It can be applied to audio signals,
radar, LiDAR, or any system that needs to maintain the quality
of sensor data, regardless of external factors.
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Global connections

1.3.1 MORE DATA IS BEING COLLECTED
35

Growth in internet traffic
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FIGURE 4: The total number of connected personal computing devices
and machine to machine connections is expected to continue to
grow rapidly
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The amount of data we are generating has been increasing
rapidly since the dawn of the internet. Figure 3 shows the
exponential increase in internet traffic over the last 25 years
and the predicted increase up to 2021.

SOURCE: Cisco3, Global connections excluding M2M includes
smartphones, PCs, tablets TVs and other personal devices
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FIGURE 3: The amount of Internet traffic has grown at a phenomenal rate
SOURCE: Cisco VNI1, Cambridge Consultants

1.3.2 IT IS CHEAPER TO GET DATA TO THE CLOUD AND
STORE IT THERE

This increase in data has come from a combination of humans
and machines generating and accessing data:

Lots of data is being generated by users and machines, and
at the same time the cost of storing all that data has reduced
significantly.

 The increased ownership of personal computing devices
such as smartphones and tablets, shown in Figure 4, has
meant that more and more data is generated by each
user each day. Smartphone users provide data such as
browsing history, images and videos which can be used
by many online service providers such as Google and
Facebook to train AI algorithms2

Hard disk drive storage has greatly reduced in cost, as shown
in Figure 5. This is largely down to improvements in technology
allowing greater capacity hard drives to be manufactured more
easily. There is a similar trend in the cost of flash storage
which is used in almost all portable devices. This has meant
that devices can have large amounts of local storage for the
data they are generating and processing.

 Data is also generated through the ever increasing use of
machine to machine connections. These are connections
that do not require any human intervention in order to
collect or use data. This data can be analyzed by AI
algorithms, enabling them to monitor and learn from the
physical world

Increases in the availability and pervasiveness of fast
connections to the internet also mean that large amounts of
data can be transmitted to cloud servers and stored by cloud
service providers. Figure 6 shows how the cost of storing data
in the cloud has fallen, which in turn is reducing the barriers
to organizations storing the large amounts of data they are
gathering as a digital asset.
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Decline in hard drive costs

data rates through their fixed broadband connections, and
similarly to mobile connections, this is expected to continue
as seen in Figure 8.

10

Average mobile connection speeds by region

8
6
4
2
2005

2000

2010

2020

2015

FIGURE 5: The cost of hard drive storage has fallen dramatically
SOURCE: Statistic Brain4, Cambridge Consultants
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0.10
0.08
0.06

Average fixed connection speeds by region

0.04
0.02
0
2010

2012

2014

2016

2018

2020

2022

FIGURE 6: The cost of cloud storage has bottomed out at a low price
SOURCE: Amazon Web Services data5 accessed via Wayback machine

1.3.3 CONNECTIVITY IS FASTER AND MORE PERVASIVE
The increasing ability to connect devices to the internet is
driving the ability not only to collect more data but also to
provide control of those devices by AI algorithms. Connectivity
is becoming faster and more widely available. The evolution of
mobile technologies from the first 2G digital systems of the
early 1990s through to today’s 4G and 5G has provided a rapid
increase in the data rate available to mobile devices. Figure 7
shows how this trend is expected to continue across the globe.
Mobile connectivity enables devices to send and receive data
while on-the-move or in locations which are difficult to access
with wires, but still most of the world’s data is transmitted
through fixed connections, thanks in part to WiFi offload.6
Residential and commercial premises have enjoyed higher

Average fixed connection speed (Mbps)

Cost per GB per month of storage (USD)
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FIGURE 8: The average speed of fixed broadband is expected to
continue to increase globally
SOURCE: Cisco8
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1.4 INCREASING COMPUTE POWER

1.4.1 FASTER GPUS

The evolution of AI techniques and the increased gathering
of data require an increasing ability to perform computations.
Without a corresponding increase in the availability of compute
power, AI would not be able to take advantage of these.

Increasing computing power has become available through
the use of GPUs for machine learning. These were initially
designed to carry out millions of calculations in parallel to
meet the demand for fast-moving graphics in video games.
Their massively parallel architectures are ideally suited to
performing the calculations required by machine learning
algorithms, and so GPUs have been harnessed to enable
machine learning algorithms to run quickly and efficiently.
The company best known for its GPUs, Nvidia, has released
increasingly powerful GPUs, as shown in Figure 10, increasing
the power available for machine learning applications. Nvidia
has also released its Volta technology which it claims can
achieve 125 TFLOPS for training and inference applications13.

There are two areas where this increase in computing power
has enabled AI to progress. The first is an increase in power of
Graphical Processing Units (GPUs) which are used by servers
to undertake machine learning. The second is the increase
in specification of personal computing devices which provide
more local processing of information and implementation of
AI models without the reliance on a connection to a cloud
server.
This increase in processing power is underpinned by the
continuing advances in semiconductor technology and the
shrinking size of transistors within processors.

TFLOPS*

As shown in Figure 9, the size of transistors has been reducing
year-on-year. TSMC announced in early 2019 that its 5nm
technology was close to being ready, with volume production
expected in 20209. This will allow more transistors to be
placed on a single die improving the processing speed of chips.
A note of caution is required here: node size has traditionally
been used to denote the size of transistors inside a CPU, with
smaller node sizes being more desirable as they correspond to
more powerful CPUs. However, as node sizes have shrunk to
the width of tens of atoms, feature geometries have changed
to address the manufacturing and performance limitations
that arise, so there is no longer a direct correlation between
node size and chip performance. As a result, it is possible that
a 14 nm chip from one manufacturer will be comparable to a
so-called 7 nm chip from another vendor.

NVIDIA GPU processing speed evolution
11
10
9
8
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5
4
3
2
1
0

285M 485M 680M 780M 880M 980M 1080M 2080M
(2010) (2011) (2012) (2013) (2014) (2015) (2016) (2019)

*trillions of floating point operations per second, a measure of computing speed

FIGURE 10: The processing speed of GPUs has grown rapidly
SOURCE: Nvidia, GTX range14, 15
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FIGURE 9: The size of transistors within integrated circuits continues
to fall
SOURCE: ExtremeTech10, Huawei11 AnandTech12
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1.4.2 HIGHER SPECIFICATION PERSONAL DEVICES

1.5 WHERE IT IS GOING?

The increasing processing power available to personal
computing devices enables more local processing of
information using AI algorithms. For example, voice recognition
is becoming more effective on personal devices. Increasingly,
personal computing device chipsets will contain AI hardware
accelerators to specifically target improved execution of AI
algorithms, rather than just an increased amount of generalpurpose compute. This will allow increasingly complex AI
algorithms to be run on small, mobile devices incentivizing
app developers to push the limits of AI at the edge by utilizing
these resources. Figure 11 shows the focus that is being
placed on AI execution by mobile SoC developers. The SoCs
include the latest offerings from Hisilicon (Huawei), MediaTek,
Qualcomm and Samsung and have been scored according to
an AI benchmark.16 The selected benchmark consists of 21
Computer Vision and AI Tests performed by Neural Networks
including tasks such as object recognition and classification,
image deblurring and playing Atari games.17

A large part of the innovation that we will see in the coming
years will arise from the interplay of AI with other technological
and commercial trends. For example, there are many synergies
between AI, 5G, and the Internet of Things. The adoption
of network function virtualization (NFV) and distributed
computing (edge, cloud and fog computing) will support the
transition to network architectures with suitably low latencies
and low-cost processing power. We discuss some further
trends below.

AI performance (AI benchmark score)

HiSilicon Kirin
990 5G

70,000

MediaTek
Dimensity...

60,000
50,000
40,000

Qualcomm...

30,000

Samsung Exynos
990

20,000
10,000
0
2006

2008

2010

2012

2014

2016

2018

2020

Mobile SoCs

FIGURE 11: The AI performance of mobile SoCs has increased
dramatically over the past 5 years
SOURCE: AI-Benchmark18

Neural or AI-specific processors emerged in 2017 with
announcements from Google19, Huawei20, IBM21, Intel22,
Nvidia23, Samsung24 and Tesla25 about development work or
products on the way. All high end smartphones now contain
SoCs that are optimized for AI.
Until now GPUs, originally designed for rapid processing
of images and video, have delivered massive gains in
performance in AI tasks. Bespoke neural chips will continue
to drive gains in processing performance and power efficiency
through designs that are better optimized for neural networks
and other machine learning tasks.

AI performance for mobile SoCs
80,000

NEURAL PROCESSORS

2022

These developments will support advances both in training
and developing AI systems and also deploying AI processes
in user devices. For example, the type of neural processor
embedded in Apple’s latest iPhone enables more voice and
image recognition tasks to be carried out locally. This type of
system architecture reduces latency and power consumption,
reduces reliance on connectivity and offers benefits for privacy
and security since data does not need to leave the device.

BLOCKCHAIN
Blockchain technology will have a role to play in expanding
the application of AI. Blockchains can be used to provide
verification and audit, to data and to models. Some
proponents suggest that this will enable the sharing of training
data, testing data and models as auditability, verification and
protection can be provided. In turn this is expected to lead to
better AI systems and applications.26
The combination of AI and blockchain also opens up the
possibility of ‘smart contracts’ or AI Decentralized Autonomous
Organizations (DAOs). These could be entirely autonomous
software based legal entities encoded in blockchain and
executed by AIs. Applications could range from self-executing
stock trading to self-owned, autonomous taxis.
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QUANTUM COMPUTING
The possibilities of AI together with quantum computing are
only just beginning to be explored. Right now, vital progress
is being stimulated by academic research, early-stage
investment and the trailblazing work of the world’s tech giants.
Quantum technology already enables atomic clocks, lasers,
sophisticated encryption tools and more. But today’s quantum
tools tend to rely on bulk effects, controlling billions of
fundamental particles, rather than the precision of single
particles. Tomorrow’s quantum technologies, with precision
control of single particles, promise nothing less than a new
technology revolution.

AI WILL CONTINUE TO DELIVER COMMERCIAL VALUE
The technological breakthroughs within AI over the last decade
have driven value through the wide range of commercial use
cases they have been applied to, across a range of different
sectors. AI is a key technology in a large number of consumer
applications, such as streaming service recommendation
engines and smart speakers, and it has also become pervasive
in company activities through applications such as virtual
customer service assistants and automated operations.
This has meant that AI, alongside other technologies, has
begun to disrupt a range of markets that, historically, have
not been technology focused. It is likely to reach a point in
the not too distance future where AI technology will become
an essential part of how we conduct business, and AI will
be required for companies to operate on a level playing field,
across a broad range of markets. Companies that do not
consider the effects of AI on their business model, regardless
of the current state of their industry, risk falling behind.
Those that can identify novel applications of AI in their sector
first, and execute quickly, have the potential to capture the
substantial rewards that will come with the new capabilities AI
technologies are enabling.
To discuss advances in AI and ML contact
Tim Ensor
Director of Artificial Intelligence
tim.ensor@cambridgeconsultants.com
Michal Gabrielczyk
Head of Edge AI
michal.gabrielczyk @cambridgeconsultants.com
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