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Introduction

William Gibson

The State of Al 2019; Divergence

As Astificial Intelligence [AY) proliferabes, a divide is emesging. Bebween nations and
withinh incush ies, winners and lossts ane emerging in the race Tor sdojption, th war
for kalent and the competition forvalpe creafion,

The landscape for entrepeenewrs is also changing, Europe’s ecosystem of 1,600.4]
starhups s maturing and bringing creative destruchion 1o new industrss, While the
1 s Ehe powerhouse of Fumgesan A, hubs inGermanmy and France se thiving and
oy mcbencd thiek influence in the decade abead,

Asnew Al hardware and softwars make the impossible inevitable, we also face
divergent fufures. Al offers profound benefits but pases significant risks. YWwhich
futiere will we choose?

Cour State of Al report for 200 empowens entreprensuns, corporate eneculies,
Istions snd poficy-makers. While argon-free, cur Report draws on urique data

e 400 discussions with ecosystenm panticipants to oo beyand the fype and explain
the redlity af Al ioday, what is bo oome and how 1o take adventage. Every chapler
mchides actionable recommendations.

Part 1: The Age of Al

W prowvide an accessible inroduction bo Al and its applications,

* - Al 3wy for softwars o perform difficult tasks more effectively, by learning
through practice instead of following rules.

» Al s imporiant because, Tor the first fime, iraditionally human capatifities
can be undertaken in software efficiently, inexdpensively and at scale.

+ Al capabilty has resched an inflaction point. After seven Talse dawns since
thae 15508, Al techmology has come of age.

o o] hees romerous, tangible Use cases, We describe k1] acrods eaght industries
and highlight why some industries will be affected more than others,

The future is already here - it's just unevenly distributed.”

Winners and losers are
emerging in the race for
adoption, the war for talent
and the competition for
value creation.

For the first time,
traditionally human
capabilities can be
undertaken in software
efficiently, inexpensively
and at scale.



Part2: The State of Al Al may be the fastest

IS ———— paradigm shift in
iyt v s nmleyoms rpmsalaam technology history.
&n&i&zw unevenandinaststeoifis. m_._n-.mmm_:m m&mﬂﬁ_n_:

o Advances in Allechnology are creating niw possibilites. Custom sheon is masks a mmni_mm
uiprtormamngmavir g wasens divergence between
hmaneipeenee e cemasmenessmemecsioce - \eaders and laggards.

* Dedranc for A talent has doubled in 24 mondhs. Taler, while increasing, remains
in short Supphy with b roles available for @veny Al professional. Techniology
ii%%ﬁﬁggﬂﬂagiﬂlﬁu
“Poeain leaie’ o academia. Companies can better attract talert by re-gligning.
oppoftunities to prokessionaly’ mothations.

Part 3: The Al Disruptors The UK is the

n._.!!.__n %sﬁ. um.ﬁﬁa._.#i—_.ﬁ?
0 el cm g i A Esmggmma
i e 12w stackips Al atthe heantofhe e onosion.— Eyyropean Al, but

- ~ France may extend
... powerhouse of Europaan Al, with a third of the Continant’s startups,
bt Germany and France are flousishing hubs and may extend their influence in H_._w_ﬁ _=.m.:mﬂ_nm
the decade shead.
Heatthcare i a focal point for Al entfepreneurship. Activity & thriving given new,
stakeholder engagement.

= Competition for talent; e rnited svaliataiy of trining dats, and the difficalty
af ersating productionready techriokogy ahe entrepreneurs key chalngis. Continued overleaf...
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Al will disrupt business models, require
new corporate competencies and change
companies’ competitive positioning.

Part 4: Our Al Future

W explain Al's profound implicafions for companies and societies in the

decade ahaead.

» A will brosden participalion in markels, Gxuse shifls n seciorvalue chsing
and acoelerate cycles of innoviaton and creativi destruction,

= A will disrppt business modsls, requie new corporate compsetencies and
change companied’ competithe positioning.

= Al offars socisties significant benefits and risks. A1 will transform healthcane,
broaden access ta goods and senvices, and increase industrial and agricultural
productivity. However, sutcmation may displace jobs while based Al systems
increass meguality. A1 will @natie thie high-bech surveillancs siate, while
aulonomous wedpons could inénease confict betwaren nations,

Get in touch

At MMNC Vantures, Al s a core area of reseanch, comviction and irvestment. #nthe
fast 24 manths we've made 20 investments, comprising S0% of the capital we have
wvestad, into manmy of the LIK's mast promising &1 companies. i you're an early stage
Al comgpany, get in touch to see how we can accelerate your jourmney,

WAL MM CYe N TEres. com

Eﬁﬂjj X
max.book118.com
B SRR — &, TR AR

Al offers societies
significant benefits
and risks.

At MMC, Al is a core area of
investment. Get in touch to
see how we can accelerate
your journey.
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Barclays
Barclays is delighbed to partner with MMC Vientures for “The State of Al 200197,

Developments in Al are trarsforming business and society, changing how

w live and work. We believe everyone should benefit from these changes
We're commithed to ersuring that new bechnobogies are responsibly designed
and accessible 1o all.

Al can enhance owr customers’ eeperienoes, improve our operational processes
and keep our customaens safe, Owr collaborations with univarsities, startups and

enterpiises halp us support the latest innovathons

Our &l Frerey events have united 4, SO0 Al acadamics, practitioners, experls and
arrpaing with an interest in Al, while cur community of A1 Esgles teach colleagues,
customens and local communities about Al Throwgh cur naticnal retwork of
Eagle Labs, we offer acoess to technologies delivening Industry 4.0 - the “fourth
industrial revolution”.

Getin towch if you would ke o be part of ow Al journey.
Find out morne at labs.uk, barclays/a

Barclays UK Ventures
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Summary

Chapter 1: What is Al?

* Al isa gerseral barm that refers ko hardware or soltwane
that exhibit behaviow which appears inteligen.

* Bagic Al has existed since the 19505, via rules-based
programs that display rudimentary intelligence in limited
conbexts, Early forms of Al inchuded ‘expert systems
chirsagniad 1o mimic human spacialists.

* Rules-based systems are limited. Many realworld
challenges, from making medical diagnoses 10 recognising
oects in FTaes, afe oo comples of sublle 1o be solved
by programs that Tollon sets of rulés willten by people.

* Excitement regarding modern Al relates to a sat of
techniques called machane learming, whene advances
have been rapid and m.__%s___._nm_._.: Machine keaming is a
subr-set of Al All machine kearning is Al, but not all Al is
machine lzaming,

= Pachine leaming enables programs to leanm through
training, instead of being programmed with rules,
By processing training data, machine esming Systems

prowide results that impeove wath experience.

= Machine learming can be applied 10 a wide varkty of
prediction and opbrmisatesn challenges, from detanmfning
the prabability of a credit cand transaction being fravdul ént
to predicting when an industrial asset is likely bo tail.

* There are more than 15 approaches to machine leaming.
Popular methodologies nodude random forests, Bayesian

metworks and support vector machines,

* Deeplearning is a subset of machine lkaming that is
delvering breakthrouwgh results in fields including computer
vition and nguage. Al desp earning is machine leaming,

but ot all maching lgarming is deep learming

= [Deeplearning emulates the way animals’ beains leam
subtie tasks = i models the bran, not the worlkd, Metworks
ol artdficial neurons process ingul dits o exdiact leatures

and optimise variables rdevant to a problem, with results
improwing through training

* See page 18 for recommendations

Excitement regarding modern
Al relates to a set of techniques
called machine learning,

where advances have been
rapid and significant.

The Evolution of Al: Deep kearning

B hine learneng | ML}

155 1S 1970 1975 180 1985

Beep learning |BIL}

o0 1985 2000 2005 X0 XIS 200




Sumimary

Al enables human capabilities to be undertaken in software
increasingly effectively, efficiently and at low cost.

Chapter 2: Why is Al important?

* Al technology Bimportant becauss & enables human
capatyiities < understanding, reasoning, planaing,
communication and perception - b0 be undertaken by
softwane increasingly effe ctively, efficientiy and at low codt,

» General analytcal tasks, including finding patterns indata,
thak have bean perlormed by soltwane lor many years can
also be perfonrmed mone effectively using Al

* The automation of these abilities creates new cpportunities
In'most busiess sectors and consdmes spplicatons.

= Lignificand niew products, sefeces and capabitios enabled
loy Alinchide subonomeds vehicles, automated medical
diagnasis, voioe inpat for human-computar inmeraction,
intelligent agents, automated data syrthesis and enhanced
decsion-making.

= Al has numercus, langible use cases today that are

engbling corporate revenue growth and cost savings
1 et Secinrs.

& Appications wal be most numerous in sectosin which a

large propontion of time is spent collecting and syrithesising
data; financiad services, retail and trade, professional
services, manufactuning and healthcare. Applications of
Al-povaned cormpuber vison will be particulay gonifican
inthe transport sector,

* Lise cases are proliferating as Al's potential is understood.

Wie describe 31 cone use cases across eighl sectors assel
anagement, heathares, nsurance, law & compliance,
manutacturng, retal, transport end utilities:

* Wa Hustrate how Al can be applied to mltiple processes
within 8 business function (human resouces).

Al has numerous, tangible
Use cases today that are

enabling corporate revenue
| growth and cost savings
in existing sectors.
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Conmvalutional neural netwaorks are delivering human-level image recognition

2m oz 23 24

2015 2016 a7 2018

Chapter 3; Why has Al come of age?

+ Afterseven fale dawns singe s moeption in 1956,
Al 1echnology has oomeof age.

* Thecapabiities of Al systerns have mached atipping paint
chue o the confluence of seven Tactors: new algorithms;
tha avallability of traming data; specialised hardwarne;
choud Al services; open source soflwisrne resources;
greater investrmant; and increased nbenest,

* Together, these developments have transformed results
while slashing the difficulty, ime and cost ol developing

anil deploying Al,

= virtuous cycle has developed, Progress n Al s attracting
imeestmant, enfreprenewship and inkevest, These, intum,
are oceleratng progress.

Chapter 4; Adoption

* Al adoption has tigled in 12 monthe. One in seven

large companes has sdopled At in 24 manths, two
Hhireds of large companies will have e Al initiatives.
I 2019, Al ‘crogxses the chasm' from earty sdopters o
thie garty majority.

+ Al fray be hi Fastest paradicn shiflin technalogy histary,

Inthe cowirse of thiee years, the proportion of enterprises
weith Al initiatiees wall b grosam from one in 25 to ane in
three. Adoption has been enabled by the prior paradigm
shift todoud computing, the availability of pleg-and-play

Al services from giahal technology vendars and a thriving
poosystem ol Akled software suppéiers,

* . (Great expectations ane fuslling adoption. Executives.

expect Al tohave s greates impact than any other emenging
technrology, inchuding Blodkehain and boT,

= Increasing owerall adoption masks 3 growing divéngence

between leaders and laggands, Leaders are extending thelr
mdvantage by kaming faster and increasing frvedtment in
Al ol a grester pace than lagpards.



Summary

» Glpbally, China leads the race for Al adoption, Twice a5
many enterprises in Asla have adopted Al, companed
with companies in Narth America, due o government
engagement, & data advartage and fewer legacy adsets,

* Sactor adoption is unewen and ina state of flux, Eary
adophers’ financial servios and high-tech compandes)
ainkain a lead while ‘movers’ [retail, healtheare and media)
are iapidly eatching up. Govemment sgenicis; education
companies and chadties anm laggards in Al adoption,
Vulnenable members of sotiety may bé armong the last

to benefit from Al

= A s advancing scnoss a broad froml. Enfepises ane wing
rruiltipslie bypirs of Al appbcation, with one i ten ererprises
using ten of mone, The most popular use cases are
chathols, process automation solutions and frawd anabitics.
Natiral lang uage snd compaber vislon Al undergin many
prevalent applications as companies embrace the abiity
o replicate traditionally human actities in software o

fhe First time,

*  Leaders and laggards face different adopdion challenges,
Lacpgands are struggling to gain leadership support foe A
anid o defing use cases. Leadeds' dificulties, in contrasd,

have shifted from 3o "how', Leaders are seeking to
orvercome the difficulty of hiring talent and address culbural
recslance bo Al

= Miritiation hay shifted froem the C-suite to the 1T

departmant. Two years ago, CHOE inifiated two thids of
Al iritiatiees, In 2019, a5 corporate engagement with A1
shiflts from H 1o how', the IT-department 1s the primarny
dreii of profects.

= Companies preler bo by, not build, Al Nearky half of

companies favour buying Al sclutions from thind parthes,
wihiile @ third irtend 1o buld custom solutions. fust ope inlen
Companies ane prepaned o wail for Al o be inconporated
into Bhir Sivouribe softwiare products.

* Workers expect Al to increase the salety, guatty and speed
of thedr work. As corpanes” Al spendas shift from revenue
growwth o cost reducbon nitiatives, however, wirkers are
concemed shout job security,

DO in seven large companies have deplayed Al

Enterprise plans to deploy Al

it .
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Chapter 5: Technology

* While graphical processing unis §57U) catalysed Al
devedopment in the past, and will continue bo evalve,
hardware innovations ace expanding Al's potential,
Hardwarg is being aptmised, customised o re-imagingd
to deliver 3 new generation of Al accelerators.

s Harchuaie with tersor architeehines’ s acesheraling disep
learning Al Vendars, including NVIDIA mnd Google ae
optimising o customising hardware to sigsport the use
of popsilar deep leaming framesssoris.

* W ah enbering the pot-GPU era; Leading handwane
manufactuners are croating new classes of computer
processor designed, from incepton, for AL Custom sifcon
offers transionmational performance and greater versatility,

« Custom silicon & alio taking Al o the edige’ of the
intefnel - to loT devices, stnsors and vehicles. New
processors enginesed for edge computing cambing high
performance with low poswer consumption and small size.

* s guartum computing ratures, it will creste peolound
oppoartunities ko progress ;A and enalsle hiumanity
o address previoushy inttactable problems, from
personalised medicine to cimate change. While nascent,

—H TEEEEKE

JE 31

uaitum computing isadvan hears
have develeped _EH._O:...__u

CPUAMILM COMpUtars.

Em 2
= Reinforcemont kearning [RL) is :m%ﬁfﬁ

developing Al that enables a problem 1o be sohed without
knowiadge of the domain. Instead of learming from training
diata, Bl systems reward and refnlore progress lowands.

s specified goal, AlphaGo Zers, an FL system devweloped
by Desphind to play the board game Go, developed
undivalled ability after just 40 days ofoparation. In 2019,
developments in BL will enable groups of agents o interact
and collaborate effectively.

« Progress in BL is significant bécause it decouples system

improvement from the constraints of human knowledge, RL
Is el suibed to creating agents that parform autonomaushy
i emiranments Tor which we lack training data.

= Transior kearming T erables programmis 10 apply

elerments beammed from prévious challenges o ralated
probbams. TL can deler stronger initial perfoemance,
inoee raged impeovement and better lang-tetm restilts.
Interest in TL has grovwn seven-fald in 24 months
and is enahling a new generation of systems with
geeaber adaptability,

Reinforcement leaming enabled AlphatGa Zero, a system developed by
DeepMind to play Go, to achieve unrivalled capability after 40 days of play

2 1000 AlphatGa Tero supasses all ether versions of AlphaGo and,
anguabily, bscomes the best Go player in the woeld, It does
o this entirely from self-play, with no human infervention and

DG using no historical data.
-20800 T .

o -] ] 15 20 25 3o 3s a0
Dy

= AlphsGo Tere 40 blocks. - AlphaGolee  «--- Alpha(o Master




Surnmary

Al-related job postings asa proportion of total job postings have doubled in 18 months
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o iy hsaming funidamertal properties of langlage, TL- Chapter G: Talent

powiened models are improwing the stabe of the st in
Enguage processing - in areas of universal utily.
J0TR was & breakthrowgh vear for the application of
TL ko hguingye prooessng.

* Tlisato: enabiing the development of complex systerns

that can intévact with the real workd: defivernng systems
with greates adapiabiity; and supponting progress iowarnds
antificial genéral inteligence, which remdaing Tar fnom
possible with current Al technology,

= Generathe Adversarial Networks [GANs] will reshape

content creation, media and sochety. Anemeéngng Al
seftwane lechnigle, GANs enabile the creation of arificial
e, Inclhuding pictures and video, with exceptional
fidelty, GANs will dalver transformational benefits

n sectors including media and enterdainment, while
presenting profound chalienges 1o sochties — beware
"k nesws 208

*  Diermand for Al talent has doubéad in 24 months. There isa

guif between demand and supply, with twe roles avallable
for eveny Al professional.

= The pood of &) talent remains small. Al demands advenced

competencies in mathematics, statistics and programming;
Al developers are seven Himes morne likely 1o have s Docioral
degres than other developen.

= Supply is increasing ~ maching leaming has become the

top emerging fiekd of employment in the United States,
Grpater supply is being driven byt 1tigh pay; the inclusion
o Al moduiles in university comprber Schancs Sourses:
compsnies’ innestment in staff training: and Al technglody'
companies ‘pumg priming” the market with free
educational resources.

« Ohver tirne, Al iook ofering greater abstraction will matke

Al scoessinle 1o less specialived developers.

& Tl dhoctsiges sn sitaining high satais. Al

professionals are amang the best paid developers and
thdr salaties Stnbinue o increass: hat! ejoied walary
growwth of 200 ar marne in the st three pears.
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* Winners and losers are emerging in the war for talent
Thaa techno ooy and hinancial sarices seclons are
absorting 60 of Al talent.

ain’ from acadermis to in

& The 'be

have mived implications, catalysing A1's immediate impact
whila inhiliting teaching and mowing value from the public

RO DD D Al COmpan s

tersifying the war for talent. Three

ouarters of &l professionals are satisfied in their cusrent role

companies should align

roles 1 Al piokestionals’ primary motvalons — keaming

‘o ervironmient and acoess to prefered

technologies

wal

* PMew practiioners n the fisld are folownng sub-optin

paths lo employment. Compary websites and technalogy

job boards ane kess elective than engaging with recruitens,

frigncds, family and colleagues, acoonding to those already
employed in the fisld

¥ Sew page B4 for recommendations.

Chapter 7: The Eurcpean Al landscape

Evrope i home 1o 1,600 early stage Al software companies.
2013, one

Al entrepreneurship i becoming mansirearn

ey

s emibraced Al Today, onein 12 put Al at

Ahal

thar bart of their value proposition

Thee Eurogsean st

- ecosysiem is matunng. One in six
Evropean Al companies is b ‘growth-stage company with

over 38m of f nciing. Expect: scquisitions bo recycle o

and talent; startups competing with “scale ._n..u. as well as
incumbents; and increasing competition for talent.

The LIK i the posserbouse of Europésan Al with rearly S00
A startups —a third of Europe’s total and twice as many as
any other country, We provide a map of the UCs Al startups
and featura 14 leading companies.

Giesrrranmy and Franoe are thriving Curopean Al bubs, High-

i ireastrmant and a growing rosber

of breakout Al companies are oeating feedback loops of

growth and imeestmant

With twice as many Al startups as any other country, the UK i the powerhouse of European Al entreprenaurship
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Availability of talent and access to training
data are Al entrepreneurs key challenges.

* Spain's contribution 1o Eurcpean Al exceeds its size
kremigration, which comelates with enfrepreneurship
had despaned tha HE_.__.__..«.... Lalerl paol.

* The European Al landscape is in flux, While the LIK remains
the powerhouse of European Al, its share of European Al
startups, by volume, has sightly reduced. Brexit could
stcelerate this, France, Germany and ather countries may
aetend their influence in the decade shead, spreading the

benefits of entrepreneurship more evenly across Europe

* laly, Sweden and Germany ‘punch albove their waight'
n cong Al lechnolody, while there is support for MNondic

countries’ reputation for deep tech expertise.

= [Mirse in ten Al startups address a business function or
sector (vertical ). just ore in ten provides a *horzontal
Al echnology.

= A& quarter of new All startups e CoNSUMEar COmpanes, as
entreprensurs address or carcurment the ‘cold start’ data
challenge. Many focus on finance or health & wellbeing

#  Heahhcare, financial services, retail and media &
entertainment ang well served by Al startups, In sechors
ncluding manufacturing and agriculure, entrepreneurial
activity Is modest relative to market opponunites,

+ Health & wellbeing is a focal poind for Al enbrepreneurship;
mome startups focus on the sactor than any other, In tha

LE]

-

-

coming decade, developers will have a greaber impact on
the future of healthcare than doctors. Activity is thriving
given profound new opportunities for process automation
and & tipping point in staksholders” openness b innowation

The LIK ks the heartland of European healthcare Al, with a
thind cf the Continent’s startups. UK antreprensurs bensfit
Iram healthcare scale-ugps stimulating talent and increasing

openness o nnovation within the MHS

Marketing and customer service departments enjoy a rich
enadystem of suppliers. A guarter of Al stanups s&fang a
busingss function locus on maketing teams.

An influx of Al startups supporting operations teams is
drving iNCreasing process automatgn.

Al eompanias raise larger amounts of eapital, dua o
technology fundamentals and extersive capital Sugply,

Core techmohogy providers attract a disprogorionate sharne
offunding. YWhile comgaiseng a tenth of Al stamugs, they
attract a lifth of verdure capkal.

Al prireprengurs’ key challenges are the availability of

takent, access to training data and the difficulty of creating
prosduction-ready technology.

P See page 98 for recommendations
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Al offers innovation, efficacy, velocity and scalability

Benedit Explanation Examples
Innovation Mew products = Autonomous ve hicles
and senices, = Vioice-controlled devicas
Efficacy Perform tasks Fraud detection
e efectiely. Customes segrientation
‘Velocity Complete tasks Legal document processing
more ragsdly. Manufacturing process cptimisation
Sealability Extend capabilities Automaled medical diagnosis
fo addiional market Automated executive assistants
participants,

Sowati. MIMIC Woniunes

Chapter 8 : The Implications of Al

= Al's benefits can be abstracted 1o innovation (new
products and senvices); efficacy (periorm tasks more
ellectivelyl; welocity (complete tasks mone quackly); and
scalability [free activity from the constraints of human
capacityl. Thase benafits will have profound implications
fior consumers, companees and soCieties.

*+ By aulomating capabilities previously delivered by human
professionals, Al will reduce the cost and increase the
scalability of services, broadening global participabion
inmarkets inCluding healthcare and transport.

+ |n multiphe secioes including imurance, legal services and
trargport, Al will change where, and the extent to which,
profits are available within avalue chain,

* Mew commerncial swocess factors - including ownership of

large, privabe dats-sets and the abelity o attrect data scienlists

=wil determine a compary's success in the age of AL

= Mew platforms, leaders, laggards and disnupbors will
emerge as the paradegm shft to Al causes shifts in
companies’ compelitive positioning.

= Al ‘was-aservice’ consumption, and subscription payment
modets will obviabe select business models and affer new
pessibilites in sectors inchuding transgort and insurance,

= As Al gains adoption, the skills that companies seek,
and companies’ organisational structures, will change.

* By reducing the time requined lor prooess-driven work,
Al will accelerate innovation, This will compress cycles of
creative destruction, reducing the pesicd of time for which
all bt select super-compstitons maintan valus,

+ Alwill provide profound benelits o soceties, nduding:
impreved healkth; greater manulacturing and agricultural
capability; broader access to professional services; mone
satisfying retail expariences; and greater convenience.
Al also presents sagnificant challenges and risks.

* Alpowered automation may displace jobs. &l will enable
the asutomation of certain cocupations that ireclve routine.
Inather cccupations, Al will augment workers' activities.
Thie shoet percd of time in which select workess may be
displaced could prevent those wha lose their jobs fram
being rapidly reakmorbed inta the worklarce, Social
dislocation, with political consequences, may result,



Surmimary

Biased systems could increase ineguality. Data used to
traim Al syshams reflects hstonc Dases, noludin ..."_..“.m_u__“.."
gender and race. Biasesd Al systams could cause indnduals

economic kods, kods of opportunily and social stigmatisation.

Artificial media may undermine trust. Mess Al technigques
enable the creation of lifelike artificial media, While offering
benedits, they enable corancing counterfeit wideos.
Artilicial media will rrake it &asy bo harass and mislasd

ndividiusals, and weaken societies by undenmining trust

Al offers trade-offs between prvacy and secuity. As Al
powened facial recognition advances, 1o what extent will

eilizens be willing o sacilics pivvacy 1o delect cirma?

) gnables the highrtech survaillance state, with greater

powvens for control, China is combining real-time recognition

with saCial scofing 1o disinceninse undesirable actraly.

“If we

* Autonomous weapons may increase conflict, The rsk
of ‘killer robbots' turning against thesr masters may De

orverstabed. Less corsidened s the risk that confiect batween

nationg may increase # the human costs of war are lower,

P See page 134 for recommendations

fail to make ethical and inclusive
Al, we risk losing gains made in civil
rights and gender equity under the
guise of machine neutrality.”

0y Buolamwin

There are potential hanms from algosithmic decision-making

ILLEGAL DISCRIMINATION UNFAIR FRACTICES

EM YMENT

INSURAMNCE & SOCIAL BEMNEFITS

LOS5 OF
DOPPORTUMNITY

EDUCATION

LOSS OF LIBERTY

INCREASED SURVEILLANCE

STEREOTYPE REINFORCEMEMNT

SOCIAL
STHGMATISATION

DIGHITARY HARMS
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Wthat b AT

What is Al?

Modern Al = ‘machine learning’ - enables software to perform
difficult tasks more effectively by learning through training instead

of following sets of rules. Deep learning, a subset of machine learning,
is delivering breakthrough results in fields including computer vision

and language processing.

Summary

+ A 5 a general term that refiers to hardware or software
thak exhibit behawour which appears intelligent,

+ Bawe Al hay exbed since the 19505, vin iules-based
pregrams that display nedimentary intelligence in imted
contexts. Early forms of Al induded ‘expert systems”
designed ter rmamic human specialists.

= Rules-based systems ane mited. Many real-world
challenges, from making medical diagnoses to recognising
obpects in imagpes, ane oo complex or subthe to bie sobwed
Ty ircvgranmes thiad Fodlons sets of noles wiittan by people.

= Excilement regarding modern &) nelates ioa et of
technigues cafad machine leaning, whene advances
have been rapid and significant. Machine lsarming isa
sub-set of AL Al machine learning 15 Al but notall Abls
mraching besrming.

» - Maching learning enables programs to leam Through
traiming. mstead of besng programmed with rdes.
By processing trafning data, machine kearming systerms
prrcwiche resilts that improve with expeniance,

v

©

* Machine leaming can be appled to 8 wide variety of

prediction and optemisation challenges, Trorm detefminang
the prabability of & credit card trensacton being fraudulent
to predicting when sn industnal ssset is el o fail.

» Thare are moe than 15 approaches o machine learming..

Popular methodologies include randam fonests, Bayesian
nebwarks and Jupport vector machings.

* Daep eaming is a subset of maching leaming that is

delivering breakthrough results in fields including compater
wisian and language. All déep leamning i machime leaming,
Euit it sl miaehine leaming is disap leaming,

* - Doep bearming ennulabes thewary animats’ braing leam

subtle tasks = it models the brain, not the world. Metworks
of artificial peurons process input data 1o extract features
and oplimte varables relevant to s probdem, with resulls.
impeoving theowgh training,
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Recommendations

Executives

« Familiarise yoursel with the concepts of rules-based software, machine leaming and deap leaming
# Explone why Al is important and its many applicaions (Chapber 2]

* Identify sounces of Al expentise, and existing Al progects, within your oiganisation.

Entrepreneurs

*  Toidentily opporunities bor valwee creation, explone the many applications o Al IChapter 2] and Al's implications
for markets {Chapter B)

¢ Farniliarise poursel with current developments in Al technology iChagters 5. Mew apgeoaches and novel
techniques offer new possibilifies

Investors

*  Ensure that porfolio compary esecutives ane familiar with the concapis of machine laming snd deseg leaming.

»  Explone o the limits of nules-based systerrs are inhibitng porfolio comparses, What problemns are too comples,
or subthe, o be sobaed by ndes-based systems?

* Famillarise yoursed with the diflerent approaches to machine learreng, 1o enable you to differentiate between
companies deploying meaningtul Al snd pretenders,

Policy-makers

* Al will Erpact every industng. Explose Chapter 2 to mikanse yoursalf with the many applications of Al

= Explome the positive implications of &) and the risks it poses to society (Chapter B

Explone our &1 Playbook, a bluspeint for developing and deploying Al, at wwew. mmcventunes.com/research
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Al: the science of intelligent programs

Coined in FI56, by Dartmouth Assistant Professor john
MeCarthy, Artificial intelligence (Al)is » broad term that
refers lo hardivane o software that exhibd beheviour which
appaars inteligent. Al is “the sceence and engineering of

making balligent machines, especially inteligent computar
programs” (john McCarthyl

Al is a general term that

refers to hardware or software
that exhibit behaviour which
appears intelligent.

Early Al: rules-basad systems

Basic Al has existed for decades, via rules-based programs that
exhibit ruskmentary displays of intelligence # specific contestts.

‘Enpirt systams were.a popular fonm of gacly Al Progiammers
wodified imo softwate a body of inowiedge egarding a specific
fiald and a set of nules. Together, these components were

designed to mimic & human expert's dedsion-making process.

SR Infermational’s PROGPECTOR system of 1977 (Fg. 1)

wiag intended o agsist goologists mineral exploration work,
Incofpomting extenstwe subject matter information and over
1000 rules, the systermn was designed 1o emulate the process
Teillowsad by s gealogsl irestioatiog the patential of a driling
site (Fig, 2).

‘Whila sxpert systams expensnced some sUCCesS
{FROSPECTOR predicted the exlstence of an unknown
mohbdenim deposit in Washinglon State] their capabilities
wn typically limed,

Fig 1. FROSPECTOR Expert System: 1977 Technlcal Hote
[Ciower)

rstas B, VR

TR ~ b e Dl
Jebby Tab Eastesl Depleralis

Fig Z. PROSPECTOR Expert Systerm: 1977 Technical Mote
[Detail: Decision Tree)
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The limits of rules-based systems

Rubss-based systems are limited - because mary realworld
chalbenges ang (oo Comples, o subie, [0 e sokved by
prcagranms that foliow sets of ules written by people. Providing
& redical disgnodis, operating a vehicle, optimsing the
periormance of an indusknal asset (Fig, 3} and developing

an opfimised investment portfolio are examples of complax
probilems. Each involves processing large volumes of data
wilh numenous vanalias and non-lmear relabionships babveeen
mipuls and subputs, It is impescteal, and frequently impodsishe,
fowrite a set of mules - such as a set of 'if., then' staftements -
that will produce useful and consisbent results

Machine learning: software that learns
through training

‘What if the burden of finding solutions to complex problems
can be transfered ram the programmes bo their program?

Thirs is. the promise of modarm Al

Excitemant regarnding modem Al relates to a set of lechnigques
called machine leaming, where advances have been significant
and raped. Machine learning is a sub-set of Al (Fig, 40 Al

rissFiEn karming is Al but fot all Al is masshine leaming.

Maching leaming shifts much of the burden of writing
ntelligent safiware from the programmeer to their program,
enabling more comples and subile problemrs o be sohved,
Instaad of codilying rubes ior programs o lollow, programimens
enable programs 1o leam, Maching learning is the “Feld of
stucly that gives computers the ability to leam without baing
euplicitly prograsmmed ® [Arthur Samuel)

Fig 3. Industrial asset optimisation is a complex problem

Machire leaming algonthma learm (hraugh traireng. Ina
simplifiesd examgle, an algorithm & fed nputs - training data

- whose outputs are usually knosn in adhvance [superised
learning ‘L. The algorithm processes the input data to produce
a prediction or recommendation. The difference etwaen the
algarithrm's cubput and Ehe cormect outpul is determined. B ihe
abgorithm's cutput & incormect, the processing function in the
algarithm changes to improee the accuracy of its predictions
Initially the nesults of a machine learning algorithm will be poor,
However, a5 langes v lurnes of tramingg data afe prosided, a
progran's pradictions can become highly accurabe [Fag. 5).

Fig 4. The Evolution of &l machine learning

Artificial Intelligence

Machine lesming (ML)

HES S0 13 1970 1975 1eB0 133

1950 1985 2000 2005 2 H0 NS
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Fig 5. Large data sets enable effective machine leaming

1,000

10,000 100,000

Size of training data set
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The defining characteristic of a maching kearming algorithm,
thenefore, 5 thal the qualty ol its predictions improves with
experience Typically, the mone nelewant data provided o a
machine leaming sistem, the moee efective s predictions
{1z %0 & podint],

By besarrang through practice, instead of following sets of
rubes, machane learming systems deliver belter solutions
than nuled-oaie d Systerns to namenous predichon and
optnesation challengis.

There are many approaches to machine
learning

Theere ane more than 15 approachis to maching leaming.
Each vses a diffanant form iof algorithmic anchiteciune o
optaniie predictions based on inpul data_

Cine, deep learming, i defivering breskthrough results in new
domains. Wa explain deep leaming below. Dthers receive
besss athention - bt ane widely used given their uility and
apphicability to a broad range of use cases. Popular machine
learming adgarithims beyond deep learning include:
*  Random forests that create multitudes of decision trees
o optimise predictions. Random forests ane used by neady
haif of data scientists (Kagghal,
*  Bagesian nebworks that use probabistic approaeches to
aradyie vanaohis andl the relationships bebwen them.

Cineg third of data soentists use Bayesam nebworks (Kagglel,

+ Supportvector machines that are fed categonsad
examples and create models o assign new inpuls o one
of the categones. A quarter of dats scientists employ
suppar wechor machines (Kaggiel,

Each approach offers advantages and disadvantages.
Frequently, combinations ane used (an ensemicis’ method),
In practice, developers requently experiment 1o determing
wihit is efiective,

Machine learning can be appled to a wide variety of
prediction and opdimisation challanges, Examples inchude:
Avserssing whether a cradit cand transaction & raudulent;
deittifying products a person 15 likely to buy gien their prior
purchases; and predicting when an industrial asset | Tkely o
experience mechanical faikine.

The defining characteristic of a
machine learning algorithm is
that the quality of its predictions
improves with experience.
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Deep leaming: offlcading feature specification  Fig 6. Identifying features can be difficult ['Dalmatians
orice creami)

Even with the power of general maching leaming, it is dfficult -~ T &

o develop programs that perform certaim tasks well - such as =

understandng speech o FPeCogesing cpecls M images

In these cases, programmers cannal specily the leatunes in
the imput data o optimise, Forexample, & is difficult to write a
program that identifies images of dogs, Dogs vary significantly
i thest visual appearance. These vanations are oo broad bo e
described by & o1 ol roles. fhal will consitently anable cormect
classification (Fig. B). Even if an exhaustive set of rules could

be created, the approach would not be scalabde; a new set

of rules would be requined for every type of object we wished
o classify

Dweep learming is delisening breakthrough resulis in these we
cases, Deep lkarning is a sub-sat of maching leaming and one
of many approaches to it (Fig. 7L All deep leaming s machine
Barnng, Dut not ad machine leaming 1S deep leaming.

Fig 7. The Evolution of Al- deep learming

Artificial Intelligence

Mapchine lesrning ML)

S5 ME0 1ES 190 1975 1680 13AS 190 1995 2000 0 2005 0 M0 XIS 2020

Even with the power of general machine
learning, it is difficult to develop programs
that perform certain tasks well - such

as understanding speech or recognising
objects in images.
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Fig B, Deep leaming officads the burden of feature extraction from a programmaer to her program

Machine learning

2 &~

\1%

Feature extraction - Optimisation

Sitporair, NI W

=2 BN
Output

To undertake deep learning,
developers create artificial
neurons - software-based

calculators that approximate,

crudely, the function of
neurons in a brain.

Dieep learning & valuable because it trandfers an additional
Iburderi~ the process of feature extrachon ~ from the
programmer o their program [Fig. 8.

Humans leam to complete subtle tasks. such &5 recognising
abjects and understandng speech, not by lollowing ules
bt through practice and feedback, As children, inciaduals
expenemce - the world [T n_n_m._... ko @ prechiction ) dosg ')
and recera feedDack. Hurmans learn theough training,
Deap leaming works by recreating the mecharsm of the
rain [Fig. 91 in softears (Fig. 101 With deep learning we
e thee brain, nob The woekd.

Toundertake deep learming, developers create artificial
nawrons - software-based caloulatorns that approsimate,
erudely, the function of sevrons i a brain. Artificial neurons
areconnschsd iogether ba form & neural network, The nebwank
riceives an ino uch as b picture.of a dog, estracts festunes
and offers a detemrmination, If the output of the nedral network
ks incowrect, the connections betwean the newnons adjust to
alter its future predictions, Intially the network s predections
will Frequently ke incomrect. Howeer,  the network is

o rmuany escarriphes (potentially, milioos) in i domain,

the connections batween newnons Become finely uned,
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Fig 9. A biological neural network

Fig 10. &n artificial neural netwoark

Tt g
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Dusepy hxarming hias unlacked significanl res capallities

partcularhy in the domains of vision and languadge.

Dewp learming erables:

*  @Ubonomous verucles to recognse entibes and leatures

in the world around tham (Fig. 110

*  soltwane o identity lumours in medical images;

#  Apple and Google 10 offer woice recogniticn Sysbems
in thair smartphonss;

= wolce-controled devices, such as the Amazon Eche;

+  peal-tirne language transkation (Feg. 12)

*  spnlirnen anahsis of tex;

and more

U:n.,.m_n.. learming 15 not Susted bD avery probdem ._.__._w.n.w ¥, deep
=arming reguines karge data sets for training. Traireng and
operating & neura| network also désrmand axtentve processng
porener, Further, it can also be difficult bo idertify how a reural
network developed a specific prediction - a challenge of

‘axplanabality’

N L L = . = 8!
Howewer, by fresing programmers irom the burden ol 1eatuns
eatraction, deep keaming has delivened effective predicticn
enginas for a range of important use cases and is a powarful

o0l the Al denvelopsar & arsenal.

Deep learning has delivered effective
prediction engines for a range of important
use cases and 1s a powerful tool in the Al
developer s arsenal.

Fig 11. Deep learning enables sutonomous vehicles
to identify obhjects around them

24

Fig 12. Google's Pizel Buds use desp learning
1 provvide real-time |angeage translatson
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How does deep learning work?

An artificial neural network
is created when artificial
neurons are connected
together. The output of one
neuron becomes an input
for another.

Dy leaming rvohes creating artificial neural netwonks
= $oltware-based caloulators (atificial nedrans) that are
connected io one-anothar,

An artificial newron {Fig. 13) has one of more inputs. The

neuror perorns 8 mathermaticasl unclion on B8 inputs 1o

defver ar ouEput. The output will depend on the weights

given 1o each inpu, and the configuration of the inpul-

cutput function ' the neuron. Theinpa-oulpat unction

an vary. Ar artificial newron may be a:

* Brwear il {thié outiul s proportonal b th loks)
wasighrbed ingutk

» thrashold unit {the output is set to one of two levels,
depanding an whether the total input 5 above a
specilied valuel

= siggmoic unil ithe cutpdl varies continuously, But nol
firseriy avs et ingit Changes].

Anartificial neursl network [Fig. 14} is oreated when artificial
neurons are connected 1o sach otber The outpul of one
nelran Decormes an input lor snother,

Fig 13, An artificial newron

St MM Vonitnoy

Fig 1. An artificial neural natwork

Ingut 3
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How does deep learning work?

Meural networks are organised into mulliple byers of
reurons (Fig, 15) - hente ‘deep! leaming. An ingiut layer
recaives information to be processed, such a3 set of
pictunes, Anoutput layer delfvers results, Between the
ingrit dnd oulpit layens are layers refered 1o as ‘hidden
lyers’ whiere leatires aee cletected. Typicaly, the oubputs
of neurons on one kevel of a network all 3erve a5 nputs o
each nguronin the et layer.

Fig 15. Dieep learmning: structuring an artifical neural network

Input layer Hidden layers Output layer

MN“

Do AL Wi

Neural networks are organised into
multiple layers of neurons - hence
‘deep’ learning. An input layer receives
information to be processed, such

as a set of pictures. An output layer
delivers results.
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How does deep leaming work?

Frg. 16 illustrates & newsl netwark detigned 1o recognise
pictures of human faces. When pichunes are fed intothe
neral natwork, the first hidden Gyers identify patterms of
local contrast {low-level features such as adges). As images
traverse the hidden kayers, progressively hagharbewel
features are identfied. Based on ils Iraining, &1 ils output
layier thee newral netwark will deliver a probubility that the
pichare is ofa human face.

Typically, neural neteairks are tralned by esposirg them
ta alarge number of labeled examples, As erran bre
detected, the weightings of the connections between
reurons adjust fo offer improved results; When the
optimisation procass hat been repaated extansively,
the system is deployed o assess unlabelad images.

Thie struciune and operation of the neural network below

i simiple fand senpified). but striciunes vary and mostane
more compke Architectural variations include: connecting
neurons on the same layer; vany'ng the number of neunons
per layer; and conmecting reurons’ oulputs inkd previous
layers ih Uhe nelwork (recursie neural networky),

It daloes considerable skill 1o design and improve a
neural network. Al professionals underiake multiphe
sheps inclisding: shroctuning the petwark for a particilar
appbcation: providing suitable Iraining data; adjusting
shar struching of the netwaork acconding bo progress; and
combining majltple approaches bo optimise nesults,

Fig 16, Deep learming: the process of leature extraction

Serapnn, NN Vit g Arctmss By
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Why is Al important?

Al is important because, for the first time, traditionally human
capabilities can be undertaken in software inexpensively and
atscale. Al can be applied to every sector to enable new

possibilities and efficiencies.

Sumnary

» Al technoiogy is mportant because it erables buman

cipabdities ~ understanding, redsoring, phanning,
cormmunication and perception = to be undertaken by
software increasingly effectively, efficiently and at low cost:

* General anahdical tasks, mcluding finding patterns in data,

that have been performed by softwans for many years can
also be performed maorne effectively using Al

+ The automation of these abilifies creates new opponunities

inmok! business sectors and consumaer applications.

* Sigréficant new products, senvices and capabdities enabled

by Al include autonomods vehiches, automated madical
diagnasiy, volce input for human-computer infenacton,
nteligent adgents, automated data synihesis and enbanced
deciion-makirg,

= Al has ruimerous, tangible use cases today thatare

enabling conporate revenue growth and cost sadngs
N eashng seciors.

* Appications wil be mast numerouws in sectars in which a

farge propartion of time s spent collecting avd synihesising
dista: Financisl sendices, rekail and trade, professional
senvioes, mandactunng and healthcane, Applications of
Ad-prowsanad comprber vishon will be particularly significand
inthe transport sector,

¥ Lse cases are proliferating as Al's pobential is understood.

W describe 31 cone Lee cases dcross eight sectors: asset
management, healthcare, nsurance, B & compliance,
manufacturing, retall, transport and utilities.

* W dustrate hiw Al can b applied 1o multiple processes

within & busiress function (human resooiees).
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Recommendations

Executives

« Explong the new possicilities erabled by Al, from voice control and intelligent agents to autonomous vehicles
and automabed diagnosis, bo appeeciabe Als importance in the decade ahead.

= Examing Al usa cases in a range of sactors 1o familanse yourself with thie technical capalbilities of Al
= from ncorporating additional data into anakyses 10 understanding wiikten and spoken languape.

= |dientify cone aspects of your compary's value proposition = for exampha, analysis or commanication
= o wihich Al could be relevan.

Entrepreneurs

¢ Al presents i Gppatunities o dempl dectors rnging o manuischunng to heatiheane. ldemify busineis procestes
ripez for improsvement or revention through Al pafticulary in seciors in which data synthesis or processing ane axhersive

# 4| others numenous capabilities, from muRi-variabe analyss to ratural languadge procesting. Identity apporunites bo use
multiple aspects of Al, where appeopriate, both within your company and for buyers,

Investors

* Evaluiate opporturities and theests 1o existing pomiolio comganies [rom the marny apphcations ol Al
* Sesk companies that ane using Al to fulfil new possibiltles. The parsdgm shiff o Al will create valuable ness winners,

= With & poised o impact every sector, develop a fmmework 1o identify prefermed aneas of focus and sucoess factors
fior Al irreasimeris.

Palicy-makers

e Al presents profound ness possilitias, from autcnomous wehicles to automated diagnosis. Familiarse yourself wath
the many appdications of Al to appreciate the cppostunities it presents and the challenge to regulabors | poses.,

= Read Chapber & of gur Al Playbook lansnw.mmcwentures.comy ressarch) fo axplone how sxisting regulaticns impact
the deselopment of Al systems,

Explore our Al Playbook, a bluepsint for developing and deploying Al, 2t www.mmcventures.com.research.
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Al tackles profound technical challenges

Al is significans becausa it succassfully tackles a profound

sed of technical cha lenges. Increasingly, human Capabdlmes

- inciersianding, reasomng, planmng, comimunicabon and
parceplion — can be undertaken by solftwane, 8 scale and bl
lowm cost, eneral analytical tasies, including finding pattems
in data, that have baen parformed by software for many years
can also be performed mone effectively using Al

logether, these capabilitie creste nisy opporbunities in most

busness processes and consumer applicaticns

Al research is focused on five fields

Simce its inception in the 19505, Al resedarch has locused an

free figlds of enouiry:

I. Enowledge: The abllity to represent knowledge

mbout the warld. For softwane bo porsess khnow adoe, il

must understand that: cerflain entites, [acts and sibuations
axist in the world; these entities have properties lincluding
redationships to one another); and these entities and properties
can e Categr T

2. Reasoning: The abdlity to solve problems through lagical
reasgning, To reason is bo apply logic to devive beliefs, elated
idieas and conclusions from information. Reasoning may bea
deduciive [derive speclic Contiusions Innm general premses
o anied i e trse), irscliet tiwd finker general conchuSons om
specific premises) or abductiee |Seak the simplest and most

likedy explanation for an observation)

3. Planning: The abdity to set and achieve goals.
P softwans 1o be sbla o plan, it muit be capakbla of
spiscifying o hutune, desirabde stabe of the woikd and a

sequence of actions enabling progress tosands it

4. Commundcation: The abdlity bo understand writben and
ipaken anguage. [oocommunicabe with peopbe, soltwana
must have the ability to identity, understand and synthesise
wirikten or spoken human language

3. Peroepbion: The ability 1o make deductsans aboul the
workd baded on sendory input. 1o penoeine, Sofiwane must be
alble to organise, identify and interpret visusl images, sounds

and athar sensory inputs

Increasingly, human capabilities
- understanding, reasoning,
planning, communication and
perception - can be undertaken
by software, at scale and

low cost.

Progress in Al has unlocked new possibilities

Because most business processes and consumes applications
ireodeg knoawladoe management, reasoning, planning,
communication or perception, progress in Al kas unlocked
sagnificant rew capakslites,

&) is enabling new possibilites

el

Hannireg

Farception

In the following chapler, we descniibe spac fic Al use cases in

eighlt secions,
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The applications of Al in industry are numerous
and tangibie

Al ls not a solution seeking a probilem; itis a tangile set of
capabiities unlocking revenue growth and cost savings.

The capabifitees of Al - its power 1o incorporste broader data
sets into analyses, identify concepls and patiems in data betber
than rnubes-based systems. and enable human-to-maching
comersation - have appications in a8 sectors and rumenous
business processes: by approximately 0% of ocoupations, at
least 30% of consifuent sctivities ane technically sltomatable
oy adapting cunently proven Al fechnologies (Mckinsey
Glebal Institute), s such, Al is a kiy “ehaibling technokogy’

In approximately 60% of occupations,
at least 30% of constituent activities
are technically automatable by adapting
currently proven Al technologies.
[McHinsey Global Institutel

Data-centric sectors will see the greatest impact

Alis baing deployed ¥ all sectors and foa wide vanaty of
business processes. However, Al will have more numerous
applications and greatar impact in certain sechons.

Al's impactwill be greabest in sectors inwhich:a tange
propodtion of time 5 spent coliecting or symthesizing data,
or undertaking predictable physical work, In several sectors
{Fig. 17, proféssionals spend one third of mare of their time
o Lhis alfave (MeKinsey, [ulius Baer).

These sectors include:

» Finance and insurance {505 of tme)

= Retail, franspot and trade {$0% of time)
* Pralesionsl senaces (37% of time)

»  Manufacturing (33% of time)

*  Haalthcane [33% of timel

Applications will be more imited in sectons i which data
syrthesis and processing activites ate limited, ar in which
R majcrity of people’s lime & spent managing others o
undlertaking unpridictable physical work, Docupatians such
as managemsent and taaching will be mone reslient o Al in
the mesdium term.

Fig 17, b several sectorns, professionals spend a thivd or more of thedr time collecting of synthesising data

Finance & nsarance g 501,
Retail, transport, trade e ———— 0%

Professional senvicrs ISR 7,
Tech, media, telecor SIS 15
Admin & Government  pE———— 34%
Feucation  ESNBSSS———— 2%
Accommadation [ 18%
Food services I 18%
0% 20% 40% 60%

B % of time spent processing and collecting data

Frarcer, Magpie
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Wty i A imponant?

Core use cases vary by sector

U cases for Al are proliferating as
undenstanding of the technodogy
improves. Bedow, we describe 31 cone
Al use cased ineight secions: asset
managemaent. healthcane, insurance,
lawe & compliance, manufacturing,
retail; transport and utiities,

Aszet management

Al's ability o extract content from unsiructured data usng
natural Bnguage processing, find subtle patbéms in disparate
data sats, and enable machine-to-human communacation via
chatiots, has muliiple applications in asset management.
Core use cases nclude investment strabegy, portfolio
construction, ek management and chent servioe.

By augrmanting orautomating mamy of an asset manager's
tasks, Al enables assat managers 1o delives to the mass afflusnt
A disgree of personalisation and service guality previously
reserved for high net warth clients. Additicnaly, Al can
decrease the cost of portfolio construction whills mpmowing
Quabty - the era-of the ‘robo-advisor,

Irvestment strategy: Al carn rnprove a finm's Bvesbment
stralegy by synthessing its research and data, and
incanparating broader data sats inchiding unstrsctured
information. Superkce patbern recogrition can then deliver
better muith-olbsective optimisation. A can balance a
diverse range of irfer-connected obpectives [including fund
deployment, sk and profitatality) toenhance refems more
effectively than nules-based systemns.

Partfofio construction: Al fools can sugment, and
mcreasngly aubomata, an asset manager s process of portiohio
construction. Al - robo-advisors' - can anafyse a dient's poals,
aind withif 8 firrn's imsestrent nules develop personalisad,
optimised postfolos at low costand hagh speed.

sk management; Al can improwe fisk management by
ncofporating beéoader data sets and impeoving analytical
processing. 9% of data generated foday is unstructuned
information, stored oulsice traditional databases finbernaticnal
Dt Group): Matural language processing enablies sdditional
idata sets to be incorporbed into firms” analyses. Cither Al
technigues, including deep kearning, then enable pattems in
lala 1o e iebentifiad with greater granulsinyand confidence.
Together these capabilities anable rigks o be identified

ared guantified moee effectivel.

Client senvice: Chatioot interfaces are being applied within
and lbeyand asset management fems. Deployed in client-
facmg charmsls, natural langusge syshems enable client
enciment, sipportantd selfsenice. Embedded in imemal
tools, chatots bet account managers query chent detads and
undentand developments relevant to a client's portfolioin
seconds instead of minutes. Fewer BCCount mansgens can then
reniche a Pighier quality service bo & greser nimiben of clients.
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Healthcana

in the next decade, Al canunlock a paradigm shit in healthcare
10 mprose pateant Care and process effic BNy, AuUbomated
dlisgnosis was an eafly use case for rudimentary Al inthe 1380s

‘Expert systems’ o

iicked human appnoaches o disgnosis,
apphying rules-based inferences to bodies of knowdedoe
Modern Al, particularly deep kearning, is momne effective and
applicable to a wider range of processes, Key use cases
nclude diagnosis, dnig discovery and patent montoring.

Diagnosis: Deep leaming systems can replace compilex,
humar-coded sets of probabiistic rules and identify

sunthe comelabons bebween vast, mulb-vanale data sets

1o debver scalabile. autormaled disgrosis. YWhibs sySbams

Hfe Rad0Rn], AOCUaty B improsing rapidhy. Separatiohy,
compuier vision soluticns posered by deep learming are
transforming diagnostic maging, While human radiclogests
requie exbensive expertise and years of training to kdentify
abnadrnakies @ Manetic resonance smages and ulirasounds,
deap |eaming sysiams raned on large data sets daler
rmpnessive results, Diagnostic imaging, powered by deep
iarning, now offers humar-level accuracy and high speed

n salect conbexts.
Drug disoswery: loday's dreg discovery process is endgthny,
aweraging 12 years to markcet (Calomia Biomedical RBessarch
Association], Expense and uncertainky are also prohibitive
drug development costs an average of $339m and just 2%

of U5 prechnical drsgs are approved for hisman use Kalifomia
Bicamaicical Bedaanch Astocaation). Al is Being applied 1o

i ltipde staces of the drug develspment process b accelerata
time fo market and reduce uncertainty. Al is baing applied o
synthesise information and offer hypotheses from the 10,000
fessarch papers publihed daly, predict how compounds

waill Bt Browm an sarlier lage ol the esting process, and
identity patierts tor dinical trials,

Maonitoring: Manitoring the wital signs of patients on non
acule wands, or al-rsk mdsaduals in the home, remains a
manual process undertaken periodically. Al can synthesise
sigrials from inaxpensive wearable devices worn by patients to
deliver clinical-grade monitoring, and enable a large group of
pateenis 10 be moniored n meal-tme By a single nurse. As data
iels are amalgamaied and algorithims are tured, Al will alter
préadiclive analytics. Patients on awand, of 8t home, wi
require further hogpital care can be dentified and supparted,

and urnecessary 152 of hospital beds reduced

34

Insurance

Wihile thea fundamentals of insurancos = cusbomear picapecting
risk adsessment, clairs processing and raud delection -
have remained unchanged, modem Al Can impioee every
stage in the insurance process 1o deliver efficiency savings
and improved customer experence. By identifying patterns
in data Befber than rukes-based systams, Al Can improve

and accelerate decision-making and claims processing
reduce raud and automate s lange praportion of cusbormaes

SETVICE BNOLIINes

Rishk assessment; Al can gather infonmation frorm broader data
g8, inchuding web and social media profiles, (o oompde nehier
cushamer information and inform sk astessment. A1 can thaen
assess the risk of individual policies more acourately than nules
Dasad sysbems, Dy Getechng non-lnear patbems In muli-sanate
dala seis and making mone accurate propeclions

Claims processing: Al can reduce Bme-lo-quote, time-o-
claim and claims processing costs for consumers and insurers
To accelerate claims processing, Al sysiems Ccan automatscally
extracth and class iy sirechunesd and unsbruciured smboematon
from irdurancs palicies and elaim lonrs. By analyung images
of demaged assels, computer vision sysiems can automatically
classify claims, Through improesed pattern recognition applied
ho prior cases, Al can also predict settlement costs. Algorithms
using deep learning ane effecthe for image analysis, while
Bayesan [probability-based) &l 5 wehdl lor predicting
seftlemant cogls.
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Wi is Al imperant?

Fraud detection: grlﬁnﬁﬁx:iﬂuﬁ._
- arnisally and adds £50 10 the sverage palicyhalder s annusl bl
{issociation of British Insurers), UK ingurars imvest over £200m
.!Elqﬁ%ﬁ!n_ﬁrnanﬁh!ﬁmmg Britich Insterers),
Fraud detection algotithms enhanced with A1 can identify
Traubluén iransactions, while redicing false positives, more

- effectively than fradiional agproaches,

databases can use natural grﬂiﬂis%ﬁh
 pfeciet infotmation and sswien to policyholdeny encuines
“in a scalable, inexpensive and personalised channel,

Fraud detection algorithms enhanced with
Al can identify fraudulent transactions,
while reducing false positives, more
effectively than traditional approaches.
Al's sbilities to process language in documents, synthesise
Howledge and sutomate ressoning have broad appication in

e legad senvices and compliance sector, With junior lawyers
ﬂtn.i high piopcetion of their time accessing and

Is considerable, xn.\ USE CAEES %E!lq"}.ﬁ-!m.ﬂu

~Project’ Hiﬂ_ﬂ civer 40 millian E_naa_iﬁ_ﬂ!lnn
inficrmation, Including every reported state and federal legal
ane i the United States from the 1600s to the summes of 2017
= pngniing edensive further data 1o train Al systams;

.E%igiﬂiﬂ%nﬁ
2008 - %Egﬁgggi@
based software poordy suited to catching infractions, banks
hanve invested in additional compliance persornel. Cill, while
feducing its giobal headcount 32% between 2008 and 2056,
. doubled its regulatony snd comgpiance saff 10 28000~
..91 3% afit sﬁfﬂﬁﬁ_zﬁ bifity tex lemrn pastberms of

- oiffers greater scalabilty af lower cost,

In real-time,

- Case law, discoveny and due diligence: Matural linguage

processing Al can idertify, classify and ufifse conbant fom
databases and unstructured documents at scabe and speed,
saving legal firms time and cost for routine document review:
Enﬁﬂgﬂiﬁu&iﬁi televant case law and
sdentifying key documents in due diligende and discovery
processes. With a menger and scquisition data room
containing an average of 24,000 pages for review fluminancel,
Al can increase busniess velodty and redice costs. .

Lithgation strategy: Al can analyse pait judgements at
greater speed, gramdarity and subthety than has been
passible previously. By anticipating the probabdity of different
EE%;E#E:H ﬂ%ié
EB&E‘!E;EEﬂE_g_
sosbtwiare can hedp o firen decide whether 1o accept 3 case:
gijaﬁ%ig%
“can suggesk the probabiity of a particular outcoma based
an juries prior behaviour and opposing lawyers tendency
oy setthe o proceed bo trial.

Conmpliance: Priventing accidental or deliberste beaaches
of policy, from the theft of sensitive data to accidentally
i&uﬂ_ﬂ!g—oﬂﬁr&i cistomer database, &5
challenging for rules-based systame. By laaming the habits

of users cver time, Al systems can flag patential compliance-
ngaches in rial-tirie, betors they oceur, t&..!iﬂ-;

Al's ability to process language
in documents, synthesise
knowledge and automate
amm%__,_u has broad application
in the legal services and
compliance sectors.
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Manufacturing

Al can sigridficantly imgrove mamgacturers’ efficiency and
profiability. Owerall Equipment Efectivenass (OEE), a

measure of manufacturers’ productity relative ho potential,
varies wichehy by industry, from T5%-91% (NS Ressarch).

The performance of compsanies within the same industry alio
vaizs wickity, Offiering stop for compatiive adhantage. Al can
fpoost OEE and profitakedity by predicting equipment fallure

o reduce unplanned downtimel, improving assets’ operational
elliciency, and redicng wilty fupply costs,

Prodictive maintenance! The fadure of production assets is
postly; one hour of unplanned dowrtime onan auomotive
asembly line can cost a manafacturer £S5 (MM Vertures),
Al ean identily subtle pathems in data fram vibraticon,
Immperabune, pressucs and athier sensors 10 identify leading
ndicators of equipment fadlure, By predicting mone accunbely
witsch components are Bosty to fal, and when, parts can be
proaclively replaced ko prevent fallures and sive money.

Azet performanoe: Al can improwe the oparation of high
value aszels, inclding gas and wind furbines, o opfimise yield,
Rulas-based peograms defver imited results when applied

o cormplex tasks, such a6 uning fuel valses on a gas lurbine

o optimise combustion while reducng wear and ermissions.
Apphying ricural hebaorks to oplimise the furbine inputs <an
e results by 200 or mone,

Uity optimisation: Optimsing the purchase and
ponzsuriplion of utites, such as powes and waler, accondng
o rea e demands o factony Roor is boo challemging and
variable W manage using ndes-based software. Al enables
comparses bo anticipate, and align, utility consumption with
iprocess requinements in realtime, lowerirg utility consumplion
by 5% o rricwe.

Retail

E-commerce, now 17% of LIK retail sales and growing
leharketer], has transformed the quandfty, breadth and
geanularity of dala available ko retailers. Retailers that turm data
i irdight can inciease competifive achantage by engaging,
manetising and retaining customens moare effectiely,

Every stage of 3 retailers customer jouimey ~ from lead
generation and content selection to price optimisation

and chism prediction — can be improwved by Al algordthms

that ingest richir data webd and identify paitems in thesn
bretter than nules-based systems. By dnabiling analytics ot

the ‘parcusbarmes” level, Al s intreducing the era of retail
personalization, Leaders enjoy competitive advantage; 75%
of Metflx users select films recommended to them by the
Carngpanys Al algorithm [Metllix),

Customer segmaniation: Limitations in avalable data, and the
linear analysis of information, inhibit the ability of traditional
custarmer segmentation software to identify desiabie
custorner attriubes. Déeg earming ilgorithms enalle natural
nguage processing, which enabdes retalers 10 actess
acditional data sets ncuding social media data, Deep leaming
dgorithms also offer morne grarmular analysis than rules-based
aysterrs, 1o optimise segmeantation, channel selection

and messaging,

Conlent pérsonalisation: Most content presented bo online
shoppers is irelevant or poorly suiled o users” prefierences,
rediscing cofmersion 1oan average of 1.0% on smartphones
and 2.8% on deskiops (Adobe). As with custamer
sogrmentation; Al offers additional umstructured data sets for
analysis, and improved muttivariate analysis to identify mone
slibtle comalations than rules-based systems can detect,
When Metfix recomimends content to & user, in addition o
anabysinig & user s betions, ralings snd seanches, the ﬁn__.._.__u!___.r
Al algorithm considens social media data and reta-data from
third parties, The Compary is now analysing images from
cantent. incuding colour palette and scenery, for deeper
personalisation.

Frice optimésation: A 1% change in price provides, oh average,
2 10% change in profitabifty (BlusYondesd), The smallera
cormpany’s mangens, thie greater the impact WilSngness to pay
s & ey determinant for price. Al enables price aptimisation
that is more sophsealed than radRiona) ‘oosl plug’, “redative-
to-compelitors’ or "add pricing” £60.99) models, By identifying
correlations within and Detween data sets, Al can betier
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optirnise bor Tachors including price elasticity, revesoue, prodit,
product avalabiky and phaset in a peoduct’s lifeciche
(irtreduction or end-of-Eal,

Chisrn prediction: Traditional prog s struggle to
inconporate new sounces of information, maximise the value
from mult-variate data sets or offer granmular recommendabons.
Alkpowered churn peediction can identify lesding indicators

of churn mone effectively, and improve remediation by
predicting mone accurabely the karmat and content of
sitredchul intervention.

Transport

The traidport secban il be transiommed by Al Braakthiought
in compuber vision ae enabling the age of autonomous
vahiches — satf-diving cars, buses and trucks, The impications,
from shifts in sector value chains to new business modeds,

will be profiound (see Chapter B). In addition o enabling
atanomy, Al Can be appbed bo the mary prediction ard
aptmisation challengies - from congestion modieling 1o et
maragemsant - at the core of today's logistics netwarks,

in addition to enabling autonomy, Al can
be applied to the many prediction and
optimisation challenges ~ from congestion
modelling to fleet management - at the

core of today’s logistics networks.

Autoncmous vehicles: Al computer vision systems enable
vehicles to senze and identify thi physical features and
dynamics of thair énviahment, fram rodd lsnet 1o pededtriang
amd traffic hghts, with & high degres of accuracy, Combined
with A data pracessng and planming algoithms, Al enabiing
the age of autonomous ranspor. Cars, buses and trucks will
b able to operate and guide thesmsetves, without human
inverhverment. SAE inbermational, a US-based global professional
association and standards body, has identified five degrees

of wehicle autonomy, from Level O ino astomation) to Level 5
[l anstoimation; no requirement for human control). Select
companies, mciuding _H..._..:..xm_—n.. wbend 1o relaase vehiciad
ailfering Level 5 aubamation. Challenged by the autonomous
vishicle progeammas of Google, Uber and Tesla, intumbsent

rranifacbucers ane aooilerating ther awn inilisines by

MohEasing imwrskment and making acouisitons, Ford intends o
debver high-volume availability of at leasta Leved 4 autonomaius
wehicle by 2021, in October 2078, in the LIK, private hire firm
Addison Lee announced s intention bo deploy salf-drang
cars in London by 2021, by partrering withy LIK-aubonomy
fompany Cebatica,

Infrastructure and system optimisation: Als abllities to
distiact patterms and opbirmise ool dath ane being
applied o trafhic, congeston and nfrasbuctune challenges in
franspont sysbeims. Predicting tratfic Hovs, o madelling the
detenorabon of transport infrastructune, are difficult because
Mputs ane complasx fcombining traffic, construction and
efironmentsl data) snd betaoe the relatonshipd belween
mputs and outputs ane noe-lineds [Trandportation Research
Circular). In these contexts, machime learming and desp
learming systems ane well suifed to deliver bettar results than
niles-pased systems

Flast mansgemeant: Trarsportation el ae perdative,
from thr bogistics netwiorks that undenpin the-economy 1o
taxi fleets and food delvery services that provide pointto
POt comvaniance. Al can optimise pack-ups, roue planning
and deliveny schinduling io maxkimise-assel utilisation, v

considenng ecanomas, tocial snd enaronmental impacts.

Control applications: Machine learning systems ane wel
suited 1o the numerous predichion and optimisation challenges
presented by air traffic control, wehiche traffic signalfing,

and train control,
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Utilities

nformation processing will become critical to utility companies,
and thew business models, as the ulishy SeCior undenpoes

a greates charge in the next 25 years than # has during the
previous 150, "Prosumend’ — aansumean who also own capacity
for energy production — will requine imbegration ino the enengy
market, By processing data more imelligently, Al willbea
significant value driver in this transition. Al use cases for uility
COMpAreeS arg varied, Inoem demand oplimsaion and secunty

10 Sushormer s Purimnde.,

The foundations for All adoption in the utilites sector ane robust
&7% of utility companies = a higher proporticn than in any
aither sechor - use ‘intemet of thengs' {lal] technalogies such
&% wardorg [Gartne), Furtber, oormganed with peers in oller
sectors, uliity CHOs have a shronger focus on cost reduction

managng geographically dispersed assets and secunty

Supply managarment: A a gofithms can prechct changes

r supply. including thote caused by tha nlepmatbency o
rendrwable resources, mong effectively than rules-besed
systems - enabling smaller reserves and graater cost savings
Al sodutions can also optimise supply networks, which are
DECOran g Mmcreasingly Comples &5 Consumers deploy Sources
o renewable energy 1hat comribute enarndgy back ko the

M akicnal Crid

Demand optimisation: By identifying detalled patterns in
oonsurner Behenacur, Al Agafithms Can moywe Consumphion
o @ringy fnom penods of peak use and high prces o tires

of leawar demand and oot

Sac unty; Rules-based Syshams strugghe fo ol ystam
seCuby geeen the oonbnualy evolang nature ol sacunty thieatls.
By identitying abnormal pattermd in network behaviour, desp
earning Syslems can identify bresches in network secunity that

elude tracitional programs

Customer experience: Chatisots, which offer natural language
ooferiations powened by disep learning algonibhms, ofber
consemers self-service account administration, product

nformabon and customer service

n Chapter 8, we explore the profound implications of the

prcileraon al Al across mulliphe sechors.,

a8
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Wity b A e ﬂ_...:u_r.w

Why has Al come of age?

Specialised hardware, availability of training data, new algorithms
and increased investment, among other factors, have enabled an
inflection point in Al capability. After seven false dawns since the
1950s, Al technology has come of age.

Summary

+ ifter sewen false dawns sinoe its moapticn in 1956,
Al technoiogy has come of age,

= The capabilities of Al systens have reached a tipging point
i o the conflusnce of even factors new algorithms;
the mailability of training data: speciaised hardware;
choud Al services; opan sounce software nesounces;
graater imvestment; and incressed intenest,

+ Together, these developments have transformecd redults
witile slashing the nn__.mnr___.u.. timeand ot of develaping
and daploying Al,

s Avinisous cycle has developed, Progressin Alls attracting
rnestment, entrepreneirshin and inenesy. Tieese, in furn,
afe pocelorating progress.

a
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Recommendations

Executives

* Recognise that Al technology has come of age and will ba a key enabler, and potential threat, in the coming decade.

& Paers are deploying Al ot an sccelerating rabe. Familarise yoursel! with the dynamics of enterprise Al adoption
(Chaptar 4)

#  Explone the many applications of Al (Chapter 2}, and Al's implcations IChapter &), 1o lemad and contribute 1o Al
initiaties in your organisation

Entrepreneurs

* Al technology can deliver tangible benafits today. Seek oppotunites to nconporate Al within wour sofbeans,
where appropriate, whether or nol you ace an ‘Al comparry’

* Farniliarise pourse with the latest developments in Al technology (Chapter 5hand talent (Chapter 6] to enable
your Al mitiasthees.

Investors

= A will be a powerlul enabler for portfolio companies — and a threat. Evaluate whether portfolio companies are
embracing Al a3 means of competitive advarlage.

= With Al technology at a tipping poind, seek apportunites to imest directly o indieectly in companies taking
achteantage of Al

* Explone recent developments in Al techrobogy (Chapber 51 o ldentify emerging areas of opportunity,

Policy-makers

* Review policy-makers’ kay initiatives and identify opporunitias for futher sector support. In the UK, key progammeas
and studhes include: the LIK Goverrment’s £1bn ‘Al sector deal’; recommendations from the House of Lords Select
Ciornmitiee on Al's (Al in fhe UK: rmady, willing and able?]; and findings of the Al-Party Parliamentary Group on Al,

Explore our Al Playbook, a bluegrin for developing and deploying Al &t weww. mmeveritures. com,/ressarch.

a2
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Witny has Al come of ageT

There are seven enablers of Al Tagither, thise developimernts have improved resuts from
Al systems and increawved the breadth of challenges to which
Research into Al began in 1956, After seven fatse dawns, they can be applied. They have also ineversbéy reduced the
in wihich results from unsophistheated systems Bell shart of difficufty, tirme and cost of developing basic Al systems.
expectations, Al capability has resched a ipping pont:
Al now diativering signifficant utdity and its ablities ane 1. Enhanced algonthms provided smproved resulis
achvancing rapidhy. Diwep heaming, a frugful form of maching learning, is not news;
thie first specification for an effective, mltilayer neural netwark
Al capabsities have been transformed In thie last four wiad pubiished in T965. In the las) decade, howsver, evalutions
years die to: in the disign of deep bearming algofithims hive famifomed
1. - the development of improved Ad algorithms; results, delivering breakthrough applications i aneas inchading
2, increased availability of data to train Al systerns; compater vision (Fig. 18} and linguage (Fig. 19),
3. specialised hardwane o acoelerate traininig of Al
aigorithms; Convolutional Meursd Metworks (CHNMNs) have drasmatically
4, clopd-based Al serviess 1o catplyie developer sdoption:  inproved eompbers abity 1o recodgnive obiects in maged.
5, open source Al softwane frameworks that enable Employing a design inspired byrthe visual cortawes of animals,
expermantation sach layerin a CHM acts as a filter for the presence of 3 specific
B, increased imwestrment in Al by large technology pattarm. fn 205, Microsoft's ChM-based computer vision
commpanees and venture capitaksts; syatem identified obgects in pictures more effectively 195.1%
T greater aeareness of A armong ivesion, enscishes, aceuracyl) than humans (94 9% acciracy] (Macrosoft, inthe
entreprenaurs and the pulikc. lnst 36 months, performanc has improwed furthes (Fig. 18]

Broader applications of CHNs incude video classfication
and speech recognition,

Feg 18. Corvolutional noural networks ane dofvering human-bevel image recognition
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Recurrent Meural Metworks (RN are delvering improved
reswilts in gpbch recogmition and beyand, While data

Microsoft reported that its

progrsses na sngle dincion mcanvntonal e forwart) - SDEECR TECOGNItiON System

neural networks, RNMs have feedback connections that
enable data toflow in a loop, With sdditional connections and
oy cally, NN rememiser’ data processed thousands

o stepd 0o and use it bo infonm Eheir anafysis of what follows.:
Thits is valuable for speach recognition, wharne interpeetation of
an achditional weord Is enhanced by analysis of preceding ones.

The Lo Short-Tenm Memory ILSTM] model is a particulary
effectve moent RMMN architecture, From 2012, Googhe used
5T to power spsach recoghition in the Android platiorm
InCrciobear 20016, Micrasoft reported that s LSTM speech
recogrition system achieved a word efce rabe of 5.9% -
human-devel ipesch recognition ko the lirst Gene initony
IMicrosalt) (Fig. 191 By August 2017, word erfor rate had been
reduced o 5.7% (Microsofl. Improvements are continuing,

achieved human-level recognition
for the first time in history.
Improvements are continuing.

Fig 19 Recurrant neiral networks ane defiviering human-tevel speech recognition

‘Word error rate on switchboard trained against the Hub500 dataset
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The Age of Al: Chapter 3
Wity hias Al icome of age?

2. Extensive dats enabiled Al sysbems bo be brasned
Traming nelral networks typecally regqures large volumaes of
data - thousands or millions of examples, depending on the
domain. The creation and availabiity of data has grown
exponentially in recent yeans, snabling Al

Today, humarsty produces 2.5 seabytes (2,500 milkon
gigabeytes) of data dally 1Google), 90% of all data has been
created inthe st 24 months [SINTEF), Data has ballooned
a5 humanity passed throlgh two waves of data creation,
and o antisg a thind,

The Tirst warve of data, beginning in the 1980s, invobead thi
creation of doouments and transactional data, It was calalysed
inthe 19905 by the peoliferation of Intermet-connected deskiop
PCa Then, in the 2000 and 20108, perasive, comnecled
smartphones drove & second wave of data with an explosion
af unstructuned madia lemails, photos, musc and videss),
web data and metadata.

Tewchany wis eribesr b thiingd ape of data, Machine sensors
deplayed in industry and Bhe oo provide additional
monitarng:, anstylical-and meta-data, With much data
created today transmithed for use via the intermet, growing
internet traffic is & prosy for humandy's increasing data
production. In 1992, humarity transferned 100GE of data
per chay, By 2020, wee will transhor 61,000GE per second
AFig. 200 {so, MM Ventures),

The development of Al has been catalysed farther by the
creation of wecialst data resdunces. irnagehlet, a free
database of 14,2 milion hand-Habefled images, has supported
the raped development of deep learhing algarithis used bo
iclassify objects in images.

Fig 20. Global internet traffic is increasing exponentially, reflecting growth in data production
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3. Specialised hardware accelermted Al system training Asimple GPU can increase five-lold the speed stwhich a
Graphical Processing Units (GPUY are specialised gleckonic risural iestweork can b brained. Ten-iold or larger gains ane
carcuits that slash tha time required (o train the neuralnebwarks possEble, When combined with Software Devalopmend Kits
used indeep leaming-based Al [50HKs] tuned for popular deep leaming frameworks, even

graabter imperovements can be reatsed. Ina 36 month petiod
Moderm GPUs were developed in the 1990s, 1o acoelerate beginning in 2003, siccessve GPLE and S04 enabled a 50«
3D gaming and 30 development applications, Panning or increase in the speed at which certain neural networks could
podming A camena inasimuiated 30 ervironment usas a e trained iFig. 21

mathematical procass calied a matix compatation.
Inthe last 36 months, advances in Al tachnodogy are creating
Microprocessors with sénal archilectures, including the e possibilities. Customn slicon, designed from inception far
Ceriral Processing Units {CPUS) that imtenpret and execute A, 7% mrabling a rew generation of Al acoelerators [Chapter 51,
commands in tody's computers, ane poory suited fo the task,
GPUs were developed with massively parallel architectures
{NAIDLAs Geaforce RTX 2080 TI GPU has 4,352 coresl 1o
perianm malrs calculsiors elficienthy. Training a newral
mebwork Fivahes nsmerous matric computations, GPLs,
white concerved for 20D gaming, therelone proved ideal for
accelerating deap learming

Fig 21. GPUs enabled neural networks b be traaned 50x faster
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Thi Age of Al: Chapter 3
Wiy has A come of age?

4_Cloud Al services huelbed sdogtion 5. Orpen source software catalysed experimentation
Lasading cloud lechnology prowdens including Godipa, The release ol apen source & software framewdrks has
Ao, [BM and Microsoft offer doud-based Al mastruciure . lowsred barriers o antry for euperimentation and

and services, catalysing developers' use of Al iproficiency in Al

The providers’ infrastrechne platforms include enaronmants Researchers, and providers of doud infrastruciune and Al
inwhich o develop and deploy Al algorithms and 'GPUs-asa- services who benefit from the proliferatian of Al and data-
sarvice: to power them, ntersive applications, have openrsounced Al framaworks and
lprarias of algorithms to catalyse developers” adoption of Al
Thewr sendcas comprise a burgeoning range of on-demand Al Popular open source plaborms include TensaFlow iGooglel,
capabilities, from imacge recognition 1o langusge transkation, Calle? [Facekook), Cogrithee Toolkit ihlicrosalt], Tarchidet
which developers can incorporate in their own applications, {Facibook], H20 (H20 a0 and Mahout [Apache Software
Google Machine Laarring offers application programiming Foundation).
inbeviacas (APl for: computer vision lobject identification,

expbicit content detection, face recognition and image Each framework ofers benefits. Calfel is a scalable desp
sertiment anabgsish speech speechrecognionand speech- leaming framework that proces ses images at speed, Cognitive
torlext); bent anatysis [entity recognition, sentiment analyss, Tosnaliik prowidies high performsnoe on vienying handwane
language deteczion and transiation) and more: Microsoft configusations. H20 reduces time-to-vahee for Al-powered
Lognitive Services include over 24 senvices in the flelds of enterpiise data analyss, Mahout prowedes scaksbilty and pre-
vishon, speech, language. knowledge and search. made akponithms for inols such as H20. Googhe's deciseon o

open source TensarFiow in Movember 2005 was particiilary
Thie accessibikty and relative alfordabilty of clowd providers significant, \gheen the softwane's sophistication. Engagement

Alinfrastructure and senices e sigrificantly incraasing with TensodFice has been rapid (Fig, 22) Wishin two years;

adoption of &l among developers, theframeswork has attracted 30000 developer commitrerits
e B0LO00 stars on GitHub, whene developers stoee
jpropects (Googel,

Fig 22. Engagement with the TensorFlow framewark has been signaficant and raphd
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6. Investment in Al increaséd fifteen-dold

Venture capital firmms ang investing aggressvely m Al given
seope for walue crestion, Srvestment doflars intosarly slage
Al companies globally have increased fifteen-fold in five
wears (Fig. 23], 1o ar estimated $158n in 2008 (CB Insights,
MMC Yentnes).

Teday's leading technology companies - ncduding Apphe,
Amazon, Facebook, Google, 1BM, Microsoft and Salesforce
— are alo spending hesaly on research and persanned (o
develop and deploy Al Inenal corporate investment ch A,
amandg just the bop 35 high tech and advanced manufactiing

Investment dollars into early
stage Al companies globally
have increased fifteen-fold
in five years, to an estimated
$15bn in 2018.

[CB Insights, MMC Ventures)

compdnies mvesting in Al may be 2.0x to 4, Sxgreater than the

capital iwvested by venture capital firms, peivite equlty firms
and other sources of external funding combined (Mckinseyl,
further catalysing progress.

Fig 23. Venture capltal mvestrent in Al has increased 15-fald n flve years
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Thi Age of Al: Chapter 3
W hes Al come af aget

e sonaicooe PUDLIC interest in Al measured

saarches for ‘maching learning’; hag increased mor than

s ik oy 2 by the proportion of Google
s s A gon g snsve SeATCHES for ‘machine learning’,
et s ettt N increased more than seven-

articles refenencing Al have appeared in financial publications

such as the Financiad Times, Fortune, Investors Chionicle, H 1

The Wall Stresat jouimal and Thomson Reutisns. Bloomibarng .r”_ _.ﬁ ﬂ—._ m_.ﬂ ”.—..m.m._‘m_.
Businessweek, the Financial Times, Forbes, Farlune, the

Harward Business Review and The Wal Street journal (Signall,

Oine thind of these riferences have appeated in the last

12 weeks.

I the popular preds, whebher releant [heopportunities and
threats posed by automation) of kess so {kller robats’), 21,800
artiches i LS and UK nevspapers have refernad toal, fueling
pubific mbarest (Signall.

Feg 24, imterestin Al has increased T-fold
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Thi State of Al: Chapter 4

Th race for sdopton

The race for adoption

Al may be the fastest paradigm shift in technology history.
Increasing adoption masks a growing divergence, among
nations and within industries, between leaders and laggards.

Summary

* Al ddiption has tripled in 12 months, One in seven
fangpe companies: has adopied Al in 24 months, two
thirnds of farge companies will have Fve Alinitlatives.
2019, Al ‘eroases the chasm' from early adopbers 1o
the earky magority.

= Al may be the fastest paradigm shift in technology histony.
Inthe course of three yeaes, the propontion of enerprises
itk A imitiakives will hiave geown from one in 25 10 anein
three. Adoption has been eriabled by the prior paradigm
shift to ched computing, the avalabstity of phagrand-play
Al senvices from global techinology vendors and a thriving
ecosystem of Al-led software suppliers.

& (apiaal expetbations ans ?..n_ﬁ-.._m adogtion. Exscuibiees
wapect Al $o have a groater impact than any other ermerging
technology, including Blockchain and loT.

* increasing overall adoption masks & growing divergence
betwaen leaders ard bggards. Ladders ane axtending thar
acvantage by leaming faster and increasing investment in
Al ata greater pace than laggands.

* (Globally, Ching leads the race for Al adoption. Twice as
mrany entarprises in Asia hae adopted Al, comparned
with companies in North America, due o government
engagement, a data achantage and fewer legacy assets,

* Sactorsdoplion is uneven and in a stale of flux, Eady
adophers’ financial service and high-4ech commpanies)
mexinkain a hesad while ‘movers’ (retail, healthcane and media)
ana rapidly catching wp. Govemment agendies, education
companies and charities are laggards in Al adoption.
Vulnerabile memibens of sockety may be amorg thes last

1o bene it fnam il

=1

= Al is advarkcing soross 3 broad front. Erterprises dne using

rrltiple types of Al sppbication, with one in ten enterprises
using ter of more, The most popular use cases ae
chaists, proceds Subtmalion solutions and Imud analytics.
Maturad language and compaibert wision Al undenpin marny
prevalent applications as companies embrace the abity

to replicate raditionally human actiities in software for

the first time.

+ Lasders and laggards face differam adoption chalenges,

Laggards are struggling togain Ieadenship support for A
and to define use cases. Leaders’ difficulties, in contrast,
have shifted from W o " how'. Léaders see seeking o
avercome the difficulty of hiing telent and sddress cultural
resshance o Al

* Aliritiateon has shifted froem the C-suine to the 1T

departrment. Twa yaars ago, CN0 nitiated b thisds of
Allimitiatves In 2009, & comorabe engagement with Al

shifts from '#” 30 ' how, the IT departmgt is the primary

driverof projects.

* Companies prefir b by, nat buid, AL Nearly hali of

companies favour buying Al solutions fram thind parties,
wahibe @ third intend o buld custom solutions, Just one inlen
companies ane prepaned ho wait for Al bo be Inconporated
Ity theeir favowite software products.

* Warkers expect Al toincresse the salely, qualty and spesd

of their work. As companies” Al agendas shift from revenue
grosath b cost reduction initatives, howeler, workers ang
concermned Sbout job secirty.
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Recommendations

Executives

« With &l ‘crossing the chasm' to the eary majority, the time o act is now, Develop an Al strategy to awoid losing
competitive adwantage.

= Al lsadiars are extending thair aghantage with increasing irvestment in AL Ensura Al initiatives are a budget priority
to enable test-and-Searn deployments.

= Identify and address bamers o adopting Al within your organisation, Are they challenges of ‘i’ lack of leadership
suppt, difficulty defining use cases) or “how' (attracting Al talent, culiuml concerms)?

* |nitiation of Al projects has shifted from the C-suite to [T departments and lines of business, Support these teams'
efforts to cabalyse Al

* |f burying Al, expbore the ecosystern of 1,600 eary stage software companies in Europe that hawe Al at the baart
of their value proposition [Chapter 7).

= Staff may be concerned about job securnity, Engage with employess to explain how A cam augrment thieir robes,

Entrepreneurs

= Buners are divesging inbo leaders and laggards, and ‘buyers’ versus "bullders’. Cualify atbactive prospects early inyoue
efigagerment prooes and abgn the benefits you describe with pain points typical fof (he Buayer pefaona.

= A quarter of buyers wish to buy an Al sodution befiore customising it further to thelr industry reguirements. Be prepared
b iterate your affering in accordance with buyers’ needs, in retumn for socess bo data and public endorsement,

= WWhen developing go-to-market plans and massaging, be mindiul of significant diffierences in depariments’ interest in Al

= WWith initiation of Al projects shiffing from C-suites bo [T teams and department heads, optimise your engagement plans
ko mikigate these growps’ concemms,

Investors

*  Shifls in sector adoption present reew arsas of opportunity and change the go-io-market dynamecs. for startups inexisting
segments. Consider the implications of sectors and departments at a bipping point in A1 adoption.

= Garowing acoption of Al presents a new backdnop for the efforts of early stage &l companies, Assess whether prospects
and portfolio companies are developing the competencies required fo sell o a maturing market

Policy-makers

# 17 countries have national &) strategies. To avweid faling behind, countries must challenge the amiition and scope of
their sterbegles, whée supponing their implementation with screased irvestment, expanded plars for the culthaticon
of talent ard extended sirbegies lor acoess bo data.

* Tha govennment sectar, and non-profit crganisations, are laggards in Al adoption, Redouble efios bo increase pubilic
secion and pon-profit organisations’ use af Al geven the benefits Al can dealives.
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T race for sdoption

Al adoption has tripled in 12 months

Lange companies are adopting Al ata rapedly acceferating rate:
Just 4% of enterprices; had adopbed Al 12 months ago {Gartner).
Taday, 14% of enterprises have deployed AL A further 23%
intend 1o deploy Al within the next T2 manths, Adaption wifl
continug toacoalerate; in two years, nearly two thirds of lange
companies will have Ive Alinftiatives (Fig, 25}

En&uﬁiﬁm; i proerting ad:
* ‘Widpspread mvareness of Al dives a growing volume
of anenpnise best-and-learm initiatives;

* * Early prood-of-concept projects mature, demonstrating
value and calalysing further investment;

s Uncerstanding el Al, altheugh low, & irgredng and
dirivingg investment;

= Matwring Al technalogy - and a burgeoning range of
nexpenshie or open sounoe ALAPI, Frameends and

* Entespeises mitigate skills shortapes by recrusting chief
science olficens, researchers, data scientists and machine
tearninig engineers - and up-skiling existing employees;

* Enferprises ernbirsce a rich econysiem of Tbest-olHbreed’
thisckparty Al softwang suppliens. Burops is home o over
1,800 innowative, early siage software companias with Al
atthe heart of thelr value proposition Chapter 71L Serving a
biroad range of sechons and business funotions, thisy provide
anacoessibie ‘or-ramp’ 1o A with superion resuits and rapid
fime-torvalue,

Today, 14% of enterprises have deployed
Al A further 23% intend to deploy Al
within the next 12 months.

fooling - lover bammers toentry. Enterprises can achieve Em;_._mL
rcee with Al faster, cheaper and with less edpertise than
24 maonths soo;
Fig 25, Ona in saven large companies has deployad Al
Enterprise plans to deploy Al
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In 2019, Al ‘crosses the chasm” to the
early majority

By the-end of 2000, over 3 third of emasrprises will have Over three years, the proportion of
deplcyed Al. Adoption of Al has progressed extremely aexdly . comaanies with Al initiatives will have

Iram infovators and eatly adopders 1o 1he darly mapority.

By ther o of 2059 A1 will have ‘rosted the chasm', from .m:“__r___._._ ._":..._.ﬂ._ one __._ M.m ._H_ Oone _._._ ﬂm._ﬁm_m.

visionanies to pragrmatists, &t exceplional pace - with profound __mw_ ine 3
imgications for companies, consumers and society g
Fig 26. In 2019, Al ‘crosses the chawm' to the early magority
Innovators Early adoplers Earty majority  Late majority Laggards
2.5% 13.5% 3% 4% 6%
Population
Al may be the fastest paradigm shift in
technology history
Al nay be the Tasbest major parsdigen shiftin fhe histony While b chagpes, sticlural smbrsoe of Al = that maynchide
ol entephise echnology, In thercourse of thres yesars, the hiring dta sEentists and re-mapping data pipslings - wil
prepnrtion of companes with Al inftiatives will have grovn regquane greater e and investment, the above factors ane
fromone in 25 0 oneinthres Gariner, enabling the adoption of a mew technology paradigm at

ungrecadented speed,

Camparies can enjoy infial benefits from Al with relative ease.
Falowing the cloud compiting revolution, and the emergence
of & rich ecosystem Al appiication providens [Chagter B,
enferprises can engasge with 'best of breed " Al applications
wia e Cloukd tooderive valus o their data: _ﬁ-m._.._-_._.w..__. alsa
take achvaritiage of ‘plug and play” cloud Al Services Bom
aplcdoa] fet hnilagy vendars including Amazan, Googhe,
TBM and Microscft,

54
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The race for mdoption

Great expectations are fuelling adoption

Adophon i being catabysed by companms growing
coriction inAl's potential, A greater proportion of exeoatives
bty Al will be a "game changes” than any other esmsrging
technology - including cloud, mobile, 1o, bockehalin or AP
{Fig. 27

Fg. 27, Al tops the list of technologies companies perceive as ‘gamie-changing'

2009 CID Agenda

Top performers Typical performers  Trailing performers.

=230} in=2,329) in =278}

Artificial Intelligence Machine Learning 40% 25% 2%
Daita Analytics (includieg Predictive Analytics] 23% 5% s
Clowd (inchiding Kaal) 2% o 4%
Dignal Tranudormation o % i
Mabsle finchading 5G) ™ 5% 5%
Rototic Proces s dwtomation (RPA] % % T
Intgsrat eif Things % o n%
Biockchain 5% a% 5%
Autamation % 5% 5%
Inferutian Technokgy L] % %
APtz % 1% 0%
Immeriee Experience % % 2%
Busingss Intelligancs 2% % 5%
Cybersacurity ra 1% 1.3
Inclugbry-Specilic % 1% %
CRM % o k) 4
ERP % % %
ot Gacinr fanary 2018
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China leads the race in Al adoplion

White adaption of Al has increased in all regions, companias
in Asiay Pacific have been the most proactve in embracing Al
Twace as many enterprises in Asia/Pacific = ome in fe = have
adopied Al tody, oompared with one m e companes

in Morth Armserica (Gartnerd (Fig, 28) Within Asia/Facifc,
Chinese compamies ead in Al adoption. Befjing, Shanghai,
Guangdong, Zhejiang and [langsu are primary bubs. Further,
the proportion of companies in Asia/Pacific with no Intenest in

dipliying Al - onein 14— i half thal of MNoith America (Fig. 30).

“China’s rapid rise in Al has
been a wake-up call for nations,
industries and corporate
executives globally™.

[MIT Sloan Management Review]

Chinese companies” adoption of Al is being catalysed byt

1. Gevernmient palicy: in 20017, China published its “MNeast
Generation Artificial Imeligence Development Plan”,
A three-step phan for leadecship in Al by China and Chinese
companies, the roadmap seehs to; establish Chinese
competitiveness in Al by 2020; deliver breakthrowghs in
Al by 2025 and estabish ghobal leadership in Al by 2030

2. A diata advantage: Al tyshems typically improwe by
ingasting training diata. Chingse compariss have 3 dual
advantage: more permissive policies than Europe regarding
use of perscnal data; and less Slloed data within com panies.
TE% of ledding Chinese companies mantain their comparale
datain a centralsed data kake, companed with 37% of
European and 43% of US ploneers (MIT Sloan
Mamagement Review].

3 Fewer legacy assels: Chinese cornpanes bypically have
fewer legacy applications and procestes, prissenting
opportunities o leapfrog European and American
companiss that have extensive exdsting systems and
associated ntegration recquinements,

Talent and pesonnebrelabed comcems ane Chinese companes
primany Tmpedimiants to Al adoption, The Al talent poal

in the United States is cumently over 50% larger than in

Chira {South China Morming Postl: A greater propostion of
pioneeting Clnese companies < shoin ten - highhoht Al

talent shortages than American or Europesn emerprises (MIT
Sloan Management Riniew]. The impact of asiomation upon
society & alsoa pressing concem for Chinese compankas,
Chinese companies have a greater focus on efficency projects
than revenie generating initistives. As a result, two thinds of
piongeiing Al companies in Chinaexpect & i reduce the sim
of theirworkforces, companed witha thind of European pegrs.

Fig 28. "Deployed Al' (% of companies) = twice as many
enderprises in Ak Pacific than in North America
have deployed Al

Semi e Saetren

Chinese companies have a dual advantage:
more permissive policies than Europe
regarding use of personal data; and less
siloed data within companies.
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The race for manpsticn

Fiig 249, ‘Deploying Al in the next 12 months'
(% of companies)

Figg 30, "Mo interest in deploying Al - the propartion
of companias in Asia/Pacific with no interest in
deploying Al 1% of companies)

Usie of Al applications is advancing across a
broad front

Adaption i advendng niol anly substantially but across a
broad frons. (Fig, 31), Today's entenpnises an wsing maltipis

types of experiential and analytical Al applications. Oneinten

Enterprises now LISe ten of more Al applications [Gartner).

One in ten enterprises now use
ten or more Al applications.
[Gartner]

Feg 31. Chatbats have displaced fraud detection as the top wse of Al In 2009

2019 Al spplications inuse
Pestoiiges (] of respondsain

Chratbut, I
Poocens ptineetcn IR

Fraud ity on tarsactional do IIGGEN @
Warkel/ comumis segrentaton IR 15
Computes kdsed dlagnostcs I 14

FR applications such as ressme screening | T 2
whrtuad pawsoral maivtanty [ &
St robatics | i it L
Arwarmady o fraud detection on loT dew T 7
Othe T 3
Saifdriving vehicies 1l 3

J018 Al spplications in e
Farcarmige (%] of Feipandants

Hane of the sbove [
Frmatt analysin on transscsional data [ #
Markating department T
LSRR ST LAt
Sentirment anahisis ar ot -..
g iy anabis
Cab centre virhial cotomps apsstants -...
R sppilcations sich 6y e soreening -
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Virtual pericnal st | 1

Curr | 2
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Thiee most popalar Al isie cases ane:

L] ﬂvﬁmun_uﬁumﬂn—nﬂ:uquq..nqb

* Processautimation sohitions {26%]
+ Fraud analysis{21%]

Prevalent apphcations inchude:

= Consumes/maret segmentation {15%)

+ Computerassisted diagnostics (1435)

* Cafl centre virtual assistants (F1)

« Sentiment analysis/optnion mining (X%
* Face detection/recognition (11%)

* HR applications (&g, CViscreenng [10%}

increasingly, cestaln applications are becoming widespread

= parficular indusiries.

» Peardy fourin len healtheare providers use oompaber-
assshed diagnostics;

= Theee inben Ulitties use procass automation bools;

* Sixin ten healthcare payers, nearly half of financial tervice
Firrns anct four in ten insurers use Al for fraud detection;

& Thresin ben retaiers ard 8 Guarier ol wholesalars gos A
For corsumes Segmemalion

= Athind of media companies wse Al for sentiment analysis.

Hakural language processing and computer vision Al underin
rrany of the papular and prevalent Al applcations, induding

Fig 32. Adoption of Al is uneven acroas, and within, sectors

Parcontage of respendants that have
dupleyed Al or plan to within 12 manths
trourance TR 10
Saftware & 1T Sorvice: NN 46
Tetecom: T 4%
Roral I 1
Health (Payers) TR S
Mty N 214
Marafaciuring T 2o
Transporn NN 105
Health (Providers) NN 8%
Firusrcial Service: RN 17%
Matiral Resource: NN 15%
Utifitees I 11
Whalesale trace IS 12%
Governmen: T 26%
Ecucation NN 26%
Charity I 25%

chatbets, compules-assisted diagnostics, sentimer analysis
and face detection. Companiss ane eribracing &l's sty 1o
replicabe tracktionaly human activities in software for the fisst
time-and the possibiities fincluding chatbots. computer
aded diagnastics and sentiment analysis) this enables,

Orher, poputar Al spplications — faud analysis, congumer
sagmentation and aspects of protess asomabion - eflect
Al's abdity to identify patberns in data mone effectively than
tradithonal, ndes-based software. As Al has expanded the
braadth and com plexity of workflows thal can be subomabed,
PEOCEEs autamation has come of age, In 2007, given it
potential, B4% of énterprises highlighted process automation
s & focus for future Al deployment (Gartnen). A solutions have
matured, companies have made good an their mtentions.

Ire 2010, process subormation @ the joint mast popular
application far Al

Sector adoption is in flux
Adoption of Al i umsaen - aorss and within sechorg — and in
i state of fhu, Sectors are divenging inka ‘early adopbers’ of Al

‘migvars” and Taggands. Within sectors, adogtion is dividng
further among sul-sets of market participants.

Adoption of Al is uneven -
across and within sectors
~ and in a state of flux.

Sectors are diverging into
‘early adopters’ of A,
‘movers and ‘laggards'.



The State of Al: Chapter 4
The race for sdoption

“Early addopters’ — sectors lhist proactively imvested in Al = Ditvergence is evident within as wel as across sechors,
g reageng the benefits and maintaining thel leadershp, The properticon of Insuances companies that ha adopbed
In 2017, financial servicas and high-tech & Teloo companies. &), or intend to within the next 12 months, is ten percentage:
arficipated Increasing their investment in Al inthe foflowing - jpoints higher than other financial serice companses.

Iree wears, more than companies in other sectors, Today, “Within fhe healtheane seciorn engagement with Al is graster
insurance, software & IT senvice and Teleo companies lsad aming payers than providers, The vahue, ahd suitability,
in ) adoption (Fig, 38, of particular Al ise cases is driving “hot spots! of activity

“within sectons, Alpowened fraud analysis, which can datect
“Movars' hava awoken to 4]'s potential and are closing the ‘dishonest activity mane effectively than traditional, nikés-based
adoption gap. In 2017, .._&ES of Alinretall, healtheareand systems, i the thisd fmost pepular Al application taday i
;EEE olter ssctans, Adopkion in (Fig. 30 and is catahying adaption among insiners and
hiese seciors has or . Myane than ol in ten retai, hiealthcane paims,
gﬂmigii:ifi Al
ot wil have donie sowithin 12 meaths {Fig, 3

Interest in Al is %E&uﬂi&.
‘Movers’ have awoken ta Al's Ayl aeicaia babwon R e e b i

potential and are CloSING the  SeZamarasammreeram e
adoption gap. peneti e Eﬂﬁii

} s rerly ksl that of legal & complisnce, sales and fiskd
High rates of adoption in financi services, igh-tech & service Yearms (Fig. 331

opporhmity and engagemert. Aloflers extensive peenis for, | 4 il emerging between departments’

and eptimisation chalenges well suted 1o Al extensive dats - INETEST N exploiting Al's potential.

ot A3 systeens; quantfiable retum oo investment; and, to

varying exdents, the resources and ability to atiract high-quality - ‘Customer service teams’ Interestin Al refiects Al's value to

Em.a.ﬂ.mﬂuﬂi e above sectors are also, Hpically, bath managens and workars, and low barviens 1o adoption.

open i engaging with AL Early adopters metoppoiiunity. - Customer service teams spend extensive time addressing

with vision. “Movers' have promiptly recogrised emaiging rispertitive, iowervalue enquines. AL undempinned by natral

oppartunity - and begun tofackle mpedimants io adoption  language processing, enables replies b a growing proportion
o o N g ) -

%%ggﬁiﬁisgi
“Laggands’ - Gowernment sgenciés, educalion companies atgmanted thraugh AL Greater afficiency, and freedam o

el chiarities ~ ane falling Behin in Al sclogtion, Whike Al “fous on highes-volue Cases; sults managees and workers alike.
hars potential bo transforen Governenart, In particalar, ghven Taibwindds o engagement ~ inchuding increating adoption of
%Eiiiagnﬂggﬁ contact centre software platforms, and the availability of Tbest
. Alengagement wif continue to EHEEE!: of breed'-Al contact centre solutions such as DigitaiGenaus,

initiativizs, fimited budgets for emenging techinologies, sloed . i which wee have invested — are fusling inberest.
Eiiﬁ&gﬁzig“ié

with Al primiatily a5 produicers and Consleens, not Citizens,

and b suppert of companies' and conmeners’ chgactives. Al's.

transinrmation of western socisty wil be led by companies,

.ftiﬁwi#&ﬁ%i?
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Extenisioe interest in Al from markelens, similachy, reflects the
readth of markieting activities b which Al can b uselily
applied and easty adopted, Al can augrment cusbomar
segmentation, chanmal optimisation, cortent pessonakisation,
price optvisation ard churn prediction. Exienshe raining
data i mvailable and accessible for each activity, whils uplifi
can b readily quantified.

Muodest intenestin Al from Legal & Compliante teams isat
odds with Al's piotentlal for vafue in these departments.

While companies’ legal and compliancs oot ae ballobning,
Al powered by natural inmoege processing chn suppart
activiting inchding: automated fime tracking case law

revielw; due diligence; litigation strategy; and commmenication
compliance: Modest adoption eftechnology maone broadly
wathin hagal departinents, and cliltina redistands 1o change, &
mhibiting wtenest, Dur primany nesearch, howiret highlights
a divargencs bebwesn innowathee legal and compliance:
departrments and laggands. Leaders ane taking advantage of
Al to gain significant compeditive advantage. Mo broady,
we cbsere & Gpgeng poirt in technology investment and
Gpenness bo innovation among legal and compliance teams,
s itstrated by the growth of Tegad operations” persannel
wihirsa rofe is 1o optirmise efficiency through modemisation and
autornation. intenast in Al among legal and compliance tears
s kaly 1o increase in the mediurm tenm.

Al leaders are better informed
- and learning faster

Increazing All adoption overall masks a growing guif betwean
headhars and laggards in Al = in compankes” undenstanding,
larming, strabexgy and investment.

Among A laggands, fewar than hwain ben balieve thay
understand the technology-, businesi-, workplace-

o industry implications of Al [Fig. 35, 'passives” and
‘sxpernenters’) [(MIT Sloan Management Redew]
Among leaders { pioneers” and investigators | the feverse
Is it esght b ten undearstand its dynamics.

Lagpgards are st to bl further behing as their understanding of
Alirrgiones ot 8 dlower rate b the et 12 months, bebween hal
and twos thinds of A lmaders improved their understanding of
Al tor a great extent (Fig. 34 AT Sloan Maragerment Review),
Dwring the sasme pericd, fewer than twio in ten laggards did so.

Increasing Al adoption overall masks a
growing gulf between leaders and laggards
in Al - in companies’ understanding,
learning, strategy and investment.

Fig 33. A gulf is emerging batween departments’ interest
in Al

Bobex imarsaied in sapiciting &l
Total sepondents

- R
Costorer erice RN 24

[Tes Im—————____ E

Firarce MBS 11

Carporae beadorbip NS 10

Maketing ERISEENN 2v

Human Resoerces IERENENS 29

BAD / Prosuct deweioprnent SR 27

Supply chan, procuwsement, puchasieg EENEEES 25
Ligi#l nvd compliance TR 10
Sales HENE v
Fied service EEEE 10

Purcentage of reipandents
W bipde res povaiy

Fig 34, The smart are getting smarter

o [ 1o
%
50%
0%
A%
'
L : ,...u_..r
i N
1% &
F TYRSE
Perisiwes Frfw=rsar o FrarstigalTes Frormess
has Lt} .IM.I Eh
S * BNt Bt Wi et - Tk Mg
R | i bt whba




Thia State of Al: Chapter 4
T e for sdopion

Fig 35. There is a gulf between leaders” and laggards’ understanding of the implications of Al
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Irrespéctive of their Al maturity, companies typicalty M leaders are extending their advantage with

understand some considerations belter than others greater investment

{Fig. 35). Owerall, compankes are better attuned 1o the

digruption Al wil bring than thé pragmatic chalienges ol Companiis proactisety deploying Al e compaunding their

daploying it. Companies understand best that: Al will change - compatitive advantage by increasing imsstmant in Al ata

hows companies generate value; that A will shift industry greater pace than gpands.

power dynamics] and that an Al futune will requine different

krewdedge and skils 1o the past. Companied typically i ify bt Al pioneers - companies on the leading edge

understand beast: the costs of developing Akbased ot Al deploymient ~ have incrsased ther invesstment in Al in

products and services; processaes for algosithm training: the past year. Naarly ho thirds companies imestigating or

ared the effects Alwill have on crganisational behaviowr, experimenting with the technology have afso done so. Among
companies with no adopton or much undérstanding of A%,

w.ﬁ_ nein Hmm._ .Pm _u_._“_ NEErs - n_uu._dﬂm nies an just ore in fve has increased spend on Al (Fig. 36, ‘passives)

{MIT Sloan Managernent Review).

the leading edge of Al deployment -
have increased their investment in Al
in the past year.
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Fig 36,4l leaders are extending their advantage through greater investment
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Laggards are falling further behind in
Al strategy

Laggards sense of wgency regarding Al ls weakening.

The praportion of companies that believe developing an Al
strategy & wgent for their organisahon is stoble overall — ot six
i han., Howaver, while tha proportion of proactive adopbers
with this befief has increased yeas-on-year, the proportson of
laggards who share thid view has fallen during the same period
{Fig. 37, ‘passives] {MIT Shoan Manageriam Revisw).

Attitudes ana shaping cutcomes. Dverall, the propoetion

iof comparies that have implementad an Al sirategy has
ncreased - but the propostion of lagpgands that have dane 5o
aunchanged (Fig. 37, ‘passeves TIMIT Sioan Management
Review), Al leaden are compatinding their advantages in
wndemstanding and learning with strsegic planning ~ while
tagpards fall further behind,

The proportion of companies that
have implemented an Al strategy
has increased - but the
proportion of laggards that

have done so Is unchanged.

[MIT Sloan Management Review)
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Figg 37, Wihile more companies have an Al strategy. the proportion of laggards with an A1 strategy is unchanged
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Leaders and laggards face different adoption
challenges

The bariar o companies sdaplion of Al are no o
consistend, Laggarnds ane struggling with foundational
considerations, They lack general technological capabilities
to embrace &1, ok keadership support for Al initiatives,

and ane strugging 1o detine use cases 1or the echnokogy
|Fig. 2B, ‘passves” snd ‘expenrnanten ) IMIT Sloan
Manasgement Beview].

leaders adoplion chalernges, in oontrast, have shifted fram
if" b Thoee'. Leadiers haree 2 Sirong undersianding of Al e
cases, extansive leadership support for Al initiatives and fewser
technodogical constrants b Al adoption. Their chalienges
difter. Leaders ane conbendng with the diflicules of atiracting
Al talent, balancing spand an Al with competing mvestment

priciities and saddressing cultural resistance o Al-led initiatives,

Fig 38, Leaders and laggards face different challenges to adoption
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Al initlation has shifted frem the C-sulte to
the IT department

Previously, the C-suite played a vital nole in initiating Al peojects,
making technology decisions in relation to them, and
appeoving praject linding, Twoyears g, Chisl Executie
Officers ICECs), Chiaf Infommation Dificers 10105} or Chief
Technology Officers (CTO initisted two thinds of Al projects,

Tadiay, just'ana in exght redpandents highlight conporale
teacherihip a4 She primary diver o infiator of Al prajects.
Inberesst oAl and its initiation, has shifted from the C-suie
ririariby o the 1T départment (Hig. 291 The Customer Sefvics
function is also ernerging as a povwerful dover of Al proects;

A engagersent will cortinue o diffuse from the C-suite o
ey of business. By providing ignition enerigy - identifying
fhe distupbivg pobantial of AR prionisising exparimantation

with the lechnology and funding its deployment - the

Cruuite s necessary but insufficient o drive change. As
pamripanies’ engagement with Al evohes fram i bo Thow' - as
understanding of Al use Caed improves and implementation
considerations welgh mose hiedvily - ling-of-business owners
will pilay an ever-graaber robe in dedivering value creation
fhraugh Al

Fig 39, Initiation of Al projects has shifted from the C-Suite
to the IT departrment
Primary rake deiving &l prajecn
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Companies prefer to buy, not build, Al

Whaen adopling &), mofe companies préfer 1o by than
“build’. Neardy half of companies favou buying Al solutions
fraen third parties, wwhile 3 third intend to build & custom
solution irtermally {Fig. 401 Few companies - fust ane in ten ~
are prepased 1o wail Tor Al 1o be embedded intheir favouibe
sottwane products:

Fig 40, Mearly half of companies favour buying Al solutions from thind parties
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The race fof adoplion

For many, & ouy" stralegy is appropriabe given Bmited
in-hause Al chpabity and the proliferation of verlicalsed,
‘past-oi-breed software wandors with &) at the haart of their
product propositions. in Europe alone 1,600 startups and
scale-ups offer Alded selutions, each focusing on a partioular
inclustry or business function {Chapter 7], Many cifer best-
ineclads Al functionality, Faster time to valse ahd lower cost
than devaloping m-house axpertiss and capability. Further,
large bunyess can frequently shape the preduct roadmaps.
ol early stage compadnies bo suppont their reguirements. in
sieciors served by fewer sary stage Aled supplien, suchas
Governmient and Education, propensity 1o build” & highes,

The It propostion of compandes waiting for Al toba
embedded in their favourke software prodiects reffects
binyers” urgeney bof Al and desio lor sustimabbe compelithe
advintage. While democratising A, incumksents ane siower fo
e Al festungs into existing solutions and ke llaly to offer
bestin-class capabiity. By providing the same tooling to large
arops ol market participants, the competitive advantage they
provide s lso fmited |

Faradigm shifts in technology hypically destabilise incumbents
and enthrone newve winners, In 2019, as buyers prioritise
capability and time 1o valise, specialist suppliers ane an
altractive cn-ramp’ oA, Intime, as Al commadilises and
buyers seek bo consolidiate and simgiy ther technology
stacks, buysrs may favour Alenabled incumbents onoe again

Workers are concerned about job security

Winrkars” s vany widehy regarding tha ity imipact of A
on their dally activities - for example, whiether Al will increase
ior décraass time spent with customiers, or collaboration with
colleaguas (Fig, J1). As Al prokierates, on balanoe workers
et Al o increass the sifely, Quasly and pace of their
work whike decreasing job security (Fig, 42)

Workers” expectations regarding the positive impact of Al
on their roles are likily 1o be med. By sugmenting esisting
workfloes with niviw toois and capabilities, and increasing
automaticn, quality of cutput and pace of productivity
wall increase.

Regarding workers” concerns aboul job security, Al i likely
(o endihe the aidomation of select oocupations that imedaher
roating and regetiticn, such as telemarketing and truck

elrindngy, In other rokes, A will sugrment workees' ctivities
imitiadly bt igplace a greaber proportion of thir actties
owar time =or obviate the need for additional hiing. In many
cases, however, Al will smply augment and ensich individuals
roles, ampowering workers with greater capabiliies and the
opportunity bo fotus on highervalee asks, YWe disclis A's
patiential fo displece jobs, and other risks 1o society fram A,

I Chapter B,

Fig a1, Workers' views vary widely regarding the impact of
Ak o thasir setivibies ik pr
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Fig 42. On balance, workers expect Al to decresse
job security
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The State of Al: Chapter 5
The achiance oftechnology

The advance of technology

Advances in Al technology are creating new possibilities.
Custom silicon is enabling a new generation of Al hardware.
Emerging software techniques are delivering breakthroughs
in multiple domains and decoupling progress from the

constraints of human experience.

Summary

= While graphical precessng inits (GPUS) catalysed Al
development in the past, and will continue to evobwe,
hardhware innovations are-expanding Al's pobential.
Hardweate i being optinised, customised of re-imangined
to dilivar a new generation of &l acoelenators,

= Hardwane with ‘tensor architectres’ is accelerating deep
Ebzarning Al Yendors, nchuding NVIDHA and Googls ane
optimising of customising hanchare fo suppaort the ise
of populst diesp learming Tramewarks.

* Weare entering the post-GPLU era, Leading handwane
rnanifacturerns are cleating nesw classes of computer
processor desgned, from inception, far Al, Custom sikoon
ofters ranshormational perlormance and grester versalidity.

» Custom slicon is also taking Al to the ‘edge’ of the
ntarnet - bo loT devices, sensors and vehicles, Mew
processons engineened for edge computing comiome high
poricrmance with low poser consumplon and small size.

*  As gquanbum compating mabures, it will create profound
apiportunities for progess in Al and enable humanity
16 slciress previously ntractablie problems. fam
personabsed medicine 1o Climate change, While nascent,
Quantum computing is advanding rapidly. Researchers
have developed funclicning neural networks on
QUBATURT COMEAILEn.

= Renforcement learming [RL) s an alternative aporoach i
deweloping Al that enables a problem to be sotved without
knoiwledge of the domain. Instead of learning from brafning
data, RL systems reward and reinforce progress towands
aspecified goal. AlphaGo Zero, an RL systemn developed
by DaspMind to play the board game Go, developed
urwivalad ability after just 40 days of cperation. in 2009,

&

developmiehits i BL will énable grougs of agents to interact
and cofaborale effectvely.

* Progress in BL s sigrficant because it decouples system

improvement from the constrainks of human nowledge. BL
is.well suited o creating agents that perfoem avtonomoushy
m emironments for which we Lack raining data.

+ Teamafer feaming (TL enabbes progeammers to spoply

dlements ibsmed fnom previows challenges b related
prodlems, TL can delver stronger indial perfonmance,
myove rapid imiprovement and better fong-temn results.
knterest in TL-has gresn seven-fold in 24 manths

and iF enabling a new generation of Sretems with
greaber adaptability.

* By learning fundamental properties of language. TL

poveened madels dre impeoving The state of the art in
language processing —in areas of wniveisal utifty,
H01E waas a broakthrough year for the apphcation of
TLio language processing.

* TLis alsc enabing the development of comples systems

that can imersct with the resl sorkd; desaering syshems
wiith groter ackatabEty, and Suppoling progiess owarnds
artificial general inteligence, which remains far from
possible with curent Al technology.

s Generafve Adversarial Metworks [SAMN) will reshape

content creation, media and socety. An emergng Al
software technique, GANS enable the Creation of artificial
media, mcluding pictures and video, with exceptonal
Ticelity, GANs will deliver transformational benefits

i seclors incleding media and entertainment, while
presenting profound challenges bo societies - beware
‘Take news 2.0,
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Recommendations

Executives

« Ensure your gorganisation, or suppliers, ane taking advantage of the latest advances in Al hardware fior faster solutions to
rone comples challenges.,

= Custom silicon for edge computing & enabling ‘edge’ davices - drones, robots, embedded devices and sensors — with
greater Al capabilities. Explore whether Al-enalbled edge applications could offer wour company, of custamsers, utility,

* Rainforoement kearming can ba usefully applied to fackle probdems of control (such as warehouse automation)
and coordnaticn (including fleet optimisation). Explore whether retrdorcement leaming could deliver eficency

impeovements and cost sivings for your companmy.

Entrepreneurs

= Take achantage of hardwans with tensor architectunes to accelarate the devwrlopmaent of deen lsarning systems,
¢ OMfer more advanced language processing n your solutions by drasang on recent breakthroughs in ransfer leaming.

»  Genemtive Adversarial Metworks (GANs] can be usefully apphed bo a wide variety of domains beyond media, from
signal novmalisation 1o network security. Explone whether they could provide uliity for your application.

Investors

* The 'postGPU era’ will creabe new winners. Explore companies developing custom silicon foe Al for the data
centre and edge deacas.

* Rairforcement kearming offers solutions to a mnge of challenging probdems. kdentify companies taking advantage
of reirlorcermnent kaarning for cormpetithe advantage.

*  |dentify opporunites for portfolic companies (o (ke advantage of advances in compuber vislon and language
enatied by transier leaming,

* Explone the field of quantum computing, While nascent, it will gain significance rapidly in the years ahaad

Palicy-makers

* Transfar laarning, reinforcement kearning and generatve Al enable Al systems with greater capaklity and
adapitability - and pose new risks o sockety. Explore the mplcations of emenging Al iechnalogy in Chagtes 8.

= The LUK is an emenging leader in the nascent field of quantum compiting. Review the Mational Chuantum
Technologies Programme to explone the LUK strengths and challenges in guantum technology and identify
opportunilies lor pokcy-makers” suppon.

Explore our Al Flaybook, & bluspeing for developing and deploying Al, 81w, mmcventones. oom/ research,



Al hardware is being optimised, customised arsable iew ones (m Discormbar 2008, Google used
--and reimagined sophisticated deep leaming to predict the 30 structure

%i%gigmﬁg&q
Traimirsg the nevral nebworks that power many Al sysiems is e Tt ).
computatiorally inisrahe, Graphical Processng Units (GPUS) -+ accelerates new approaches 1o Al such s
hardhvicares thit is efficient st perfoiminig the matrik mathermatics reintoscement learning (RLY and transier leaming (TL,
a_aE.-n Elﬁnﬂfﬂi!ﬂﬂﬁlﬁgi wibich we explain balow,

w..__p.?.uqﬁa!n. EEBEE. increae, Tensor architectures are accelerating
deep leaming
_.Esu.l.n.s.._ were designed for graphics processing - not
A1 Manufacturers exploited GPUS ability to perform matdx. Deep leaming Al continues o %iﬂi&!ﬁslﬁ

cakeulations when it became apparent that Al benefited from - benefiks - in domains including computer vision and language
the sarne irathematics, Freguently, just a third ol s GPU s core - and apphications ranging frofm subonomious vehicles to medicat
aneals used fos A, diagnasis and language Eranstition

As Al matures, greatér demands ans being placed on the Ik ressponse:, vendons ane siptimising or cstomising handware
hardheare that poswers it. Larger data séts, mone model o suprpont the use of popular deep leaming frameworks:
parameters, denper netwots, moving Al o edie’ devices, ‘Wit addressing & mone limited set of instuctions, this

“rd an amibation to tackle new challenges demand improved - hardware anables faster system training and pertarmance fram

i Vendors are optimising or customising
techricues, we highght theee dynarnics shaping Al hardwre NBIOWaTeE to support the use of popular
-?S_s...w..u.n._. customisation and resmagination of nmmﬂ.—mmam:n ﬂm_m._m._.sqﬁ..

.Em%gg%ratﬁig MVIDIA Fias introdiced GEUS with aschitectunes dptimised for
tix recent indistry benchmarking, which compared Google deep learning ona range of frarmeworks. The Company's
“and NVIDHA's processars (https:/fmipert org/results/) both  Tesla GRS contan hundreds of Tensar Conos that accelénate

‘parties claimed victory hitpss/oit. v/ ZIgWKIT, hitpscfbit. | the matrix calculations at the hieart of deep leaming AL
I/ ZSYLEGH). Developers and consumers alike will bemefit Tesla GPUs delver faster resuits with common Al frameworks,
- frem inbense competition, 3 new hardwane: particulatly comvohtional neutal networks used for computer !

= kweers the cost of compute for A, democratising acoess visionsystems,

* Increases the spaed at which systems can be trained Tesla GPUs enalle sy itakole reural networks to be trained ina
anditerated, shortening development cycles; third o the time previously required [Fig. 43) and operate fou -

. %%E%Eﬂk fimes basker (Fig. 44 Compared with  iracktional CPL, Tesa
o ‘eclge’ devices such as internet of Things{oT) units, GPFLis offer a 27-fold improverment..

and
+ enables mone compie: ard effective miodet.
Better models can mprowe exisling applicationd and -
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Flg 43, Tesla GPUs enable suitable neural networks to be
traimed i@ third of the previous time

BN Tanla VIDD VS
£.1 homars:

Fig 44, Tesla GPLs allow sultable naural nebworks 10
operate four timis faster than previously

reawvior T
o
were |

> 0% 20 30K A0 S0
Parformance normalised o CPU

Wiorkload: Beslbet-50 | TP 1Y Ko
ES-T090nw i 206 G | GIFUE e 1 Tesia P o W00

Sivaa HVEA

Google's Tensor Processing Uinit (TPLY isam application-
spacific ntegrated circuit [ASIC] - a custom microchip

= designed specifically to accelerate Al warkhoads on the
papular TensarFlow fiamevwnark.

Afer publicising its wse of TRUs in May 2016, Google
announced its second-generation TPL in May 2017 and third
genesation inMay 2008, While first generation TPUs were
firnited bo inleencing (processing queries thiough & trained
nistwark], subseguent generations acoelerate System trainng
arswell as inference,

Oiptimised bo procass the mathemancs requinsd by
TensarFlow, TPLs offer exceptional performance for
TersorFiow appications. Even moving from Google's second-
generation TP o its third réduced by rearhy 80% the time
pguired 1o train Reshet-50, an industn/-standard image
classification medel,

Fig 45, Google's second-generation TPU reduced the ime required to train an image

i

P P P

TPU Y3

TPU v Pod TPU w3 Pad
BOL0 71
mirutes minutes
| 5
minutes
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This achianceé of technology

Initially, Google uted TPUS cnly within its own dats centras,
to scoalerate Google senices inchading Google Photos [one
TPU can process 100 milion photos per day). Google Sireet
Yiew and Googhe's RankBram search facility. TPUs are niow
acoessible b gensral developers dnd researchers via the
Googhe Cloud Plathorm,

The post-GPU era: custom silican is enabling
new possibilities

Leading hardware manufactumg are diverging from
archéteckyres used in the past. In 2018 a new class of
computer processon deskgned, from inception, for Al wil
ernarge; Customn slicon, desgnad from firsl princphes fos
A, affers transformational performance, capatity smilar
o existing systems for a fraction of the power or space,
and greaber versatiliny.

Iné:emniseint microchip manufacturers, ghobal techniiogy
companies and dorens of disruplive early stage companies
inchuding Cerebras, Graphcore and Mythic are developing
nésct-graneration processors for Al

Graphesng, & privabaly-hield ‘scale-ugy compamy i ths LK
that has attracted over $300m of venture capital funding;
has devveloped an intelligence Processing Unit {IFU) (Fig. 46k
Grapheane’s IPU comibines a bespoke, parallel anchitectune
with custom software 1o offer greater performance than
esdtting systemns, Graphcore's benchmarking suggests that
its IFLL can delivar 200-0ld performance Brgrovements in
saleched tatks, companed with GPLUs (Fig. 47),

The IPL's architecture and softweace enabile large quantiies
of data to b consumed in parallel, instead of seguientially,
and from multiple locations (igragh computing” in place

af Tirsear addvessing’), Data ks fransporied across the IPU's
1,000+ sub-processons more efficiently, and the IFL peovides
Taster access 1o grested volumes of remory fo reduce
bandwadth limitations:

Az well as enabling esisting workloads to be processed more
rapidly, new hardwiare architechures suck as L will enable
developers o tackle previoushy intractable chalenges,

Figg 46. Graphoore's 1PU is desiged, fram inception, for Al

Figg 47. Grapheorne's IPU could deliver 200-fold
parformancs improvemants in selected tasks
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Custom silicon is taking Al to the edge While quantim compiting technology wil kb ime o

matue, in the decada ahead quantum:powened Al wil enable
While cloud computing proliferstes, 2 *barbell’ effect is humarity to addsess previously intractable problems - from
emeiging as a new class of A hardware i optemised for climate changs o personalised inedicine.
edlge compating insbead of the data centre.

o s o s s in 2019, as well as enabling next generation

o the ‘adge’ of the internet - on ko devices where it was Al in the cloud, custom silicon will

ﬁ.@ Eﬂu.aiﬁmﬂﬂuﬁﬂﬁ transform Al at the edge by coupling high

prciferate, e cormmity e ey s e performance with low power consumption
ey procensing for . : and small size.

silicon for Al st the edge. In October 2018, Google releesed Breakthroughs in software development are
Edge TPU - cusham processir 1o run TenserFlow Litemodets  delivering transformational results
- pdge devices, & plathora of sarly stage companies,

including Gyrfaioan, Mythic and Syntlant are silso developing. While nioved ha ii_uia!ﬂuiggn  Tecent

In 29, % well a3 enabling nist generation Al in the deud,
custorn slicon will transiorm Al at theedge by coupling high  Below, we explain how advances i two alternative.
perfonmance with | cw power consumption and small size. approaches o developing Al systems - fLa nd Tl =are
enabling the creation of pragrams with unrivalled capabilities.
Wl ald dlesciite b a N %.ui&.....ﬁi ~the
CQuantum computing will unlock profound Generative Adversansl Networks (GAN] - has reached @
opportunities tipping point in capability that will reshape media and society,

Chisntim compuiting is 3 paradkgen shiftin compiing that .
Exphoits the profeties of natse - quanium medhanics— - Reinforcement learning is creating powerful
Yo et frodound e possibilities Whilé rascent, quintin Al agents
s hasdadind 5 i rauicl
B.B:&.uﬁﬂmgiuﬂig%-?ai ”.ggaﬁagg.%!%

..un.ﬁntu!.i. Eﬂﬂnfuau!&d E..#Euuﬁ.i
Chmerturn hardhwaes, and associabed software 1o acoelerste .u_..u.__gu,! system snalyses iraining dataand develops a
._E.Hmu:_!uwﬁ. unnlg Eﬂrﬂﬂﬁiﬁ:ﬂg ‘Rupction’ = arway of relating an outpuat bo an input ~ that is
Google ggg_ig?g used bo assess nevr-samples provided bo the system
018, an lalian team of researchers developed & functioning [supervined leaming ],

quanburn neural networ on an [BM ouantum computer

ihittpe bt b/ 2Gx peel. Rigett, a manufacturer of uantem

‘computens and software, has developed a methad for
- QuBnbu compuiters to run ceriain Al algorithma.
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The acdvarice of technology

R a0 alemabive appeoach that uses principhes of
recplomation and reward, Human parents encourage children's
development through emational rewards (smiling, clapping
ard verbal encouragement] and physical prizes (oys or
sweeets). Similary; after an RL system is presenbed wath a goal,
it e perirnents through trial and enor and is rewarded for
progress towards the goal. Whilis the syster will initialy huve
no knowledge of the correct steps fo 1ake, through ciycles of
exploration RL systems can rapidly fmpnove.

RL s an efficient approach lor teachang an sgent o interact
with its swironmant. Developens begin by specifying a goal
and elerments within the agent’s control - for example, in
redbotics, the joints that a nolot can move and the directions
i which it ean travel, By rewarding wsedul progress and
miegativedy reinfoncing failune, o early.as 19977 1 wis
demonstrated that RLcould produce a robot that wallked

Ina dyramic environment - withowt knowdedge of the
ervironment or how to walk (Benbeahim and Franklink.

Developments in Bl ane enabling profound milesiones
in thaa trainingy of individual A agents and, byrtaaching
Cooperation, Groups.

18 months ago AlphaGo Zero, an Rl systemn developed
by Diseplind 1o play the board game Go, autperionmed
Deephind's previous Al Go syshem that had been rained

using traditesnal, supervised loaming, Provided onky with

the rules of Go, and without nowiedge of any prior games,
by plarying against itsell AlphaGo Zero reached the level of
AlphaGe Master in 21 days. After 40 days, AlphaGo Zens
aufpasied all prior versions of AlphaGo tobecome, arguably,
the siohgest Go playar in the woeld (Fig, 4B, "Humans seem
reciuncant in front of s selimprovement” (Ke fie, World Mo,
o player],

15 months bgo, Desphind developed a more general
program - Alphalero - thit could plny Chess, Shogi and Go
it levels supassing exitting programs,

RL ks sl susited Yo creating agents that can perform
aulnnomosly in ermionments ior which we lack liaining
data, and enabling agents ta adapt ko dynarmic ervinonments,
I 2019 RL will catalyse the development of autocnomous
wehicles. in the longer-terr the expdoration of space, where
trairing diata s limited and real-tire adaptation is required,

i Tehy 1o i ion BL,

Progressin RL is signdficant, more broadly, because it
idecouples systam improement from the constradnts of human
knowadedgie. RL enables researchers b “achssve superhuman
performance in the most challenging damaing with ne human
input” (Deephind]. We egilone this profound implication of
Alin Chagiter 8.

Feg 48, Reinforcement learning enabled AlphaGo Zero, a systern developed by DeepMind to play Go, to achieve

unrivalled capability after 40 days of play,

40 days
AlphaGo Zero supasses all other versions of AlphaGo and,
arguably, becomes the best Go player in the world. B does

o this entirety from seif-play, with na tier
030 using no historical data,
000 - - - .
o a5 n 15 0 15 30 35 a0
Days

e Alphale Tave A0blocks =i AphaGolen -ex AlphoGa Madl

e
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Reinforcement learning is enabling multi-agent
collaboration

n 2019, developrmants n L will also enable groups of agents

1o nkeract and collaborabe vwith aach olher mone sfhacvely

Garmaas, which present a safe and bounded eredronment for
aarning, are waluable for training RL systems [Auditya Baull
Letence of The Ancients £ Lolad) s 8 Cooperatve onine
game kor baams of Free plagers (Fig. 490 While previous
ermaronments requined Al agents to optimise anly for their
orT SUCCEss when responding to the actions of cther teams

Cioila? recpaines agents bo consader the SCCess off Ehemir team

Oipendl 55 s Dotalt bearm develdopsed by Dpansl, & non-
profit &l research comparry Building safe artificial genera
ntelligence, Opendd usad EL in a similar manner to

Deaphing’s AlphaGo Jero o train s team

Dipenil 5 agents intially played against themsehes 1o eam
ndividual and cooperative skills, Subseguantly, they were
able to improve rapidly [Fig. 500 and defeat all but the top

prohascaanal human bearrs

Develaping Rl remains challenging. Designing neward
functiors can be difficult as Bl agents will ‘garms the system
o obtain the greatest rewand, Dpendl discovered that if
thesy oflered agents resands for colleching power-ups, which
would anable the sgents 1o comglete thair task facier, agens
abandoned the task to collect the power-ups gneen the
asailable resards, Even with sound resard functions,

1 can be difficult to avold ‘overlitting” scluticns bo their

oAl erndronment,

Fig 49. Reinforcement leaming it enabling effective multi-agent collaboration
LAl agants playing Defence of the Ancients 2)
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Fig 50, Relnforeement bearring enabled the Opendl 5 team Lo surpasd rapidly the perlarmance of mast lummsh leams
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Transfer learning is delivering breakthroughs in
language Al - and beyond

Traditional Al reduines sirstems i be trained iaim a standing
start, which demands data and time, of accepting the.outputs
ofexisting; pre-trained metworks whose training data s
Inaccessible. Accondingly. Al development is frequently
ivefficient or sub-nptenal,

Trainshar laaming (TL) is an emenging sppresch for developing
Al software, which enabiles progeammers o create novel
sohtions by re-using stroctures or features of pre-rained
restwerks with thesi own data, Bi-dravdng upon slkills leameéd
fram a previous prodilem, and apglying them o a different but
relabad challenge, TL can deliver systems with stronges instial
performanoe, more rapid system mprovement, and batter
lang-term resulis {Fig. 51

Fig 51. Transfar lsarning can offer strong initial
performance, faster improvement and better
lang-term results
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T1 b b visid to aocelerabe the Sevelopment of A
computer vision systems for over a decade, Inthe last 29
months; howerer, inberestin TL has grown Told {Fig. 520

i 2019 TL ks besng appled to broader domains - particularly
natiral |arguse procesung.

Figy 52. Inkerest in transfer learning has grown 7-fold in 24 months
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Todate, natiural languiage protessing has operabed at & shaliow
lewel, struggling to infer meaning at the level of senbences and
paragraphs instead of words. Weord embedding, an historically
popiar iechnigue for infierring the meaning of a word based
o e weerels Bt fresquueenitly & poear riéar bont, s limited and
sugceptible jo biss, The absence of exiensnie, faballed training
data for natural language processing has comipounded
practitioners’ challenges.

By enabling better results with less
training data, transfer learning is delivering
transformational results. 2018 was a
breakthrough year for the application

of transfer learning in language processing.

By enabling better results with lets training data, TL is offering
ransformational results. 2008 was a breakthrough vear for the
application of fransfer larng in langusge procesiing:

= InMarch 2018, the Allen Institute for Artficial Intefigence

used TL o defver ELMo (Embeddings from Language
Miodels), which improved the state of the art fora

beoad range of natural language tasks ncluding

cuestion answening and sentrment analysis
Mttt by ZHYG M),

InMay 2008, research institation Fast. Al released

LILMFIT [Uiniversai Language Model Fine-tuning for Text
classification). ULMAT unddersconad that TL can be apphied
to languste prodedsng tasks and introduced schniguss
fee fire-tuning language models. By using TL, with only 100
lakbselied exarmpies ULNFT matched the performance of
systens tralned with 100-fiold more data. Their method also
offered improved text classification and reduced error rales
-5 18-24% on rrany data sets __.__..._.t_a_..__.____um_"._w.____.u—.__...:._ﬂ._n_.._.

*  Inmick20NE, Opendl demonstrated the ability to achiowe

impresshee results on a diverss range of language tasks from
asingle starting paint. DpenAl's general, task-agnastic
el outperformed modals that used architectunes
specificatly crafted for tasks including guestion answering
and textual antailmient (e it b 2100,
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= nOctober 2018, Geogle opei-sodnced BERT Transfer learning offers adaptability and
ﬁ&-ﬂnimﬁutf%i;i progress towards artificial general intelligence
an Rl-based _!ﬂ._ﬂl-uguﬁ thatachieved state of the
&t results on 1 Eggé TL offers predound as well as pragematic benefis,
ittt 2 500, This “bidinectionalit of

BERT allows conbeut to bie carried bartwesn serenies By reducing the volumse of iraining dats reclired o solie 5
forimproved bextual responsis. problem, TLenables Humans to develop systams in domains
whisre we lack large numbsers of labell e data-polnts for
Mew, Tl-powered models “leam fiEndamenta! properiesof - Syshem training.
Tanguane WMatthew Peters, ELMS) By dliving sb, they sy .
tirdck highetlevel capabifiies in language processing with - By offering greater sclaptabsiity, TLalso supparts progress
urbeersal utility - inchiding test classification, summation, towiards arfifical goreral intelligence [(AGH - sysherrs that
text peneraticn, question answering and sentiment analysi ‘can undertake any intellectual tasks a human can parform.
White AG s far from possible with current A} technology,
developerents in TLare enabling progiess. 1 think transher
Transfer leaming enables complex systems fearing is the key io general mteligence. And | think the key
“to interact with the real world o doing transfer leaming will be the acquisition of conceptial
knovdedge - knowledge that is abstracted away from
rany stustions, gathering data to Train Al systems is peicepiual dedalls of where you learmed i, 50wou can apply
Ianrcars, expenkive of dangeTous. Amassing dala 1o train it 30 & new domain” (Demis Hassabis, Deephind
-5 aukonamous vehicls, for example, could reguire milkons
“aF hoisrs of labaiur, Elfians of dollars and considerable risk,
“Swmwlation, combined with transfer leaming, offers a salition.
ot capuan s, smemensseamises. | LINK transfer learning is the
Using TL, |eamings fram the simulation can then w_n_ﬁuml_b
theresbword sset. key to general intelligence.”

i Beid o rabiciis, sty trfing chets on ek Demis Hassabis, DeepMind
“iwoited roibiot i slow and costly. Laaming frem 8 simtation,

- and tranafierting the Knowiedge to 8 phygical machine, can

b proferabie, )

“TLmay be “apre-requisite for lange-scale machine learning
pevjects that need to inberact with the reaf worid” (Sebastian
Rucker], As a result, “transher bearming will be this st drivs
g maching leamming commercial siccess” (Andiew Mgl
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GAMs will transform media and society

First proposed in 2004, Generative Adversarial Metworks
(GAME) are a novel, emerging Al software technigue for the
craation of [telike meadia - including pictures, vidao, music and
texl. Exceptional recent progress in the development of GANL
iFig. 53} has enabled breakthrowgh results, Today, GANS

can generate highly realistic media, which - despite baing
arfificially generabed — are wirtually impossible to differeniale

ey risal cnberl (Fag. Sd)

Today, GANs can generate highly
realistic media, which - despite
being artificially generated

- are virtually impossible to
differentiate from real content.

Fig 53. GANs' ability to create [ielike media has rapsdly improved
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is broader, Additional uses inchde:

of edia, S1ch 38 music o texd in the style of particular
inelivieluale.

= System training: BANS can be whed it improve this training
of Bl classification systems, Neural netwirks issed for inage
clagsification are easily misled by minor changes to images,
incluicling those invisible o the himan eye. A classifier can
b rache e robust by ising # s & (AN discriminator,
and uging the GAN to cieate aléred images.

+ ' Data manipulation; Fregiantly, it impartan fo remove.
personal information from data = such as ke namber plate
of 3 vehicle o the face of a child i an image. Combining
GANS with additional techriques, suchas autoencoding,
enabies the addition of remdaval of features from data,

+ Data normalisation: GANs enable data from different
sources 1o be normalised. Instesd of feeding random noba
Intey & GANs generabon, developers can input lypes of
Thie CEARN will niarmialis thie esull, Fer exarmple, hisalth data
illectid fram diferent devices will have different samping
frequencies and acciracy tolerances. GANs can narmalise
the signals for greatsr oomparability. )

* Metwork security: Because GANS are structired to
waluable for domains such as cybersecurity where it is a
priority 1o detect anomalies in network socess or activity.

+ Data ereation: Al classification systems ase inhibed by the
wolurmie and quality of dats avallatiie 1o rain them. GANS
&an producs additional braining dats to mprowe diassifiers’
accuracy, This technigus has been ed To improve the
classification of iver lasions. Creating data using GANS
pases chiallenges i well a opportunities. The GAN
isitinfiraator will hisve: bisen trinad Uting 3 imited data
st While the cienerator's culputs may apgsear realistic, the-
o a human bady with the same disease, i

Gikls will deliver iranstormations Benefits, The ability to
generate elike images to a desied specification wil reshape
the Freadia sector. Further, GAN: will enable agencies to
capture lootsge of brand ambassidor and then reputpese
foatage ko creste an nfinile rangs of corvincing varistions.
Ambastaddons could appeir b speak i fonsign Linguages

{12 promote goods and serices in intermational markats)

ard dbsouss new products = withowt recording any

b used tor splice individuals' faces onta existing video
without thelr consent; devalop video In which individuals
appesr o spask words they have not spoken; creste
cnunterheit evidence for enmingl cases: and generate o alter
footage ko create ‘fake naws . W discuss the implications of
GiNs for socity in Chapter 8, -

GANs will deliver

transformational benefits.

They also present profound
risks. We discuss the
implications of GANs

in Chapter 8.
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GANs operate by two networks
working in opposition

AN operabe: by v nistworks —a ‘generabor” and
“discriminatos” = working in opposiion o creste
increasingly lifalike media

Fer o visual GAMN, & generalor mscsives s random ingut,
such as amafriof numbers, and follows & sevies of
mathematical transformations i convert the inputinio
a picture. Inifial results Wil be poor, resembling random
sets of poels (Fag. 551

Fig &5 GAMNs operate with two nebworks working in oppogiton

Training data
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GANSs operate by two networks - a generator
and discriminator’ - working in opposition to
create increasingly lifelike media.
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T waar fos talent

The war for talent

While demand for Al professionals exceeds supply,
winners and losers are emerging in the war for talent.

Summary

= - Dwrnand for Al talent has doubded in 2 months. Thenrisa
Quif batween demand and suppdy, with bwo roles available
forevery Al profassional.

*  The pool of Al talent remains small. Al demands achanced
eompiefencies in mathsmatics, staistics and programming;
Al developars are sewven times morne Buely tohavwe a Doctonal
degres than other developers,

= Supplyis increasing — machine learming has become the
1op emerging field of employment in the Urmted Stater.
Graater supdly is being driven by high pay; the inclusion
of Al modules in unhersity cCompubar SCENCE CoUrsSs;
companies’ investment in staff iraimng; and Al lechn ology
companies pusp priming' the marnket with free
echucahonal Fesouncs,

*  Over time, Al kools oflering greater abstraction will make
Al acceasitle o less spadialised developers,

= Talent shortages are sustaining high salsies. Al
professionals aee among the best paid developers and
their safaries continue to increase; half enfoved salary
greawth of 20% or more in the Lst thiee years.

* Winners and losers ane emanging in the war for talent.

The technology and financal services secion ane
absarang GO% of Al talent.

* The ‘braitdrain’ from academia bo inckistry is real snd wal

hawert bl irnplicasticins, Satalysing Al immediste impact
wihike inhiibiting teaching and miwing vakie from the public
domain to private companias;

= High poly setslaction is imensifying the war for talent. Three

duaiters of Al _u.._u_"n—umn?mu are watisthed i ther curment robe,

* Tooptimise hiring and retention, companies should akgn

fohas bo Al professionals’ primany rmotivalons - Bameng
apportunities, offioe emvinonment and access 1o preferred
lechnologans.

*  Mew practitioners In the field ane foflowing sub-optimal

paths 1o employment. Company websites and wechnology
joib baards sre leas effective than engaging with recrliters;
Triends, family and colleagues, according to those already

-
.
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Recommendations

Executives

= Toattract Al talent, leverage your advantages as a large company, Offer access bo vast data sats, the opportunity
for impact a1 scabe and high salaries.

= [Dwvelop best-in-class training 1o up-skill existing developers

& Dipeeraty delivens economic walue and competitiee advantage, Review the culture in your company, Al iesm and
hiring practices to ensune diversity, representation and inclusion,

*  Collaborate with universities 1o support your ssarch for talent, strengthen youwr reputation as a supporter of Al
inngeation and train colleagues through engagement with uriversity research programmes,

Entreprengurs

* Engage with unsversities, meet-ups and conferences to kdentify and attract promising candidates before they enter the market.

= Exploit your advantages as a start-up to attrect Al talent, Offer work that can "make adifference’, direct imipact on product,
cpportunities for leaming, acoess to prefermed technologies and an appealing ofice ermvincnment = in addition fo equity

= Follow best practices in cur Al Flaybook [wnana. mmcwentures.com, reseanch] fo optimise each stace of your recruitrment funnel.
# Given demand for Al talant, maintan a locus on beam satisfsction and retention.

Investors

*  Amidst a competitive masket for talent, assess potential inestess’ ablity to attract and retain high quality Al perscnnal,

= [Dwvelop a competency in the recrusiment of Al talent, including engagement with specialst recruiters, to assist
portioho companies.

= Linderstard bast practices for every stage of a compary’s A&l recruitment funnel — and ersune their profiferation across
ol porticlic.

Palicy-makers

* Dyvplop programs and funding to support education in science, technology, engineering and mathematics {STEM)
suljects. nvestrisnt in STEM will mitigate talant shomages and empower workens for the age of Al

* Enable the nest genemtion of & academics and mitigate the Thmin dain’ to industry by providing greater, mone
acoessible grant funding and access bo naticnal data sets for the public good.

Explore our Al Playbook, 8 blueprint for developing and deploying Al, a1 weww. mmcventunes.com,/research.
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Al talent is in high demand

As Al ks woven into the fabric of consumer experiences, and
corporate adoption of Al exiends fram early sdopbers o the
warly mairstrear, demand for developens who can crsate Al
silutions has surged. In the United Kingdom, job listings for A1
rodes have incressipd SB3E wnce 2004 (ndeed). & quarter of
companies ighlight that lack of avaitable Al ta%ent is a primary
inhibibor in their effonts 1o adopt Al [Garbner).

Growth in demand is acoelerating, In the United States, pear-
on-ymar grenith in Al-related job postings increased from 205
(2006} bo 32% 2017 Indeed). In the last 24 months, Al-related
b postings as a proportion of total postings neany doubled
[Figy. 56

In the last 24 months, Al-related
job postings as a proportion of
total postings nearly doubled.

Fig 56, Al-refated job postings as a proportion of total job postings have doubled in 18 months
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Supply is increasing...

In thee Linibend States, machine keaming has become the top
ernarging field of employment, with ben fimes the rumiber of
incivicduals listing it as their profestion oday companed with
five years g (Linkeding Fig. 57 Data science, more broadty,
is the second-from-top emerging field of employment. with
miore than ske-fold growth,
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Fig 57. In the US, machine leaming is the lop emerging job
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commpared with five years ago

Supply Is Increasing as:

*  chisnelopers recDgrse apportunity hor challenge and high *  large comipanies imwest in training initistnees lorgalf, Thres
oy itk Hies st guarters of nge companies & offering some form ol in-

» gniversites update compubsr sCEmce oosirses o enclude house or extemal raming program, with a thind providing
Al camponents and resources. Undergraduste Compuber formal training (Gartrer),
Science courses st the inbwenmsities of Camondge, Harvard,  » Alfocused echnology companies ‘pump prime’ the
BT, Oxiioed, Princeton and Stankord all include Al markiel with free educabional resousces (Fig. 59,
cormpangnts, |naddition; many ureversitees offer bee online irchEing Googhe's 'Matchine Leaming coiurse and
Al vescurces, inchading Stanford’s and Columbia’s Madhine RVIDIAs “Fundamentals of Deep Learning for Compuber
Leaming’ courses and MITs ' Deep Leaming for Se¥-Driving Vision' resource.
Cars’ (Fig. 581

Fig 58, Many universitios offer free cnling Al courses Fig 59, Technology companies ame affering free educational

and resources Al pasources
MIT'g "Dewp Learming for Salf-Driving Car' ‘Daep Learning By Googhe' cawne
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...out the pool of Al talent is small

Estinadtes of the number of global Al developensvary widehy,
in prart depending upon definion. Thare may be as few

a5 22 D00 highhy-fraimed Al specialists {Elementland up to
3001000 Al resaarchers and practiticmeans within broader
techircal tesms (Tencentl. Al originated in academia, The
achaanced mathematics, skatistics and computer science
redpined to imsarstand and apphy Al required extensive
edication, fimiting the size of the available tafent pool.

Al developers ate highly educated; nearly 50% have a
Master's or Docioral degree [Fig. 601 Al developers are
teviceras likeby to bave a Master's degree and seven times
mrane [y i hane @ Diocioral degnee than other profiessional
developers [Fig, 51}, Twa thirds of data scientists believe thelr
university education has been important or very imporant for
thrresr canees sicesss (Kagghe)l

Fig &0, 60% of Al developers have a Master's
of Docloral degres

Al developers’ level of edecation

B e s degees
i Bachoion i degren
I Dectorl degres
@ othe

Somarar Koo

Fig &1. Al developars are seven times maora likely to have a
Doctoral degree than athers

[ e T T e

S Bachelors - Mases's
schood  wnkeerity  degres g

Dirtoral
degres

Developen rvels of sducation

inaddition o dechnical skills, increasingly &l prachilionsrs

st have

& domain knowledge, to mterprat data sppropnately and
pravide melevant recommendations;

« gngineering experience, o develop soiutions that work
inthe read warld as wall a8 the lalbsorstony:

* commercial experiehce, (o develop and manage Al teams.

The comibination of technical, sectorspecfic, enginesring
and commercial competencies requined from Al professionats
continues o limit the size of the talent poal.

Education and the democratisation of Al will
mitigate talent shortages

Ower time, a larger talent pool and more acoessiple Al ook will
alleviabe musch af the shartfall in Al lakent - and enabile greater
roalisation of Al's benefils,

Govemmants investment in education - in science,
technology, engneering and mathematics (STEM) subjects

= will b vital o’ eountries 1o brosden theit pools of Al talen)
The proliferation of Al colrses and resounces from Unhersities
and Wechnology companies, and market demand, will atio
boost supply,

Howeever, Al will slso become accessitle bo hess speciadsed
developes over fime; _n_ﬂri_uﬁ.._.:u:. Ervircnments for rew
technologhes bend towands higher levels of abstraction over
time few developers program in assembly Enguage oday),
Al will follow this patiem.

Pricr 10 2000, devedopng Al requined achvanced mathesmatics,

sophisticated programming and the specification of algosithms

by hand. Successhve developments have reduced the bdrden

N ideseliopers:

» Murrgy (2005) sbatracted portions of reduired
mafhematics;

= Compute Linfied Device Architecture (CLIDA, 2007)
reduced the requirement to code by hand,

* Python fibrames (2010} and TensorFlow [2015) progressively
abskrached network development.
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Todkay, Goodgle, Amaron and Micrasolt offer Al services thal There is a gulf between demand for Al talent
reque ho implementation knewladge of Al Devalapers and supply

with limitied coding axperience can upload dataand sobwe

simpler dassficafion problems. While there will remaina large.  While supply of Al talent is increasing, demand significantty
care of highly educated Al developars 1o progress research, outsbrigs supply and will continue bo do so/in the medium
advanced- and domair-specific Al we expect the lechnology  term.: There are 2.3 roles available for every suitable candidate
o become sccessible o o greater proparfion of developers lindeed]. “Thene s a mounlain of demand and o trickie of

owaf time, Bxpanding the pood of devefopens who can supghy” (Chiris Micholon, CEC, Skymindl, Al professionals
deploy it, themsalves cite lack of avallable talert a5 their second-graatest
challenge (Fig. 621

Fig 62, Al professonals cite lack of avaitabbe talent as their second-greatest challenge

0% 0% 20% o A0%
Dirty Data
Lack of data science talent |
Lack of management/financial support RS 1
Lack of clear questions to answer 3

Data unavailable or difficult to access
Results not used by decision makers i4.3%
Explaining data science to others !

Privacy kssues !
Lack of domain expert input
Can't afford data science team !
Multiple ad-hoc environmients b
Limitations of tools ENEENEEETYTY
Meed to coordinate with IT 5.3%
Expectations of projectimpact ENSEEENSTTTS
Integrating findings into decisions SRR E LS

Barriers faced at work by data scientists

Talent shortages are sustaining high salaries

Ashortage of Al developers i driving high salaries in the
mrarkiet. Data scientists and machine leaming specialists

e among the best paid professcnal delopers (Fig. 53],
At the 20 highest-paying companies, salaes for Al engineany
average $224,000Fg. 64). Leaders in the fleld comimand
VAT SUITE
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Fig 63. Al professionals ane among the highest pald developers
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Fig 6. Salaries bor Al engineers average 5224 000 at the 20 highest-paying companies

o 50,000 B, D00 150,003 300,000 250,000 300,000 250,000
Average salary Tor Al engirmar [5)

=
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Al developers” salaries are particularky high relative to thalr
vl of profeisionsl expenence. Nedarhy half of data scienbists
haved under bvo years of profiessional experience (Kagglel;
nearly three quarters have less than ten. Companed with other
developets; data scientists enjoy amondg the greatest salany
premivn relative bo their bevel of experence [Fig, 651

Fig 65, Al profestionals are pasd highly relative to their lewd of experience

Developer salary vs. years of professional programming experience
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Al salaries continue 1o increase Salaries for Al professionals
Salaries Tor Al professionsis have grown sigrifcarilyinrecert VR grown mmmmm:nm:ﬁ_@_ in

years and confinue fo increase. Admast all data scientsts report

incressed payn et heseyearsneary ke ther—— [BCINE YEAIS @nd continue
salaries by 2006 ar more (Fig. 66). i
to increase.

Irvthir last Y2 manths, saladies have contineed boincrease

[Fig. 671, This year's pay dymamic has been morne favourable
o Al professionads than %o many other developers, Howeser,
Al professionals are not the only group o enjoy significant
year-onepenr pay rises. Delslopers yrecialising in syitem
administration, embedded applications and entenpnse
apphcations all received similar increases. DevOips speciakists,
wih intiegrabe and automate development and operations
furctions for fasier cycles of improvemnent, ane enjoying the
(reElEst AVErBe Talles,

=

Fig 66, Most Al professionals’ salaries have increased Fig &7. Al professionals” salanied have increased further
inthe last three years in the Jast 12 months
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Winners and losers are emerging in the war
for Al talent

Despite Al's potential to reshape sectons ranging from retail

1o haalthcane, echnology and hinancal sendetas i

o ol

abaadbing naarky 0URE al Al talent (Fig. bdy [Burteh Works)

4.48% of data scientists are employed in the Technalogy

secior - mong than in the healthcare, consulting, marketing

ntists are emp

retal, academia and Government seciors combined :
: in the lechnology
rinancial seraces, with a |4% shane ol data sceantists

4 4 distan second

Within the Technology sector, the world's largest technology
compangs = mcluding Amazon, Appke, Facetnaok, Google
Bt and Microsoft = are consolidabing much of the available

on, Microwoll snd Apple combined are adimabed

tobe irmsesting $620m in Al talent [Payal

Fig 68, Technology and financial services fioms are absorbing nearly 50% of Al talent
|distribution ol data scientists by sector)

Mk T

5%

Rensil & CPG

o,
.

i
ok
]
t]

10% 2% FJ

]

The technology and financial services sechors ane ermaerging Global Institute], Technology ard firancial servior companies
annniErs. in tha war for Al talent = ang creafing wirbuous cycles o arg pnorbsing Al coemmakh g resnurTes anc i NG reefvwioek
exftend their leadership, In addition to absorbing the greatest effects around peaple and data to establish and extend

shane of data schentists today, technalogy and financial services  leadership in the field

companies are planning 1o incnsase their irsecmeant in A

by thier greatest propartion in the next three ye

92
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Corversely, sebecl sectors — including retail and censulting
—ane lagging, bath inthair ability o akbract Al talent boday

ard in theiie investmandt for the future. While rmany secions,
including retafl and consulting, offer numercus prediction and
optenisation probleens well subed o Al and large data sets

b by Al slgorithens effectively, the emeging gulf between
winnars and losers in the wiar for A3 talent is Boehy lo widen.

The ‘brain drain’ from academia is real

Thiz percetved “braim drain’ from academis o industry 18

el - anedd will havee mibied implications., YWhile altermative
sveys suggest that up 1o 15% of data scientiss curently
work in academia (Kagglel, many are leaving for roles in
global technology companies, A three- 1o five-fold increase
in salary, wasl dabs et lor analysis and acoeds 1o greatir
hardware resounces attract many, Between 2006and 2004,
the propartion of A resssrch plbécabions including an author
with oorporate affliation increased from approwimately 2% o
mearly 40% [The Economist), Talent has continted to migrate
ter ity I thes UK, in the last T8 months several leading Al
researchiers have moved bo industny to accept seniof oles 3
Uber, Amazan and Google:

In industry, Al experts are fread from the burden of securing
research gramts, mey mnovate faster, and can catalyse Al's
immediste impact on the warkd, Howdwer, their migration

e dirawibacks - including Tewer teachers iotrain the nexl
genaration of prsctitionars, a conceéntralion of expedise and
exparience ina small numibser of companies; and reduced
sharing of ideas. National talent working for the public
good is becoming owermess resounce for privale gain - with
international rmphcations. The feeid of Al itself arose rom
academic expermentation. fwe lose the next generation
of acadamics, “in the end, sockaty Wil suffer” (Maja Fantic,
Professor of Affective and Behavicural Computing, imperial
Colege Lohdon).

High job satisfaction is intensifying the war
for talent

Competithon for Al talent is fieroe, not simply because supply
s hredled. Three quarers ol Al developers ane content with
theesr cument noles, rating their job satsfaction b ot of 10ar
better (Fig. 69(

To optimize hiring and retention, companies should align
roles bo Al professionals” primary motivaton, To developers,
apportunities for learning and prolessional development,
the office ervironment in which they will be working, and the
technologhes (anguages and frameworks) they will be using
aremiole important than meaney (Fg. 70

Fig 69, Theee quarters of Al developors are satishied (6 out of 10 or biether) with their corent roles

25%

Al developens’ job satisfaction [scale of 140 10]
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Fig 70, Learning, office emvironment and the techmologkes they will use are Al developers’ primary motrvatorns
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tts sty s aasiors  Start-ups and scale-ups cannot,

secunty; highhght the large data bty they have for ahabysis

andthe lsaming cpporuniies ese witprovideremorasie. AN NEEM NOL, compete with the

the impact:A| developers will have given the companies’ lege -

customer bases:and i e Alroimssionss eenshe. iy 0Ffered by large companies.

hardware and software redources. Lange companies should

soek o mitigate Buely concerns regarding agility, autcnomy

and frador o pukish, Mew practiticners are following sub-optimal
paths to employment

Startups and scale-ups cannot, and need nol, compete with

the pay obfered by large companies. Starlups should market o The pathwnys ine Al employment - company websites and

candidates: the intellectualand technical challenges they can technology job boands - pricntised by those entering the Bieid

provide and aszocisted lsaming opportunities; an engaging are arncng the least effective (Fig. 711, People successiully

office environmant; iImpressive job titles; a grester opportunity  employed in Al highight that engagement with recruiters,

o mpact product; ncreased autonony; faster cyches of fraends, family and colleagues i the maost fraitfl route into

innovation: and greater freedom bo publish: Startups should thee inciusimy.

address probadile conoems regarding pary by highlighting

the large, long-lerm financiad rewards they can offer through

equity awands.
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Fig 71. The most effective route nto Al work s engagerment with recruiters

How do you look for, or find, work?

EMPLOYED IN FIELD ENTERING FIELD
1. Recruiter 1. Company website
2. Friend, family, colleague 2, Tech job board
3. General job board 3. General job board
4. Other 4. Friend, family, colleague
5. Company website 5. Recruiter

6. Career fair or recruiting event

6. Career fair or recruiting event
7. Tech job board \ / 7. Other

The pathways into Al employment
prioritised by those entering the field -
company websites and technology job
boards - are among the least effective.







The Al Disrupters: Chapter 7
Bisreaprin's A Startuips

Europe’s Al startups

The landscape for entrepreneurs is changing. Europe’s 1,600 Al startups are
maturing, bringing creative destruction to new industries, and navigating
new opportunities and challenges. While the UK is the powerhouse of
European Al, Germany and France may extend their influence.

Summany

= Eiirope is horme to 1600 eaify stepe A5 soltwane companies.

Al prtreprensurship is becoming mainstream, In N3, one
i 50 riew startups embraced AL Today, oo in 12 pititat
the heart of their value proposition.

= The Eutpean start-up ecosyshem s mabuing. One i s

Eunopseran Al compsanies isa ‘growth™-$tsge cormpany with
owar B of funding. Expect: acquisitions fo recycle capial
and talent; stanups competing with ‘scale-ups’ as well as
ncumbents; and increasing competitan for talen.

* The UK & the powerhouse of European Al with nesty S00

Al startups — 8 thind of Burope’s batal and twice as many as
any othercountny. We provide a map of the UK's Al startups
anad Fegtune 14 leading comparies,

# _ﬂﬂ.._._._.unw. and France are thimang m_.:.uﬂ...-.!._ Al bk,

Highequality talent, increasing invastment and a growing
rosher of beeakout Al companies are creating feedback
hoops of grovwth 3nd investmient.

= Spain's contribulion 1o European Al exceeds its size.

immigration, which corelates with entrepmeneurshin,
has despened the Country's talent pool.

* TheEurcpean Al landscape is in fluo. Whikks the UK remains
the posverhouse of Eurapean Al its share of European Al
startups, by volume, has slightly reducad. Brexit could
accelerate this, France, Germany and other countries may
eatend their influence in the decade shead, spreading the
benefits of entrepreneurthip more evenly scross Eurape:

= haly, Sweden and Germany punch aboes thel waight”

in core Al technology. while there is suppart for Mordic
countries feputation for deep tech experise,

& Mir ifh Beri Al starups addness & butiness funcion ar

sector [ wertical L just one inten provides a “horizontal”
Altechnology.

& A cpuarbes of ey Ad SERMUPS e cormiirmer oompanies, a8

entreprensuns address or droamméent the ‘cold start’ data
chakenge. Many focus on finance ar health B wellbeing.

*  Healthcars, financial services, retal and media &

eritertainment aie well served by Al starfups, inSechon
inciuding manufacturing and agriculiue, enlreprensurial
activity is modest refative bo market opportunities,

= Health & wellbeing is & focal poirt for Al entrepreneurship,

e Aarbops focus on the sector than sny'ather, Inthe
coming decade, developens will have & greaber imgact an
thie Fuburie of heatthcare fhan doctors, Activity s thiiving
given profmind new oppanunities for process automation
and & tipping pont in stakeholders’ cpenmness to inncvation:

& Thie LK s thie heartiand of Eurgpeasn healthare Al with b

thind of thie Continent s startups. LIK entreprenseurs benefit
freim healthcare scale-ups stimulating talent and increasing
GpEnness 1o nnovation within the NHS.

* Markoting and cushomer senice depariments enjoy a nich

ecopystem of supphiers, A guarter of Al startups senving a
business function focus on marketing teams.

= Aninfiis of Al stértups supporting operstion leams is

diining Inchéasing process automation.

* Al cornpanies raise larger amounts of capital, due o

technedogy fundamentals and extersive capital supply

*  Core technology providers atiract a disproportionate shane

otiunding. While compising a tenth of Al startups, they
atwracta fifth of venture capial,

+ Alentrepieneurs ey challenged sre the suailability of

tanent, dooess to fraining data and the difhculty of creahing
production-ready techndlogy.
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Recommendations

Executives

* A growing proportion of startups and scale-ups ane using Al lo delver rew capabilities. Assess the extent bo which your
suppiiers ane taking advantace of Al

* Llse our market map to explone the rich ecosystem of early stage LIK companies putting Al at the hiear of thelr value
proposition. Most are B2B vendors and some will offer market-leading solutions o chalenges in your ofganisation.

* Take advantage of the influx of new suppliens serdng operations teams o reassess the potential for process automation
in your organisation.

* Early stage Al companies value the taining data, and testimonials, your organisation can provide. Suppliers may be
wlling 1o adagt these pricing. of sobution, bo your reguirements in return for your data and public endorsesrent

Entrepreneurs

= Ina crowsded market, priontise customer acquisition over shor-term revenus to take advantage of data network effiects that
enatde longrtenm difierentiabicn.

* |dientity potential competitors and partners in the UK using our market map.

¢ |f baginning a venture, explone funclions and secions where activity is limited relative 1o markel opporbursty, includng
acricultung and manulaschuning.

* Europe's Al ecosystem is maturing. Ifyours is a laber stage compary, Ieverage product maturity, customer refensnces and
capital to secune competitve advantage. If youwrs is an early stage company, prioritise adaptability and speed of execution.

* Topvercome challenges reganding takent, data and productising Al, read cur Al Playbook” (mmeventunes comy reseanch)
that cffers Best practicons,

* Al companies afe risng langer volumes of capital than others. Capitalse your business adequately bo create and maintain
competitive advantage.

Investors

* WWith select sectons and funclions over-supplied by stanups, others under-sened, and some witnessing an influs of new
participants, identify arexs of apportunity igned with emenging dynarmecs and the themes on which you focus.

¥ Az Al stanups mabune, evaluate opporburilies 1o suppon portioho companies with emenging challenges includng
irtemabonal expansion and acquistions.

= Wit investments nbo Al companies langer than average, valuations can be elevabed. Consider whather o not you ana
wiling 10 "cvemay O aooess opportunities,

Policy-makers

» Compettian for talent and capstal is increasingly pan-Eurcgean. Support your coumiry's early stage companies by
remaxing impediments to the fiow of skilled talent and international capital.

» Expand public secion organisations’ openness bo innowvation, and simplly procurement processes, to calalyse
oppartunilies for earky Stadge companies and deliver mprosed public Serioes.
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Eusrope’s Al startuips

Europe is hame to 1,600 early stage
Al software companies

With every paradigen shift In technology, mnovative easly stage
companies emenge ko imgiove and then reimagine business
processes and cansirmer applications.

Chver time, the distinction between ‘Al companies’ and other
software providers will blue and then disappear, s Al becomas
pervasive. Today, howeer, it s possibile o highlight & sub-se
af sy stage softwiare companies that Fuve Al at the heart of
thsirvalue proposition,

Wie i ndhvidually reviewed the sctmabies, focus and funding of
2,830 punported Al startups in the 13 EL countries most active
in Al = Ausstria, Denmark, Finland, France, Germany, Ineland,
Iy, the Metherands, Morway, Portegal, Spath, Sweden and
the United Kingdom, Together, these countries alse comprise
nezarly 20% of EU GDP In approximately 60% of the cases

= 1,580 companies ~ there was svdence of Al material toa
company’s value proposition,

Al entrepreneurship is becoming mainstream

I 2003, jutst o in 50 nenw’ startups embraced Al Today, one
in twehve put Al at the heart of their vatue proposition (Fig. 720,
In 20189, entrepremeun are disnupting incumbents by leading
thie paradigm il 1o AL

Fig 72, One in twebwm new European startups is an Al company
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Al-led startups have proliferated since 2016, as technalogical
enablers lor Al meet iniggers lor entrepréensursin. Matuning
Al enablers included: enhanced algorithms offering improved
results; specialised hardware that acoalerated Al systern
traireng; and greater availability of training data,

Aganst this Background, mone entreprenaurs ane faking
advartage of Al 25 cloud-based Al infrastructune and open
source Al frameworks reduce initiation and scaling oosts;
startups successfully access pools of Al taéent at leading
unfversities; venbure capital funding for European

Al stariups has increadesdas providers of capital recognise
cppartunity for returns; and successhul Al guits (Blue Vision
Laks, Doep Mind, MagicPony, Swiftiey] and scale-ups
{including Ada Health, Babylon Health, Benevclant Al,
Darkirace, Graphoore, Ereditech and Meeral highlight
dernand and recyele capital and lesdership Bxpenenoe
waithin ther Eurepean ecosyshem.

Within ten years, most companies will use Al in select business
processes, efher directly or via their supplers. Widespeead
adopton af Al ameang boday s enlreprensurs is a leading
ndicator of & nea-berm utung inowhich Al 5 pervasing,

For incumbents, the growth of &l entrepreneurship ks a
double-edged sword. Al startups ane valuable supglers -

an an-famp’ 10 Al - lor companies that embrace them, wihile
disrupting those that do not. Select sarly stage comparnies
will e acquired by boday's incumbsents or bacome the
ncumbents of bomorrow,

The European Al ecosystem is maturing

While &l entreprenesurship & rascent [sx in ten A&l startups in
Europe amg at the earliest stages of their joumey, with Angel
o meed-stage fundingl, it is matwing, One in six Euncpean
Al companies has passed theough Angel, Seed and Early
Stage phases to a Growth’ phase catalysed with over $8m
in weniure funding (Fig. 73|

Couniries with a large numbser of A companies [the UK, France
and Germary] typically have more mature ecosystems (Fg. P)
Irn b LK, Frames ard G iy, ors i free A sbarbups sne Later,
‘(rowth-stage companies; n Sweden, just one in ten. Span is
an exception. While there ane almost as mary A4l companies in
Spain as im Genrmany, just one in ten is mature.

As T BeosyShem mabures, we expect:

# an increasing number of exits, as incumbents acquine
disnuptree, sarly stage companies gaining critical mass;

= g positive, ‘fywheel” effect as luoative exits recycle capital
and 1akent within the scosysiem;

* galmctive, high-pealile Bailures among companies that haee
raised sagnificant sums of capital;

= startups compating with 'scale-ups’ as well as incumbents;

* [ncreasing competition for technical tabent and executive
leadership, a5 ‘scale-ups’ offer attractive salares and impact
a5 wsll A% nRoYaion:

* the Euopean Al sector to betier compete with larger
LIS wendiors a5, 8o an increasing exbent, multinaticnal
companies procure vendors imemationally,

Figg #3. 5ix in ten startups are at the
Angel or Seed stages

SoRATE AR Yeeriungs, Baaataiest, Cranachbioas . T SomiaTi MIAD Vermusts. I

- .
- .
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Figg 74. Larger ecodystems ane Bypically mone mature; Spain is an exceplion
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The UK is the powerhouse of European Al

Fig 75, With twice as many Al startups as any other country, the UK is the powerhouse of European Al entrepreneurship

Witk mearty SO0 AL startups - & third of the Burapean tedal and

twice as marny & the next most active country - the U

hpartland of European Al (Fig. 75). With the largest internat
economy in the G20, extensive academic talent including a
guarter of the world's top 25 universities, agnowing numibes

ol A exitd (Deephlind, Swiltley, MagicPoryl recycling capital
o by &, and

a global financial services hub, the LIK has significant assets

and talert, suppoarive Govemment policy in

The markel map, cverleal, places the UK's 500 startups

acoonding 1o

o Purpase: Does the comgany foous cn a business functicn
ifor example, marketing or human resourcesl, a secior
fhealthcare, educatson) or cone Al technology with cross
Soman apohcabon !

¢ Lustormer: Does the business predomananly sell i otk

20

* Funding: How much funding has the company disclosed

businesses [B2B) or fo consumers

o date? We categornise companias as; Angel or Seed stage
under $500 000 te $2m); or Early of Growth stage (ower
fodmn o e, §300m).

‘With appraximately 200 Al stafups each, Gsermarry and France
are thriving Al hubs in Ewope, High quality talent, increasing
wobumes of capital and an expanding roster of successhul

Al cosmpankes are creating feedback loops of growth and
veEsimenL.

Spain is an outher whose confribution ko European Al eeceads
its size. Daspite a popullation half the size of Garmary, Spain
houses almost as mary Al startups. Extensive mmagration may

hae despened the Counbry's already broad pood of talent.

Spain has the sacond haghest rale of immigration in the EL

] ervirepnensuial activity i higher amang immigrants than

native citizers {Global Entreprensurship Monitor)
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The State of Al 2019; Divergence

Germany and France are extending
their influence

The dynamics of Al entrepreneurship in Europe ane n flusx,
While the UK remairs the powerhouse of Eusropean Al and
will house mone Al stafups than other Buropean countries for
years bo come, its shane of Ewropean Al startugs, by volume,
fias stightly neducad (Fig. 761 Brexit could accalerabe this
chynamic, Al developens are skilled, few in numbser and may
select opporiunities from the many offers they receive,

Mowe broadiy, one in five London fechnology workers i an
EL maticnad from overssss {London Tech Sdvocatest Hires
mivement of wicirkers bebweeh the EL and UR ends, visas ane
unforthooming, of thetaric s unwelcoming, the UK's acoess
1o et oould reduce. France, Gemmany and other countries
frny mxtend thisir influenee in the decade ahesd, spreadieg
the batwefits of entreprandurship more @vienly across Eunope.

The dynamics of Al
entrepreneurship are in flux.
While the UK remains the
powerhouse of European Al,
other countries may extend their
influence in the decade ahead.

Fig 8. Framce and Genmany are increasing thelr share of European Al entrepreneurship
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The Al Disrupters: Chapter 7

Burcipe’s Al startups

ltaly, Sweden and Germany ‘punch above their
weight' in core technalogy

Wihifte. two thinds of Europe’s cone technaology Al startups ane
located in the UK, Gernany, Spainand France, adjusting

for countries” ‘size’ — their number of Al stanups - reveals a
different dynamic.

Relathve to thelr sie, taly, Sweden and Garmary se coe
techndlogy hubs; insach, approsimately one in fve Al startups
15 & cone technology provider compared with the Eumpean
aerage of one in esght (Fig. 77 There is ako support for
Mordic countries’ reputation fof deep tech expertise; in
Finland, Denmark and Morvway one in seven Al staiugs is
avendorof ‘core’ Al technology.

Whilie countries with large A1 ecosystems, such asthe UK,
Ibenefit from a large numiber of leading universilies, broad
pools ol talent and extshsive investment, smaller hubs

‘punch above their weight " for varying reasons. Inaddition

o exceptional talent, ther ecosysiens benedit from: leading
research and enginesring centres (Gemanyk, effective cone
techmaoliogy incubators (Finlandl; the Al laboratores of inbernet
giants (Fars) and the halo" sffect of multiple sucoeschs
siale-ups inather felds (Sweden), Flows of ventune Capatal
inbo smaller core technology hubs aré ahio increasing, creating
a wirtuous circke of ivestment and success.

Fig 7. While many core technology startups ani in the LIK or Germany, nelative to their size, Ttaly,

Sweden and Germany are core technology hubs
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The State of Al 2019: Divergence

Mine in ten Al startups are B2B

Mine in ten of Ewrope’s 1,600 Al startups ae businessior
business [B2B} vendors, developing and selling solstions
toother companies (Fig. 781 just one in ten sells directly
1o consumers [B2C)

Highorically, B2C Al has been mhibied by the “cold stant”
data chalienge. Trairdng Al algorithms typlcaly requires

lange volumes of data. While B2B companies can anatyse the

enden s data sets of the bisineses they serve, cusiomes-
tacing companics usualy begin without lange volismes

of congumer data ko dnalese n the absenoe of public or
permissioned data, such as Facebook profile information).
BT companies hypicaly deploy Al later, as their user bases
anvcl s Sels groiw,

Fig 78. Mine in ten Al startups are B2B

[

B2C

B2C Al is on the rise as the ‘cold start’ thaws

While rmost existing Al cormpantes are B2B, a growing
propartion of e Al sar tups—~in R & Cpudrter — ang B2C
(Fig. 790 B2C Ad startups are mikigating or crcumenting
ihe cold start challenge,

Froen their incepiticn, a greater praportion of new B2C
Sompaes ane planning elective dala acquisiton thategics
ar A, By inkegrating with exsting customer data {such a5

Fig 79. B2C Al is on the rise - a guarter of new Al companies
are BEC
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financial transaction infarmationl, capturing data eadier in theair
customens’ journeys, of developing partnerships with data

providens afd other companie:s, cofmpanias are mitigabing

e icold $1art challenge to gain wvalue fiom Al sarker in thsr
fvers. While incombent consimer companies strugghe with
sprawhng, séoad data estates, All startups are turming a
limitation to-an advantage by oréating a data collection

and procssing pipeline optimaed for Al

Entrepreneurs are also circummenting the challenge by
imaginatieely applying Al technigues to awider range of
consurmel procestes. Without extansive third-party data sefs,
earty Stage conSLMmer COMPanies Can préasenl nisw o

of engagement such.as human-computer mteraction via
chatbots) and offer inew senvicas and axperiences [by using
Al'to optimise their supply chains)

The e of B2C Al abea reflscts & shilfin enlrepdensurhip

o B2C-heaning sectors, Thife i a higher proporton of B2C
Al companies in which data i mone readily available: media

& entertajinment [47% B2C); finance [26%) and haalth &
weellbeing (27%) (Fig, B0 In the fast 24 months, the seclors
attracting the highest prapartion of nsw Al starbups have
b finmnce [23% of new startups); health & welbeing {17%:
and miedia & entertainment (HF) (Fig, 81 As entrepreneurs
tackia BHC-leaning sechons, B2 Al 5 on the rise,
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Fig BO. There i a higher proportion of B2C Al companies in sectors whene data is readily available
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Al entrepreneurship remains vertically-focused

Mir in ben Al startups addrass a need in a specific ‘wertical’
(business function or sectos) (Fag. B2). just one inten is
deweloping a core, ‘horizontal’, Al techrology (@ sector
agnastic capallity or platfosmn). This mix has rermained

oonsistent ower time (Fig, B3]

The proportion of core technology providars will remain
madest. Google, Amazon, IBM and Mecrosoft iGAIM] affer
an extersive, and axpanding, swite of cone Al lechnalogies,
prirmarily in the fields of computer wision and language.

Their solutions - ranging from audio transcription, language
translation and sentiment analysis bo object recognition and
facial analysis - are capable and leave brited room for any but
e mosl specialied direct competiton. Further, déivelopang
oone technology requires world-class technical eapertise
{frequently stamming from academic research] which is
irnited im supply.

GAIM solutions, howeer, ane genenc and sectoragnostic.
Al startups are acdkdressing the myrisd sector- and function-
specific opportunities which GaAlM vendors lack the strategic
desing, doman experiise and data advaniage 1o adoress,

Fig 82, One inten Al startups focuses on core tech

@ Conrechnologies
i Vertcal {Sector Funcion)

Fig B3. The proportion of ‘horizontal’ core technology
providers has remained consistent over tima
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The healthcare and financial services sectors
are well served by Al startups

Thee hizalth & welibeing, finance, retal and media &

antertainment sectors are well served by Al startups

(Fig. Bd). Activity in these sectors is high, in part, because

iy ane well positioned 1o benef® rom Al technology

while offering attractive commencial characteristics

for gntrapreneurs, Active sactors offer

= Lange market opportunities with domain-specific challenges
unacddressed by the generic Al offerings of platfoem
vendors Google, Amazon, 188 and Microsoft (GAIM)L

*  mumercus prediction and optimisation challenges well
suited to the application of Al;

* large data sets fior training and deployment, although
acoess bo dala in healthcare can be challenging;

* & path ko better-than-human performance, threugh Al,
that is technically achievable;

* opportunity for significant, demonstrable value creation,
such as improved trading performance (financial services)
of improved purchase comersion {retail];

*  altermatives o automation that are impractical (hesthcane)

o eparsive (financal,
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Fig B4, More Al startups — one in five — serve the health & wellbeing sector than any other

8%

Tisrvigeint & Fianel

In siefect aneds, activity i modest relatiee to market
opportunites, In mamdacturing, few startups addressa
substantal need, Manufacturers could reduce maternial

costs with improved analyss of product quality. Bufering
(the storage of raw materials to compensate for unforesean
iencies) could be reduced by up to 30%
with more predictable production, The requirement for

5 n.._..:_._n.w:.. domain axpertise servas as an | nbbor b younger
efibrapreneurs in hs area

I pthar secions, such as educ

an, activity is inhibibed by
techniclogy fit (stakaholders spand a lower proportion of
tirme collating and processing data - 23% in education versus
S0, in finance} and commierdial conskderations (chalienging

burper dynarmics)

Healthcare is a focal point for Al
entrepreneurship

Nore Al startups —one in e - seree the health & wellbeing
sactor tham any other {Fig. B4), In the coming decade,
developers will have a greater impact on the future of
healthcare than doctors. Healhoare s a focal point for Al

enbreprénsurship as

Al affers profound new opportunities for process
autcmation and cost reduction in ealthcare, as A

eC TJD_D_u.m.m lcompauter wsion, naburad _m_-:...__...w..m_m. PAOCRSENg
and improved pathem matching] enable foomaerly human
procesias o be uncertaken in soltvwans al scale and

I ook, Al can improse most stages of an individual's
healthcare journey fincluding diagnosis, ireatment and
manitoring] and assoclabed workflows firage, drug

L)

chalenges 1o healthcare systerns neach & "tipging point”.

descowery and fu

MAgging populations and new madical treatments are
increasing costs, In many European countries, since 1970
healthcare costs as a percentage of GDP have doubled o

approcirmately ten per cent KOECD). Further, as austerity

prELsra govemmants” spending, consumar axpactali
Continue b rise;

increasimgly, healthcare system stakehalders are willing o
embrace innovation and early stage companies fin October
2008, the LK Health Minister pubkshed & vision for the futue
of LIE healthcare wikh modern technologies at its core);
the already vast market opportunity in healthcare expands
with the rise of welbeing-related applications [itness,
rmaditation, talkng theraples and preventatse testingl: ard
& oo of Dok entreprensurs, many whi combine

raedical expartse wilh commercial aoumen, seek bo elfect

structural change at scale



The State of Al 2019: Divergence

The UK is the heartland of European
healthcare Al

\With cine in three of the Continent’s startugps, the LIK is the
heartland of European heakheare Al In additon o having
e Al startups, overall, than any other European country,
and larger quantities of venkure capital invesbment, LK
haalthcane entrepreneurs banafit from:

Mary of the world's top-rabed universities for medicine,

and teaching hospitali, that create & large pool of axpeart
practitioners and opportunities for collaboration between
reseanchars, starbups and care providers;

the ‘Thywheel" effect of a critical mass of healthcare scale
ups. Companies inchuding Babylon Health, Benewvolant

Al DeepMind Technalogies and Sophia Genetics ane
stimulating, atiracting and recycling talent, capital and
commmarcial engageament in the UK ecosystam;

Increasing opanness to inncvation in the MHS, ‘The tech
reswalution is coming to the MHS' (UK Health and Social
Care Secretary). While engaging with the MHS remains
challenging given its scale, fragmentation and procuremaent
procedures, sarly stage companies ane banafiting

from more accessible deployment cpponunities as the
Government sesks 10 transfarm the MHS into an ecosystam
of enterprise and nnovation that alows technology to
Foaurish and evolve” and to establsh ‘open standards'
[Department for Health and Social Care)

* a Gowernfmenl commibrment o increase the budget ol
NS England abowa inflation by an average of 3.4% each
year until 2023724, and policies to catalyse healthcare
Alinchuding a E50m ireestment in five new Al medical
technaology centres in 2019

Thare reernasin inhibitors and sources of uncertanty for
healthcare innovation in the UK - induding dis parate data
standardts and conflicting IT systems within the MH5, unclear
data permissioning protocols, budged pressures n aneas
including social care, and Brexit

Marketing and customer service teams enjoy
a rich ecosystem of suppliers

Marketers e will served by Eurdpe’s Al enbieprénsurs.
Among Al companies serving a business function, mone —

a quartar ~ focus on marketing departmants tham any other
Customer senvice and IT departments also receive significant
attention (one i six stanups, respectively) (Fig. B5)

While the LK contributes half of Eurape's Al markieting startups
(Fig, BE}, France is Europa’s hul for Al custome  service with a
fifth of the Continent’s startups iFig. B7)

Fig 85. Morne startups - one in four - serve the marketing function than any other
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Europe's Al startups

Fiig BE. The UK contributes four in ten of Europe's Al
marketing startups (% of European Al marketing
startups)

Lo WAL verriums, Besuhond. Crunchbaies Tacm

Fig B7. France is Europe’s hub for Al Customer Service
[% of European Al Customer Service startups)

i
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Sorace WM dentums, Baschund, Crunchbams, Trecm

Maodern marketing repeesents a sweet-spot for Al Consumers
have billions of touch points with websites and apps, providing
anch stream of comples data that i difficult 1o analyse

Laing traditional, rules-based software but well suited 1o Al-
powered analytics. In addibon, natural lnguage Al erabibes
supplementary data, such as social media, 10 be analysed

at scale for the first tme. Most stages of the marketing

and advertising value chain are fpe for cptimisation and
automation, including: consumer Segmentation; Consumes
targeting; programmatic advertising; consurmaer purchase
discovary; and consumar sentemant analysis, Compatition
and commaoditisation are primary challenges for early stage
Al marketing and advertising companies.

Customer Service departments ane well served following

a recent wave of new, Al-powered vendors, Among those
addressing a business function, one in five Al starups
founded since 2017 sell customer service solutions (Fig. B8]
Entreprensurs are taking sdvanisge of advances in natursl
larguage processing Al to offer new augmented or automated
customer service capabilties including: social Bstening
(identifying and responding to customers automatically);
intelligent classification and routing of contact centre
enguiries; dralting o lull autormation of contact

cenfre resporses; chatbats {Foor cLsBomier I._mvuﬂ!._._l_.-r..
and automated customer cane analytics.

Modern marketing represents

a sweet-spot for Al. Consumers
have billions of touch points with
websites and apps, providing a
rich stream of complex data well
suited to Al-powered analytics.
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Fig 88, Among new starfups addressing a business function, one in seven serwe operations teams

- - - - :
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An influx of Al startups is driving process
automation

While cumrently underserved, the cperations funclion s
Iisnefitting from an influx of mew, Al-led stanups inthe last
14 monihs. Amiahg those sddrecsing & business function,
e i seven Al startups founded Since 2007 sarve
ioperations teams [Fig. BEJ,

Tracktional data minng bechnigues are less effective

for process control gven syshemns vanang meda and

idata formats, concutmncy, foops and decision-making
[Chabanolas). Advances n Al commpuber vision, natural
Englage processing, understanding and reasoning ane
expanding the breadth of maberials accessible 1o digital
sutomalion, ofleding greater understanding of thedr contant,
and enabling mare inteligent responses

Al s profoundly expanding the ‘ervelope’ of aitomation

= thee bt s vskue of procssiss susesptibhe to digitsl
mechanisation, Improved capabilities intlude: recommending
the ‘nect, best action” in @ workflow, bether abtomation of
document procassing: and more expansive robotic process
autamation (RPAL In the shost tarm we expect the rumber of
vendon serving the Operations function lo increase further,
I the medium ferm, commaditisation and competition

will become challenges, Verdors focusing ona particular
ndustry miny develop the dimain expertise, deep workflow
mtegrations, data network effects and referenceability to
deveiop lasting competitive adiantage.

na

Al companies raise larger investment rounds

Since 2005, when securing mestment Al companies have
raised larger volumes of capital than traditional software
cormpanies Fig. BIL A difference sxdits acros all stages
ol raburity, from Seed stags through Sevies i, Band C
funding (Fig, 901,

Earty stagie Al comanies are attracting larger funding
rounds due o secio fundamentals and dynarmics inthe
supply and demand of capital,

Al companies’ capitad requirestents can justify greater
irreastrent, grven the longer cycles reguired to achiave
dhevelon a minimurmn viable product, the high cost of Al talens,
and the lrger teams reguined fiod complex deployments.

Beryond fundamentals, capitad infusions are being inflated

by Extersive supply of capital and limitsd demand. Many
vkl capibalists wish 1o invist in A2 but there are relatively
T Al Companiies in which toinve st Globaly, wentung Cagital
Imvestment insarly stage Al companies has increased 15-fold
I fiive years, while the number of rvestable prospects remains
lirnited. #As the rumber of Al-led startups has increased

{soday, one in 12 new stariips in Euwope is an Al-led starlup)
dEferences in round sizes ane redivcing,
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Ersrope s Al startups

Fig BO, Since 2015, A&l companies have radsed barger investment rounds

Median funding [USSm)
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Al companies attract premium valuations Pragmatically, errepreneurs raising large volimes of capital
sinek baggheri waluatians (0 avosd ungalatable oisnership diution.
Al companies are securing higher valisations, as wall as Irvestons may also be wiling 1o vahes highly Al companies
securing langer capital Infusions. Distributing companies that have attracted scarce Al talent, developed advanced and
founded since 2016 along a valuation curve reveals that delersible technology, or heve a data advantage defiverng
a smaller proportion ol Al companes ane vakied al lower diata network effects. Beyond indistry fundarmenals, an
amounts, and s greater proportion ane valusd a8 higher imbetanoe in demand lor capital and ity suppdy is inflating
amounts, than equivasent non-Al startups. This is the case watyations: Al companies’ valsations benefit from imestons
across most stages of maturity (Fig. 9Land within the early comipeting 10 deploy capial indo a Bmited numiber of A1
phases a company’s fife (Fig. 92, prospects, With Al entrepreneumship becoming mainstream

{page 99, this Laitérnd will reduce.

Fig 1. A greater praportion of Al startups ane highty valwed

ok
— i — Bl e AT A

i85 35 8

Froporton of companisy

-fw G- Hwe. Vilery-15m BGrm- 200w 200 ewen 255l e 100k

Watuanion beackes (m]
S Chmiornm oo, NN Nerions

Fig 92. A greater propartion of Al startups ane highly vebised (detal - lower values)

— i — S e AL St

O-1.0m B -3 2 1m-R0m A4 O & -8 Oy
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Furcipe's Al startups

Core technology providers attract a
disproportionate share of funding

Core technology providers = deep bech”’ companbes
developing "horzontal’, secteragnostic capabilites rtead
of ‘verfical’ solulions focused on individual seciors o business
funclions—attract & disproportionale share of venture Capitsl
[Fig. 931 While com technology comgianss comgeise a tanth
of Al startups, they attract a fifth of venture capital irsstment.

Core techrology campanies, [ntm dévelopes of sulonomous
sysbemns to Gomputer vision and kanguage companies, exhikl
miare Flally the capital dyriamics Latent in AR

*  developing core lechnology demands expensive, warld-
elass takenl;

= thi tirnd nequined to dewedon minimum viable products can
e loriger in the technically demanding field of core Al
Encrescing cash burn; and

* & greater proportion of cone technology companias pursue
atyaical rebenue models, such ad Boensing Bgresements,
in place of traditional licenses of softwarne-as-a-Senice
subiscription agreements, elongating time to revene,

Cometechnology entrepranews should adequately capitalise
thetr businesses for longes, deeper periods of expenditure,
witile thei imvestons develop syrdicates with deep pockets.
Doing socan enable cone bpchnology companies bo realise
their potential; capluring vast market oppartunities with
differentiated, defensible technology,

While core technology
companies comprise a tenth of
Al start-ups, they attract a fifth
of venture capital investment,

Fig 93, Core technology companies attract & disproportionate share of funding
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‘Talent, data and productisation are Al startups’  Toidentify and sturact talent, Albed companies are buikding
) mirnbar of resgarch communities, pubiishing papers and

Competition for Al talent, the limitad avallability of training collaborating with universities.

data, and the difficulty of eresting production-meady. .

techioiogy ate consistently ertrepreneurs’ kéy challenges.

when dewioping A, ﬁﬂ.

1, Recruiting Al tatent is challenging ;

A T FERRRNS ...._,._.Eaam___ﬁ_n,___.._m._ __m_..m._“___masﬂ_
including lrge technology comparies (Google, amazon, o, DEfOre they're looking for 4 job, and let .
Miciaaft, Facebook], banks, professional service firms, and *
it o toton ettt them do what they love.
and Al engineers; Recruiting staff that hive s balance beewesn — [Ra¥id Benigson, Sigeal
expiriente furrng an Al leam, are sddilional difficulties, 2. Atcess to training data is critical

s toinitial data sets for training poses a chalenge.

“Access to talent, and its competitiveness, 6

iu ti Blanost challenne.” “It's a classic chicken and egyg problem.
gm.m__“wg Signal 4 Early customers, and thus data, are hard
g ‘{0 get when you don't have any existing
: reference clients.”
e o Tim Sadler, Tessian
“London is 2 good place to be, when e s
looking for Al talent.” el se caies for access b chent data and by

i e lives.

.,.. “We started collecting data very eart
London has one of the best pools of Al i ourioumey” RN
talent in the world ~ which is the main i
P im0 Boldt, housto
reason why we are here.

Fabin Kuha, Vartexa Eginﬂakggﬁﬁg!
pricing to secue access o valuablie costomer data s
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Bimopres Al stastups

3, Developing production-ready Al is difficult
Entreprinaurs recommend nidwing from *lak o e a8 w00 as
possink, estng developrmant systems on love-risk real world
data. Crossfunctioral collaboration is also key.

“Taking what works well in a lab and
getting it to work in a diverse and sick
population is a big challenge.”

Chris McCann, Current Health

&€

“The real world is full of black swans and
exceptions. Weve learned to overcome
them by getting great at cross functional
collaboration, building integration with the

tech team, and constant monitoring of risk.”

Tima Bolidt, Gousto

Thie UK & harne to & third of Europe’s Al startups, Overleal we
feature Td Teading SAart-Ugs, Spanning b range o sectors and
functions, thad are uwsing Al to create new possibilities.

nr
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Featured company

Audio Analytic

Audio
Analytic

Customers Busiresuos

Core technology Sound

& eaching machmnad o “hesr,” We ae mapping the

workd of 5o

i - beyond speech and music - 1o giee 2 wicke

range of devices, across a number of market seciors, the ability

o understand cal context

* W geee deices the abality 1o understand lacal eonext

st and hedpful o users

making them more intellic

IT R risEes, inglL

ding leading consumer technology

brands, can olfer unguse, inelsgent fealures i Mghly

COrMpEtTine manels

#  Dwr icensee can olfer valusble subseripbion-basad

services 1o ek — for example, akerts and recordngs of

events at home while They are away

e e gy sound recogmibicn IS a undamental Al echnology

By AU, sound recognition will be a rrust-hinee” component

na wide vanety of mbelligent and connected devices, from

Mt SERakErs ang CHEACES B Cars, mabilgs ang hearables

Wie alse ) BEpect sound recogrition iechnology 1o proliferate

nbo areas bayond consurner teChnology.

Beeloew (chockwisel: The Awdio Analytic team in Cambridge; the Free Devialet Mayer from

pan-Buropean elacoms operatar [llad, and the Hive Hub 360 from Hive (part of Centrca).

18
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Featured company

Current Health

@m current

Customers Healthcare Facibties

Sector Heablhicare

e hisn healhcars ieams slay Close D e pabenls who nead
them rmaost, al home and in hosgital. Our solution B centred
arcund an al-n-one, wirekess wearable we offer, which enalbles
remobe mongoning of the human body fo detect warning signs
of iliness and detarioration, By alerting the physician, nurse,
Mearre hesalhecare earm of hoapital o war W SIgINE, We anable

eafliar, proactiae mbersenkicn

Wz waork with hospitals, home healthcare teams and nursing

faecibties oy

*  Fubnmale wial spn capiune amnd data entry ina hospital with
FA0 bads, fve yaars of rursmng Brma il spsent ensery badhee
mnths collecting vital sign data and mputting (b inta
patients’ medical records)

= delact detencraban aarker, [ nlervene soone and save laes,
*  proatieely treal deteriorabon, bo reduce frethospilalisations,

ierigth of skay and the cost of healthcane

In 1950, average lfe expectancy globally was 48, Today it's 7O
A e agje, Wi exparence morne cheomc disaasas ind L_..___._...u_
Fesart lailure, cancer and diabetes, which strsn healtheane
services, An ageing populabon will requine a radical shift in the
defivary of healthcane, Wie are also generating scientific and
miedical knowledge at a greater rate than ever bedone - and at
& rale greater than the human mind can retain and apply. Al can
sahe and moltiphy the efhots of cur docbors and Aurses.

With Al our solution enables a healthcare professional ko
mpnisor hundreds of patients at once and identify the few

w0 nequine help.

LRI
ok LR R R
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Featured company

Digital Genius

Customers Businesuos

Function Cusiomer Service

Dt Al platform puls cusbomer support on aulopilol = by
understanding cormersalions, sutomaling repatitive procEses
and delighting customers. Dur custiomer service automation
platiorm is powened by deep leaming, which understands
CuGomers oopechives and drives aubomated reschubons
through APl that connect seamiessly [0 & cormpany’s back-end
fysbams. Dur plathorm i wsed by KLM Boyal Duteh Airlnes,

The Pertume Shop, Air France and ather forwand-Hocking
businesses o dhive coversational process automation
through the use of deep leaming.

DO platlorm cand

& jbormate repetithee, expendye lickets. & thind of all
Ciourse Heng's customer service tickats ame handled by
cur phatfiormn; half of these ane reschwed without imolving
an agent,

& peowide shorer cusiomer response imas, Witk cur
solution, Imagine Leaming s Cases ane answened A5 fasher

= digliver higher customer satisfaction. With cur solution
servicing 40% of tickets, The Perfurme Shop reposted a
oot in customer satisfaction o B8%

Customer service teams will evolve into
customer happiness teams. Instead of
fire-fighting they will focus on exception-
handling and proactive outreach.

Al s traraforming custormer service. First, increasing
Sutomabion - al corversationd and processes - & inevitable
given the volume of repetitiee cormersations in contact
centres, While there will abvays be unique customer encuinas,
mcreasngly sophisticated Al will inCrease the complexty of
addressable queslions. Se00nd, Cuskomer sarvice leams wil
vl inld customer Rappiness eamd. Instead of fire-lighting

they will focus on exception-handling and proactee outreach

Teams will e measured on customser koyalty, retention,

and repeal punchasing - Rot rSponSe Time oF awedage cal
duration. Finaly, customer expactalions reganding the gquality
and ease of comarsations with machines will shiff. &ry mather
that cannot be resohed in 2 matier of seconds will be deemed
a failure in Customer experience,

s b e AP ot oy P
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Eurcpe's Al artups

Featured company

Gousto

mOCmnO

Customers Consumers
Sector Bedail

A PEsCipE COMPparmy, we offer consumers précrse :.__.u__._m_um_{.m.
debsicus recipas and a dollap of sdventure. VWe supply
subscribers with recipes kit bowmes that include neady-meatuned,
fresh ingredients and easily followed recipes

Wil offer cusiomerns:

* Aty - customars can choose from 30 wesekly recipes,
compared with the average six to seven cooked by LR
families,

*  cOomvemence = CUSi0OmETs Can QNCeEr recipsas In minutes,
saving hours in weeakly supesmarket shopging

& gustairdbilty - we dielver mgredients in pre-porticnad

maasures, eliminating howsehold food washe,

IRCreasingty, the food industry is characlansad Lry CONSUMEers
demands for choice and comenience. Grven the complasity
of meeting these expectations, Al i a vital enabler, &1 posners
o busingss, from what a cusiomes sees on our websibe to
by boeess are routed theough our facilities. Through ever:
advanc g Al g will Combnue 1o diflerantigte our Cushomer

propostion and olfer greater choite, convenaanoe and value.

Increasingly, the food industry is characterised
by consumers demands for choice and
convenience. Given the complexity of meeting
these expectations, Al is a vital enabler.
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Featured company

Kheiron Medical CJ KHEIRON

Customers Health

Fumiction Heakhcare

Ve arg g London-basad Al cances diagnoslics compary Al in rredical imaging will be a $2bn global ndusiry b
wilh aninilial locus an breast cancer soneanirg. We beliewe ALEA with algorilthme Baing mbegrated and dep
lr=ry k | I I Wrra rab, | 1 | |
. | foar il borafit Iy t f
2Arnirng apf FEaon i raclicsoegy 1 SCIN SUEDEOT DDDIS, SLilSimatitin OF et e SaSE
indardsed disease sones 15 | i
liret gaslul [ oy mbelligent ) | mpartanl fald
15t Can 3 || L4 T 1
1 Mia T 111

[
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Featured company

Omnius

omni:us

Customers Businesses
Sector Insurance

Oiur sokition enalbies the automation of insurance claims
hancing, by using Al loexiract structured data om vaning
documents and support decisior-making, Our state-of-the-art
Al lechnoiogy allows msurers to unipck efficiencies and fotus
thisir resourcas on CUSHDMEer experience,

Wi offer:

* up o 90% automation of nsurance claim handling, via
cutting-edge Al which subomabes dakd exiraction from
varying decurment sireams,

+ deap understanding and insight into nsurance. We work
with gt of the 10 tap ghobal insurers,

= “ggaing in efficency and efficacy, by aubamating clssification
and semantic extraction of data from documents.

Irsurance camiens ane undengomng a once-in-a-generation
techpilogy shelt, embracing new digital platforms and
adopting best-in-class digital dools and anahybics, The industey
i maoving from baing process-driven todata-disen, 1o

mest increasing customer expectations and deliver 3 better
customer exipenence. Al ks the game-changer that enabsles
Instarens to bretter uincherstand i customens, and lameh new
products and services begpake bo the customeer,

Insurance carriers are undergoing a once-
in-a-generation technology shift, embracing

new digital platforms and adopting best-in-
class digital tools and analytics.

§ Sempie submission.

Bl Mg @ e e o T, et Py Sl Y S
erfgin el Chamews & S

€ Covvitie inanin,

e T ey i Toe emadiate e ol LA LR
R TanTe
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Featured company

Prowler.io y2) PROWLER.io

Customers Busineswos

Core Technology Autonomaous Systems

Cwur mssion is ko anable laadars Arsd] CfganISAlons bo make *  |mproved educalion: educallon Indusiry Cusiofmers ans
Betber business dacisans By optimming fewsunces, Chur helging students i k=arm independeanthy, faster, VUEL
decision enging, YLIKU™, can process data in neal time devebops an automatically sel-organiing curriculum for
adapt fo uncertainty, act on sparse information and laarn students by rapacdly discovering their cusrent skill-sets
froem EXpErence O goal 15 o ensure that Dusness s aind precissly frackng n_._m__-..m_m.m_.

Dorenenad _..n__ peophe and ermposernad _..n_. EY
Al-enabbed deciions will difive the world aoomnarrmy by

VUKL wnlocks benehts for businesses through better decisions 2025, New &l technologies, such as our YLIEL engine,

fior example halp indusiries optimise their business processes in ways
= Lower operaticnal costs: our platform enables 15% that curnent technologies cannot. The expansion of Al, and
impeosermant in last mile delivery leel ulilisation ihi efficiencess i Bhings, will e as rransiormational hor the
*  Careater inancial returns: inance indusbry cusomars reveriues shd marging of cCompanies A5 Compubers wisng
are impeoving the performance of Eheir imaesbment n e 1980< and 19905,
portfolios and delsering bether returns than hedge-funds
at & lower cost




The Al Disruptors: Chapter 7

Featured company

Seldon

S SELDOWN

Customers Businesses

Core Technology Tocling

Our technology acoalerates the adopton of lage-scale

machie lesrming o somie ol the wokd's lesding Busreises

=

Im 2017 we released Seldon Cone, which has growm into one

of the most popular open-sounce platforms for ms

ging and

deployving machine leaming madels, 15 built on cloud-native
technobogses that allow models, bl n any Dok, i e un
o sy clowd and on-premise. Do solulson is inksgraled nbs
the Googhe Kubeow and IBM FILL (Fabric for Deep Learning|

QPEn-S0UNce Machine leaming p atsinms

Ul sosbubicn:

*  akies machine laaming o resaanch PO e e,

prosiding contirmous imegration and delivery (C1/C0E
meanitoring, optimisation and compliance to deliver
nereased model perorman ce and neduoed nsk

* provides a uniformn machine leaming deployment platform

cormnpEnies ba Build

SCrEs an enting anganisalion, 1o enst
and deploy multi-model inference graphs across clowds

AN Or-Ee s

+ streamlines model testing, deployment and optimisation

workiows. Cur iachnododgy enables bx efficiency Qains
dor Pk REDD beration and & betber lsediback lbop

oefwaeen data science and DeviCOps teams

Ldlalyse

Over the next five years, Al wil
prganisations’ switch from monolithic
infrastructures to cloud-native, open

source stacks.

LS

Im A0, Mare Andneessan sad woflware 1S aatmg tha
Fdows, Alis

yizars, Al will catalyse organisations” switch from monalithic

weer e

infrasirschuras o g

|ewerage Conarneds and microsarices hor iond Choud and
edge deployments. MNew, open standands and govemance
frarmaworks will Boost corswmers” and regulators’ conhidence

thad model-driven decisions are accuraie. explainable, and

free from bias - acoeberating the rate of &l a3

incdusingl scale

Exldon Techaologyy Btock

el Bviss Temld | 8§ . Eiesler. AFge. [aBis
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Featured company

SenSat

- ﬁ,s.
dENDc

Customers Businosuos

Sector Consiruction

5 s & 1o sokve prablems thal cause delays and cosls

ch computiers 1o

physical waorld in which we live. Too

i fuchon sibes. Cur goal is §

W Te craating an intelligent ecosystem that simulates reality

n real tima, by combining real-time informaticn and temparal

data with 20 and 0 imanmation. By betier undenstanding
cur physical world, we enable compubars b rake inbelligent
decisions on our behalt - Fmpacting the vy we lnee and work

Ve wang ranked by Crunchbase as Ewrope's top Al company

Rl
TN

m, Mapg, alowwd utirs 1o msdiune,

anakySe and collabarate on ther corstruction projects in

regl time

lann:

oHTalEs m arbrg

¢ e intelligencs hat

winication 1o make constrection wbes saler and

more profitabla
= improves capability, reducing the nesd for surveyor
broabs o The ground” By up o 8%
*  increases calety, by olfering assed moniboning and project
management through real-bime visualisahon
Masmro

Sl wedl henve g pi i WM BT Gh Cor shructiar

gence, which wobves indvidual problams weal], wll

gt B e el inlel TP & bl o

B0 projacts

hofistically. Al will transfonm safety, by removing humans fram

ty, by comiining

dangerous envirgnmends, and productivity

on-sibe and off-site data to create predictive ecosystems
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Featured company

Senseon

. - - B

C N € 'y It
% i . | %

s | i - . .

Customers Businesses

Function Cybersecurity

Wi use Al o prolect organsalions fnodm emenging Cylbear

ad apphcabon:

Bblscks, We move b 1 iraditscnal rubs-i

wWiICh ang oo rgea afving Ehresats

inafectven systems that cannot differentiate betwaen unusual

Ol pnigue apoe

B haraziir and malicaluls 3

ulabszn, understands and blends milormatcn from

e PR BET0

ik pe

an anganisalion’s entire digita

estate, allovang onganisatons bo socurately detect even

In] nedlsce Ralse

[ 1]

Olur sesbubion

W peduces rsk — our Al pe

that hiumans and legacy Sysiems CanT

' gaves lime = automabed irsesigation rees up leams 1o
oL o wi e thresls
" iy — o platharm replaces the reed Tor multishe

poing securiny solubions

# 5 ™

AL Al CapaDiblies have

WOk detenca

alped Lo improse §

s, IFE2

U 1o use Al o maleso

ks fave Cr

RO e O n or adapd atiack fechmiques has

il prirmitead fonmes o maching hes

o Erisrim

uiky

iELacks ko breai

1 S ShEmS ar

My ol Al attacks Al and o

It 1% constanthy ¢

recibving

adapts to change, we can keep p with the ewolution of
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Featured company
Senseye senseye

Customers Businesios
Sector Marufacturing

Wi offer the leading cloud:based softwane for indusirial * reduce the costof continuaus. conditien monilonng

predictive mantenance. Our solution helps manuiachzens by orders of msgndude

avinad downtime and sy money, by aubomatically forecasting = reducs unplanned downtime by S0%, reduce the cost of

maching failure without the need fiar Bxpent manial analysis contmeous condition monitoring by orders of magnitude,

is intelligent maching leaming algorithms enable it to be and deliear a return on imestmant In under thea months,

used with any machire, from any manufactuner, and to absorb

rharmatson from existing industrial loT sensors and plattonrm Al s fregquently perceveed as o throat; scantmongering in the

toalomatcally disgnose tailires, Urigquely, # aboforecasts press has caused uinecessay sppnehension, Thess fears

i resnainineg useful He of machingry arg imisplaced. The Al we use hilps talemed engineers and
maintenance professionals achieve mone, and with greater

O sohtion car Tocus: Al wil not replace human expeis - il wil augment

& ricailor beas-of thousands of assels; in realtiime, wilhou thisr abilities aod allow themy grsater veibility of mathers that

increasing efian for the end-1ser renjuire thr atfent

and expartise. WWith & taking core of
. pnairttasn, a5 wel as build, models of nonmial and abnoimal the mundane, a symibictic relationship paves the way fora
machine bebaviour, saving extraordinany effort and cost. mierd @ra of productivity,

SEMISCWE  lais  Sedimsi  Tan | Seamn o e el |

b rms Groen Prugrass i Farsusen Chvar 79 Do

= e
fo— . T Y o AR NS = 3
Lo B Crmn [ 3
ar
et b ] ooy gl 3o - ) o - -
i
o i i
X Mt s I TR ) 1
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Featured company

Signal

SIGNAI

Customers Businesses

Function Infcemation & Regulation

Oiur platform uses Al ko aggnegate and analyss infoernation in
real brme. Chur technalogy transkates and categorises content
from 2.B milion digital, peint and brosdcast sources to diliver
quick and easy access o elevant global data, We provide
clients with the capability o monitor whatever subject matier
tiney chioose — organsations, people, eenis of [opecs — 1of
e Lt cases incleding repulation mansgernant, regulslony

compliance, business development and acoount managerment.

Chur clienks receie;

*  eal-tirre acoess o premium and exclusiee content Souwoas
s cialasets, inasngle plattonm that Lases bime and money
compared with subscribing to individual Systems from
maltipde proeiders

*  gur msegnis dashiboand, which enables chents o csoower

ermengmng brends and irack astabbshad iames That would
be difhicult, or impossible, 1o otharsise foll o,

« areport Builder, exportable graghs and email alerts, which
simplify the process of sharing relevant news and insights
clients’ wider avdiences, including their C-suites and

euleinal slakeroliokers,

[ata s everywhene. The digital revolution has resulbed in the
‘datasphere’ growing at an unprecedented rate, IDC predict
there will be more than 163 zettabyies (163 trilion gigabytes)
af data by A025 - a tenfold increase from 2016, It's no longes
Furnanhy passible to process and exiract salient ironrmation

from this voleme of data, and the challenge will continue to

I N ..u___u_.ru_m._....._“_ this data el thang i gQreager nes,
COMEEtRion, reguiation and cpeaoruniby. A5 a nesull, Al wel
v & prodownd rake bo play i the Corporabe wiorld.
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Featured company

StoryStream

s []olw ][
OEOGOE

Customers Businesios
Funcition Marketing

‘Wie offer a smart content platfenn Tor automotive brands.
Lising palent-pending A1, our sohglion iransommes the car-
biurying experience by automatically delivering mane real,
elavant content, at scale, iovevery. cusbomer touchpoing,
Owr platform anables betier lead gquality and increased
conversion, and improved RO by diving efficiency into
conlent manacemant acros globial leams,

Using our sclution, brands experience dramabic incredses
nimarketing efficiency across thelr organisations and up bo:
7 X% increans in websile conversiong; & 4, 5x increase in
pustorner éngagement thiough targeted content; and a 5x
FOH o their plationm irvestment. Our progriohesny Al Sura,
solves problems for automotive brands by:

= anriching their content at scale by surfacing assets” hidden,

previously unavallable contest.

[i]#isladstiletalalsln]

B i nuromon, OF U WRHCE il RIS G Tns, SO SO0 TiTeE

‘a Hrag Tha b do o8 the beasah v the 0hal gong. toris Seouinmotres

= Lsing image taggng and sorting to automatically creats an
arganted coment ecosystem, which tniderpns high guality
rarketing campsaigng

- autormatically prepaning and distributing content to brand
stakeholders and customers, including intelkigent content
segmeniation for personalised website experiences.

Al pnabiles nbelligent combesct searchimg, whath will enabile
marketing to become hyper-personalised. Marketers will
readily be able tomatch individuats with the most appropriate
content based on their buying behaviouans. With the increasing
powei and performante of generathe Al networks, we wil
begin to see- artificial Frages wed perdasively, compressing
the time from concept to campaign and elminating the need
for expensive photo shoots or post-processing.

=
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Featured company

Synthesia synthesia

Customers Businesses

Core Technology Compuser Yision

niadia lancscape in thiee ways

e ofter respordible vwied synihes. [echmodcdry 1D S Doy Al wall impact i

visual coment oreation. We remove the landguage barrier fram * PMlatiee’ ranslation of video wil 1| exchange

videsn, by @r ngy ‘nathee’ translat hat re-animahes an inc cheeper unclerstanding — just as writhen fransla
actor's face to make it appaar they speak a foreign language haves Qora for cenburies
In addition o synthesis echnology, we ane alss developing *  Holhwood will Tace ncreasing global compatition, as

oCratisad and

besCds o prevenl rmalcaus use of | high-end viswal efects ang de W2 I 1M

language ol video conbent becamas unimpartanl

Dur sodutaon: « Verlication of digital identity and media wil become
«  gelivers native translation of video content, which enabiles as ubiquitous as secure socket lyer (S50 technoliogry

advertisers. celebribes and flm & tekevision PICUCETSs ko
raach e, global audiences and astalblish new markafs.

o anibles conbent creaton o develop diflesrent permubalions
ofa S Incpa oo, 10 credte paersonalised adverts

»  alkoes colelnties to crests ness video oonbent withoiat

hawing to be present on sed







Crur Al Future: Chapter 8
T Impications of Al

The implications of Al

Al will have profound implications for companies and societies. Al will reshape
sector value chains, enable new business models and accelerate cycles of
creative destruction. While offering societies numerous benefits, Al poses
risks of job displacement, increased inequality and the erosion of trust.

Summary

= Al benefits can be abitracted fo! innovation [rew
products and senvices), elficacy (perfonm tasks mone
effectvelyl velotity [comglebe sk mones quickhl and
scalability ffree activity from the constrainks of himan
capacityl These benefits will have profound nplications
for consurmen, oompankes snd societies.

= By autornating capabdities previously delivered by human
profiessionals, Al will reduce the cost and increase the
scalability of services, broadening global participation
= markets includng heathcare and transpart.

= I multiple sectons including insurance, legal services and
frarspot, Al wwill changs whene, and the extent to which,
ipredits are svallable within a vahse chain,

& Menw cormmencial success faciors - includng owneshs of
kg, privabe data-sets and the abdity boattract data scientists
= will determing a compary's success in the age of AL

= New platiorms, leaders, lag gards anid disnipbors will
emene as the padadgm shet bo Al causes shiftsin
cnmpanies’ compatiee pasiioning

* AL ‘wasa-senvice’ oonsimption; dnd subsceistion paymant
models will obviste seect business models and offer new
possibilities in sechors ncluding transport and insuarance,

= A5 Al gains adoption, the skills that companies seek,
and companies’ onganisational structures, will change.

= By reducing the time required for process-driven waork,
Al will acoeferate innowation; This will compress cyces of
creative destruction, reducing the period of time Sor which
all bt sebact supar-competilors maEintain value,

o Aliill prvide profound Benalitd s sosietien, insluding:

improved health; greater manufactuning and agrciuftueal
capabiity; broader atcess to professional services; Mo
satisfiying retal experences; and greaber comeniience.
Al also presents significant chaflenges and risks.

& A-powensd automation meay displacn jotes: Al will enalbie

the automation of cartain oocupations thal invohee routing,
In pther ocoupations, Al will augment waorkers activities,
The shiort period of tme in which select workers may be
displsced coild prevent thoss who lose ther jobs from
being rapidhy reabsorbed into the workloece. Social
dighocation, with palitical comequences, imay result.

*  Biased systems could increase ineguality, Data used to

train Al systerns reflecty histone brases, including those of
genderdnd race, Biased Al systems could calsi individuals
econamic kiss, loss of opportunity and social sfigmatisation.

= Artificial media may underming trust. New Al iechnigues

enable the creation of ifelike artificial media. While olfening
benefits, they enabile comdncng oounterfait videos:
Artificial media will make it sasy to harass and mislead
ndisiduals, and weaken societies by undenmining trust,

= Al oflers trade-offs betwisen privacy and secunty, Ad AF

powened facial recogmition advances. 10 what extent wil
citizens bewdling to sacifice privacy to detect orime?

= Al enables the high-lech surveillance state, with greater

powers for conlral. Chira is combining real-lime recogrition
with social scoring o disincentivise undesirable actrity.

* Autonomous weapons may increase conflict. The sk

of ‘kifler rabots’ turning against thelr masters may be
orveratated, Less corsidened js the risk that canficl bebween
rapticne may increatd B the Foman costs of war are lower,
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Recommendations

Executives

* Evaluate how the benefits unleashed by Al = innovation, eficacy, velocty and scalability = will impact yaur industry.
* Consider if Al can be used to reach new market participants and expand your addressable market.
* Assess the shifts in your mdustny value chain that will cocwr as adoption of Al grows.

* Evaluate the business model a disruptor might adopt in the age of Al, if freed fiom the Sinnovaton’s dilemma”.
What would the Netfix to your Blockbuster kaok Tle?

*  Assess the extent to which your company is developing the commencial sucoess factons required fior the age of Al

= Companies’ competitive positioning will change as adoption of Al increases. Develop an Al strategy to become
a leader rather than a laggard.

* Evaliate the suitability of your compary's skills and crganisational design in light of changas Al will necessitate,

* Recognise the nead for resporsible stewardship. Al presents risks to society - including issues of job displacement,
bias, and privacy. Develop rigorous ethical fameworks to govem the Al systems you develop and use,

Entrepreneurs

* |dentify opporiunities to take advantage of probalble shifts i sector value chains that Al will cause.
* Develop intiatives that will take advantage of the new market participants and business models that Al will present,

* |dentify weaknesses in incumbents” competilive posilioning that are Fkely 1o persst, of worsen, given their stnuctune
o strabegy.

* Be rrandful of the riks Al poses to society. Develop robust framewanks for ethical development and regulatony
complance, Explore Chaptes B of cur Al Flaybook [wans mmcventures com,/reseanch] for an actionable guide.

Irwvestors

* Assess how the innevation, efficacy and scalability enabled by Al will irgact your portfolo companies.

= |dentify inestment apportunities in sactors that will be transformed a3 a result of Al shering value chains and enabling
ries Frarket participants.

* Evaluate opporbunities to invest in companies structured around business models that will come of age as Al disrupts
existing markeats.

= Assess entrepreneurs’ awareness of Al's ethical risks, their mitigation strategies and compliance with regulatony best practices.

Palicy-makers

* Engage with experts in the field of A1 bias to highlight the risks posed by prejudiced sysbems, create framewornks for
ket practice and highlight non-compliance.

* Engage the public in debate regarding the tade-off desired batween privacy and Al-anabled security.

* Anficipate the proliferation of anificial media, and work with lechnelogy and media companies 1o support the
creation of systems of trust,
134
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T imypliications of &)

Al will deliver innovation, efficacy, velocity
and scalability

Al'svalue, fram finding pattesns in data more eflectively 1o
atomating presou sl manual asks, can be abstracted to
faur ey beriefits (Fig. 94

Fig 94, Al offers innovation, efficacy, velocity and scalabdlity

Benefit Explanation Exmmphes.
Innovation e prodiscts = Autonomous vehicies
and services, = Wosoe-controlled devices
Efficacy Perbodrn Lagks * Fraud detection
more eflectivaly. * ICusbomer segmentation
Velocity Cosmipdate tashs. * Lagal document processng
o ragely, = Manulac buring process oplimisaton
Scalability Extend capabilities & Auittmaled medical disgnosis
o additional market * Autcrmated sxecutive agsistants
participants,

St AL e

Al will have significant implications for markets
and societies

Immoeaation, efficedy, welocty and scalabdity wall have significant.  Far sociehes, in-addition to rumenous beredits A presonts
implications for aconomic systems, employess, Consumerns challenges and risks. Bedow, we dascribe how:
and socdaty.

1. Al-powered autormation may displace jobs

Beskeoa, wee sseplasr ey Al will disrupl eovmpanies snd markets 2. Blased systermns could increase inequality
by enabling: 3, Artificial meda will undermine trust
4. Al offers states greater comtrol and prosents
1. Mew market participants ‘trade-offs betwesn privacy and security
2. Shifts in sector value chains 5. Aulonomous weapons may increase confilet

3. Mew business models biestween nations.
4. Mew commercial success Factors

5. Changos in companies’ competitive positioning

6. “Ehifts in skilks and organisational design

T Accelerated cyches af innovatbon.
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1. Meww market participants

By automating capabdilities previously delivered by human
professionals, Al will recuce the cost and increase the
scalability of sarvces, significantly broadening paricipation
n select markets.

Today, access o sectors including healthcane and fimancial
services is limited to subsets of the global population

Medical diagnoss, for example, B naccessble to people in
deweloping economies and expensive for those in developed
nations, Diagnosss has been undertaken by expenenced
professionals, whose training is time consuming and whose
scalability is limited, inhibiting supgly and increasing cost.

] wall provide automated disgnosis for a growing proportion
of conditions, The margnal cost of diagnosing a patsent with
an Al algonithm will ba nd. With smartphone adopbicn in
deweloping economies increasing rapidly, from 37% in 2017
10 an estimabed 57% by H204G5MA), barmers ba BocEs ane
ako faling rapidly. By transhering the burden of diagnosis
from people o software, global acoess to primary cang will
increass, Milions of additional individuals will benefit from
prrnany cang, while the market lor providers of relevant and
associabed echnologies will expand.

By automating capabilities
previously delivered by human
professionals, Al will reduce the
cost and increase the scalability
of services, broadening
participation in select markets.

2. Shifts in sector value chains
n multiple sectors Al will change whene, and the extent to

witiich, profits ang madie within a value chain,

In the insurance sectce, revenue from caf insurance accounts

for 42% of global indurance preémiums (Aulonomous Research]

fromca

As Al-powened autonomous wirshicles gain adoption, thee
fnequency of accidents will reduce - and with them
FISLINETE TERETILIE.

UK car insurance premiums are expected bo fall by & much as
63%, causing profits for insurers to fall by B1% [Buionomous
Resmarch, Insurers must anticipate and plan for a profound
shift in thedr sector's value chain.

n the legal serdces sechorn, clients are increasingly awarne, and
s willing {0 pay, for deliverables that have not required the
time or expertise of an expesienced lawyer, In Masch 2007,
Deutschie Bank anncunced that it will no longer pay City law
firvres for kegal work undertaken by trainees and mewly gualified
arerye s The automation enabled by Al will broaden the range
off tasks that can be provided to clients at ke cost. As chents
expact greater use of Al, cost pressures on routing work will
ncrease and value will shift further to high-end work,

n the rarspo scton, aulomatiee finance provides 19%, on
average, of car marmfacturers’ pre-tax profits {INSAC Yentungs)
Large automotive finance companies, including Ford Motor
Credit, Toyota Financial Services, Missan Motor Acceptance
Corp and Hyundal Maotor Finance [oan consummers money o
uy e cars. Ad we describe next [(MNew business models’),
private wehicle ownership will reduce as subscription-based
services. provide consumers with on-demand access to feets
of autonomaous vehiches. Demand fior, and value in, autcmotive
finance for consumers is likely o dacine.
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D6%of their lives [LITP Millenmium Cities Database). Desplte

?ﬁiiﬂmﬁiﬂ.ﬁﬂ«ﬂ:ﬂiﬁ#i&m :

- has bapn pecestany 4o enable sportaneily, poirl-io-peint

”Eslli.ﬂﬂiﬂ %Eﬁ&iﬂi it

Anautonomous vehicls, summoned whenever required from

& dlistiibuted flest and ined for the duration of a joumey, Wil
- offier the samme benefits while optirially utilisng a fleer.

With the gt ol the driver rermowed, and thie cost of the vehicle
Hﬁggiwniﬁrﬂﬁ tripis in & given

petiod, the marging costof a joumey will be lower With
g:!lgtgi

:...E.E_Eu_!.niq E:E&x..ff%!ﬂt

. iigigai
ety o decline.

Thisimpact on ‘dowrnstean” madkel participants will be e

- sgnificany. The busingss modals of local car dealerships, *

yehichs repair centres, petrol stations and changing centras

il chaiigge a3 kocal ammership of private vehicles is displaced

by lanize, managed fleets.

I tha insurance settor, assecialid business models wik b
disupted, The objict of car insarance isTikely to change,

< Trom - drivier frho wif play o Fole in an autonomous wehice's

| CPETAtoNS) o the vehicke manulactuner o servics provider,

The meediate buyer of car insurancis will also change,
from thie and user i the manufactiner o senice provider.

- trnatety, the fes will b repakd by theend user s a small

 campanent of their monkhly sibscription feel, Accondingly,
‘insusers’ buisiriess miodels ir The atomative sector may skt

_ Inthe transport sector, Al will

transform the economic fabric
of car ownership and insurance.

Sueress factors in the age of Al inchude:

* Thevision to'emibrastis Al and the organsstional changes
i requines;

* (Dwnership of large, non-public data sets to train and
deploy market-leading Al algorithing:

= Awillingness o evaluste the opportuniiesand rigks of
sharig braming cata with partiens and competibons;

* Theability to.attract, develop, mtain and integrate data

. :ﬁiﬁﬂﬁﬁﬁ;&ﬁ!&gﬂ Eﬂ!ﬂ...,
chakenges posed by AL

+ Ahiftin mindset to the use of software that provides
%uﬁﬁ binary recomménciaions,

= Theability o manage workflow changes that result from
theimplementation of Al systems,

* Theability to manage challenges of organisational design .
and culture a3 Al augments, and in some cases replaces
persannel,
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5. Changes in companies’ competitive positioning

Among buyers of Al fiedn's enbarprises, and smalland

Mew leaders ans!u._runn_ﬁu!ﬁ I.cheu_..:ﬂ!._iﬂ.ﬂ medium-sized businessesk;

.Eﬁ&?ﬁuﬁu&!!n

Paradigm shifts in technokogy destabise incumbents
i driabibe i beackers to amerga, & adbption of laid
: pomputing continues, forexample; T spend i being
‘raallocated to clowd-natve platborms (such as Amazon) and
‘applicationg at the expense of ncumbents,

Al il s grmater shifts as t alters vakue chains, enables new
IE.!B!EE ignglﬂaﬂugﬂg

-pompetiton, We expect "Platforms’, Distuptors’, ‘Leaders’ )
2

~and ‘Lagpards’ o emeige.

New leaders, laggards,
platforms and disruptors
will emerge.

Amang providers of Al:

Platfarms - primanily Google, Amasan, 1BM and Miciascft
AN = uﬂi?tgig
-amironmentsand ‘phag and play’ A services used by marny
developers and consumers of AL With vast data sets, workd:
clams Al tean and dutenshe fesousces, sebect GAIM vendors
Sate well positiened 1o acciue value s plationms that support
e provision of Al

. Eunt.m %Eiiﬁiﬂ
Egginsg girﬁ#

Disruspbors are early stage, Al-wd software companies facking
tbusiness problemsin iiii  Fo incumibents,
“disrigpinrs afe a double-edged sword, Disniptors wil enable:
the enterprises, malk and mediumaiiad bisinedsss that
‘embrace them, while eroding the valieof those that lack the
Parzicht 16 do s6, Selact disfuptors will gt tomaorfmows:
.%QEBEHEF.E{“.

Leadars will amerye in key indusiries, by anticipating the
shifts in vahue chains and business models caused by Al

- taking aghvantage of tharir kafgi, propritary data sets to frain
and daploy Al algorithms; having the crganisational ability b
depioy &) effectively; and by having sufficient résources and
- reipukation o attract high quality Al falent. Leaders will axtend
* thisir Gompetithe achvantage and enjoy particilar berfts:

_____ dala isconamy’, Brongmi netams will sccrus

benefit from data network effscts that competittrs will
Abruggle to dvercome:

Vagiparcs v Bxivads that ck e vl or orparisations ol

toise Al effectively. While some enterprises will lack the

fiesight o adapt, mote will falter duse o limiiad organzational
capabiity, Laagards i il mowe showy 1o u!,.i.:m:
maqiﬂu o et in their oy Al bearns; fal b ks sdvantage
&?gsglﬁgl;&ii
-strgggle fo attract Al talent. In the "data economy’; laggards.
will lose eoepetitive i advaniage and market share significanth'
snd rapidly,

New leaders will anticipate the

- shifts in value chains and new
oot business models enabled by Al
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The implications of Al

6. Shifts in £kills and onganisational design While adjusting their mix ol personnel, companies will alter
Ag A gains adoption the skills that companies seek; and their organssationad chesign, Hiring for adaptabilty will be
companies” organisational stucture, will change, increasingly important; as the range of tasks supported or
undertaken by Al systems increases. One in three companies
Aa companies vie for leadershap in the Al era; companes are nedesigning their onganisatonal siructures from traditional
will seek different persannel and change the crganisational héeranchies ko multi-discipbnary teams (Deloitie} 1o enable
princilas around whach they are Sruchaned greater acaptability
41% of companhes are considering the impact of Al on 7. Accelerating cyches of innovation
Tuture siill recuinements FWCK A mix shifh ko emplicying By rescluacing the time requced for process-dinen work, A1
data scientizts s likehy [aba scientisis extrack freaning from will accolerale the pace of business and innovation. This many
dita by collating, cleaning and processing data and then cofpress cycles of creative desinection, reducng the pericd
applying statistical techniques and Al algonthimns, Companies’ of tima fiorwhich all buk a select mambser of super-competitons
engagement with data scientists is limited today, For mainiain vakie,

earmple, while the word's langest profesdions] semices and

cansctting finms average 5,000 ta 15,000 in-house analytics With saveral cocupations, and numentus constituent activitaes,
professionals, we estimate that fewer than 8% of these are data automated or augmented with A, thie speed bt which tasks
scientists (MMC Ventures): Some large companies have asfew canbe completed wilf increase. By accelerating the pace of
a5 00 data schentists. Tomormow's leadens are agoressively business, Al |s likedy to shorten cycles of innovation, adoption
expanding their data sciencs lsams, recognising that time and comaimption thal kave been compressing sinos the @50
I market i kisy bacause of the polential forcompetitive {Fig. 95)

achantage though data netwark effects imane data yields

better algorithms, which proside improved produwcts that

attract more clients and data).

Fig 85, Cycles af innowation, adogtion and consumpteon are compressing
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Histarically, setelerating eyclas of mnovation have seduced
e period of ?i__ﬁi.u_ii_ﬂ:iiiira.i.i
in 1965, companies in the S&P500 stayed in the index foran

arverage of 33 years {Inmosight). By 1960, average lotgevity :

had namowed 1o 20 years. By 2012, 18 years was typical.
By 2026, average benure in this SEF 500 is fanscast o shrink 1o
e years finnosightl. While reduced lengevity in stock market
indices arises partly due totechnical fachors, such as increasing -
merger and acguisition acthdity, creatie destruclion of

ineuimibents has bien sotelerating. Fauter cycies of disuption

dueto Al could reduce, furthes, large comgpanies” ability to
mainkain value.

Hawever, the dynarmics of Al and today's matket leaders,
iy Pl ifs & dlivergence in longevity and the emengente of
a'small number af super-competitors: Theee factors could lead
‘tothe emengance of sUper.competions that maintain vaide for
_ﬂ_n__u«:i Companias in racent history.

First; Al offers network effects theough data. Because training
Al algerithms typically reguires lange wohimes of data,
companiss with lange. propeietany data sets can delives mone
effective Al sysiedms. Superor systems provide better resuits,
.§E§§§§%E1
‘ereaking & virbiewus i EEE&;&E?E
oftodiy's lergest techislogy companies including Google,

__..._._ﬁuua Aipphe and Microsoft have wast consumer data sets

inaccessiole 1o disruptaors.

Artificial media will make it easy to

mistead - to harm individuals by ascribing Kisi

to them words they have not said and
actions they have not performed.

gg%ﬁggﬁ

_iiiiﬂiwgrg%

Third, sefact H:iﬁi&:ﬁoﬁu{%nﬁ

.iﬁuﬁﬁﬂiﬂ.—*giﬂ_ down, the

technology ‘stack’. Prowiders of cloud storage, suchas

functicnality -~ such as Al shd security ~ into the emaEanments
thesy provide. Technology leaders are ako expanding down
the E.u.__ﬁnnﬁnunr Google and Apple avanl_nﬁnwin

ﬂiﬁiﬁﬂiﬁﬁ_ categories, and
xS U il dow this lechnology stack may enable &
small number of super-competitons o capture and maintain
wconomic influence for a .ﬂ_ﬂn_.ﬂ!ﬁn_ time thar has bean
possible n recent history ~ amidst a broader bifareation in
corporate ngevity.

Al offers benefits and risks to societies
Al will delver numercus, peofouind benefits lor societies:

They include: scosterated cyches of E&Eiﬁ
EEE%EE%

between nations.

. Inéraagnghy Al ls eriabling divesgent futures. The axent
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Tt iplications of &)

1. Al-pownered sitomation may displaces jobs

Job dispfacement is a significant risk assocated with the
profiferation of Al &l will Frectly enable the asomation of
several oocupations that imahe routing and repetition - from
truck:deiving to telemarketng. Truck driving comprises 3.6
milien jobs in the LS [Ameréan Tricking Adsocistion]. In many
other oocupations, Al will augment and then displace some
workens in mone complex roles, whise reducing the need

for additional workens o be hined as companies expand. In
approximately B0% of sodupations, bt beast 30% of consttuern
activithes are technically automatable Ty adapting cunnenthy
proven Al technologhes (IMcKinsey Global Ingtitute).

Analysisol UK cenpus dats since 1877 shows that historically,
enrtractivg empdoyrent in agdiculiune and rmanulzebring -
neslt; in part, of automation — hive been mone thin offset by
rapid growith in the caning, creative, technoiogy and business
sandoe sackors (Dedoitte].

Greaber misomation of both manual and bisineis service

robes, hosiasr, may concentrath emplosment furthes in
oooupations regstant ko aufomation, inclheding cana wiark and
teaching. Whether or not, over time, Al creates mone jobs than
it desstroys, the short time fraene in which a lanpe rumber of
wiorkins could be displaced, couphed with a reduction in the
wailability of similar roles, could prevent fhose who lose their
jobs from being rapidly re-absorbed into the workforce, Social
dislocation, with political consequences, may resulf.

2_ Biated systems could increase ineguality

Theanotically, Al has the potential to ree decision-rrasing from
human bias by finding chjective pattems in lamge data sets.
Hemspprar, A systems thypicaly | sarm by processing traming
data; Available data sets frequently reflect systemic histonic
biases, including those of gender and race.

Thie riesults from “wond embedding”, an Al technigue used
tointerpret written and spoken language, are an example.
Word embedding creates mathemratical representations of
language. Thee meaning of words are abstracted bo asetab
rmbers based on the wonds that frecpoently sppear pear (o
them, Howsever, when trained on the Comman Cras data
sat 3 145-terabyte cofection of data taken from material
published onlinel, thie word ‘women' # closely associated with
ocoupations i the humanities and the home, wihle man’ s
associated chasely with science and technology professions
(Caliskan, Bryson and Marayananl.

lack of divarsty amang Al developmant baams s
compounding the problem. Growps representing magoritss

in the population ane less likely to notice that data regarding
mineities is kseking in trairng data they use. In a populs data
2t for training facial recagnition systems, over 75% of faces are
male and BO% are ighter-skinned (Buclamwini, Gebu).

Inadequate or kimbalanced training daka ane causng Al systems
1o perform poarly end problematically, panticular whan
ariing minonities. For axaimple, Al-powened fadial recogniton
systems that ofler gender clissification misgender just 1% of
ligghtber-skinred rades - but up o 75 of lighter-skinned fomales,
12% of darkerskinned males and 35% of darkarskinned
females {Fig. 56 [Buolamwini, Geloru).

Fig 96, Al-powered facial recognition systems misgender
% of lighterskinned males but 35% of darker
skinned lfemales
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#lgorithms will make decisions that have significant
ramifications for individuals’ Feas, in a growing range of
domains from recruiment o credit, If bias s not recognised
and nemoved from Al systems, mdividuals will suffes soomomes
laes, loss of oppsoriunity and social stigmatisation (Feg. Y/

1F v il b ke ethical and inclusiee &1, we sk losing

gairs made in civil rights and gender equity undar the guise

of machine neutrality.” {joy Buclamwinil

“Thene is o batthe going an lor lairress, inclusion and justics
in the digital vearld.” (Darren Walker, via The Mew York [emes)
To avoid ‘automating inequality’, developers can

= pecognise the challenge, as a staning poink for action;

* deyelop dneros leams that rellact the oomrmuriies
sy asfus
& preabe balanced, representative daka sets:

= daploy ethics and testing framesworics for system validation

“If we fail to make ethical and
Inclusive Al, we risk losing
gains made in civil rights and
gender equity under the guise
of machine neutrality.”

Joy Buolamwini

Fig 97. There are potential harms from algorithmic decision-making
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Fig 99, Given video of former President Obama, researchers synthesised photorealistic , new lip-synched video

Urigmal Video for Input Audso

GAMs will progress from synthessing individuals to scenes tarm, In Mirsetean Eighty-Four, the dystopian novel by George
Foctage of mdividuals and events will be genarated, or Oirwell in which a rubing party persecutes independent
altered, with litthe cost and efior, o create fake news 2.0° thinking, citizens afe taught to ignorne what they see and hear,

for political purposes. of counien &l eadance in ciminal cases. " The party ield wouw bo re@ect the evidende of pour eyes and ean.

Mg smartphones ane used b recond high-definition video, and It weas Ehatir final, rmecest essential command™ (Minetsen Eighty-

videoconferencing solutions sisch as Sioype and Facetims are Fowr, Geange Orweall), In the decade ahead, as the unnaal

used pervasnaly, source maberial & becoming plantiful, becomes real, socsety wil grapple ..___...“_.._n_.__mn_m__-.ﬂ..m_.m.ﬁ_._ trugh
ard (rust.

The pralderation of artificial media poses immadiabe and

secondany risks. bn the shan beem, artificial medis will make it

easy o miskead - to damage individuals by ascrbeng to them _= .—“ —._m &m _”m h— m m j m mn i m _“_..— _” _ m;ﬁf..
woeds they have not said and actions thay hawve not pesiormed - o
will grapple with challenges
In the longes berm, the rise of aridicial medis will undermmine ﬂ —._ ﬁ_
trust. Positreely, citizens will lzarn 83 question whether the _..”_ H__._.hﬁ m : #—._.._ .m_.ﬂ .
maadia they see is authentic, Howeser, f any media can be
counterigit, all media Is open to challenge, What can be
believed? Adversanes have recognised that SCrtng dowbt and

corilution o divide pogulations snd ikl oolleclive SCEon

is Frequently mone rrful than direct action oaer th ko
| By pCamE ')
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Tha imiplicaticng of Al

4. A offers stales greater control and presents trade-offs
betwaen privacy and security

In the age of Al, cltizens and govemments must re-evaiuabe
the balance between security and privacy they desiee— while
states could enjoy greater powers of social contral

Al-powered facial recognition systems offer unprecedenied
capabdlity. Technical maturation concldes with the
proliferation of high-resolution cameras. Every smariphone
CwihiEr Carnes s camera in their pocket. Ower 1,85 millicn CCTV
et wing i place in the U as warty as 2011 on dverage,

a citizen ks captured on CCTV an estimated GB imes per day
[Cheshire Constabulary Camera Suneey). To what extent will
eitigersy and gavernments be wiling lo sacrilice ancaymily

and privacy ho prevent and detect crimae?

In the age of Al, citizens and
governments must re-evaluate
the balance between security
and privacy they desire.

Furthaer, the combination of Al and mal-time analytics is
enabling the high-tech surveilance stabe, with greaber capacity
for social control. With increasng accuracy, Al powesed

gl anatysis can recogrise individuals fram their shape

and movernent —ean if their FBaces are idden. " You dan™t
nesd people's cooparation for ys fo be able o recognise
their identity” (Huang Yongehen, Watrb, via the Associated
Press). China irtsnds fo comine real-trme recognition with
social soafing, bo rabe cttpers acoording Lo their behaviour
and habits. Individuals with undésirable betaniour may be
inhilibed from bravelling, suffer reduced intermet connectivity,
be penafised when applying for govemment roles and be
inpedied from placing thewr chitdven in desined schaols.

5. Autonomaas wiapons may intrease conflict
betwean nations

Weapon systems have incomarated a degree of autononmry
for decades. The Phatans WS weapon system, for sxample,
defends ships in 20 courtries’ ranees froem missle sitacks,
The Fhalanm: combines 3. 20mm mitating Vulcan cannon with
arn automated syshem to intenpret radar data, decide whether
a targed s a threat and engage it

Heweever, the combination of Al-powered computer vison
systers, Al-based decison-making algarithms and inmpeowvied
robotics are enabling hemanoid and aerial drones with greater
capability and autoranry. The sk of ‘kiler rabols' urring
acalns theis rashers may be overdated, Liss cantidend is
the porssibility that confiict betesen naticns may increase if
the hiuman costs of war ane lower, A country that thinks twice
abcut sending young people inta conflit may bemorne
Bcheertunous if the only aseets in hanm's way are squipement

States could enjoy greater
powers of social control.
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