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Foreword

The commercial aviation industry is no strangeAttificial Intelligence (Al) technology and has been
using it effectively in various parts of the busss and across the value chain for decades. However,
we are entering an eran whichAl capabilities are reaching ndwightsandwill havea major impat

on how we conduct businesghere are various schools of thought as to sheiceconomidong-term
impact of AlHistorical trends show a positivienpactof emerging technologies, i.e. \l& somejobs

are maderedundant due to new technologies, otheew jobsare createdat the same time

TheAl adoptionbarrier to entry has becommuchlower due to an intense competitive environment
with many technology providers offering Al solutions. Adopting such solutions hasea ik
exposure, in particulairom a financial perspective. Thengterm future of Al is difficult to predict
however, over the short- and mediumterm, the aviation industryhas the potential toextract
significant benefits from this technology.

IATA is eager to raise awareness angport airlines and the wider value chain to reap the benefits of
new technologies such as Al. Through applied research and development, proof of concepts, pilots and
engagement with the academic and stai sectors we aim to accelerate innovationTo learn by

doing IATA has already adopted Al solutions to imprtwe performance ofits own Settlement
Systems and Customer Sengcand will keep testing new solutians

We trust this white paper oAl will help the aviation industryo address pain paots, opportunities
and threats We look forward to hearing your feedback.

A special thank you to the team of authors and contributors that created this document and continue
to lead innovation in our industry.

Sincerely yours,

EUL

Eric Léopold
DirectorTransformation, FRancial andistribution Services
IATA
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Executive Summary

Al'is an overarching technology thanhancesexisting and new business capabilities possible for
airlines and other entities across the aviation value chalre following illustrationsre a mappingof
different Al capabilities against the business capabilitied needsf airlinesin 3 clusters (Customer
touch-points, Operational, and, Support and managemeifit)e intelligent bot technology has the
highestpotential in the customer toucipoint capabilities of airlines with the potential of making
customer service operations more efficient and effective; and there is also a paradigm shift towards
unique treatment of customers by having the capability of gutocessing what airlines already know
about their customers. In many cases, there is already a lot known, upon which personalized offerings
and services can be built.

CUSTOMER TOUCH-POINT OPERATIONAL SUPPORT & MANAGEMENT
CAPABILITIES CAPABILITIES CAPABILITIES

+ INTELLIGENT BOT ERA * OUTCOME & IMPACT PREDICTION * VALUE CHAIN RISK MANAGEMENT

+ DYNAMIC RESOURCE ALLOCATION * CORRELATIONS OF DATA * ASSET (e.g. AIRCRAFT) PROTECTION
* PERSONALIZED FULFILLMENT * AGILE AND ADAPTABLE OPERATIONS * MAINTENANCE & SAFETY CHECKS

+ DISRUPTION DAMAGE CONTROL * MACHINE LEARNING * SUPPLY CHAIN RISK MANAGEMENT

* COMPLAINTS & CLAIMS Al DRIVEN

Figurel: Airline Business Capabilities impacted by Al

Al cambilities are becoming more accessible agd¢here many providers with othe-shelf Al solutions.

These solutions make it relatively easy for companies to quickly start leveraging the benefits of Al.

| 26 SOSNE Ay O2YLISUGAGAGDSastfirdhedie & Fecomes @ dSomvalityBnd | 6 2 dzi)
stopsbeing a differentiating factor.

RECOMMENDATION 1 RECOMMENDATION 2 RECOMMENDATION 3

4
PROTECTING
DIGITAL ASSETS

ADOPT Al ALLOCATING
CAPABILITIES RESOURCES TO

FASTER THAN Al RESEARCH &
NEW ENTRANTS DEVELOPMENT

FROM Al
CONSUMERS

Figure2: Recommended approaches to Al

A strong dependency on vendors for Al does have advantages in terms of fast implementation of
solutions,K 2  SHASNE Ay LI NIAOdzZE F NJ F2NJ O2YLI yASa dGKFG |
where Al is a strategic assatd to ensure these assets are kept within, or brought into the company.

Digital assets are more prone tybertheft and abuse as Ahakes it very easy to browse the digital

G2NI RT AlGQa GKSNBT2NB AYLISNIGAGS (2 KIS | aidNRy

IATA has already started research and development and a number of concrete projects that are

leveraging bot technology and machine learning to enhance customer services and to protect the
moneys ofits members.
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4 Purpose of thislocument

This document is intended to:
- Raise awareness of Al across the aviation indystry
- Expand orihe rationak of why Al is worth considering
- Present the threats and opportunitiesahare expected to come from Al;
- Recommend @eas of potential to starwith;
- Cover areas of concern.
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5 Introduction

What makes Al unique is that it is a generic umbrella technology that is an enabler of many different
disruptive technologies and solutions; it has the power to add great value and be a force for good in
aviation and beyondThe airline industry @en Innowation community iswell positioned to lead the
transformation that is on the horizon and enalalglines and the wider entities across the value chain

to reap the benefits of Al and support them to cope with the impact of this technolbiyy.aviation
industry hasalready started adopting some limited Al capabilities in businessgverthere is how

the opportunity to start with a wider adoption ofAl capabilitiesto support achieving business
objectives.

Whilethis technology has been around sirtbe 1960sA 1 Q&4 2y f & NBOSyidte GKI
power* has become accessible and has given traction to Al developrmaatsfesting itself in value
added products and services. This trend is expected to accelevatie morewhen new emerging
computingtechnologies suchs neural processors amggiantum computingreach sufficient maturity.

5.1 Art of the Possible

Al has the potential to help humans with the running of an airline; Some of the potential future
characteristicsgapabilitiesand use cases of Al systems in the aviation context include:

24]/7 Al ServicesAlnever gets tired and has a muléiyer parallel redundant architecture, i.e. unlikely
to fail and iffailure doesoccurthere are many backups.

100% upto-date: Al systemcan beloaded with a complete competence packader all thesystems,
tools and equipment used in airling; with updates as and when there are changes.

More comfortable flight experience:While IATA and airlines are already working on a raade
turbulence databaseAl couldenhance this, for example with realtime multidimensional pressure
data feed of the airspace within a radiusoefrtain value whichcan beused foroptimization purposes
as well as avoidance of turbulence.

Safety & Reatime Monitoring: Al could makeit possible to have arhircraft Reatime Health
Monitoring System (ARHMS), driven by sensors at the atomic level on every part of the aircraft, its
content, and surroundings. Any anomalies (e.g. stress, pressure, magnetic, teompetaimidity
fluctuations)can bemeasured and acted upol)pon landingAlcouldconducta physical safety check,
inspecting the entire aircraft through the ARHMS and using an autonomousdrutg system.

Baggage DeliveryAl coulddeliverthe bags irpartnership witha Drone Service Provider that flies bags
from the aircraft straight to the location indicated by the passengers.

z

u

14¢KS FoAtAGeE 2F F O2YLIziSNI G2 LISNF2NY 62N> 2FGSy O2yaAiARSN
AY + 3IABSY GAYSI 2N 6AGK NBTSNBYyOS obdorddicidbariesdpdzy & 2F NI yR2Y

2 http://www.mckinsey.com/industries/higitech/our-insights/the-growingpotential-of-guantum-computing
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Commercial Decision Making\lcan also fulfiltentral duties (e.gaiding commercial decision making
revenue managemengervice Level Agreement monitoring, management of all Smart Contracts with
value chain partners, invoiwj and settlementand procurement).

Technically most of the above is already possible; some are not yet commercially viable, and some have
regulatoryobstacles.

5.2 Ever Enhancing Value Proposition

Future visions often have an enhanced value proposition; i.e. it's |
only about more efficient ways of doing the same thing, but a
radical change in how we achieve our egdal. Airbus' Pop.Up
concept is a good illustration of this; a 2 passenger autonomous
that can drive on normal roads, integrate with trains, and even

throth Hyperloop tubes. Videol: Airbus Pop.Up (Click to watct

5.3 Aviation Skills Mismatch

An optimisticfuture view would argue that the number of newly created jobs will always exceed, or at
least, be equal to the ones that are made redund&whilethat may be true; there will be a significant
skills shortage and gap.

"If the next generation is to use &hd big data effectivelg A F G KS&@ QNB (2 dzy RSNEIG |
limitations, and build even better platforms and intelligent systemwe need to prepare them now.

That will mean some adjustments in elementary education and some majoVendue upgades in

computer science instruction at the secondary |&yelarvard Business Review June 2017)

5.4 What isAl?

Al refers to computer programs that exhibit humbie intelligence such as logical reasoning, problem
solving and learning. It comes in embod{edy. Robots) and disembodied (e.g. Apple Siri, Google Now)
form34°

5.5 Why should we look into it?

There are a wide range of benefits that Al can deliver; whether through optimization of existing
processes and/or systems; or through the remobgimaking them obsolefeThe various aviation use
cases are expanded on in secti®2.

3 http://cpsc.yale.edu/research/artificiaintelligence

4 http://www -formal.stanford.edu/jmc/whatisai/

5 https://www.cs.umn.edu/research/research areas/robotiagd-artificiakintelligence

6 http://www.airbus.com/presscentre/pressreleases/pressleasedetail/detail/airbusdemonstratesaircraftinspection
by-drone-at-farnboroughinnovationand-digitalisatiorfor-productionramp-up/
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The emergence of Al technology is expected to cause a disruption ilypkeof tasks that humamn
perform and the ones thatra delegated to machines. Whikxperts generally agree that the net
difference betweenthe number of jobs made obsoleteversuscreated by Al isegligible the
composition of the arrays of skills requirey the market i€xpected toevolve faster than thakils of
available human resources can keep up; causing a widening of therta&et skills gap Emergence

of new entrants is also a threat that needs to be taken into consideration. This threaintare
diffused if there is the willingness to look beyond industry boundaries and scan the technological
horizonwith the intent to selfdisrupt before the outsiders would do.

6 Fundamentals of Al

To understand and analyze the evolution of Al; one reguie define it across some simplified
dimensions. The 4 dimensions below are inspireBywt ! Q& L3&MA LISOGA S

Analysis & Conclusion Perceiving Outside World
Abstraction of Knowledge Learning from Experiences

Figure3: 4 dimensions of Intelligence

This method categorizdntelligence into:

1) Analysis and Conclusion: Téleility to look at a problem and analyze the conditions and come
to a conclusion.

2) Perceiving Outside World: The ability to use sensory input and turn it into an estimated
immersive perception.

3) Abstraction of Knowledge: Taking knowledge applicable in ceefgparea, and applying it to
a different area.

4) Learning from Experience: Taking constant learning from activities.

6.1 Evolution of Al

6.1.1 1st Generation Al: Rule Driven Reasoning

Initial progress was mad&hen humans succeeded in incorporating knowledge indbonputer
programs through the definition of static rules. For example in the early days; chess playing computer
programs worked through a defined set of rules, and were able to perceive a very small portion of the
outside world (the chessboard) in a limitddmain; With no ability to learn and abstract knowledge.

7 http://www3.weforum.org/docs/Media/WEF_Future_of Jobs_embargoed.pdf
8 https://www.darpa.mil/aboutus/darpaperspectiveon-ai
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Figure4: 1st generation Al capabilities expressed across the 4 dimensions

GPS navigation software is another form of 1st Gen Al. It's able to perceive the locatiozeaaatl
contextualize it on a map, and conclude with directions. It has very limited ability to cope with
deviations from the routine. 1st Gen Al computer programs are still alive and kicking; delivering value
to many industries.

6.1.2 2nd Generation Al: Learnipthrough Big Data

Having access to lots of data, otherwise known as Big Data, has its challenges, however technological
advancements in data management practices have turned the challenges into opportunities. 2nd Gen
Al programs have leveraged this tofedrom Big Data; Apping transformative algorithm® identify

clusters, and patterns in datasetSor example in some machine learning brancties computer
program is forced tdind patternsin datathrough trial and error.

: =

: Analysis & Conclusion l'l

Perceiving Outside World .m| l“l 'as' 'm' Iml 'm' l“l lml
: erceiving Outside Wor

b "TYYTTTRRN

: '
" Bl Abstraction of Knowledge l'l

Leamingthrough MO I o S s X
big data Bl Learning from Experiences UL

Figure5: 2ndgeneration Al capabilities expressed across the 4 dimensions

2nd Gen Al is characterized by learning through analysis of Hatait lacks the ability of logical
reasoning, understanding the context and abstracting knowdedgdifferent domains. The learning is

far from how humans learn. It's rather learning through waidfined statistical models that simulate

the problem domain, and use data to constantly train the model. 2nd Gen Al can even be very
unintelligent. Microsdt's twitter bot® and the controversy around iis a good example of how
distortion in the training data can lead to unwanted results.

6.1.3 3rd Generation Al: Analytical Awareness

2nd Gen Al needs large amounts of training data to be able to learn, and dmsilusions. If
guestioned about a conclusion, the answer is almost always: "because the data says so". On the other
hand 3rd Gen Al is aware of the analytical path and to a very limited degree the context of the analysis.

9 https://en.wikipedia.org/wiki/Tay_(bot)
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Figure6: 3rdgeneration Al capabilities expressed across the 4 dimensions

3rd Gen Al doesn't need to see thousand example images of different aircraft damage, to be able to
detect one on an aircratft.

6.1.4 4th Generation Al: Contextual Awareness

Understanding contexand being able to go from one domain to another; abstracting knowledge and
learning without the need for large amounts of training data are typical characteristics that separate
4th Gen Al from the previous generations.

Analysis & Conclusion l'l l'l I'I l'l I'I i'l I'I l“l l“l;l'l
Perceiving Outside World lhl lhl lml lml lml l“l lﬁl lnl lxlél“l
: erceiving Outside Worl i

i T"THEERTETTTYY

. PO S S T S - N S R
O G R R R

Applying knowledge I ME GE M N O A G aE [ am
EELUELLELEL LU  Learning from Experiences I'I l'l l'l l'l |'| |'| "' "' |"§"'

Figure7: 4th generation Al capabilities expressed across the 4 dimensions

7 Al Capabilities

There are a vast array of use cases that are driven by the emergence, availability and accessibility of
the overallAl technolog. The technologies cape clustered in the filowing 7 capabilities®:

Deep Leaming

Supervised Machine Learning (ML)

Unsupervised

Cantent Extraction

- Classification Natural Language
Machine Translation Processing (NLP)

_ Question Answering
_  Text Generation

Artificial
Intelligence
(Al)

- _  Expert Systems
_ Image Recognition
Vision
o Machine Vision
_  Speech to Text
Speech
o Text to Speech
_ _Planning
Robotics

Figure8: Different branches of Al capabilities

10 https://www.neotalogic.com/wpcontent/uploads/2016/04/Artificialintelligencein-Law The Stateof-Play2016.pdf
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7.1 Machine Learning (ML)

ML is abranchewithin Al. It is a discipline concerned with the implementation of computer software
that can learn autonomously. Bt systems and data mining programs are the most common
applications for improving algorithms through the use of machine learning. Among the most common
approaches are the uss# artificial neural networkand genetic algorithm&t

7.2 Natural Language Proceisg (NLP)

NLPis a field of computer sciencA)concerned with the interactions between computers and human
(natural) languages, and, in particular, concerned with programming computers to process large
natural language dat&

7.3 EXpert Systems

In Al, anexpert system is a computer system that emulates the decisiaking ability of a human
expert. Expert systems are designed to solve complex problems by reasoning through bodies of
knowledge, represented mainly astlien rules rather than through convential procedural code

The first expert systems were created in the 1970s arah ghroliferated in the 1980%xpert systems

were among the first truly successful formsAdfsoftware®?

7.4 Vision

Computer vision is an interdisciplinary field that deals wittw computers can be made for gaining
hightlevel understanding from digital images or videos. From the perspective of engineering, it seeks
to automate tasks that the hunmavisual system can dé.

7.5 Speech

Speech recognition is the intelisciplinary sulield of computational linguistics that develops
methodologies and technologies that enables the recognition and translation of spoken language into
text by computers. It is also known as "automatic speech recognition" (ASR), "computer speech
recognition”, orjust "speech to text" (STT). It incorporates knowledge and research in the linguistics,
computer science, and electrical engineering fiefds.

7.6 Planning

Automated planning and scheduling, sometimesnaoted as simply Al Planning,a branch oAl that
concens the realization of strategies or action sequences, typically for execution by intelligent agents,
autonomous robots and unmanned vehicles. Unlike classical control and classification problems, the
solutions are complex and must be discovered and ogéchin multidimensional spacé.

1 https://www.britannica.com/tecmology/machinelearning

12 https://en.wikipedia.org/wiki/Natural _language processing

13 https://en.wikipedia.org/wiki/Expert system

14 hitps://en.wikipedia.org/wiki/Computer_vision

15 https://en.wikipedia.org/wiki/Speech_recognition

16 https://en.wikipedia.org/wiki/Automated planning_and_scheduling
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7.7 Robotics

Robotics is an interdisciplinary branch of engineering and science that includes mechanical engineering,
electrical engineering, computer science, and others. Robotics deals with the design, construction,
operation,and use of robots, as well as computer systems for their control, sensory feedback, and
information processing’

8 AlUse Cases

The Akapabilities can individually or in combination be used in a wide range of use lcethés paper
the focus will bemainly on aviation industry use cases.

8.1 Generallndustry Use Cases
The industry use cases have been carefully mapped intinthestryvalue chain.

8.1.1 Customer ToucHPoint Enablers

CUSTOMER TOUCH-POINT CAPABILITIES

A\

SHOP PURCHASE PRE-FLIGHT IN-FLIGHT POST-FLIGHT
[ OFFER MANAGEMENT ] [ ORDER MANAGEMENT ] [ DEPARTURE MANAGEMENT ] FLIGHT MANAGEMENT ARRIVALS MANAGEMENT
CUSTOMER INFO & VALUE CHAIN l QUEUE MANAGEMENT ] LOUNGE MANAGEMENT [ GUEST FEEDBACK & COMPENSATION MANAGEMENT ]
D
CUSTOMER EVENTS [ GUEST REACCOMMODATION ] JOURNEY EXTRAS

COMMUNICATIONS MANAGEMENT

Figure9: Customer Touckoint Capabilities

Looking at theCustomer TouctPoint Capabilities needed to deliverticore product to the customer;
the following innovations are predicted to have an impact:

A) Intelligent Bot Era The search and booking experience to become as easy as having a
conversatn.

B) Dynamic Resource AllocatioQueues minimized by predictive analytics, dynamic resource
allocation &passengemnoatification.

C) Personalized FulfillmentLeveraging data & machine learning to better serve the customer
during fulfillment phase.

D) Disruption Damage ControlAl has the potential to take countless factanto account and
propose the best option.

E) Complaints & ClaimsManagement Al can autonomously handle customer requests,
complaints and claims, ensuring compliance to regulations (e.g. EU8&iizing airline
resources, minimizing manual efforts, compensation costs, and loss of customer loyalty.

17 hitps://en.wikipedia.org/wiki/Robotics
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8.1.2 Operational Enablers

OPERATIONAL CAPABILITIES
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Figurel0: Operational capabilities

In terms of Business capabilities needed to enable the runniriglod 8 8 SY I SNJ | ANI Ay S¢é
following Al enablers are already available or just on the horizon.

A) Prediction With Al tactical, and operationabusiness decision can be mapped out with
accurate prediction of outcome and impaédany different factorsare taken into account in
combination with historical data to develop predictions.

B) Correlatiors of data: With the abundance of data, the challenge is now how to draw benefits
from it without the need to spend enormous amounts of resources on data anaMdisis the
ability to take unstructured data and find correlations and patteloesween even seemingly
unrelated things, e.g. customer behavior and its impact on conversions.

C) Agile and adaptableOperations can be planned to perfection, however there akgays
things that disrupt the plan and sometimes require aptanning exercise. Al enables
operations to quickly and efficiently q@an in case of disruptiongaking historical and real
time data into account to findune the new plan.

D) Machine learnig: Al machine learning techniques allow the computer software to adjust its
algorithmbasedohdr &G RFGF X FyR 6S F6tS (2 tSIFENYy FTNRY
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8.1.3 Support and Management Enablers

Figurell: Support and management capabilities

And in terms of Support and management Business capabilities, the following Al enablers have been
identified:

A) Value Chain Risk Managemen¥alue chain partner (e.g. travel agents, distributors) expose
airlinesto external risk that can be detected and nmaged by AlExamples includeédefaults
andpayment fraud.

B) Asset Protection:Al can assist airlines with their assets (e.g. aircraft) tracking the status,
location and other asset attributes, detecting anomalies and generating recommended actions.

C) Maintenance & Safety Check€omplex safety management activities require sophisticated
and adaptable planning and scheduling taking many parameters into account. Al can support
such activities.

D) Supply Chain Risk Managemerfupply chain partners (e.g. manufaas, fuel suppliers)
expose airline to external riskhat can be detected and managed with the use oEXamples
include:Fuel supply risk detectigruel price fluctuationsAircraft deliverydelays.

8.2 Specific Industry Use Cases

8.2.1 Aland its impact on Air Traffic Operations

The use of advanced computing capabilities sasmachine learninig still in its infancy n the context

of aviationair traffic operations Al applicability remainat the proof of conceptstage In an indusy

that isdata rich ancht timesinformation poor, experts see the potentiahowever, they do sowith an
understanding that the scopend applicationsmust be palatable for egulators to approve.
Advancements in automation and computing power, whigiilize technologies associated with
machine learningand data analytics models, are being used to enhance how we manage the ever
increasing rise in air traffic. In this regard, an up and coming key influencer will be the rapid evolution
and integration ® Unmanned Aircraft systems (UAS) and their associated technologies.

The development of the UAS industry is fast paced, utilizing new technologies and operating systems
that can technically oupS NJF 2 NI (2 Rl & QWAS Xryffic Ndarademaind U )ddisrms
utilizing enhanced computing capabiliti®g]l provide new opportunities foimproving existingraffic
managemensystems separation standards and airspace planmegignsin particularthese systems

will have an impact an

- Seltseparation; by the use of deO2 Yy Ff AQG A2y Ff I2NRIGKYa +FyR W
enable better, more efficient separation standards
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