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LETTER FROM THE CENTRE DIRECTOR

Welcome to the first edition of the newsletter for the Science Foundation Ireland Centre for Research Training in Machine
Learning. Our mission in the centre is to train industry-ready, academically excellent graduates who will lead the current and

future transformation of industry, society, and science that machine learning is enabling. And we are making good progress.

Welcome to the first edition of the
newsletter for the Science Foundation
Ireland Centre for Research Training
in Machine Learning. Our mission in
the centre is to train industry-ready,
academically excellent graduates
who will lead the current and future
transformation of industry, society,
and science that machine learning is
enabling. And we are making good
progress.

Itis now a little over a year since we
welcomed our first cohort of 24 PhD
candidates to our three institutions

in October 2019. This group is
progressing research on applications
of machine learning from improving
water desalination plants to identifying
potholes, and developments in
fundamental machine learning
approaches in areas from network
analysis to computer vision. This
work has already led to 13 scientific
publications, as well as multiple
conference presentations, several
hackathon wins, and a new start-up
company. Some highlights from these
experiences are described later in this
newsletter.

Our second cohort, of 29 PhD
candidates, joined us in September
2020. They have just comp leted
Bootcamp, a 10 week programme
designed to kickstart their PhD
research. As well as technical content,
this programme included workshops
on communications, mental well-
being, machine learning and the law,
and the ethics of machine learning.
We were also delighted to include
industry seminars from Nokia Bell
Labs, Accenture Labs, Equall, Huawei,
Mastercard, and Aylien.

As part of Bootcamp PhD candidates
also took part in a fascinating

project in collaboration with the USA
National Institute of Standards and
Technology (NIST) and the Private
Automated Contact Tracing (PACT)
research group from MIT. This involved
developing machine learning solutions
to better identify close contacts as
part of Covid-19 contact tracing based
on data from phones, and is described
in detail in an article below.

Collaboration with industry partners
is a key part of the centre and we are

delighted to be currently engaging in
collaborative research projects with
Strategic Partners Colgate-Palmolive,
Microsoft, Huawei, and Equall. We are
also beginning to send PhD candidates
on placement where they will not only
get to experience hands-on real-world
machine learning development work,
but will also be able to bring all of the
skills they have developed so far to
benefit their host companies. Anyone
interested in getting involved in the
centre in these ways should contact
me to discuss it more.

We hope that you enjoy hearing about
the work that we have been doing at
the centre so far and we look forward
to working with you further in the new
year. Merry Christmas and Happy New
Year.

Brian Mac Namee, Centre Director
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EXPLAINABLE Al AND THE QUEST FOR
INFORMATIVE EXPLANATIONS FOR TIME
SERIES CLASSIFICATION

Dr Georgiana Ifrim

What do shapes, sound, motion and covid19 have in common?

They can be described using measurements collectively known as

time series data.

Time series data is numeric data that is collected over time and is
stored as a sequence of numbers with additional annotations, such
as the time-stamp for each data point and possibly an associated
class label. For example, a human motion sensor can monitor your
movement over time, such as the number of steps you do each hour
of the day, or the acceleration of your movement when doing your
daily exercise. The data can be easily collected using a mobile phone
or a sensor placed on the body. Over the past 2 years, time series
databases are the fastest growing type of database according to

DB-Engines.
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In many applications we need to classify time series Recent time series classification methods (a type
data into different classes, to understand for example if a of machine learning algorithm for time series) can
physical exercise is done correctly or not (e.g., prediction automatically classify time series data with high prediction
into classes correct/incorrect), based on the time series accuracy, but there is very little work done on how to provide
corresponding to the movement of the person. an explanation for the prediction. For example, besides

predicting a class, we often need an explanation to guide the
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user so they can take remedial action, e.g., the hand was lifted too high during the exercise, thus the movement falls into the
class “incorrect”.

There is a lot of recent interest in developing explanation methods for machine learning algorithms and the focus so far has
been on tabular data where the features have a clear meaning, or image data, where the important concepts are easy to
understand by a human user. There is much less work on explanations for time series data.

Additionally, recent studies on explaining time series classifiers have focused almost exclusively on qualitative studies to
grasp the usefulness of various explanation methods.

In our work at ML-Labs we focus on explanation methods for time series classification, with the aim to quantitatively assess
and rank different explanation methods based on their informativeness. Comparing explanations is a non-trivial task. It
is often unclear if the output presented by a given explanation method is at all informative (i.e., relevant for the classification
task) and it is also unclear how to compare explanation methods side-by-side. In our work we study saliency-based
explanations, a type of explanation which associates each time series point with an explanation weight. The higher the
explanation weight, the higher the importance of that point for the classifier. We propose a new model-agnostic approach
for quantifying and comparing different saliency-based explanations for time series classification. In our framework, we
first extract importance weights for each point in the time series based on the explanation, then use these weights to
perturb specific parts of the time series and measure the impact on the classification accuracy. If the explanation is indeed
informative, distorting the time series data as guided by the explanation, should affect the classification accuracy more.

By this explanation-induced accuracy loss, we can objectively quantify and rank different explanations. We provide a
quantitative and qualitative analysis and discussion for a few well-known time series classification methods and datasets.

For more information please see our publication and open source code.

PERSONAL EXPERIENCE WORKING ON AN INDUSTRY RESEARCH PROJECT

David Kilroy

Over the past year | have carried out research with Colgate-Palmolive as part of my PhD in the SFI Centre for Research
Training in Machine Learning. The research consists of using machine learning techniques to try to identify trending topics
on social media a) when they occur and b) as early as possible before they occur. This type of research benefits a company
like Colgate-Palmolive in the sense that it allows them to find out more about what the general population are interested in,
thus allowing them to make more data-driven decisions when deciding to put new products on the market. For example, if
there was an increase in discussion on social media on the topic of “charcoal toothpaste’, then Colgate-Palmolive would like
there to be a system put in place where it would alert them of this occurrence.

After my first year of research I've been able to identify the top three benefits of doing research with an industry partner.
1: Clear and Interesting Research Direction
As part of being a researcher with an industry partner, the day-to-day tasks carried out slightly deviate from that of a regular

researcher. As with that of a regular researcher, the general tasks of reviewing the literature and developing novel solutions to
problems still apply, however as part of my role with an industry partner I've also had to learn to pay special attention to what
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the business requirements of the company are. These requirements
are obtained by having meetings with representatives from Colgate-
Palmolive in order to learn more about company-specific information
so that the research can progress. Before starting my PhD | thought
the tasks associated with being a researcher for an industry partner
would be very demanding, however this was not entirely the case. As
Colgate-Palmolive have a clear vision about what they want from the
research it has actually alleviated some of the pressure associated
with picking a PhD topic whilst also giving the PhD an interesting
research direction.

2: Data

One of the advantages of being a researcher for an industry partner
is the availability of company-owned data. Not having to wait a

long time to generate/obtain data has been a pleasant experience.
Also having the ability to work with different data sources has been
interesting and challenging.

3: Interest in PhD

After reading a few articles where people discussed their opinions
after being a year or two into their PhD, a common theme that kept
occurring was that people felt that others weren't interested in the
work they were doing. | feel that this theme would generally be

less frequent with students who take on PhD opportunities with
industry partners. This is especially the case in my scenario with
Colgate-Palmolive already knowing the problem they wanted solved
months before | had started my PhD. By having pre-defined problem
they wanted solved, there was an obvious interest by people in the
company over my PhD. This can of course be of added pressure at
times however at the same time it's exciting to have people be so
interested in the work you're doing.

Continuing on in the future with Colgate-Palmolive, | plan to keep
exploring and researching methods that provide business value to
them. If the rest of my PhD is anything like the first year, I'll be a happy

student!

WHY START A PHD IN
IRELAND

Mehreen Tahir

One of the oldest higher education
systems is in Ireland which dates back
to the 16th century. Ireland’s world
renowned universities are recognised
for their high quality teaching and
research. Although the country is
comparatively small in size, it has many
top rated universities, globally. The
country also has a rich cultural history
and has considerably invested in Arts,
Humanities, Science, Engineering and
Technology making it a perfect place to
pursue one's PhD.

ML:-Labs is an SFI Centre for Research
Training in Machine Learning. It allows
students to develop deep research
and technical expertise required for
an internationally excellent PhD, as
well as transferable skills and industry
experience to make them industry
ready. | always wanted a PhD program
that comes with close industry
engagement which made me choose
ML Labs for my Phd. The program

is fully-funded and also provides
unmatched opportunities e.g. cohort-
based interdisciplinary training, industry
placements etc. which means you get
the best of both worlds.

December 2020
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As an international student, I've been asked several times why | chose to come all this way for my PhD and not some place

closer to home. Well, who doesn't love adventures right? Aside from that, the exposure we're getting at ML-Labs is to die for. |

don't think there are many such programs that take an initial level researcher and make them attractive industry-ready hires.

| certainly believe that the program would help me grooming myself personally as well as professionally.

I'm a few months into my PhD and as we all know remote has been the new norm because of COVID. Honestly speaking, the

idea of starting a PhD online was quite terrifying. I had so many questions in my mind e.g. How am | going to connect to my

supervisor and other fellow students when not on campus? How will the bootcamp go? Seminars, industry talks etc. But |

must admire the efforts of the center in making sure that everything goes smoothly. The Boot Camp itself was very helpful

and provided us an unique learning opportunities whether it be the talks from industry partners, peer-learning sessions

or group projects. Besides that, it also challenged our time management and team management skills which I believe will

definitely pay off in future.

Summing it up, being a PhD student at ML-Labs is a unique experience challenging as well as giving you every possible

opportunity to learn and grow. But the ball just started rolling, who knows what future years will bring ;)

HUAWEI EUROPEAN UNIVERSITY CHALLENGE 2020 - TEMPORAL ANOMALY
DETECTION COMPETITION

Anastasia Natsiou, Sagar Saxena

Huawei Ireland, one of the leading tech firms in Al research
organises an annual University Challenge for postgraduate
students to compete on a technical solution using Machine
Learning techniques. This competition has been for us

a learning opportunity to understand and apply machine
learning methodologies to solve a complex industrial
problem. This challenge has not only helped us to hone our
technical prowess but to perform as a team and learn from
each other as well. The excitement to compete and win
lucrative awards offered by Huawei acted as an incentive.

The Huawei Time Series Anomaly detection competition
aims at identifying anomalies in a data set provided by
Huawei Ireland. This data set included labeled sensor-data
recorded at specific time intervals for anomalous behavior.
Time series analysis is an active area of research in the field
of machine learning. But anomaly detection in time-series
has been one of the most challenging aspects. This may be
due to the imbalances in the dataset-distribution formed by
labeling anomalous data, which are very small compared
to normal data. We are trying to come up with an algorithm
that would help in predictive maintenance by predicting
anomalous behavior depending on KPIs provided.

EUROPEAN
UNIVERSITY
CHALLENGE 2020

N

HUAWEI

Although the competition is still on, has already taught

us a myriad of different aspects that we were effectively
unaware of to date. Such as learning about anomalous
behavior in temporal data and methodologies proposed

in the literature to be effective, working in a team, sharing
knowledge through brainstorming techniques, to learn from
each other, managing work remotely, and meeting deadlines
for predefined milestones. Thus, the competition for us is
an implicit opportunity to get an insight into this domain-
application of ML while learning how to maintain better
software engineering practices for code-readability.

6 ML-Labs Newsletter

December 2020



EXPERIENCES ATTENDING INTERNATIONAL CONFERENCES THIS YEAR

September 2020 was a milestone for our cohort of students
who completed the first year of their PhD studies. A bit more
than a year ago many of them moved to Ireland leaving
behind their family while others gave up their industry job

to embrace the challenge of a PhD. It has been an amazing
journey for these young researchers and with great pride
we witness their professional and personal development.
The first year of a PhD is more than just reading the state

of the art, the PhD students embark on their research
journey, attend workshops and conferences, experience the
value of networking and have the opportunity to hone their
communication skills. For most of the students it was the
first time to attend an international conference and some

of them, after only twelve months of research, had already
enough results to showcase their work outside the lab.

We asked our students to share with us their experience of
attending a conference and what motivated their choice for
a particular event. We were pleased to learn that ambition
and a strong desire to gain and share knowledge were the
main reasons behind their decisions. All of the students
opted for well known international conferences with peer-
reviewed proceedings. As well as the opportunity to hear
about emerging trends in Machine Learning research

from leaders in the field, one of the main appeals of an
international conference for the students was, undoubtedly,
the chance to visit a new part of the world.

Unfortunately, 2020 has been a year like no other, and
with advice against non-essential travel coming into place
in March, almost all of the conferences were quickly re-
designed and moved to online platforms. Workshops, and
poster and paper presentations continued as planned

but with limitations. While pre-recording talks and no

need to stand in front of a large audience can make a

virtual conference less stressful for first-time presenters,
sadly, the virtual experience could not fully replace the
networking benefits of attending a conference in person.
The excitement of going somewhere new, meeting lots of
new people, and interacting and networking with like-minded
students and researchers was unfortunately lost. The was
the most common comment from our students about their
virtual conference experience.

Despite the limitations of virtual conferences, however,
the students still enjoyed and made the most out of these
experiences as expressed in their other comments:

‘It was simply amazing. It is always energising to showcase
your work and teach others”

‘It was a great learning experience for me. Also, sometimes
it's better to look out of the pigeonhole which we are trying
to focus through and get a broader perspective *

“These conferences helped in attaining a broader spectrum
of knowledge from greatly talented researchers while also
providing me with an opportunity to brainstorm ideas and
provide some suggestions.”

‘It was a nice opportunity for me to see what kind of work
was being done in my field and by whom it was being
done

Well done to all of our students and hopefully next year
they will get to experience all of the benefits of a traditional
conference.

December 2020
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ETHICS IN PRACTICE - A PRIORITY FOR Al

Dr Marguerite Barry

Al technologies are becoming deeply integrated into everyday life
from communication to health, finance to education and beyond. Like
all technologies, Al creates new possibilities for human action and
behaviour and so must be examined from an ethical perspective. Much
attention is rightly placed on the data that machine learning systems
are trained with and the data they use in order to generate an output,
decision or recommendation. This raises important questions such
as: Is the training data biased and is it representative of the people for
whom it will be making decisions? Are algorithms using private data and
have data owners given consent? Is the decision or recommendation
explainable, is the process transparent and who is responsible if
something goes wrong? Beyond the data are further questions about

whether Al is an appropriate ‘solution’ in certain social contexts.

Recent years have seen a growing focus on ethics of Al in
research, education and policy across Europe and beyond.
This ‘turn’ to ethics is visible in industry consultancy reports,
the codes of ethics of professional computing associations,
statements of ‘principles’ by transnational technology
corporations and national and international policy guidelines
for Al. Many of these establish agreed principles such as
fairness, accountability, transparency, explainability and
trustworthiness in the use of data driven machine learning.

The EU High Level Expert Group on Al Principles of
Trustworthy Al identified the following requirements: Human
agency and oversight; Technical Robustness and safety;
Privacy and Data governance; Transparency; Diversity,
non-discrimination and fairness; Societal and environmental
wellbeing; Accountability. Their detailed approach to
consultation — and inclusion of human oversight — is

an important step in producing a joint set of norms and
expectations around how Al should be implemented. Such
formal principles-based initiatives are highly influential in
shaping societal expectations around Al and offer some
reassurance of ethical development. But generalised
guidelines can also divert attention from the context and
purpose of use of Al and it is unclear how they will impact on
everyday practice in specific domains.

Meanwhile, surveys suggest that the general public believes
it is possible and necessary to design ethical Al, but also

shows that people have difficulty with abstract ethical
principles like fairness and transparency. Public attitudes
are more likely to be influenced by high profile news stories
about Al or fictional representations in film and TV and

to a lesser degree by everyday experiences with machine
learning (many of which are invisible). Everyday uses of

Al = from chatbots to social media — involve social and
regulatory norms and practices as well as ethical questions
and relate more to expectations and traditions of political
accountability and transparency. Like all technologies, Al

is a socio-technical system and so is governed by social,
economic and political relationships and values.

However, the professional Al development context can offer
minimal space for ethical reflection or oversight, creating
a significant gap between public expectations, high level
principles and the ‘performance’ of ethics in practice.
Many people working in Al research and development find
themselves in a bind, both under increasing pressure from
society to engage in ‘ethical Al practice, but also expected
to adhere to a range of organisational and professional
incentives in the race to innovate and compete globally,
which may be in conflict with ethical principles. This gap
will remain until we understand and accept the limitations
of Al'in complex social contexts and recognise that non-
technological policies and human workers are required for
more ‘ethical’ Al. Organisational and professional policies
must be supplemented by robust transnational policies
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and regulations that make corporations, research institutes and organisations responsible for the human labour involved in
deploying Al, and accountable for its social impacts. In this way, ethical principles for Al can be enacted in practice ensuring
that all of society is included in decisions about how we integrate Al into our lives.

A full paper discussing the performativity of ethics and Al is available open access in the journal Big Data and Society at
journals.sagepub.com/doi/full/10.1177/2053951720915939

COVID-19 CONTACT DETECTION CHALLENGE

Niamh Belton, Jack Nicholls // lllustration by Kyle Hamilton

results were produced using Bluetooth data, accelerometer

too close =7 and transmission power information. The results and

methodology of the various groups can be viewed on the
TCATL challenge website (https://tc4tichallenge.nist.gov/).

The Centre for Research Training in Machine Learning
approached NIST after the initial competition and proposed
that the new cohort of students take part in this challenge.

Ofiver’s Seafood Bar
Cleggan, Connemara

Contact detection is a method being used by organisations
around the world in a bid to tackle the spread of Covid-19,
but how exactly does it work and how can it be improved?

Using data produced by your phone, applications like the
HSE Covid tracker app allow for the tracking and notification
of potential contacts with people who have been tested
positive for the virus. The HSE's app uses Bluetooth data

in order to calculate the distance and length of time people
have been in contact with others. Testing of the app showed
an accuracy of 72% in the detection of close contacts. Can
machine learning methods improve the accuracy of close
contact detection using other data produced by your phone?

NIST (National Institute of Standards and Technology

of the USA) in collaboration with MIT's research group
PACT (Private Automated Contact Tracing) have created
a challenge titled TC4TL, or Too Close For Too Long. The
challenge saw universities around the world participate
in an attempt to develop accurate and robust models to
accurately calculate close contact detection. Positive

The new cohort of thirty PhD students from across
UCD, DCU, and TU Dublin were divided into six groups
and tasked with tackling the “Too Close" or distance

aspect of the TC4TL challenge. NIST created a direct line

of communication with the cohort, allowing us to ask

guestions on the data, the methods of evaluation, and any

other enquiries.

This challenge gave us the unique

opportunity to use our machine
learning skills to make an impact
on a global issue. NIST provided
large amounts of data for almost
25,000 events where each event
had one label. This gave us a
chance to immerse ourselves in a
project that uses real-world data,
where the data was noisy, weakly
labelled and the data collection
methods varied from one event
to another. The wide scope of the
problem allowed us to be creative
and formulate the problem in

a number of different ways —
some choosing complex time
series analysis and others fusing
domain knowledge with machine
learning techniques. An array of
algorithms were used from deep
learning techniques to tree-based
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ensembles. The effects of bringing a diverse range of expertise together and implementing a wide range of approaches
resulted in teams performing on par and ahead of groups that are on the top of the leaderboard!

One of the key learning take-aways from the project was how to formulate a Machine Learning solution. We found that
defining the objective of the project, establishing a clear baseline performance and effectively evaluating the solution
were crucial components of developing a robust machine learning solution. We learned that evaluating our solution meant
not only assessing it on the basis of a performance metric but to also consider other factors such as the complexity

of the solution, the training time and the feasibility of productionising the solution. Moreover, the project highlighted

the significance of being able to effectively communicate our solution to others. We practiced both verbal and written
communication skills by composing a final report and reqularly presenting updates to fellow ML-Labs students and
supervisors. These are skills that we can utilise and continue to develop in our future projects!

Similarly with the majority of the global workforce we have had to collaborate and work together through online technology
like Slack, and Zoom. As some students have not travelled to Ireland due to the pandemic, time scheduling and coordination
of working schedules was the first hurdle for many. With any project, there are different skills and backgrounds of each team
member. With such diverse backgrounds for each student of ML-Labs, the groups had different levels of experience in project
management, software development, and model evaluation to learn from each other.
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LIST OF PUBLICATIONS

1. Contrastive Representation Learning: A Framework and Review
Phuc H. Le-Khac, Graham Healy, Alan Smeaton
IEEE Access, Vol 8, Pages 193907 - 193934

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9226466

2. Assessing the Quality of Gridded Population Data for Quantifying the Population Living in Deprived Communities
Agatha Mattos, Gavin McArdle, Michela Bertolotto
Proceedings of the 34th NeurlPS (Neural Information Processing Systems) Machine Learning for the Developing World
workshop
https://arxiv.or £/2011.12923.pdf

3. A Feature Selection Method for Multi-Dimension Time-Series Data
Bahavathy Kathirgamanathan and Padraig Cunningham
Proceedings of the 5th Workshop on Advanced Analytics and Learning on Temporal Data at European Conference on
Machine Learning and Principles and Practice of Knowledge Discovery in Databases-ECML/PKDD

https://project.inria.fr/aaltd20/files/2020/08/AALTD_20_paper_Kathirgamanathan.pdf

4. Improving Document-Level Sentiment Analysis with User and Product Context
Chenyang Lyu, Jennifer Foster, Yvette Graham
Proceedings of the 28th International Conference on Computational Linguistics-COLING'2020
https://arxiv.or /2011.09210.pdf

5. Providing Explainable Race-Time Predictions and Training Plan Recommendations to Marathon Runners
Ciara Feely, Brian Caulfield, Aonghus Lawlor, Barry Smyth
Proceedings of the 14th ACM Conference on Recommender Systems - RecSys 2020

https://dl.acm.org/doi/pdf/10.1145/3383313.3412220

6. Using Case-Based Reasoning to Predict Marathon Performance and Recommend Tailored Training Plans
Ciara Feely, Brian Caulfield, Aonghus Lawlor, Barry Smyth
Proceedings of the 28th International Conference on Case-Based Reasoning - ICCBR20

https://link.springer.com/chapter/10.1007/978-3-030-58342-2_5

7. Play MNIST For Me! User Studies on the Effects of Post-Hoc, Example-Based Explanations & Error Rates on Debugging a Deep
Learning, Black-Box Classifier
C Ford, EM Kenny, MT Keane
Proceedings of the 29th International Joint Conference on Artificial Intelligence - IJCAI-20 Workshop on Explainable Al
(XAl
https://arxiv.org/ftp/arxiv/papers/2009/2009.06349.pdf

8.  Finding Short Lived Events on Social Media
David Kilroy, Simon Caton and Graham Healy.
Proceedings of the Irish Conference on Artificial Intelligence and Cognitive Science - AICS 2020

9. Creating and Characterising Electricity Load Profiles of Residential Buildings
James Fitzpatrick, Paula Carroll, Deepak Ajwani,
Proceedings of the European Conference on Machine Learning and Principles and Practice of Knowledge Discovery in
Databases ECML/PKDD, 5th Workshop on Advanced Analytics and Learning on Temporal Data.

https://project.inria.fr/aaltd20/files/2020/10/AALTD_20_paper_Fitzpatrick.pdf
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10.

11.

12.

13.

14.

HOST INSTITUTIONS

N i

Assessing the Appetite for Trustworthiness and the Regulation of Artificial Intelligence in Europe
NiFhaolain, L., Hines, H., Nallur, V.
Proceedings of the Irish Conference on Artificial Intelligence and Cognitive Science - AICS 2020

The ADAPT Centre’s Neural MT Systems for the WAT 2020 Document-Level Translation Task

Wandri Jooste, Rejwanul Haque and Andy Way

Proceedings of the 7th Workshop on Asian Translation WAT 2020 Hosted by the AACL-IJCNLP 2020
http://doras.dcu.ie/25205/

3DSAL: An Efficient 3D-CNN Architecture for Video Saliency Prediction

Yasser Djilali,Mohamed Sayah, Kevin McGuinness, Noel O'Connor

Proceedings of the 15th International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory
and Applications.

https://www.scitepress.org/PublicationsDetail.aspx?ID=kpriw06Dpuk %3d&t=1

ATSal: An Attention Based Architecture for Saliency Prediction in 360 Videos
Yasser Dahou, Marouane Tliba, Kevin McGuinness, Noel O'Connor
Proceedings of the 25th International Conference on Pattern Recognition
https://arxiv.org/abs/2011.10600

A Model-Agnostic Approach to Quantifying the Informativeness of Explanation Methods for Time Series Classification

Thu Trang Nguyen, Thach Le Nguyen and Georgiana Ifrim

Proceedings of the European Conference on Machine Learning and Principles and Practice of Knowledge Discovery in
Databases ECML/PKDD, 5th Workshop on Advanced Analytics and Learning on Temporal Data.
https://project.inria.fr/aaltd20/files/2020/08/AALTD_20_paper_NGuyen.pdf
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