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Data Science

Specially Appointed Associate Professor Berrar Daniel

Research: Data science, machine learning, bioinformatics \ )

Homepage: http://www.berrar.com

- //

Research Purpose and Content

Data science is a relatively young discipline that focuses on intelligent data analysis and knowledge
extraction from data. Data science is inherently interdisciplinary, drawing on theories and methods from
statistics, mathematics, and computer science, particularly machine learning, artificial intelligence, data
warehousing, and high performance computing. The scope of data science is similar to that of the
closely related fields of data mining and knowledge discovery from databases. Data science is concerned
with the analysis of extremely complex, noisy, and heterogeneous data, particularly big data, which
cannot be readily analyzed with standard desktop computers anymore. Indeed, data science as an
independent discipline is closely linked to the emergence of big data. My research focuses on the
development, evaluation, and application of machine learning and statistical methods for the analysis of
such data, specifically in the context of the life sciences.

Research Themes

1. Bioinformatics

Modern biotechnologies are becoming more and more sophisticated. At the same time, the costs of
generating life science data are plummeting, so that even relatively small laboratories can now generate
data at a massive scale. Today, the challenge is no longer the generation of such data, but their
processing, integration, and intelligent analysis. A key problem is the fact that life science data are often
extremely noisy and incomplete. Machine learning and statistical techniques play a pivotal role for the
intelligent data analysis in the life sciences [5]. In an ongoing research project with the Parasitology and
Epidemiology Group, Aberystwyth University, UK, we are using RNA sequencing and methylated DNA
immunoprecipitation to investigate the pathogenic blood fluke Schistosoma mansoni. This parasite
causes schistosomiasis, a neglected tropical affecting millions of people worldwide. Our research will
give new systems-level insights into the complex interplay of the gene regulatory networks and
methylation machinery of this parasite and might ultimately lead to the discovery of novel drug targets.

2. Knowledge extraction from life science data

Knowledge extraction refers to the creation of knowledge from structured data (e.g., data organized
in databases), unstructured data (e.g., natural language text), and semi-structured data (e.g.,
unstructured data annotated with meta-data). Knowledge extraction presents considerable challenges
in terms of data management, as it is necessary to organize and store data from diverse sources,
including pre-processed data and meta-data. In a joint research project with the Children's Memorial
Research Center, USA, we used text mining and statistical techniques for knowledge extraction from
full-text scientific articles [4]. We we interested in the invasiveness of glioblastoma, which is a type of
aggressive brain cancer. To elucidate the effect of sphingosine-1-phosphate (S1P, a signaling
sphingolipid) on the malignancy of glioblastoma, we used DNA microarrays to investigate gene
expression as a response to S1P administration in vitro. We identified a set of candidate genes that were
significantly differently expressed as a unique response to S1P. To elucidate the interplay between these
genes, we then used text mining and extracted gene-gene interaction patterns from approximately
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120,000 full-text scientific articles on cancer research. We developed a data warehouse to integrate the
wet lab experimental data with the text mining results. Then, we devised a new algorithm to construct
gene-gene interaction networks from the extracted interaction patterns and the gene expression data.
Thereby, we could identify a novel pathway linking S1P to the invasive phenotype of glioblastoma.

3. Machine learning for sports data analysis

Soccer is a fast-growing multibillion dollar industry that nowadays employs methods from data
science to improve the performance of players, equipment, marketing, scouting, etc. In a joint research
project with the Sport and Exercise Science Department, University of Evry-Val d’Essonne, France, we
created a database of over 200,000 international soccer matches and are currently investigating to
which extend the outcome of
future soccer matches can be
predicted. This project involves
data integration and fusion,
feature engineering, and
predictive modeling.

4. Performance evaluation
of machine learning
algorithms

Evaluating the performance
and robustness of predictive
models is a crucial element of
machine learning. A major
focus of my research is the
analysis and development of
performance  metrics and
performance visualization
tools, specifically for the
statistical ~ comparison  of
classifiers [1,2].

Figure 3: Confidence curve [1].
Message to students

My laboratory is actively collaborating with overseas research institutes. All students with a keen
interest in data science (and some programming skills) are welcome to join.

Selected publications

[1] Berrar D. (2016) Confidence curves: an alternative to null hypothesis significance testing for the comparison of
classifiers. Machine Learning doi:10.1007/s10994-016-5612-6.

[2] Oentaryo R., Lim E.P., Finegold M., Lo D., Zhu F., Phua C., Cheu E.Y., Yap G.E., Sim K., Nguyen M.N., Perera K.,
Neupane B., Faisal M., Aung Z., Woon W.L., Chen W., Patel D., and Berrar D. (2014) Detecting click fraud in
online advertising: a data mining approach. Journal of Machine Learning Research 15:99-140.

[3] Berrar D. and Flach P. (2012) Caveats and pitfalls of ROC analysis in clinical microarray research (and how to
avoid them). Briefings in Bioinformatics 13(1):83-97.

[4] Natarajan J., Berrar D., Dubitzky W., Hack K., Zhang Y., Van Brocklyn J.R., and Bremer E. (2006) Text mining of
full-text journal articles combined with gene expression analysis reveals a relationship between sphingosine-1-
phosphate and invasiveness of a glioblastoma cell line. BMC Bioinformatics 7:373.

[5] Berrar D., Dubitzky W., Granzow M. (eds.) A Practical Approach to Microarray Data Analysis, Springer,
Dordrecht/Heidelberg/London, 384 pages, 2002.
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Network science

Specially Appointed Professor Petter Holme \ J

Research: Network science, computational social science, digital epidemiology
Homepage: http://petterhol.me

- J

Research Purpose and Content

To understand how a large, complex system works as a whole, you need to zoom out and look from a
distance. The society itself is just such a complex system built by people and organizations with different
abilities, interests and objectives. Our bodies are another example. Genes code proteins, proteins build
cells, cells build tissues, tissues build organs—that seems fairly simple and hierarchical—if it wasn’t that
the proteins interact with each other, so do cells, etc. and to understand such lateral connections, we
need to find the right level of modeling (or the right distance to look at the elephant). The bigger datasets
we can gather, the more important it will be to simplify the right amount. Representing a system as a
network is one way of consistently discarding some details, to simplify and zoom out, while still being able
to see how the whole system hangs together. Network science can be theoretical —to develop methods
for the data analysis outlined above or simulating such networked systems. It can also be applied, using
existing network methods to answer domain specific questions.

Research Themes

1. Network epidemiology

I am interested in how infectious diseases spread in populations. These processes are all affected by the
structure of the underlying contact patterns. As a simple example, any types of networks between people
have heavy-tailed distributions of the number of neighbors of people (the degree). This is known to speed
up disease spreading, but it also makes it easier to stop an epidemic outbreak (provided one identify the
high-degree people and vaccinate them, or otherwise lower their ability to spread the disease). Structures
both in the wiring of the networks and the time of contacts affects spreading phenomena. This project
thus overlaps with the previous in some ways, but it is more about adding knowledge to a rich existing
theory than creating a new. In summary, my research is about relating the contact structure and spreading
dynamics, and how to exploit these insights to mitigate or facilitate spreading.

2. Interaction between diseases and behavior

Infectious diseases are a con-
stant threat to public health.
Globally they cause around 20%
of deaths, while developed
countries like Japan are suscepti-
ble to outbreaks of new patho-
gens (like recently SARS or MERS
in neighboring countries). To un-
derstand infectious disease dy-
namics with the ultimate goal to
create effective interventions for
mitigating infectious outbreaks

. Figure 1. How social effects can change predictions in epidemic modeling.
is thus extremely valuable for
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the society. This is also a question where theoretical science is making continuous contributions to medi-
cal science—several concepts, and policies public health practitioners use, come from the type of research
we propose.

There is an increasing amount of evidence that social influence impacts people’s health decisions,
such as vaccination or condom use. Such peer influence thus spreads behavior as a social contagion similar
to the infectious contagion. This forms a feedback loop between epidemic and behavioral spreading (Fig.
1). In response to perceived risks and social influence, people may take preventative measures such get-
ting vaccinated. These behavioral responses will, in turn, modify the infection spreading and cannot be
ignored in a comprehensive theory of epidemic spreading. Our key question is thus: How does social
spreading of behavior influence epidemic spreading?

3. Urban science

The study of the structure of cities and the movement of people within them is another research topic
combining modern data-science approaches and theory. My current research has focused on how travel-
ing patterns are influenced by the spatial structure of the city: how they can be predicted and used to
understand the functional organization of a city. For the future, | am interested in temporal patterns of
activity in cities, basically to understand how the shape of cities affect the timing of peoples’ movements.
A first step would be to make a time-resolved version of out “inness” metric, proposed in Ref. [1] (that
captures the propensity of moving towards the center and then outwards when travelling between pe-
ripheral locations in a city).

4. Group dynamics in crime

Crime is a universal social phenomenon. In almost every modern nation and many old civilizations, there
has been a legal system and a notion of crime. It is also a very well documented social phenomenon.
Indeed, almost all countries have a police authority whose purpose is not only to find and apprehend
criminals but also to document crimes in many aspects—the time, location, type and data about the sus-
pects age, gender and identity are almost universally recorded. This information is usually reported as
averages or trends, and occasionally regression analysis, but still rarely analyzed with the modern tools of
computational social science. Our project will use new tools and new data to advance the understanding
of why, when and where crime is committed.

As a starting point, this work uses a large dataset—unique for academic research—from the Swedish
police. It covers all crimes committed in Sweden over 20 years, involving 1.2 million suspects, recording
anonymized id-numbers of the suspects, time, location and type of the crimes. We will focus on questions
about criminal careers and collaborations:

e Can we see knowledge transfer between criminals who committed crimes together (co-offenders)?
e When a group of co-offenders before do it again, how and why do they recruit new members.

e Are there any statistical laws in the data?

e (Can we predict and categorize criminal careers?

Message to students

My laboratory is actively collaborating with overseas research institutes. All students with a keen inter-
est in network science (and some programming skills) are welcome to contact me.

Selected publications

[1] M Lee, H Barbosa, H Youn, P Holme, G Ghoshal, Morphology of travel routes and the organization of cities, Nature
Communications 8, 2229 (2017).

[2] P Holme, Three faces of node importance in network epidemiology, Phys. Rev. E 96, 062305 (2017).

[3] LEC Rocha, N Masuda, P Holme, Sampling of temporal networks: Methods and biases, Phys. Rev. E 96, 052302
(2017).

[4] P Holme, N Litvak, Cost-efficient vaccination protocols for network epidemiology, PLOS Comp. Biol. 13, e1005696
(2017).
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