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Informatics for a complex wor

A research focus of the Informatics Institute

Presenter: Cees de Laat
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A complex world

m Large numbers of interacting components: agents,
cells, sensors, data, processors, machines, users, ...

m Emergent behavior: self-organizing and difficult to
anticipate from the knowledge of the individual
components’ behavior

m Collective intelligence: shared or group intelligence

that results from the collaboration and competition of
many individuals

Informatics for a complex world ‘ 5
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A complex world: man-made and natural

m Man-made
o Cities, Countries, Continents
o Transportation and communication systems
o Internet, Google, Wikipedia, YouTube, Twitter, FaceBook,
Linked Open Data cloud, ...
0 Socio-economic systems

m Natural
0 The immune system
o Biological networks
o Climate, weather, earthquakes

Informatics for a complex world
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14CW: Aims

m [0 understand the behavior of man-made and
natural systems in a complex world from the
behavior of, and interactions between their
components

m Deeply embedded in informatics theoretical,
methodological and experimental tradition

m Strongly connected to cross disciplinary and societal
links

‘ Informatics for a complex world ‘ 4
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Research Questions

m \What is information?

m \What algorithms allow understanding, predicting and controlling
information”?

m Can we unravel the complexity by computational modeling and
simulation”?

m Can computers autonomously extract information from data?
m How do people search and use information?
m \What is decision making?

m Can we understand and control sustainable data processing
environments robustly?

m How to protect the data of an individual, her corresponding
integrity and identity, living in a complex digital world?
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14CW: Overall approach

Decision support

ACT

/

Influence/control

ANALYZE Simulate, model, predict

L

Infer meaning from collected data

ACQUIRE

Collect data from system under investigation

Informatics for a complex world
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“Friendship as a health factor”
Spread of obesities, smoking, or happlness as a social

VIrus

Picture from Science
23 January 2009:
Vol. 323 no. 5913
pp. 454-457

Recent papers suggest that aspects of health, such as obesities, smoking, or
happiness spread over networks:

1.

2.

3.

The Spread of Obesity in a Large Social Network over 32 Years, Nicholas A.
Christakis and James H. Fowler, N Engl J Med 2007; 357:370-379

The Collective Dynamics of Smoking in a Large Social Network, Nicholas A. Christakis
and James H. Fowler, N Engl J Med 2008; 358:2249-2258

Dynamic spread of happiness in a large social network: longitudinal analysis over 20
years in the Framingham Heart Study, Fowler, J. H. & Christiakis, N. A. 2008.. BMJ,

337.
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14CW Approach .-

gt

Internet
Data Mining

)

f‘j.'_

Literature

=

Questionnaires

m Mine existing cohorts studies or
scientific literature

m From social media

Inﬂuenzanet Influenzanet is a system to monitor the activity of influenza-like-illness (ILI) with the aid of volunteers via the internet

m Through serious online games, deGroteGriepMeting.n! o
like degrotegriepmeting.nl

[ Home | | Wat is griep? | Het project | Onderwijs | Zorg | Links
T pe Grote GriepMeting Doe mee!

Zeehondengriep potentieel Vanaf 1 november 2012 vindt een nieuwe Grote Griepmeting plaats. ‘@
gevaar voor mensen

\

Afgelopen griepseizoen (2011 - 2012) gaven ruim 28 duizend griepmeters in

31 juli 2012 - Een griepvirus dat al honderden Nederland en Vlaanderen door hoe hun gezondheid ervoor stond. In de
zeehonden de das om deed, komt van een zomermaanden is er bijna geen griep en is er dus een pauze in de meting.
vogel en is van een nieuw type. Lees meer Op 1 november 2012 starten we met de inmiddels alweer tiende

griepmeting. Met uw hulp willen wij dan de seizoensgriep 2012/2013 in kaart
brengen.
Meer nieuws vindt u in ons nieuwsarchief Meld u aan!

Vrnoane ctart van arien? _

Collect data from system under investigation
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m Network analysis

m Machine learning

approaches

m Extract parameters

for models

Alter Type
Ego-perceived friend
Mutual friend
Alter-perceived friend
Same-sex friend
Opposite-sex friend
Spouse

Sibling

Same-sex sibling
Opposite-sex sibling
Immediate neighbor

14CW Approach

C 1985

T T T T T
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Increase in Risk of Obesity in Ego (%)

Collect data from system under investigation
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Infer global statistics ke * N 3
m Agent based A__R
models on social —_— —l
' ' - .. k
friendship e | =8 |
networks
Change agent behavior & X 2

m Spreading of
‘social viruses’ on
such networks

Simulate, model, predict

HIV Incidence Person Years (ACS Data Versus Simulation Result) AIDS Diagnoses (Netherlands Data Versus Amsterdam Simulation Result)

m Infection by a i | )
‘'social virus’on i+
such networks

h Pictures from Shan Mei. P.M.A. Sloot. Rick Quax,

Yifan Zhu, Weiping Wang, Mathematics and
Comniittare in QRimitilatinn QN 1N012_10”R0 2010
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m Decision support Decision support

using the whole

14CW chain

m Influence the

Influence/control

epidemic by
acting on the LETTER

social network A 61-million-person experiment in social influence
and political mobilization

Robert M. Bond', Christopher J. Fariss', Jason J. Jones?, Adam D. I. Kramer®, Cameron Marlow?, Jaime E. Settle'
& James H. Fowler"*

Human behaviour is thought to spread through face-to-face social ~with all users of at least 18 years of
networks, but it is difficult to identify social influence effects in  accessed the Facebook website on 2
observational studies® ", and it is unknown whether online social US congressional elections. Users were
networks operate in the same way'*'°. Here we report results from  message’ group, an ‘informational mes{
a randomized controlled trial of political mobilization messages The social message group (n = 60,055,
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Clinical Database

d

Internet
Data Mining

Literature

Questionnaires

14CW Approach

Decision support

Relative Increase in Probability of Obesity
in an Ego if Alter becomes Obese (%)

1 2 3 4 5 6

Geographic Di b the Ego and the Alter (mileage group)
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lJkdijk - UrbanFlood

UrbanFlood creates an internet based hosting platform for early warning systems ... just
connect your sensors to the internet ...

Authorities Public
Science




[E] UNIVERSITY OF AMSTERDAM 14CW: Starting strengths

m Systems and Network Engineering (De Laat, Grosso)
o Complex cyber infrastructure spanning continents
0 Secure, sustainable, robust, collective behavior and control

m Computer Systems Architecture (Pimentel)
0 system-level design methods and techniques - microgrids
0 general-purpose computing platforms

m Intelligent Systems Lab Amsterdam (De Rijke, Welling)

0 Semantic analytics for textual, visual, social, sensory data
0 Search, classify, recommend, predict at very large scale

m Section Computational Science (Sloot, Hoekstra)
o Theory of complex systems
0 Model and simulate complex systems

m Federated Collaborative Networks (Afsamanesh, Bergstra)
o Ontology engineering, trust management
o Creation, operation, and management of VOs.

)
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14CW: Dots on the horizon

m Sustainable robust secure Future Internet

o Smart Cyber Infrastructure using semantic approach

o Protect the integrity of the human in digital world

m Self-learning interpretation of complex data streams

i . oo I £ [oS

0 Unsupervised, real-time E—"/’—;.
NG| flo g

o Complement with cognitive signals w[s]elin]f

m Information theory of complex systems

o Is multi-scale an emergent aspect of Complex Systems?

1 Can we predict and control Complex System Behaviour?

Informatics for a complex world 15
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Kunnen we onze informatiesystemen nog beheersen?
Ref: De nederlandse Wetenschapsagenda.
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