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Kauermann (Statistics), Prof. Dr. Martin Kocher  

(Economics), Prof. Dr. Hinrich Schütze (Linguistics), 

Prof. Gregory Wheeler (Philosophy), and Prof. Dr.  

Ralf Zimmer (Bioinformatics).

Research topics

Networks for modelling information propagation 

Current estimates (www.internetworldstats.com/stats.

htm) demonstrate that more than 2.8 billion people 

are using the Internet and its numerous services  

(e.g. email and the World Wide Web) on a daily basis. 

Especially social networks provide easily accessible 

ways for interaction and communication among indivi-

duals, thus making the Internet an ideal environment 

for the spread of all kinds of information. The dynamics 

of such information spreading processes constitute  

an important topic of study not only in mathematics, 

but also in other disciplines, including life sciences, 

computer science, economics, and sociology. Empirical 

observations confirm that information disseminates 

extremely fast, especially in the occurrence of extra

ordinary or unexpected events, like earthquakes, plane 

crashes, or other incidents originating from natural or 

human activities. Modern media like Facebook and 

Twitter are further propelling this development. The 

mathematical treatment of this striking phenomenon, 

and in particular the study of several fundamental  

mechanisms and the essential properties of networks 

that drive the process of information spreading, are a 

core topic.

Networks for modelling dynamic interaction

The analysis of social network data is an emerging field. 

The intention is to explain why two or more actors  

in a social or economic network interact (e.g. building 

Abstract

Quantitative network science, the science of studying 

and analysing complex networks, has become increa-

singly important and has grown significantly in recent 

years. Network science and network data analysis  

are not confined to any single scientific discipline as 

networks occur in diverse areas of science. Networks 

provide an abstract way of describing relationships 

and interactions between elements of complex and 

heterogeneous systems. For example, the World Wide 

Web can be represented as a network whose vertices 

are the HTML documents, connected by the hyper-

links that point from one page to another. On a diffe-

rent level, our nervous system forms a large network, 

whose vertices are the neurons and nerve cells, which 

are connected by axons. Complex networks are also 

considered in social and economic sciences. There the 

vertices represent (specific groups of) individuals or 

entities, and the edges describe social (or some other 

type of) interaction between them.

While the scientific disciplines in which networks occur 

are diverse, the needs for analysis are similar and may 

be dealt with by using the same or similar quantitative 

methods and models. These include methods and  

theories ranging from mathematical graph theory and 

statistical network models to visualization techniques 

in computer science. The CAS Research Focus  

„Quantitative Network Science“ intended to bundle 

the different activities within network science at LMU  

and brought together mathematicians, statisticians, 

and computer scientists with empirical scientists from 

a wide range of disciplines in order to advance the field 

of quantitative network science. The working group  

included Prof. Dr. Francesca Biagini (Mathematics), 

Prof. Dr. Andreas Butz (Informatics), Prof. Dr. Göran 
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friendship or starting collaboration) and how this  

interaction evolves over time. A typical question is  

to determine what stimulates the development of an 

edge between nodes within a network. Though  

existing models for the analysis of such questions  

originated from sociology, the application of these  

models goes well beyond classical social interaction 

networks and also includes economic applications, 

such as trading or recruiting networks.

Networks for modelling flows

Economists are interested in the influence of networks 

on economic activities, e.g. trading flows. How do  

activities in networked markets evolve over time and 

depend on the network structure? How are relevant 

economic decisions influenced by the network struc-

ture? How does information among economic agents 

flow within networks and how does this depend on 

structure? What is the impact of shocks on a network 

of financial institutions? Many relevant research  

areas of economics – e.g. the evolution of cooperation, 

information cascades, or the intertwining of financial 

institutions – can be better understood when using 

networks to describe them. Based on theoretical  

predictions, field data are used to address research 

questions, and experiments are devised in order to 

understand economic and financial networks.

Networks for modelling biological interactions

In biological systems many subsystems can be re

presented as networks. These include, for example, 

metabolic, protein interaction, and cellular signal 

transduction networks. Cellular signal transduction 

networks pose a very complex and, consequently,  

very interesting example. Their main aim is to trigger 

proper response to external stimuli (including signals 

from other cells, but also toxic substances or patho-

gens). These networks are represented as dynamic 

networks, which frequently have highly complex  

cascaded structures containing many feed-forward 

and feed-back loops that can amplify certain signals 

but suppress some others. Many diseases can be re-

garded as a dysfunction of these signalling pathways. 

For example, autoimmune disorders can be seen as  

a dysregulation of signalling pathways within cells of 

the immune system that causes stimuli coming from 

other cells of the same organism to be wrongly classi-

fied as a threat. This in turn provokes an immune  

response against the cells generating these stimuli 

and, consequently, the damage of these cells. There

fore dissection and understanding of cellular signal-

ling networks is pivotal for designing novel treatments 

against plethora of diseases. 

Networks for understanding the role of subsystems

One of the most fascinating processes in biology is  

the development of multicellular organisms from a  

single cell, the fertilized egg. In a highly orchestrated 

fashion, transcription factors, often in conjunction with 

intercellular signalling pathways, regulate genome  

expression in well-defined spatio-temporal patterns, 

which first generate the body plan of the organism and 

then direct the differentiation of cells and tissues. These 

developmental networks are studied by quantitatively 

determining how strongly and to which genomic  

regulatory sequences different transcription factors 

are binding and how they influence the expression  

of their target genes. One important question is to  

understand how the biological system is dynamically 

driven through many different intermediary states 

until stable states of differentiation are reached.

Networks for modelling connection structures

In computational linguistics, systems that automatically 

process natural language make use of data stores that 

contain knowledge about language and the world. Such 

data stores are called linguistic or knowledge resources. 

Many such resources are networks. One example is 

WordNet, a computational lexicon of English. The two 

most important node types in WordNet are word forms 
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and so-called synsets (roughly: meanings). For example, 

“suit” is a word form that is part of two synsets, one 

referring to clothes, one referring to lawsuits. In the 

WordNet network, the word form “suit” is connected 

with the meanings “clothes” and “lawsuits”. Since 

further progress in language processing depends on 

improved resources, the analysis of resources that 

take the shape of networks is of central importance  

in computational linguistics.

Networks in philosophy

Philosophy has a long tradition of questioning concepts 

and methods that are taken for granted, as well as of 

challenging answers to questions that appear long 

settled. For example, in Plato’s Republic, Socrates 

grapples with the question of why it is rational to be-

have justly or how we come to agree on what words 

refer to without already having a language, and he 

does this in the manner we have come to expect from 

a Socratic dialogue: by engaging with a stooge. For 

the rationality of justice and agreement of language 

meaning, each question concerns multiple individuals 

who interact with one another and whose well being 

depends on everyone else’s actions within the group, 

and how well they coordinate actions. Recently,  

philosophers have revisited the questions of emergent 

norms and signalling systems in terms of agent based 

models that facilitate modelling the dynamics of  

heterogeneous, boundedly rational agents interacting 

locally within a network. 

Fellows and Activities

The CAS Research Focus QNetS comprised several 

activities designed to foster interdisciplinary coopera-

tion and cross-fertilisation in the field of quantitative 

network science both at LMU Munich and beyond. 

(a) Visiting Fellows

In order to provide new interdisciplinary perspectives 

within the field of network science, both senior and  

junior researchers from different disciplines were  

invited and thus new cooperation were promoted.

Prof. Marco Maggis, Ph.D. (November – December 

2015), assistant professor at the Department of  

Mathematics at the Università degli Studi di Milano  

is a researcher who focuses on functional/convex  

analysis and stochastic calculus applied to mathe

matical finance. His work also addresses the problem 

of risk quantification in the presence of uncertainty. 

Prof. Dr. Ulrik Brandes (February – April 2016) is  

Professor for Social Networks in the Department of 

Humanities, Social and Political Sciences at ETH  

Zurich. He is a leading expert in network analysis and 

visualization, with extensive interdisciplinary collabo-

ration and a particular interest in social networks. 

Prof. Yan Chen, Ph.D. (July – August 2016) is Daniel 

Kahneman Collegiate Professor of Information at the 

University of Michigan. Her research interests are be-

havioural and experimental economics, mechanism 

design, and information economics. The fundamental 

challenge her research addresses is the design of ro-

bust economic mechanism when agents are not per-

fectly rational. She is an expert in the experimental in-

vestigation of behaviour within network, of matching 

of agents, and of social norms. Furthermore, she has 

been interested in economic behaviour within social 

networks outside the laboratory.

(b) Lectures

By offering a series of lectures, accessible to a wider 

academic public, the CAS Research Focus QNetS tried 

to raise public awareness of this rather complex matter, 

which – though technically difficult to be understood for 

non-experts – has a dramatic impact on everybody’s life. 

n  Model Risk, Solvency and Risk Aggregation  

(November 2015)  

Prof. Dr. Paul Embrechts (Mathematics, ETH Zurich); 

Chair: Prof. Dr. Francesca Biagini (Financial Mathe

matics, LMU Munich).
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n  How Do Neuronal Circuits Operate? (January 2016) 

Prof. Dr. Alexander Borst (Circuits – Computation – 

Models, MPI of Neurobiology), Dr. Moritz Helmstädter 

(Connectomics, MPI for Brain Research); Chair: Prof. 

Dr. Martin Wirsing (Informatics, LMU Munich).

n  Managing Systematic Risk in Financial Multilayer 

Networks (October 2016) 

Prof. Dr. Stefan Thurner (Science of Complex  

Systems, Medical University of Vienna); Chair: Prof. 

Dr. Paul Thurner (Political Sciences, LMU Munich).

n  Using Computational Tools to Uncover Structure  

and Status in Academic Fields and Public Debats.

(April 2016) 

Dr. Achim Edelmann (Sociology, Bern University), 

Prof. Kieran Healy, Ph.D. (Ethics, Duke University); 

Chair: Prof. Dr. Göran Kauermann (Statistics and its 

Applications in Economics and Social  

Sciences, LMU Munich).

(c) Workshops

The CAS Research Focus QNetS organized two  

workshops, which strengthened the already existing 

cooperation between the different disciplines involved 

in the CAS Research Focus at LMU Munich and  

fostered interdisciplinary cooperation and cross- 

fertilisation on an international level.

n  Computational Methods for Networks  

(November 2015) 

Quantitative network science, the science of analysing 

networks, has become increasingly important in the 

past years. It is not confined to any single scientific 

discipline but similar quantitative needs arise in various 

fields such as, for example, statistics, mathematics,  

informatics, physics, engineering, genetics, medicine, 

biology, and social sciences. This workshop provided 

an interdisciplinary overview on how network analysis 

is currently used to address different research questi-

ons in various scientific areas at LMU Munich. Invited 

speakers were Ziga Avsec (LMU), Ulrik Brandes (ETH 

Zurich), Nils Detering (LMU), Claudia Klüppelberg 

(TUM), Christian Ochsenfeld (LMU), Sascha Rothe (LMU), 

Thomas Seidl (LMU), Paul Thurner (LMU), Mike West 

(Duke University/TUM), and Hendrik Zipse (LMU).

n  What’s New in Networks? – Building Bridges  

between Computational, Mathematical and Statistical 

Network Analysis (October 2016)

The workshop provided an overview of the current  

research in network analysis in the fields of mathematics, 

informatics, and statistics, with applications in medicine, 

bioinformatics, and computational biology. The work-

shop brought together international researchers from 

various academic disciplines in order to foster co

operation and cross-fertilisation between these these  

different fields. Invited speakers were Steffen Dereich 

(University of Münster), Aristides Gionis (Aalto Uni-

versity), Remco van der Hofstad (TU Eindhoven), David 

Hunter (Penn State), Trey Ideker (UC San Diego), 

Dmitri Krioukov (Northeastern University), Michael 

Sedlmair (University of Vienna), Ron Shamir (Tel Aviv 

University), and Alfonso Valencia (Madrid).

Summary

The CAS Research Focus gathered researchers in  

network analysis from a variety of disciplines at LMU 

Munich and thus established a platform for communi-

cation and future collaborations. Through the various 

activities within the CAS Research focus already exis-

ting interdisciplinary research of quantitative sciences 

at LMU Munich was fostered. Additionally co-operations 

with scientists at LMU Munich, as well as in Germany 

and abroad were initiated. The research focus allowed 

us to assess the relevance of the subject matter in cur-

rent research both on a theoretical and on an applied 

level. We could demonstrate how network analysis can 

provide a common language for completely different 

academic disciplines. Finally, the research focus con-

tributed to the international visibility of LMU Munich 

in the field of quantitative network analysis.
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