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1Highlights and Vision
The Centre for Interdisciplinary Mathematics (CIM) facilitates joint
research between the mathematical sciences and other disciplines within
Uppsala University. The words ’facilitate’ and ’joint’ are highlighted
because they lie at the core of our approach. We facilitate research in
the sense that we allocate funding to research projects, educate graduate
students, organise seminars and perform consultancy work. The research
is joint in the sense that all our projects involve direct interactions
between researchers from different departments. As such, CIM is an
umbrella organisation with the common purpose of promoting the proper
application of mathematical methods in academic research.

CIM has grown steadily since 2008. It was initiated after KoF 2007
with funding for first two (summer 2008) and then three (summer
2010) postdoc positions. These postdocs have published around 20
papers between them, including articles in high impact journals such
as PNAS, Nature Communications and PLoS Computational Biology.
Most of these articles were jointly authored between mathematicians
and other academics. In 2010 CIM initiated the Complex Systems
(CoSy) working lunch seminar, which has hosted speakers from almost
every department in TekNat. Attendance has been high (usually 25–30
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CHAPTER 1. HIGHLIGHTS AND VISION

participants) and the composition of the audience varies widely. CIM
has organised one workshop per year since 2008: on climate change,
mathematical biology, complex systems, uncertainty quantification, and
this coming year on ’mathematics and medicine’. The mathematical and
computational consultancy (mc2) provides a service for researchers from
throughout Uppsala University and elsewhere as well as companies with
advice on modelling and numerical techniques.

During 2011 and early 2012 the Centre for Interdisciplinary Mathemat-
ics took the first steps to establishing a graduate school. After three open
and highly competitive rounds of application, we have now hired eleven
full-time PhD students. The three most recently hired PhD students
will start in the fall. These students are spread across the faculty: five
in mathematics; two in scientific computing; two in the department of
cell and molecular biology; one in materials physics, and one in astron-
omy and space physics. In each case these students have additional
supervisors in other departments or organisations, including evolution-
ary biology, sociology, material physics, geophysics and mathematical
statistics. We have set up a packet of joint courses for these students,
with a requirement that they take at least 30 hp of advanced mathematics
and modelling courses. Students meet and interact at the CoSy lunch and
through working in the consultancy.

Our vision is that by 2015, CIM will be a full scale graduate school.
At steady state CIM will consist of 15 graduate students (3 admissions
per year) and 2 postdocs (1 per year). The umbrella structure of
seminars, consultancy and courses that we have already set up will
accommodate this graduate school. In the rounds of applications for
the graduate school so far, we have received proposals from supervisors
for over 30 unique interdisciplinary projects and applications form
100–150 applicants each time. There is a demand throughout the
faculty for graduate students who can combine expertise in a particular
area with general skills in mathematical modelling. These students
will be placed throughout TekNat, always with supervisors in both
a mathematical science and in an application area, and be provided
with a physical workplace within mathematics where interactions can
take place.
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Why do we need an umbrella organisation for facilitating interdisci-
plinary mathematics research? The answer is simple. When properly
applied, mathematics transcends disciplinary boundaries. Time and
again, the same models find new applications in different areas. For
example, population genetics, molecular dynamics, quantum chemistry
and stock markets are all examples of systems modelled by stochastic
processes, an area of expertise both in the mathematics and the scientific
computing departments. If we are to avoid rediscovering the mathemati-
cal wheel over and over again we need to educate graduate students in
common methods, as well as providing seminars and consultancy where
we can understand each other’s approach. Such an interaction benefits
not only mathematics but Uppsala University as a whole.

The KoF report 2011 found that ”CIM is a novel vehicle to carry
out multidisciplinary research” and were ”very happy to see that the
university has taken here a successful, decisive action” in setting up
CIM. They went on to note that given the budget ”a lot of cooperation
has been created and the format seems to give on one hand continuity
and security and on the other hand an almost informal focal point and
platform for easy and successful interdisciplinary research.” The KoF
report also expressed confidence in the current leadership in terms of
interaction between departments, ambition and enthusiasm. The report
was hopeful that by increasing funding to allow for a regular intake of
PhD students, that ”a new type of researcher will be formed which will
be very important for a modern and technology oriented society”. For
those of us involved in CIM the KoF report was a powerful validation of
our approach to facilitating joint research and a good sign that our plans
for the future of CIM can be fulfilled.
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2The CIM graduate school

Supported by the Faculty of Science and Technology, CIM has
established a graduate school. Ten graduate students are currently fully
or partly funded by CIM and three more are starting in the summer
of 2014.

The two key principles behind the graduate school are that (1)
the research projects should cross disciplinary boundaries involving
a mathematical subject and (2) the graduate students should study
advanced courses in mathematics and modeling. No restrictions are
made on the departments at which PhD students can be placed, provided
these two principles are fulfilled.

Before each announcement of CIM PhD positions, potential supervisor
at the faculty are asked to suggest projects. These requests are circulated
via the CIM mailing list, which is open for everyone to join. The
suggested projects are displayed at the CIM web page. We have chosen
to have a permanent project page, which is regularly updated, as it
provides an opportunity to attract future graduate students to the projects
as well as to CIM. Currently, there are 23 suggested projects at the page.
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CHAPTER 2. THE CIM GRADUATE SCHOOL

These research projects should (ideally) have two supervisors, one in a
mathematical area and one in another research area.

When positions are announced on the University web page, a link to the
project page is provided. The prospective students are asked to contact
a supervisor for a project in advance of an application. The students
can also suggest their own projects, approaching potential supervisors
themselves. This process allows a dialogue between students and
supervisors leading to an application. We also ask the supervisors for
help with ranking their own candidates. In the last application round we
had 91 applicants distributed over the different projects.

This pre-project stage means a time investment by potential supervisors.
Supervisors have expressed that this is hard work, but it makes the
project better. It is worth noting that this work does not always bear fruit
directly, i.e. only 10–15% of projects have been funded each time. This
is a necessary side effect of having highly competitive positions, and
from the perspective of development of interdisciplinary mathematics
we think it is positive. Unsuccessful applications often lead to increased
contact between potential co-supervisors, and increasing probability of
success at the next round.

The selection of candidates is performed by the CIM board and managed
by the director of CIM. The ranking criteria for selection of candidates
for interview are:

1. The grades and CV of the candidate.

2. The interdisciplinary nature of the project and the involvement of
both mathematical and non-mathematical supervisors.

3. Whether the candidate could successfully complete 30hp PhD
level mathematics/numerical analysis courses offered by CIM.

In order to meet the course requirement, CIM in collaboration with
the Dept. of Mathematics and the Dept. of Information Technology,
provides a packet of joint advanced courses in mathematics, computing,
and modeling for the CIM graduate students, out of which they need
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to select at least 30 hp. Furthermore, the students meet and interact at
the CoSy-lunch seminar, through the mc2-consultancy, and through other
scientific as well as social CIM activities.

Graduations since last report

The first CIM-funded graduate students were enrolled in 2011, and
have not yet graduated. However, three of David Sumpter’s (former
chairman and current member of the board) graduate students, who have
participated in the CIM graduate school from the start, graduated in 2012
and 2013.

Boris Granovskiy

Boris Granovskiy defended his thesis Modeling Col-
lective Decision-Making in Animal Groups October
26, 2012. In his thesis, Boris studied how animal
groups such as ant and bee colonies, as well as
groups of human individuals, benefit from making
decisions collectively. This phenomenon is known
as “collective intelligence”, or “wisdom of crowds”.
Successful decisions emerge from interactions and
information transfer between individual members of the group and
between individuals and their environment. In this thesis, Boris applies
mathematical modeling techniques in order to better understand how
groups of social animals make important decisions in situations where
no single individual has complete information.

CIM 2013/14
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CHAPTER 2. THE CIM GRADUATE SCHOOL

Qi Ma

Qi Ma defended her thesis Reinforcement in Biol-
ogy: Stochastic models of group formation and net-
work construction January 10, 2013. In her thesis,
Qi has studied the mechanisms behind patterns
emerging in biological systems. For example, the
group size distributions of several fish species and
house sparrows all follow power law distributions
with an exponential truncation. Networks built by
ant colonies, slime mold and those that are designed by engineers
resemble each other in terms of structure and transportation efficiency.
The general goal of the study was to better understand how macro
level patterns and behaviors emerges from micro level interactions in
both spatial and non-spatial biological systems. Based on the inves-
tigation of experimental data, a variety of simple stochastic models
employing mechanisms rooted in the concept of selective reinforcement
were proposed. With the combination of mathematical modeling and
experimentation, it was possible to reproduce the macro level patterns
in the studied biological systems and predict behaviors of the systems
using a minimum number of parameters.

Daniel Strömbom

Daniel Strömbom defended his thesis Attraction
Based Models of Collective Motion November 14,
2013. In his thesis, Daniel has studied highly
coordinated collective motion in animal groups such
as bird flocks, schools of fish, sheep being herded,
and ants on a trail. The question of what rules
the individuals in such a group has previously been
studied using so called self-propelled particle (SPP)
models. The assumption has been that alignment is an important
mechanism behind collective motion. However, in his thesis Daniel
shows that SPP models based only on attraction, or attraction and
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repulsion, can reproduce all the dynamics of the alignment based
models, suggesting that an interplay between attraction and repulsion
may be the main driving force in real flocks and that the alignment
rule may be superfluous. The new SPP models have been employed
for comparison with experimental data in a shepherding model as well
as for a traffic model for leaf-cutting ants moving on bridges. With
the algorithm, new rules for motion could be introduced, evaluated, and
shown to be sufficient to reproduce several key characteristics of the
dynamics.

Current graduate students

The current graduate students started 2011 and 2012, and in the
following pages each of them describes their research project and
results so far.

Arianna Bottinelli

Arianna Bottinelli is employed by the Dept. of
Mathematics. Her advisors are David Sumpter,
Dept. of Mathematics, Tanya Latty, Dept. of Biol-
ogy, Univ. of Sydney, and Mehdi Moussaid, Max
Planck Institute for Human Development, Berlin.

Modelling Animal Collective Behaviour and Deci-
sion Making

In a project in collaboration with Ashley Ward (The University of
Sydney) I have developed a model to study the increase of decision-
making accuracy with group size observed in fish groups during
Dr. Ward’s experiments. The model described fish as self propelled
particles (SPPs) whose direction of motion was determined by simple
attraction and alignment with each other. The main result of this work
has been that, in order to reproduce the experimental outcome through
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CHAPTER 2. THE CIM GRADUATE SCHOOL

an SPP-model, the social force of alignment had to be stronger than
attraction towards neighbours.

In collaboration with Dr. Tanya Latty (Univ. of Sydney), we are
currently modeling the colony formation of the polydomous ant
Iridomyrmex purpureus as a network process, where nests are net-
work nodes and trails are represented by links between them. Such
transportation networks are a fundamental means for the distribution
of resources and information, resulting from a de-centralized building
process. Recent studies by Latty et al. have shown that they feature
particular spatial and topological characteristics that are the result of
how ants collectively make decisions about how to build their nests and
how to connect them. In a first stage I aim at understanding which
simple building rules can best reproduce such characteristics. A second
step will be to use this model to study how the flow of information in
the network changes with the addition of a new nest or in emergency
situations such as trail and nest disruptions.

With Dr. Latty we plan to start another project that aims at exploring the
behavioural mechanisms responsible for networks formed by Argentine
Ants between nest-sites through an individual-based model.

Finally, I will start a collaboration with Dr. Mehdi Moussaid (Max
Planck Institute for Human Development in Berlin) that will address
“human collective behaviour”. We will analyze pedestrian movement
in different situations of crowd density and in case of emergency
through Dr. Moussaid’s new heuristic model based on the human
visual pattern.

Publications

A. BOTTINELLI, B. BASSETTI, M. C. LAGOMARSINO, M. GHERARDI,
Influence of homology and node age on the growth of protein-protein in-
teraction networks, Phys. Rev. E, 86(4):041919, 2012.

A. BOTTINELLI, A. PERNA, A. WARD, D. SUMPTER,HowDo Fish Use
the Movement of Other Fish to Make Decisions, in Proc. European Con-
ference on Complex Systems 2012, Springer Proceedings in Complexity,
pp. 591–606, 2013.
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Marta Leniec

Marta Leniec is employed by the Dept. of Math-
ematics. Her advisors are Erik Ekström, Dept. of
Mathematics and Carl Lindberg, Andra AP-fonden.

Optimal Stopping and Credit Risk

In a collaboration with professor Monique Jean-
blanc, the role of information in pricing default-
sensitive contingent claims has been studied.

A financial market with a savings account and a
stock S that follows a general diffusion is consid-
ered. The default of the company, which issues the
stock S, is modelled as a stopping time with respect
to the filtration generated by the value of the firm

that is not observable by regular investors. We assume that the stock
price and the value of the firm are correlated. We study three investors
with different information levels trading in the market who aim to price a
general default-sensitive contingent claim. We use the density approach
and Yor’s method to solve the pricing problem. Specifically, we find
the sets of equivalent martingale measures in the three cases and, when
needed, we choose one of them using f -divergence approach.

In a project with Erik Ekström we are looking at the inverse first passage
problem for jump-diffusions. We consider a structural approach for
modelling the default event of the firm, where the firm’s value follows
a jump diffusion. Since the default probabilities can be estimated from
the spreads of the bonds issued by the company, the distribution of the
default event is assumed to be given. Our objective is to find the default
barrier such that the first hitting time of the firm’s value with this barrier
has the given distribution. To solve the problem we show the connection
of the first passage problem with the optimal stopping problem using the
results obtained by Peskir and Ekström (working paper).

CIM 2013/14
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CHAPTER 2. THE CIM GRADUATE SCHOOL

Publications

M. JEANBLANC, M. LENIEC, Role of Information in Pricing Default-
Sensitive Contingent Claims, submitted, 2013.

E. EKSTRÖM, M. LENIEC, Inverse First Passage Problem for Jump-
Diffusions, working paper, 2014.

E. EKSTRÖM, M. LENIEC, Inverse Optimal stopping games with hetero-
geneous beliefs, working paper, 2014.

Anel Mahmutovic

Anel Mahmutovic is employed by the Dept. of Cell
and Molecular Biology. His advisors are Johan Elf,
Dept. of Cell and Molecular Biology, David van Der
Spoel, Dept. of Cell and Molecular Biology, and Per
Lötstedt, Scientific Computing, Dept. of Information
Technology..

Quantitative modeling and simulation of reaction
diffusion processes

The project is about finding a description of how slow diffusion in
combination with stochastics relates to the sensitivity in intracellular
signal transduction, understanding the dynamics of specific and non-
specific transcription factor binding to DNA at an atomistic level, and
finally investigating when and if the interaction between two macro-
molecules at the molecular dynamics level can be approximated at the
mesoscopic level as described by the Smoluchowski, Collins, Kimball &
Berg theory.

Publications

E. G. MARKLUND, A. MAHMUTOVIC, O. G. BERG; ET AL., Transcription-
factor binding and sliding on DNA studied using micro- and macroscopic
models, PNAS 110(49):19796–19801, 2013.
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A. MAHMUTOVIC, D. FANGE, O. G. BERG; ET AL. , Lost in presump-
tion: stochastic reactions in spatial models, Nature Methods 9(12):1163-
1166, 2012.

D. FANGE, A. MAHMUTOVIC, J. ELF,MesoRD 1.0: Stochastic reaction-
diffusion simulations in the micrsocopic limit, Bioinformatics 28(23):3155-
3157, 2012.

P. HAMMAR, P. LEROY, A. MAHMUTOVIC; ET AL. , The lac Repressor
Displays Facilitated Diffusion in Living Cells, Science 336(6088):1595-
1598, 2012.

Shyam Ranganathan

Shyam Ranganathan is employed by the Dept. of
Mathematics. His advisors are David Sumpter, Dept.
of Mathematics and Ranjula Bali Swain, Dept. of
Economics.

Development space—A data-driven dynamical
systems approach to studying the social sci-
ences

The ’Development Space’ project started as an attempt to use mathe-
matical models in the study of economic growth and human de-
velopment. The initial focus was on the creation of methods that
generate data-driven, dynamical systems models based on available
socio-economic data. This was published in the online journal PLOS
ONE in January 2014.

Using this method, and collaborating with sociologists at Stockholm and
a development economist in Uppsala, the project has diversified into the
study of specific problems in the social sciences. Recently, a manuscript
on the setting of Sustainable Development Goals has also been published
by the Stanford Institute for Economic Policy Research (SIEPR) as a
working paper. A paper on the evolution of democracy in countries
through economic and cultural change has also been submitted. Papers
on the ’demographic transition’ and the growth of right-wing parties are
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CHAPTER 2. THE CIM GRADUATE SCHOOL

also under preparation with the collaborators. An R package has been
published in the public repository for social scientists to use this method
to solve their own specific problems.

Publications

S. RANGANATHAN, V. SPAISER, R. P. MANN, D. J. T. SUMPTER,
Bayesian Dynamical Systems Modelling in the Social Sciences, PLoS one
9(1): e86468, 2014.

R. BALI SWAIN, S. RANGANATHAN, Setting Sustainable Development
Goals-—ADynamical Systems approach, SCIDWorking Paper 491, Stan-
ford Institute for Economic Policy Research, 2014.

Martin Almquist

Martin Almquist is employed by the Dept. of Infor-
mation Technology. His advisors are Ken Mattsson,
Scientific Computing, Dept. of Information Tech-
nology, and Tomas Edvinsson, Materials Chemistry,
Dept. of Chemistry.

Relativistic Quantum Mechanics in Materials
Science-—Towards Stable solutions of the Dirac Equation

In many evolving applications in materials science involving for instance
graphene, thermoelectric materials or heavy elements in catalytic
materials science, the Schrödinger equation does not capture the
fundamental physics of the electrons in the material. Here one instead
needs the fundamental equation in relativistic quantum mechanics: the
Dirac equation.

One of the main interests in this project is to improve
the stability and accuracy for relativistic quantum
mechanical calculations applied to problems rel-
evant to materials science. Thus far, a strictly
stable high-order accurate finite difference method
for the Dirac equation has been constructed and
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implemented. We will now focus on applying the Dirac-solver to Klein-
tunneling phenomena in graphene and the outer electron behaviour in
heavy elements relevant to catalytic materials science. In particular,
time-dependent phenomena such as Klein tunneling, Aharonov-Bohm
effects, and local polarizations such as Berry phases will be investigated.
However, since the Dirac equation becomes highly computationally de-
manding in an all-electron-treatment in the materials, phenomenological
models and partial active space approximations for the electrons will be
used initially. Solving the Dirac equation is demanding also due to the
non-linearity and complexity of the interacting electrons in the materials
and will thus require very efficient numerical methods as well as parallel
efficiency and powerful computers, such as the multi-core machines at
UPPMAX.

Publications

K. MATTSSON, M. ALMQUIST, A solution to the stability issues with
block norm summation by parts operators, J. Comput. Phys., 253, pp. 418–
442, 2013.

M. ALMQUIST, K. MATTSSON, T. EDVINSSON,High-fidelity numerical
solution of the time-dependent Dirac equation, J. Comput. Phys., 262,
pp. 86–103, 2014.

K. MATTSSON, M. ALMQUIST, M. H. CARPENTER, Optimal diagonal-
norm SBP operators, J. Comput. Phys., 264, pp. 91–111,2014.

Zahedeh Bashardanesh

Zahedeh Bashardanesh is employed by the Dept. of
Cell and Molecular Biology. Her advisors are Sorin
Tanase Nicola, Dept. of Cell and Molecular Biology
and Per Lötstedt, Scientific Computing, Dept. of
Information Technology.
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Spatial and Temporal Information Processing in
Biochemical Networks

In this project, I will examine the ability of biochemical networks to
process spatial and temporal information e.g. the biochemical networks
responsible for cell fate determination. During the developmental stages,
the fate of the embryonic cells is often decided as a response to the
local concentration of a network of proteins. Although the interaction
network of genes and proteins are quite well understood, much less
is known about the desired spatial and temporal pattern produced.
Since the interactions are directed from early stages toward later ones,
a set of multiple, intra-stage, nonlinear interactions could drastically
influence the precision and robustness of patterning. Additionally,
the low concentration of species contribute to the stochastic nature of
such processes. The aim of the project is to understand the network’s
features essential for the reliable patterning in the presence of external
and internal fluctuations. In principle, numerical simulations are very
well suited for integrating in vivo and in vitro experimental results.
In this project, I will improve an existing particle based algorithm for
reaction-diffusion models. The approach is based on Green’s functions
that correctly integrates over the small time and length scale collision
events. After implementing the algorithm, I apply it to developmental
genetic processes in Drosohphila embryo as the model system in
developmental studies.
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Fredrik Hellman

Fredrik Hellman is employed by the Dept. of Infor-
mation Technology. His advisors are Axel Målquist,
Dept. of Mathematical Sciences, Univ. of Gothen-
burg and Chalmers Univ. of Technology, Fritjof
Fagerlund, Dept. of Earth Sciences, and Auli Niemi,
Dept. of Earth Sciences.

Sequestration of Carbon Dioxide: Computer Sim-
ulation and Uncertainty Quantification

Sequestration of carbon dioxide in underground reservoirs is a technol-
ogy that aims to reduce greenhouse gas emissions from human activities.
The technology consists of three moments: capture, transport, and stor-
age. This project focuses on the storage moment, which mainly involves
the processes governing the carbon dioxide from the time of injection
and onward. The high costs of real injection experiments motivates the
use of computer simulations. The specific processes that we focus on
in this project are related to the actual flow of carbon dioxide in the
underground reservoir. The flow determines, among other factors, the
risk of leakage, storage capacity and feasible injection rates.

As a computational problem, we are interested in two particular
challenges: Firstly, the fine scale features that the high variability in rock
properties introduces in the solution require the meshes to be very fine.
Secondly, the reservoir data is usually uncertain and true information is
collected only sparsely. The impact of these uncertainties on the solution
is of interest to evaluate.

Regarding the multiscale challenge, we are working on constructing and
analysing a multiscale method for mixed finite element discretizations.
We consider an orthogonal splitting of the discretized finite element
space into a fine and a coarse space. Small localized fine scale
equations can be solved independently and their solutions contribute to
the stiffness matrix of the coarse problem. This project is a collaboration
with Patrick Henning at EPFL, Lausanne.

CIM 2013/14
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CHAPTER 2. THE CIM GRADUATE SCHOOL

For the uncertainty challenge, we develop methods for estimation
of failure probabilities of general physics models with random input
of known distribution. Failure is an event where some computable
quantity from the simulation exceeds a certain value. This makes the
problem amount to estimating the distribution of that quantity. This
work is a collaboration with D. Elfverson and D. Estep at Colorado
State University, USA. In another project these methods are evaluated
by applying them to quantities that are of interest for carbon dioxide
sequestration, such as breakthrough time and sweep efficiency.

D. ELFVERSON, D. ESTEP, F. HELLMAN, A. MÅLQVIST, Uncertainty
quantification for approximate p-quantiles for output of physical models
with stochastic inputs, manuscript in preparation.

Beatriz Villarroel

Beatriz Villarroel is employed by the Dept. of Physics
and Astronomy. Her advisors are Andreas Korn, Dept. of
Physics and Astronomy and Takis Konstantopoulos, Dept.
of Mathematics.

The Formation of Active Galaxies as Inferred
from Advanced Statistical Methods

The formation of galaxies is a current hot topic in astrophysics, and research
groups around the world are trying to understand how these massive cosmic
structures form and evolve. The most impressive active galaxies in the Uni-
verse, namely the quasars, are a subject of discussion as their large luminosities
are incomparable to those of any other galaxy type, while their sudden decline
in number and luminosity over time remains poorly understood. Understanding
their creation will likely help us understand their evolution and sudden death.
These are fundamental questions that can be answered by investigating the en-
vironment around quasars or other active galactic nuclei (AGN). As we cannot
observe these processes requiring billions of years in real-time, we must rely on
alternative ways to deal with the problem, e.g., large databases with measure-
ments of galaxies captured in different moments of their lives.
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The internal structure of AGN by itself has yet not been understood, but spectra
of AGN can reveal much about what physical processes happen in the nuclei.
The complex spectra of AGN have both high-excitation lines (not found in any
ordinary galaxy where most gas is ionized by stars) and for some AGN classes
also a strong non-thermal continuum is seen. The findings are indicative of that
the AGN is powered by a single, central photoionizing source—a source that
probably is driven by accretion of matter upon a super-massive black hole.

Until recently, twomajor spectral classes of AGN, Seyfert-1 and Seyfert-2 galax-
ies, were thought to be the same type of objects just viewed from different angles
from Earth. We showed that the difference between the classes lies in the physics
of the objects rather than the observer’s viewing angle. The aim of our project
is to characterize the differences between Seyfert-1 and Seyfert-2 galaxies with
the help of thousands of spectra, and to develop an alternative model that can be
used to predict the spectral features of AGN. This will be done together with the
development of robust statistical methods for constructing and analyzing sam-
ples of interacting galaxies and/or AGN environments from the Sloan Digital
Sky Survey. Much focus will lie on developing neighbour-matching techniques
that will use the clustering of neighbour galaxies around AGN in order to iden-
tify transition AGN populations between Seyfert-1 and Seyfert-2 galaxies, and
to quantify the subtle differences in their inner structure and gas motions as re-
vealed by the spectral line intensities and profiles.

Benefits of the development can help us separate noise from real physical fea-
tures in different types of galaxy distributions, to improve statistical methods
for classification of active galaxies, constructing pair model samples and give
efficient ways of dealing with astronomical biases, e.g., fiber collision and false
galaxy detections in the SDSS. To make the galaxy clustering-analysis statisti-
cally rigorous, we will find ways to estimate the empirical distribution function
of the data, treating it as coming from a point process. The complexity of the
problem lies in the fact that the data is multidimensional. We will also perform
tests on the data and compare it to the theoretical distribution functions in point
processes. Finally, our goal is to understand how (and why) active galaxies form
and develop through space and time.

Publications

B. VILLARROEL, In the neighbourhood of tame monsters. A study of
galaxies near low-redshift quasars, Astronomy&Astrophysics, 542:A72,
2012.
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CHAPTER 2. THE CIM GRADUATE SCHOOL

B. VILLARROEL, A. KORN, The different neighbours around Type-1 and
Type-2 active galactic nuclei, Nature Physics, 2014, doi:10.1038/nphys2951.

B. VILLARROEL, A. KORN, T. KONSTANTOPOULOS, The thin ring of
missing neighbours around quasars, manuscript in preparation.

Natalia Zabzina1

Natalia Zabzina is employed by the Dept. of Mathemat-
ics. Her advisors are Denis Gaidashev and Erik Ekström,
Dept. of Mathematics.

Cooperativity Mechanisms and Collective
Decision-making

In my current studies I develop mathematical models,
analyse data and carry out experiments. The picture was
taken during experiments on slime mold Physarum polycephalum, where the
slime mold is choosing between two feeding sites. Decision-making associated
to the selection of feeding sites or shelters has been extensively studied in many
social and gregarious living organisms, including vertebrates. There are rules of
thumb in the context of group decision making and the most important of these
is positive feedback between group members. Positive feedback occurs when
commitment to a particular option increases as a function of the number of indi-
viduals already committed to it. The mathematical model of positive feedback
has been proposed and tested experimentally for ant species using trail-laying
recruitment. This model was extended and studied for another social living or-
ganism. I will suggest a geometrical interpretation of this model, in particular, a
reformulation in terms of gradient flow equations on a Riemannian manifold.

The gradient flow equations are widely used in modern
geometry and optimisation theory. I hope that geometrical
tools in Riemannian geometry and topology can be used
to explore biological phenomena described by the model
of positive feedback.

Publications

1The PhD position is financed 40% by CIM.
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S. C. NICOLIS, N. ZABZINA, T. LATTY, D. J. T. SUMPTER, Collective
Irrationality and Positive Feedback, PLoS ONE 6(4): e18901, 2011.

D. J. T. SUMPTER, N. ZABZINA, S. C. NICOLIS, Six Predictions about
the Decision Making of Animal and Human Groups, Managerial and De-
cision Economics, 33, pp 295–309, 2012.

N. ZABZINA, A. DUSSUTOUR, D. J. T. SUMPTER, S. C. NICOLIS,
Symmetry restoring bifurcation in collective decision-making, submitted.

N. ZABZINA, A gradient flow approach to the model of positive feedback
in decision-making, manuscript in preparation.

Radoslav Kozma2

Radoslav Kozma is employed by the Dept. of Mathemat-
ics. His advisors are Jacob Höglund, Dept. of Population
Biology and Conservation Biology and Franjo Weissing,
Theoretical biology, University of Gronigen.

A biomathematical approach to the plumage
colour differences in the Willow grouse

My work aims to combine the field of genetics with the application of popula-
tion structure modeling as well as a more individual based genome modeling.
The species of my study is the willow grouse (Lagopus lagopus), which has
an interesting phenotypic diversity across its range. In Scandinavia, individu-
als adopt a white plumage during winter, while individuals in the northern UK
forgo moulting and remain brown. Interestingly, snow free islands off the coast
of Norway harbor the Scandinavian populations in fluctuating densities, which
are seemingly maladapted seeing as their white plumage stands out. With the
help of population modeling, one of the aims is to model the dynamics of move-
ment to identify conditions required for local adaptation (i.e. what would it
take for the island populations to stop their winter moulting). Furthermore, the
genome of the willow grouse will be sequenced with the aim of finding poten-
tial genes responsible for this variation in moulting behaviour. In turn, models of

2The PhD position is not financed by CIM, but CIM contributes with some project
funds and Radoslav will take applied math courses, first to reach an advanced under-
graduate level, and then to participate in courses organized by the graduate school.
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CHAPTER 2. THE CIM GRADUATE SCHOOL

the genomic data will be constructed to find out which parts of the genome are
likely to respond to local selection pressures and random forces such as drift.
Is it the case that local populations become divergent throughout the genome
(as predicted by drift) or at key loci (as predicted by selection)? As such, the
project aims to tackle these questions from an empirical as well as a theoretical
perspective.

Publications

B. WANG, R. EKBLOM, T. A. CASTOE, E. P. JONES, R. KOZMA, E.
BONGCAM-RUDLOFF, D. D. POLLOCK, J. HÖGLUND, Transcriptome
sequencing of black grouse (Tetrao tetrix) for immune gene discovery and
microsatellite development, Open Biol., 2, 120054, 2012.

Coming graduate students

Three new PhD positions were announced in December 2013. The candidates
were interviewed in March 2014, and the following three candidates were of-
fered and have accepted the positions. The plan is for them to start in the sum-
mer/fall of 2014.

Yevgen Ryeznik

Yevgen Ryeznik will be employed by the Dept. of Math-
ematics. His advisors will be Warwick Tucker, Dept. of
Mathematics and Andrew Hooker, Dept. of Pharmaceuti-
cal Biosciences.

Methods for adaptive optimal design us-
ing nonlinear mixed effect models

Recent years have seen an increasing interest in adaptive
trial design methodologies. Coupled with the growing use of population non-
linear mixed effect (pharmacometric) models to support the development of
pharmaceutical compounds, model based adaptive optimal design (MBAOD)
approaches have also become increasingly relevant.
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The MBAOD methodology generally requires optimization of a trial design for
an initial cohort of patients using pharmacometric model(s), analysis of that data
via parameter estimation of pharmacometric model(s), updating of the prior in-
formation used for optimization and then optimization of a new cohort of pa-
tients. This process is repeated until a stopping criterion is met. Typically,
uncertainty may be large at the beginning of a trial, which can be represented
by the use of a number of potential models and/or uncertainty distributions
around assumed model parameter values, updated after each cohort analysis.
Thus, for each step of an MBAOD, trial optimization, parameter estimation and
model pruning techniques are needed, plus additional components. For evalua-
tion and optimization of this entire process, multiple simulations of an MBAOD
are needed. This work will investigate various aspects of the MBAOD frame-
work including how uncertainty should be incorporated in the system and up-
dated, use of that uncertainty in trial optimization, methods for model averaging
and model pruning, appropriate stopping criteria, optimal parameter estimation
methods and optimal design methods.

Jakob Spiegelberg

Jakob Spiegelberg will be employed by the Dept. of
Physics and Astronomy. His advisors will be Jan Rusz,
Dept. of Physics and Astronomy and Kristiaan Pelckmans,
Dept. of Information Technology.

Blind Source Separation in Electron Mi-
croscopy

In an experiment using electron circular dichroism a set
of spectra containing a non-magnetic and a magnetic component is obtained.
Extraction of both components from the experimental data poses new challenges
to blind source separation and signal processing methods. This project focuses
on development of tools of blind source separation for this task, as well as the
development of new theoretical tools to predict inelastic electron energy loss
spectra. Particular interest will be taken in the inclusion of backscattering and
relativistic effects.

CIM 2013/14
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Daniah Tahir

Daniah Tahir will be employed by the Dept. of Mathemat-
ics. Her advisors will be Ingemar Kaj, Dept. of Mathemat-
ics andMartin Lascoux, Dept. of Ecology and Genetics.

Stochastic Methods in Evolutionary Biol-
ogy

The PhD project revolves around the fact that the fundamental evolutionary
forces in nature, such as reproduction, mutation, selection, recombination and
migration, are regulated by random mechanisms which act over millions of
years, and the signatures of these mechanisms are visible today as statistical
patterns of variation in sequence and genome data. This project will contribute
to resolving some of many remaining challenges in evolutionary biology mod-
eling and quantitative analysis. The scientific aims include studying various
measures of deviation from evolution and random genetic drift occurring in fi-
nite structured populations, including local adaptation and fluctuating selection.
This project also involves research on the genetic architecture of complex traits
by using a variety of approaches: mathematical modeling and analysis based on
differential equations, dynamical systems, stochastic processes and statistics.

CIM graduate courses 2013–2014

The following graduate courses within CIMs core areas have been, or will be,
given during 2013–2014.

� Mathematical Biology (10 hp), David Sumpter, 2013.

� Mathematics of complex networks* (5 hp), Andrew Uzzel, 2013.

� Applied Mathematics (10 hp), Daniel Strömbom, 2013.

� Stochastic control and optimization (5 hp), Erik Ekström, 2013.

� Stochastic Dynamic Systems (7–10 hp), Torsten Söderström, 2013.
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� Numerical Linear Algebra* (7.5 hp), Maya Neytcheva (March-April),
2014.

� Perturbation Theory and Asymptotic Expansions* (5 hp), Bengt Fornberg
and Natasha Flyer (May-June), 2014.

� Machine Learning—probabilistic techniques, (9 hp) Thomas Schön, 2014.

� Constraint Modelling for Solving Combinatorial Problems* (5 hp), Jean-
Noël Monette, 2014.

� Functional Analysis (5 hp), Stefan Engblom, 2014.

� Mathematical and Numerical Techniques for Partial Differential Equa-
tions* (7.5 hp), Gunilla Kreiss och Emelie Blanc, 2014.

Courses marked with an asterisk have received financial support from CIM.
Suggestions for courses to be given can be submitted to CIM. The CIM board
makes funding decisions once per semester for courses to be given the follow-
ing semester. Priority is given to development of new courses and to support
external lecturers when these are needed. The courses usually attract both CIM
graduate students and graduate students in other related areas.

CIM 2013/14
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3The CIM postdoc program

Since KoF 2007, CIM has financed 2 or 3 concurrent postdoc positions. The po-
sitions are openly announced and are evaluated by the strength of the candidate
and the interdisciplinarity of the project. The procedure is similar to that for
PhD students (detailed above), but greater emphasis is put on independence and
the potential research impact of the project. The two latest postdocs have just
finished their two years with us, and their projects are described below.

Markus Kowalewski

Markus Kowalewski received his degree in theoretical
chemistry from the Ludwig-Maximilians University in
Munich in spring 2012. In May 2012 he joined CIM as
a post doc to work on an interdisciplinary research project
together with Gunilla Kreiss (TDB, Department of Infor-
mation Technology) and Hans-Karlsson (Department of
Chemistry).

CIM 2013/14
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CHAPTER 3. THE CIM POSTDOC PROGRAM

Numerical methods for quantum dynamics (2012–2014)

Aim of the project. The main focus of my project is the dynamics of molecular
systems and their theoretical description. This includes method development as
well as the combinations with applications in theoretical chemistry and molecu-
lar dynamics. The extension of existing methods and the creation of new meth-
ods is motivated with possible applications in mind. The main focus here will
be on the improvement of the direct solution of the time dependent Schrödinger
equation (TDSE) for the nuclei. The applied side of the project includes studies
with optimal control theory with laser molecule interaction.

Progress. Molecular quantum dynamics based on the numerical solution of the
TDSE is limited by two fundamental problems. One is the fact that the underly-
ing differential equation is high-dimensional. The other challenge is that for the
dynamics not only the curse of dimensionality itself is a limit, but also a high
quality potential energy surface (PES) is required. Such a PES is usually ob-
tained by sampling the desired coordinate space with quantum chemistry (QC)
calculations. Since a single data point can be computationally very expensive
it is advantageous to reduce the number of QC data points and interpolate the
surface to the necessary resolution. For this special purpose an interpolation
scheme with adaptive refinement has been developed in cooperation with Elis-
abeth Larsson (TDB) and Alfa Heryudono (University of Massachusetts). The
interpolation scheme is based on a combination of the partition of unity approach
and a polyharmonic spline local interpolant allowing for several dimensions to
be handled. The adaptive refinement leads to a drastic reduction of the number
of data points. With this new method at hand PESs can be calculated in a quick
and reliable way.

An improvement of the direct TDSE approach restricted by the exponential scal-
ing behavior is ongoing work. The use of hierarchical tensor decompositions is
investigated. By representing the wave function and all operators in hierarchical
tucker format, a linear scaling behavior with respect to the number of dimen-
sions can be achieved. The challenge is the handling of the error control and the
tensor truncation to obtain a reliable and stable time propagation scheme which
yields a given accuracy.

Applied projects are carried out in cooperations with different groups. Together
with Katharina Kormann (now TU Munich) and Emil Kieri (TDB), we theo-
retically investigate the possibility to optimize the yield of extreme ultra violet
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radiation generated by ultra-short and intense infra-red laser pulses in an atomic
gas. Optimal control theory is employed to find an electric field which increases
the intensity of the emitted field in a specific frequency range.

With Daniel Keefer (Erasmus project student) and Hans Karlsson, the quan-
tum control perspectives of the non-resonant dynamic Stark effect on molecu-
lar curve crossings has been investigated. An extended version of a functional
has been demonstrated to give useful results. The different control mechanisms
given through the Stark Hamiltonian could be identified.

Together with Henrik Stegeby (Department of Chemistry) and Hans Karlsson,
the anti proton-H2 collision has been simulated with a full-quantum dynamical
model. We investigate the branching into different possible reaction channels,
e.g. the dissociation and vibrational excitation of H2.

In an ongoing project with Sebastian Thallmair (LMU, Munich) and Regina
de Vivie-Riedle (LMU, Munich), a model for the description of wave packet
simulations in a solvent environment is developed. The deceleration of a wave
packet in a dissociating molecule in solution is combined with the TDSE.

Publications

S. THALLMAIR, M. KOWALEWSKI, B. P. FINGERHUT, C. F. SAILER,
AND R. DE VIVIE-RIEDLE, Molecular wave packet dynamics deceler-
ated by solvent environment: A theoretical approach, Ultrafast Phenom-
ena XVIII, M. Chergui, S. Cundiff, A. Taylor, R. de Vivie-Riedle, K.
Yamanouchi (Eds.), EPJ Web of Conferences 41, 05043 (2013).

M. KOWALEWSKI, R. DE VIVIE-RIEDLE, Wave packet dynamics of the
gas phase collision reaction of chloride and methyl iodide, XIXth Sym-
posium on Atomic, Cluster and Surface Physics, D. Stock, R. Wester, P.
Scheier (Eds.), Innsbruck University Press, 105 (2014).

H. STEGEBY, M. KOWALEWSKI, K. PISZCZATOWSKI, A. SAENZ, H.
O. KARLSSON, Quantum Dynamical Treatment of Antiproton Scattering
on Molecular Hydrogen, Cent. Eur. J. Phys., in preparation.

M. KOWALEWSKI, A. HERYUDONO, E. LARSSON, An adaptive inter-
polation scheme for molecular potential energy surfaces, in preparation.

CIM 2013/14
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Anna Oleynik

Anna Oleynik got her PhD in Applied Mathematics from
Norwegian University of Life Sciences (UMB) in 2011.
After half a year at Johannes-Gutenberg University in
Mainz, Germany, as a guest researcher, Anna joined CIM
as a postdoc in 2012. In her research project she collab-
orates with Vadim Kostykin (Dept. Mathematics, Johannes-Gutenberg Univer-
sity, Mainz); John Wyller and Arkadi Ponosov (Dept. Mathematics and Tech-
nology, Computational neuroscience group, UMB); and David Sampter (Dept.
Mathematics, Uppsala University).

Continuous models of large networks (2012-2014)

Aims: The present project aims to study continuous models (also known in liter-
ature as mean field models) for large networks, such as neural networks and gene
regulatory networks. These models reduce the dimensionality and complexity
of the microscopic network dynamics and allow for mathematical treatment, ef-
ficient simulation, and intuitive understanding.

The continuous models are still challenging for analysis especially since there
are no certain assumptions on the parameters as well as the character of the
network topology. The goal of the project is to study the robustness of the model
and provide rigorous mathematical analysis of the possible simplifications that
do not change essential features of the model.

Progress. We have studied existence and stability of localized stationary patterns
in a model of neural activity using the functional analytic tools such as theory of
monotone operators in ordered Banach spaces and spectral theory.

Publications

V. KOSTRYKIN, A. OLEYNIK, AND A. V. SOBOLEV, Lyapunov stability
of bump solutions in a one-population neural field model, in preparation.

A.OLEYNIK, A.PONOSOV, AND J.WYLLER, Iterative schemes for bump
solutions in a neural field model, Differ. Equ. Dyn. Syst. 0971-3514,
pp. 1–20, 2013.

V. KOSTRYKIN AND A. OLEYNIK, On the existence of unstable bumps
in neural networks, Integr. Equ. Oper. Theory, 75 (4), pp. 445–458, 2013.
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4Organization
Strategic decisions are made by the board consisting of representatives from the
mathematical sciences and the other research areas within the Faculty of Science
and Technology. The board meets 4–5 times per year for board meetings and
one or two times in connection with recruitments. A list of board members is
given below.

The decisions of the board are implemented by the director of CIM, who is
currently employed 40% in this position. The primary responsibilities include
handling recruitments, the graduate school, the CoSy lunch seminar series and
visitor program, organizing workshops and other activities, monitoring funding
opportunities and supporting applications, coordinating the mc2 mathematical
and computational consultancy service, and the CIM web.

The director is supported by an administrative assistant, currently working 10%,
who takes care of practical issues like placing orders, handling reimbursements,
and updating the seminar program.

The current director of CIM, from 2010, is Elisabeth Larsson, Associate Profes-
sor, Dept. of Information Technology.

CIM 2013/14
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CHAPTER 4. ORGANIZATION

The current chair, vice chair and members of the board with appointment period
2013–2015 are:

� Warwick Tucker (chair), Professor, Dept. of Mathematics.

� Kersti Hermansson (vice chair), Professor, Dept. of Materials Chemistry.

� Mats Björklund, (regular) Professor, Dept. of Ecology and Evolution.

� Gunilla Kreiss, (regular) Professor, Dept. of Information Technology.

� Ulf Lindström, (regular) Professor, Dept. of Physics and Astronomy.

� Marta Leniec, (student) PhD student, Dept. of Mathematics.

� Siv Andersson (deputy), Professor, Department of Cell and Molecular
Biology.

� Fritjof Fagerlund (deputy), Assoc. Professor, Dept. of Earth Sciences.

� Sverker Holmgren (deputy), Professor, Dept. of Information Technology.

� Kristiaan Pelckmans (deputy), Ass. Professor, Dept. of Information Tech-
nology.

� David Sumpter (deputy), Professor, Dept. of Mathematics.
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5Seminars and activities
CIM organizes a regular seminar series the Complex Systems (CoSy) working
lunch. Speakers are suggested by the researchers at the faculty. The opportunity
is announced via the CIM mailing list (open for everyone to join). The idea is
to invite international interdisciplinary researchers to give a seminar and usually
to stay for a longer period (from one week up to two months) to interact with
researchers in the faculty. This seminar series is geared towards dynamical sys-
tems, mathematical modelling, and interdisciplinary research. The intended au-
dience comes both from the mathematical sciences and their application fields.
Many different areas of research are represented, from biochemistry, to ecology,
to animal behavior, geophysics and chemistry. We have attracted high quality
speakers to give seminars that are understandable to researchers with different
backgrounds. As a result, participation has been good, with between 25–30 at-
tendees each time. A full list of speakers, current and previous can be found at
the CIM web.

A compilation of the participant lists from 2013 and 2014 shows that we have
participants from all parts of the faculty. About two thirds of the participants (in
average) come from mathematical sciences represented by the Dept. of Mathe-
matics, and the Dept. of Information Technology, and one third of the partici-
pants come from other departments. This illustrated in the figure below.

CIM 2013/14
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CoSy-lunch participation 2013-2014 (up to April)

23%

46%

31%

Math

IT

Other

Total number of lunch participants counted: 285.

During this period, we have organised around 8 seminars per semester, with
most of the speakers coming from other universities. However, we also provide
an opportunity for new faculty in interdisciplinary fields to introduce themselves
to a wider audience through a seminar.

CIM organizes at least one workshop or conference per year in Uppsala since
2008. These include workshops on challenges in climate modelling (2011),
complex modeling, convergence, and uncertainty quantification (2012), and mathe-
matical and computational finance (2013). The workshops always involve inter-
national and national speakers from different disciplines and an audience from
different departments within Uppsala University as well as from other universi-
ties. We aim to provide a forum for interdisciplinary discussion around emerging
and challenging interdisciplinary research topics. The workshops have been ap-
preciated by the participants and have attracted large and broad audiences. The
last workshop in finance had over 60 participants.

In 2013, we also arranged a CIM day, where the CIM postdocs and PhD students
presented their research projects together with some inspirational lectures by
successful researchers from our faculty. We all found this a valuable opportunity
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to learn more about all the different projects and experiences and we plan to have
another CIM day in the autumn when the newest graduate students are in place.

CIM day 2013. Photo: QiMa.

Also in the autumn of 2014, we plan to organize a workshop on “Mathematics
and Medicine”. This is a field with increasing, but so far spread out efforts.
By organizing this workshop, we aim to support interaction and increase the
visibility of efforts that are related to CIM.

CIM 2013/14
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6The mathematical andcomputational consultancy mc2

The mathematical and computational consultancy (mc2) service offered by CIM
is freely available to researchers at Uppsala University and SLU, and to local
companies. The consultants are a team of graduate students with members from
CIM, the Department of Mathematics, and the Department of Information Tech-
nology. The consultancy is coordinated by Elisabeth Larsson and the consult-
ing team is aided by faculty members affiliated with CIM. The participation of
the graduate students is counted towards course credits in the graduate student
course “Mathematical and Computational Consulting”.

The consultancy was recently highlighted in the UU-Innovation magazine and
some photos like the one below were taken for the article. This was a good way
for us to promote our service and reach new people.

CIM 2013/14
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CHAPTER 6. THE MATHEMATICAL AND COMPUTATIONAL CONSULTANCYMC2

Consultants at work. Photo: MikaelWallerstedt

The aim is to help with all parts of the process of mathematical modelling, from
formulating a mathematical problem and model building to trouble-shooting and
analysis of methods and models already in use. The mc2 areas of expertise are
mathematics, statistics, scientific computing, and related subjects.

The consultancy is one of the ways CIM reaches out to form new connections.
For small problems, we help with the solution, establish a relation and learn
something about the (research) issues. For larger problems, we offer advice and
support, and if appropriate find a collaborator/collaborators. The next step can
then be to formulate a joint MSc thesis project or to write an interdisciplinary
research proposal.

Consultancy cases 2013–2014

� Image reconstruction algorithms for tomography. Physics.

� Integration over an annulus. Physics.

� Radial basis function interpolation and meshfree PDE solver. Physics.

� Correlations in genetics data. Microbial Chemistry.
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� Measuring chaos. Biology.

� Finding the true position for data erroneously logged with an offset. SGU.

� Ill-conditioned non-negative least squares. Biology.

� Shortest path problems. Mathematics.

� Measuring the effect of different pedagogical measures. High school.

� Usage of the Kolmogorov-Smirnov test. Biology.

� Statistical modelling of electricity consumption in households.

� Multiple time series of populations of the African Citril. Biology.

� Analysis of carbon concentration. Biology.

� Application of bootstraps for medians. Company.

CIM 2013/14
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7Budget overview
The total funding allocated to CIM amounted to 7.2 million SEK in the 2014
budget. Most of this funding is spent on the CIM graduate school. An approxi-
mate breakdown of the budgeted costs is given in the table below.

Type of cost Share of total Comment
PhD students 81 % includes premises, travel and computers
PostDocs 5 % only four months of 2014
CIM staff 7 % director 40% and administrator 10%
Graduate courses 4 %
CoSy-lunches 2 %
Workshops 1 %
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8Effects of having CIM
The mission of CIM is to facilitate joint research between the mathematical
sciences and other disciplines within Uppsala University. We have several dif-
ferent approaches for this. One of the most concrete is the graduate school were
we fund interdisciplinary PhD student positions. However, many of our ac-
tivities are designed to facilitate meetings, discussion, and interaction between
researchers that will lead to interdisciplinary collaboration.

We have asked graduate students and researchers to tell us about the effects of
being part or being supported by CIM, and these are some of the answers we got:

The CIM graduate students feel that CIM provides a strong incentive for going
the extra mile to work across disciplines instead of staying in their main field.
Furthermore, CIM gives them license to use the time and effort of their “inter-
disciplinary contact” in a way that would not be as easy if it was built only on
good will.

CIM researchers are publishing in high profile journals, and applying for and
receiving prestigious grants. In some cases the projects have been supported
by CIM with a PhD student or postdoc, and in some cases the researchers met
each other through CIM or the consultancy service. Here are some examples of
successes where CIM played a part according to the researchers themselves.

CIM 2013/14
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CHAPTER 8. EFFECTS OF HAVING CIM

David Sumpter (mathematics), Niclas Kolm (biology), and Kristiaan Pelckmans
(systems and control) have received a 23 million SEK Wallenberg grant for the
project “Linking social behaviour to the brain”. David: This started through
discussions with Mats Björklund, who introduced me to Niclas Kolm. Then we
had the idea of involving Kristiaan. Kristiaan has become more involved in our
research activities and in December we had a joint Systems/Math meeting on
’Open questions in rules of motion of large groups’, also together with Thomas
Schön. A lot of this has been possible because of Richard Mann’s appointment
as CIM Postdoc.

Shyam Ranganathan’s CIM PhD project was the starting point for first a large
program grant (35 million SEK) from Riksbankens jubileumsfond for studying “
Mechanisms for social segregation” with Peter Hedström (sociology), Shyam’s
co-advisor as PI. Then it also resulted in a grant from VR “Development Space”
with David Sumpter (mathematics) as PI, and a collaboration with Ranjula Bali-
Swain in economics. They now have a joint conference paper accpeted on dy-
namical systems models of factors effecting emissions.

Per Lötstedt (scientific computing): With support from CIM we organized a
symposium on the simulation of ice in glaciology. This was a start for us as
developers of numerical methods to simulate the past and the future of inland ice
sheets and ice shelves. We have now received a grant from FORMAS together
with Stockholm University to continue this work.

Through the mc2 consultancy, Stefan Engblom (scientific computing) came into
contact with Stefan Widegren (veterinary medicin). They now have a collabora-
tion concerning the spread of infectious diseases among cattle. A PhD student
is working in the project, a software is being developed, the work has been pre-
sented at conferences and several joint papers are in the pipeline.

The mc2 consultancy also brought together Stefan Engblom (scientific comput-
ing), Gustaf Christofferson, and Mia Philipsson (medical cell biology), leading
to a joint project and aWallenberg grant proposal under evaluation.

Another project generated by the consultancy service involves Elisabeth Lars-
son (scientific computing) and Nicola Cacciani (neurosciences), and concerns
mathematical and computational modeling of the respiratory system. VR grant
proposals in both subjects are under evaluation.

Warwick Tucker (mathematics) and AndrewHooker (pharmaceutical biosciences)
started a collaboration around optimal experimental pharmacokinetic/pharmacodynamic
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modeling and pharmacometrics design when Peter Gennemark was employed as
CIM PostDoc. This later resulted in a new postdoc financed by AstraZeneca.

CIM as an entity and the concept we have developed is interesting for other
universities both nationally and internationally. CIM has been presented at other
universities and CIM has been partner in two large NSF-grant proposals.

CIM 2013/14
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