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Research focus 

Spreading processes on networks (epidemiology, opinion 
formation) 
Human and animal mobility 
Combining biological and metadata 
Data science (sensor data for health applications) 
Host-parasite-environment interactions, hormone dynamics 



Epidemics 
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Underlying network 
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Human mobility 
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FIG. 3. Possible daily mobility patterns are limited, since up to 90% of the identified daily mobility networks can be described
with only 17 di�erent motifs. The probability p(ID) to find one of the 17 motifs in the surveys (cyan - Paris, blue - Chicago),
the phone data (orange - Paris), and the model (light green - Paris, dark green - Chicago) is presented. The motifs are grouped
according to their size separated by dashed lines and for each group the fraction of observed and feasible motifs Nf are shown.
Most of the motifs can also be classified with four rules: I) The motif of size N consists of a tour with only one stop and another
tour with N � 2 stops. II) The motif of size N consists of only a single tour with N stops. III) The motif of size N consists
of two tours with one stop and another tour with N � 3 stops. IV) The motif of size N consists of a tour with two stops and
another tour with N � 3 stops. Despite the fact that the number of workers is significantly di�erent in both cities, the rank
and the probability to find a specific motif exhibit similar behavior.

than one. In fact, this is observed for motifs created ac-
cording to rule II) and III).
In general, motifs may not be unique, if a person can re-
peat a tour several times within a day. However, the rep-
etition of tours is uncommon, thus an edge corresponds
to exactly one trip. In the survey data, the observed mo-
tifs without multiple trips are su⇥cient to reproduce over
95% of the travel behavior correctly and we observe that
tours T (x) with x > 1 are performed only once during a
day (for details see SI).
These observations imply that each person has a char-
acteristic daily motif although the visited locations can
change. Thus a user has a personal number of preferred
places on a daily basis, which are more likely visited in a
specific sequence given by its motif.

II. PERTURBATION-BASED MODEL

It is surprising that nearly the entire population can be
described with a few unique daily motifs. To understand
this observation, we study the time spent at certain lo-
cations as well as the time between the starting time of
an activity and the next activity of the same kind.
From both surveys the frequency of staying at a place for
a particular time period is extracted for three groups of
activities, home, work, and other, as shown in Fig. 5A.

While the time spent for working and staying at home is
relatively flat distributed with some characteristic dura-
tions of 3.5h, 8.6h, and 14h, respectively, the probability
of an activity at another place decreases with its dura-
tion. The staying time distribution has no characteristic
duration, suggesting that the location change follows an
underlying ’bursty’ behavior - the location changes are
not distributed evenly over time, but in groups inter-
spersed with periods of inactivity. To support this obser-
vation, we study the time between two similar activities,
shown in Fig. 5B. While the time based on home and
work are governed by the daily routines, the time between
other locations shows in fact that in the trip selection re-
lated to flexible activities ’bursts’ exist. This temporal
inter-event dynamics has been reported in specific human
activities such as web browsing, printing patterns, email,
and phone communication [31, 39–42], but it has not been
incorporated in models of human mobility. Inspired by
these observations, we developed a perturbation-based
model, to reproduce not only the observed daily motifs,
but also their frequency of occurrence.
In the following the model for a non-working (NW) agent
is explained and the additional, minor features for work-
ing (W) agents are described in the SI. Accounting for
the di�erence of the home and other locations, the model
assumes a fixed activity at home and any number of flex-
ible activities elsewhere (shopping, recreation, etc.). The

CM Schneider, V Belik, T Couronné, Z Smoreda, MC González 
Journal of The Royal Society Interface 10 (84), 20130246



Animal trade 
network

Animation by T Selhorst

H Lentz et al., Trade communities and their spatial patterns in the German pork production network, 
Preventive veterinary medicine, 98, 176 (2011)



Swine trade 
network

4000 nodes with edges 
occurring more than 50 times



Pinpointing palliative treatments using proximity. Intriguingly,
for 165 known drug-disease pairs, the drugs are distant to the
disease they are recommended for, indicating that the inter-
actome is unable to explain the drug’s effect. The interactome

incompleteness can potentially explain the current limitations of
network-based drug-disease proximity. Yet, given that the lack of
efficacy is the leading reason for failure in drug development26,
we suspect that the drugs we fail to identify in the proximity of
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Figure 3 | Known drug-disease associations. For each known drug-disease association, we connect the drug to the disease it is used for, the link style
indicating whether the drug is proximal (solid) or distant (dashed) to the disease. The line colour represents the number of overlapping proteins between
drug targets and disease proteins (0, grey; 6, dark green). Node shape distinguishes drugs (triangles) from diseases (circles). The node size scales with the
number of proteins associated with the disease and with the number of targets of the drug.
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19.04 Intro 7.06 project 
implementation

26.04 -- 14.06 project 
implementation

03.05 Intro 21.06 2 student talks

10.05 lecture topic I 28.06 2 student talks

17.05 lecture topic II 5.07 2 student talks

24.05 lecture topic III 12.07 2 student talks

31.05 project 
implementation

Time plan 



Workflow 

1. Supervisors give introductory lectures and hand out project work 
2. Supervisor-student interaction (~ three occasions) 

o Clarification of the tasks and resolving questions by the student 
- Student must have read the articles & tasks before 
- Student should know afterwords how to proceed/implement 

o Resolving implementation issues, discussing results 
- Student implemented the tasks and might have encountered problems 
- Student has prepared specific questions  
- Supervisor helps with approaches to bug fixing  

o Feedback for the talk 
- Student has prepared the talk 
- Supervisor gives specific feedback regarding structure/content and 

presentation 
3. Student talks + discussion/defence 


