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Title: Hidden geometry in complex weighted networks 
Most of the complexity of the so-called complex systems is encoded into the intricate topology of the 
networks defined by the interactions among their components. The remaining complexity is encoded 
into the organization of the magnitude of such interactions (i.e. the weights). Interestingly, weights 
are coupled in a nontrivial way to the binary network topology, playing a central role in their 
structural organization and dynamics [1]. On the other hand, complex networks have been 
conjectured to be embedded in hidden metric spaces, in which distances among nodes encode their 
similarity and, thus, their likelihood of being connected [2]. This hypothesis, combined with a suitable 
underlying space, has offered a geometric interpretation of the complex topologies observed in real 
networks, including scale-free degree distributions, the small-world effect, strong clustering as a 
reflection of the triangle inequality, and self-similarity. It has also explained their efficient inter-node 
communication without a knowledge of the complete structure [3, 4]. Moreover, it has been shown 
that for networks whose degree distribution is scale-free, the natural geometry of their underlying 
metric space is hyperbolic [5]. All these results have then been used to propose geometric models for 
real growing networks that reproduce their evolution and in which preferential attachment emerges 
from local optimization principles [6, 7]. 
 
In real weighted networks, weights are coupled to the bare topology in a non-trivial way. This is 
manifested, for instance, in a non-linear relation between the strength of a node s (the sum of the 

total weight attached to the node) and its degree k of the form s ~ kη [1]. However, the relation, if 
any, between the weighted organization and the underlying geometry is unclear. Here, we present 
empirical evidence on the existence of geometric correlations at the weighted level in real networks 
from very different domains. To quantify the level of coupling between topology and weights and the 
underlying metric space, we introduce the most general and versatile class of weighted networks 
embedded in hidden metric spaces currently available. We find that such coupling can be 
significantly different when measured at the level of the bare network topology or at the weighted 
level, supporting the hypothesis that different dynamical processes play significant roles in the 
behavior of the system. Our empirical findings combined with our new class of models open the path 
towards the uncovering of the natural geometry or real weighted complex networks. 
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Paolo Boldi  

Title: Feature-Rich Networks: Models and applications 
We shall discuss complex networks whose nodes are endowed with binary features. Such a situation 
is truly ubiquitous: real-world networks describe connections between real-world objects, that 
present properties and attributes, and links arise from the properties of the nodes they connect, 
albeit often in a non-trivial way. 
We describe a simple but powerful and general framework where this kind of feature-rich networks 
can be handled. From the general framework, we deduce a generative model that is inspired to 
Indian Buffet processes with a further fitness parameter that allows more flexibility. Also, we show 
that the framework allows one to study feature relations, and we show an example using Wikipedia 
and its categories. 
 

Remco van der Hofstad 

Title: The configuration model as a null model for real-world networks, and some 

improvements 
Due to its easy of use, as well as its enormous flexibility in its degree structure, the configuration 
model has become a network model of choice in many disciplines. It has many wonderful properties, 
such as the fact that conditioned on being simple, it is a uniform random graph with the prescribed 
degree distribution. This is a beautiful example of a general method called the `probabilistic method’ 
pioneered by Erdos. As a result, the configuration model is often used as a null model in network 
theory. 
 
When the degrees are sufficiently light tailed, the asymptotic probability of simplicity for the 
configuration model can be explicitly computed. Unfortunately, when the degrees are scale free with 
finite mean, but infinite variance, this method fails. Since such degree sequences are frequently 
reported in empirical work, this is a major caveat in network theory. In this talk, we discuss recent 
results for the configuration model, including asymptotic results for the number of self-loops and 
asymptotics for the number of self-loops and multiple edges in the finite-variance case. We also 
discuss a possible fix to the problem of non-simplicity in the form of the erased configuration model 
where self-loops are removed and multiple edges are merged, and what the effect of this fix is on 
several graph statistics. Further, we discuss a generalization of the configuration model that allows 
for the inclusion of a community structure. This model removes the flaw of the local tree-like nature 
of the configuration model, and gives a much improved fit to real-world networks. 
 
This is based on several joint works, with Cecilia Holmgren and Omer Angel, with Clara Stegehuis and 
Johan van Leeuwaarden, and with Nelly Litvak, Clara Stegehuis and Pim van der Hoorn. 

Tobias Müller 

Component sizes in a hyperbolic model of complex networks  
Abstract to be announced. 

Mariana Olvera-Cravioto 

Title: Efficient simulation for branching recursions 
A variety of problems in science and engineering, ranging from population and statistical physics 

models to the study of queueing systems, computer networks and the internet, lead to the analysis 

of branching distributional equations. The solutions to these equations are not in general analytically 



tractable, and hence need to be computed numerically. This talk discusses a simulation algorithm 

known as “Population Dynamics”, which is designed to produce a pool of identically distributed 

observations having approximately the same law as the endogenous solution in a wide class of 

branching distributional equations. 

The Population Dynamics algorithm repeatedly uses bootstrap to move from one iteration of the 

branching distributional equation to the next, which dramatically reduces the exponential complexity 

of the naïve Monte Carlo approach. We present new results guaranteeing the convergence of the 

Wasserstein distance between the distribution of the pool generated by the algorithm and that of 

the true endogenous solution, including results on its rate of convergence. 

Maarten van Steen 

Title: Computer systems and complex networks: a meeting point 
There are many examples of complex networks that are rooted in computer systems, the most 
prominent ones related to modeling the topology of the Internet and modeling the link structure of 
the Web. As a researcher in large-scale distributed computer systems, it has become obvious to me 
that complex networks form an important vehicle for trying to capture the intricacies of our artificial, 
that is, man-made networks. 
 
In this talk I will present a number of less well-known examples of distributed computer systems that 
could benefit from complex-network analyses. How and to what extent the current analysis 
techniques can be applied to these networks such that we can obtain better designs is often an open 
question, but I suspect an interesting one for mathematicians and computer scientists interested in 
exploring problems outside their usual domain. 


