
Random Walks on Networks: Dynamics and 
Teleportation

R. Lambiotte
Department of Mathematics

University of Namur

Generalized Master Equations for Non-Poissonian Dynamics on Networks, Till Hoffmann, Mason 
Porter and R.L.
Smart teleportation improves ranking and clustering of nodes in networks, R.L. and Martin Rosvall

Thursday, 23 February 2012



Networks

Metrics, statistics to describe their organization 
(degree distribution, modularity, etc.)

Models to reproduce the observed 
phenomena (PA) and build 
statistical ensembles of random 
networks (configuration model)

Effect of topology on dynamic 
processes, e.g. spreading of 
diseases.
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Networks

Effect of topology on dynamic 
processes, e.g. spreading of 
diseases.

Models for opinion formation, 
random walks, disease spreading, 
synchronization, etc.

Identification of “super-spreaders”, 
startegies to accelerate/hinder 
propagation, etc.

Improve our understanding of how 
diffusion takes place in empirical 
systems
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Networks

Metrics, statistics to describe their organization 
(degree distribution, modularity, etc.)

Models to reproduce the observed 
phenomena (PA) and build 
statistical ensembles of random 
networks (configuration model)

Effect of topology on dynamic 
processes, e.g. spreading of 
diseases.

Metrics based on 
flows on the network
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Random Walk based metrics
Pagerank: the importance of a node is proportional to the density of random 
walkers on it at stationarity

Random walkers explore the graph in an unbiased way
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Random Walk based metrics
Map Equation and Stability

A flow of proability should be trapped for long time periods within a 
community before escaping it. 

J.-C. Delvenne, S. Yaliraki & M. Barahona, Stability of graph communities across time scales. PNAS 2010

M. Rosvall and C. T. Bergstrom, PNAS 105, 1118 –1123 (2008)
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Random Walk based metrics are defined at stationarity

.... but the stationary state is either trivial, non-uniquely defined, or never 
reached in a majority of empirical systems

mathematical tricks have been proposed to make the dynamics ergodic

Occasional teleportation

Thursday, 23 February 2012



Random Walk based metrics are defined at stationarity

.... but the stationary state is either trivial, non-uniquely defined, or never 
reached in a majority of empirical systems

mathematical tricks have been proposed to make the dynamics ergodic

Occasional teleportation

... but the ranking of nodes or their clustering into communities no longer 
only depends on the topological properties of the system, but also on the 
exact implementation of teleportation.
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Smart teleportation
Is it possible to improve the standard teleportation scheme to minimize its 
effect on the outcome of the algorithm?

Non-uniform teleportation: teleportation depends on the topological 
properties of the nodes.
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Pagerank

Random walk without teleportation

Random walk with teleportation

Pagerank depends on the details of teleportation, on vi and on the value 
of alpha

Thursday, 23 February 2012



Smart teleportation

The preference vector depends on the topological properties of the graph:

Robustness: pagerank is independent of alpha for

Undirected networks Eulerian graphs Mean-field
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Empirical checks
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Empirical checks
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Community detection: donʼt count teleportation steps
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Dynamical networks: static viewpoint

Most works look at dynamics on aggregated networks, e.g. if a 
link appears 5 times between i and j in a certain time period, (i,j) 
receives a weight 5
Dynamics either occurs at discrete times

or at continuous times as a Poisson process, with a rate 
proportional to the weight
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Simulations on temporal graphs...

Simulations on temporal graphs

Temporal Networks, P. Holme and J. Saramäki, arXiv:
1108.1780
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... and comparison with null models
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... and comparison with null models
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... but lack of theoretical understanding
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Dynamics on stochastic networks

Replacing the sequence of activation times by inter-event distributions
Deterministic => stochastic
Advantage: allows for a mathematical analysis and more realistic that 
simple weights

Temporal Networks, P. Holme and J. Saramäki, arXiv:
1108.1780
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Random walks on stochastic networks

Generalized Master Equations for Non-Poissonian Dynamics on Networks, T.H., M.A.P. and R.L.

Generalized Montroll-Weiss Equation (usually for CTRW with non-
Poisson inter-event time statistics on lattices)

Convolution in time Memory kernel

Effective transition matrix
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Random walks on stochastic networks

Generalized Master Equations for Non-Poissonian Dynamics on Networks, T.H., M.A.P. and R.L.

Generalized Montroll-Weiss Equation (usually for CTRW with non-
Poisson inter-event time statistics on lattices)

Convolution in time Memory kernel

Effective transition matrix

Time ordering
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Random walks on stochastic networks

Generalized Master Equations for Non-Poissonian Dynamics on Networks, T.H., M.A.P. and R.L.

Generalized Montroll-Weiss Equation (usually for CTRW with non-
Poisson inter-event time statistics on lattices)

Poisson
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Random walks on stochastic networks

Generalized Master Equations for Non-Poissonian Dynamics on Networks, T.H., M.A.P. and R.L.

Steady-state solution
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Random walks on stochastic networks

Generalized Master Equations for Non-Poissonian Dynamics on Networks, T.H., M.A.P. and R.L.

Steady-state solution only steady at long times (memory)
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Conclusion

Importance of teleportation on random walk metrics

Effect of the time evolution of the network on diffusion
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