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The Problem

• The web portal of a broadcasting networks (from Belgium)

• The paths of users browsing over webpage sections

In this work…

We use tools from Information Theory and Network Science to analyse such

system. We show that:

• the browsing behaviour (of a web portal user) is non-Markovian.

• the partition of such system can take into account the dynamical dimension to com-

plement the classical approach to community/block detection
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Time Complexity (Entrogram)

The complexity of the system is captured by the following histogram which we call
Entrograma:

I0 = I(xt; xt−τ, . . .)

I1 = I(xt; xt−2τ, . . . |xt−τ)

I2
Hr

I(xt; xt−τ)

[Total] Predictability, how the dynamics are aligned to the structure.

Emergent effective memory

+ Overall complexity (excess entropy) of the dynamical process

Hr Entropy rate: unpredictability of the process

Markovian dynamicswould produce a plot without purple bars.
aFaccin, Schaub, Delvenne Journal of Complex Networks, 6(5), 2018, p661–678

The browsing behaviour of users is non-Markovian as each [�] depends on the pre-

vious history of the user web browsing.

non-Markovian dynamics on complex networks influence system partitioning.

Partition (projection of the dynamics X = {x0, . . . , xt, . . .} to the partition space):

P : X → Y

• The projection to partition space transfers complexity from the topology to the dynamics.

• Community detection algorithms do not catch the complexity in the temporal dimension of the system.

Maximize:

I(yt; yt−τ)− βH(yt)
where βH(yt) is a constraint on the complexity of the partition (β = 0 leads to the partition where every node is in its own partition).

For some values of τ above a certain value, we can consider the dynamics {xt, xt−τ, xt−2τ, . . .} as Markovian.
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Classic Community Detection

(modularity maximization)

The classical community detection approach detects

connection patterns

• News

• Radio + Tv (everything)

• Culture

• Sports

Variable aggregation

(non linear auto-covariance)a

This approach detects behavioural patterns

• News + Culture

• Radio + Tv Programs (Leisure)

• Sports

• Radio Classic/Culture/News + TV

Nodes with similar dynamical pattern are put together.
aConsidering the non-Markovianity of the system we set τ = 3

Markovian approximation

Consider the Markovian approximation of the dynamics where each step depends only

on the present state of the system and the observed click ratio on the outgoing links.

Under representation of patterns

Markovian dynamics

Real data

Considering the Markovian approximation of the kinetics some dynamical patterns
are under–represented while other are over–represented.

Example:

non-Markovian dynamics with higher probability to go back to previous partition.

ER topology

BA

1-step dynamics
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expected partition

A

B

In this second order Markov dynamics, a standard approach to partition detection find

the dynamical pattern.

Conclusions

•Many dynamical systems display complex dynamics (may be the result of a projec-

tion of Markovian dynamics to a lower dimensional state space)

• Classic approaches to community detection do not consider temporal complexity.

•Human web-surfer is not Markovian (as in Pagerank);


