BAYESIAN MODEL-BASED CLUSTERING FOR DYNAMIC COUNT NETWORKS

Objectives

Objectives for today:
e Introduction to DCN.

e Definition of a Latent Space Model
for DCN clustering.

e Bayesian Inference.

e Simulation and Model Implementa-
tion.

What is a DCN?

Count Network

Count Network is a mathematical
structure, that uses count data (e.qg.
emails, calls) to describe pairwise
pairwise relations between objects.
It consists of vertices and the num-
ber of events between them.
Dynamic Count Network

Dynamic Count Network (DCN) is
a count network, that changes over
time and can be described by a
count adjacency cube Y, where:

number of events between
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the network at time t.
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Latent Space Model

Model Definition

We assume that:

(1) - N
Yo~ Poisson(\;;),
Vi,7=1,.... Nandt=1,...,T

The functional form of the model is:
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where, ~(!) is an increasing count
oarameter and 6(Y) a decreasing-
stable count parameter. W, refers
to the network actors latent posi-
tions in a d—dimensional Euclidean
space and |-| is the Euclidean norm.
Clustering definition

To represent clustering, we assume
that W,’s are drawn from a finite

mixture of G multivariate normal
distributions (FMG).

G
Wi~ Y mwgMVNy(pg, oglg)
g=1
where, , Is the probability that an
actor belongs to the ¢'" group.

Model Selection

We choose the model with the max-
imum value of a BIC approximation

BIC =BICppr+ BICr ¢
Label Switching

We solve the label switching prob-
lem using the Equivalence Classes
Representatives (ECR) algorithm.

Bayesian Inference

MCMC Algorithm
Step 1

Use of Metropolis-Hastings algo-
rithm to sample W,;, Vi =1, .... N.
Step 2

Use of Gibbs sampling algorithm to
generate samples for 114, o5 and .
Step 3

Use of random walk Metropolis al-
gorithm to update the constant pa-
rameters v and o.

Step 4

Use of Gibbs sampling algorithm to
sample from the conjugate poste-
rior densities of the precision pa-
rameters.

IXOAH

ENIETHMON & TMHMA

TEXNOAOIAE
Lol [ ITATIZTIKHE

QRN lgel jo S LV Al | DEPARTMENT OF

Autee el | STATISTICS
INFORMATION
SCIEMCES &
TECHNOLOGY

Implementation

Simulation

We simulate a DCN with ¢ = 3
clusters, d = 2 euclidean space di-
mensions, 7' = 20 time periods and
N = 100 nodes, without overlap-
ping between the clusters.

Model Fitting

Actors' positions in the latent space
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e Adjusted Rand Index = 1
eBIC =-10545.09
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