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he graph alignment problem refers to the task of finding
the correspondence mapping between two or more equiva-
lent graphs, i.e. finding the right permutation between their
node labels. This is an active research area used in several
interdisciplinary fields, including, for instance, the compari-
son of protein structures or the identification communities in
a social network. In our study, we have developed a Bayen-
sian inference-algorithm to align N graphs simultaneously.

In particular, our objective is to align four experimental
connectomes obtained from the brains of C.elegans at dif-
ferent developmental stages [1]. Since individuals that be-
long to the same species share common brain features, it is
meaningful to search for the mappings between their con-
nectomes: We can consider their brains as variations of a
common “brain template”, also called the blueprint. There-
fore, our aim is to infere the right permutations between the
node labels of the four brain graphs, as well as identifying
the most likely blueprint that generates these connectomes.

In the bayesian framework, we first must to formalize a
generative process ( with ¢ the copy error probability of an
edge/neuronal connection ) for the different networks we ob-
serve, (A" are the observed adjacency matrices). The graph
alignment problem in this case is then to match each network
to the latent matrix, or, in other words, to find the permuta-
tion of network indices 7% for each network A* that match
the underlying blueprint. In what follows, we will call this
blueprint as the latent (directed) adjacency matrix L.

Finally, our goal will be then to find the set of permuta-
tions {7*} and the latent matrix L that maximize the poste-
rior probability p(L, {7*}|{A*}), Eq. (1).
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To maximize this Bayesian probability (the best solution),
we have developed a Parallel Monte Carlo algorithm that in-
corporates biological assumptions about the nodes, such as
the knowledge of the neuroblast group to which each neu-
ron belongs or the a priori knowledge of certain node labels
(called the anchors).

This probabilistic approach allows us to recover with
good accuracy the alignment of the four C.elegans connec-
tomes. Until now these kinds of alignments were done only
for pairs [2], in easier problems and without our possibilities
of fitting the generative model to other problems. Addition-
ally, we are able to infer the group label of some neurons in
cases where their neuroblast groups is unknown.
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