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• Problem statement
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• Layer Associativity



Edge Prediction

• The problem of edge prediction can be stated as a classification 
problem.

• Two classes: existing x missing link (edge). AUCS expample.



Features to Use

• Each pair of actors can be described using some features:

• the product of the number of neighbors of the two nodes

• the number of common neighbors.

• A crucial task to achieve accurate predictions is the choice of 
good features. 

• Only structural features are taken into account.



Methods

• 𝑠𝑐𝑜𝑟𝑒 𝑎, 𝑏 = 𝑁 𝑎 × 𝑁 𝑏 , 𝑁 𝑎 + |𝑁(𝑏)|

• 𝑠𝑐𝑜𝑟𝑒(𝑎, 𝑏) = |𝑁(𝑎) ∩ 𝑁(𝑏)|

• 𝑠𝑐𝑜𝑟𝑒 𝑎, 𝑏 =
𝑁 𝑎 ∩𝑁 𝑏

𝑁 𝑎 ∪𝑁 𝑏

• 𝑠𝑐𝑜𝑟𝑒 𝑎, 𝑏 = σ𝑐∈𝑁(𝑎)∩𝑁(𝑏)
1

𝑙𝑜𝑔 |𝑁(𝑐)|



The Multilayer Case

• In multiple layers, the problem of edge prediction can be 
extended in two aspects:

1. We do not just predict the occurrence of a new edge but a more 
complex event including information about the layers, for example, 
the specific lay er where the edge is going to appear.

2. Using information about the relationships between the layers to 
define new features.



Common Actors

• The problem of edge prediction in multilayer networks can be 
reformulated so that:

• we try to predict not only the pair of authors between whom an edge is going 
to appear…

• …but also the layer where this is happening.

• In this case, if we have two layers A and B, we would compute the 
number of common neighbors on layer A and the number of 
common neighbors on layer B, and given a pair of actors (ai, aj), we 
would use the first feature to compute the likelihood that an edge 
will appear (or disappear) on the first layer, and the second feature 
for the second layer.



How to think about that…

• Beyond the basic approach, we can exploit relationships 
between different layers to build new features.

• The main idea is that if a connection on layer A is often 
associated with a connection on layer B, then we can have a new 
feature to predict the appearance of an edge on B whose value 
is proportional to the likelihood of the association.



Layer Associativity

• There is a hypothesis that the presence (or absence) of an edge 
between two actors on a specific layer may change the 
probability that those actors will be connected to another layer.

• We can compute association rules between sets of layers to learn 
more about their mutual relationships.

• We do not want to compute all possible correlations, but only 
those that are frequent and statistically significant.



Pair to Pair Connectivity

• Let us consider pairs of actors. For each pair with at least one 
edge connecting them, we list all the layers where they are 
connected.



Edge Frequency

• Most frequent layers, ranked by the frequency of connected 
pairs of nodes with an edge in each of the indicated layers



Association Rules



Support

• The support of a set of layers X, notated s(X), is the proportion 
of connected pairs of actors directly connected on all those 
layers.



Confidence

• Given an association rule X→Y, its confidence is defined as:

𝑐(𝑋, 𝑌) =
𝑆 𝑋 ∪ 𝑆 𝑌

𝑠(𝑋)



Lift

• Given an association rule X→Y, lift is defined as:

𝑙(𝑋, 𝑌) =
𝑆 𝑋 ∪ 𝑆 𝑌

𝑠 𝑋 ∙ 𝑠(𝑌)
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