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Networks are everywhere!
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Networks are everywhere!
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We need to find ways of accurately 
representing them



What are networks?

▷ Structures which capture the 
relations between discrete 
objects

▷ In a network, nodes (vertices) 
are connected together by 
links (edges).
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Simple network example

John is friends with Jill

Jill is friends with John

John is friends with Eve
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John

Jill

Eve
John Jill Eve

John 0 1 1

Jill 1 0 0

Eve 0 0 0

Textual Graphical Adjacency Matrix



Multilayer networks

▷ In a multilayer network, nodes are linked together by 
different types of relations
○ Ex. friend and enemy
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JohnJack Eve
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Simple multilayer network example

John is friends with Jill

Jill is friends with John

John is enemies with Jack
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John

Jill

Jack

Friend John Jill Jack

John 0 1 0

Jill 1 0 0

Jack 0 0 0

Textual Graphical Adjacency Matrix
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Enemy John Jill Jack

John 0 0 1

Jill 0 0 0

Jack 0 0 0



Problem

▷ Find a representation of a multilayer network that 
allows computers to reason with it in an intelligent 
way
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Existing approaches to network 
modeling 

▷ Two common approaches are:
○ Blockmodeling
○ Embedding methods
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Blockmodels

▷ Blockmodels decompose a network into probability 
distributions

▷ Each probability distribution represents a structural 
component of the network

▷ When sampled together, the probability distributions 
generate the network

▷ Usually rely on finding communities in network
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Blockmodels

12



Blockmodels
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Community 
membership

Community 
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Community 
interactions

Value of interaction 
between node i to node j 



Embedding methods

▷ Use deep architectures to learn latent representations 
of nodes in an embedding space

▷ Usually rely on sampling paths in the network and 
embedding nodes which co-occur more often in these 
paths close to one another in the embedding space
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Embedding methods
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Drawbacks of existing approaches

▷ Blockmodels
○ Difficult to model nodes jointly and learn deep 

representations
○ Inference scheme oftentimes complicated

▷ Embeddings methods
○ Limited work in multilayer networks
○ Need to be used in conjunction with other methods 

to solve certain tasks
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Our approach

▷ Our model fuses blockmodeling with embedding 
methods
○ Overcomes drawbacks of both

▷ Learns network communities as well as node 
embeddings

▷ Solved using a neural approach
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Our generative approach (high level)

1. Learn embedding for each node
2. Assign each node to a community using embedding
3. Learn interactions between communities
4. Extend interactions between communities to their 

constituent nodes
5. Learn and apply relational modifier to node interactions
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Our generative approach (graphical)
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Our generative approach (graphical)
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Node embeddings

Community memberships

Relation embedding

Community interactions

Value of interaction 
between node i to node j 
on relation r



Evaluation
▷ Three tasks which are commonly used to evaluate 

performance of model:
○ Link prediction
○ Node classification
○ Community detection
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Link prediction

▷ Infer whether a link exists between two nodes
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John

Jack Eve
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Node classification

▷ Assign a discrete label to a node
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John

Jack Eve



Node classification

▷ Assign a discrete label to a node
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John

Jack Eve

Boy

Boy

Girl



Community detection

▷ Detect communities (nodes with similar properties) in a 
network

25

John

Jack EveBob

Bill

Jill
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Community detection

▷ Detect communities (nodes with similar properties) in a 
network
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John

Jack EveBob

Bill

Jill

Ana

Community A Community B



Datasets

▷ Trade: trading relations of various commodities 
between countries

▷ Vickers-Chan: social relations between students in 
Australian classroom

▷ Lazega: social relations between American lawyers
▷ Krebs: social relations between IT employees
▷ Twitter: interaction between Twitter users
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Results: link prediction
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Results: node classification
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Our method



Results: node classification
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Results: community detection
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Our method



Conclusion

▷ We introduced a method for modeling multilayer 
networks that fuses blockmodels with embedding 
methods in a neural framework

▷ Results show that our model is competitive with or 
better than state-of-the-art methods

▷ Code and datasets necessary to replicate our results 
may be found on GitHub at: 
https://github.com/mpietrasik/mnb
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Thanks!
Questions can be sent to 
pietrasi@ualberta.ca
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