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The latest research trends in deep learning are promoting a renewed interest in the machine learning 

community towards the adaptive processing of structured data such as sequences, trees and more 

general classes of graphs. Structured data is compound information whose atomic components (i.e. 

the labelled nodes) have a semantics which can only be fully modelled when taking into 

consideration the context provided by the structural relationships with other components. Sequences 

are the simplest form of structured information which have received much attention in the recent 

past, where deep recurrent neural models have been used, e.g., to learn generative models or 

predictors for natural language text represented as a sequence of characters or vocabulary words. 

The attention of the research community is now drifting towards more complex hierarchically-

structured representations, such as with parse trees in NLP, abstract syntax trees in programming 

languages, hierarchical image segmentations in vision and phylogenetic trees in biomedicine. In this 

respect, we are witnessing a rediscovery of recursive neural network models and their use to process 

and encode structured information. This contribution is intended to provide an overview of such 

recent trend and to discuss ongoing works on machine learning models for tree-data  brought forward 

at the Computational Intelligence and Machine Learning group in Pisa and within the scope of the 

MIUR-SIR project LISTIT. Particular focus will be given to models bridging neural and probabilistic 

approaches. It will be shown how this can serve, on the one hand, to realize neural models learning 

distributions over tree structured data spaces and tackling the long standing challenge of learning 

non-isomorph transductions. On the other hand, it will be discussed the use of deep learning 

techniques to train scalable generative tree models for large-scale applications and that are suitable 

for parallel training on last-generation GPU cards. 
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