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In what I am mainly 
interested

Probabilistic Graphical Models: Bayesian nets, 
Credal nets, Influence Diagrams, Qualitative 
nets, etc.

Computational complexity.

Algorithms and optimization.

Survival analysis and some bioinformatics.



Inference
Inference here is intended as probabilistic 
inference, that is, to extract information 
from an already “learned” model.

This is particularly relevant if it can’t be 
done in a trivially efficient manner!

In other words, today’s discussion is mostly 
about computing and has barely to do with 
statistics!



Relation between
 inference and learning

The name “inference” is certainly over-used 
and may mean different things.

There is a strong connection between some 
inferences (as defined here) and statistical 
inference (a.k.a. “learning”).

I’ll come back to this...



Some computations that 
fall in this category
Upper/lower expectations.

Maximal/admissible options.

Sensitivity analysis.

Information discovery/classification after the 
underlying model is already there.



When are inferences challenging?
High dimensional domains (e.g. because of many 
categorical variables, variables with many 
states) with compact formulations (otherwise 
there is short we can do!)

Continuous variables and no simple 
parametrization.

Remember we are focusing on the computations  
after model learning, but computations needed 
for learning are also pretty tough...



Challenging inferences because 
of imprecise probability

There are many situations where the computation with the 
“corresponding” precise model is already hard, e.g. very 
large Bayesian networks, or large                            
un-structure domains.

Three directions: 

Ignore those cases and assume that the precise case is 
easy.

Try to employ imprecise probability to address exactly 
those problems in precise models.

Work on problems that have no obvious corresponding 
precise case.



Assuming that precise is easy
Current algorithms for strong credal networks are 
based on this premise.

Inferences in most credal classifiers also fall here.

TALKS: “CREDO: a software for credal networks” 
and “Inference algorithms for credal networks” 
and “Model checking for infinite horizon Markov 
chains”.



Working on problems without 
precise correspondence

Some logic + stochastic independence.

Dealing with qualitative assessments.

Accurate treatment of missing data.

TALKS: “Credal networks under epistemic 
irrelevance” and “Probabilistic logic and credal 
nets” and “Modelling practical certainty and its 
link with classical propositional logic”



Trying to employ IP to solve 
inference problems in precise models
Some hard inference problems in precise models 
translated into imprecise probability inferences.

MAP assignment in high-dimensional domain into the 
computation of upper expectation.

Decision making with influence diagrams.

Some learning tasks can be seen as the constrained 
optimization of a function over a credal set.

TALKS: briefly this talk, but we can

discuss more about it later...



Credal nets as way of 
learning Bayesian nets

Multivariate domain with (usually) dozens of 
categorical variables.

Strong-independence statements help        
to compactly encode distributions           
over the domain.

P(X_{1\ldots n}) = \prod_{i=1}^n P(X_i|parents(X_i)) 
where P(X_i|parents(X_i)) \in K(X_i|parents(X_i))



Credal nets as way of 
learning Bayesian nets

P(X_{1\ldots n}) = \prod_{i=1}^n P(X_i|parents(X_i)) 
where P(X_i|parents(X_i)) \in K(X_i|parents(X_i))

Assume we could efficiently solve \max_{P\in K} 

\sum_{x_{1\ldots n}} N_{x_{1\ldots n}} \log P(x_{1\ldots n})

Currently we have working algorithms only for 
linear queries... extending that might help us to 
reach a whole bunch of problems...

We might need to think about the independence 
concept being used

Can we learn using linear/convex/concave queries?



A proposal for the day

Pack all talks in the morning. Use them to 
establish where we are.

Meet here after lunch to discuss where we 
are going.

E.g. in non-necessarily disjoint subsets of people that share 
common points for discussions.


