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1. Artificial Intelligence 
2. Medical Informatics 
3. Knowledge Representation 
4. Case-Based Reasoning 
5. Decision Support System 
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6. Semantic Process Mining 
7. Computational Ontologies 
8. Multicriteria data structure and compression algorithms  

 
 

CURRENT ISSUES OF RESEARCH 

1. Multicriteria data structure 
 

A multicriteria data structure, for a given problem 𝑷, is defined by a pair <	𝓕,	𝑨	>P consists 
of a set 𝓕	 of data structures, each one solving P with a proper trade-off in the use of some 
computational resources, and a properly designed optimization algorithm that is able to efficiently 
select in 𝓕	the data structure that “best fits” an instance of P given in input. Recently I have been 
working on the use of data compression to speed-up machine learning algorithms. The rationale is 
that the implementation of many machine learning algorithms often boils down to repeated matrix 
vector multiplications involving very large matrices with strong regularities that makes them highly 
compressible. The aim of the research is to exploit compressibility to reduce not only the storage but 
also the number of arithmetic operations. 

 

2. Mining, retrieval, analysis of business process for the improvement of health care 
 

We propose the adoption of process mining techniques to learn process models from business 
process traces; the definition of proper similarity metrics for traces and business process models; the 
exploitation of these metrics within proper retrieval and ordering algorithms to support process 
analysis; testing will take place in real world domains (e.g. stroke management) optimization of 
process task scheduling in a cloud computing environment). Application of process mining 
techniques to process logs created from the information services of hospitals, to extract the process 
model by which patients with specific conditions (e.g. stroke patients, pre-term born babies or 
accident victims) are treated. This allows to understand what is really done in the structure, in order 
to compare this model with the procedures that are expected to be performed by the staff. This 
comparison highlights the differences that can help understanding why the expected procedures are 
not properly managed, obtaining useful information for the optimization and improvement of the care 
process. 

 
3. Towards a Knowledge-Intensive and Technology-enhanced Patient Emergency 

Management 

Patients in emergency (e.g. stroke patients, pre-term born babies or accident victims) are 
normally taken to the closets hospital structure, which might be insufficiently equipped, in terms of 
human or instrumental resources, to address their needs. In these situations, the stabilization process 
may be suboptimal because patients has to be stabilized, and then carried to a larger and more suitable 
health care center, where specialized physicians and all necessary diagnostic/therapeutic devices are 
available. During transportation to a larger center by ambulance, their parameters are monitored, but 
the time series are not recorded and not accessible in real time. We propose tools and methodologies 
to overcome these issues. The work will advance research in process mining, Case-Based Reasoning, 
time series retrieval. 

 
4. Database management systems for supporting Biomedical reserach 

 
Clinical and research data are essential for patient care, research and healthcare system 

planning, requires a robust and secure manner in which to collect, store, transfer and analyze data. 
Researchers require environment specific data management tools in order to undertake accurate, safe 
and secure data curatorship. An independent researcher may not have access to formal informatics 
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and data management resources. In particular, health-care researchers often have limited information 
technology and computer skills. Emergent researchers find this to be another constraint in carrying 
out research. Data quality is improved by enabling data collection by a diverse team. REDCapTM is a 
software tool developed at the Centre for Clinical and Translational Research at Vanderbilt University 
in Nashville, Tennessee, USA. REDCap provides researchers with a tool for design eCRFs (electronic 
Clinical Report Form) and the development of electronic data capture tools for clinical trials. REDCap 
allows the researcher to choose and define their data elements in compliance with the clinical 
protocol. Although this may limit interoperability, it is a consequence of the user-defined metadata 
model. The Faculty of Health Sciences has recognized the need to support information technology 
for the formalization of knowledge domains and workflows regarding clinical protocols. 

 
5. Process mining and information retrieval on process logs and time series 

In many application areas, the processes being executed and the temporal evolutions of data 
are recorded, in the form of (process) logs or time series. In such a context, there are main topics: the 
retrieval of series (or process traces), and the mining of process models from the logs. In both such 
contexts. Current research activity is on the development of techniques to operate at multiple level of 
abstractions and to achieve efficiency through the identification and use of proper indexing structures. 

 
6. Development of computational ontologies for decision support 

 
In the development of decision support systems, special attention is paid to the development 

of ontologies that allow the representation and reasoning on the caused effects of actions taken during 
a process (manufacturing, clinical or other). We define these ontologies through three main classes: 
State, Action and EffectAction. The States are abstractions obtained from the data generated by the 
process. These states are categorized into initial states (initial states of the process), goal states (states 
desired final or otherwise) and intermediate process states. Starting with an initial (or a current) state, 
it is possible to reach a goal, following the recommended actions formalized through classes of type 
Action. Relations have been introduced to relate these entities (like for example, the Effect-Action 
relation), which realizes the link between actions and their effect (one State caused by the actions 
themselves). 

 
 

7. Case Based Reasoning, time series and temporal abstractions 
 

In many contexts where CBR is a valid technique for the retrieval of similar cases, the problem 
of the treatment of time series arises. In this field, our research focuses on efficient retrieval of similar 
time series, through dimensionality reduction techniques that allow the calculation of the distance of 
few representative points instead of all the points of the time series. Furthermore, the introduction of 
Spatial Indexing trees optimizes even more the retrieval performance. Moreover, the transformation 
of those features in the form of abstractions of trend and states allows the efficient recovery of cases, 
thanks to a new multi-dimensional indexing structure providing flexible queries. This structure takes 
into account different levels of temporal granularity and different taxonomic levels of the language 
that describing trends and states. 
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