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Education

Jul 1996 Master’s degree in “Scienze dell’Informazione” (Computer Science), Uni-
versity of Pisa (final marks: 110/110 with honors). Master’s Thesis Title:
Properties of the lattice of observables in logic programming”. Supervisor:
Giorgio Levi. Referee: Laura Ricci.

Oct 1997 Licenza (Special Master’s degree) in Scienze dell’Informazione (Com-
puter Science), Scuola Normale Superiore di Pisa (final marks: 70/70 with
honors).

Apr 2001 Ph.D. degree in Computer Science, University of Pisa. Thesis title:
“Sequent Calculi and Indexed Categories as a Foundation for Logic Program-
ming”. Advisor: Giorgio Levi. International referees: Fernando Orejas, James
Harland.

Academic positions

Dec 2000 – Aug 2002 Post-doc at the Mathematics and Computer Science De-
partment of the University of Udine, Italy, within the project “Verification of
Declarative Programs”.

Sep 2002 – Oct 2017 Permanent position as Assistant Professor (Ricercatore) in
Computer Science at the University of Chieti-Pescara, Italy

Nov 2017 – now Permanent position as Associate Professor in Mathematical Logic
at the University of Chieti-Pescara, Italy

Periods of studies and research abroad

Jan – Jun 1998 “Mathematics and Computer Science Department”, Wesleyan
University, Middletown (CT), USA, collaborating with prof. James Lipton.

Mar – Apr 2001 “Departamento de Sistemas Informáticos y Computación”, Uni-
versidad Poliécnica de Valencia, Spain.

Nov – Dec 2003 “Mathematics and Computer Science Department”, Wesleyan
University, Middletown (CT), USA, collaborating with prof. James Lipton.
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Jul – Aug 2004 “STIX Laboratoire”, École Polytechnique, Paris, collaborating
with the research team led by prof. Radhia Cousot.

Nov – Dec 2015 “Mathematics and Computer Science Department”, Wesleyan
University, Middletown (CT), USA, collaborating with prof. James Lipton.

Teaching and related activities

• Lecturer for several courses at the University of Chieti–Pescara: operating
systems, computer architecture, databases, web development, data mining,
deep learning, software engineering, history of computer science, mathematical
logic, calculus.

• Lecturer and teaching assistant for the “School on univalent Mathematics”,
organized by “Scuola Matematica Interuniversitaria (SMI)”, July 17th - July
23rd 2022, Cortona, Italy.

• Advisor of more than 70 bachelor theses, 15 master theses and 1 PhD thesis
in computer science at the University of Chieti–Pescara.

System administration activities

• System administrator for the computer lab “Aula Informatica C” of the Uni-
versity of Chieti–Pescara, a classroom with around 80 desktop PCs with Linux
operating system, a centralized authentication system based on FreeIPA and
centralized home directories based on NFS.

• System administrator for a cluster (several compute nodes and one shared
storage node) based on the oVirt virtualization system. The cluster contans
both hardware and software dedicated to research (such as Jupyter Hub) and
to didactics (such as Moodle).

• Global administrator for the Microsoft 365 tenant at the University of Chieti–
Pescara.

Organization of conferences and schools

• Member of the organizing committee for the following conferences: Program-
ming languages, Implementations, Logics and Programs (PLILP ’98), Alge-
braic and logic programming (ALP ’98), Joint Conference on Declarative pro-
gramming APPIA – GULP – PRODE (AGP ’00), Workshop on Functional
and (Constraint) Logic Programming (WFLP ’02).

• Member of the program committee for the following conferences: NSAD (Nu-
merical & Symbolic Abstract Domains) ’14 , NSAD ’17.
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• Organizer of the following conferences at the University of Chieti–Pescara: Ge-
ometry and Computer Science (GNCS ’17), MATE – Maieutica Arte Tecnologie
Economia (MATE ’18), Applied Proof Theory (APT ’22)

• Organizer of the following schools at the University of Chieti–Pescara: 6th
Ph.D. School/Conference on Mathematical Modeling of Complex Systems (2019),
Geometric Deep Learning First Italian School (2022).

Research interests

Abstract Interpretation Theory. Abstract interpretation is a semantic theory in-
troduced by Patrick and Radhia Cousot in 1977 in order to design static analysis
of computer programs and, more in general, software systems.

In [40, 1] we prove that completeness of abstract domains w.r.t. semantic oper-
ators is a property which is preserved by the operation of lowest upper bound and
greatest lower bound in the lattice of abstractions, provided the semantic opera-
tors are completely additive. We also show some negative results concerning some
properties of domain refinements that, although seem quite natural, do no hold in
practice.

In [15, 10] we introduce the concept of observational completeness, which is
useful when we want abstractions which have the greatest possible precision but
only w.r.t. a given class of observations. An application of this concept appears to
the field of cellular automata in [17].

In [21] we introduce two techniques called localized widening and localized nar-
rowing. Both are variations of the standard analysis algorithm, based on an as-
cending phase (which computes an approximated result of the analysis) followed by
a descending phase (which refines the result). With localized widening, we apply
widening during ascending phase in a more selective way, which leads to a greater
precision in the presence of nested loops. Localized narrowing is a more radical vari-
ant of the standard analysis algorithm, in which the two phases are replaced by a
continuous alternation of ascending and descending phases, in which partial results
are immediately refined locally, based on a hierarchical ordering of the equations.
In [28] we integrate localization with a previous work of Seidl, Apinis e Vojdani and
we propose a completely different approach for solving data-flow analysis, which re-
places widening and narrowing with a single binary operator called warrowing. The
new approach is immediately applicable to equation systems with an infinite num-
ber of unknowns, a case which is quite common in context-sensitive inter-procedural
analyses.

In [36, 32] we study the relation between the collecting semantics and the analyses
it is suitable for. We characterize many standard collecting semantics for first order
functional programming as the initial object in appropriately chosen families of
analysis.

Static analysis of logic programs. In [5] we implement an abstract domain for goal-
independent pair-sharing analysis of logic programs. This is the first implementation
of a domain obtained by linear refinement. The method of linear refinement may be
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used when the concrete domain and the operation we want to refine make a quantale,
which is an algebraic model of linear logic. In [6, 11] we consider the domain Sharing
by Langen, one of the most known domains for the analysis of sharing properties,
and we introduce new best-correct abstract operators to improve its precision in
goal-dependent analysis. Finally, in [7, 14] we consider the interaction between
aliasing and linearity information, and we show for the first time the best-correct
abstract operator for Sharing × Lin and similar domains. In [22] the unification
operator of Sharing × Lin, which is critical to achieve precision in the analysis, is
proved to be optimal even in the case of substitutions with multiple bindings.

Extensions of logic programming languages. In [2, 3, 41] we propose a framework
for reasoning about properties of proofs in sequent calculi. Using this framework
we try to reconcile the proof-theoretic approach to logic programming, based on
the concept of uniform proof, with the classic approach based on model-theory and
fix-point theory. Using abstract interpretation to model relationships among proofs
we are able to recover well known results on the analysis of pure logic programs in
richer languages such as λ-prolog and LinLog.

While this approach is based on proof-theory, there are languages such as CLP
where model-theory plays a fundamental role. In [41, 4, 9] we show a categorical
framework which is able to deal with the operational, denotational and declarative
semantics of a wide class of logic languages. In this way, it is possible to deal
with concepts such as abstract data types, control-flow operators, functional-logic
programming and constraints in an uniform way which is consistent with the idea of
having three different inter-related semantics: operational, declarative and fix-point
semantics. A program is interpreted in an indexed category where the base category
contains all possible states which may be encountered during the execution of the
program (for example, global constraints or type informations) while fibers encode
the corresponding logical properties. We define appropriate concepts of categorical
resolution and prove results of soundness and completeness. We are actually working
on extending this framework to logic languages based on hereditary Harrop formulas.

Analysis of numerical properties of imperative languages. In [13, 16] we develop
techniques which allow to specialize numerical abstract domains for a specific pro-
gram. This method works by capturing an execution trace of the program, which
is then analyzed trough statistical methods such as Principal Component Analysis
and Independent Component Analysis. The result is a linear transformation of the
space of the possible values of variables in the program. This transformation deter-
mines a set of linear constraints which are then fed to a template domain based on
parallelotopes.

In [12] we show a prototype, written in the R language, of an analyzer which
uses the techniques shown above. This software, called RANDOM (R-based ANalyzer
for NUMerical DOMains) is available with an open source license a the URL http:
//www.sci.unich.it/~amato/random/.

In [19] we show a variant of the domain of parallelotopes where the constraint
matrix is not fixed ahead of time, but varies during the analysis. The implemen-
tation of this new domain in RANDOM has been presented in [18]. Other theoretical
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and experimental results on the domain of parallelotopes appear in [30].
Having RANDOM reached a complexity which is not easy to manage in the R

language, we are actually working on a new static analyzer named JANDOM (JVM-
based ANalyzer for NUMerical DOMains), written in the Scala language. The new
analyzer has been presented for the first time in [20]. JANDOM is still in development,
and it is available with open-source license on GitHub at the URL https://github.
com/jandom-devel/Jandom/.

In [23] we consider the problem of removing a constraint from a polyhedron in
double representation (constraints and generators). While this normally requires
to recompute from scratch the representation based on generators, our work shows
a new algorithm which, most of the times, is able to reuse the generators of the
original polyhedron. This new algorithm is useful in the implementation of widening
for the domain of polyhedra, but it may have other applications in the field of
computational geometry.

In [24] we show a new domain combinator based on Minkowski’s sum. Given two
abstract domains A and B, an object in the abstract domain A+B is a pair made
from an object of A and one of B, whose intended semantics is the Minkowski’s sum
of the two sets. Differently from other domain combinators, this one is (sometimes)
able to improve precision of the analysis w.r.t. the one attainable with A and B
separately without writing ad-hoc code. Some experiment using the sum of intervals
and parallelotopes are promising.

In [25, 31] we study the operation of narrowing in template-based domains. We
show that, in practice, infinite descending chains are quite rare. We also show that,
when working with template domain with integer bounds, we may replace narrowing
with intersection without compromising termination of the analysis. Based on this
result, we show new narrowing operators for template-based abstract domains with
rational bounds.

Static analysis of objects. In [26] we deal with sharing analysis, i.e., the problem of
inferring all couples of variable which may be potentially bound to data structures
with shared components. In this work we show how keeping track of linearity
of variables improves the precision of sharing analysis, and we show the formal
specification of a combined analysis of aliasing, sharing and linearity. We plan to
implement this analysis within the tool JANDOM.

Weird numbers. A recent topic of interest is the search for weird numbers (natural
numbers which are abundant but not semi-perfect). In trying to pursue the final
aim of finding odd weird numbers, in [27] we show some techniques which allow us
to find weird numbers with up to seven distinct prime factors. In [33] we develop a
completely different approach which allows us to find primitive abundant and weird
numbers with an extremely high count of primitive factors (up to 17) and many
weird numbers with non square-free odd part.

Deep Learning. In [34, 37] we propose a multiple-komi modification of the AlphaGo
Zero/Leela Zero paradigm. The winrate as a function of the komi is modeled with
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a two-parameters sigmoid function, so that the neural network must predict just
one more variable to assess the winrate for all komi values. A second novel feature
is that training is based on self-play games that occasionaly branch – with changed
komi – when the position is uneven. With this setting, reinforcement learning is
showed to work on 7x7 Go and 9x9 Go, obtaining very strong playing agents.

Software development

Apart some prototypes strictly connected to a specific paper, I am the main devel-
oper of the following softwares:

Random (R-based Analyzer for Numerical Domains). It is a static and dy-
namic analyzer of programs based on the theory of abstract interpretation,
described in [12] and [20]. RANDOM analyzes programs written in an impera-
tive fragment of R, and implements the abstract domains of intervals, par-
allelotopes, template parallelotopes and their combinations. RANDOM com-
bines static and dynamic analysis, using statistical techniques in the dynamic
phase (Principal Component Analysis and Independent Component Analysis)
and abstract interpretation in the static phase. RANDOM has been written in
the R languages, and it is available with an open-source license at the URL
http://www.sci.unich.it/~amato/random/.

Jandom (JVM-based Analyzer for Numerical Domains). It is a static an-
alyzer of programs based on the theory of abstract interpretation, presented
in [20]. JANDOM analyzes programs written in a simple imperative language,
Java bytecode and linear transition systems. It implements the domains of
intervals and parallelotopes, together with domains for the analysis of sharing
and linearity of objects. Moreover, it may use the numerical domains provided
by the Parma Polyhedra Library. Different techniques for solving data-flow
equations have been implementing: localized widening, localized narrowing,
delayed widening, and there is preliminary support for inter-procedural analy-
sis. JANDOM also provides some domain combinators, such as reduced product
and Minkowski’s sum. The analyzer is written in Scala, and it is available
with an open-source license on GitHub: https://github.com/jandom-devel/
Jandom/.

ScalaFix. ScalaFix is the analysis engine of Jandom. It is a library written in Scala
which implements several algorithms for solving fixpoint equations on partially
ordered sets. The software is available with an open-source license on GitHub:
https://github.com/jandom-devel/ScalaFix/.

SAI. SAI (and the related SAI-server) is a multiple-komi variant of LeelaZero, an
open-source reimplementation of AlphaGo Zero. SAI implements many novel
ideas, with the aim of obtaining an artificial intelligence able to play Go at a
super-human level, not only in standard matches but also in the presence of
handicap stones or non-standard komi. The main ideas implemented in SAI
have been discussed in [34, 39, 37, 38]. The software is available on GitHub:
https://github.com/sai-dev.
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Universal Algebra in UniMath. This is a module implementing universal alge-
bra in the UniMath theorem prover. The code is available on GitHub at the
URL https://github.com/amato-gianluca/UniMath and is now largely part
of the ufficial UniMath distribution. A preliminary version as been presented
in [35].

Technical knowledge

Operating Systems. Very good knowledge of DOS, Windows and Unix, especially
Linux on Intel architectures, both at the user and at the system administrator
level.

Networks. Expert in the design and administration of computer network, even
in mixed Windows–Unix environments. Very good knowledge of the Ethernet
and TCP/IP protocol and of the most important protocols at application level.

Assembly Languages. Very good knowledge of the assembler for Intel 80x86 mi-
croprocessors. Good knowledge of the hardware architecture of a PC, and of
the assembler for Zilog Z80 and MIPS microprocessors.

High Level Languages . Very good knowledge of the main programming paradigms
(functional, imperative, logic, object oriented). Very good knowledge of the
languages C, C++, Java, Scala, Pascal, R, PHP, Python. Good knowledge of
Scheme Lisp, Prolog and Javascript. Basic knowledge of Basic and Ruby.

Typesetting languages. Good knowledge of HTML, CSS, TeX and LaTeX.

Database. Very good knowledge of the principles of relational databases, the lan-
guage SQL, the DBMS MySQL, expecially in the context of web-based appli-
cations realized with the scripting language PHP or the Play framework. Good
knowledge of MongoDB.
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