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Ugo Montanari
Dipartimento di Informatica

Università di Pisa

Foundation of Computing 

48 ore - 6 CPU 
Second Semester 2021-2022

Exam: a seminar on a related subject  
Prerequisites: some elementary knowledge  

of logic and algebra 
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Motivations of the Course

●  Need of
–  unifying different approaches

» where are Maxwell equations?
–  sharing formal developments among different fields 

●  Category theory is a good candidate
–  abstraction
–  representation independence
–  compositionality
–  canonical constructions

●  Often constructions have a precise semantic meaning
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Structure of the Course

λ-calculus 
 
Alonso Church ‘30 untyped as  
logic for computable functions 
 
Domain equation solved by 
Dana Scott in 1969-71 
 
Inspired LISP and all 
functional languages 
 
Type theory for polymorphism  
and abstract data types 

cartesian closed categories 
Pierre-Louis Curien 
categorical abstract machine 1997  

Petri nets 
 
Carl Adam Petri 1962 as a  
basic model for concurrency 
 
Collective/individual semantics 
Nonsequential processes 
 
Graphtransformation, 
term rewriting 
 
Probably most used specification 
formalism for practical systems 

monoidal categories 
Jose Meseguer-Ugo Montanari 
Petri nets are monoids 1989 

functions as data concurrency interactivity 

Calculus of Communicating  
Systems (CCS), π-calculus 

Robin Milner (Turing award ‘91) 
CCS around 1980, π-calc.1989 
 
Bisimilarity, David Park: most  
used equivalence of interactive 
nondeterministic systems. 
 
Formal basis of most models 
for state-based compositional  
secure distributed systems 
 

coalgebras-bialgebras 
Peter Aczel 1988-89 
Daniele Turi, Gordon Plotkin 1997 
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Untyped Lambda Calculus 

(λx.xx) (λx.xx)  (λx.xx) (λx.xx)  … 

existence of nonterminating computations 
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Note di 
 

Lambda Calcolo 
 

1. Il lambda calcolo con tipi semplici  

 L'isomorfismo di Curry-Howard  

 La semantica equazionale 

2. Le categorie come algebre parziali  

 Categorie monoidali, cartesiane e cartesiane chiuse (CCC)  

3. Le CCC come modelli del lambda calcolo con tipi semplici  

 

 

 

Libro di Testo: J. Mitchell, Foundations for Programming Languages, MIT Press, 1996. 
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