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Intro (Motivation)

As proving techniques have proof calculi as formal 
foundations (in the context of General Logics), 
semantics-based techniques also require formal 
foundations

Software analysis methodologies, understood as 
combinations of different verification techniques, also 
require formal foundations
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Institutions and general logics

’84 - Goguen and Burstall formalize the model 
theory of a logic in category theory by introducing 
the concept of institution

’89 - Meseguer extends this model theoretical view 
of a logic to cope with the proof theoretical aspects 
introducing the concepts of proof calculus, proof 
sub-calculus and effective proof sub-
calculus
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Institution

Saturday, March 16, 13



Entailment system
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Logic
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General Logics
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General Logics

This observation is entirely correct and the result was the formalization of the notion of proof 
calculus, proof sub-calculus and effective proof sub-calculus as an “implementation” 
or operational view of the entailment relation.
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Proof calculus
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General Logics

This observation is entirely correct and the result was the formalization of the notion of proof 
calculus, proof sub-calculus and effective proof sub-calculus as an “implementation” 
or operational view of the entailment relation.

What about the formal aspects of the satisfiability relation?
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General Logics
Many techniques for software verification are based 
in the semantics of the specification language: tableau 
techniques, sat-based techniques and many model 
checking approaches

In this case what remains invariant is the satisfaction 
relation

Thus, Meseguer’s argument apply in exactly the same 
way to satisfiability relations
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Satisfiability calculus

A satisfiability calculus provides an operational 
views of the satisfiability relation of an institution

A satisfiability calculus can be understood as the 
semantic counterpart of a proof calculus

As such, a satisfiability calculus, concentrates on 
the “mechanics” behind the model theoretical aspects 
of a logic
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Satisfiability calculus
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Satisfiability calculus
(Example: Tableau for First Order Predicate Logic)
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Satisfiability calculus
(Example: Tableau for First Order Predicate Logic)
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Software analysis
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Satisfiability sub-calculus
A satisfiability sub-calculus is a restriction of a 
satisfiability calculus

Provides the mechanisms for determining a sub-
language (i.e. sub-category of signatures, subset of 
formulae and sub-category of theories) on which a 
particular semantics-based method can be applied

Saturday, March 16, 13



Satisfiability sub-calculus
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A satisfiability sub-calculus is a restriction of a 
satisfiability calculus

Provides the mechanisms for determining a sub-
language (i.e. sub-category of signatures, subset of 
formulae and sub-category of theories) on which a 
particular semantics-based method can be applied

The sub-language determined must be organized in 
Spaces 

Effective Satisfiability sub-calculus
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Effective Satisfiability sub-calculus
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Software analysis
Software verification techniques are usually divided into two 
categories, lightweight (related to model construction or 
counterexample searching and usually unassisted) and 
heavyweight (related to theorem proving, usually assisted)

Software analysis has departed long ago from having to choose 
one among all the tools available, specially, one of these two 
categories of tools

Thus, the key is how to relate them through a methodology, 
with formal foundations, for software analysis
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Software analysis
A well known method for software analysis based on the time 
consumption and expertise required for the technique involved is:

a lightweight technique for model searching is used in order to 
construct a counterexample of the property:

if it exists then the specification and the property are refined,

if not we gained confidence in the specification and the property 
and then,

a heavyweight technique is applied in order to prove the 
property
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Institution representation
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Software analysis
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Software analysis
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Software analysis
(Example: First Order Predicate Logic - Propositional Logic)
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Software analysis
(Example: First Order Predicate Logic - Propositional Logic)
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Outro (Conclusions)

We provided formal foundations for semantics-based methods 
for software verification like tableau techniques, sat-based 
methods and many model-checkers for logical languages

We provided formal foundations for a well-known methodology 
for software analysis based on the concept of proof calculus and 
effective satisfiability sub-calculus
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Outro (Further work)

Explore conditions under which map of institutions reducing the 
expressive power still allow modular analysis (requires not to 
loose morphisms)

Study relations between structures representing proofs and 
canonical models in proof calculi and satisfiability calculi, 
respectively.
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¿? & ¡!

dedicated to the memory of Comandante Hugo Chavez Frías
¡Hasta la victoria siempre, patria o muerte!
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