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2008 : Peugeot gasoline car engine

Adjustments (~100 parameter intervals) Exhaust gases densities 
and debits

(~20 output intervals)



  

Set Inversion Problem



  

Looking for an input-output relation



  

Symbolic Regression  via Genetic Programming 
combined with Set Inversion



  

Example of Symbolic Regression



  



  

• R. Moore (1966), T. Sunaga (1958) , M. Warmus (1956, 1961) : Generalized Interval 
Arithmetic (GIA).

• H.-J. Ortolf, E. Kaucher in the 70’s : the intervals form a group with respect to 
addition and a complete lattice with respect to inclusion.

• In order to adapt it to semantic problems, in the beginning of 80’s, E. Gardenes et al. 
developed an approach called modal interval arithmetic.

• S. Markov and others in the 90’s : Directed Interval Arithmetic, in which Kaucher’s 
Generalized Intervals can be viewed as classic intervals plus direction. 
Proper/Improper Intervals : Intervals with sign.

Brief Historical Overview



  

Another approach

• Generalized intervals : pseudo-intervals and anti-pseudo-intervals correspond 
respectively to the proper and improper ones. 

• Canonical construction based on the semi-group completion into a group.

• Associated Real Vector Space. Analogy with Directed Intervals.

• Banach Vector Space Structure : Linear Algebra and Differential Calculus.

• Extensions to Pseudo-Intervals N-dimensional Free Algebra with N=4,5 or 7.
 



  

Minkowski operations



  

Usual Representation of Intervals
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Another representation of Intervals
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Algebraic completion



  



  

Intervals with signs



  

Real Vector Space Construction

External multiplication : 



  



  

Pseudo-Intervals Vector Space



  

Goals :

• To build a well-defined and distributive interval product.

• To avoid data dependencies in inclusion functions 
definitions.

• To build unequivocally inclusion functions from native ones.
 

Free Algebra associated 
to PI-Vector Space



  



  



  

Pseudo-Intervals Product in A
4



  

Pseudo-Intervals Division



  



  



  



  

A
5
 Free Algebra



  

Looking for a Minkowski product



  



  



  

A
7
 is the right Free Algebra



  

Inclusion functions



  



  



  

Matrix diagonalization 
( Iterated Power Method)



  



  



  

Matrix Inversion (Schutz-Hotelling Algorithm)



  



  



  



  

Topology



  

Continuity & Differentiability



  



  

Optimization examples



  



  



  

Set Inversion Examples



  



  



  



  



  

Improvements of PSI

• Adaptive mesh, with bisection spanned only in the space directions where the 
derivative magnitude is larger than a certain fixed value, because it is not 
useful to bisect in flat directions.
 

• Random and/or Monte-Carlo-like methods.
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