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Abstract: 
Realization theory is the main topic of system theory.  Before covering the case of rational systems 
the case of linear systems will be treated.  The realization problem is to determine for a considered 
input-output relation: (1) whether there exists a dynamic system whose input-output relation equals 
the considered input-output relation; such a system is then called a realization of the considered 
relation; (2) to characterize those realizations which have a minimal state space, often in terms of 
controllability and observability; (3) to classify the set of all minimal realizations of the considered 
input-output relation.  The realization problem of linear systems starts with a linear impulse response 
function of the system. A necessary and sufficient condition for the existence of a realization is 
provided.  It uses the concept of a rank of a matrix.  The classification is in terms of a set of state-
space transformations.  The problem was solved by R.E. Kalman (1963).  The realization problem of 
rational systems starts with the input-output map. The existence is in terms of an algebra having a 
finite set of generators. The theory uses the concept of a transcedence degree of a polynomial 
algebra.  The characterization of minimality is in terms of controllability and observability. The 
classification is in terms of a set of birational maps.  Computational issues and extensions will be 
described.  This lecture is the second of a series of lectures on rational systems. The first lecture was 
presented on 24 November 2014. It is not necessary that you have attended the first lecture to be 
able to listen to the second lecture though it helps. The research is joint work with Jana Nemcova 
(Inst. Chemical Technology, Prague, Czech Republic). 
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