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The purpose of this talk is to put forward some thoughts 
on the history of the mathematical concept of a dynamical 
system as it has evolved in control over the years. 

We will start with some of the early ideas as used by Maxwell 
and Lyapunov who viewed systems mainly in the context of 
(non)linear differential equations. 

Parallel to this development there was the notion of a trans- 
fer function and frequency response which emerged from the 
work of Heaviside and Rayleigh. These ideas were very effec- 
tively used by Black, Nyquist, and Bode in the description 
and the mathematical analysis of the stability of the feed- 
back amplifier. All this led to the notion of an input/output 
systems in which a dynamical system was basically viewed 
as a mapping from inpus to outputs. LFrom a mathematical 
point of view this was very much the basis of Wiener’s work 
which has had great influence in mathematics. 

Bode and Wiener also developped, as an outgrowth of this, 
the notion of feedback. It became and remained the central 
concept in control. Wiener also attempted to give his ideas 
a philosophical flavor through Cybernetics, a way of view- 
ing control and information processing in living systems and 
machines. 

The first part of the talk will deal with these developments 
with as central idea the notion of a transfer function and the 
concept of feedback. Ei-equency-domain thinking was cen- 
tral in this. All this led to a very succesful theory of control, 
with Bode, Nyquist, and Black diagrams; root locus analy- 
sis; phase and gain margins; PID-control and Ziegler-Nichols 
charts. 

The second part of the talk will deal with the post-1960 area 
in which time-domain thinking took over and the frequency- 
domain (temporarily) remained in the background. 

The late fifties and the early sixties saw the introduction of 
state space modelling in control. Particularly the work of 
Kalman propagated this point of view. However, it was also 
basic in the theory of optimal control (as Pontryagin’s max- 
imum principle) and in Bellman’s dynamic programming. 
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Kalman managed to keep a strong tie between the in- 
put/output and the state space point of view. Through the 
notion of a state space realization and the development of 
realization algorithms it was in principle possible to view in- 
put/output maps, transfer fuctions, and state space models 
as different representations of the same basic object. Thus 
the point of view which most control theorists adhere to is 
that, while actual systems are most naturally viewed in an 
input/output setting, when it comes to computations state 
models have superior properties. Control then is a question 
of reverse mapping: the signal flow graph of the plant and 
of the controller are reversed. 

The introduction of the state concept appeared to be a strong 
unifying principle for the description of dynamics. It fitted 
well with some ideas from physics, as Hamiltonian mechan- 
ics and Quantum mechanics. State descriptions also filled 
the need to work with both external and internal variables. 
However, Rosenbrock’s partial state already indicated some 
discomfort with this implememntation through the classical 
notion of state. 

We will contrast these development of the last three decades 
in control with what has happened in other related fields 
as signal processing (a strongly input/output oriented disci- 
pline), physics and dynamical systems as they are studied in 
mathematics and Hamiltomian mechanics and flows on man- 
ifolds (no inputs), electrical circuits, and automata theory, 
symbolic dynamics, and discrete event systems (much more 
complex influence structures). The picture which emerges 
from these fields suggests that the input/state/output set- 
ting have had much less influence in these areas than one 
could have expected. We will speculate why this was the 
case. 

We will close by putting forward the behavioral point of view 
with its manifest (external) and latent (internal) variables as 
a logical framework for describing dynamical systems and as 
a natural outcome of the historical development sketched 
above. We will also put the feedback processor as the cen- 
tral control concept in its limited perspective and argue that 
there is very much a need for a more general idea: system 
interconnection as the basic idea of control design. 
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