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My remarks on Nelson [1] and Simon [2] are directed not so 
much at criticisms of what they have had to say as at questions 
generated by reading and studying what they have written. I also 
emphasize that my questions are ~enuine questions. They are not a 
rhetorical device for stating my own clear and definite views on the 
nature of complex systems. I have organized these remarks under 
seven headings. 

1. Concept of Fuzzy 

Although the official title of our symposium is "Complex Fuzzy 
Systems, II neither Nelson nor Simon spends any time on ~.mat it means 
to say that a system is not merely a complex system but a complex 
fuzzy Presumably, the organizers of the symposium had in 
mind concept of fuzzy introduced by Zadeh. Although I like 
many of the things that have been written by Zadeh and other people 
about fuzzy sets ([3],[4],[5]), I share the implicit avoidance of the con­
cept by Nelson and Simon in this symposium. It is a difficult enough 
problem to deal with complexity without adding the e~bellishI11ent of 
fuzziness. In the final version of his • Nelson has added a 
number of general remarks about fuzziness, he has not made use 
of the extensive technical apparatus that has been developed. In my 
own view, this was for good reason: The theory of complexity is still 
too primitive to stand up to the addition of the technical apparatus 
now widely used in the literature on fuzzy concepts. 

2. Complexity and Conflict 

Nelson emphasizes that the characterization of complex systems 
should involve goal conflict. I find that this goes against both 
what Simon has to say and my o\m intuitions. The characterization 
given by Simon at the beginning of his paper does not require conflict, 
and many of the examples he gives in his paper also do not require 
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conflict between intentional or among the goals of a given 
agent. I am sympathetic with s focus on conflict as an impor-
tant component of many complex systems, but it makes the problem of 
defining complex systems unduly difficult to insist on including the 
concept of conflict as a necessary condition. My next paragraph of 
remarks contains examples that exhibit complexity under many different 
current concepts of complexity but that do not exhibit any aspect of 
conflict--I refer to random phenomena. 

3. Complexity and Randomness 

Given the large literature of the past decade or so on the complex­
ity of sequences, a literature that originates primarily in an attempt 
to provide a new and more workable concept of randomness, it is sur­
prlslng to find no comments in either paper bearin~ on the relation 
between random phenomena and complex systems. Implicitly, Simon's 
remarks about hierarchy and the kind of simplifications introduced 
into systems by hierarchy make a case for closely associating random­
ness and complexity. It is just, in fact, a sequence that has no 
hierarchical structure that exhibits maximum randomness and thus 
maximum complexity. the very best examples of complex sys-
tems that go against s characterization of complex systems as 
involving conflicts are systems involving maximal randomness. I sup­
pose my own view is that the work that has been done on complexity 
and randomness represents the deepest conceptual attack on the problem 
of complexity in recent years. It is that belief that generates my 
surprise at the absence of detailed discussion of this literature. 

4. Geometric Complexity 

I like Simon's example from the history of mechanics and I agree 
with most of what he has to say about hierarchies, hut I think that 
fortune does not smile upon most of us most of the time the way it 
smiled upon Kepler and Newton. There are many problems in which 
geometric complexi.ty, or, put another way, the complexity of spatial 
configurations, seems intuitively substantial if not overwhelming. 
A prominent current example is the apparent complexity of the machin­
ery it took to prove the four-color conjecture. As a historical 
illustration of geometric complexity we may take Simon's own example 
of the work of Kepler and Newton. Accordin? to tradition, it was only 
in 1685 that Newton solvec1 in rigorous form the difficult prohlem of 
showing that the gravitational attraction of a sphere of uniform mass 
is the same as that of a particle of the ~iven mass located at the 
center of the sphere. In modern terms this is a si~ple case, but it 
illustrates already the considerations of continuity aqd symmetry so 
characteristic of geometric analysis. It seems to me that we have 
rather good intuitions about the complexity of geometric configurations 
as we move away from simple principles of symmetry to more complex and 
subtle configurations, and it is an important part of our intuitions 
about complex systems to associate complexity with the nature of the 
spatial configuration of the system. By introducing the large and 



difficult subject of geometric complexity I am not saying that in the 
scope of our symposium these matters should have been dealt with by 
Nelson and Simon. I an merely trying to bring out the plurality of 
the different concepts of complexity that can easily be identified 
and that suggest we are far from having a unified theory of complexity 
as yet available. 

5. Simple Models of a Complex World 

Both Nelson and Simon implicitly make the distinction between 
of the world, as reflected in a fixed set of concepts built 

a given model, and the turbulent chaos of the real world itself. 
It seems to me that it is essential that this distinction be drawn in 
a sharp form. We can only hope to have a concept of complexity for 
explicit models of the world and not for reality itself or even small 
parts of it. Thus. it seems to me important to recognize that two 
different theories could be satisfied by models of the world that 
occupy the same spatial and temporal region but that differ ,rldely in 
complexity. In a formal way, what I am is that complexity is 
an attribute always of models of a given and this relativiza-
tion seems inescapable. 

6. Reduction of Theoretical Complexity 

Another sense of complexity that is not caught in an explicit way 
in the distinctions and examples introduced by Simon. and that is 
probably not relevant to Nelson's approach, is the reduction in com­
plexity of theories or models of theories by the introduction of 
explicit definitions and the use of auxiliary concepts. A familiar 
and simple is the vast reduction in the complexity of formulas 
in a systematic development of mathematics like that of 
axiomatic set theory by the introduction of explicit definitions of 
new concepts. It is fair to say that no one would be capable of com­
prehending the more advanced theorems of set theory if they were 
written in terms of the single primitive concept of set membership. 
There are several ways of measuring the kind of complexity reduction 
gained from the introduction of explicit definitions. It is evident 
that the gains are so substantial in any highly systematic theory that 
under a wide variety of measures of conplexity the reduction of com­
plexity by the use of explicit definitions will be robust and evident. 
Closely connected to the simplification of formulas is the simplifica­
tion of proofs. Some of the best examples are probably to be found in 
number theory. The importance of explicit definitions in reducing the 
complexity of proofs has been emphasized by Kreisel in several papers. 
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7. Plurality of Complexity Concepts 

I have flentioned already, but I want to conclude by emphasizing, 
that though there is Some family resemblance among the different con­
cepts of complexity, it is that of second cousins and not of siblings. 
The generic concept of complexity seems be like the generic concept of 
independence. We have rather strong but crude intuitive ideas about 
complexity just as we do about independence. As we begin to develop 
different notions of independence, however. we find that there is not 
a close structural relation between them. For example, logical inde­
pendence and statistical independence have quite a different forMal 
character. Moreover, the analysis of complexity is in a worse state 
than that of independence. We have some very well agreed upon concepts 
of independence, in fact, the two just mentioned as well as others, for 
example, the general concept of linear independence. We have no com­
parable developments as yet in the theory of co~plexity, and as a 
result a general theory of any depth does not yet seem in sight. 



References 

[1] Nelson, R.J. "Structure of Complex Systems." In PSA 1976, 
Volume Two. Edited by F. Suppe and P.D. Asquith. East Lansing: 
Philosophy of Science Association, 1977. Pages 523-542. 

547 

[2] Simon, Herbert A. IIHow Complex are Complex Systems?" In PSA 1976, 
Volume Two. Edited by F. Suppe and P.D. Asquith. East Lansing: 
Philosophy of Science Association, 1977. Pages 507-522. 

[3] Zadeh, Lofti. "Fuzzy Sets. 1I Information and Control 8(1965): 
338-354. 

[4] ------------, Fu, K., Tanaka~ K. and Shimura, M. (eds.). Fuzzy Sets 
and Their Applications to Cognitive and Decision Processes. New 
York: Academic Press, 1975. 

[5] ------------. "Probability Measures of Fuzzy Events." Journal of 
Mathematical Analysis and Applications 23(1968): 421-427. 


