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tions is due to spontaneous formations (the 
self-made tapestry, autogenesis in develop- 
ment and in evolution)? There is no doubt 
that self-organizing principles-to which 
patterns, structures and their changes can 
be attributed-exist at many spatial and 
temporal scales and in many different 
kinds of matter. But the resulting patterns 
also greatly depend on the inside and out- 
side connections in which constraints, di- 
rectional information, and energy supply 
are always at work. These complications 
are responsible for the great variety within 
seemingly similar patterns. The situation 
is comparable to genetic expression. In 
genes, we have an almost self-made pat- 
tern, a high dominance of their influence, 
but the environment is necessary for their 
expression and causes the variation. 

Symmetry and symmetry breaking are 
other aspects of pattern formation that re- 
quire critical evaluation. The concept of 
symmetry is certainly very useful in mod- 
eling and classifying objects and phe- 
nomena; it makes processing, calculating 
and simulating much easier. Although in 
practice (in reality) symmetry only occurs 
after very strong averaging or at short 
moments when fluctuating dynamics pass 
through equilibrium points, assumptions 
of symmetry have been enormously help- 
ful in the discovery of general rules and 
theories. Hypothesized symmetry seems 

to be an ideal, and even necessary, heuris- 
tic tool. But more care should be given to 
testing the fit of models; in such testing, 
we are confronted with an ongoing ten- 
sion between the ideal (the model) and 
the real (the observed data). Symmetry 
can also be employed as a potential state, 
much like maximum entropy, toward 
which all processes tend but never reach, 
due to continuous or pulsating energy 
supplies. (This behavior is exhibited in 
many of the examples of pattern forma- 
tion discussed by Ball.) 

Investigators adhering to the idea of 
symmetry are usually satisfied by finding 
superficial symmetry at a specific level 
of organization or structure equilibrium 
or by noticing similarity in many direc- 
tions. For example, in early embryogene- 
sis (pp. 99-100) the egg is said to have an 
initial symmetry that is broken during the 
first division and subsequent develop- 
ment. (The process can be described by 
the Turing model, which invokes reac- 
tion-diffision instability.) But, in actuali- 
ty, as demonstrated in the vast amount of 
literature on this phenomenon, the egg's 
symmetry is broken from the outset and 
again at fertilization. These original 
asymmetries are of critical importance in 
development; they affect the physical, 
chemical, and informational interactions 
among the various well-distinguished 

parts of the zygote. At best, we might 
consider symmetry unbroken to a certain 
degree if we take the potential for mutual 
interchangeability as a criterion. Yet I 
would rather say that the tapestry origi- 
nates by interaction of the parts, each 
with their own self-formation. 

With this remark, I come to a most im- 
portant implicit contribution of Ball's fine 
book. Self-organization is a plausible pri- 
mary candidate for understanding the ori- 
gin of new forms in a short interval of 
time. It can produce more--and better than 
random-variation and mutants on which 
natural selection can operate. Perhaps mu- 
tant forms are products, or by-products, of 
self-organization. Self-organizing process- 
es also make it easier to explain the devel- 
opment of new emergent structures and the 
effects of perturbations on entire construc- 
tions and patterns. Because small changes 
can affect an entire tapestry, we arrive at 
the questions of how to best approach 
chaos and unpredictability. 

The possible importance of self-organi- 
zation in the generation of variation, one 
side of the coin of evolution (natural selec- 
tion being the other), is only one of the 
many intriguing ideas raised in Ball's dis- 
cussions. All who wish to understand the 
repeated appearance of similar patterns 
and forms will find much of interest in 
The Self-Made Tapestry. 
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