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A Preface to the Chinese Edition
of Growth and Development : Ecosystems Phenomenology

Almost a quarter century ago, I became convinced that the dynamics of ecosystem change
was not determined by the universal laws of physics, as most in science assume. Not that I see
universal laws as necessarily violated, but simply that they under — determine what we observe
in complex systems. I came to this conclusion by studying, in phenomenological fashion,
changes in networks of flows among the constituent species of an ecosystem. Since that time,
the subject of networks has become a very popular subject in many leading scientific journals.
The period of ca. 1998 - 2004, especially, saw a burst of publications about networks.

Unfortunately, almost all of this new literature on networks regards the subject through the
lens of conventional science. Different classes of network topologies are related to various
physical circumstances in the search for the key mechanisms that account for the various
configurations. What everyone seems to be missing is that networks are not the simple tokens of
scientific research as, say, mechanism, matter or energy. This was made clear one day when a
colleague said to me, “ Networks are determinate structures.” “ Not so!” 1 replied
emphatically. Networks are admixtures of constraint and indeterminacy. In general, if one is at
a particular node in a network, one is constrained during the next time step to moving only to a
small subset of all other the nodes. At the same time, it is usually not determined which of the
allowable moves will ensue. Thus, movement through the network involves a combination of
both constraint and indeterminacy.

The existence of inherent ambiguity distinguishes network dynamics from conventional,
Newtonian — like science, where universal laws determine subsequent movements. In Western
science, at least, determinism has been ascendant; flexibility has been considered either non —
existent or was ignored. This focus on determinism at the expense of all else is called
positivism, and it characterizes most of modern science.

Newton and subsequent theoreticians have developed very effective tools for quantifying
deterministic constraints. There are far fewer means for quantifying flexibility, however, and
most of those bear little mathematical resemblance to the quantitative descriptions of universal
laws. The one shining exception is information theory — — not the standard theory of
communication, but its accompanying calculus of logarithms that can be applied to networks to
quantify that which is missing or incomplete (its flexibility}). A similar mathematical form can
describe the complementary amount of constraint at work in the network. As a result, the
inherent admixture of constraint and flexibility in any network can be parsed out into two

separale terms ( called ascendency and overhead, respectively) that quantify the balance



— NV — BKERR—ESRERARE

between constraint and flexibility.

Unfortunately, this departure from strict positivism has not been appreciated by most
network investigators. It is for this reason that this translation of Growth and Development into
the Chinese language may take on significant importance: Unlike with Western science, where
positivism has always been the rule, a familiar theme in Eastern philosophy has been the
conversation, or dance between that which is and that which is not — the Yan and the Yin of
existence. The network representing any complex system must possess sufficient structure and
constraint { Yan) to undergo self — organization. But its persistence, or sustainability depends
critically on its remaining flexibility ( Yin), without which it would quickly succumb to
perturbations from its environment.

Whence, the behavior of complex systems cannot be portrayed as “ matter moving
according to universal laws” , as has been the project of Enlightenment science. Rather, what
we see in complex systems is the outcome of a “conversation” between opposite attributes of
those ensembles - that which is explicitly expressed ( ascendency) and that which is held in
reserve (overhead). The foundations for this radical departure from science — as — usual are
laid out in this volume.

There is yet another regard in which this book remains relevant almost 25 years after its
publication. The overwhelming majority of articles on networks that have appeared in the last
dozen or so years have treated either simple, undirected graphs or directed graphs, but not
graphs wherein each link is associated with a specific magnitude or weighting. The treatment of
networks in this book deals entirely with such “weighted digraphs”. The conventional wisdom
holds that weighted digraphs are uninteresting, because they are only particular tokens of the
more general class of unweighted graphs. In fact, the exact opposite is true: The most general
form of a network is the weighted digraph. Unweighted networks are degenerate forms of their
more elaborated, weighted counterparts. Any result or formula derived for weighted networks
can be applied to their unweighted versions in corollary fashion simply by setting all the
magnitudes equal.

Finally, I would like to express my sincere appreciation to Dr. Xu zhongmin and Mr.
Huang jiali for the considerable labor and enthusiasm they expended in translating this book. I
was surprised by the number of errors that they uncovered in the course of their translation and
was impressed by the precision and thoroughness with which they checked the text and the
examples. | am most grateful for their commitment, and it is my hope that when the reader has

finished the text, he/she will be thankful to them as well.

Robert E. Ulanowicz
Gainesville, Florida, USA
June 23, 2010
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