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It is wuseful to distinguish two broad kinds of change in
evol ution: the change of frequencies of extant phenotypes and
the change of phenot ypes thensel ves, t hat is, their
i nnovation. The fornmer kind of change is the domain of natural
sel ection. The second kind of change is about novelty or "the
origin of wvariation", as biologists call it. The study of
popul ati on dynamcs is concerned with the first type of change
and benefits from a well devel oped theoretical framework. In
contrast, no conparable franmework (conceptual or forml)
exi sts for addressing the origin of phenotypic variation. This
is a central and vexing problem in our understanding of
evolution. Natural selection does not explain novelty, nor
does genetic variation per se, since random genetic mutations
have non-random phenotypic consequences. The fact that
evolution tinkers does not inply that the set of possible
bi ol ogical entities is a pile of cards, each of which can be
pi cked at random A biological organization--any organization-
-channel s change or innovation in specific (not necessarily
determ stic) ways, and therefore induces a notion of
"nei ghborhood"--the set of organizations attainable from here
with processes avail able now. The issue of whether (and how) B
can be obtained from A logically precedes the issue about the
fate of B in a population. The study of selection dynam cs
illumnates the conditions on the "invadability" of a
popul ation by B, but it hardly illum nates the conditions on
the "attainability" of B. This attainability derives fromthe
i nt ernal constitution of entities. Wich transitions in
evol ution count as "mmjor" can be argued only on the basis of
an understanding of the variational properties of nolecular
and cellular organizations. This is broadly what we mean by
the Keck program conponent |abelled "evolution of conplex
structure and form': a focus on t he ener gence of
organi zational structure with the aim of wunderstanding its
vari ational properties.

Clearly, such an analysis begins with a stance about what a
bi ol ogical object 1is. There are mnany possible levels of
abstraction, but one comon ground that supports the unusual
team ng up of a social scientist with a chemst is the view of
organi zations as networks: social and nolecular networks as

regulated flows arising from the interaction of agents. In
chem stry agents are nolecules, and "flows" can be viewed as
pat hways of chem cal transformati on and/or of si gnal

transduction. In social networks agents are people or firms,
and "flows" are multiple social and econonic exchanges anong
them The basic instinct of our collaboration is that
or gani zat i onal agents, instead of being sharply bounded
objects, are nodes or sites in (multiple) regulated and



coordi nated flows. "Emergent organizations", in this view, are
vari ous nodes of coordinating and "stapling" together nultiple
self-maintaining flows, at both the agent and the system
l evel s.

To understand the origin of organizational structure, that is,
of the patterns of regulation and coordination in such
networ ks, we propose a focus on "heterarchy". Heterarchy
enphasi zes the engagenent of the sane set of agents in
mul tiple concurrent and cross-cutting networks. The cross-
cutting aspect is of interest because it is a potential source
of conflict, and hence of pressure to integrate or separate,
that is, to reorganize. The work of John Padgett and David
Stark, for exanple, evidences that heterarchy is a fact of
social and econom c systens, and that it is at the core of
vari ational properties of organizations. Heterarchy (although
under a different nane) is conmng to be recognized as the next
software «crisis, and 1is triggering interesting ideas in
progranm ng | anguage constructs (the equi val ent of
"institutions"” or schemes of flow regulation) for distributed
systenms. QOddly, it seenms that the concept of heterarchy has
not guided rmuch of evolutionary reasoning in nolecular
bi ol ogy.

Conditions for heterarchy are inherent in distributed systens,
even when they are designed. Stated abstractly, heterarchy
ari ses when conponents or agents interact with different |aws
of conposition at the same time. Each npde of interaction
gives rise to a particular network topology and its dynam cs.
VWhen agents are capable of nore than one node of interaction
the same agents end up participating in different conponents
simul taneously. (One exanple in politics is "multivocality".)
| f they nust coordinate to sustain the overall system we say
t hey cross-cut (conmponent boundaries).

| nstances of cross-cutting arise in distributed programm ng
systens when t he fl ows gener at ed by conmuni cati on,
synchroni zation, and partial failure handling do not align
with the logic of conponent functionality (inheritance
relation, "uses" relation).

One exanple in the social arena is provided by Padgett's
account of the evolution of Renaissance Florentine banking, in
which constitutive famlies participated sinultaneously in
net wor ks of social, economc, and political relations, which
controlled one other. Oher exanples are the post-Comuni st
work teans and econom c organi zations in Hungary, studied by
David Stark. To be successful, t hese nust participate
simul taneously in nmarkets and in patronage systens.

Cross-cutting networks in nolecular biology are, for exanple,
signal transduction pathways, such as mating, filamentation
and HOG (osnpolarity) in yeast that share several conponents.
At the origin of multifunctionality is sharing in general--of



resources, transport routes, join points of control, or end
products and internediate of synthesis pathways. These
generate anple opportunities for cross-cut, the actual form of
whi ch shapes the future coevolution of the network conmponents
with the patterning of their interconnections.

I n progranm ng, cross-cut is at the origin of "tangled code"
[ref]. The Rube-Gol dberg appearance of nol ecul ar organi zation
in biology could be the nolecul ar version of tangled code, but

it could also be the expression of still-to-be-understood
organi zational principles that have arisen in evolution to
control the entanglenment deriving from cross-cut. |[|ssues

surroundi ng the "evolution of evolvability" could be framed in
such terns.

The heterarchy view of organizations suggests a phyl ogeny of
flows to conplenment a phylogeny of conponents: the evolution
of banking to go with the evolution of banks. One response to
coordination conflicts and pressures m ght be evolution at the
| evel of interconnection across flows, nore than innovation at
the level of conmponents. Such rewiring of connections anong
flows mght further cascade into tipping the self-nmaintaining
flows thenmselves from one dynam c basin of attraction to
anot her. Reconnecting banking into politics, for exanple,
m ght radically change (intentionally or not) banking itself.
The heterarchy view al so suggests that traditional hierarchies
(seen as partial orders, not necessarily trees) are a highly
derived organizational structure that needs to be explained,
and whose potential for innovation rests on sone unavoi dabl e
foundati on of cross-cutting heterarchy. To continue with the
soci al exanple, the Renaissance conception of the autononous
i ndividual mght itself be rooted historically in a particular
configurational nesting of politics, economcs, and social
net wor ks.

One central open question for us is the nmeaning of
"institution" in the nolecular as well as in the social
domains. A particular type of "cross-cutting flows" of great
interest both in chemstry and in the social sciences is the
interleaving of regulatory (and informational) net wor ks
t hrough production networks of action-reaction netabolism
Padgett has discovered in his enmpirical studies of Florentine
banki ng that the "logic of banking", at the |evel of econonic
rules and roles, is anchored by a "logic of identity", at the
| evel of persons and careers, which both connects banking into
the rest of the society and helps to reproduce particular
mar ket structures through regulating the reconbination of
people into banks. At the level of system these "logics of

identity" (famly, gui | d, soci al cl ass, etc.) act as
transl ati on protocols, permtting the econom c sector to "talk
to" or "conmpute with" the political one. The banki ng

speci ati on question then beconmes what historical forces and
expl osi ons "rekey" this economc-political interface from one
| ogic-of -identity to another.



Fontana is just starting new research on signal transduction
pat hways that will probe anal ogous issues in nolecular
chem stry. "Institution” is an unfamliar word in chem stry,
but surely the regulatory networks and protocols that word
inplies are of central inportance in chem stry. At very |east,
an effort to try to operationalize a "linguistics" for
chem stry m ght prove provocative.

The first step in our Keck program effort to develop such
thenes will be for Fontana and Padgett to wite jointly a
progranmati c paper, a "nmanifesto” if you will, devel oping the
plausibility and arguing for the prom se of these heterarchy
i deas, using historical social networks, cellular nolecular
bi ol ogy, and distributed conputation as focused exanples for
conpari son. After the joint paper, we will suppl ement
ourselves through assenbling a small workshop or possibly
mont h-1 ong research group of researchers in a variety of
substantive fields, all of whom in our view, are interested
in "heterarchy" ideas, whether or not they use that word. An
edi ted book would be an ideal outcome, but it is too early to
precommit ourselves to that goal at present.

A further goal is the developnment of a possibly fornma
prototype nodel of heterarchy and its inpact on evolutionary
dynam cs and the origin of organizational structure. Extant
systenms, such as AlCheny, <could be diverted from their
original scope to nodel such isses. Inplementing nmultiple | aws
of interaction aside fromfunctional application is very easy.



