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There was a passionale craving among the intcllectuals of his age I'n_r
a means Lo express their new concepls. They rnngrd for philosophy,
for synthesis. The erstwhile happiness of purc withdmswal each into
his o discipline wos now felt to be inpdequate. [lere and there &
scholar broke through™ the barriers of his specialty and wed I:u.
mdvance into the tomain of universality. Some dreamed of n.ncr-.
alphabet, o new language of symbols through which they could
formulate and exchange their now inlelleciual experiences

(Herman Hesse, The (iloxs Seod Game 1969: 36)

Preface and acknowledgements

B3y the term “heterodox” schools of thought, T wish to be understood as referring
to Austnian, Behavioural, Evelutionary, Institutional, Post-Keynesian and Neo-
and Post Schumpeterian economics, as well as the resource-based theories of the
firm. information economics and ecological cconomics. Sa that | might offer a
thearem to obviate the need 1o actually read this book, let us represent this rubric
as H. Let E represent evolutionary microeconomics. Lemma 1 H —» E. Mow let
S represent complex systems theory, and G praph theory. Lemma 2: 8§ - G. It
can be shown that E — § (Schumpeter's last theorem | | 1 oand thercfore E —»
G. Meedus ponens, it follows that I = G. For the formalists among you, that
ought to be sufficient.

OF the readers now remaining, 1 imagine vouware three,

Phe first will be the purchred Walrasian economist, for whom this book will
perhaps at best seem meaningless—with its unfathomable discussion of o non-
problem —or ut worst offensive, with its posture of superseding generality. Or
perhaps in my conjectures on the foundations of economic theory | um just plain
wrong. Lither way, this examination presents the opportunity for dinlogue, and
vou will find my opening gambit in Chapter 2.

Ihe second reader will be the heterodox cconomist of any stripe, and this
ook is addressed principally to you. | shall make an offering, thereby, of what |
regard as some fundamental truths of your imellectual environment. | hope vou
will consider these critically, because if my argument is substantially correet and
does withstand elose examination then a unified heterodox microcconamics is
surelv imminent,

I'he third reader will be, more or less, any cconomist or graduate student for
whom the standard theoretical apparatus is sometimes a rather blunt toal, OF
vourse, these tools can be sharpened. Yet the problem is that this process tends
to become an end in iself, as research problems are selected on their fit with the
sharpest tools, rather than the other way around. The thoughtlul economist will
evitably be visited by moments of doubt that will thereby admit the possibility
of alternatives. Different tools, perhaps? This will induce mildly exotic
Behaviours, the surreptitious reading of; say, the Jomrnal of Posi-Keynssion
Ecanamics or some such literanure of doctrinal otherness. Such acts will seldom
tsher farth mmediate enlightenment: more often, the reader will find him or
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Preface
x :

hersell estranged within the hermetic seal of heterodox ecnnnn}ms,. wh?re_ ﬂ'llk..
various pomts of theory, empiricism and critigue that define ;fmh- sch;nir -:LTEZ E
impenetrably and self-refercntially. Each article presumes 1 EL vou have X
and understood all the others. Even for_ snlf—_con_i"clss.ed hcfera o e:c::ir:;“ed
this rugged aspect of the landscape carries with it in miany ;ase.-s an 1 e
and unnecessary sense of isolation. ."mu:} for students and economist :
orthodox training, the absence of clear points of entry. of .-_snﬁ prt;gr::s&u:ar;1 ::;e
navigational charts, does certainly make for teugh gomg. To t{iamp o
someone who knew only too well, why would anyone nutslfdr: of a rru.. -
institution willmgly become interested in t_:ei-:mciux FW_““"T“"-” currencies o
thought, ziven the clear and present opportunity costs of doing :-ui_- i o
My own experiences here began as a stude_nl who had cras h,m e g 50
ﬂpBﬂk'. in the heterodox territories aﬁnr.hawng depaﬂfd on what was an
atherwise orthodox flight through economic theary My first impressions were
indeed of u rough vertiginous landscape, a parochial v.-as_h c_rf naisy cun?um;n
with rivulets occasionally turning to cascades of powerful insight. What }\ as the
nature of this anomalous world? Was it all perhaps merely a mn‘ulgr ui r:" ?:llr;g
lopic? Where were the Iaut-:lnnui»:s'."1 Where were the thoroughfares? Why the
ihalis simimering insurgency’ _
mhi-?]l::ﬂ:;;ni crucial |§5|_L;h[ E;j;.wncd upon me. The dtfﬁ:renc:i. hc:\-ccni:li't:
respective heterodox schools of thought are much less than thu_:. 1 cr;‘.lﬂfc h:{
make out. There is, as | shall argue in this hm.ﬂ'.' an nwmrc_hmg _rtl.nmns hip _l 1
connects all of the heterodox economics as different manifestations of thc a:[nulT_:
fundamental principle. Genetically, as it were, they are all _Ih::.S'.tn.misup-.'Liusl.:u |::
is perhaps a controversial thesis, although | think an mlngum:= n:an:_h. a; !
implies that the unorthodox status of the heterodox schools chan l:mt eca o
they are misinformed extremists of some son, hml ml_h-:r bua_use they prm_;: :
from a different starting point. Is this starting point |1I-uujlgcuucd Inlnr }ulfl pid'm-
wrong? Mo, It is nothing other than recognition thal compeclions uxflr_ 1 at ‘t 1-:_:.1
are incomplete, and that this matters unarmnusl}rl 1o structure and }-]EI.!!‘!HL.;.(;I
does not matter much to statics). That 1s L Evolutionary 1|1|n::t_n.:cn_nnmu:s, -.:.1 .Ic !
| propose as a synthesis of the collective heterodox economics, is the study ©
% “lions in the economic System. _ B 9
ngﬁ:ﬁ?gsr:: then wonder where and how the term “evolutionary” 1s 1o m. Emg
this scheme. This is an important question and nnu_thfu can ,b'u answere
immediately, Tn this book, I do not much n’tt‘er i3 prmc[ph_:s of sclection of
random variation or replication; hardly at all, in I'act._nue:'. this mean ﬂ}m | aim
o purge all Darwinian heritage from the uvaku_tmnﬂr} u—a:_m;umuclml into
microeconomics? Mo, [ certainly do not. 'I'he_kc}' point 10 grasp is | at e::: u.mﬁ
is not uniquely. or cven necessarily, 2 biological phn:r_mmtnan._ 1 his '9.::'- la;._:uij.__]
with all of evolutionary sconomics, makes Or requires 1o basis of m. ogica
determinism in human behaviour. All we require is bounded rationality, which is
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simply the statement that human beings make use of abstraction in the
navigation of their environment. That is the sum of the direct import, and it
comes from psychology, not biology anyway. Rather, the point is that evolution
is-a statement about a dynamic logic of self-ransformation, and it was an idea
that in fact preceded Darwin and oripinated from the Scottish morzal
philesophers of the mid-vighteenth century who included, ncidentally, Adam
smith. And | follow this path. | accept Darwinism and Neo-Darwinism (the
modem synthesis) as well as the theory of punctuated equilibria and
autocatalylic sets and all of the variations and twists that have woven the
fantastic tapestry that is evolutionary biology. T accept all of it, except biology.

Evolution does not depend upon a specific substrate, 1t 15 a logic that can be
penerally expressed as an algorithmic process of emergence, Evolution s as
nich within the realms of language, or culture, or mathematical solutions, or
ideas, or technologies and preferences. The subject domain of evolution spans
cosmology 1o computer science, and it is this perspective on the deep nature of
evolution that 1 shall work with in this book. 1 shall presume that the reader will
be able o cope with this shift of abstraction. The best bridging literature into
thes dumain of universality is; o my apindon, Daniel Dennett’s (1995) Darwin s
Dangerons fodea, Richard Dawking's (1999) classic The fatended Phenatvpe,
and Robert Pirsig's (1991) excellent philosophical novel Lifa,

When the evolutionary metaphor is released from the biological substrate it
then becomes, ultimately, the study of information scting upon itsell. As such,
thee role of substrate is only 1o hold the information, which may be as DNA, but
cqually us grummar or syntax, as skills or behaviours, as structure or
orgunization, as symbolic or logical expression. All that matters 15 that
information be capable of acting on itself, which moves the emphasis from the
substrate through which the messape i carried (such as DNA) to the message
wsell. We refer then, in the économic context, not o a general allocation
problem but t a general coordination problem, In the context of evolutionary
economics, we refer to the processes by which a complex system such as an
agent or lirm, or population of such systems, is able to transform nself by
endogenous reconfigurations of that information,

Connections define information. Changes in connections affect a different
structure or organization or techuology or whatever. Connections by thelr
specilicity define systems, and thercby changes i connections represent the
micro-processes of evolution. Hence, evolutionary microeconomics is a study of
the micro- and macrodynamics of connections. Perhaps the early progenitors of
the necclassical economics had much the same sensce of awakening when they
first comprehended the notion of equilibrium freed from a celestial or
mechanical substrate

There is so much that we are yet to understand abour the namre of the
cconomic system and its highly complex dynamics. The evolutionary project
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hegun by Herbert Spencer. Thorstein Veblen and Joseph Sthumpeist irr still &
long way from completion. 1t has many pillars l'!ul no real 5f.=nsn:r|:rf architecture
(and perhaps, to continue the metaphor. too little heavy moving equipment.
cranes in particular). There are of course many facets (0 5i_.u:h an enterprise —
empincal, statistical, methodological and the like—all of which require a'_ﬁenhnn
to detail. But there are some brute lifting tasks to perf_arrn as well. Specifically,
to fit appropriate technical methods onto appropriately refined F,uncepmﬂl
constructions. My sincere hope is that the approach developed herein. and the
strength of the platform it expresses, might then further encourage students and
researchers to make sironger connections between a umified heterodox
poonomics—an evolutionary microeconomics—and the burgeoning !'es-:amh
fields of complex systems theory. There is surely much intercsting and
profitable research to be donc here as we atiempl [0 Taise 3 platform to further
our understanding of the principles of economic evolution
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1. Introduction

Laok abroad throuph nature s range,
Nerture 's wrighty Law is change.
{Robert Burns)

1.1 Comext, Subtext, Pretext

Metaphysics Is the branch of philosophy that attempts to understand the
fundamental nature of reality, It asks “what is . , " questions, and seeks answers
that reveal what anything must be like in order to be at all. This book is not
ahout metaphysics,

Rather, it is nbout omrolegy, which is the science of being or reality, It is
about veomanics, which is the study of what people then do with that being and
reality. And it {5 also about evolution, which is a dynamic link between being
and reality. This book, then, is pbout the ontology of ecconomic evolution, 1t 1s »
study on the nature of cconomic reality from an evolutionary perspective,

The objective is to lay the foundations for an evolutionary microeconomics
and this involves confronting o number of ontological guestions. What is an
cconomic system? What is an economy made of? When an economy grows,
what grows? When an cconomy  evolves, what evolves? When there is
technological chungu! what changes? When there is unceriainty, whal is
uncertain’ Where is the information in the so-called new information economy?
Where exists the eapital in human and speial capital? What are instirutions made
af? In what sense is an economic system a complex system? Such questions may
perhaps sound like the disillusionment of defunct academic scribblers and
certainly do not tend to break the stride of serious, practical economizts whose
professional task is | . |, is5 to what?

What do cconomists do? We are scientists and therefore like all scientists we
tell stories. There are of course strict rules about what constitutes 3 good story,
or rather what constitutes a bad story, and woe Is the career of any economist
who does not tell at least a few stories every few years. Our job is to tell stories,
and by this activity we learn about our stories, and so come closer to the deep
aspects of the phenomena they represent. This book is merely a story about
some commeon elements of all economic stories, and a proposal o dhﬁuguﬂh
two overarching narratives—an evolutionary microeconomics and & Walrasian

1
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microeconomics—by the sorts of interactions between the characters that are
permitted in the respective stories.

What do we require to tell economic stories? Clearly, our minimum
requirement 15 8 el of ohjects or events and = set of relationships between them,
so that we can tell stories that have identifiable characters and meanmgiul
adventures, The common form of these stories, the familiar characters and the
sorts of adventures they might have—or rather, the basic elements and the
permitied relationships hetween them—we refer to @s & MICTOECONOMICS

The character and logic of any system of microeconomics derives ultimately
but completely from the way in which these two primary classes of exisience are
defined. Al theorics and models developed within the system of
microeconomics will automatically inherit this foundational ontological form.
The archetypal expression is something like {x in &'}, which refers to a set of
things (x) and the way they are related (operators defined over the field R").
Both of these are ontological constructions. Concepts such as commodity, input
or agent can be fitted within the class of things. But concepts such as
technology, preferences, or markel refer to the relationship between the things.
If we think shout the possible forms that these relationships can take, it is
apparent that there are 1wo cach-with-all or cach-with-some. It follows from
this that there are two corresponding general systems of microtconomics.

The neowalrasian (including the neociassical) microeconomics 15 a high-level
synthesis of orthodox thought constructed upon two ontological primitives: a set
of elements and a ficld. That much is well understood (see Mirowski 1989},
what | shall add to this is the proposition that we may define a further system of
microcconomics, an evolutionary microcconomics, as 4 high-level theoretical
synthesis of heteradox thought constructed also upon two ontological primitives.
But now we refer to a set of elements and a set of specific connections between
them. Elements and connections construct a System. The economy, then, is a
system of these systems. The evolutionary MmicroecONOMICS is a framework in
which dynamics occur over the space aof connections. When connections change,
so too does the structure of the system. When structure changes, the dynamic
properties of the system change also. This changes the conditions under which
connections exist; new ones may form, existing ones may fail or may even
become strengthened. This total process linking microstructure  With
macrodynamics and macrostruciure with microdynamics is what | mean by
cconomic evolution, and the evolutionary microeconomics is the framework
capable of deseribing it.

How do you create such an evolutionary microeconomics? The strategy 1
pursuc is eclectic heterodox fusion filtered through nerwork. graph and complex
systems theory. The underlying ideas come from Tony Lawson, Rober Clower,
Axel Lejjonhufvud, Nicolai Foss. Philip Mirowski, John Foster, Stan Metcalfe,
Paul Krugman, Edith Penrose, Peter Earl Brian Loasby, Alan Kirman, Friedrich

e
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von Havek, John Holland, Richard Nelson and Sidney Winter, Stuart Kauffman
Nicholas Georgescu-Roegen, Herbert Simon. Joseph S:hum]:m‘t{'.r lohn Ma -nani
Kc:mes,l Thorstzin Veblen, George Shackle, Brian Arthur, and 1‘!1EHW uthgrs
well, Disparate as some of these theorisls may seem to one another and 'mde:;
o the _s;hnnis of thought they represent, they all share -:urnnmll ground in
recognizing the existence of connections and the woportance of connective
structure in dynamics of the economic system. By centrmg upon the concept of a
mm_w:mmn we can synthesize the heterodox schools of EEUHDFHIC thought 1
unified evolutionary microeconomics. s
And what are connections”? The abstraction T achieve 15 that they are usefully
thought of as a hyperstructured set £ = (£, E7, ... £7 ). But that might not
mean much  at the moment Generally, connections are 'ipeciﬁr:h direct
rela:mrﬁ_lnps hetween elements, and are ubiquitous in the BEﬂ‘ﬂ.ﬂmiE system
They exist i_n the structure of interdependence and interactions between ﬁtlenlsl
They exist in the modalities of technology and the forms of nrgnni?minﬁ nndl,
competence. They exist as contracts. They exist in the structure of decision rule
and the way that information is processed. In all such events, the dwlmmict: nT'
CCONOMIC Syslems can be seen to oceur mostly in the space of connections |
4 qms:dcr chocolate cake, It has inputs: egps, four, butter, oven Juhn::-ll.tr and
mctﬂnkq:. It 15 a technology delining o commuodity and so -:;cists 1; a m; '
multidimensional space, its coordinales given by the quantities :;f cmfl? i :;
required. This is how the economist understands chocolate cake: But :'E
abstract chocolate cake is richer than this, It involves a recipe too, o i.pcciﬁc a;g
sometimes very specific way of combining these ingredients {c;mf.lidcr smash
CREs -m_ﬂ chef then coat with flour, place butter in oven -:hncnlut.-: l::ah:r:. i5 J:m
;Ileln;:-J:n::i Euut;:metj.l 'i'hesc_ relationships are connections, and it is apparent
. y s nections will produce chocolate cake So before we hegin to
r-:fﬂ!f :'m.h market 1mpcrlbu§1inns or technological trajectories and other such
Lr.t kl:m.m subject maftter, let us just first ensure that we have understood chocolate
hml‘::nj;n;[:n{{;c;ltls ::::nnge, fml‘ instance, |11&5r alccur when the refationships
SR ange or when new :rr_‘la‘umnshms are established. This might
il eSign concept or Prnduct. (It might be a new recipe.) [t may equally
phul; ;‘;‘Icfmhgured organizational structure or a new distribution network. The
1}assih!eLlr‘:::-:n ;v;fin;:fer o ﬂi {Icuhnulngi:ﬁl_ change envelops a vast space of
i inn;a:;%e. ) véutﬁjy' experimentation with these connections is
b St L:;;nnect" OTE ;ll.n entrepreneurs do. (And chefs too.) Instimations
il L?;T:t'c ange, Iurmmgl new behaviours, rourines and social
iy mmem]?“_. umnl-lng to information ;Iimd coordination are essentizlly
s R :hm ieh}f of the econemic system: they are sbout who is
e dtf{‘ergm : ; ﬁiﬂnFECtEd tu_whm. We are increasingly coming to
ol connective stroctures have markedly different
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dynamical properties (for example, Kauffman 1993, Wars 199%). Densely
connected systems are highly chaotic, sparsely connected systems are typically
highly ordered, if not frozen. The complex states of being that so characterize
the realms of life, cognition, economy and society are intermediate. Connections
matter because the specifics of how and where they exist determme the dyvnamic
propertics of the systems that they comprise.

I shall endeavour to catalogue where connections exist in the economy and
how they matter as examples along the way. These are important ideas in their
own right, because what we refer to are the primary dynamic objects of society.
These webs of connections continually form and reform human society and, by
implication, economic activity. Joseph Schumpeter wrote in  Capitalism,
Socialism and Democracy (1954: 82) that ‘[tjhe essential point to grasp is that m
dealing with capitalism we are dealing with an evolutionary process’. But an
even more fundamental point to grasp is that in dealing with human society
{which envelops all of capitalism, socialism and democracy) we are also dealing
with an evolutionary process. This brings into focus an important question: are
the ‘things' that change in the evolution of human society the same ‘things" that
change in the evolution of economic systems? The premise of this book is that in
abstract they are. These things, these dynamic objects, are connections, It is the
dynamics ol connections and the emergence of higher-level structure and patter
(as systems) that is the essence of a generalized evolutionary framework for
cconomics, The beauty of this approach, as many economists who are thinking
about these matters have come (o understand, is that it moves easily into a
dynamic process-orientated argument. The addition of the concept of a
connection 1o the set of descriptive categories we use in economics leads 1o a
strong foundation for the theory of a complex system and the concept of self-
arganization. This then provides a framework to study cconomic evolution as
the dynamics of these connections.

Why do we need such a retooling of the conceptual apparatus? In essence, the
defining characteristic of the modern economy is extremely rapid technological,
organizational and institutional change, all embedded within broader patiemns of
social change. It is as simple as that. Change happens, it happens broadly and
deeply, and we require a framework for analysis of ils cconomic aspects, We do
not have one. What we have, rather, is a microeconomics gearéd 1o study
equilibrium and stationary states. That would be fine if we lived in an cconomy
characterized predominantly by stable equilibriaz. We do not. It would also be
sufficient if the role of theory was limited to benchmarking null sates. It is not.
Some say we are in the midst of an economic revolution from an industrial to an
information-based economy. Many economists have expressed vexation about
what this actually means, if anything. One thing is apparent though, our standard
tools of economic analysis are doing a rather poor job explicating what is
geearring, The reason for this is ¢lear, as 1 shall show. The essentizl problem is
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that the standard model does not actually represent (at all) the quantity that is
acrually changmng! It is connections that are changing, and this demands =
formal f'J‘i?ln‘I:l‘:'n'-'ﬂTk that makes connections the prime variables:
. Feonomic theory has come under increasing criticism for its perceived
1rrefevalml_|:u and methodological values driven solely by mathematical
sestheticism. But it is not just oulside snipers who pass these comments; there is
u growing body of dissatisfaction and occasionally vehement l:T‘iliqL:IE. issuing
directly from the theory elite themselves. (On this matter, see Bell and Kristol
1581, D'ﬁuiumc_ and Cartelier 1997, Lawson 1997 or Lougd 1997.) Criticism is
easy enough to ignore, especially if it is perceived to be ill-tempered or fused
with agenda, But by and large this has not been the case (excepting much ill-
conceived cringue of the use of mathematics per se). Rather, it has come in
waves, ever gathering in energy and repeatedly hitting the same point. This book
auempls to express this as a statement about the geometry of economic space as
manifest in the conceptual and analytical trentment of *dvnamic objects”. In
ather waords, proper concern about the development of economic theory .mlrgiu
nal .l'"T' directed at the more elliptical points of methodology, or towards
suspicion of nealiberal imperialistic tendencies or whatever, but at something far
more mundane. In the midst of all the apparent change percolating through
modern cconomic systems, what is actually changing?

Economists have, for instance, long known that by far the most significant
lactor in explaining the growth of output is improvements in technology. But
what has not been apparent is the answer (o a seemingly metaphysical qu'cn:tinn'
what is lcut:rmlngy, and what chonges when it changes? In the tm-:ruTa.;:sicui
scheme of things, a technology is o particular bundle of inputs (a quantity of
labour and of capital, say) and that technological change is the ability 1o pnu]uce
more output by uvsing this same quantity of inputs. This tells vou that
technological change has oceurred, but it does not el vou how or why. It does
|:L:l_1r._~I] you what has actually changed, Some cconomists have been ;!{mrud L3
criticize this lack ol explanatory content as signalling that the theory project is in
s0im MnpOFtant way mcomplete. | stand among them. But | also belieye lhu:rlc is
?‘ge_nc.m.l solution. In the case of technological change, the answer lies iﬁ
d:l:‘:_‘-g.mi_tmg that a Ilcchnc_:]ﬂgy 1% not just & guantity of things (inputs), but also
:LnI:i L:::;:H_ar xlvai}-rllq whlcp they are combined (descriptive of physical, human
ki i I.-ip]m ".'kﬂ' 'Iechfmlagl_cal change oceurs when new combinations

ui-, : tl:c_nl'n.red. which '[hlﬂll gives rnise 1o new outpuls, which provide further
Eun?mﬂlit;m;y f?r_n:uc;mbmalians. and so on, Technological change begets
Py o u'fmn“ y n:omple_x recombinant means over partially organized

ibuted networks. Economic growth, it would seem, is perhaps betie
Understood as a side-cffect of this cvolutionary process. 1 e
How da you do evolutionary microeconomics? The approach 1 develop is
ared explicitly towards the development of multiagent simulation mnd&lilznul

EBo
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which is much inspired by artificial intelligence/anificial life and theoretical
biology. This Is in contrast with representative agent medelling, as inspired by
ninetesnth century physics, The multiagent framework that | shall eutline here'
¢nables the study of coordination processes, self-organization and distributed
processing, microdiversity and structural determination, all in a way that is
fundamentally beyond the capabilities of any representative agent model, Thesc
are obviously important topics. so why have we not made use of such a
framework previously? It is tempting to suggest that multiple heterogeneous
agents have not been used simply because of the enormous computational costs
invalved, But the defences of representative agent methods make little reference
to this. Instead, there is an endless tirade of ‘it isas1f . . "; or charges of "ad-
hocery” are levelled against any other presumplion; or cabalistic incantations of
natura non facit saltum ot de gustibus non est dispurandum are cast about.
Something is clearly fishy. The fact of the matter is that representative agent
models are consistent with the use of the space R°. But multiagent models are
not: their interactions are predominantly local and invariably partial. They
require a network space. So it is the analytical space that determines the
character of the agents and therefore of the analysis, not the other way around.
The defence, as | shall explain in Chapter 2, was not of representative agents at
all but of integral spaces,

Once this is recognized we can move to consider the practicabilities of
building and working with such models. Until relatively recently, the
computational costs of building multi-agent models was generally prohibitive
and the support networks needed to build and imerpret them was rather limited
"This is no longer the case. Computers have become faster and software betier
The internet, that most marvellous of tools, has been developed and there-are
now freely accessible platforms (including program libraries) such as Swarm or
15D that make multisgent simulation a viable possibility for researchers that do
not have access to, say, defence-depariment budgets. All of this is good, or at
least has the potential 1o be good, because new tools and techniques also means
new ways of looking at the economy and new guestions o be asked of it.

For these reasons, this book is intended as a kind of *first principles’ of the
new evolutionary microcconomics, [t considers how we caAn reconsinuct a
framework for cvolutionary analysis in terms of first principles. It begins at the
beginning, It is evolutionary in the sense that evolution is the mode of dynamical
process under investigation. It is a study of open, complex, self-organizing, self-
transforming systems with institutional threads woven along the seam of history.
It is an arempt to understand many forces al once 25 a causal logic of local
interactions. And it is a microeconomics because it is aftempting 10 describe
findamental building blocks of analysis with atomistic metaphors, More
specifically, I shall be arguing that armificial-life simulation is to be considered a
proper addition o the core of microeconomic theory and analysis.
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In sum, this book communicates just a single idea—that connections
matier —and that as such we should rte-focus our intellectual enercies t
understand these dynamic objects. This is already being done in many ?iisllincc:
P]EECCH. and especially within the heterodox schoals of ::-L::mnmin: thought, but the
Ermn[ is that we will be able ty do this better if we clearly undarﬁl&ﬁd that this
IGCI:S upon connections is actually what is being done,

. Economic reality is a dance of conncctions, forming and reforming, and by
this process, structuring and restructuring the nature of the economic s Jstem
w.imt follows is an analytical framework that can describe this structure in}[Lc:'n'n‘
of the underlying dynamics, and can be used to study the internal structure of 1h:
agent, the evolutionary dynamics of the technology and institutions that agents
create, the structure of firms, households and other agent complexes, angl the

mieractions between agents over the dynamic network that is the object of our
seience, the market economy.

1.2 Text

Fhe map of this text is as such. We begin with a critique of the general
apphicability of the real field 8" as o universal logical space for ::-:f:\r: mic
analysis. &7 15 one of an infinite number of mathematical spaces, and |:h|.:L on
that has worked so spectacularly well in physics and cnginueriln:g But is :i
appropriate for cconomics? Are its ontological implications c'r.msisn:m. with w-hu
we know empirically of economic systems? In lts algebrnic and 1opolo ic:ﬂ
expression, the real space R" underping u large camp:m;u of the udvunir:ed Fi:tm:-
af modern economics, thut much is clear, The point, rather, is that other spa -,L
such as network spaces. might also usefully r:ulmb.il This u-uu]lljimr;:;e.:
uncontroversiul and relatively straightforward except for une- problem. In sh
most  fundamental economic  concepts—choice, efficiency tﬂl:hnnl :“-L
preferences, infnnn:l_lifm and suchlike—have acquired a formal Hmuning th;ﬁi‘:
:[:il]tinﬁieip:mbfe 11;1:11 H" _Th::se concepts are incommensurahle across
£ U‘ifﬂnﬂ[:;?:ﬁ[j_r hat,l for instance, is lE'IE: meaning of efficiency cutside of
ek ui,a;;sﬂ : ::5; this S;_a?mﬁc question in Chapter 4.) From this distinetion
e i n}a 13mal:+.q1 and analytical spaces, and specifically between
it i wegral and mon-integral spaces, we may distinguish plainly the
-1;2[11:: d;Ef'fercche between the orthodox and heterodox economics, They are
ma[her?ll;::.; :l S{:;if;:ni,ﬂindm th_erefo::l r:xpre;s different unncepmal. and
: . nsion between the orthodox
E'LT[:]:‘:::}:E?EIHS ﬁ-c:im the fact tllalvl I:m’fh still use the same EC{JII::‘EHE lﬁﬂ;ﬁ
n 5jgnif“m; \;-:JI‘} ;ff'err_em meanings in thﬁ:_ir respective analytical spaces,
Wi hn implication follows. The fundamental critical advance of the
ax schools, as they have done and as they continue to do, is to challenge
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the concept of an integral geometry of economic space by constructing theories
that are fully explicable only in combinatoric or network spaces. The synthesis 1
propose is simply to um this outward critique around to focus the development
of such ‘heterodox’ theory towards a general and coherent system of
evolutionary microeconomics,

In Chapter 3, | develop the basic mathematical unit that unfolds from this
critique and synthesis—a complex system. | describe this abstract abject with
graph theory, which is a branch of mathematics that recognizes the existence of
clements (verfices) and connections (edges) as two distinct sets. This defines, for
each possible combination, a graph as an ontologically complex object. 1 then
take licence to call this a complex system, @ position T shall justify at length. The
powerful consequence i5 that we can use this apparatus (as a kind of calculus of
simulcrn) to represent the microeconomic events that form the basis of a theory
of economic evolution.

In Chapter 4, | extract the major implication for dynamics. Following
Kaulfman (1993), | propose that a state of network complexity—which is @
particular sort of relation between the set of connections and the set of
elements—represents dynamic efficiency. Complexity is one of the faces of
efficiency. The method of analysis is to consider the lattice representation of the
system (somewhat analogous 1o a Poincaré section) and to infer how different
classes of connective structure reveal distinct dynamical potential

In Chapter 5, I construct an algorithmic model of the economic agent—
hetero ecomomicus. This object, designed to fly in silico, 15 3 learning and
interacting artificial agent that will represent individual economic agents (that is,
people) as well as higher-level agencies such as firms, institules or governments.
Hoth preferences and technologies are realized as fully endogenous features of
the theoretical framework. By this stage we shall have entered the world of
economics as a branch of computer science. It is notable that the term
‘evolution' s currently being reworked so as to refer o a generalized
information dynamic that overarches both artificial and nawral computanon.
The life and the social sciences have found a deep commonality in the
phenomenon of a computation as a primitive object that bisects mathematics and
logic. The vanguard of expression for an evolutionary microeconomics, is, |
sugpest, mulliagent simulation modelling of distributed compuiation with
feedback. This is known as a ‘bottom-up® of ‘process-based’ approach and
contrasts with the ‘top-down’ method of general equilibrium theory (see Epstein
and Axtell 1996, Gilbert and Troitzsch 1969).

Yer these designs deal with the frontiers of the research programme, not its
hard core. The heart of the matier are soms simple but fundamental questions—
how does the extent and distribution of connections within and between agents
matter? How do connections grow into webs that thread together an economy?
What are the basic principles of cconomics that apply to these connections and
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to the svstems they construct? I am of the opinion that the use of the real field &7
fias wﬁnus]}' misled us in our thinking on these matiers. To illustrate how the
evulutmr_lar}' microeconomics works as a theoretical model, several applications
are considered. In Chapter 6, T examine the theory of the firm. This proceeds
about the motion of the firm as a production system (compare, a production
function) and s centred about the interplay of competence and complexity. To
demonstrate the generality of this framework, it is applied to the theoary of the
|1.qum.-huid {pqcc Becker 1976). In Chapter 7, 1 consider how the evnlﬁiinna:}-
icroeconamics applies to the theory of expectations. This is a consideration of
the evolutionary microcconomic foundations of macroeconomics, and considers
the role of probability concepts and the coordination of information. The Ihruauél
implication is thiat a deeper understanding of the nature of cxpenﬂt.tons which
are effectively models of the ceonomy within the economy that are lllS{!d o
create lh-:_ economy (like cells in organisms), will be a key component of further
research in economic evolution, Finally, some conclusions are drawn in Chapter

§ on the present and ongoing nature of the evelutionary microeconomics
research programme,

Nole

Phie eeader should periiaps be forewained that this book will not, in the standard manner, defline
and repor the |:1.-:uILu of am inerementally modificd but stherwise well-known model. | shall In:- i
1 new |.-!|:nrml|ur| o mckel, but this Gt reguires mew heories wnd systems of III|:LTDL'L‘,L'I'2IJ ':;:
FEespecting the well-known benefits ol division of labour, | heve cunt,u:lrn::dllm'prll' only wnrll'l the

e The multiasent moddel i " wri i
i 1 wlels | orefer b age, ot (he Gme of writlng, architecluml plans and nothing



2. The Geometry of Economic Space

2.1 Introduction

Underpinning all neowalrasian' economic theory is the concept of # real field:
A" s 1s the logical space in which the mathematical operations that define
the theory are constrained to operate, and when economic theorists and other
such practitioners do acknowledpe the existence and primacy of this space it is
done so in the neutral context of necessary rigour (for example, Mas-Colell
FORS T xiv-xvi) Artists do not often eritically speak of the canvas upon which
ey poaint, and similarly the neowalrasian theory has not given much critical
atiention 1o s own canvas, as il were, the renl field, The reason, it would seem,
is essentimlly that the concept of the real field is the underlving architectural
prnerple of modern scienee, Indeed, in oithematics the real field s the
seneralization of arithmetic and the foundation ol the integral and differential
citleudys: one simply cannot do unalysis without this concept. From the early
et of the twenticth century onwards, it has fully trunspired that the driving
pacadigm of modern physics is to represent the whole of phvsical reality as a
cenerndized Teld expression (Harman 19827, Such testimony from mathematics
and physics indeed mokes for a phenomenal pedigree; a paint that was nol lost
un the pioneers of the then newly emergent neoclassical microtheory. And so
from the murginal revelution onwards economics has appropriated this concept
and.ma seeming flourish of blind faith, cemented it into the very foundations of
the theorctical edifice: The result is that what passes for modem economic
theeretieal orthodoxy is a special application of field theory. In this chaprer |
bt unpack the full implications of this for evolulivnury economics

Ihe task ahead requires a reinvestigation of u number of primitive concepts.
We beain with the cancept of a field, which, | suggest, is analogous to a canvas,
W thit @ puinter needs something whole, defined and bounded upon which 1o
batnt but once painted it disappears beneath the surface, neutral but necessary
And so it s with mathematical operations and theories, thev are neccssarily
definued over a logical space. But a canvas is not neutral in irself: the artist makes
" neutral by covering it completely. Similarly, the real field is not neutral hut
contams in itself a requirement that the entire *space’ be covered, What, then, is
fe space” of equilibrium theory? T shall show that the deep lozic and
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fundamental character of the theory underpinning the orthodox microcconomics,

and. moreover, all of the major peints of criticism that have spawnad the
heterodox schools of economic thought can all be framed. so to speak, in terms
of the ‘canvas’ upon which the theory is constructed. This canvas is the concept
ol a field and neowalrasian economics is field-theory sconomics.

This is not a completely new line of critique, as Nicholas CGeorgescu-Kosgen
(19713, Philip Mirowski (1988a. 1989) and Robert Clower (1994, 1995), in
prime instance, have all examined and argued this peint of identification. Stll. it
is not obvious that an act of identification 15 actumlly a critique. Indeed. for
Mirowski and Clower (also Clower and Howitt 1997) this proceeds muostly as an
exercise in unmasking,’ in revealing thit the theory is not what it claims o be,
which would be a theory of how market interaction between firms and
consumers determines prices and coordinates economic activity. As Clower
(19495 314) correctly nbserves,

In the language of Debren’s formal theory There are excess demands, bul there arc o
teades; there is o price svslem, but there are oo markcts, there arc agenls and actions,
bl 1 evenis are ehservahle, there are shares in privfuction but pridduction docs pot
aecur, | have been told thot these und other ‘unomalics’ m neowalrsian theory are
Host o matter of semantics’ I do now disagree; bt Tam hound to reflect tht sceence is

concerned with lintle clse

Clawer (1994: §08) publicly began this exposé in the Presidential Address 1o the
Southern Economic Association, where he laid bare the following (slightly
edited for brevity), *In neowalrasian theory:’

(1) There are no markets, (i) There is no communication between prospective rading
agents, (1) Agents generale oo abicervable datn (iv) There are no endogenous
instinions. (v) No ggent announces bids or asked pnces. (vi) Ihere 1= no compelition
amongst agenls (vil) No agent veluntartly holds iny entnrics o bufTer <tocks (vik)
There 18 no money or other medium of exchange. {ix) There ls nd wrading

This being so, what does the neowalrasian microtheory then consist of7 As |
have begun 1o indicate, it is an expression of ficld theory, and the only things
that are ‘in’ the theory are those things that can be defined in terms of a field
This bees the question of what, then, 15 & feld? In short, and prior 1o systematic
consideration in Section 2.3, a field is a space in which all points are connected
to all other points in the space. So the only things that can be “in" the theory are
those things that can be defined in. terms of sencralized actions over the
complete space. Thus the well-recognized characteristic of general equilibrium
theory—that everything is = funerion of everything else—must be understood to
be literally true. The total set of demand functions of each mgent map 10 gvary
supply function of each firm: even point in economic space s directly
comnected o every other point in economic space. In ahstract, this'is fiot sucha
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strange idea. Fur_thiﬁ is how the field concept is expressed in algebras any two
points on a continuum  can be mapped by a single eperation (by addition or
subn-_'.:cu::::n. say). Furthermaore, this is how the field concept is '&xpressed in
]-u}_uysucr-.' in a gravitational Geld, everything with mass affects everyvthing elsc
with mass, Strictly speaking, it is this complete set of interactions that s the
ficld (=ec Mirowski 1989 66-8) And underlving all such treatment—alzehra,
IJ]"‘.*'*""FS and ceonomics alike—is the universal analytical canvas R The
question we must fuce in ceonomics, however, is whether this universality has
any conceivable basis in the reality of an ceonomie system, or whether it is only
a reified arfifact of the mathematics. Whal 15 the redl nature of this suppuse;j
totil connectedness that is axiomatized by "7

The argument of this chapter, although of very wide compass, ultimately
exprisies o simgle, simple point, While acknowledging that the field concept is
the riudimentary basis of arithmetic and algebra (logical-deductive space), and
1-.|:.ﬂ1.1:r admitting that it has been engrmously successiul and useful in the nr;luml
seiences [|:I|'Ij'.‘i-1'EH| space) to the extent that afl physical theory is ulumarely
capressed in terms of flelds, it is argued that for both nnln]mpicni and .'u'..':ll'l.'li:l:;;l
reasons A 15 not an appropriate basis for economic microtheory, at least not in
Hee peneral sense in which it has been presumed. Field theory docs not apply
vencrally o the domain of cconomic agent interactions (cconomie :apm:u}
Mareaver, the most conspicuous failings of the pasadigm, such s Frank Hahn's
i E‘J_H-l' 175) nssessment “that general cquilibrium lh-:::rir"tﬂ have been unable hl-l
dellver ooe hall al least of the required story: how does peneral equilibrinm
come to be established? can, us | endeavoor 1o show, be understood entirely
lromi the perspective of the fallscious annlytical basis of o field. Indeed, once it
s recopnlzed that the essence of the neowalrasian microtheory 15 Tj‘lt field
construet it becomes readily appurent that all major points of heterodox critigque
reduce 1o this single eriticism, In Section 2.4, 1 make this the basis for a unificd
|=fE':“r[T‘EJL'r.‘i. cconomics, o the sense that all extant schools have developed
different dspucts of the same underlying point of departure

This point of synthesis is the motive for critique, My argument is not
criticsm of the neowalrasian microtheory for the mterior puri:use; of unproving
jlll‘jﬂ”:!jdll_dlhﬁ:vb s i:s_ihn: usuul_ nalure of cﬁtiquel. The subject of this chapter
il f; A l:“ ru.m 1.5 ok ulli.1rnute!y neuwalr::ﬁlmp microtheory, Rather, the
o -J,-r.;;é r;:] &ﬂs? ::E::: :1!:1 E::ilsy n]ne of da]mma.ﬂuu. To clear the ground
circumscribed. And | achieve this by ii}rf:r?:li:cl:tizm;ﬂlmtflan l hLL-]'ry o
g ! 5. odys 2 an abstract axinl concept that |
% e Geomet'y of Eeonomic Space’, Within this concept, a field in £° 15 an
f_“rE”"'f torm of a specific geometry, and the geometry of physical space, it
:fulv:ms_ is well represented by such a construct. Rut the geometric space njvjf a real
seonomic system. as 1.shall argue, is only under highly contrived conditions
2pproximated by this extreme form. [ts unreality is sEan_v oo much for us to
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take the model seriously as & representation of reality, Most gm::r:'iil}', and ﬁ?r
all cascs in which time is a non-negligible factor, the correct basis for economic
theory is & zeometry of economic space that is not a field. The purpose of IJI:nr.
chapter, however, is to establish by delimitation the essence of an ﬁlternalm'e
swstemn of microeconomics and one, furthermore, thal | believe can underpm a
ﬁ:;,'l.‘.lﬂlﬂﬁis of heterodox economics. o . N

So what then, as the final point of introduction, is this essence? '.-s:m[fh-_, if an
seonomic svstem can be imitially defined as a sct of elements—say inll.iwldlh‘lls.
awents, commoditics and suchlike—between which we can, in principle, draw
connections such that we may relate everything to everything 1&15&, mcn_rh_a
question is whether this complete set of relations does actually exist. And this is
an entological quéstion that overarches both empiricism und_them}'. If it does,
suih that the same form of relation defines all interior connections, lhi.‘!‘i we have
4 suitable basis to proceed making the field the analytical canvas. If not, then
such a foundation is Mllacious and any theoretical structure that is hml_l._ upan it
will be liable to be precariously wrong for reasons that are l.‘II{,ts:tW{']y
untracenble, as has been precisely the experience of much _nlhr:ntws.- rigorous
economic theary, And what distinguishes this? In essence, it 15 whether there are
clements in the system between which there arc no conncctions. O from a
different perspective but one that will form the key link to many other aspecis of
heterodox theorizing, it 1s whether the map of the system shows strong evidence
of structural decomposition, such that particular elements are related only 1o a
subset of other elements and not everything else generally. It is the mrnplcwm_m
ol the set of connections that is the primary criterion, and the neow alrasiun
theory is the pure expression of economic theory constructed upon the
foundation of a complete set of connections, as is the aperational meaning of the
lagical structure of a figld as A", . ‘

We proceed ns follows, Section 2.2 begins by exhuming, as it were, thL
theoretical concept of economic space. In Section 2.3, the concept ol a field 1s
then defincd as a special case, In Section 2.4 this is then refated to the ;mu;uls_nl'
heterodox criticism of the orthodox microeconomics, so gathering 1_‘|[|‘!|:i'1-".'lSE
separate schools of thought into aspects of a single idea. _ln Section 15, I[he
concept of # connection is thus exposed for s mdlmenmr;-_ an;uig.-u:m
significance for an evolutionary microeconamic framework. Section 2.6
concludes.

2.2 Exhuming the Concept of Economic Space
The concept of a field is a special case of the geomeiry of economic space. All

concelvahle svstems of microeconomics must necessarily begin with: the
existence of a set of elements (azents, commadities, endowments or whatover)

R e = 5l e e T = o N e et s
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placed in some form of relationship to one another. The concept of “economic
-;'pﬂcr_" refers to the nature of these interactions, and the geometry of economic
space defines a particular set of interactions.

This is perhaps a rather absiract concepl W apprehend, but consider i thus,
weans and ends must of course somehow relate, whereby the relations must be
defined over some geometric space, 11 we have an acffon at a specific point and
3 reaction at a different point, then there must exist something everywhere
hetween these two points. In medern physics the ‘everywhere between’ is the
field (see Jammer [969). [n the necwalrasian microtheory {(pari pussy classical
physics) the everywhere between is the space R". The concept involves more
[han qust the notion of continuous space, but of an actuality that carries force
(affect) from point o point by a traverse of everywhere between. Yet curiously,
(he neowilrasiun microtheory has remained silent about the nature of this
evervwhere between,” Feonomic agents and commodities and other such things
are, from o scientilic perspective, real phenomena and therelore we may
presume that they exist in some kind of real space, Whether this space is
understood as an aether, field, mednnn, web or whatever it must nevertheless he
acknowledped to exist. IF it is our contention that there exist forces in the
coonomic svstem then it behoves us, ultimately, to speak about the medium (and
not just the mechapism) through which these supposed forces act. That is, if pur
thinking involves both couse and effect then by lopical and inescapable
necessity it also invelves the space between” IF our subject is action or
mteraction then it necessarily invokes a domain and the particular form of this
domaim is described by the geometry ol economic space,

Pwo sets of concepts can now be disentangled, First, we distinguish between
d el of actions from a set of interactions, This leads 1o the distinetion between
an mtegral and a non-integral geometry of economic space. Finally, we link this
Back to distinguish between orthodox and heterodox microccanomics,

221 Actions and Interactions

[0 its most rudimentary sense, the ceonomic problem is a choice problem linking
£ven means and given ends. But it is a peculiar type of choice problem, as
Laushy (1976: 3) recognizes: i knowledge is perfect, and the logic of choice
complete and compelling, then choice disappears; nothing is left but stmulus
and response’. If we completely define both means and ends, typically
:ul:-_'lmolug_y and utllity or preference functions respectively, then their linkaze—
e modus aperandi of the economic problem—is rendered & purely technical
problem with o general form of solution under certain formally defined
srcumsiances. The economic problem and the neowalrasian statement of that
problent in terms of choice has acquired orthodoxy, It would seem. from
witraction of the purely loglcal aspect—uiven means and given ends—from the
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mechanisms of the actual medium over which and by which this occurs. As
critics have often argued, it remams something of a travesty of investigation to
interpret the economic problem as a problem of choice and then to abstract from
all the cssential features of choice in the human context (Coase [937,
Kichardson 1953, Shackle 1972, Simon 1976). Amongst other aspects, for
instance. we must recognize that both the end-points and the pathways between
means and ends are often prima facie Tmpossible to conceive, let alone
incorporate mto an optimizing plan seo as to collapse all possible states of the
future into the present {compare, Debreu 1359), In formulating the economic
problem as a problem of simple optimization subject 10 exphictt constraints, the
essential context of the problem, the context of procedural rationality, is swept
away. Then, as Debreu insists (1984: 267), 'one can describe the action of an
economic agent by a vector in commodity space B7." T will comment i turn on
the meanings of ‘commodity’, ‘agent’ and ‘action’, but my immediate concern is
Debreu's idea of ‘space’. Because it seems that the point Loasby is making is
that if we can predefine everything about the space of economic actions, which
Debreu presumes, then this is not a space mhatted (or inhabitable, Heiner 1983)
by human agents. Loasby is making a statement about knowledge and the nature
of the economic behuviour of an agent, Debreu 15 talking about the actions of an
cconomic agent; we begin by recognizing that these are wholly different
coneepts.”

The difference is that Loasby, by invoking the concept of knowledge, and
therein o specific association between things ss all knowledge must be, is
conceiving of interactions. For Loasby, the conditional “if knowledge is perfect’
is u limiting case, made up of a complete set of theories and intentions
connecting the agent cpistemically and operationally with every other clement.
Debrey, however, refers only to actions. He does not build up this set by
increment, bul conjures it complete, as mandated by the logic of a field.
Debreu's agent does not interuct with any other elementagent in particular
hecause this agent interacts with every other agent simulianeousty. And in this
sense, o simulmaneous interaction with everything 15, as Debrey correctly terms, a
singulur sction, Alan Kirman (1957h: 492) argues that this fundamental
distinction then leads analysis to:

mode] the econamy as if there was only one individual in @ sector, Thus, the aggregale
behaviour of consumers is modeted as though it were the behavieur of one,
maximizing ‘represcntative individual’ This cssentially sssumes thar the direcl
imeraction between individusls has no consequence and  thal micro- and
macrobehaviour are of the same vpe

Kirman further notes that the consequence of moving away from the vision of an
cconomy as & collection of individuals reacting in isolation to market siznals
towards models of a system where there is interaction is that “the netion of
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cquilibrium may need to be modified’, Debreu’s agent is cqually all agents. and
thus al once a micro-agent and an aggregate phenomenon. Loashy and Kirman
among others, deny such logic on the grounds that Debreu achieves ﬂ].is1
iransmegrification by denying the asgent interactions, Kirman, however. then
felicitously speaks of a general problem that Debreu presumces solved, namely
‘the general problem of establishing the relationship between microeconomic
mieraction and aggregate phenomena.’ One may also mierpret this as the
‘Richardson problem’ (Richardson 1960, Earl 1998). We can make sense of
such incongmities by noting that each conceplion derives from a differem
assumption of the geometry of economic space. | sugeest we unfold this as the
distinction berween an fnfegral and a non-infegral space.

lhere 15 no imteraction, knowledge or structure in the neowalrasion
mticrotheory because the nature of economic Space is assumed to be integral (sce
Mirowski 1990; 301). That is, the micratheory harbours no provisions for the
exitence of cognitive structure (Kelly 19637, heuristic structure (Simon 1959),
arganizational structure (Chandler 1962, Williamson 1975), spatial or wemporal
structure (O Driscall and Rizzo 1985, Hodgson 1988), market structure (Callon
19497), wor socinl structure (Burl 1992}, The quality of a space being integral
derives from the assumption that o single (mathematical) operation links any
point in ceonomic space with any other point. Interactions, knowledge and
structure are specific connections between paints in space and therefore the very
existence of these concepts is excluded by the assumption that all points relute, a
pretort, to all other points dirgetly; that s, with a single mathematical operation.
i 2 world of omnlscience there cin b ne such coneept as knowledpe, as in a
world of omnipresence there ean be no such concept as nrl.-_unimt-iun; bath
knowledee and organization, wlong with structure and processes, ure meaningful
aily in the particular, That is, they are phenamens of partiular interactions not
zenvrulized actions. Particular interactions cannot be defined in an integral
space, Interactions exist only iy a non-integrl space.

Che mathematical character of this abstraction (from particular jnternctions)
isthe concept of 4 field. In a field, *interaction’ does not mean anything because
there iy 1o crample of non-interselion—evervthing inleracts with everything
elie. A field, then, is the operational expression of an integral space, When this
Sitiation is inferred, the analytical system reduces from a ;iolj—itjtcgml complex
q_i :utu:rau:lljumz to an inegral set of actions (the entire canvas is filled, as it were),
1:'1- l.r;lm?t for doing 5\u1 . is _Thm this mukes -an EHOFTIOLS anfﬂ‘pﬂ]ﬂ!
. nplilication 1o the representation of the system of otherwise interacting
cleinents,

) “1]115 puth—blreakmg mathematical treatment—the assumption of an integral
ﬂL}:Tfn?—was introduced many centurics ago by lsaac Newton and Gﬂlifrnil:d
{J:T::_:w.irﬁ-jndu, ﬂ:;;ﬂ:n:ﬂ;r‘r;aticnlly refined mto Ithe n:o_m:et;':u of a field hy Karl

amlton. The concept of 4 gravitational field (combining
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the mathematical concept of a lield with the physical concept of an integral
system into the physical concept of a field) was then formalised by Leonhard
Euler.! Joseph Louis Lagrange and Pierre Simon Laplace. This then led to field-
hased investigation into the phenomena of heat (Joseph Fourier), electricity
{ Alessandro Volia) and magnetism (Michazsl Faraday). James Cleck Maxwell, in
the famous Maxwell equations, then achieved a remarkable breakthrough by
showing that the field concepts can be combined. Maxwell's equations unify the
separate ficld concepts of electricity and magnetism into a single
electromagnetic field, which established among other things the clectromagnetic
nature of light. 1t was at this point that the ficld concept most clearly revealed its
enormous power a5 a truly general unifying framework. And so from this point
onwards, as the modem developments in quantum ficld theory. gauge field
theory (fields of ficlds) and so forth all attest, it developed that the essential
component of modern physical theory is the concept of a field. But that, we must
immediately recognize, s physical theory. It remains to be shown that the very
first assumption that set this entire scheme of development in progress
(Newton's physical notion of an integral system) actually has any real basis in
tie ontology of an economic system,

Feonomic theory has not so much shown this but outrightly assumed it to be
the case. Indeed, it is fair o say that we have plagisrized (and not merely
paraphrased) the concept by not calling it by its proper name: the technnlogy
and preference functions which are otherwise labelled as firms and consumers
are, strictly interpreted, technology and preference fields. Samuclson (1948
153), Clower (1995: 314) and Foster (1993 977), for instance, are rather
uncommon instances of proper recognition of these concepts s fields and not
entities. But it is Mirowski {1989) who has most comprehensively described this
appropriation. e explicates the concept of the “utility field (shed : 231-9) and
the *technology field” (#bid - 312) as what are otherwise, but incomrectly, referred
to by the less incongruous notion of ‘functions’. Furthermore, he notes the
logical necessity of mathematical equivalence between the two field concepts.
For instance, in recopnizing that ‘the production field must be static and path
independent if it is 1o be consistent with the utility field’, Mirowski provides the
(perhaps oversimplified) reading that 'the Cambridge capital controversy made
clear that the paradigm of the production function was imported Into
neoclassical theary as the parallel analogue of the utility field”. For our present
first principles purposes, the point is thar these functions (the utility/preference
fields and the technolopy/production fields) are assertions about the nature of
gconomic space. They are not statements about the nature of the things that
popuilate the space (as the concept of a funcrion seemingly impliesy. which iz 10
say that they are not statements about consumers or firms, as they are almost
exclusively sold,
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2.2.2 On Economic Space

According to Shackle (1972: 277) ‘a space, in the most general and abstract
sense of the word. is simply a class ur sel of ilems’. As such, for the set of
=luments constituting an econemic system the domain of actions and mteractions
comstitutes the formal meaning | am lo attmbute to economic space. The
cepmetry of econemic space | then define, also formally, as a mapping of these
actions and interactions, Yet belore we proceed further we ought first 1o
distinguish between concern with the geometry of economic ar}ahnv and the
ceonomic subject of spatial geometry (For example, Greenhut 19953,

Spatial geometry” has grown oul of inguiry into the phenomenon of spatial
clustering in the prowth patterns of such entities as industrinl regions, certain
Ivpes of markets and cities, The ceonomie subject of spatial gunmhr:lrj,- overlaps
with logistic, geographic and ethnegraphic investigation so that spatial geometry
o clearly an applied subject domain with respect to economic theory. Yet what |
mivr w5 the geometry of economic space is a far more abstract and
imetatheoretical domain, An investigation into the geometry of economic space
concerns, a5 above, the mapping of the actions and interactions between
clements of & system yet nel with regard to a particolar subject domain but,
imstead, with regard o the type of space (topology or topography) that a
theoretical framework infers. As such, nn inquiry nto the geometry of economic
e s an attempt woomake explicit the noture of the economic space that is
ctherwise implich in & microceonomic framewark

The primary division in the papulation of geometric forms is between integral
and pon-integral spaces, 10 a spoce is integral then we define o field. If it is non-
ntewral, in the sense that the set of interactions cannol be collapsed 10 a field of
actiong, then the geometry of economic space miust be mapped by a set of
1;'.'l_'\'|t'lul connections (ona lattice), 1, for exnmple, we are to recognize that
tncgrtainty exists then we must attribute this as a property of the geometry of
suenunie space. Which is to say that from a particular point i space, the agent
cdnnot connect with any point in space which lics bevond the constricted event
|'u'|r|?m|:|. Uncertainty is a name we have given to an aspect of a non-integral
Pace " Similarly, if we are to recognize that oreanieation exists, then this oo is
L prepetty of the geometry of economic space, wherchy there exists a knot of
Lumples local internctions. Yet first we muost mcngl{i?e that there exists .a
“pace- that is, thar there exists a structure of Interactions. Once we can exhume
Hiis basic notion it becomes apparent that there aré many different peometries of
“face. Transcending field theory, then, is a tapopraphic seometry of states,
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2.2.3 Integral Orthodoxy and Non-integral Heterodoxy

Thus the domain of actions and interactions interfinking the operations of an
cconomic system is the meaning of economic space. As such, at the basis of all
cconemic theory s the concept of a set of elements and the corresponding
notion of a space. Expressed in this barefaced way we may perceive a basic
dilernma at the foundations of economic theory: which metatheoretical construct
is primary—the elements, or the space of connections between the elements?
For instance. underneath the contrast between the orthodox conception of a firm
as a production function and the New Institutional conception of a firm as a
governance structure (see Willamson 1996) are the two sides of this basic
ontological issue: 15 a firm a set of factors or is it a set of interactions? Similarly,
the sometimes subtle difference between the Austrian school of cconomics and
the broud neoclassical school (Endres 1997) turns on this same point: is an agent
a set of behaviours or a sel of endowments? In other words, is knowledge
{including echnology) a thing or a relation between things? Do the fundamental
units of an economic system exist i space, or are they in fact the structure of
spice?

[n this format we may see plainly the heritage of the question. It is the
conceptual distinction between modemn and premodern physics. In modemn
physics the concept of the space is primary, expressed in terms of a field. In
premodern physics, including Newtonian physics, the clements were primary
and reul. Modém economics has pone the same way as modern physics by
emulation of the field logic. In Mirowski's (1989 198-201) account, there was
in the nincleenth-century economics a growing tension between then emergent
nations of value in exchange and classical notions of value in use, or some such
phenomenal hasis linked to theorics of production. This was the muror image of
the prowing tensions in physics between the emergent licld account of physical
phenomena over the classical 1deas of physical phenomena as concaived in
terms of some substance. The outcome, as we know, was the ‘the gradual
supersession of field theories over substance theories in physics over the course
uf the nineteenth century”. Mirowski then suggests that it was this external effect
that was the key to the so-called marginal revolution. He explains:

The rise of figld theorics was the mose decisive miluenice because 1t finally provided
the definitive epistemic break between classical and neoclassical economics. In shor,
classical economics had become nextricably identified with the paradigm of
substance theories in physics, and thercfire its days wers numbered. As physies
progressively moved lowand field theones snd models of motion, and cnorgetics
seemed 1o hold out the promise of the unification of all the sciences. etonomisis {with
some lag) adopted thair own ficld theory of value, which we pow call peoclassical
theary.
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The orthodox research programme has thus, over the course of the twentieth
century i the guise of the neowalrasian paradigm, endeavoured 1o make sense
of & held {integral) peometry ol ceonomic space. Techmically, it has heen
cnormously successful, In contrast, the heterodox schools of thought have heen
somewhat sdrift over this same period: neither inheriting the classical substance-
based theones of value, nor deyeluping a clear sense of a competing paradigm 1o
the concept of a field. Physics was absolutely field theory and thus provided no
inspiration, but evelutionary biology did, and particularly so for the emerpent
school of Institutionalism. Yet the basic problem has been that the evolutionary
metaphor has no clear sense of a relation to the field concept. These two
paradigms are, from the perspective of econnmics, massively incommensurate.
In this way it has been the case that any points of criticism or insight levered
fromt the evolutionary perspective (sce Hodgson 1993) have had no significant
effect on anything done within the Nield parodigm. For heterodox economisis
this his been Trastruting, to say the least. Similarly, orthodox economists have
teen cyually bewildered by the rumpus comg from the heterodox tribes

There 15, however, a subtle way through, a way of positioning ecomomic
thoueht in terms of the relationship 1o the paradigms of notural science and their
concepts of space and time, The evoluionary paradigm 15 based on the
antalogical and analytical axiom that the geometry of economic space (and
ture ) is non-integral, Heterodox economics is that which endeavours 1o make
sense ol geometry of eeonomic space (and time) that is not s Geld,

¥

2.3 The Nature of a Field

A el js both a mathematical and a physical construct and argusbly the most
|:u|1_1:1.-1rn-.-utat concept in modern physics, A single instance of testimony will
sufice In deseribing the path from Newtonian 1o modem physics, Albert
Linstein (1953 xvi) states that ‘the victory over the coneept of absolute Space ar
over that of the inertial system became possible only because the concept of the
faterial object was gradually replaced by that of the field”, 1le poes on to assert
that “under the infuence of the ideas of Faraday and Maxwell the notion
developed that the whole of physical reality could be represented as a field”.
And as with most fundamental concepts or abstract universals, its definition is
aturally slippery and must be handled with care.

fidlih:;;vi maf F.inste'mr is ru!‘crrijxg fo two |_ii3flim:t enufies, the concept of o
& ~1.. : the ILPI’GS.E]'ITHT[{![] of a helld. The difficulty, sesmingly pervasive for
fluse w hir have been concetned with the explanation or appropriation of the
cencept of a field, is that these are distiner notions: the first concerned purely
with (aleebraic) logic and the sccond concerned with an explication of a
Physical phenomenon (generalized interaction). This distinction is vital. as the
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second necessarily mvokes the first but not vice versa. Which is to say that the
physical concept of a field derives from the arithmetic concept of a field."
which defines a set of elements (real numbers, say) and a set of operations
connecting cach element to every other (the operations of arithmetic, such as
addition). In a physical field. both the elements and the operations of an
arithmetic ficld have, or are assumed to have, real counterparts; the elements are
the fundamental quantities of mass, enerwy, charge or some such, and the
operations are the forces described by the field equations. As Einstein indicates
above, the march of theoretical physical science has trampled the concept of
material existence and smeared it out over the entire space, In this way, the field
is more thin the space over which interactions occur and are universally defined,
but rather makes the complete set of such interactions the ultimate locus of
existence for the element in the space. In other words, & —» &

The implications of this for economic theory, although to be elaborated as we
proceed though this section, can be spelt out immedistely. Physics is
reductionist, but it does not reduce to elements such as atoms. clectrons, quarks
ar whatever the fundamental particle may be at any particular stage of the
investigation; these concepts are (merely) placeholders i the framework.
Physics reduces to fields, as phenomena of generalized interaction. And this, 1
argue, is the basic misunderstanding that plagues modern ecconomic theory, It
has appropriated the mathematical logical stnicture of a field but has ignored its
most direct implication: the existence of such things as demand and supply
lunctions must be spread oul over the entire domain of econamic space, 45 a
perfect integral In other words, and as the neowalrasian microtheory pssumes,
everything must be direetly connected to evervthing else. But it alse invokes
something much stronger: these conncciions must thin be understood o
constitiste the essential realiny of the system. Yet this 1s in direct contradiction
with the other pillar of the theory, namely that the economic system is simply
the aggregate of free agents who are themselves the basic units of analysis. This
is the hypothesis of Methodological Individualism, and is the kevstone for all
formulations and interpretations of the theory. Thus the fundamental problem of
the orthodox miceatheory is that the set of operations that connect all elements
in the space together, and which by the mandate of field theory must be the
ultimate locus of existence, yei has no basis for existence. The lundamental
problem is ontological mis-specification, and fo paraphrase Frank Hahn (1984
175), one half of economic theory is missing.

But this is not to say that all economic theory has ignoreéd this problem.
Economists of the Austrian school, and sspecially Mises (1949), Kirzncr (1973)
and Casson (1982), have been. directly concemed with the workings of the

market process from &n interior perspective that aims 10 reveal the nature of the:

particular interactions and connections beiwesn agents. In panicular, emphasis
is drawn to the entreprencurial function. The Austrian school is critical of the
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ﬂu?ﬂl.zﬁﬁjlzjﬂl framework, which, as Kirener (1981: 111) argues, is *seriously
dcm:_ient n amy genuine understanding of the workings of market capitalism’
precisely for their presumptions that these connections just happen. The
Austrian economists are particularly interesting at this juncture EiE1 their
theoretical basis is in many respects concordant with the neoclassical 15r:|1|;1|:1l-z of
thought. But unlike these schools, und in particular the neowalrasian '-'EIﬁE.!'ILLIJ]E
fustrian economists have actually nterpreted the ficld model in its proper
contexst by directly examining the space between agents—which is the logic and
structure of market interactions. However, and as their poimt of depnrtur:: they
find :in_ the language ol the present framework) that the geometry of cr.'m:mmi:::
space is non-integral, That is, there are substantial regions over which
conneetions do nol exist (both logically and phenomenally), which is precisely
the vmphasis they draw to the phenomenon of time and the existence of
uncertainty and ignorance (Shackle 1972, O'Driscoll and Rizzo 1985

Still, we must lrst establish the basic relation. Neowalrasian L!Eiliil'll:ll'ﬂiﬁs is
field economics’ in the following way. In general equilibrium, all markets are

interrelated. But aceording o Clower and Howite (1997 27, this is not an
dceurale statement,

!r: prictise, Infwcvclr. virtually evorvone {inchiding Hicks in the purportedly “pure
logicul analysis’ of Falue amd Clapnrad (19390 7Y andd Debreu i (he c\-c;l miore
prefenticasly ‘hl1rrrml‘ Fheart af Value 119597 talks [reely aboot ‘markers’ when they
are reterring lormaadly) o supply and demand functions because their supposed
teliance on formalism 15 always more o less sham; what they actually mlkl “Fhi'::-l 1
the real world as they conceive it intuitively . . not the absteie world of st

clements, axioms aod mothematicnl operations wlich they pretend to 1k a8 h i
treoal, techmcal universe of discourse, _ e

[ is evident, then, that there are no markets in neowalrasinn theory, only supply
and demand functions und we may explain this as follows. (_'.'!jl'I‘SidEI' i pﬁn:
f.-m:hung.: cconomy, where there are n goods in fixed supply. We may plhtn
:*JiEJJ;Ec_LJ-;ut Sds —-L II,..,.n] 15 the EDIH! supply of good ¢, and that the price of good
o llh..-_- [ﬂ{;.l.,lii:. .ﬂ;mfr and factor inputs are presumed to be part of the *goods”
P m; ;arnan tn:_r gnudl 1, then, depends upon all the prices D}{F,.... P,).
G R ec.xijr i u.J]‘] p:l:l.l:ﬂﬁ as P, then genemj cquilibrium pertains to the
kgl fing u?::-j wcu: i — Pysuch ﬂJEll‘. D.'{P ) = 8. Whether or not such
P j:!s { _ﬂ:mw and Dehren l@:tlaﬂ 15 rrelevant to the feld context
it riglld B eRErt?feruncf: function that contributes the demand
e by mazt.—. |tx,a ,m- . .J Itu: price vector P is a field vector in /%, So lt s
3ii'nliltﬁ_|1u{m5]}.- s gdi:. Rnr.mene ated, but all supply and demand funcrions
N E:]nmmext is afx!:hmtly noted by most tF:xtbunks and is clearly presented in

plicitly *formal” reputable treatments of the subject. No vne is denving that
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fhis is the case; but then again, no onc is actually admitring it either. The
pertinent fact of the matter is that the concept of a ficld—as the use of the space
R and the definition of all actions to take place simultancously within this
space—arrived with the ‘marginal revolution”. The more difficult idea to admit,
as Mitowski (1989) has laboured to do, has been that the nature of this marginal
revolution was essentially the arrival of the field concept.

According 1o Mirowski (1988a), the rise of ‘energetics’ as mid-nineteenth
century physics, is to be understood as the conjunction of two conceptual
innovations: (17 the theory of the physical field, and (2) the principle of
conservation of energy (see Harman 1982). He then argucs that economics fell
very strongly ‘under the influence’ of this paradizm, and that the product was
distinctly the ‘marginal revolution’ as associated with Walras, Edgeworth,
Pareto and Tisher (but not Menger). Scholarship internal to economics has
sometimes denied that such a revolution occurred (for example, Blaug 1978),
but Mirowski's case does not hinge internally. He upequivocally judges that “the
sssence of the neoclassical analysis is the appropriation of the physical coneept
of 1 field’ (Mirowski 19882 41). His critique, however, focuses mostly upon the
second principle, arguing that (rdem: 17)

The rise of encrgetics 1 physical theory induced the invention of penclassical
seonpmic theory, by providing the metapher, te mathematical techniques, and the
pew  attitudes  toward  theory  construchon, Neoclassical economic  Lheory  wis
approprated wholesale from mid-nincteenth century physics: utility was redefined 50
a5 10 be wenticul witl energy

For Mirowski, the case for the appropriation of the concept of a field is written
plainly in the testimanies of the progemtors themselves, as they openly aspired
to reproduce the theory of rational mechunics into the economic domain.'” In
this wiry, Mirowski (1988a) is not explicitly concemned with the logic of the field
per se (compare, Mirowski 1989) bur with the subterfuge concemning the
implicit smuggling of a conservation principle into the framework of analysis. Tt
is my own conclusion that this aspect Is nol 50 important. It is the field
appropriation, and not so much the appropriation of the conservation principle
(despite its far richer array of analogues: variational equations, maximization,
utility and so forth) that is ihe ahsolute and ultimate hasis of the neowalrasian
paradigm,

|.ike the physical sciences, ncowalrasian economics was to purge the concepl
of interaction and thus the concept of protean and effectual material reality by
instating the mathematical logic of a field." Mathematically, and excepting the
higher dimensionality, there is no formal difference between the economic agent
and, say, an eclectric charge or point mass, in that a single me-invariznt field
veclor (preference function) describes the sum of all interactions extending from
the agent. The possibility of non-interactions must necessarily be ruled out,
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and by definition this collapses a complete field of interactions into the concept
of generalized actions. And although this is well defined and seemingly rmf
fuciz acceptable within the theory, the intrusion of time (as another d}n;er‘?qiuua}
then requires that this same logic be extended fully through this dimea;sion
hecause it is also in the leld. Debreu (1959) *solved” this problem by assumin
the existence of a complete set of forward contingent markets, The u;lu‘t:—iu::uuir
nature of this solution has been a persistent theme for critics of the theory,” but
it must be seknowledyged. the problem does not suddenly appear as the l_m:n umi
dimension is added, it just becomes more apparent. The nature of the pmhlgm is
identical: all points in the Geld must be connected to all other pumis in the ﬁelﬁ
and througeh all dimensions of the field.

Whether the concept of a field can be carried over into the economic domain
i something that must from a Realist perspective (lor example, Lawson il}:}‘-
149497} be decided by appeal to the nature ol ceonomic in!.mrnciin;ls. and whether
lhese are sufficiently integral to suffice the notion of a field Yeu the
mstrumentalist perspective (4 fa Fricdman 1953) has been more pervasive snd
the appropriation has never been debated in such realist terms, E-'iulcll l.huurv
allows  complete  off-the-shells mathematical  formalisms — and umﬂylicr;]
pnncnp!us,_ ergo, s approprintion wis muoch influenced by the templations of
mathematical respectability, and, it must be acknowledged, this has in its own
rieht brought enormous successes. Bat the fact remains that un]ilkc p!'tlvﬁicn]
ipace, economic space is not amenable 1o a field representation because it is ot
integral i the sense thal every clement (thal is, agent) aflects every other
ul::m_::m_ This is o wholly satistied empirical condition for physical field theory
Im:_ for reasons bath definitional and ebservational it is 1 most sudacious ste Eri
detine an cconomic system as anything remotely resembling a perfect inte Pml
Such sleight of hand has not passed unnoticed, as Loasby (1976: 44) rcmark&g: -

in pr.ll:llict*. ceononists normally employ o simple and comprebensive theony of non-
1-'li'll]_l|i'!!'_ll.1!'ﬂ behoviour: an cconamy out of equilibrivm ujwa},lra: moves 1nwnui
suutibrinm—exeept when it doesn'l o the lormer case one wses |:;1|cru1hm..u ,n :.1:15
lutrer, !hc technigies ol mucrocconomics, These Iniler 1::::hn1lqucs, as is t'.'l?ri\' weli
recopgnized, imply the abandanment ol some of the foundaions nfgn:m:mi uilibriu

theory: what is less well realised is that the use ol :quiljblrium ﬂmnrv“:n evpla:-:

behaviour out of 1hr .

e equilibriom, though preserving the iHesion of 1 - 3

] : : ull theoretic »

15 1 dourse of I:'-rcathmkInE! ﬂul.!lli.'ﬂ!r'. feul Heour,

;1:1;;;:”“;“’0115..hﬂfﬂus'z the specific fcru:lr?lalinn that is abandoned is the
o tigarion (Asin 2 wade takes place owside of the final equilibrium
F-"lﬂcecu“:m ; l-]l 5 in dgtle'lrlh § process of recontracting, where no trade takes
e Ao :LL ﬂ@*‘-"‘if'h“‘-": interacted with every other agent, such that when
i pposedly occur il is as a set of singular zetions.) Disequilibrium

ing cannot be logically defined within the context of a field because a
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disequilibrium trade is by definition in non-integral space: each agent interacts
with only some other agents.

The reinterpretations of Keynes's General Theory by Clower (1965) and
Letjonhufvud (1968) are themselves, | think, well reinterpreted in this manner.
Leijonhufvud's argument, for instance, aimed to shifi attention away from price
rigiditics as the orthodox explanation for the Keynesian problem of persistent
unemployment, towards the pattern of information flows in the market network
of a monetary ‘cconomy. Essentially, the reason for such coordination failure
derives from the fact that the cconomic system is intrinsically non-integral, and
it is the price mechanism itself that disseminates mformation (as Hayek stressed,
see Buchanan and Vanberg 1991, Vriend 1999), tending the system towards the
Walrasian integral state, but it can only ever do so imperfectly. As such, Clower,
Leijonhufvud and Hayek alike all begin from the opposite end of the geometry
ol cconomic space 1o that presumed by the neowalrasians, They do not presume
the connections cxist but rather that the function of the market system 15 to
¢nable these connections to form. Inevitably, they do not form perfectly and
much cconomic aclivity necessarily takes place out of what is theorctically
undersiood ns equilibrium,

In this vein, Clower and Leijonhufvud were perhaps far more radical in their
thinking than was even recognized at the time. Their recent absolute rejections
of the neowalrasian paradigm (Clower 1995, Leijonhufvud 1993, 1997) indeed
attest to this ussessment. And what they were rejecting, then, was the concept of
a field as the starting point of analysis, because, unlike the physical domain,
there is persistent macroeconomic evidence thut there are both logical (for
exumple, Clower’s Dual Decision Hypothesis) and phenomenal (Lejjonhufvud’s
attention to the mythical Walrasian auctioneer) unconnected regions in the
peomelry of economic space.

Before continuing with this point we must acknowledge that the ground has
already been broken by Georgescu-Roegen (1971); although 1t would seem that
this has not much been widely, or indeed even narrowly, recognized. Georgescu-
Rocgen's analysis and critique concerns, as titled, the entropy law and the
economic process, and unfolds the case for the necessary primacy of the
dinlectic mode of analysis in economics. A most curious concomitant (o
Georgescu-Rocgen’s work, given the compass and brilliance of his study, is that
the explicit theoretical artention it has drawn from the community of heterodox
cconomists has been, for the greatest part, a deeply respectful deference. It
seems that his outlying point has been taken—that the sconomic process is not
that of a closed system'®—but with respect to the intemnal theoretical
ramifications that form the ultimate substance of his critique Grorgescu-Roegen
has, 1 think, been massively misunderstood. For although the implications of his
analysis clearly unfold to link with the entropy law and modes of dialectic
reasoning, for which he is well cited, the theoretical point of departure that he
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pa_instaking]y belabours (1971: pp. 39-141, also appendix A) is the logic of an
uruh_m_etical continuum. Apart from Foster ( 1993), there does not seem :] be any
-;xphm? recognition of this point of analysis, and yet it is the basic platform of
his enfire edifice. He identifies in the construct of an arithmetical continuum the
crux of the reason why the neoclassical theory cannot explain qualitative
change; the symptom then is the confusion and neglect of dialectic constructs

From a suitably abstract perspective, the basis of Gmrgesu:u—Ruugen‘sl
theoretical departure to account for the flow processes of an economic svstem
stems Frnm_ a critique ol the (arithmetical) geometry of economic _siauce
conceived n space and time as a continuum, Maimaining this level of
abstraction and applying formalisms, an arithmetical continuum is equivalently a
number field &', known as the real field. _

Georgescu-Roegen recognizes the arithmetical continuum as the aggregate of

All diserete points such that it may be conceived in its structure as ‘beads on a
string, but without the string’ (1971: 65). A less metaphorical reference is 1o be
found in Poincard (1963 30) who observes that each element, Georpescu-
Huegen's “head’, is ‘an individual thing absolutely distinet from the others and

niorenver, ahsalutely indivisible' (see also Whitehead 1929, Bergson 1911) Fn;
[rvu_r;:uzaml-Rnegen. this conflux of ontological and methodolopical eriticism

surlaces as neglect of dialectic concepts, and, in particular, his mvestiture of the
cnteopy law as fundamental fo understanding the nature of the ecconomic

rrocess And yer his starting poimt, the arithmetical continuum, we must

FeCORnise, I‘- equivalent in algebra to a one-dimensional field, The subtlety of
the matter is that Georgescu-Roegen only required one dimension, as such, 1o

inake ]III.H' points concerning the analytical treatment of time and the ]ugic‘ of
dislectics hut the essence of his argument carries to higher dimensions where a

continuum is more generally a ficld in £ It would seem the point has gone

innuticed that when Georgescu-Roegen rigorously set up and vigorously tore

dinwn the cancept of an arithmetical continuum (so as 1o define the existence and

lugie of dialectic principles in the domain of economics) the symmetry of this

rgument with respect 1o a field undercuts the entire tmowaimﬂm mode of
-'Illufj-r':n-:_ IL is not my opinion that Georgescu-Roepen overlooked this

lmu:IJ::.t;11t::vqulh .I;m hc qus far too erudite o mathematician in this primary respect,

Ryt .d]' .'n ]_.‘n;..J}_‘ perhaps, he ths;: not o draw attention to the absence of a
el ;r_d ar ytical system in his own critique. In Mirowski’s opinion

nab: 835), “Georgescu-Roegen seems to pull his punches, never extending

17 eritiques to their most devastating conclusion’.
r:'c;-:luz:liit.'muli such a system is Ilutenr it is not altogether obvious, requiring the
un_n:m' ;D:-i ata ﬁluh:l isa sIEm;:a! case of :ml integral domain, which is a special
T ummufﬂiwu_ T_mg._ Arfd this path 15 only recognizable (as interesting)
s i rn_ead;. have a vision in mind of a solution space as a topographical state-
sPace, with graph-theory ordinants, that is essentially non-imtegral ovar the same
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metric space. And further it must be recognized that these arithmetic concepis
have ditect bearing on the theory of complex systems, and thar the theory of
complex systems applies directly to the constructs cmploved to model an
ccomomic system. This, in abstract, is the formal path from neowalrasian
microeconomics to @ more gencral evolutionary system of Mcroeconomes,
Georpescu-Roegen took the shorter path, dircctly from an arithmetic continuum
to the logic of dialectic constructs. But in domg so he skipped over the chain of
abstraction that renders the generalized field theary approach a special case of
the more general topograplvcal approach which harbours the system of algebraic
constructs upon which 1o rebuild an analytical system of microLconomics
incorporating specific micractions.

By the standards of applied mathematics, Tings, fields and integral domains
are highly abstract concepts. yet they are primitive entities at the foundations of
algebra. And usually unnoticed, these systems are the formal laws under which
elementary arithmetic and algebra are constrained 1o operate. For approximately
a century now, economists have laboured under the sway of a deep and
fundamental algehraic presupposition concerming the geomelry of economic
space. In essence, we have assumed that the laws of algebra and logic are
ubiguitous in the economic domain, in a similar sense 10 which they are in the
physical domain. For it is a curious but profound fact that the principles of
mntural o are amenable 1o expression in mathematical form, which is to say. in
the form of o ring or field (a classic essay is Wigner 1969). As many seientitic
luminaries have reflected, it is something of a mystery why principles of natural
lnw can be expressed so succinctly in the lanzuage of mathematics. But that this
extends to the economic domain, i sifu, is not implied by the fact. That physical
nature is (seemingly) intrinsically mathematical and furthermore ol & particular
matheinatical form does not ipse fucto imply that all domains of science are
ardinantly so and of the same generalized torm (Kwasnicki 1996; 6-13) Put
bluntly, the fact that the motion of celestial objects is well described by 4 system
of linear eéquations does not, in wsell, imply that all systems of mutually
interacting elements will also be well described by the same mathematical
system (pace Debreu 1991) Yet, notwithstanding occasional explication or
acknowledgement, this logical fallacy of gencralization has proceeded largely
unchecked.

There has of course been direct criticism (for example, Blatt 1983, Quddus
and Rashid 1994), and modem investigation into the theory of decision making,
rationality, technological change and the theory of the organization have ever
weakened and cast doubt upon, albelt indirectly, the universal applicability of
inherited mathematical foundations. First, it is being increasingly recognized
thal the systomis under investigation are not only never intagral but that they are
typically very far from this state. It is bacause economic SyslEms are =0
definitively “non-integral’ that concepts such as bounded mationalipe, pure
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uncertainty (g fg Knight 1921) and hierarchic structure (Simon 1962, 1991:
Radner 1992) emcrge,'® However the assumption of an integral 5ysten;' is the
vine gugt noa for all techniques of dynamical construction (including a ficld)
'ﬁ:mni the 11|1w5 of summation do nol seem to apply generally such thar the surn:
ol the parts is not always equal to the whole—for example, synery (Kay 1982)
or mlnmpcu:n::{: {(Foss and Knudsen 1996). The fact is that the Lul:.’il.:r[\-'il;
principles ol geometry Emd arithmetic that work (spectacularly) well in thg
physical domain (T have in mind principles of simple mechanics) simply do not
carry over to the economic domain in anything like the degree necessary for
them 1o be cemented unexamined into the foundations of analysis. Yer in the
;Lppm_pr:minn ol the concept of a lield, precisely such symmetry h.:s been made
nn dxum '
Mathematically, then, a lield is a system ol elements over which basic
;ﬂguhn:i.‘:' operations are universally defined. A field, thus, is defined :wer- d
s H’ a5 the rlc_amnin of sealar coordinales mapped by n orthogonal axes. Th::
lype nilllcld tealised depends not upon the definition of the space but on the
alzebraic operations that are internally and universally defined.'” A field is an
inregral space plus the set of operations (usually impti;:u in the definition of the
sparce ), A field may be defined in any number of dimensions—as &' to fF—but
meakes o stmple and erucial requirement, the integral rtsa‘umptinn. thit all points
i the space & are included in the leld, This point is, | think, |r1~nrc .-;dhﬂ?:]nﬁ
las been generally recognized and discussed in the transmutation of the mn:::; |
hotween mathematics, physics and economics. First, the context of a field ?,,
.:lw.'u}'s a sel of interacting clements, say 4 and 8. Suppose 4 <> 8 (where h.'-
denotes interaction}, The Tiekl concept breaks this interaction into two nction
components intermedinted by the field. For example, the formation of a dr;nnund
wnd 4 supply curve is a field concept replacing the intrinsic interaction symmetry
S| Jtl:'ifkt"l exchange. As such, 4 « fiold < B In contra example Clower's
[1965) dual-decision hypothesis breaks this field simultaneity hui.:k .iuln s
-.Tc.ruu:uun compaonents. Households (A4} demand goods and sell labour, firms
‘m‘ :;:-'r::f::_r?lfeagdi:jicn?m_'.d lnbuulr. thus in .'-J'Lt-'} fiedd « 8 cquilibrium will arise
- IE‘ I.».J_nnbie [pru:cf;:_l. Bui I.'_Iancr sugpests that this situation is
i -: iy composed of two sets of interactions (the dual decision): household
L ;’r::l f;i rfunj_s. A ‘;’ B:. and firm dcmau}d for labour, B — A Wharever
L Cazlsﬂl Qtlnuﬂlﬁffu:g;'-nf 1nmrkeé will consequentially manifest in the
dlst.qu[”brium phE”u“_wnun L"hil‘ﬂl L'I]"ll Eh::j ; n the nlﬂLIrUCEﬂT!ﬂ]HJ.C J.LJ[ILTE_.[U'I'E a5 a
BBt s e by ; L;d!JSI._ trade _Leltk_e_s place out of equilibrium. Yer
lion-integral sitwation :!w!lnh ntjl : w“.h ethhn}lm b%‘fauge {5 olssically =
T'-'If'[:pl:rm!’dim1 7 ere e non-integral aspeet is manifest mostly m the
o mension, and thus suggests the nature of the service performed by
ngy as liguidity). But when the feld context of an inleraction (4 e B} is
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broken into two action components, each with the ficld (4 « field < B) all such
reasoning is confounded.™

The critical point is that because mteraction occurs by definition between all
points we do not then require a specific representation of interaction such as A
< B- this abstraction ir the field. However, the mathematician Henri Pomcare
proved a profound result pertaining to the generality of such mstances early this
century, Poincard was able to show that, in general, dynamical systems are non-
integrable. As Prigogine (1993: §) remarks,

this is @ very important result, becaose if in contrast Poincars hind shown that all
dynamical systems ure integrable, that would mean that intersctions could always be
climinnted; thit we would esscomally live imop nominteracting world, a world that
wold be isomorphic 1o a world of free particles floating indcpendently of each other.

The assumptions of the neowalrasian framework are precisely those that
penerate (he necessary specification of a field, and thereby circumvent the
atherwise logical requirement of formulating agent interaction. The centrul
assumption that carries the logic of the ficld is the uxiom of completeness. It 15
not, primarily, as many critics have suggested, the rationality postulate, the
homogeneity assumption or the maximization hypothesis that is the core of the
neowalrasian framework, but it is the axiom of completencss that is primary and
{hese other postulates, as such, are secondary i their analytical bearing.

It is this field accession, then, and its correspondence with the theoretical
core of the physical sciences that is principally responsible for the mathematical
verisimiliude of the ncowalrasian model. Mirowski and Cieorgescu-Roegen
attack this prewension directly: Mirowski for uncritical appropriation of the
mathematical logic and Georgescu-Roegen for the uncritical adoprion of the
logic of the mathematics. Although these critiques are but two amongst very
muny others, by my reckoning they have struck the core of the neowalrasian
model, which is the mathematical logic and concept of a field. ™

2.4 Convergence of Criticism

The neowalrasian microeconomics certainly has its cnilics. The Austian school,
for instance. contends that the orthodox model does not illuminate the actual
machinations of the market process. They say it lacks orzanization. The
Schumpeterian school, ameng other things, argues that the orthodox maodel
neglects the importance of novelty and the crearive function of the entreprensur.
They say it lacks imagination. The Post-Keynssian economists have slated the
standard closed-form conception of uncertainty, probability and money. They
say it lacks emaotion. The Institutional schiool criticizes the absence of habits and
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routines in the orthodox model: They sav it lacks structure. The Behavioural
cconomists argue that fomre economicus has few recognizably human qualities

[hey say it lacks passion. And so on. But in Frank Hahn's opinion (1981: I79j
‘the ease with which so much current eritique of General Equilibrium nn-ah:'sis
can be countered is potentially dangerous. For the citadel is not at all sccure and
the fact that it is safe from a bombardment of soap bubbles does not mean that i

15 safe’. o

I'hese separate lines of critique, Hahn's “seap bubbles’, have indeed bheen
relatively easy to ignore and in the final resort, it would seem, are perhaps hest
understood not as dedicated critique, but as markers indicating by ut:.'l':zed
account some failing in the orthodox maodel, and thereby the point of L{L-p_arrurc
tor the corresponding heterodox schoul. In this way each heterodox school is
knowwn, and indeed knows itself, by its angles of incidence and rt:l'm:l-iun from
the orthodox microtheory.

S0 l!]E situation is this. There exists a much criticized bt nevertheless
predominant intellectual arthodoxy, The orthodoxy consists of a metatheoretical
core (Wemntraub 1979 73) i the neowalrasian general equilibrium theo
which s then used to construct coonomic theories, Hausman (1992 "‘u?‘;.
l”““.:wr‘ argues that it is the other way around, such that *equilibrium lhcur‘:,r..j-;
the fundamental theory, General equilibrium theory is a particular upplication of
the lundamental theory'. 1 am inclined to agree with Hausman. The field
construct builds the set of axioms, the axioms build the hard l.'u.n:. the hard core
builds equilibrium theory and general equilibrium: theory is then instated by
extending the full logic of the axioms of completeness and'cmﬂlnuir)' {which nr!::
Lhums-:tvex the L-s.-;cmla_l logic of the fekd). CGeneral equilibrium theory, then, is
:;:::;fm{ upon the field construct much more so than partial equilibrium

| lowever in_ criticism ol neoclussical economics, equilibrium theory or
general equilibrium theory, the heterodoxy has often been confused about what
| s actunlly eriticizing. This is not to say that the defenders of orthodoxy are
signiticantly more enfightened; there has been much confusion all round. The
senernl presumption s that the core logic of neoclassical ecmmmi;s i;
ufmdmu_nat upon @ series of axioms—ceontinuity, completeness, lm.n'-'.ilix-it‘lr'.
Irl::ﬁtzu:ruwgr; m:l:-uomnif_-ity; re;_@mt:n‘ir;.-'~ convexity—which the heterodox Isn:hu:so_ls'
[I:| l.. #’EILFIHI.ESI}‘ mkErJ 1ssue with (usually in terms of their hard-core translations,
: al s, ; pertf:{:t_ information,  rationality, equilibrium, constant returms,
[:3-”::-:1:::5?1“1 fﬂq;Wfiliﬂ]'IFE and so lorth) to distinguish new theoretical pusiu'un_;
52 i ::rm |0~ fLJu::t[t!l‘! of one or other of these axioms. For example, such
I'EEEms FLHL{T:E}'. uncertainty, bounded rationality, disequilibrium, increasing
b -':1.31 ‘I}a_reremls. rEut tpe n}lsmke has been to presuppose that these axioms
i ;: a.*:i.nmanc » which iz to say _rhm they are not derlvatives of some

re fundamental aspect. Yet this is precisely the case. Beneath the
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metatheoretical framework (squilibrivm theory) is the hard core, bencath this ane
the axioms. but beneath these is the construct of a field. "n"vhgt I now endeavour
1o show is that the heterodox criticisms of both the malhfnjuncal axioms and ﬂ'l_e
analytical assumptions have targeted lhe.wrc_mg pomt. Nepwalrasian th.t:-:}ry l,'.";_
ficld theory, and the axiom assamptions are_sxm.pl:,' the workahle expressions ﬂzr
the field concepl. Below | set out how this single tarzet can be read n the
various thematic criticisms of orthodox microtheory. _ ,
The enormity of this topic confines a brief treatment to proceed in a highly
stvlized manner, concentrating mostly on  delmcating different types of
criticisms and to tonch upan consideration of a representative critique. The pont
[ make is that extending from many different heterodox Sd:hrkl;l?:i of thought 15 a
mass of criticism of the neowalrasian paradigm. s:emrngly diverse _:md prima
facie independent, but which ultimately reduces fo a single cﬂncrmndu.:; T.h:;
abstract analytical leap from a space nlo a ﬁchli _A space is a well-de u:':t]
fhieorctical construct, as is-a field, but | argue that it s the sct of primary logica
conditions defining the special case of a field from 4 space that is the seat of all
fundamental heterodox eriticism. _ . .
The first task is the organization of criticisms nto a series ol stylized
modalities as below, There is no  strict correspondence  between  these
classifications and the different heterodox schools, although an appmf:mmn?
alionment may be discerned as (1) Evolutionary; (2) Realist; (3) Behavioural;
(4) Institutional; (5) Austrian and Post-Keynesian. However, given the j:inm;:u_x
hvbridisation of any particular heterodox L‘flﬂl'lt'ﬁﬂl.lii wilth respect o SUL} ru m.}
cE:-ncuptimm any such anempt al snddlil_'ng 15 unlikely to improve the c‘F.J.rI;Jrgf't.:.u
the argument. The modalities | distinguish are thematic convergences, an dl i}:ﬂ
these leitmotil across the many individual instances of departure that affor : ui
most striking and simple characterization t?l' Fhr_cungn:cncc of t_undlam.u_nt:
criticism. They are critiques oft (1) optimization and maximization; (2)
pasitivism; (3) homi economicus: (4) the eatment of dynamic structure; (3)
5 d determinism,
cm?ljr;:;::m be inferred then, that 1 do net regard the separate schools of
economic thought as contributing separate crinicisms of the orthodox mn-r.L:I: and
therefore justifying separate depariures, Instead, | observe that the same
criticism has been made, aver and over again, but that Ll:lls has not been apparent
because it has been directed at many different points of the grdaodnx_ model and
without clearly recognizing that the whole edifice rests an.a single paint.

2.4.1 Critique of Optimization and Maximization
According to Hahn (1981 128) "The fundamental element of neoclassical

theory [is] that agents will, if open 10 them, 1ake actions they consider
ﬁdvaﬁmgf:m:s'_ This it an entirely Teasonable presumption about the deep nature
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ol human economic behaviour. What is in dispule is whether *advantazeous’ can
then be interpreted as ‘optimal” in the individoal Instance, and then whether the
forces ar work in an economic system suitably conspire to generalive this result.
There are thus two components to such criticism: first, whether it makes sense to
speak of optimization or maximization in respect of the individual; and second,
whether there exist forces that generalize the sun of individual optimization,
The first point relates to the axiomatics of the neowalrasian theory, the sccond to
the nature of a selection process. It is the latter that has received the most eritical
and in-depth treatment, and will be the main subject of this section,

Cssentially, it is the axiom of completeness {or connectedness or Connexity)
that is the most troubling, and for severnl reasons. Completeness states that all
commadity bundles can be compared, such that the agent can say either bundle
4 s as good as, bewer than or worse than bundle B or vice versa. Completeness
urders all bundles in accordance with the agent’s preference map. In simple,
low-dimensional ‘apples and oromges’ type situations this s perlectly
reasonable. The trouble arises in higher dimensions (that is, general equilibrium)
and Tor less stylized goods, Bundle A, s sbove, s a4 particular set of
commodities, S0 is bundle #. Each bundle is drawn from the set of all
commaodities, X = (1, ... 1) The underlving problem is that this » is not in
practice o small number; i not the amount of froit in o basket but more akin 1o
the number of stars inoa galaxy, The number of comparable bundles is
cxponentially greater stll, Indeed, it was precisely this problem that the
inventors of sravitational feld theory simplified with the integral concept: every
point mass affects every other point mass such that the entire system may be
written ns g single field equation, n perfect integral, But this logic does not carry
over o economics in the same pluusible manner. The agent’s preference map is
only realistically conceivable s a field when » 18 4 very small number, and
certainly this will e very much less than the number of goods in an economy, or
even a supermarket for that matrer.

The second point is a more introspective critique, challenging the concept of
comparability in specific situations (for example, Hausman 1992 135). The
underlying problem is that the act of choice, say between bundles 4 and B, may
alften proceed without the agents yet knowing whether they prefer 4 to & due 1o
the nature of these goods as experience goods (such as a pre-booked holiday or
sven un apple, if ope has never tasted an apple before) or dus to the fact that
quality may only become apparent in the course of consuming the good (such as
A meal in a restaurant, orany consumer durable). There is a phenomenal mass of

sovial and legal conventions and institutions associated preciscly with this
problem (for example, consumer guarantees, or the socinl institution that enables
one to send a meal back if dissatisfied). However the logic of the theory does not
make sense of such things, but rather asserls that the act of choice reveals
brelerence (Samuelson 1938). And although seemingly a tidy rebunal it doss not
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sctually deal with the problem at all but shifts it onto the axiom of mansitivity.
Other problems with the concept of completeness and prcfe_rfn-:e. such as
discussed in Sen (1973) need not concern us further. It is sufficient to note that
the axiomatic logic of mdividual rational choice as maximizing behaviour
stumbles on the axiom of completeness for the simple reason that the
connections that are presumed to exist mostly do not.

The second part of the critique of maximization concerns the warkings of the
market process as a selection process. In the above lme of criticism the argument
was conducted first-hand, as it were, but in this second aspect the ﬂ:isv:ni:e‘i}f the
argument stems from the findings of an external sgience, namely emlutmm_u}'
biology, In short, the concept of a competitive selection process rl.-ﬁm:r_mg
optimal outcomes was once the paradigm of orthodox evolutionary hinlogical
theory and economics leant heavily upon this argument to buttress the analogue
of a competitive markel process. Biology, however, has now cnll-;-:ted far o
many exceptions to sustain this beliel, and has reworked its underlying Lhcm of
the sclection mechanism to reject the concept of global maximization applied to
the concept of fitness (see Salthe 1985). The theoretical reason for this rejection
amonnts to the fact that *hinlogical space’ is not integral.

There are many specific and dedicated criticisms of the strong assumption _m"
maximization as the outcome of a selection process. Rather than dealing with
these separately | wish to proceed with reference to Hodgson's (1993: 186-207)
most comprehensive survey and synthesis of all such lines of critique. Hodeson
challenges the axiomatic conflation of a force of selection (a mrmpenl.wc force)
with an optimal outcome on & number of fronts. In all cases it 1s .‘u';m:q that
there is no strong Teasen 1o presuppose that a force of selection neccssa_nl:}i or
even generally produces an outcome that can be universally regarded as t:t_ﬁ_ctent
ar the product of single-valued maximization. | shall not dwell on the individual
points of the argument, but proceed directly to his conclusion: ‘It has bu_n
demonstrated . that the nineteenth-century ides of unhampered m.'nlultmn
necessarily leading to optimal outcomes is misconceived' (ihid: 212). The idea
that a force of selection leads to optimal outcomes is pure Darwinism (Saber
1993), and was appropriated by economic theonsts to justify the I?gic of
competitive optimization (Alchian 1950, Enke 1931, Fnedmfm 1953; see
Vramen 1995 101—4). The point that Hodgson correctly makes is that modern
theories of evolutionary processes no longer regard this Lo be generally true, and,
indeed, in many cases it is phenomenally misleading (see Depew and ‘I:Vel}er
1085, Vromen 1995). If Darwinism once gave credence 1o the assumplion of
maximization hy appeal o a *survival of the maximizers’ fype arcument then
this Darwinism is no longer regarded seriously by the successors of Darwin.™
The. selection argument in evolutionary biology is now a far more complicated
stnr:,r. than it was in the 1950s, when cconomics las:_appea_lcd o biology for
support of its assumptions (norwithstanding Becker 1976} Hodeson (999) and
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Yromen (1995) have communicated this clearly to the heterodox economists.
but it would seem that this news has not affected the orthodox paradigm.

We must be careful not to misunderstand the critical context of this argument,
@5 it seems that many hasty dismissals of the issue lend Lo perceive only a debate
ahout metaphor (and therefore sterile) or pertaining to the subject domains of
hinlogy or cconomics (in a respective and therefore closed context) or that such
things are consequential only o the meaning of ‘in the long run’ (semantic, and
therefore academic). Yel the issue s fondamental and concemns the Togical
condifions pertaining W the exislenee ol 4 Joree that acts continuously and
ultimately upon all elements in a space. It seems that while such a force can be
conceived in the physical domain, such a singular force does not act in the
hslogical domain. The force of selection, as it were, is only partially 4 lield
force in the parameters sel up by the environment, and Tor the greatest par these
are mostly stable over long periods. The major component of a force of
selection, however, consists of the speeific mieractions that construct niches,
where a certain species interacts with a set of others in the context of a web, The
concept of fitness then arises within this localized context, Changes in this web
structure are the far more rowtine cause of extinetion and macroevolutionary
dynamics (Eldredge and Gould 1977, Gowdy 1994}, It seems that this same
masde of dynamics applies to economic change as well (Gowdy 1992, Andersen
1044

Yol this concepl s still W be clearly expressed i economic theory as
stuterments ahout the nature of o selection mechanism ns o process occurring in
historieal time. [n the neowaltasion system, selection Is equated with perfect
competitton such that it is 8 selection mechanism that produces the perfectly
competitive outcome, But as Lejjonhufvod (1968: L02) long ago pointed out (in
the context of the micro—macro riddle of unemployment existing in competitive
mearkets), this association s a riddle only when competition is presumed to mean
perlect information. 1 the neowalrasion system the selection mechanism is not
perfect competition, it s perlfect information, and this does not logically exist in
any ressonable meaning of historical time. The point then develops, and this is
the part yvet to be fully comprehended, thut processes in historical time may not
tver correet the departure from a theoretical optimum either: (Convergence to a
theoretical optimum 15 only a theoretical idea) This being the case, selection
does not optimize but is ireducibly a historically contingent process,

That a lorce of selection is not a ubiguitously optimizing force and does not
lend support to the strong notion of maximization is a fundamental result, bur
sven Hodgson whe amasses the elements of this argument still remains
somewhat vague about the precise nature of its conclusion, Ultimately, at the
level of basic logical conditions, the substance of such critique is 10 be most
cffectively read as a rebuttal to the field theery method in biclogy, such as
=spoused by otthodox Darwinians such as Dawkins (1976), Ultimately. then, the
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analytical constructs of maximization and optimization {andr therzin efficicncy)
are hinged from the logic of a field. Tf the concept of 2 ﬁuld is weakened then so
o are the efliciency concepts that are predicated upon It

A specific instance is the phenomenon of hyperselection or E:hreudic
development or, most generally, lock-in by increasing retums affecting path
dependency, This phenomenon occurs when the forward -:Ii_:velnpr_m:m of a
system occurs in a space that is not represented by a flat cgmpmemml surface
but by a number of distinct channels—chreods, as Waddington (1972) calls
them. Historical contingency (a hifurcation point) alone may account for the
determination of which channel a swvstem enters, but once n a channel, so lo
speak, the system will tend to continue down that channel. In ucunum_tc:s we
know this as increasing returns, as the supposed cnemy of the optimality
conditions afforded by perfect competition (Young 1928, Loasby 1991, Arthur
14904). This genernlizcd phenomenon Waddington coms homeorhesis, and
although omnipresent in an economic system, from institutional development to
technological standards and growth patterns, its basic logic 15 denied by f'u:lq_1=
theory models, Those who havé studied such phenomenon i an economic
system have therefore tended 10 be critical of the orthodox microcconomic
framework, Such topographical complexity (or feedback) 15 drnw_«il in field
theory becususe the logic of a ficld framework precludes the possihility that
complex local interactions ¢an systematically affect the path of tl:u: system in a
way that is net (ultimately) corrected by wider interactions. Complex Igca!
interactions cannol exerl sysiematic eifects because complex local interactions
decoupled from other elements in the space cannot be defined in the first place.

To be sure, such critique does not suggest an alternative hypothesis thiat
selection is ultimately random or that there 15 no statsucal cv:rlun-:lmm'
advantage in selective finess, What is argued, however, 1s that there is no
wstumifﬁu relationship that may be ultimately expressed as a _d:;nnm:ca! 1:1:W. In
other words, the phenomenon known as natural selection, which is really just a
sel of mass interactions hetween individual organisms, or genes, according Lo
Dawkins (1976), is irreducibly complex. The mass interactions cannot be
abstracted to a held of actions, which would be required to sccure the il_nk
between a  mechanism—nastural  selection—and an ointcome—Panglossian
optimality (Hodgson 1993: 197} lhe other lines nl'_ ruajun}ng th:1_1 Haodpson
wathers to refute the strong refationship between a force of selection and an
optimal outcome all concur i this I‘uuctnmcm‘al way. In the neowalrasian
paradigm the concept of a force of selection is translated 0 mean p:_:rfcct
competition, which is manifestly defined as = ?arge number of firms bt
operationally means simply that no single interaction matters (Hicks 1948: a).
Perfect competition is presumed to mean perfect information iconnecn_:dneﬁs}._
which is the assumption of 2 field.™ The song linkage between 5&13::}1{.1:1 and
maximization, such that comperition can be said under cerain conditions to
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produce optimal outcomes, is an internal consequence of the axiomatic
derivation of a field from a space. [T in that space complex local interactions
mutter, then a strong relationship between a general causal force of competition
or natural selection and a generalized outcome of optimality is decoupled,

Critigue of the assumptions of maximization or optimization, from the
perspective of a selection argument, have pointed out that these assumptions rest
upon a particulur type of selection process, namely one that s continuous over a
field. ™ TF this field concept is weakened, then the mechanism of selection is
decoupled from a globally optimal outcome. The introduction of path
dependency, historical contingeney and other such processes all occur, then, ina
non-integral space,

2.4.2 Critigue of Positivism

U'his is the line of eritique that focuses upon the methodological underpinnings
ol thie neoclassical and neowalrasian ceonomics, and specifically ns claims to
scientific legitimacy.™ For this reason, it is also the line of critique that has most
drown response (D7 Autume and Cartelier 1997),

Charles Sanders Peirce, Thorstein Vehlen and Heori Bergson, alongside the
tierman Historical school of Schrsoller and the Hegelian docirines of Karl
Marx, can be considered the founders ol eritique of positivism and dedoctivism
[ Altheneh steietly interpreted, this pedipree traces back 1o Aristotle’s conceplion
of organicism (Whitehead 1929).) This core eritique of epistemology, and in
ndscent way ol method, was further developed by Nicholas Georgescu-Roegen
FIT T o drrewversibility, George Shackle (1972) on probability (see Potts 2000)
and incertuin respects by Hayek (Tor example, 1991) on self-organization. So
there has been no lack of concemn with such matters, with eritique of the methad
ol deductivism and the ontological tenets of pasitivism well established, both in
cencril philosophic terms and in s underpinning of economic theory and
coonometrics. Indeed, it can be arpued thar a certain consensus has arived, as
summarized by Tony Lawson's (1997) critique of deduetivist method and
Francesco Lougd's (1997) critique of the misconceptions of positivism, If it is
nossihle o conceive of the post-war period, or more specifically the period
following what Shackle { 1967) called *the vears of high theory?, as fraught with
undercurrents of epistemological dichotomy (as opposed 1o plurlity) then it
would seem that these years of seismological netivity are now over, Clower and
Howin (1997: 31) olfer a more caustic portrayal; “were we seriously, by 7 single
phruss, 1o attempl to characterize the modem age—the age of Kewnes,
Samuglson, Hicks, Arow, Debreu and s0 on—we would call it the age of

delusion’. Whatever we call it, Lawson and Loucd have clearly announced that it
mist now be disbanded il ceonomics is 1o advance as a science.
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Lawson (1997) and Loucd (1997) both fumish comprehensive and deeply
constructed critigues that will surely stand as landmark monographs in the
evolutionary reformation of economic theory. Lawson and Louga both ri:«;nlul::Ey
and fundamentally reject the orthodox research programme and its underlying
paradigm. Lawsen rejects the deductivist mode of explzmai?'un. mstating Eriti::al
Realisim instead. Loucd rejects Frisch's impulse-propagation metaphor, which
has since established itself as the dynamic expression of the Cartesian mﬂd_el.
Instead Lougd offers ‘turbulence” as an alternative metaphor Bpih estahlish
ontological solutions to chronic methodological problems. That 15, they both
ultimately turn eriticism of the deductivist/Cartesian paradigm back lmv._ards
reconstruction of a new paradigm by first principles appeal to the nature of the
existence of the elements of an economic system. In Lawson’s case, it is appeal
o the structure of interactions betwecn agents (the theory IuF the social
ontology). In Lough's case, it is appeal 1o the underlymg dynamic structure t_:f
more generally conceived mteractions (as the: metsphor of twrbulence I
historical processes). _ _

The final breakthrough achieved m this reduction to ontological essence is
absalulely consonant with the critique of field-theory appropriation when it 15
recognized that the distinction between an imegral and a non-intcgral geometry
is both logical and ontological. The latter sense 15 mantfest n the I'm:us_ upan
specific interactions and conneclions as concern with existence; that is, with the
ontology of the economic system revealed as the geometry of econnmic space.
What Lawson establishes is a redirection towards a critical realist ontology ﬂm.i'
as | shall show, this can be formally™ locked into place by recognizing that this
ontology  describes @ non-integral  geometry of economic  space. A
reinvestigation of ontology was the solution drawn from extensive critique of
the hypothetico-deductive methods and the framework n:t' positivism. | argue
that this ontological solution is more gencrally and usefully stated as a non-
integral geomelry of cconomic space. . .

Lawson (1997 282) concludes his comprehensive study with the assertion
that

the most fundomental fenture  [of contempérary  mamsieam -:mnnmtc:x:i 15 &
gencrulized insistence on the deductivist mode of explanation, _mclmhng Ihll:
unsustainable commitment to the *whenever this then that' struciure of "laws', And it
is in this very cssence that the perpetual disarray of the subject is rooted. - - The
ultimate source af all problems is the epistemic fallscy, the beliel that questions of
nitology can he reduced 10 guestions of methodology.

If we may glean the substance of crificism from the form of sul_utiﬂn su_ggc_stei
then what Lawson contends is necessary, as a fusion of Austrian, [nslatunupafl
and Evolutionary constructs, is & reinvestment in ontology and an explicit
ahandonment of the methodological thesis of social atormism.
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In Lawson's ontological conception ‘society is constituted in large part by a
set of positions; each associated with numerous obligations, rights and duties,
‘and into which agents; as it were, slot” (Lawson 1997: 164-3), such that ‘on this
coneeption the basic building blocks of society are positions’. Lawsoa conceives
the elements of a social ontology to be decoupled from agency. thus retaining an
auonomy for deliberate action by an agent, whe may variously ocoupy one or
many such positions. Agents are free to move within this giving up certam
nositions, taking on others, merging positions or creating new ones. The social
oritalogy 1s to be identified with agency but 15 not 1o be reduced to it. In this way
Lawson (ihid: |59) dispenses with methodological individualism and the

associated epistemological positivism—social atomism—to define the social
realitv as

conceived o8 intrinsically dynamic and complexly stactured, consisting in human
apeney, struclures and contexts of aetion, none of which ure given or lixed, and where
ench presupposes the ather without being reducible o, identitiable with, or explicable
in leemis of, any olber.

[he eclements, as positions, hive properties of existence independent of the
apenit, but are able to be transformed by the agent. These elements sre constried
with respect to other elements by reltionships, It is the existence of internal
telntionships between positions (not agents) that rejects socinl atomism and
allows a pleture ‘ol a set, or network, of positions characierized by the rules and
the practices nssociated with them’ (ibid: 164). The rules describe how the
relationships are structured. The existence of rules, intermal relations and
poaitions becomes o recorsive explination for the largely routine nalure of social
L. But more than that, it is the process of seting ot sueh rules and relations
[praxas) that perpetually reproduces, or in other circumstances transforms, this
viological sirudture,

Ly the final abstraction Lawson extrudes the key point (#ded 0 170-1), change
and existence are the same thing, Or in other words, the reality of existence and
the reality of change are on the same ontological level™ In offering this
Itimuework Lawson (i 283) 1 upeguivocal in

darpulng for nothing less lhun orthedox ceonomues’ effective demise (1s 2 genern
appranch and mainstream position). This oremtation. follows inescupably onee it is
revcognized that the source of ol the preject’s problems and difficulties (in dealing
with 1m open system ) stem from that project’s very essence,

Such strong concatenation marks fundamental criticism, and the essence of this
= unmistakably, again, the field conception of economic space, This is apparent
In the solution he proffers, as an ontological system making explicit the
existence of connections between elements. [.awson’s terminology is positions
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and relationships, but this may then be regarded as 2 particular assipnment of a
seneral logic of elements and commections. And the kev point _is lhlal
relationships—connections. as it were—exist by the symmetry of a relationship
not existing. In this respect, Lawson unfolds a critical difference hetween
internal and external relationships and draws attention to the structure afforded
by rules (structural relationship), which in full logical abstraction is an
ontological attack on the field theory of economic space.

While much methodological critique may seem far removed I'r_nm
speculalions regarding a complex systems theory approach to mEETDECﬂI'IDr!'IICS.
ax the full circle of Lawson’s argument demonstrates, it 15 m fact upon preciscly
such issues that the criticism tumns. The long-standing critique of deductivism
and of positivism in economics ultimately finds recourse in a fumiument?l
ontological reconception. This is what Lawson has made clear. But what he did
not furnish was a description of the ontology in a format amenable to general
microccenomic basis, This requires only one more step past his conceptual
conclusion, namely that the Realist ontology (as a general cniﬁtemoingiu:lll
framework) amounts to the argument that the geometry of economic space 15
non-integral. In the limit of an integral space; as a ficld, the Realist ontology
collapses to the Cartesian ontology.

2.4.3 Critigue of Agent Models

There ure two main uspects to eritique of the mainstream treatment of economic
upency. First, there is critique of the information and rationality assumplions
attributed to apency (and specifically to homao econamicus) Second, there is the
question of just how many agents are sufficient to model an economy, :u_ld
whether agent varigtion is to be an imponant part of mmh:ﬂing and H.H:ﬂ}'.\'_ﬁ.
This can be viewed as critique of the definition of the agent in microcconomics
(for example, Simon 1959, Vriend 1996) and in macroccononies { Kirman 19592,
Hartley 1997). However, the study of helerogeneous populations of Ic_m_a!l}'
interacting agents has shown that this is really two aspects of the same critique
The microeconamic critique has been mostly led by the Behavioural sconomists
(and more recently by those gathering under the rubnc of ugEer-hmed
computational econamics). The macroeconomic critique has come from the
Post-Keynesian and Austrian schools, as well as others “Ih? have set themselves
in apposition to the New Classical school of macroeconomics. o
The microzconomic line of critique is easily stated (in three pants): (1) it is
not the case that economic agents have access 1o all the information necessary
for them to make the sorts of decisions anmbuted to them; (2) even if they did, it
is not the case that cconomic agents possess the computational facultics o
process the information required of them by the theoretical formulation: and (3),
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it is not the case that the single valued and hedonic behavioural premises are
umversally applicable to economic agents,

Veblen (1219; 73} started it of course, criticizing & single valued hedonic
conception of a perfectly rational, fully informed and infinitely able calculating
automaton, the “isolated, definitive human datum’, the “homogeneous globule of
desire’ and ‘lightning caleulator®. Yel his critique was not that this image was
toy far removed from reality, No, that would be too easy, and Veblen clearly
appreciated the role of abstraction in logical analysis. Veblen's erilique was of
Lhe compass points of agency, and whether these could be meaningfully set in a
static context, For Vehlen, emulation and ereativity were for the prime movers.™
Fut nevertheless, the preposterously overblown portrail that Veblen painted
clearly highlighted the need for empirical investigation of the nature ol
cognition and interaction in the market context. Just how much do people know?
What are their reference points? What is the geometry of internction? How
mdependent are their choices? How pliable are their preferences? What sort of
computations are they really capable of? What sort of computations do they
actually perform® That sort of thing.”

The miformation available o an agent— irrespective of s content, meaning
andd all such aspects corresponding to the signal—can be conceptualized as the
extent of the connections extending from the locus of the agent. Suppose we
unagine a sl of elements ¥ = (v, x5, n.) distributed over some space X, in
which cach x (¥ € X)) emits a continuous signal that extends over the domain of
VoI we are (o say that xy and xp interact, then it 15 evident that a signal must
somehow pass between x and v This regquirement is true for all investigations
il physical phenomena 1o a real space. It is not a unigue problem for economics.
We nsually suppose these sipnals to be prices, but they may be other things as
well (for example, Richardson 1960, Hirschiman 1970). If this signal does not
exist, then we cannol speak of ¥ ond xy interacting or being causally related. In
this sitnntion whitever changes may be oceurring al xy these will have no effect
on 1y because the information of these changes does not reach xs, Rationality is
i seme senses (as in game theory) directly interpreted as the inverse of this,
corresponding to the connections incident to the locus of the element,

Muore generally, though, the definition of rationaliry requires 1o be understood
i procedural rather than substantive terms (Simon 1976). The orthodox
meaning of rationality, which pivots about consistent and transitive rankings in
the instance of cholce, presupposes the concept of an integral space over which
choice occurs, Indeed, the two concepts of rationality that Simon calls
substantive and procedural are in the present context lutegral and non-integral
teferents. For Simon (1939:; 272), the context of bounded and procedural
ratienality is not that of *choosing amaong fixed and known altematives, 1o each
ol which is attached known consequences’ but with respect to the intervention of
“pergeption and cognition which recognizes that alternatives sre not given bt
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must be sought’. Which is to say thal connections must be actively made, which
implies a non-integral space.

For the Behavioural school of economics (for example see Earl 1988) the
issue revolves not so much about the varions manipulstions of a given field of
information  (the total concern of neowalrasian axiomatics) but about the
acquisition and interpretation of the information in the first place (also Kelly
1963, Loashy 1991, Leijonhufvud 1997: 3334}, The informational nature of
rationality is neither integral nor a partial ntegral, but very much less; indesd,
reference to the imtegral as a benchmark is taking the wrong end of the scale.

The decision-maker’s information sbouwt his environment is much less than &n
ppproximation to the toal epvirdnment . . . I actual et the percesved world is
fantusticully differem from the ‘real” world. The differences myvolve both ormissions
ond distortions, and urise in both perception and inference. The sins of omission in
perceplion ure more important than the sins of commission The decision-maker’s
model of the world encompasses: only 2 minule fraction of all the relevant
characteristics of the read environment, and his inferences extract only 8 minule
frnction of a1l the information thal is present even in bis model [Simon 1959 272)

Third, the behavioural premises attributed to agency refate to the uniformity
of the map of connections with respect 1o the purpose of the connection.
Multiple snd/or conflicting objectives introduce the idea that an agent may be
pursuing more than one objective simultancously, such that different
connections may be (or different purposes. Fizioni (1986), for instance,
conceives of the concept of multiple utility in this manner. In essence, the
griticism’ from this geometric point of view is that the map of connections in
economic space is not described by the geometry of a field but by the geometry
of a weh,

This peneml line of eritique, however, need not proceed in such terms as
relating 1o the geometry of the space in which the agent rests, but may proceed
directly from the ‘faulty conception of human nature’ (Veblen 1919: 7) built by
the axioms ol the hard core. Georgescu-Rocgen (1971: 1) continues in this ven:

The motives af dissatisfaction [with neoclussical econamic scienec] are many, but the
IWOST impartant pertaing 10 komo ceconsmicus. The complaint 15 tat this fiction strips
mun's behaviour of every coltural propensity, which is tamtamount v saving that |n
his economic 1ife man sets mechamically

But, as 5o ofien, Shackle (1972: 3) said it best:

[Nevclassical| ‘economic theory took on a character belunging 1o the manipulable,
calculable, external world of things, not the world of conscious mimd whase being
consists precisely in the endless gaining of knowledge, Knowledze and noyvelty, the
essential counter-point of conscious heing. was given only 2 causal and subsidiary
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role, ... The question of knowledpe, of what is and what gan be know, the poverning
cironmstance and condition of all deliberalive action, was assumed away in the very
theorics of deliberative action. Or rather. the natural, inevitable and iteetnedinhle
insufficicncy of what is at any moment known was assumed away ol largely
neplected,

He continues, pivoting his critique about the ‘logical non-existence of complete
knowledge” upon which the neoclassical theory depends, 1t is evident, then, that
the muost ubiguitous poinl of heterodox critique concerning the conception of
agency 05 that of necessary incompleteness. In their sensory, cognitive,
inferential, and in sum, rational bearing, agents are not completely integrated in
e ther envirmment. Hayek (E969) refereid (o this as ‘the primacy of the
abstract’. The reach of cach agent dcross the econnmic system is only ever
partial and quasi-local, And For all its subtlety and complexity, this amounts 1
ist a simgle poant: a field does not deseribe the geometry of economie space.

A& second line of heterodox eritigue of agency focuses upon the almaost
caclusive  use of representative  agent models  that  supposedly  furnish
ascrofoundations o macroeconomics. Such eritique has largely  arisen in
responiae o the ascendaney of the New Classical school o o duminant position
i maeroeconomic theory, The New Classical school is field theory applied 10
mgeroeconomics {including the feld theory expression of expectations, as |
cramine in Chopter 7)o Critics, sueh as Kirman (1992} and Hartley (1997) and
mdeed the entire Austrian school,” have mustered many specific concerns on
the validley or otherwise of treating |he aggregate cconomy as o scaled-up
verston of an individual decision problem, | shall consider just two criticisms,
Lhe first, which is the most well-developed Tine of critique, concerns the logic of
atpregation and the ahstraction from heterogeneity, The second, and more
speculative, concems the wse of multingent models as an alternative 1o
fepresentative agent models,

I he Austrian and Post-Kevoesian schools, for somewhat different reasons,
argue that the mapping of microeconomics inlo macrocconomics, 4 la
representative agent models, stumbles badly upon the fallacy of composition
freblem (see Dow 1983). A fallacy ol composition is the atribution of
(roperties of the parts to propertics of the whoele, For instance, bricks are small
and red, therefore brick walls are small and red. Neurons cannot think, therefore
frzins cannot think, Or, bechives are composed of bees, therefore we can study a
bechive as if it were one giant bee. Macro-bee may be quite a useful approach
tor the study of, say, giant bees, but it is clearly a fallacy to suppose that macro-
bie iy equivalent to beehive. The same invocation of the fallacy of composition
applics o the equivalence of macroagent to macrocconomy. The reason for this
= obvious, although a curious blind-spot in the orthodox syllabus. A bechive is
Ature than just lots of beas: it is bees as well as the Interactions between bees
amil,  furthermore, the coordination and structupe thar arises from  these
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interactions (institutions, in & word). The point is that it 15 the interactions. not
the just the bees, that apgregate. For instance, bees have wings but bechives do
not, Macro-bee theory would predict otherwise, Similarly. there is no rickery
ovolved in the idea that individuals may be rational but the aggregate is not (for
example, herding), or that & collective may exhibit properties bevond the sum of
the individual elements (for example, consciousness).

But a theory of how interactions aggregate cannot logically proceed from the
study of a single element, irespective of how representative it may be. Even two
elements do not often interact in ways sufficient lo engender the properties of
self-organization characteristic of complex systems such as beehives and
macroeconomies. As Poincaré established so long ago. complex systems theory
begins with the three-hody problem (more gencrally, see Agliardi 1998). The
field construct abstracis from interactions and therefore cannot by definition
make sense of the aggregate consequences of interactions: The most promising
method of studying agents and interactions is to employ multi-agent models,
whichi have the further ndvantage that they allow the use of heterogeneous
agents, (Gume theory also claims this advance.) Multiagent models allow a way
of studying the aggregation of interactions and, because they are defined over a
lattice, are analysis of a non-integral geometry of CCOnomIic space:

2.4.4 Critique of the Treatment of Dynamic Structure

This line of critique is arguably the heart of the evolutionary ECOMOMICS proper,
It has two faces: critique of the treatment of dynamic structure {instilutions), and
eritique of analysis of structural dynamics (evolutionary economics) What is
meant by dytamic structure? 1 shall suggest the scheme of an answer lo this in
the subsequent chapters, but for now | shall offer that institutions are an gxample
of dynamic structure in the sense that they are constructs that primarily invalve
(analytical) expression in terms of strucnure and order. All such constructs are
analytically excluded by the logic of field.

Veblen (1919 239) defined institutions as ‘sertled habits and thoughts
common to the gencrality of men’, o basis that has been since refined to
distinguish between habirs, rules, routines, paradigms and conventions (see
Hodgson 1988, Choi 1993, Rutherford 1994). Institutions conceived as stable
patterns of behaviour in time (Katona 1951) exist then as stable relationships
hetween basic components of behaviour (Hodgson 1996). According 10
Mirowski (1988a; 132), ‘Institutions can be understood as socially constructed
imvariants that provide the actors who participate in them with the means and
resources to cope with change and diversity, this is the non-mechanistic
definition of individual rationality’

These components of behaviour themselves may be conceived in elementary
terms. as basic ahilities or skills (organic, cognitive or social reflex), bue that it s
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i stable comhinalion as an emergent complex form that is the nature of an
imstitution. The essential point is that institutions are not fundamental elements.
Their existence is composite and made of specilic interactions, forming a
structure in time. In other words, dynamic structure.

It is this composite structural quality of existence that excludes institutions
from a field-theory-based framework, and equally so other entities which are
necessarily described i this emergent structural form. The domain of exclusion
;s more than just denial of mstitwions, but all such structure, including the
structure of decisions or strategics and, most significantly, the mternal structure
of firms. Langlois and Robertson (1995 1) muke this conjunction expliciL,

focusing their analysis upon the idea of a business institution:

By using the term husiness institutions, we intend to stress that our concemn extends
hevond business orgamizativns—which connoles the idea of the business firm-—ta
cncompass o wide variety of structures, including those institulions gencrally
deserthied as markets . . D ke Broader theary of secinl instmtions, the fundamenial
concepl of an institation ultimately hoils down to the idea of recurrent patterns of
hehuwiour-habits, conventions wnd rontines

Langlois and Robertson recognize an essential commonality across institutions
andd erganizations pertaining to both being instances of structures, This seems to
me an absolutely fundamental point that, moreover, extends across theoretical
concerns with  structure 0 consumer  decision  heuristies  (Earl  1986),
organizational decision processes (Cyert and March 1963, Baumoel and Quundt
1964), modes of integration in organization (Willlamson 1996, Kay 1997),
mdustrial networks (Best 1990, Powell 1991, Heertje and Perlman 1990),
competence-based theories of the fiem (Prahlad and Hamel 1990, Montgomery
1093, Foss and Knudsen 1996) and broad principles of industrinl organization
(Michardson  1972), Al such  phenomena—institutions,  firms,  decision
heuristics, networks, competence and industrial organization—are instunces of
structure, and more abstractly of an association between elements that may be
reparded as having a particular geometric form. For instunce, Chandler’s (1962)
notion of M-form and U-farm arganizational structure is a distinet imputation of
seometric structure in the intéractions between elements, Sah and Stiglitz (1986)
cmploy the term “archilecture’, as does John Kay (1993), in discussion of the
stnicire of economic syslems.

All of these instances depart from neoclassical microeconomic logic. In part,
such departure is the simple consequence of enquiry outside the realm of
orthodox theory, something particularly true of network-hased theories, or
resource- and competence-based theories of the firm, where there is no such
corresponding entity represented in the orthodox theoretical framework. But In
uther instances the complexity and order revealed in structural investigation has
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direct bearing upon the relevance of an orthodox explanation in which such
aspects of determination arc excluded by definition.

In terms of the geometry of a space, the concept of structure derives from
particular connections between elements. To define structure (with respect Lo a
sel of elements in a spacej we must be able to define the existence of a
connection between any two elements, which, symmetrically, requires that we
must be able to define the absence of & corresponding connection. That is. we
can theorise about structure only if we cun proceed to define the uniquensss of a
particular structure (encompassing bath discrete states and typologies or classes
of structure). Therefore, il we can define specific components of interaction or
connection we can proceed from microfoundations to theorise about the
dynamics of structure, However this approach is specifically excluded by the
logic of a ficld. A field, by defining all connections as complete, excludes the
explanatory context of structure. All of the above mentioned domains—
spunning Institutional, Behavioural und organizational theoretic schools—are
notable for their absence of neowalrasian microeconomic foundations, and the
reason, it seems, is that all involve the theorctical construction of structure,
which is precluded from the neowalrasian ficld theory system of
microeconomics, The implicit criticism by theoretical departure is all driven by
the same fundamental reason—economic space is not described by the algebraic
peometry of a field,

The second line of heterodox critique of this type concerns analysis of
structural change. This is foremost an econometric concern, and specifically
with identificetion and measurement of parpmeter shifts in time-series data (see
Haranzini and Scazzieri 1990, Hackl and Westlund 1991). And while such
discontinuitics, non-stationaritics and stuctural breaks plague most lime series,
and thereby provide for a veritable industry of econometric white-washing and
ather such manipulations, theoretical understanding of these strange trajectorics
remains weak. Yet it is not especially difficult to construct non-linear dynamical
systems models that display bifurcations and phase mransitions and other such
complex movements that may then have some similarity to the pbserved data
structures (see, for example, Rosser 1991, Day and Chen 1993). The problem is
that in order o tell stories over such domains requires an inescapable injection
of historical circumstance. In short, when the data is not smooth, it begs models
capable of generating complex paths, but the theoretical content of this becomes
severely strained and ultimately must fall back upen a specific account of the
historical cvents and conditions (Hodgson forthcoming). One. wonders, then,
why the formal models are necessary at all.

But new theoretical ideas have arisen, and many models of structural change
now feature technological regimes or wajectories that are stzble for @ fime belore
abruptly giving way 1o new Urajectories in a manner samewhat similar to
punciuated equilibria models of palasontology (see Dosi et al. 1988, Gowdy
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|922). Dopler (2000) has extended this notion towards a general “histonomic’
frmmework of institutional change. Yet one of the most well-founded lines of
investization to integrate both econometric evidence and theoretical explanation
is the use of the lpgistic diffusion equation as a muodel of large-scale economic
dvnamics as a process of self-orpanization. This has been most clearly
enunciated by Foster (1993, 1997), who, following the cntropy law foundations
of economics suggested by Guorgescu-Roegen (1971), the open system
thermodynamic framework of Prigogine and Stengers (1984) and the entropic
resetting of hiology by DBrooks and Wiley (1986), pieces together a coherent
vision of evolutionary economics based not on biological analogy bul on
principles of self-organization. 'rom this basis, Foster (1997, 444) indicates four
fundumentnal characteristics of economic evolution:

Firstly, self-organizabional development s o process ol cumulative, non-linear
structural change. Secondly, ns such, it is o process which contains @ degree of
irreversibility, Thirdly, this mnplies that systems will experience discontmuons
nonlingar struclurnl change in s loslorys therefore, fundamental uneertainty is
present, Fourthly, ceunomic sell-arganizntion invalvey aoguired enerpy and sequiresd
knowledie which, in combination, yicld creativity in economic evolution,

[he point then is clear. Rather than being a theoretically troublesome aberration
1o be washed out of the analysis, structurnl change is instead viewed as a
tunctionally normal part of the dynamics of open Systems,

Mow how dees all of this relate to the geometry of cconomic space? The
crucial point as stressed by Foster and Georgescu-Rocgen alike, is that selt-
aranization is a process. 1 akes place in time, and in so far as time is simply a
deviee to prevent everything from happening at once, processes are not defined
over fields, Processes are local and cumulative. As such, self-organizational
processes are only meaningfully defined over a non-integral spuce.

2.4.5 Critique of All Things Linear, Closed and Determinant

This line of critique i arpuably the most straightforward. An analytical
iescription of a system is ‘¢losed’ when we can exhaustively define everything
i the set of things that exist, and then permit nothing else (o enter. ' For
instance, ‘there are { goods and # agents’, Implicit in such formulations is that
there 15 also 4 complete ser of connections between the f goods and the »# agents.
It follows then that all reference to technological change. entrepreneurial
processes, imagination, creatlviry, uncertainty and suchlike is excluded from the
domam ol analysis. Such phenomena exist only with respect 1o an open system,
and in so far as they are regarded as imporiant explanatory factors, the closed
system format becomes the subject of critique. We broadly associate this with
Schumpeter and the Puost-Schumpeterians, Shackle (1979) and Georgescu-



48 The now pvelutionary mUCroeconomics

Roegen (19717 1t is evident that one cannot theorise about endogsnously drven
technological change, for instance. if “technological space’” 15 @ priori defined
complete {see in overview Dosi et al. 1988, von Tunzelmann 1995, Saviotti
1996).

It seems 1o me that there are two ways of interpreting this matter. The first
extends from the logic of a field, wherein all connections are defined complete.
For if it is significantly the case that new technologies. skills. organizational
forms, strategies and other such *building blocks’ of the economic process are
correctly inferred as simply rearrangements of extant building blocks (see
Koestler 1969, Shackle 1979), then the element that has newly come into
cxistence s, at base, the new set of connections. A new food technology, as a
riew recipe, rarely calls for fully novel ingredients (for example, the use of. say,
aardvark) but typically advances new ways of combining commonly known
elements, The same is essentially true of industrial and service technologes (as
diseussed in Romer 1990, or Saviotti 1996). And this is of course plainly
recognized in the logic of a production function, but it supposes that it is only
the change in the quantities of these ingredients (following from the assumption
of universal substintion) that constitutes the underlying dynamic. It is this
presumption that constricts change to be modelled within a closed system. Inan
open system it is not the relative quantities of ingredients that is the underlying
dynamic, but the way in which the ingredients are put together. And if this is to
be sensibly interpreted, then the complete set of connections cannot be
meaning fully defined a priorj

The second interpretation in many respects follows from the first. In essence,
il the connections are part of what is the technology or suchlike, then it is the
case that the whole is greater than the sum of the pants. The Cartesian paradigm
and the concomitant logic of a mathematical field is explicitly and absolutely
hased upon the principle that the whole is the exact sum of the parts. The context
of such rejection of the Cartesian principle of summation is highly
interdisciplinary and pivotal to all understanding of emergent structure and
systems, | shall have much more to sy on this maner m Chapler 3.

2.5 The Point of Departure

In sum, while neowalrasian microgconomic theory sull retains a great many
sagacious and faithful adherents there is also much dissent. Dissent from within
is notable; for Instance Kenneth Arrow (1986: 388) has remarked that ‘in the
appregate, the hiypothesis of rational behaviour has in general no implications
And, indeed, there have been several such critical reflections from deep within
(for example see Leontief 1982, Leamer 1983, Hicks 1986, Hahn 1991
However more direct assessments have come from without (sse Georgescu-

The pepmerry aof ecanomic spocd 49

Rosgen 1971, Shackle 1972, Nelson and Winter 1982, Kirman 1985, Loashy
1991, Hodgson 1993, Lawson 1997, Lougd 1997). Coricelli and Dosi (1988:
|26) summarize this sharply: *The project of building dynamic models with
sconomic content and descriptive power by relying solely on the basic principles
of ratinmalily and perfect competition through the market process has generally
failed’. And it seems to me that we may trace these lines of dissent 1o a single
point, arguing that the many critivisms of the ncowalrasian system of
microeconomics, spurring the various points ol departure for the many
lieterodox schools of economics, can be generally and ultimately recognized to
he the same criticism. 1t is a criticism of the ‘sleight of hand” in the algebraic
lngic that conjures a set of clements in a space to then appear as @ sct of
slements in u Meld.

On the other hand, critique from owtsiders—the heterodoxy—must be set
against a context of nebulosity. For instance, Simon {1979; 499) writes of the
Institutionalists:

It i not denr that all of the writings, European and American, usually lumped
together under this rabrie have misch in common, or that their authors would ngree
with ciich others views. At best they shore o conviction thit economie theory mist be
reformulated o take acewunt of the social ond legal struciores amidst which markel
Teansne oS nee careeied out,

Yuch the same thing can be said about the explicitly evolutionary economists’”®
and the Post-Keynesians and Neo-Ricardians. In important respects, those
cathered under the separte rubrics of Austrian and Behavioural ceonomics
share a definite measure of accord, which, it would seem, can be atributed 1o
the relatively singular nature of their epistemic and methodological origins. In
cuntru-position the eclecticism within the Evolutionary and Post-Keynesian
cncampments 15 in cerfain measure to be associsted with the ambiguities of
founding documents und central notions,

still, the overarching point | have endeavoured to make in this chapter is that
the basis of commonality is something deeper. It is ontological, All heterodox
schools of economic  thought share the analytical presuppeosition  that
comnections meaningtully exist within the economic system. It is this pomt that
ulnimately distinguishes heterodox from orthodex micratheory, in which no such
concept is admissible, Norwithstanding this, there need be no defmitive link
nerween description and prescription and so we need not be concerned that the
valldity of the argument may fall on prescriptive differences of opinion.

I am nol aware of any previous general critique of this singulsr nature
lalthough compare Kornal 1971, Georgescu-Roegen 1971), but that ought not 1o
he surprising, given that in itself it is essentially nihilistic and rcbutted with
imizhiful) appeal to assumptions of sufficient abstraction and the requirements of
analytical tractabilitv. Yet 1 muke this singular point of crltique with a view to
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offering a general alternative formulation that incorporates what has been thus
far excluded from frst principles consideration. It is the deep consistency
stemming from a singular form of critique that suggests that a zenoral
microeconomic svstem that incorporates the geometry prior to (and including) a
ficld will be a microeconomics that can potentially sustaim a unified heterodox
paradigm.

2.6 Conclusion

I'he neowalrasian theoretical edifice might be imagined to look something like
Figure 2.1. At the deepest level are a scl of sublerrancan pillars (or axioms, as
they are known) which are presumed 1o be the foundations, Resting upon these
is the basement of the house containing the hard-core propositions, which are
the translation of these axioms into statements about the economic object.
Although the basement is open for public viewing, the economists who live in
the house of the Econ™ do not venwre there. There is something of a
superstition that it is haunted by the ghost of careers failed

@ Greneral Fquilibnum Fheory |
Eegmpovmic Models

The
Equilibrium Theary

| sopposcd
: ig:rmmd level

Figure 2.] The house of the Ecan
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The first level above ground is equilibrium theory, which consists of a
sparsely decorated foyer adjoined by a number of elevators. It is evident that the
young recruits must pass through this foyer if they are cver to reach the upper
levels, Whichever elevator vou take, and they arc helpfully marked by subject
denomination, vou end up in the same place the great hall of general
cquitibrium theary. Here, craft stations scattered about the hall are devoted 1o
the industry of building models.

The reports of those who have visited the house of the Econ vary. Some have
heen critical of the neoclassical architecture, bul they are reassured that this is.a
stvle that never goes out of fashion, Many have been disturbed by what they saw
in the hasement, marvelling at how such a large house can be held together by
such seemingly flimsy underpinnings. Others (for example, Leontief 1971
Leamer 1983) were concemed by its recycling policy, ohserving that the same
irucks seem (o deliver the same supplics of crude data every day. But on these
and other such matters the visitors may well be mistaken. For despite such
design and practices, the house still seems to hold together.

[owever notwithstanding these concerns, some visitors have reported o maost
curious and striking observation: the whole house seems ta be Moating in the air.
The occupants insist that this is o delusional mirage, and impatiently point out
that from the foyer one can clearly see the concrete steps thal lead to the
hasement and fn that basement is o series of viwlis (unhelpfully labelled with
hieroplyphics: continuity, transitivity, reflexivity, completeness, convexity,
monotonicity, regularity) that are, it is assured, very secure. This last
whservation, that the house is indeed Noating in the air, has been the subject of
this chapter, | have further suggested that many of the eritics” concerns about the
inside of the house can ull be made sense of in terms of this feut of levitation,
which is achieved by the conjuring up of a very powerful economic field, /7.

In conelusion, the foundations of an evolutionary microeconomics will not be
manifest from an ageregation of the various negations of the axioms or hard-
core propositions that so define the orthodox microtheory, and as such have
prima facie appeared to he the obvious points of departure, This allows us o see
the problem, but not the solution. For us to forge a path forward and (o sel a new
system of economic microtheory it must further be seen that all such eriticisms
amount to the same criticism, which amounts to the simple statement that the
scometry of economic space is not integral. Ergo, the basis for an cvolutionary
microeconomics must be one that derives from a non-integral geometry of
sconomic space in which connections are afforded existence as a rudimentary
building hlock ol the econoniic system,
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MNotes

! Fallowing Clovwer (1995 3070 1 shall use the torm “noowalrasizn” (compare. Wog-Walrasian)
threhoot _ )

* Farmally, K is the sct of real numbsss, 0 s the origin of B where o bs the number of dimensions.
#, i 1 nonnesative orihanl in B S0, fur example, if 1 is the nmber of commoditizs. then Ris
‘cemtimodity space” Few textbooks thal treat peeerl cquilibrium  theory plomiy express the
fundationul Tmponance af this space. Russ Starrs (1997 46-53) General Equilibrrm Théory 5 a
sdable {and excellent) exception o
* Clower (1995 316) play fully emers his-conclusion thus: “When straight talk gemes from 2 child.
s called “reliing it like it is* When it comes from an aging scademic, it is-more likehy to be called
“sardanic’, ieonoclastic’, or ‘curmudeconty”. P that as it may, it i5 time someonc “told il Tike it is7
[or Artow- Debreu peneral cquilibrium analyss’ .
1 the Hanibook nf Mathematical Economics, Frank Hahn (1982, 747) concludes: “a great dead of
skilled and sophisticated work has gone ina the study of processes by which an scontmy could
steain equilibrium, Some of the (maindy} technical work will surely remmain valushle in the fitore.
it the whole subjeet has o distressing af finc aspecl. There is at pressat no satisfactory axiomatic
fsussdation on which to build & teory of Teamning. of adjusting to erms and of delay times in cach off
e, 1t miny be that in some intrinsic sense such a theary is impassibie. But withoul it this branch of
Ihe subjcet cah aspire to némiare than the sudy of a series of miggesive cxamples’

* Wabens, however, did nol negleat enmsidertion of this, even 17 it was ultimalely unnecossary for
s rethesmatical Tenmework, "What must we do @ order 10 prove that the theerctical solution is
[dentically he solitthon worked out by the market? Ohr task is very itmple; we need only show that
the sirward and downward movernent of prices sulve the syuem of equution of offcr and demand by
n proess of groping [par thonnement]” (Elémenty, 1874, section 125 Cuted In Van [l and Jolink
13 9y Yet ny Van Dasl wnd Jolink (1993 10) makntain, the tilonnemen is o disequilibrivm
phenmennn sl *falls outside the scope of interest [as merly a] vpothetical schems of what might
lave Tappeiied when the general hidding niles are applied W 2 pre ~coquilibtium situation *

gea (urthermote, Bourbakh (1968: 3125 on the concept of *hetween’ in buclid

U ke Finch (1995) on the distingtion between activn and. belravioir M Ludwig Wiltpenstein's
writings i thic Plalasapdical fmvesrigations, _

® 1t wits Tuler whio developed the Tt comprehensive mathematical theory of 2 cominueus matetial
media, ppplving 1L 1o fuids Here the techmigues: of Newionian point-particle rru:dwun_i were
extended 1o denl with variables (density, velocity, pressure) 25 continuous functions of positicn and
time. In this comiest, a figld bs o region of space in which each poinl i charscterired by some
quuitity of guuntitics thil are functions of the space eoardinates and time 1t 18 slemificant that the
dilficult problems of gencralizing Newioniim mechanics deal with continssons medi were solved
anly by e deliberate neglect of the specific chamcier of the moienal mediim mvolved l'h.ls
teentment ushiered in the ‘potential’ theories of gravitition, slectricily 2 mazpetism associsted with
thie phowe mentioned physicists and mathematicians. )

" ITie recent work of Poul Kregman (1954, 1997) nn the ‘New Foonoitic Geograply” 5 more in the
vein of the pon-intearal seomeiry of ecanomic space that | mm advancing. Krugman's :n;rprmﬂl
drmws upon Kauffman's (1993) model of "complex landscapes (pon-integral space) to mvestigaie
the self-oreanization patterns of spatisl asglomeration as the farmation of particuler linkages mi
self-sistaining wehs That is, cmphisis i drwn L the existence of specific connectinn: m 2G0MIC
space,

'E'['h: implication this has for a theary of liguidine and morey will be obvipus to Post-Keyneien
schulars

W [y an arithmetic field we mean = number field Examples are fhe ssb of 2l rational. real or
cnmﬁln numibeis. In contrast, the 121 of a1l integers is nol 2 number field besanse it does mot. exist
aver iy arithmetic continuum
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2 Sep also Thoben (19820 Morgaard (19487), Hamibum {1991), Rotschild (19982), Hodgsan (1993,
Lowgd { 19973,

"' Tt is worth noting that in the 19405, psychology flined with formalistic notions of Geld theory 1o
represent. wilth what was called topological und vectur puvihelogy, the idea of ‘psychologich] space”
izee Lewin 1952) Formnately for psychology, the main impon of the concept, the tdea that
kehaviour is a finetion of envisonment was. 8ble to be freighted through withoul steriliation or
contmmination of the rich empiricul basis of the subject.

" Cansider the logical eyuivitlente between, say, an clectrical Geld and the economic ficld construzt
ol pure exchange economy. An electrical field £ 15 defined over a space R (vonstrained 1o RY), We
stippose thial wset ol charaed particies 7 = {g,.., g-} i arbitearily distributed over this space. Fach g,
i5 @ kvector In comllary, the market is defined aver a space R* [k unconstrained bat finite). We then
suppose thit [here exists i set of apenls defining an allocation & = (v, x) arbilranly disiributed
aver space. Euch 1 is @ k-veetor The wmounlol good § that agenl consumes is denivied by the scaloe
o IF R 15 representod by the dimensions x, 0 and = then at ench point in the space i force vecior sm
b defined Fix, ¥, =) decompased into F =T 4 F| 1 B, The strength of the electrical field af coch
pirint in B is given by the vectors (F,. F., i each poralicl o the unil veciors (i, 3, k) In comllary, i
H defines the sprce of & goods (which For the purpases of congruence we deling o be three: 1, v il
=1 there ench point in the space delines o possible sllocation W = Wi+ W.J { Wk where W, bvan n
wvector and § s the sl veetor ol pood x. Wi, then, % onon veclon, as the sum of guantities of gosd x
[l by o sigerts As (e snalopie of the lorce veeio, we nlroduce the price veotor p= iy, )
Thhe standard nsstmption is o regard the sealnes o ts Dxed, soch o given p then ol each point in
the space the coquutinn p W = pWL1+ pW & Wk diseribes the allocntion sealed by proAs such,
Precanise Wby s fdenthy bn B then o too 3 W I sum, althouph i it dimensional and vectorial
apecifieation i markel Reld i pW s o Tar more involved construct than an clecirical field in £ (s
ot representdive plysical feld), the undertying logie o ineraction b concephaally identical
s the impossibility of specifying contingent contracts for commodities that i nol yet exist (for
cxarmpie, rabing out the possibility of innavitbon o simply as the problem of missing markeis,

U Blawever, thig potnt s useally psoviated  with Ivin Prigogine’s (1976) wark on the
ihermndyeamics of open systems, (for example, Allen 85, Rodeicki 1990, Buchunan and Yanberg
14801, Foster 149594, Schiweltrer 1997)

T'o deline the mathemntionl concept of o [Reld, st reguines that we defing e aonsepl of o ring. A
ving 15 an algehrmic system defined as & st A with o oselected elenent | oC 1 and twg binary
nperations fa, hi =+ @+ b and fa, B) -» ab which ute Bl sssociatlve and commuotative. An integral
e i5 o monstpivaal commutitive ring wiilome eero divisons: Tive clements a, b re cero divisars
=0, ke 0 oand b =0 Al finite intepral domaing: are Giclds, A ring 15 un elgebrue system
defining the arithmetical processes or mles of comhinalion (addicion gl miltiplicaten) tha can he
defined over o space and the integral domain defines Ghis s o conlinuos space. A Geld, then, s a
non-trivial commutative ring in which every nun-gero element a has a multiplicative inversea ' For
cvample, e sel of real numbers & B Geld, and o panicutar the real Oeld has the special property
of comipleteness {defined s every Cauchy sequence has a limit), )

* And whot of Adom Smith’s division of labour and Allvm Young's (1928) dynamic readimg of it
b the evolving streclure of economié growih? Why is the division of Iabour so absent from
coenemic theory (excepting the introduction of most wextbooks on microecomemics]? Because, in an
Intearal space, the ‘division® hus wremly procéeded to ts fimit. 10 5 guite insensible 1 refer W the
Eivision of labowr from within wn istegral space. And so0it s not done_and, in consequence.
orthodas growth theory has been largely theoretical nonsense evir since,

Civen, sav, threg conrdingie axes ¥, )4, 2 Mapping o space B then a seatar field exisis wiicn each
i every point P, v, =) in # has associated with i0a sealar ﬁumLiLy aix, v, zh Aovector field exists
when we define @ vector function F{x, ¥, =) for each poing in 7, Tor cach point, the sum ol forces can
be defined o8 the sum of component parts parallel w the coordinate axes such that Fio 3. 2) = Fi =
i+ kA tensor figld exists when we defing the product, rather then the summatian, of the farces
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M 4 neus (18972 suocesded 0 perverling Clower's frmulation by placing it bk into a ficld
context with rational expectitions: [his reestablished the feld in the temporal Emension.
3 Cansider Keynes (vel, X: 262) in the context of @ critique of Edgzwenth: “The atomic hypothesis
which warks so splendidly in physics breaks down in psychics. We are faced at overy tom wilh the
prohlem of orpanic unity, of discretencss, of discontinuity—ihe whole is not equal to the sum of the
purls, compansons of quantity fuil us. small changes produce latee cffects. the assumptions of a
unitform and hetmogenenss continuum are not satisfied . Precisehy.
| Alchion's (19507 dlassic paper he comectly mterprets thar the. Drarwinian argumonl does not
imply ‘survival of the fittest’, in Herbert Spencer’s misleading phre, but survival of the il as in
thtse Uit £t with their environmenL The concopt of fitness’ has mothing o do with health o innate
quitllly, a5 is commanly misinterpreted, but refers to the sens of appropriatencss in the context of a
htustbon. Those thal Tt survive, ‘misfits” do nol wherein this “not Titting” is what we refer to ps the
selection process.

I A Sciiaveky (1993 16) points out ‘It is nol enough, however, that the number of competing
vellers should be sulficiently lurge to cnnble the customers of one scller to shifl their custom away
T Wiy 1 ks wlip necessary that all the buyers should kaow abotr the eaistence of alicmalive
affers md that ! of them should be prepored 1o shift alf their custom i response to even the
soallexs change in price, This second comdition 15 fulfilled only If the buyen are oxperts in the
appeaisal of the poods they huy, and only iF they are experts in the sinciest scnse of the lerm”
(emplinsis (1 ezl

# The literslure on comtestshle markets (Demsctz 1968, Daumol 1952) can 1 think be well
interpreted an a revival of field theory n which the word ‘contestable’ otheriise means "polential’,

B Gee for instahee, Culdwell [1990; 64), Hansman (1992 262) or Lawson (1997 12=13), who afe
all erities of the hypothetico-deductive methind and positivism

300 whntd e noted that the Critical Realist sehool is by s very nature, mhcrently seepticd of
formetistic methiods of anslytical caplure

2 s b of colrse nol @ novel concepl, and was pivotal to the theorising of both Flayek and
Schumpeler, Stighte { 1994: 204) wriley: *Perhaps the most imgartant chamcteriic of an cconamy |5
it ebibity 1 adapt fo changing clrcumstances”

* The portrait of the agent that | shall develop in Chapter § s premased preciscly upon an
nlguritheic expression of creativity

" and indeed, precisely the soms of questions that the nascent applicd science of propaganda, which
doveloped in the early part of the wentieth century (and thus paving the way for marketing, (s
mmiercantile offshodd), came 1o psk

W yirener (1997, 64) wiites “Al the individusl level Austrians hive taken shap esception o the
et in which nedclassical theory has portraved the individusel decision as-a mechanical cxoroise
i comstruined mmdimization. Such o pormayzl robs humen choice of its essentmlly open emded
chaeneler, in whtieh impeination and boldness must incvitehly play ceniral rofes’

Wl wlistinction between m open and a closed system |s not the same &5 the distinction belwesn a
fintte mid 2t infinile number of agents (zn infinite set of azents of commeodities accurs when defined
on i continuum, which is then sampled from). The fimitefinfinite disinction refers ta propertics of
the limit of an equilibrium. The open/closed distingtion refers 1o the nature of houndary conditions in
[l.rm:::&! dynamics.

! See, for expmple, the infroduclory. eS8V N Wit {1883a), Masnusson (19%944) and Foster =nd
Metealfe (2HI

3 g pologies W Axel Leijonhufvud (1981: ch. 12, Life among the Econ. ') at this point

3. Economic Systems

The whole tvmare than the sum of the parts,
[ Aristotle, Metaphvvioa 10455, 105)

3.1 Introduction

There i.H no such thing as description without language. But different lanpuages
recopnize the existence of different things. That was the point of the pn.wi;us
chapter. The use of the real licld as a generalized analytical space (a paradigm, a
langzuage) did not enable expression of the concept of connection in much tiw
sme way that some natural languages have no verb tense; they function without
them, but are expressively and conceptually limited because of that fact. To
express the idea of a connection we need o language that has this concept m:-pu.n
ol s structure, That language is graph theory,

A number of prominent theoretical biologists and systems ecologists have
|'cq;ngm?_ed_ that graph theory is a universal framework for the study of complex
systems (for example, Green 1996, Kaulfman 1993) An economist, Alan
Eirman (1983, 1987b) has too. Graph theory is a powerful and obvious
toundation lor an evalutionary microcconomics. It enables the representation of
+ complex ohject as composed of two primitives: elements and connections. It
chibles us to track changes in this object as the discrete dynamics in either
clements or connections, 1tenables representation of elements embedded within
swstems, which are themselves clements in higher-level systems (1 refer 1o this
I Jk_'fpurshucturej. As such, it provides a foundation for the study of the
dynamics of netwarks, hierarchy and, most significantly, of emergence. Finally
grtaph 1J1It:nry provides the geometric foundation for models cansn'-;l:ied in Ierms.
ul algorithms, 1 shall also show, as something of an aside, how a graph-theoretic
Irmework can make sense of Aristotle’s proposition about summation (at the
lend of this chapier),

_ W_hen you leam a new natural language the objective is usually explicit and

functional: you struggle for months with French, say, so you can communicate

with the French. Graph theory, understood as a language, does not have such a

aurpose (and nor will it take so long to grasp the basics). Graph theory is a way

of thinking, and it is a way of thinking, as | argued in the previous chaprer that

st heterodox economists already do. lts rationale, rather, is fo sharpen' that
33
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thinking, to provide & way of saying cxactly what you mean, and. as a secondary
objective, to enhance communication both within II:LE heterodox. communities
and between heterodox and orthodox economists. Tt is a way of saying—this is
what [ mean, here is my model. And 1 would emphasize that this is precisely the
same reason that powered the accession of field theory in the first place.

A graph-theory model looks like this: 5 - {I"__ E). The crux of this logic for
the evolutionary microcconomics is thal connections {!-?r are afforded the same
ontological and analytical status as elements (F). This concept can only be
defined over a non-integral space, thus suggesting an impaortant relationship:
connections are the building blocks of systems. and these systems then become
elements in higher-level systems. Once clear of the ﬂrs:m'hlle _ﬁ;ld framework,
we do riot plunge headlong into some ill-defined analytical oblivion but emerge
into  topographic framewerk ordered according to the logic of loj:ul structure,
nested hierarchy and emergence. The purpose of this chapter, 1I1§:n‘ is to =et these
principles into the foundations of an evolutionary microeconomics. _

First, we discuss the concept of connections afforded ontological existence.
Second, the basic graph theory model is introduced and employed to dcﬁneﬂthe
analyticsl concept ol a system. Section 3.4 then cxlgnds this fmm;fu'uri o
define a hyperstructure, which is a system of systems. _111:: concept _nt system-
clement duality is defined in Section 3.5, and a discussion of the arithmetic of
evolutionary systems is provided in Section 3.6. Section 3.7 concludes.

3.2 On Connections in an Feonomic System

Following from Chapter 2, the second of the “first principles _uf an evolutionary
microecomomics 15 thal connections exist. In the evolutionary cconomics
research programme this ontological assertion is in the hard core. There are two
hard-core propositions, both of ontelogical bearing

Evolutionary-HC1:  There exists 4 set of elements,
Evolutionary-11C2; There exists a sel of connections.

E-HC! does not differ fundamentally from the first proposition in the
neowalrasian hard core, in that both essentially acknowledge that there exists a
set of things that we may infer as agents, goods or some such. !;'—l[f':!_. hnwuvef,
is fundamentally different from the neowalrasian hard core and is in :nnu-a:.tl
with the concept of a field: The concept of a field. as I have shown, is set up by
the axioms of continuity, ransitivity. reflexivity and cﬂmpiulcnal-:.s,_. plus the har_d
core propositions (Hausman 1992 chs 1-3) Alcmrdmg to Weintraub (1983:
1093, the hard-core propositions of the neowalrasian framewaork are:
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HC1: There exist cconomic agents,

T2 Agents have prelerences over outcomes,

HC3: Agents independemtly optimize subject to constiraints.

P4 Chetees are made in inlerrelated markels,

HC3: Apents have [ull relovant knowledge,

1A Observable cconomic vulcomes are coordinated. so they must be dis¢ussed
with reference to cquilibrinm stiles,

It is apparent, T trust, that the reader will now perceive that propositions HC2—
HC& are simply the dimensioning of the underlying field axiom nto its
miuitively relevant economic uspects.’ They are all statements to the efTect that
there exists a set of connections and that this set is complete i all dimensions.
Freo, and this is the sleight of hand, it is as if, for all analytical purposes, there
dues not actunlly exist a set of connections. Al the risk of labouring this point, it
i not the case thal the neowalrasian framework denies the existence of
connections, clearly it does not, but in axiomatically treating them as complete it
effectively denics that they exist in that they have no explanatory content.
tnstead, it is broadly within the heterodox schools of thought and in particular
within the more explicitly evolutionary approaches that connections have re-
emerged s central to analytical representation and explanation. Admittedly, a
reading of this level of generality is not explicit in any particular heterodox
treatment, but, rather, is the point of synthesis that | am advancing. As such, it
will he waorth briefly reconsidering the treatment of connections in heterodox
thearizing,

Fullowing the seminal work of Melson and Winter (1982), which re-
estublished the agendu of an evolutionary economics, theoretical approaches 1o
evolutionary model building have proceeded in an explicitly microcconomic
minner” A microeconomic model is & type of story that is centred ubout what
weents do and why they do i, And in the context of an evolutionary [ramework,
and thus o process dynamie, 4 microeconomic model must further find some
iMeasure or identification of what is actually changing in the dynamic process of
change. 1f we are to theorize about evolution then we must be clear about what it
s that is actually evalving, which is 1o say that we must be able to distinguish
the dynamic null state of ‘no evolution” hecause a certain phenomenon has not
changed (compare, Bedaun et al. 1998), This is perhaps an obvious or trivial
statement but it is absolutely fundamental and, it scems, it has been precisely the
luck of explicit formulation of this basic prerequisite that has thus far impeded
the development of a genera) theoretical framework of evolutionary
microeconomics, The answer is simple: it is connections that change.

[t was not until the 1980s that an evolutionary cconomics was reformulated to
2 sufficient degree fo present itsell as a definite theoretical possibility. Prior 1o
then, Kenneth Boulding (1966) had performed a critical service in pathering the
momentum of the cvolutionary idea by making this poiml of critique the
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necessary basis of such a framework. For Boulding, the answer to “what is
actually changing?’ is knowledze; a fundamental point also stressed by Loashy
(1978, 1991) and Havek (1945, 1974) and both in a similar metatheoretical
context. Romer ([994, 1996) has also argued this point in terms of theoretical
reatment of the growth of an economic system. Yet in pushing forth a highly
eclectic fusion that lent heavily wpon analogy with evolutionary biology,
Boulding (1978} then made what 1 believe was a wrong-tuming, emphasizing a
genotype/phenotype distinction gnalogous to that pertaining in biology (also
Alchian 1953, Gowdy 1985, Boulding 1989, Faber et al. 1996). The wrong-
turning, however, was not obviously wrong, for the metaphorical concept of a
genotype and a phenotype is clearly iflustrative of the distinction between
knowledge of how-to (genotype) and the resultant product (phenotype), and,
morcaver, the logic of evolutionary biology places the moment of evolution
expressly in the genotype, which is also clearly applicable to the locus of
ceonomic evolution (Vromen 1995 92).

In this respect it was an obvious vet difficult path to follow, a thick tangle of
metaphor, metaphysics and metamathematics with only the fogeiest sight of
reference points, Yet it is Loashy (1976, 1986, 1991, 2000) who has most
clearly seen through the haze, fixing ‘the growth of knowledge' ns the
fundamental of cconomic change and evolution (sce Harper 1994), My point of
criticism does not perlain to this essential insight, but with the difficulties of
analytical formulation it then requires. Identifying that knowledge is ‘what [s
changing' centres the paradigm, but exposes a wide ontological and unalytical
flank, It begs the question *What, then, is knowledge?'

| supgest a more abstract approach. Admitting that what is changing is indeed
knowledge, we may yet invest a conception of knowledge with a far wider
meaning than either Boulding or Loasby, amongst others, attribute. Knowledge,
in the abstract, is a specific instance of association. Technological knowledge, of
the blueprint kind realized by moving discretely through production possibility
space, is @ set of combinations between factors (elements), and can be
represented in geometric form as the specific connections between the specified
elemenis in a space. This corresponds wilh the genetic meaning (and metaphor)
that inspired Boulding, which is a DNA sequence as a set of elements (bases) in
particular asseciation (strings of base-pairs). Information is, in part, sucture.
Knowledge is-a structure that can interpret stracure,

Yet this knowledze does not map the integral of a production lunction, but
rather consists of independent points each realizing a geometry of connections
that we may classify as an instance of knowledge, or, as 1 shall propose in
Chapter 6. a potential competence. A firm, in this sense, is both a set of
resources (factors, in the orthodox model) and the connections between them.
And this is the crucial distinetion, for in the evolutionary microgconomics these
connections are also to be regarded as resources of the firm. Srructures has valoe,

Ficanonic syslems 50

and can be thought of as an asset. The value of connections derives from the fact
that they too are building blocks of such assets,

It is in this sense that we shall regard a firm as a system which is a more
encompassing object thun a simple factor endowment. The connections also
form an endowment of the system, such that different connections would form a
different system. In the neoclassical and neowalrasian models the firm is in a
technalogy field so that the particular point it occupies on the production
possibility map includes all other points (from a single pont it *knows™ all other
rechnologies and can implement them at will and without cast). Retreating from
field theory, a firm is not effectively at all points in the space and therefore the
particular connections it makes must be recognized to be inclusive in the
resources of a firm as a system. Competence, then, is a (knowledge) resource.
Foss (1996) and Loashy (1996) have both suggested that a competence-hased
theory of the irm will most likely be fumnished with theoretical underpinnings
from an evolutionary perspective (see also Hodgson 1999),

Technology is a particular set of connections, as is competence, Skills, hubits
and routines, m the context of a firm, can also be dircctly interpreted in this
manner (Melson and Winter 19823 But how far ean we actunlly extend this
conception? Is it the case, for instance, that all is knowledge, and that in the final
analysis firms are to be understood as knowledpe structures for creating lurther
knowledge? I we follow this line of abstraction it becomes apparent that
commodities, capital and labour must also then be knowledge. But this is not
what we mean, Consider the concept of knowledge s constructed from
reduction to physical essentials, This would refer broadly to o stable relationship
between a set of neuron connections which then form a cognitive interpretation
system which then orders signals from the environment into a meaningful
structure that can then be epistemologically codified and tested (Simon 1937),
Enowledge is not a simple quantitative concept in this respect (and unlike mass
or charge, for instanee), and very much a subjective and constructed human
rhenomenen. But this is not to say that the concepl of knowledge is hollow,
winlly  without material basis: For  when  we generalize the concept of
snowledge, as above, we take purchase upon what s surely Its most vhjective
wspect, namely the concept of specific connections. When we areue that
technology, competence, skills, habits and suchlike are instances of knowledge,
‘e mean by this metaphor that they are structurally similar 1o the epistemic
phenomenon of knowledge in that they are instances of specific connections that
svem lo work in a particular environment.

Ihe key ansfer is the concept of a connection. Newrologists can point to
svlapses, identifying specific connections. Cognitive psychologists can map
dssociations, as mental connections. Behavioural psychologists can identify
sonstructs, as sets of connected associations. And Loasby speaks of i-;now]edg;:
pracisely in this sense; not as an epistemic phenomenon, not an encyclopaedia of
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unrefuted facts, but as a strocturs of connections. The growth of knowledge,
then, is the accumulation and flux of connections. wherever these may occur.
The growth of knowledge is a metaphor. but its analytical bearing inte
objectivity fixes on connections.

In this respect the significance of an economic agent's assembly and use of
knowledge is [ar wider than the theory of production and also encompiass the
skills, decision heuristics and habits of an agent, be they in the consumer, mput
factor or entreprencurial context (see Boisot 1993). For example, Earl (1986)
conducts an extensive critique and reconstruction of the theory of consumer
choice, drawing crucial attention to the structure of decision heuristics and
issues of information sufficiency and complexity. Extending the seminal work
ol Simon (195%) and Kelly (1963), Farl implicitly but outrightly rejects the field
model of consumer theory 5o that the ccononmic agent is functionally chrrged
with the information tasks of gathering, filtering, organizing, processing, acting
and reviewing as an interplay of imagination and habituation. The rejection of
the field construct is achieved by incorporating specific connections pertamning
to the agent's sources of information, the connections formmng the agents
information processing (decision hearistics), and the set of constructs {mental
connections) with which the agent acts. The cconomic agent 1S completely
reconstructed so that all internal and extemal connections are explicit. The
framework is a synthesis of psvchological foundations (Scitovsky 1976,
Leibenstein 1976) and epistemic considerations (Shackle 1972), and also lends
synthesis to newly emergent approaches to algorithmic mudFlIing (Dosi et u].
1999 and consumer innovation and learning (Swann 19949). Like both lawsap 5
(1997} and Langlois and Robertson's (1995) fusions of l!ls'[il!.:ltmln:;l, Austrian
and Post-Keynesian foundations, Earl's eclectic framewark Is Iundamtfnmlly
singular and coherent, but not with respect to a field-theory i‘mm:wnrk_. l-_mm i
neoclassical perspective such instances appear rather ad foc, but the point is that
they are wrongly conceived from such a perspective. These three instances—
Earl, Lawson, and Langlois and Robenson, among others—are concardant with
respect 1o a framework of knowledge as connections, ﬂl'!:li structure s
connections, and dynamics as change in the connections Lltimately it 15 an
ontology of connections that underpins the theoretical substance of these
hieteradox advances, _

If an evolutionary microeconomics is to encompass the full domain of
heterodax concern with the nature and dynamics of information, knowledge and
stydeture ten it will be based upon an ontology of connectons. That is, a
theoretical system in which connections betwsen elemenis I'Iﬂ'fﬁl the same
ontological bearmg as the elements themselves.” _me lrj_le perspective of first
principles, then, we define two components 10 exisicnce in the specification of
an economiic system: the elements and the conpechions {E-HC1 and E-HC2) and
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it is the conjunction that forms the system, and the dynamics ol the system are 1o
he represented n terms of changes in the set of connections.

-

13 The Definition of an Economic System

What 15 corious aevertheless is thal in o world where the impotance of the
arganisalionn] sleocture ol dn economy’ is being more and more explicitly recognized.
where external effoets and whiy conses what o whom are more Feguently discosssd,
where the question of the search for opportunities in o world of uncertminty receives
constlerable wltertion, amed e question ay o whe leams whil rom whom s
increasingly posed, in such a world a mathematical tool, graph thearv, particulatly apt
lo Taialle such problems remaing largely unused.

(Adom Boarman 1987h: 554)

[f we want to think in abstructions ahoutl mteraction then we should use the
mathematics of specific connections suys Kirman, But we do not. Why not?
Frivm the perspective ol the previous chapter, it can now be seen that the reason
eraph theory remams unused 15 simply that its proper place s fully at the level
of microeconomic foundations.” Attempls to fit it anywhere else will inevitably
result in confusion unless it 15 plainly understood that the concept is
mcommensurable with all field-hased theory,

A graph, €, is a mathematical object composed of two classes of sets—
vertices 1, and edges E—such that ¢ = (17, £) | shall modify the werminelogy
unmedintely o relleet the specilic omological purposes required of it for
veonmic analyses, e reasons for which will become apparent soon. A graph |
will gl sysrem, and denote it 8, The other syvmbols 1 leave untouched, but will
refer 1o the vertex set as elements; and the edge set as conneetiony.” A system,
then, = an objectmade of elements and connections:

&= (3.1}

The evelutionary microceonomics is g study of systems, and i that way it is a
stdy of a sew of things (clements) and the relations (the connections) between
themy. Ler there be noelements inoa system, which defines the order of the
swalent. he set of elements s denoted FUS), but | shall refer 1o i simply as 1
such that:

= v (329

Ler gach element 1 be connected o #; others, defining the qegree of the element.
The set of connecrions in the svstem E(5) s then a set of binary elements, such
A% ViV, VoV, indieating a connection between elements | and 2, or« and f, and
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so forth, When & connection exists hetiveen, say ¢ and 5. g and b are said o be
adjucent. 1f two clements are not connected they are non-adiacent. We denote
these individual connections g

E=(ej--) (3.3)

When all elements are of the same degree &, the system is a &-regular system, Tt
follows that the relation between m and & determmes the total number of
connections in the system, termed the size of the system, and denoted M.

M= "% (3.4)

A standard way to represemt the connective structure of & system is with an nxn
matrix of 1s and {s termed an adjacency matrix, S(4) Suppose l}_le set of
clements and connections are as such (which may be represented as m Figure
ER B

V= (a, b cde
£ = lab, ac, cd, ae)

Figure 3.0 A system

S{A) is then a 55 triangular matrix with rows and columns cormresponding o tt!c
elements of IV, and |s as described by the set E, else 0s. By definition the main
diagonal consists of Os (an element is not connected Lo iself),

. SRl e b e —— e e ————————— = e
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The set of elements that are adjacenl to any given element ¢ defines the
retghbatehond of L denoted T We can now define two limiting case systems—
i el system and a complete system-—which serve to bound the state-space of a
svstem, which is the set of all possible systems {connective structures) with »
elements, The number of possible states {particular connective confizurations)
thirt o system can occupy {5 in most cases large. There are s distinct n-systems
i RKaulTman 19937,

s=2" (3.5)

We may order the set of states of a system belween two extreme states, a null
system and a complete system, A null system is defined as the situation where
for a set of elements ¥ there are no connections between any of the ¢lements. If
conngctions are interpreled to mean interactions, then in the null state no
interactions occur, which is o say that no element is able 1o affect any other
clement. The null state is causally inert, For a mull system then, the set £ is the
empty set and thus the adjaceney matrix S(A) consists entirely of zcros. This is
represenied by Figure 3.2,

Figwre 3.2 A null system (oo conneetions)

A& complele system is where every element is adjacent to every other element
and is a special case on the spectrum of stale-space, oltherwise knpwn as a field.
Every clement is adjacent to evetry other element because of the complete set of
connections. In lerms of causal structure, a change in any element affects every
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other elément. This can be deseribed. for instance, by a svstem of 5[mu|ta:_lenus
cquations, A complete system might look like Figure 3.3, and is topographically
equivalent to the topological construct of a field.

Figure 3.3 A complete system

State-space includes these extrema along with all other possible systems for a
given number of elements. For the case above where # = 5 it follows that s = 32,
This is to say that there are 32 possible systems, including the null system and
the complete system, that may be constructed with five elements. .Thu: range
between the null and complete systems we shall term the range of incomplete
systems, and this is associated with the concept of a non-integral geometry of
economic space, An incomplete system is defined when & < n, mapping the
domnin of a non-integral space between the null system and the n:f:umpEr:m
system. In this sense 8 non-integral space is associated with the domain of an
incomplete system, und is the general case. The null system and the complete
system (a figld) make the special case. Figure 3.4 illustrates some of the states
near the null state,

Figure 3.4 Some states in state-space

It is to be noted that of the three svstems sketched above, the middle one 1s
adjacent in slate-spaceé to the other two because it differs only by one
conmection. IL is evident, then, that each system will be adjacent 1o n-1 ather
systems, so defining the neighbourhood T, This relation is crucial to the nature
of dynamics in siate-space. For although it is the case that for a set of five
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elements in ¥ there are 32 possible systems § that we may represent, from any
particular state of a system there are only nime states that are adjacent and can be
reached by a single change in the conneclive structure of the system. The
significance of this relation hecomes more apparent, 1 think, il we use a larger
set 1, say 20. For this there will be 1,048 896 states, but from any particular
state omly 189 will be adjacent (that is, approximately 0.02 per cent of all
states!). The logic of a field, however, hides this problem by collapsing state-
space such that all possible stutes are simultancously potential. That is. there is
no such concept of adjacency and every point in the field can be reached by a
single change (as the logic of a technology or utility field). Further, if there is no
such concept of adjacency (or neighbourhaod) then there can be no concept of
search strategies or of adaptation. The hasic question is how does o svstem
which exists at a point n state-space come to know whether or not it is at an
optimum point, and when it does helieve it is not at an optimum, how does it go
about tracking it? We do net yet have an answer (o the question of how an
veonwmic system meves  through  statesspace  because we  have hardly
acknowledged that a system actially exists at a point in state-space rather than
as i potentinl” across the lield of all possible states. The field assumption is far
more analytically tractable, but 1t is an entirely misleading description of the
mature of existence and dynamics of the systems that are the building blocks of
the economie process. We return to this matter in the following chapter in the
context of the work of Stuart Kaullman on adaptation in complex systems.

F'o see how this relates to the neownlrasian framework, it must be recognized
that in that framewaork, the construets 5 and Vare identical (the set of clements s
the system), such that S » feld, in £, Yet it remains the case that while these
two frameworks are radically distine! in their ultimate analytical bearing, bath
begin with the same logical foundation of u sct of elements in a space &' The
evolutionary and neowalrasian microeconomic lrameworks diverge, however,
with the next step when we specity the form of interaction between the elements
o the space, The essentin]l theoretical difTerence between these lwo
microcconomic framewarks s, then, that in place of a field the evolutionary
tramework constructs a set (£). The set £ s the set of connections in the system,
and each possible configuration then defines u state of the svsrem which is a
particular topographic geometry of economic space. The domain of possible
geometric forms ranges hetween the null System in S, which occurs when there
are no connections in the system (& is the empty set), and the complete system
i 8, which is when every element in I is connected 1o every other element. So
constructed, a complete system in S is axiomatically cquivalent to 3 field. The
svulutionary microcconomic framework, then, encompasses (he neowalrasian
framework as a special case,
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3.3.1 Example: A Firm as-a System in State-Space

Consider. by way of example, a firm as a system in state-space. Suppese this
firm consists of five agents (a. b, ¢, d. ) with a structure of connection as
according to the example in Figure 3.1 above. By inspection it can be seen that
element o is at the centre of this firm and efement & the furthest removed.
Consulting the adjacency matrix it can be seen that element a is of degree three
(¢ is degree (wo and b, d and e arc degree one) and has the largest
neighbourhood of all clements in the system.

Other static propertics include a relative measure of the centralization of the
system. This can be caleuluted by taking what is termed the moment of an
element (Robinson 1966)." The methoed is, for each clement sum the number of
connections between it and every other element as individual paths. This will
caleulate n moments, which we shall denote M(F)) as the moment of the i-th
clement in ¥,

Mia) = 5, M(b) = 8, M{c) = 6, M{d) = 9, M(e) = 8

We then take the minimum and maximum moment (mor = 5, max = 9) and
aloulate the value of m,

max— min
= J
min

D=m=1] (3.6)

We note that as m varies between 0 and 1, the system ranges from extreme
decentralized 1o extreme centralized, In the above instance m = 0.8, which is
tending towards centralization. Such a statistic is not so valuable in itself, but
serves as it metric for comparison between different systems. It is (o be noted
that the moment m of a field is O, (because all elements are adjacent to cach
other thus M(/) = » for all #). That is, a field is by definition a model of exreme
decentralization {compare, Suplitz 1994: ch. 1)

'The ratio of the number of connections over the number of elements, which
we shall term A, is also an important measurc for the analysis of emergent
properties in sets of connected elements. Il there are & connections incident to
cach element, and » clements in I, then;

5B

(3.7

It is a well estiblished result pertaining to random graphs’ that for A < 0.5 most
glements in a sysiem are isolatcd, but beyond 0.5 a phase transition contains
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muost of the points within a single connected component (Erdos and Renyi 1959,
1960). State-cvcles and closed loops. emergent complex behaviour, are not
expected to occur until A > 1.0 (Cohen 1988). In the above case, A = 0.8
tcoincidentally the same as w) and we therefore have a system that is entirely
conmected, but well short of a phase transition into emergent dynamic behaviour
(Kauffman 1993: 307-12).

But most interesting, 1 think, is the application of graph theory to the study of
adiacent stutes, Onee past the initial identification problem of defining the sets 1
and £, thuy analytically constructing a single state, we can systematically map
all states that are adjacent. This is done by simply flipping, one at a time, each
entry in the upper triangle in 5{4), from 0 — 1, or | — 0. A complete system of
arder i has M connections; that is, there are M places we can place a connection
in 1 system of # elements, By definition {Trom (3.4) and (3.5)),

Number of adjacent states =| " |- | (3.8)

Mumber ol total stales Tl

Thus for o = 5, there are nine adjacent states (corresponding to the number of
clements in the upper triangle of S{A4) minus one; we do not count the present
stated Thus from the present structure there are nme other states that can be
resehed by o single chiange in the conmective structure of the system. As we seck
Lo mendel the dynamies of structure, the first thing we need o define 15 the sct of
adjrcent possibilities from ench point, and, if we sssume incremental change,
then one will eventuate and also have nine-adjocent sintes. In this way we can
start to build up maps of the pathways taken by firms as they explore the state-
space (of 32 possible forms between the null system and the complete system),
CH further interest, then, is how the number of adincent stotes and the size of
the state-space changes with a change in the number of elements. A number of
points are immediately apparent, First, growih in the number of adjacent states
and the total size of stute-space increases in non=linear proportion with respect to
growth in the size of VI we add ta this a bounded ranonality constraint, such
that an clement can connect 1o no more than, say, seven other elements (see
Miller 1956) then beyomd # = 7 we expect strucwral decomposition 1o occur,
That is, the ability of the firm to grow in the standard sense of adding more
elements to V) 15 in fact conditional upen the position of the system in state-
space. Which is to say that from certain positions the firm will not be able w0
crovw, hecause all elements will already be of degree 7 (which is the constraint),
However, from other regions of state-space the system may be able o grow in
many directions. In this sense, the economic problem for the firm is not only the
search of state-space by incrementally moving through adjacent siates (see Allen
5988, 1993 LevdesdortT 1984} for global optima, but also avoiding hecoming
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trapped on local optima (see Arthur 1989, 1994) and retaining enough flexibilily
siuch that the number of adjacent states is maximized. This problem will be
discussed in a more general context in Chapter 4.

IL may be ohjected that the above conception is no more representaiively a
frm than the standard model, but 1 would suggest that two major new
dimensions have been added. First, a formal way of conceiving the space
between extreme tentralization and decentralization has been fumished. We
may now begin to study the populations that live between these states, including
Chandler's (1962} notion of U-form and M-form structures, Kay's (1597) maps
of corporate synergy, and in particular the creation or emergence of networks as
a major new form of business organization (see Teece 1992, This framework
provides us with a way of ordering the relationships internal to a firm. and thus
providing a structural metric that has been so conspicuously absent from
theotetical work. Second, and more importantly, marginal difference is given a
structural meaning with the concept of adjacency defining a neighbourhood.
Anil, moreover, this adupls casily to consideration of non-marginal change,
where many connections may be changed simultancously so that a system may
make a ‘long-jump’ in state-space (Kouffman 19932 69-76),

3.4 System-Element Duality and Hyperstructure

A third foundationsl component of the evolutionary microcconmics is system-
clement duality, which éxpresses the concept that once a system emerges as an
entity, although itsell a complex entity, it can serve as a singular building block
for o higher-level svstem. A system can itsell be an element for o higher-level
system and symmetrically, an element may wself be a system at a lower level. In
this way routines build skills, skills build competence, competence builds firms,
firms build industries, industties build economies and so on. There are many
levels of systems in an econamic system and the elements of each system S—
that i, the elements of the set I—will themselves be entire systems at a lower
level. It would be highly convenient from a mathematical and logical
perspective to abstract from this complex stratified reality, which is what a field-
theary-based approach does, but the cost of doing so is that we forgo all insight
into the nature of emergence and hierarchy.® These are the twin principles by
which systems are constructed into higher-level systems (emergence) and the
resultant structure (hierarchy), More than anyone else. Herbert Simon has
endeavoured to introduce these principles to economists (se Loasby 1989). This
conception is wholly distinct from the paradigm either of atomism or of a ﬂelld.
Following Baas (1994, 1997), | proposs to call this geemetric conceplion
“hyperstructure’, which he explains as "higher order or cumulative siruciurs’, A_
hyperstructure is @ power set: that is, 2 set of sets. o, as in this case, 3 sysiam of
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systems. The geometry of econamic space is defined not as an integral field but
as a topographical hyperstructure,

The evolubtionary microcconomics combines the notions of emergence and
hierarchy into a single construct; hyperstructure. A hyperstruciure is a system of
systems, or a system of systems of systems, and so forth where we may then
speak of an x-level hyperstructure as the number of lavers of emergence within.
| shali deal only with 3-level hyperstructure as this allows us o conceplualize a
primary system {a human agent) which is both made of systems (routines and
skills, for example} and also an element in higher-level systems {(such as a firm
nt institution). Thus, hyperstructure is the gpeometry created by synthesizing the
concept of emergence and hierarchy, and system-clement duality is recognition
thal the definition of an clement or a system depends entirely upon the level at
which it is viewed, The concept of an element or o system depends upon our
frame of reference,

I'he following definitions apply:

Iy Superseripts denote emergent levels of hyperstructure, We deline o three
level hyperstructure with integer superseripts 0, 1, 2. Thus 8, 8" and 8 are
respectively the zero-th, Miest and second level systems. So i 8" is an sgent,
then 57 would be systems interioe to the agent, such as decision heuristics,
and 87 would be systems exterior 1o the agent in which the agent is an
element, such as a lirm,

21 Subseripts denote coordinate entmerstion al oogiven level of by perstructure
Forexample, 1] is element 1 i system level 1, 1) s element 2 in the same
system. For the sets of connections, £ denotes the connection, i it exists,

between | and 17 Symmertically, £, = £,

A threg-level hyperstrsciure ecguates the following nest of equations,

S =" EY S'=" EY §= (. EY
Sl ENE] S = E)E
§ =0 £ B'L EY

hus it follows that if 8' = (1, E') then, §" = (§', E%). Similarly. if & = (V*, £,
then §' = (5", E"). The duality condition {system-element duality) then s:

=g

=g

In general, system-element duality is defined by the identitv:
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Vr=g+t (3.9

Figure 3.5 A three-level hvperstructure
Fipure 35 ppresents o sestem (8% embedded in syafem (811 embedded inu nstem
.r."r“_J. 1t Ly g tervesJeve! pwrstruiture, a3 might be apents (852 V) in o firm 5= )
it amy elustey (5= M)

To summarize, the concept of hypefrstructure s simply the concept of a system
extended heirprchically. In this respect it is not a new idea, and has been fully
presaped by carly systems theorists (for example, BertalaniTy 1962, Koestler
1969, Herber Simon (1962, 1981) has also presaged the scheme of this concept
in his discussions of medular decomposable sysiems: The point | emphasize,
however, is not so much the mathematical form (which has been suitably
defined by others, Baas 1997) but it= antological aspect, namely 2vsiem-element
duality. The conceprual and mathematical framewoerk of hypersiruciure will
certainly have analytical applications (see, for example, Kirman 1997h, Padeen
1997 but our present cencern extends only so far as first principles In shor,
system-clement duality makes the identity of an element or of & sysitem
arhitrary, In the realm of the economic, there are neither absolute systems nor
ahsolute elements. Whether something is inferred as'a sysiem or an element
depends entirely upon one’s level of analysis. This problem does not oceur in
the contest of & Geld To begin to make sense of this anabvical paradigm we
now Llurn to discuss the concept of building blocks of economic systems,
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3.5 The Building Blocks of Economic Systems

Murkets, hicrarchics and netwarks are pivces of a larger puzele that is the economy.
The properties of the parls of this svstem are defined by the kinds of intemctions that
tuke place among them.

(Walter Powell 199]: 270)

35,1 On the Representation of Existence

In introducing and defining the fraimework of graph theory [ have employed the
lerms element, set and system as if such terms were prima facie self-evident and
unproblematic. Yet on closer inspection these concepts prove to be somewhat
slippery. As it transpires, however, these concepts have always been vague of
meaning, fudged by the concept of a field. Because an cvolutionary
microcconomics rests squarely upon such concepts, rather than obliquely, the
measure of abstraction which proves acceptable for the orthodox analysis is
wholly unacceptable for the heterodox framework, We shall thus unpack the
concept of categorical existence in an attempt to make clear the nature of the
building blocks of the economic process.

A system s made ol elements and an element is defined as a member of a set,
such that w & 1 iff v is a member ol (helongs to) the set 1. By the term “set’ |
mean a collection of objects, in which given any object it can be determined
whether or not it 15 in the collection. Epistemically, either v & Voor v @ ¥ must
he true for any v, 1f it is the ease thal we can define v oas an element and 1V oas a
et Mathematically, these definiions are simple and sell-evident,

Yet mathematical definitions are only logieal und not ontological: they
describe relationship but not existence. Stll, u purely concrete definition does
not necessarily fare better. For instance, as the irst Polish encyvelopaedia (of
1834} insists: *What a horse 15, 13 evident to everyone’, This may well be, yet
cconomic abstractions regarding elements and sets are not generally in the same
league of self-evidence as Polish horses. The problem, however, is that they are
tvpically treated as such, but without nearly as much candour,

In its atomistic mode, the neowalrasian microtheory defines the rudimentary
units of an economic system-—as factor inputs, commaodity outputs and agents—
ina way that is eredited with being self-evident according to the form of the set
definitions above. A commeodity, for instance, is abstracted 1o an element in the
context of a set, both as an individual entity ¢, (a particular banana in the set of
all bananas) or as an entire class ¢ (the element bananas in the set of all
commodities €). The rypical textbook treatment of commoditics 5 no more
insightful than the encyclopaedic treatment of Polish horses. in that it
acknowledges existence but provides no indication of the namre of that
existence, Similarly. a firm is conceived as an element in the set context of an
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industry {or supply function), as is a consumer in the set context of a market (or
demand function). Consumer and firm endowmentis are sets, as described by the
term ‘bundle’. These are presumed to be the building blocks of an economic
svstem, in the sense of being the hasic elements of the categorical sats,

The notion of categorical sets derves from the heritaze of pelitical economy,
where factor hased theories of value explained the emergence of value in terms
of the mixing of basic clements. John Stuart Mill, characteristic of the Classical
theorists, makes ‘labour and natural agents the primary and universal requisites
of production” (Political Economy, Book 1, ch. 4 § 1), Similarly, Bohm-Bawerk
argues ‘all production is the result of two and only two clementary agents of
production, nature and labour' (Kapital und Kapitalzins, 1884 pL ii, p. 83). This
doctrine accounted for both the emergence of value and surplus, and was (and
remains) in tidy accord with the tripartite of economic refums: wages, micrest
and rent. These notionally different income streams were and are thus associated
with notionally different productive wellsprings. Thus the construct of
cateporical sets was well entrenched prior to the emergence of the neowalrasian
micratheory and the associated shift of analytical emphasis from production to
exchange.

The mathematical requirements of the nascent microthcory pivoled about the
methods of the differential caleulus, engendering, as Kirman (1987a: 493} notes,
‘un implicit acceptance of the perfect divisibility of goods’. Kirman continues
with this ontological point, observing that *if we consider the most eluborate
extension of the basic Arrow-Debres model it is one in which there is a
continuum of agents and a continuum of goods' (fdem), In this context, it makes
no sense whitsoever to conceive of the economic clements as anything other
than abstenct points in the context of a one-dimensional field (a continuum, £,
The coneept of o eateporical set (v, @ V) has been collapsed 1o a representative
element (v*) which has been interpreted as a point on a continuum (v; € £). In
this way, the atomistic mode (v, € 1) has transmogrified into the field mode
fure &

What has oeeurred, gradually and seemingly imperceptibly, is thar as the
sputlight of analyvtical focus has swung from production to exchange, switching
atiention from the smudy of the emergence of value to the distribution of value,
and thercfore from combinatorial methods to differennal methods of analysis,
the necessary reguirement of integrability has taken root largely unnoticed and
unquestioned (see further, Mirowski 1991a, Carlson 1997). Integrability, as the
assumption of a continuously differentiable function, carries the implication that
commodities, and indecd all other elements, are credited with possessing
clementary point-like existence. As such, if a more general mathematical
foundation will allow non-integrability then it remains for us yet to explore the
sense in which economic elements are elemenary.
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Empirically considered, almost all formally conceived elements of an
economic system are complex entities or structures. 11 we consider the class of
consumer goods it is obvious that such things as cars. computers or clothing are
complex entities, each a specific combination of many and perhaps thousands of
component parts (and therefore technologies, Ziman 1998). We also recognize
that ‘negative combinations’ belong equally to the same abstract category. In
this way standard commaodities such as Sugar may also be regarded as complex
crtities, in that a specific sel of negative combinations (refining, milling, and so
onl were required to manilest the product. In other words, all economic
elements, melaphorically speaking, are molecules. They are composite systems
of particular combinations. From this perspective commodities are systems. In
the orthodox microtheory, however, such concern is entirely irrelevan! beeause a
single parameter (price) sulfices 1w locate the commodity in the market field
tcommaodity space), thus eollapsing the subject entity buck from a svstem to a
poant on acontinaum. Al further mivemation relating to the state of existence of
the commuocdity i5 extruneous because in the context of a field, by definition, an
entity cannot exist other than as a point. Elementary complexity, heterogeneity,
modularity, decomposability and other such aspects of composite structural
existence are logically excluded from a field-theory framework.

A small number of economists have ndvanced the {critical) observation of
itrinsic commodity complexity towards theory—Ilouthakker (1952), Lancaster
(1966) and Carl (1986) in the context of demand; Sraffa (1960), Robinson
{1962 and Langlois and Roberson (1995) in the context of supply. Lancaster
argues that it is npot commodities per se that consumers value, but the
churacteristics they embody, Therein, 1 commodity 15 1o be understood as u sel
ol charaeteristics. Earl integrates this notion with the slporithmic form ol the
consumer decision process, récopnizing thar if there are manifold points of
contact with each commodity (rather than only price) then the way these points
relate to one another can gystematically affect the oulcome of the deeision
process. Drawing sttention o the work ol Simon (1959 and Kelly (1963), Brian
Loashy (1991) has cmphasized that the way agents mentally construct the world
about them s of crocial signilicance to understanding the behaviour of the
dgents. For Loashy o muke this hridee into the growth of knowledge as the
ultimute basis ol the economic process, it s implicit in his schema that the basic
eléments {ol the cconomie process) are iredocibly complex, When theorizing
about the behaviour of economic agents, we must recognize that this behaviour
i5 with respect to something, The something will be variously other agents,
commodities or, generally speaking, other huilding blocks, 1T these building
blocks are complex, then our microtheory cannot logically be defined in an
Integral space, but requires a8 domain in which we ¢can conceivahly map the
structure of Intéraclions or relations belween elementary units. Yel we have
pracricallv no systemartic understandlng of the multifarious relations internal 1o
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the set of all commaodities in terms of object properties. Nor, in the same sense,
do we have a map, as it were, of the typical patterns of interactions between
agents constituting an economic system (although see Kav 1997), As has been
sometimes |amented. the economic science contains @ cONSpiCUOUs 2ap in ils
empirical knowledge of the charactenstic structural forms of the various
subsystems of the cconomy.

Along these Tmes Leibenstein (1979) long ago proposed that “a branch of
coonomics is missing: micro-micro theory'. What Leibenstein means by micro—
micro theory—as the study of what goes on inside the black box’, and as
associated also with the works of Scitovsky, Bauwmel, Marmis, Williamson,
Simon, Cyert, March and Day, among others—is essentially concerned with the
study ol individuals as complex entities. He observes that ‘microeconomics has
avoided the study of individuals but that 15 no reason why we should continue to
do so’ (Leibenstein 1979; 497), and moreover he suggests that the study of
micro-micro theary may constitute the first ¢lear sense of a research frontier in
economics since the macrocconomic revolution mstigated by Keynes. That was
in 1979 and prior to the Nelson and Winter (1982) spurred re-emergence of
evolulionary economics. 1 venture to suggest that Leibenstein’s proposal equates
now nol as micro-micro-theory but as evolutionary microtheory.

Leibenstein, however, remained somewhat unclear about the ultimate nature
of the micro-micro theory, and in particular, | think, failed 1o distinguish
carefully between a théory of elementary units and the units of clementary
theory. The distinction is crucial and revealed by the construct of a complex
system as a theory of clementary units in which the elementary units are
themselves lower-level systems, Once this principle 15 recognized, it becomes
clear that the micro-micro theory in fact transcends the microtheory in
generulity. It is significant that every subject that the domain of Leibenstein’s
micro-micro theory addresses is of the abstract form of a complex system. The
micre—micro theory is the study of a complex of elements and thus [its within
the rubric of an evelutionary microeconomics. Evolutionary microeconomics,
then, constructs in part the microtheory of microeconomics, addressing itself to
the lopic by which clemenis interact 1o form systems. But this, we may now
recognize, overlaps with macrocconomics when the elements we identify are,
say, entire production sectors or aggregate market demand (Leijonhufvad 1993).
And heréin arises the difference between Leibenstein’s conception of micro-
micro theory and the definition of evolutionary microeconomics that | propose.
Essentially, what is meant by an element in the evolutionary micreeconomics is
entirely. arbitrary with respect to the level at which this is identified. Yet we
must simultancously recopnize that if both the part and the whole are both in the
same sense an element then there must also be a referent system of taxonomy
descriptive of the nested hierarchy of sets of elements forming higher-level
clements,
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3.5.2 Species of System

A taxonomy of sorts can be outlined in terms of five distinct species of system
that seem central to the study of economic evolution. These are: (1)
organizations as systems; (1) commodities and capital as systems: (3) cognitive
and skilled agents as systems: (4) technology as systems; and (3) institutions
(including markets) as syslems.

1t 15 not difficult to conceive of' a firm as a system, in the sense that it is a set
of component parts interacting in specific ways. Within any firm, individual
actions are minded by the systematic specification of subordinate and
superordinate relations, as pertaining to departments, teams, divisions and so
[orth, and by other forms of relation external to the firm, such as mleractions
with customers, suppliers or contractors, A firm, as a species of organization, 15
obviously a species of sysiem. 'T'o be clear, the nest of definitions from a firm to
an organization oa system is one of increasing abstraction along the line of
structural form, such that the epistemic clossification ‘all firms are systems’
recopnizes that all firms are organic composites of separable parts.

[t recognizing that a firm s a form of organization and therefore a species of
system it follows that all instances of organization are systems. Evidently, then,
we may regard commodities and capital, as well as durable gonds and services
us systems in the sense that they are all specific combinations of elements. 1t is
cusy o conceive ol sueh goods as compuiers or autometive machinery as
systetns, in that they are compleses of engincered componentry, but it is perhaps
more of a stretch to coneeive ol such primitive houschold nems as toothpaste
and paperclips, for instance, as systems. Yet all stocks and services are systems
in that they are complex wholes. A paperclip is a definite refinement of wire inlo
a particudar form that exhibits a set of engineered qualities. That the virus s o
more primitive organie svstem than the elephant does not diminish its status as
an argunic system, so oo this principle extends to the set of systems traded and
procured within an ceconomic system.

The human agent, as acognitive and skilled being, is also to be understood as
a system in the economic context, The agent is & decision-making system in the
sense of being a complex of rules for filtering and evalualing information. In a
wider sense the agent is a system of constructs, and orgnnic and social reflex
(wkills and routines) forming a bebaviowral complex that we may repard as 2
system. This perspective is well Tounded in the Behavioural school of
economics, and, increasingly, in the algorithmic and computational approaches
tin rationality being developed within the Santy Fe school (see Morowitz and
Singer |993),

Technologics are systems by delinition. A lechnology is the know-how of
combination to form a complex outcome, with the elements of echnologies
themselves being other technologies, When we understand institutions as svstem
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we are recognizing that they are complexes composed of elements of social
behaviour, The abstract concept of a system applies widely over the phenomenal
domain of an vconomic sysiem, such that we may identify the components of an
economic system as systems in their own right forming populations of different
species of svstem.

The simple point | make is that a single absiract concept—system-—can
represent -@ very wide domain of subject phenomena. By centring upon the
concept of a system we bring institutions, technology and cognitive processes all
under the same analytical rubric and therefore place them on the same
conceptual basis as the more orthodox material components, By making our
basie unalvlic object-nbstraction a complex system we attain a great generality
of analytical scope and clear identity of subject This 15 essential if we are to
hope to understand the phenomenon of economic evolution, which presents
itself incessantly m gualitative form with the flux of technologies, nstitutions,
skills and organizational dynamics in a penumbm about the more quantitative
dynamics of linear growth. By defining a wide domain of systems we may
elfectively place the analysis of otherwise highly qualitative dynamics on a basis
which is, in principle, well defined in respect of what is changing in an
evolutionury process.

3.6 The Arithmetic of Evolutionary Systems

Chne ol the great apporunilics {ur the next few decades is the development of &
mnthemptics which is suitable 10 soginl svetems, which the sont of |8th-cenliry
mulhemmiics which we mostly use s nis. The world 15 topological rather than
numercal. We need u non-Cartesian algebrn as we need a non-Euchidean geometry,
where minus minus is not always plus, and where the botlom line 15 often an illusion
Sothere 15 a great deal o be done.

(Kenneth Boulding 1991:3)

The scheme of the drpument thus far has been essentially geometrical
(specifically combinatorial). But a geometry also implies an arithmetic. In the
spirit of first principles completeness, | now submit some remarks on the
relationship between arithmetic and geometry in the context of an evolutionary
framework. In the guotstion above, which is from Boulding's introductory
remarks fo launch the Jowrnal of Evolutionary Economics, he suggests that “we
need a non-Cartesian algebra’. But what is such a thing, and what is meant by
the suggesiion that we need one?

What Boulding is saving, it would seem, is that ws need 2 way of making
sense ol the observation that the whale is not necessanly equal to the sum of the
parts. This is an observation that many heterodox cconomists have, directly or
Indirectly, strugsled to make analytical sense of. A svsem § = (V. E) is a
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seomelric ohbject in which the parts are the elements { #) but the svstem isell (%)
is more than the ageregate of these elements. The set of connections also makes
up the totalitv of the system. But this concept cannot be expressed in arithmetic,
al least not in arithmetic as we know it

Mevertheless, here is 1 way of thinking about . Consider the algebraic
couation 1x + 1e = 2%, and the underlying arithmetic equality [ + | = 2. We note
that the cardinality of the operations (the *t ") does not systematically affect the
logic of the equality. For instance, in the equality 1 1+ 1 + 1 =2+ | = 3 ihe fact
that there are two explicit operations of addition in the first part, one in the
second and none in the third has abselutely no bearing on the status of the
vruality, But what if these operations were not neutral? That is. what if we could
fold arithmetic back wpon iseill This would be an algorithm that after
completing the set of operations tallics the number ol distinet operations
involved, say, as an integer variable A, and then multiplies this by a scalar & The
praduct A& woulid then correct the first-order sum (itself by an arithmetical
process invalving o forher operator) o obtain a second-order sum. representing
the equality. In this ramework an epistemic cquality can be drawn between, say,
1 und any real number we choose as proportional to the parameter & Note
that when & = () the correction Ak = 0 and the second component of the algorithm
mukes #ero contribution Such that the system is effectively ‘ordinary’. {This
conception is not the same as o linite arithmetic, where o counting system
periodically eyeles back upon itselly When &k = 0 we have an arithmetical
phenomenon of superadditivity, When &4 < 0 we have the phenomenen of
subadditivity, where the whole adds up to less than the sum of the parts. This is
ot an argument that wethmetic s in g general sepse arbitrary, such that the sum
of any two numbers can be anything at all {1 am net plotting e unhinge
arithmeticl) but rather an exploration of the effect of treating the arthmenc
uperators as part of the same. This is, analogously, what is meant by considering
cunneetions (as explicit operators) as distinet vom the concept of o field (which
embeds aperators),

Boulding has not been the only one to notice thit arithmetic fils o aceount
lor basic features of social and orpanizational processes. This was n persistent
lettmotif for the early systems theorists (for example, Bertalanffy 1962, Simon
1563, Koestler 1978, Koestler and Smythies 1969, Dovle 1976, Boulding 1978).
Ansoff {1968) associated such non-summation with the concept of synergy, or
ceonomies derivable from shared resources. Kay (1982, 1984) further identified
svnergy with activities undertaken by firms, and In particular with firms that are
involved in muliiple activities. ‘Synerpy then becomes a story of why firms
engage in muldple activities, form strarecic alliances, and other such
wrglomerate hehaviours, It is sometimes known as economies of scope (sce
Baumaol ct-al. 1982, Langlois 1999 The primary ohservation, though, 1s that
certain complex wholes, such as the collective activities of a firm. the behaviour
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of teams or the phenomenon of consciousness for cxample, are not casily
reduced to the sum of the component parts. The parts seem o be only part of the
story. The concept of synergy has arisen. as such, to express this seeming
observation. But it does not mm fself make sense of it which was precisely
Boulding’s poinl. According to the extant mathematical logic, we should not
withess this phenomenon. But to the extent that we do observe ‘arithmetic
violations’, we may sxplain these in one of two ways: either (1) that we have
failed to account for some part; or (2) that the underlying mathematical logic 15
inapplicable to the circumstance (and therefore not of umiversal application).
The Cartesian paradigm always responds in the first way. The second way
suggests, in clTect, that there may be other forces at work rather than
unaceounted elements. Synergy, then, 1s not an explanation of a phenomenon (it
is not a theory) but a recognition that a phenomenon has occurred which lies
beyond the theory. Svnergy is to the theory of the firm what for instance,
phyletic punctuations in the fossil record were to palacobiology: 1t s a
recognition that the theory 15, in a fundamental way. incomplete.

It is my argument that the framework of an evolutionary microeconomics can
furnish the scheme of a theoretical explanation. To do so, however, we must
translate this arithmelic problem into a geometric equivalent. Algebra is the
brunch of mathematics in which the procedures of arthmetic are generalized and
applied ta variable quantities, as well as numbers. In the abstract sense, algebra
is the study of mathematical structures in which there are operations that have
the propertics of addition and multiplication (that is, groups, rings, integral
domnins and lelds). Algebra also refers to the study of algebraic geometry,
which interlinks the study of geometric objects, such as a conic section, with an
nlgebraic description, such as a polynomial equation. In this way, arithmetic is
the base of mathemstics which consisis of numbers and relations among
numbers and algebra, then, is the generalization of arithmetic such that numbers
are generalized fo include varinbles, and relations are generalized to universal
operations, as transformations and mappings.”

It is evident that the arithmetic operations that relate variables to one another
have no systematic affect on the variables or numbers themselves. This is a
rudiment of algebra and carmries through to algebraic geometry with the cancept
of a field in A", llowever, we may interpret the argument of the previous
chapter, in which a non-integral framework was a statement about the geometry
of the space, in terms of arithmetic by noling that the same non-integral
conceplion can. be arrived at if the arithmetic operations” themselves are not
eomplete. In this case, synergy, or suchlike, can be given a geometric
interpretation to the effect that the connection berwesn the elements combined
exisis. The simple message is that in so far as our representation of an
evolutionary system requires a new framework of géomstry, then by
association, drithmelic will also be affected. But our recourse to explain
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percelved arithmetic incongruities musl come from geometric argument. The
arithmetic of an evolulionary system is simply an expression of the geomety of
an evolutionary system:

3.7 Conclusion

In cconumics. we have gotten the relationship bolween (he system and s elements—
[hatt i, hetween the economy and ity individual agenis—hackwards.
(Axcl Legonhubeud 19%3; 3)

At this point we now have before us the foundations of an evolutionary
nricrocconomics set in the ontological dimension, Which is to say that we have
now given analytical form to the way in which the economic process exists as
elements which are variously connected such that they form systems that then
become elements for higher-level systems, and so on. In this analytical
framework, the concept of a set of connections replaces the concept of a field. In
the neowalrasian framework there was only one component ol existence—the
set of elements—plus the construct of a field, which stood in for all issues of
mformation,  knowledge  and  structure.  An evolutionary  system of
microcconomics reinstates these aspects with two components to existence—the
set of elements and the set of connections—thit then gives rise to a third mode
of existence with the concepl of a system, We may define this as a third entry in
the hard core:

E-HC3: There exist systems. Systems are the basic abjects of theery and
units of analysis.

The most signilicant aspect of this conception, from the perspective of
heterodox theorizing at least, s that (like Einstein's reinferpretation of
Newtonian space-lime) space and time are interior constructs of the framework,
und, moreover, they are non-integral. Evolutionary microgconomics rests
squarely on the idea of essential incompleteness over the ‘space—time’ of
connections, Tn this way, il is the existence or not of these connections that
effectively defines the spatial and temporal dimension of an economic system.
These dimensions do not exist g prioed, but are created m the processes of
sconomic coordination. By looking forward into the fumre, economic agents
thereby create that firure.

Many comnections in the cconomic system are predominantly temporal, in
thar they exténd most manifestly in the temporal dimension. Contracts are an
ohvious example, bul so too are Implicit contracts, goodwill, tacit understanding,
repeated  wrading  relationships, trust, Familiarity, brand names. marketing
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mechanisms and other such phenomena, Skills, competence, strategics, habits
and instifutions are imepressibly temporal in their mode of existence. When we
speak of knowledge, uncertainty, expectations and suchlike we are projecting
the domain of what we perceive to be the economic system forward into the
future. Yet the framework of orthodoxy does not allow us to go thers, rather it
requires that the future be collapsed back mto the present. Despite its temporal
dimension; all neowalrasian theory denies time its primary reality: fime is
change. But where does such change have its effect? Certainly it moves and
displaces the elements within the system, and the ncowalrasian theory describes
this well. But change also occurs within the connections hetwien the elements,
and as such upon the nature of the systems such connections then build. This is
the phenomenon of cconomic evalution, and it is human behaviour that causes
this phenomenon to occur. In many respects we are free to choose connections,
in other respects many are chosen for us: there 15 also the phenomenon of self-
organization, whereby systems of interacting elements tend 1o be connected in
characteristic ways. This will be the subject of the next chapter. The point is that
cionomic behaviour fully extends over the realm of connections and systems
and there is a primary economic problem associated with this phenomenan: how
do we, both as individuals snd as collectives, muke good choices of the
connections that build systems?

There arc many symptoms of this overly narrow circumscription of the
ceonomic problem Lo exclude the choice of connections, and thereby denying
the existence of systems, and as such of higher-level structure. Broadly these
come under the rubric of the so-called crisis in economic theory that has
surfaced sporadically over the past few decades, but for any particular economist
it is perhaps the sometimes suspicion that there is something fundamental
missing from the picture. Whatever these may be in the particular, they can be
pathered under a common theoretical form: connections, and therefore systems.
And as such, the first principles of a new departure in mictoeconomic theory
procecd from this ontological reassessment of the status of connections.

MNoles

! As such, a misre compact description might be: 11 There exist economic azents. HUZD There
exists o field The following concepls are embedded within the field: (1) preferences. (i)
optimization, (i11) markets, {iv) knowledge, (v) coordination Al echnoiogy )

? For surveys, see Hodpson (193], Wil (19934). Daesi and Meleon [ 1994). Andersen {1594), Nelsan
(1995, Saviori (19961, Foser and Meatcalfe {2000)

" Atthoush it docs not follow (hat conncetions necessarly adihit the same epistemic of material
bearing. Navigstion of this aspect is the trsk of the particulsr model. or. morcover, the particular
assumptions which render the model tractable and epistemically valid. The ontolugical Esemion
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dnes nothing maore than imstie the Tngie inte the theary (a model of course being 8 panicufar
interptetation of' a theory).
“ 1t should be noated that geaph theory @ tiotentirely smknewn in cconomic theory (see Kirman 1985,
1987h), For instance, Mirowski (19912) cmploys this mathematical form to describe the stnicture of
a clesed loop-al hileteral exclunge and Kirman (1997h: 4967 has deseribed the Walrasian system of
cxchange a4 4 complate graph.
" As Wilson (1983 10y remarks, “the lmpuage of graph theory s decidedly nom-standard — every
wathor has his ows lerminology’ Whal [ call an clemenl, graph theorists hive vireusly fermed a
wertex, paing, nae, dut, eell, U-simples o junction: 1 seems to me that graph theotists usc the terms
svstem” mndd gonnection” whes iy want to he understood, and other esms (sueh as arc, jom,
locs, and so on) when they wanl Lo be pregize
" This involves the goncept of the cenire of o graph, which is @ veries v wilh the praperty thal the
maxtmum of the distances between v ind olhes vertices of 8 is as small as possthle. 12 0 ticorem
thait every connected graph hias gither one centee or two adjacent centres, The lwest mument ooours
il thie centre of @ griph, the highest moment ol a femminal vertes,
" A remdom graph sow graph where (he verlices {comnections) are assigned in some random wiry
Eauftman 1903 205, 3073 The main question-of nterest in the stody of random graphs e when
percaluiion teethalds, as large comnecled webs ol elements, will form These have  been
investigated ng corresponding to cmergence hehiwious (Tor example, crvalillization or superfluidity)
* Flofland (V995 has recently advinced the proposition thit emergenes i s separmte study in slselt,
distinet, for instance, Trom dynamics
CGee. for instimee, Sklar (19747 42058) Tor diseussion of tho relutinn between geometry, wlpebra and
Apace
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4. Systems theory and complexity

Hetween cxiremes, man runs his course.
(William Putler Yeats)

4.1 Introduction

The economic system is not a system, it is # system of systems. This is the
essential point to grasp for analysis of the phenomenon of economic evolution,
The building block of this nested framework is thus a system; but a system-—
defined as a state in state-space, such that the prime variable is connectivity—
can be almost anything, from a set of unconnected clements (£ = @) to a set of
totally connected clements (E = £2), It is evident that there is a vast range of
possibilities between these extrema, which is to say that the same sel of elements
cin be connected in many different ways ench defining a different system. There
exists an entire spectrum of such systems. The first question that arises is
whether these different systems exhibit different characteristic properties that we
may associate generally with their location in state-space. In other words, 15
there anything general we can say about the nature of & system, such that it
applies irrespective of what that system specifically is or the level of analysis at
which the system is abstracted, in terms of the connective structure of the
system? A second question then follows. Can any such stutements about
charncteristic behaviour be linked to general principles of microeconomics? Can
we reason from structure, through dynamics, to microsconomics in such a way
that we may then tum the argument around to find the outlines of a
microeconomics of dynamic structure, of connections? These are the themes this
chapter will explore.

We proceed as follows. In Section 4.2, the concept of complexity is defined
as a regime of coordination along an axial geometry of state-space, The
scometry of economic space is argued to consist of a series of macrostates,
which are the regimes of order, complexity and chaos, In Section 4.3, it is
suggested that adaptive systems will converge near the regime of complexity.
This is the hypothesis of evolution towards complexity and the crux of an
evolutionary  microeconomics. Section 4.4 then locates this approach to
economics within a broader scientific paradigm oo the nature of complex self-
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organizing systems. In Section 4.5, discusscs the relation between equilibrium,
coordination and complexity, and n Section 4.6 the concept of dynamic
efficiency is read m terms of complexity. Section 4.7 concludes with an outiine
of the positive heuristic of the evolutionary microcconomics research
programmnie.

4.2 Coordination in State-Space

What is the complexity of a complex system? There 15 in fact no definitive
answer to this question, but rather a multitude of answers, picking off different
aspects of the phenomenon of complexity,! However, there arc some useful
higher-level distinctions,

An inmitive interpretation of complexity 1s to set it agamst simplicity or
difficulty, and thus to locate its meaning in our understanding of, or rather our
ability to understand, the external world. It seems that perhaps a majority of the
complexity measures are actually of this form, consisting of mcasures of
minimum description or of the describability of an object. In this way, the more
difficult something is to parse and describe, the more complex it is. Complexity,
then, is ultimately viewed as a property of understanding, and exists not in the
mind. or in the external object, but in the relationship between the two. The
problem, however, is thul this is an all too subpective measure,

The complexity meaning favoured by Rosser (1999), which derives from Day
{1994}, is to define & complex system as & dynamical system that does not tend
asymptotically 1o u fixed point, # limit cycle, or an explosion. Complexity,
therefore, is located in the behaviour of a mathematical model of a system.
Another general approach is to link complexity to information or entropy
measures, and therefore to the definition of order, disorder and self-organization
(see, for example, Wicken 1986, Shiner 1997, Foster 1997, Collier and Hooker
1999),

The meaning of complexity that is developed here is essentially the laner, in
that complexity is located in relation to order and disorder (or rundomness,
defined entropically’) and strongly associated with self-organization. (Although
my purposc here is to explain the micro-structural processes of self-
orpanization, rather than simply assuming iv) As such, | mean something quite
specific by reference to a complex system. The complexity of the system is
located i ils structural composition, and sbstracty by the measure ol
connections over elements for some system. If we represent a system with
graphical structure, so that §= (¥, E) defines a particular topogeaphic state, then
it is apparent that there is a vast number of ways in which a non-trivial system
can be disordered. many of which can be found simply by assigning the st of
connections (£) randomly. Similarly, there will be a number of states that
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display arder, many of which would follow from regular structure in the set E.
iy implication, then, there will be a number of different ways in which a system
can be complex. In this way, the construct of a complex system, then, refers to a
particular set of topographic states. What we shall be mterested In, in this
chapter, is where such states are likely to occur, the properties they exhibit, and
the implications this will have for microeconomic theary.

Consider a set of elements as components entering into a system. The specific
siate of the system will be determined by the connections that thread these
slements together. Now consider the set of all such states (potential systems)
srranged so that they can be placed along an axis, This axis defines state-space.
State-space is the set of all possible systems that can be constructed from a given
set of elements,

State-space spans two extremes: the null set (no connections), which we shall
now denote § = (¥, £7); and the complete set (complete connections), which we
denote § = (F, £2).7 The axis of state-space, thus, is bound by the extreme values
of the set £ (6 and €2}, The adjacency structure of state-space then distinguishes
all ¥ possible s-systems, Each system is adjacent to k others, which is to say that
frum a single point in state-space then by changing a single element in £ (adding
or removing a single connection) a system may move 1o an adjacent state in
state=space. A path, as a sequence of states, through the adjncency structure of
“rite-spice may visit up to ¥ stales in a raverse between € and £, However the
shortest path between @ and £2 consists of anly £ states.

lmagine, if you will, a chess board and a set of 64 pawns. The empty chess
hoard corresponds to the null state (€1, When we place all pawns on the board,
cich oceupying a square, we have the analogue of the complete set (€2). 1t is
cvident that hetween these two exiremes there is something of the order of
110" possible states, however it is also evident that the shortest path between
them consists of only 64 steps, sequentinlly adding piece by picce. This path is
independent of the order in which the connections (the pawns, in this instance)
are added, which implies that there are k1 paths of this minimum length (63, in
this instance). Therefore we may construct an ordering of swte-space by
crouping all states that have the same number of connections (the same number
nf pawns on the board) as a homeemorphic group. There will be & such groups,
and this ordering defines what we shall term, following Kauffman (1993), the
axis of coordination (see Figure 4.1). .

R 74 ) I s e | 8= (K, )

Steates af onder  Sustay of complexine Snarag of chios

Figure 4.1 The axis of coordination (the state-space of the set E)
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An alternative way of conceptualizing this is to make the axis of coordination
the vertical scale and the connectivity (Az @ =< A < (1) on the horizontal axis.
This plots the phase transition between order and chaos as a function of the
number of connections in the system. Typically, this looks something like
Figure 4.2, which displays obvious similaritics to the logistic-diffusion curve
{see Foster 1997),

Cheaolie

apstem
Dynamics

Oredlered

Low High
Density of Conmections A

Figure 4.2 The relationship between structure and behaviour

We shall consider first the nature of the extreme states. The null system
consists of i sel of elements, none of which are connected. A connection is a
causal operator, such that if two elements A and B are connected then a change
in the state of 4 will affect B in some specified way. So if 4 and B are binary
variables connected by the rule < 4 = 28 > then if 4 changes, B will be affected
according to this rule connecting them. If there are no connections then a change
al any point in the state of any one of the elements in } cannot affect any other
element, and thus we define the null system as dynamically stable. No element
in the system is affected by the state of any other elements in the system. This
temporal stability we identify as a state of extreme order.

A physical example of this state would be a block of inert matter. Consider it
as a system of » elements, but because no element affects any other in a dynamic
way we conceive of this as an extremely ordered system. For instance, if we
were to pluck out a single element from the surface of the block, nothing else
would change; it would remain the same in all respects except for precisely the
gap departed. An ordered system in the extreme s one that is entirely stable with
respect to point changes in the elements of the system. This stability derives
precisely from there being no elements coupled together, such that the state of
any one part of the system is not dependent upou the state of any other part of
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the system. It is effectively frozen and as such the system of elements will
exhibit orderly dynamic behaviour: ageregate change in the system of clements
is exactly proportional to change in the sum of the changes in the pans of the
system.

At the other extreme is the complete set in £, where every element is
connected to every other element, Because every element is connected to every
other. a change in any element m ¥ anywhere in the system will propagate to all
other elements, which will then change cach of them according to the scheme of
the role connecting them, which will then propagate back unleashing further
escalations of change, and 50 on. A complete system is massively dynamically
unstable because o change at a single point induces waves of change throughout
the entire system, This state of temporal instability we shall identify as a state of
extreme chaos.

Examples of extreme chaos in this connective sense can be imagined in terms
of an electrical cirouit consisting of say 1 light bulbs, each wired to every other,
and the switch determining whether any single bulb is ‘on’ or ‘of” being a
function of the state (on or off) of every other bulb. Such o model can be
represented by cellular automata (CA) or random boolean networks (RBN), and
the simulation results from such maodels are what intuition would expect: pure
chaos. Although the state of cach element is, strictly spenking, determined by
the state of all other ¢lemens, the total result is massive (albeil completely
determined) instability, A single change in the state of one element (as a bulb
switehes ‘on’ o ‘ofl) then propagates to every other element, others of which
will then switch states, setting in maotion an escalation of feedback that we
characterize as deterministic chaos (or whilg-noise). Natural systems which may
provide examples are somewhat rare, because nalural selection does not tend to
Favour such extreme states of chaos, Nor are extreme states of chaos to be found
in eeonomic systems, although computerized trading systems developed 1o their
theoretical limit and operating with continuous data structures would cenainly
tend in that direction,

I'he extremes of a null system and a complete system are dynamically the
extremes of order and chaos, This refers essentially (o the structure of feedback
and feed-forward where given a change in one part of the system, we are
interested in what will happen to the rest of the system. IT the system s the null
sysrem, such that there are no connections anywhere, then a change at one point
will have no effect on any other element and the system can therefore be
considered dynamically stable. We term this the state regime of order. Such is,
tor example, a situation of extreme autarky, each nation completely decoupled
from every other. A situation of total self-sufficiency by cach houschold within
i nation would similarly constitute an mstanee of extreme order in the
ceordination structure of an cconomic system. IF the sysiem is the complete
system then a change at one point will impact on all other points, setting off 2
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chain reaction that will escalate intp unbridled chaos. Imagine a stock exchange
with six billion traders each responding to the signals of all others
simultaneously. Alsp imagine that we start from the unique Arrow—Debreu
equilibrium vector. Then imagine that someons sneezes, so to speak. At first
evervone adjusts their holdings with respect to the single change, but then it
becomes apparent that everything clse has changed. and so on. As long as
everyone stays connected the system will remain chaotic. However, the fact is
that such extremes are for the greatest part theoretical extremes. Real systems
are always intermedinte.

A system moves through state-space by changing the connections within the
system. When a connection is added or deleted the system moves to a dilferent
point in state-space. We can represent this analytically in the form of a discrete
‘marginal’ process. But what is the geometric nature of a dynamic path traced
out by a series of such marginal changes? There are two primary hypotheses at
this juncture. One, a system will move through state-space according to a
continuous and lincar function. Two, it will move sometimes continuously,
sometimes discontinuously (see Rosser 1991). The Cartesian paradigm suggests
the farmer but despite the pedigree of this logic (for instance, the legend natura
non facit saltum is afforded unmistakable prominence on the title page of
Marshall's Principles) it is wrong. It was the process of entrenchment of the
marginal analysis towards abstract generality that demanded a denial of
discontinuities in economic. space (see Mirowski 1989, Lougd 1997). Nature
does in fact make jumps, leaps and abrupt transitions (think of the changes of
state undergone by water at critical temperature values, variously solid, liquid
and gas), and biological and social processes make no exception to this natural
logic.

A framework of siate ransitions can be conceptualized in a number of ways,
Perhaps the best known is catastrophe theory, developed by the mathemalician
Rend Thom (1975). Catastrophe theory is geometry on a smooth surface in n
dimensions which is folded upon itsell, such that a rrajectory along a surface
will at certain paints in the space (cusp points) jump from one region to another.
I we define the dimensions of a surface as spectral typologies or dialectical
concepts, for instance communism and capitalism, then the surface itself will
map out all possible combinations of each. That there are certain combinations
that are impossible corresponds to “folds’ in the surface mapping. A trajectory
that approaches one of these folds must, if it continues with the rajectory, jump
across the impossibility region and this jump, this discontinuity. Thom
mathematically identifies as a caiastrophe. For instance, the recent transition
from communism 1o market capitalism in Eastern Europe was not a continuous
transformation crossing all Intermediate economic modalities; but jumped from
one state to another (see. for example, Komai 2000). In the language of the
theory, it crossed the fold of a catastrophe taking the elements of the system
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abruptly from one regime to another. Catastrophe theory, as such, constructs
discontinuities by folding impossibility regions into the structure of space.

Another general approach i5 to construct bifurcation points in the stawe
dynamics of a system (see Agliardi 1998, Rosser 1999), A bifurcation is a
critical point whereby a deterministic trajectory is split into two or more possible
paths, and which path eventuates is decided, as it were, by factors external to the
factors descriptive of the trajectory. Which is to say that a critical decision is
made in the path of the system, and this decision is determined by local and
historically contingent circumstances, This phenomenon has captivated and
spurred much recent work in technological and mstitutional dynamics. The
concept of system bifurcations constructs discontinuity in space by setting up
multiple future paths in which it is impossible to know which path will be
selected prior to the selection actually ocourring. The course of the future, thus,
15 fundamentally unknowable in this framework and cannot be reduced 1o
probabilistic estimates. In this respect, this mathematical approach is closely
related 1o the managerial concept of scenario planning,

In both such frameworks, a smooth geometry of space is overlaid with
reimes separated by abrupt transitions (2 catastrophe or a bifurcation). Within
these repimes, the geometry: of space can be considered smooth, or correlated
(Kauffman 1993: 45), but between regimes are sharp transitions in the
underlying parameter values, And it seems that, in general, the dynamical
behaviour of complex systems is often to be associated with trajectories that
involve several such regimes and thus transitions between regimes. The reason,
simply, 15 that different regimes have dilTeremt characteristic properties. For
mstance, deep in the ordered regime the information that can be said to exist (the
structural coordination, the competence, the institutions and so forth) is locked
securely into the system and cannot be ensily changed by external forces. Deep
in the chaotie regime the search of information in state-space is proceeding at its
maximal rate (new organizational forms are being tricd rapidly and at random,
teams are being mixed up, institulicns are in a massive state of Mux, and so on).
[he problem is that in themselves these extremes are of relatively low guality;
the ordered structure cannot adapt and if the environment changes it will be left
hehiind. The chaotic structure cannot make use of the information it captures,
hecause, like dreams, it is too transient to be useful (a good combination might
be happened upon, then lost immediately). High-quality structure requires both
al once, stability and flexibility, and this coexistence is precisely the nature of
the regime of complexity, A complex system is one poised to switch most easily
between regimes (or classes) of dynamical behaviour. That this repime
switching is in fact typical of complex systems, rather than a special case
(Bexinra nan facit saltum), has, as 1 later argue, the makings of a revolution in our
theoretical approach to the study of the dynamics of social and biological
Systems.
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Il we arrange the sequence of states bétween the null system and the
complete system, then, as discovered by the simulation of Boolean networks
(see Waldrop 1992: 12; Kauffman 1993: ch. 5), the structure of this space
demarcates three distinet macrostates: order, complexity and chaos. Order is
associated with low connectivity, chaos with high connectivity and complexity
forms a narrow window of low-to-intermediate connectivity befween order and
chaos. Each regime may be characterized by a dominant mode of dynamical
behaviour. In the ordered regime most of the elements fall into fixed states of
coupling with immediate ncighbours, As such, a ‘frozen’ web of connections
spans the system leaving behind small islands of unfrozen elements free to
interact with ane another in complex ways. The system’s dominant behaviour is
the continuation of the patiern that is frozen into the system, and thus the system
is stable and dynamically unsurprising. This ‘pattern’ we may conceptualize as
institutions, preferences and technologies as such, all frozen beneath the surface
of economic activity. In the chaotic regime unfrozen clements span the system,
leaving behind frozen islands. The system’s dominant behaviour is a constant
changing of the pattern displayed by the clements, whereby relatively few
glements are able to fall into stable relations with other elements decoupled from
the driving fux of the system. Most of the system remains in a state of boiling
turbulence, as consequences wash back and forth across the system. Between
arder and chaos is the regime of complexity, a narrow band of state whereby the
frozen web is just percolating and the chaotic regime is just beginning to
decouple into islands of stability: no one state dominates.

The fact that no one state dominates means that the properties of both states
of order and chaos can be simultancously present, they can coexist. The ordered
state maximizes the coherence and siability of information (structure or
arganization, as it manifests) but minimizes the experimental rearrangements of
that structure. In the chaotic state the opposite applies, such that it effects a
massive search of the possibilities within state-space, but is unable to lock onto
any that arc ‘good’ (as defined by some internal criterion). In the ordered regime
the particular configuration of connections locked inta (descriptive af
preference, technology, institutions) may or may not be optimal in the sense that
other combinations may be better, but the system has no internal mechanism to
change to these states. As such, other structures cannot enler the web or arc
confined to the narrow islands that may not effect the rest of the system. In
contrast, in the chaotic regime a new pattemn may guickly span the entire system,
but may then be just as effectively erased by a further transmission. In this way
the regime of complexity, which is neither ordered nor chaotic but both, is a
balance between information, pattern and coordination being usefully locked
inta a system (as preferences, technology, institutions) and the continued
experimentation and search for new patterns and the maintenance of flexibility
within the system so that these may then be adapted.
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It is apparent, then, that the growth of knowledge is most likely to ocour
within and about the regime of complexity. Economic cvolution can only occur
within and about the regime of complexiry. We would expect, then, 1o observe
that economic systems will typically exhibit complex structure,

4.3 Evolution Towards Complexity

The hypothesis of evolution towards complexity is a conjecture to the effect that
a halance between order and chaes, between stasis and change, is the ultimate
principle underlying all evolutionary processes. Where equilibrium is the
expression of ‘halance’ in an inert, mechanical world of point-like existence,
complexity is the expression, the siructural signature, of balance in a world of
interacting dynamical systems. The hypothesis of evolution towards complexity
i5 the logical principle that interlinks the geometry of all economic systems.

An equilibrium, in the sense of a mechanicnl balance, allows a change in one
part of the system to be balanced by a corresponding equal but opposite change
in another part, thus restoring equilibrium. A market equilibrium displaced by
the exit of a buyer may be restored by the entry of another. A level of consumer
utility disturbed by a price rise can be restored by corresponding substitution,
Chanee in one part of the system, so disturbing equilibrium, can be restored to
halance by reciprocal action elsewhere in the system. In its most encompassing
sense, this is expressed as a hypothesis of general equilibrium. The hypothesis of
evolulion towards complexity is a connecting principle in the same peneral
sense. Which is to siy that it is a conjectural statement about the nuture of the
total interlinkages within and scross an economic system,

To be elear about this point, peneral equilibrivm is not o theory but a
hypothesis, As | argued in Chapter 2, the theory part of general equilibrium
theory is the substrate of field theory, ‘Geperal equilibrium® is the necessary
hvpothesis consistent with the application of field theory to the study of the
ceonomic process inoon axiomatic framework (und hence requiring some
cxistence proof as a foundation). The hypothesis of evolution towards
complexity is implied in exactly this same sense, in that we may term it general
complexity thepry, but the theory aspect would derive from the study of non-
intearal spuces nol from the epithet *peneral complexity'. Equilibrium theory is
21 up such that the theorist or analyse must make careful distinetions berween
states that are in equilibrium and those that are not. Similarly, complexity
theorists and analysts must first learn to distinguish between states that are
complex, and those that are not. (1n neither case is this presumed to be a trivial
or straightforward exercise, but rather their primary endeavour) Complexity,
then, serves as the connecting principle hinking logether the components of
investigation in the non-integral space.
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If we assume complexity, i the same way that we may assume equilibrinm,
then we can invoke further hypotheses about the dynamic nature of the system.
fFor instance, suppose one part of the system were to become more ordered, as
may oceur for example in the case of the vertical integration of & supply chain
securing a single connection between a primary resource and several stages of
transformation. The system has become more ordered in the sense that
connections that were once in principle multiple and variable (a market supply
of numerous possible connections) are locked into a single comnection (the
internalization of a previous market dealing). A complex balance is maintained,
then, by another part of the system consequently free to behave more
chaotically, which is to say experimentally. We suppose, by the hypothesis of
general complexity, that a change in one part of a system to be either more or
less ordered will either release or constrain another related system. When one
part of a system becomes more chaotic, balance is achieved by another pan
becoming more ordered. The security gained by increased confidence in supply
channels may unleash experimentation in the use of these materals, More
generally, if this hypothesis is truc then 1t suggests that all institutions—
including markets, firms, decision heuristics and s0 on—are fundamentally
interconnected through the geometry of cconomic space.

The hypothesis of evolution towards complexity arose in the context of
investigition into the self-organization principles of genomic regulatory
networks simulated with Boolean networks. The regime of complexity was
discovered soon after the ‘edge of chaos' was revealed (see Gleick 1987,
Waldrop 1992). It soon became apparent that it was perhaps far more general
than ils initial application and true of an evolutionary process in general, in
whatever substrate an evolutionary process happened to work through. It was
recognised as o candidate ‘peneral law’ {Kauffman 1988, 1993, Bak [oaa)t
Kauffman centred upon the logic of an autocatalylic set, arguing, in essence, that
there is no strong reason to associale o mechanism of selection with the
emergence of order in biological systems. He contends ( 19493: 6):

It is pot that Darwin is wrong, but that the only got hold of pant of the ruth. For
Darwin's nnswer 1o the sources of order we sez all sbout us is overwhelmingly an
appeal to a single, singular force: natural selection. It is this single foree view which |
betieve 10 be inadequale, for it fails 1o notice, fails (o stress, fails to incorporate the
possibility that simple and complex systems exhibit order spontansously

Order and coordination arise in an economic system both by processes of
selection and by processes of self-organization. The upshot is a free lunch; self-
arpanization veeurs spontancously in the complex regime and, if the hypothesis
of evolution towards complexity is correct, the process of evolution tends
systems towards this state. Free lunches. in this sense, are the spontansons
emergence of order (for fres), manifest asa situation whare the whole is greater
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than the sum of the parts. This, as argucd in the previous chapter, corresponds fo
the emerzence of a complex system from otherwise free interactions. The
emergence of systems, which are then able 1o act as elements for higher-level
systems and so on, is what is meant by the cmergence of order,

Kauffman shows very gencrally that the fundamental principle descriptive of
the emergence of order in a complex system relates to the position of the system
along the axis of coordination, This principle is remarkably simple: a low ratio
of connections to elements produces order, a high ratio of connections to
clements produces chaos. As mdicated above, when each element is connected
to only a low number of other elements, the system exhibits orderly dynamics.
As the number of connections in the system is gradually increased the system
passes through several phase-transitions lo become, ultimately, chaotic in the
limit of a complete: system, Order is o product of low connective structure.
Chaos is @ product of high connective structure. For a system, ECOnGMmic of
otherwise, to retain coherence and stability in the face of continual
environmental change but still 1o adapt to this change, it will necessarily have
low connective structure. With a bow to Simon (1962), it seems appropriate to
think of this general principle as the keystone in the architecture of complex
svalems,

This keystone has two aspects. First, complexity is o macrostate and not a
single state. Second, order arises in systems by the limitation of interaction o a
low number of connections. Both of these points have previously been
recopnised in economics.

4.4 Economic Systems and Complexity

Ihe highest ambition of any sclence i% to discover the luws of whetever Change is
manifest in is phenomenal domain.
(Nicolas Georgesen-Rocgen 19710 62)

4.4.1 The Smudge of Efficiency

The complexity of an economic system is the basis of its dynamic efficiency.
The economic process functions nol in spite of ils complexity, but precisely
hecause of it. Complexity is a dynamic optimum in the sense that departures
from complexity, towards either the extremes of order or chaos, are in general to
he associated with a loss of dynamic efficiency. A system that becomes too
ordered loses the abllity to change and incorporate improvements, it cannot
coevolve with other systems in a harmonious way. A system that becomes 100
chaotic loses the ability to retain core structure and is catastrophically affected
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by every shock that touches its boundaries. Complexity, in this sense, is a
balance bebween these states; a balance between ngidity and fuidity.

The association of complexity and dynamic efficiency is not new io
economic theory.” George Richardson (1960, 1972) made a seemmgly litile
known, but profound critique of {he neoclassical microtheory m terms of the
investment covrdination problem endemic in @ world of mperfect mformation.
Essentially, Richardson argues that it is the frictions, imperfections, and
collusive and information-sharing institutions that act to “solve’ the coordination
problem, and enable the system to function without chaos. For Richardson,
dynamic efficiency has little to do with the concept of static efficiency, such that
were the theoretical conditions that define static efficiency to be fully enacted in
a teal economic system the result would nevitably be utter chaos and very
inefficient use of investment resources. That is, there exist institutions, frictions
and behaviours that enable the economic system to function as'a non-chaotic
process, and none of these are recognised in the neowalrasian microtheory.”
Although Richardson makes his argoment in terms of forward investment
coordination, it Is in fact far more general and resonant with Schumpeter, who
also clearly understood the dynamic aspect of efficiency. Although Schumpeter
rejected explicit appeal 1o biological analogy, his reasoning is prescient of the
emerging paradigm of complex systems-based theoretical biology, and so too an
evolutionary microeconomics, He writes (1954; 83),

A system—any syvstem, cconomic or other—that ol every point of time utiliscs ils
possabilities 1o the best advamage may yet in the long run be inferior 1o a system that
does so ot no piven point of time. because the lalter's fulure 1o do 50 may be a
condition for the level and speed of long run perfarmance

So it is argued that the efficiency of an economic system is of two aspects, static
antd dynamic, Static efficiency is described by the neowalrasian model, and over
an imegral domain {the feld £*). Dynamic efficiency is associated with a non-
integral domain, and specifically with the region of state-space near the
transition from order 1o chaos,

The notion of a state of complexity being a macrostate was argued by
Leijonhufvud (1973), where he theorized that macrocconomic systems tend to
move within a ‘corridor” of stability, Leijonhufvud srgued that this conception
was implicit in Keynes's General Theory, and that the formulations of the
neoclassical synthesis severely misrepresemt this implication. Leijonhufvud has
since tumed his attention to microbehavioural issues, but this notion remains in
his thinking. He speaks, for mstance, of agents possessing *bounded homeostatie
capabilities’ (Leijonhufvud 1993: 8). Few others, however, have gither advanced
or afforded such a notion central place in their thinking about the nature of
order, stability or efficiency in the dynamics of an economic system.
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But then, strictly speaking, relatively few cconomists have actually given this
particular matter scrious consideration.” The mathematics of an integral or
continuous space may define either multiple or single equilibria but always these
derive as precise points (or, in the case of the core, a set of points). There is no
sense of approximation, and the method does not generally aim to extract a
solution region in which anywhere within may be considered an equilibrium.
The mathematics is always precisc. Indeed, the crest of scientific economics
proudly displays the exacting nature of solution space, implicitly regarding it as
a supreme virtue. But complex systems theory strongly suggests that this
mrdimentary and almost entirely unguestioned principle of method and analysis
i5, for the greater part, a wholly mistaken presumption.

When located in the context of time and ignorance, cfficiency is not a precise
point in space, as it is deduced in the context of a field, but is irreducibly a
region of state-space. Dynamic efficiency is a smudge, a region of potentia,
none of which can be separated prior to the unfolding of actual evems. So
although there exists a set of poteéntinl cfficient points, and although
retrospectively we may establish that of that set only one was in fact efficient, it
is nevertheless impossible 1o establish this any faster than the actual flow of
events allows. This is the consummate effect that pure uncertainty brings to the
nature of economic action: it smudpges quality over a region. As Shackle (1972:
416-7) explains, ‘[o]f its essentinl nature, uncertainty involves and veritably
comsists in the entertainment of rival, mutually exclusive  hypotheses’.
Uincertainty is multiplicity, variety, and projects its bandwidth onto efficiency as
a direet mapping, This comes about simply because time and ignorance add a
further aspect to the dimension of cfficiency, For an entity to be dynamically
efficient it must not only incorporate an immediate functional quality, it must
also incorporate contingency. This contingency (with respect to the uncertainty
burn multiplicity) we may infer as flexibility, or the ability to adapl to changed
circumstance (see Potts 2000). Simply put, quality has two aspects: quality of
lhe known moment, and quality with respect lo the unknown future. The
urihodox understanding of cconomic quality, termed efficiency, is utterly of the
tirst kind, and deals with the second by collapsing it into the first, Yel we may
conceive of these two aspects of quality not as being neatly summed into each
other, but, rather, directly trading off against each other. Dynamic efficiency,
which is efficiency in the context of time, is a balance of these mutually
upposing aspecis of quality. This is captured by Leijonhufvud's metaphor of &
corridor (also Heiner 1983: 578-9), yet not merely for macroeconomic systems
but as a basic concept extended to all economic systems. Efficiency is a smudge,
and all endeavours to bring this into poant-like [oeus do so by pushing the
dynamic aspect of quality further put of balance {Loasby 1996),

Moreover, we need not be scientifically unsettled by this weakening of a
hallgwad concept, for the smudge squares well with observation. Selection is a
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regime, selecting not the most fit or profitable or in some way optimal entity. but
selecting a range of tolerably well fit. Selcction as a filtering mechanism favours
not the fastest, but the sufficiently fast, not the most profitable, but the
sufficiently profitable. This is readily observable in nature and economy,
whereby even the harshest selection environment vet siill contains some
measure of variety. But this observation did not accord with the mathematics,
which, by the construct of a field and the operation of a limit, deduced a point
not & smudge, Frgo, the observation of a smudge must therefore be of
imefficiency, of imperfections in the selection mechanism, of weaknesses in the
competitive process,

Robinson and Chamberlin drew attention fto the persistence of imperfect
competition, but generally speaking there has been little theoretical concern with
the existence of variety. Notable exceptions are Steindl (1932) and Downie
{1958), and more recently Eliasson (1991), Chiaromonte and Dosi (1992), R
Melson (1994), Saviotti (1998), Metcalie (1998), Tisdell (1998) and, broadly
speaking, those developing the school of the competence- or capability-based
theary of the firm and organization (see Foss and Knudsen 1996), However, the
full implications have not yet been spelt out. The above, it must be recognized,
delves only into the nature and consequence of variety in firms or production
technigues as instances of particular systems. There has not yet unfolded a
penernl account recognizing essential heterogeneity in all systems. This would
be an impossible step from within the orthodox framework because it would
require that the concept of efficiency itself be reinterpreted. There can be no
such thing, And as such, investigation into the dynamics of variety has been
very much fenced owt of the orthodoxy.

Complex systems theory establishes that this trade-off between the demands
of the present and the demands of the fure—which is, we must acknowledge,
precisely the nature of all economic actions—is bought into accord by the
regime of complexity. In critical terms, this reconceptualization of the relation
between statics and dynamics sugpgests strongly that the neowalrasian concept of
an optimization and efficiency as a single unique state or point is a fallacy of
theoretical application when applied o entities that are systems. The
neowalrasian conception of efficiency applies only to things that have, or can be
conceived of having, point-like existence. When our concepiual focus 15 upon
the economics of systems and our analytical dimension incorporates ‘time and
ipnorance' we can no longer sustain the abstract association of quality with
singularity, Instead. we must conceive of a bounded regime, a macrostate, or
simply a *smudpe” as the irreducible namre of dvnamic efficiency.
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4.4.2 In Praise of Incompleteness

[he second point relates to the principle of order in a complex system, and, as
Kaulfman argues, a system achieves spontancous order from a process of
localization of interactions about a low number of inputs. Each clement’s
behaviour becomes conditional upon a low number of other elements. There is
no necessary specification of which other elements this may be: that is, the
general result holds for sets of random interactions provided only that the input
parameter is suitably low (Kauffman, 1993: 205). Thus the mystery of a
spontancous order m a completely decentralized market system, for instance,
hangs only upon the behaviour of each clement (agent) being conditional not
upon everything, but only upon a few things, It is to be noted thal from Adam
Smith to Hayek and to Hahn (1970: 1), this basic question on the workings of a
market system has remained unsolved in terms of the extraction of the
underlying principle that leads to the emergence of the spontaneous order. And
it is simple; incompletencss,

The general equilibrium model consists of a situation where, ultimately,
everything is connected to everything else. However the reality of the functional
order that emerpges spontancously in o market system is o consequence of
precisely the opposite of that which is assumed to explain the logical workings
of the market process, That the market system s, through extended chains of
affect, totally connected only realizes consistency; the stability of the
spontaneous order derives precisely from the sequential and mediated nature of
lotal system interaction, As such, we may delimit the claim of general
cquilibrium theory to pose as an explanation for how market systems work, The
fact is that the basic principle by which order arises in market systems oceurs by
4 mechanism that the neowalrasian theoretical framework does not and logically
cannot incarporate, The market works because it is imperfect and not in spite of
i1, These imperfections, and let us call them institutions in the widest sense of
the word (Langlois and Robertson, 1995; 2), are not imperfections but
evolutionary adaptations. They are not imperfections in the sense that their
removal would take us closer toward perfection, but rather they are evolutionary
sdaptations, and without a priorf status.

In other respects it is also not a completely novel point, and has been
previously stated in terms of the stability of a decomposable system (Simon
|981). This relates to the construction principles of a system that can exhibit

order amidst environmenlal turbulence by localization of effect by

decomposition (see Heiner 1983; 583-5), The notion of decomposability is then
associated with hicrarchical strocture and modular sysiems (Langlois and
Robertson 1995), so establishing a theoretical basis for order witnessed in
orgenizational systems. This theme is also found in Cyert and March (1963),
who conceive of organizational slack as a systematic way of coping with
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unceriainty and environmenial mrbulence. Furthermore, hicrarchy may be seen
as a device for decomposing Information or task complexity into manageable
units (Mintzberg 1979, Kay 1997). Foster (1993) arpues that this basic
canceplion i clearly evident in Marshall’s undersianding of the fundamental
importance of temporal irreversibility in the nature of the economic process. He
cites Loashy (1978: 2), who explains that *Marshall's endeavours to incorporate
time as an essential component of his analysis are responsible for much of the
careful imprecision 5o characteristic of the Principles’. Loasby’s phrase, ‘careful
imprecision’, captures elegantly the emphasis of the importance of historical,
situational and institutional factors that Marshall attributed to the determinant of
the economic outcome, The foomotes that Samuelson et al. were later to elevate
to the status of essence were, it would seem, regarded by Marshall as overly
precise. Which is to say that the rigour such techniques afforded did so by
overtaking the factors that were the primary determmants of the actual process.
As Loashy summarized (1989: 148),

il actions nre 10 be based on reazonz . . . then the knowledge requirements must be
reduced. Decomposshility of the systems within which the decisions are mode is n
principal menns of reducing these requirements, . . . Economies are stabilised by their
institutions, in the widest sense of that word.

But these ideas are still very much in the realm of the particular, or rather, the
implied generality (and typically the basis of inspiration) yvet remains implicit. In
other words; it is not prima facie evident that they are all ultimately speaking of
the same thing, refracting into particular domains the same general principle, 17
so, then it would be this: modularity, decomposability, organizational slack,
specific institutions and suchlike are all in abstract the same thing—they are all
expressions of geometric incompleteness, and furthermore a particular state of
incompleteness that, it would seem, corresponds to structural complexity.

4.4.3 An lustration: Incomplete Contracts and the Complexity of
Organization

The burgeoning literanire on the new ‘incomplete contracts framework™ (for
example, Grossman and Hart 1986) theory of the firm serves to illustrate this
point. Coase (1937), Williamson (1975), Alchian and Demsetz (1972) and
Simon (1959) may all be credited with initially esiablishing the link between
hounded  rmationality, uncertainty, imperfect information,  contractual
incompleteness and the rationale of the firm. In farther instance, Loasby (1976:
135) writes of the ‘imperfectly speeilied contract which charactenzes the firm’.
The modern (and highly formal) incarnation of the incomplete contracts theory
(see Hart 1995) defines the boundaries of the firm in terms of ewnership rights
o phivsical assets. The significance of incompleteness relates to incentive
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conflicts solved by the distribution of property rights. Property rightls matter, in
this theory, because they are sources of power (implementation of decisions)
when contracts are incomplele. The rationale of the firm, thus, is the assignment
of property rights solving incentive problems in the event of contractual
mcompleteness, Yet as Foss (1999) argues with reference to the work of Brian
Loashy, contractual incompleteness can be seen in a very different way. Foss
suggests that Loasby's view of incompleteness is related not to incentive
conflicts, but to the building of capabilities through organizational leaming. The
point here is that incompleteness can be perceived in two fundamentally
different ways: as a problem to be solved {(Alchian mnd Demsetz 1972,
isrossman and Hart [986) or as the solution to a problem (Loasby 1976, Foss
and Knudsen [996).

Oliver Hart (1995: 1) suggests that ‘the basic idea is that firms arise in
situations where people cannot write pood contracts and where the allocation of
power and control is therefore important’. He luter notes that (rhid: 21) “one
impartant factor missing from the principal-agent view is the recognition thal
writing o (good) contract 4 itsell costly’, thus inducing the property rights
approach. In the situation where complete contracts cannot be  written,
negotintion must occur after the contract is written and thus creating a function
lor residual ownership of factors. As property rights, these are the source of
power when contracts ave ingomplete (Grossman and Hart 1986). Theory is then
concerned with the efficient distribution of property rights (Hart and Moore
|990). The imcomplete contracts literature thus tells 4 story of the boundaries of
the firm, equating ownership of assets with the houndary of the firm, or, more
specifically, property rights emerge 1o protect knowledge-based rents which
arise in the context ol incompleteness, So if there was perfect knowledge and it
was not costly 1o write pood contracts, firms, as governance structures, would
not emerge, The orthodoxy 15 thus preserved.

Simon (19912 26) has dopeedly criticized the new mstitutional literature and
related approaches for blindly retaining the centrality of markets and exchanges
when pretending to deal with the theory of the firm. He explains,

The idea behind these s is that o proper explanation of an economic phenomenasn
will reduce it to maximizing behaviour ol purties who are engaped in contraching
given the circumstonees that surtound the transaction. . . . Access Lo information,
negotiation costs, and opportunities {or chenting are most often treated as cxpgenous
variables that do not themselves need to be explained. It has been observed that they
even introduce a sort of bounded rationality into the behuviour, with the exogeneiry of
the limits of mtionality allowing the theary to remain within the magical domains of
utility and profit maximizstion,

His criticism of such theoretical developments hinges about their explanation of
organizational hehaviour entirely in terms of ‘concepts drawn from neoclassical
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economics [and] ignore key organizational mechanisms like authority,
identification, coordination and hence are sericusly incomplete” (ibid; 40). In
other words. these theories of incompleteness are still not engagmg with the
concepl of 4 firm as a system (2 behavioural system, as an information-gathering
and -processing system), That is. they are endeavouring still to remain the
allusion of integral space in dealing with incompleteness by loading all
discrepancy onto the residual, For Grossman and Hart. it is not residual returns
that is the heart of ownership but residual control (see Stiglitz 1994: 165).
Residual control is the right to do with an asset anything which is not expressly
forbidden by the contract associated with the asset. The fact that such a contract
can never be perfect thus establishes the rationale of property rights. As [
emphasized in Chapter 3, the employment of a residual enables the aggregate to
be, by definition, the sum of the parts and therefore mdependent of how the parts
are summed. Yet different governance structures are essentially different ways
of summing the parts. The choice of different governance structures would
presumably reflect the method of summanon that is expected to result in the
greatest aggregate given the differemt organizational (and psyvchological)
properties of different systems,

This, essentially, is Loashy's (1996) point Agents choose particular
governange structures not primarily because thev reduce transaction costs but
because they expect to generate higher knowledge-based benefits. Which, as
Foss (1999) emphasizes, is to be associated with the building of knowledge-
based competence. These compelences are assets (‘knowledge capital’, Foss
1996: 10), but not in the sense inferred by Hart et al. which necessarily attaches
property rights. They are dynamic assets thar exist in the context of an
organizational system ond do not exist independently of some embedding
structure. The finm, then, is not a residual phenomenon but the antecedent to the
existence of dynamic competence. Competence does not exist in the integral
context because there is no rationale for the firm to exist a5 an embedding
structure: The existence of the firm induces the existence of competence. Al ils
logical conclusion. competence emerpes because of (not in spite of)
incomplereness.

4.5 Equilibrium, Coordination and Complexity

|Thhe dominant feature of a holistic inquin is the choice of the unit of enalysis
Including the totality of its parts: this is the switch in metaphors which is gaing on in
biolagy, from reductionism ta holism, from the notion of survival to sutopoeisis. from
inheritance to cmergence. Necessity and contingency: camplexity. in one word.
{Francisco Loucd 1997 99
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4.5.1 A Tale of Two Paradigms

The laws of mechanics describe reversible time: order is, was, and always will
he. The laws of thermodynamics describe irreversible time: from order, disorder;
and what is and was will no longer be. But something basic is missing. From
where comes the 15 and was? In both mechanics and closed-system thermo-
dynamics, order—the Newtonian clockwork, the Oth law of thermodynamics—is
nitially regarded as a self-evident fact or an axiom. In neither theory is there an
internal explanation for the prior existence of order (Bunge 1959), which then
respectively stays or poes. Evolutionary biology, in the form of the Darwinian
revolution, was the first modem science to see through this stage, introducing
the innovation of an internal explanation for the emergence and continuity of
order. This explanation consisted of a coupling of two mechanisms, one
divergent (the tendency W variation) and the other convergent (natural
selection), to create a theory that accounted for the order observed in natural
phenomena, This attribution of order whaolly to the mutual workings of these
two mechanisms is; when o mechanism of replication is also added, known as
arthodox Darwinism (for example, Doawkins 1976). Order is the product of
incremental and  random modification honed and shaped by the force of
selection, This is the story ol "descent with modification’, a theory of random
varintion and natural selection, 1t is a story of orderly change, ‘the supreme
achievement of chance, operating under conditions of free competition and
lussivez-farire', a5 Keynes wrote (1971, 1X: 276),

I'he Darwinian story has been challenged on many points, but the most
persistent problem is the strict dichotomy in the twin mechanisms between
rmndomness and determination, or, in Monod's (1972) more poetic phrase,
which is the title of his book, between chance and necessity, The problem, and
despite the theoretical elegance of such treatment, is that it is not at all clear that
these mechanisms are independent, This problem has been highlighted by the
confemporary study of complex autocatalyiic systems (Schweitzer 1997). In
such systems, randomness and determination, chance and necessity, are simply
different aspects of the same thing: That same thing is complexity and self-
arganization.

There is an irreducible complexity in nature and society, in living systems,
whereby the mechanism that induees variation and the mechanism that selects
from that variation are both aspects of the process of self-organization. In this
sense, Kauffiman (1995: 25) argues that “much of the order in organisms may not
be the result of selection at all, but of the spontaneous order of self-organized
systems’. And by the same token, much of the order (and supposed equilibrium)
in an economic system may nol be the result of ‘market selection’, which is the
total presumption of the modern neoclassical school, but a spontancous order of
self-organized systems (Anderson et al, [988; Arthur et al. 1997} Hayek (1974
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24) also argued that the subject matter of cconomics “deals with essentially
complex phenomena’, providing an early version of cconomics as the study of
organized complexity. Havek. like both Schumpeter and Kevnes, clearly
perceived  the problem: small effects can sometimes produce large
consequences, and Lypically these come from within the system. It is not the
case that the economic system is internally determinate, buffeted only from the
outside; rather, change continuously crupls from  within, feeding self-
ransformation and self-orpanization. In such cases, the supposed random
component is endogenous and the determmant component 15 a mostly non-linear
relation, feedmg back i ofien surprising ways. And this is precisely what
complex systems theory tells us to expect: complexity is neither random nor
determinant, but both simultaneously and mextricably.

The point is that static equilibrium, being an atemporal field concept, tells us
nothing about the nature of order in an economic system. The question of order
i5 @ question that asks of the emergence and stability of patterns of connectivity
between elements, or, maore directly, asks how coordination actually comes
ghout, General equilibrium theory is not an explanation of why cconomic
systems work as coordinating devices (Loasby 1991). 1t is the mistaken belief
that GE theory is such an explanation which has arrested the development of a
genernl framework of economic coordination (for example, in the vemn of
Richardson 1960, or Leijonhufvad 1973} and conspired 10 misrepresent many
pivotal contributions and insights to this question as prima facie irrelevant. It is
perhaps a rather uncomfortable thing 1o admit, but admit it we must: we, a5
cconomic theorists, have not yet fumished & comprehensive and deep
understanding of how economic systems wark, in the sense of the way in which
they function us coordinating devices and the principles by which order is
nchieved in a turbulent environment, We have many important insights, and
general equilibrium theory is of coursé part of this, but we do not yet have a
colierent explanation. The question *What is the nature of the order in an
economic system?’ simply does not make sense within the equilibrium-based
paradigm of a field. In this context, equilibrium is order. Similarly, the question
‘How is an economic system coordingled?’ neither makes sense. For it is
implicit that equilibrium is coordination (pace Debreu 1959),

¥et the study of such phenomenu as dissipative systems' (for example, see
Prigogine and Stengers 1984), whereby a spontaneous order arises far from
equilibrium, reveals plainly that the question of the nature of order is a very
different question from that of the namre of equilibrium. On this distinetion a
new paradigm in science has emerged.
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4,5.2 The Paradigm Shift

The Cartesian paradigm of science investigates the nature of order as the nature
of equilibrium by posing the guestion in terms of organized simphicity.
(thservations and identifications of order are perforce associated with
aquilibrium phenomena such as cyelical or harmonic motion (planetary orbits,
periodic waves, pendulums) and therein associated with a clean distinction
hetween deterministic and stochastic forces (and, in turn, the wholesale use of
the ceteris paribuy clause to keep this distinction clean), In this way, order
derives from the deterministic component of action and is uniquely associated
with the equations of motion. Any departure from determinant motion 15
iherefore the result of stochastic and exopenous shocks. The culmination of this
poradigm  is  the Hamiltonian equation (or, similarly, the Lagrangian
[ormulation), where dvnamics are Tully specified i terms of a vector of initial
conditions and a set of dynamical equations constructed in terms of some
comserved quantity, This extreme form of mechanistic determinism, as exalted
by Laplace (and echoed by Friedman 1953, who then quite falsely invoked
prediction as the ultimate goal of science), eventually proved untenable in
nhysics for a number of fundamental reasons. Notwithstanding  the
mpracticality of perfectly known initial conditions, in both measurement
(identification) and computation, it soon became apparent that none of this
mattered anyway because of the logical impossibility invoked by quentum
indeterminism. [However, the more subtle aspect, which has ulumately been
revenled to be the most significant, is with respeet to the nature of the dynamical
countions themselves,

If dynamical equations are coupled to cach other, such that there exists
irreversibility and feedback, then a number of criteria are weakened: (1) stability
is not guaranteed; (2) convergence is not puaranteed; (3) a unique path from
cause o effect cannot always be defined (see Mirowski 1988a: 16-22). Lorenz
(1963) demonstrated that deterministic equations could produce chaos, a state of
nature mestly indistinguishable from the product of a purely stochastic process.
Lssentially, the clean distinction between determinism and random factors is a
very special and artificial case, and something not to be found anywhere in the
tealm of complex organization.

Yet orthodox economics is fotally committed to the logical structure of an
absolute distinetion between deterministic and stochastic forces (Lougd 1997),
and every endeavour to transcend this mechanical reductionist approach has
induced only further strident commitments to entrench axiomatisation and
cxtreme reassertions of agent rationality (for example, Debreu 1959, Lucas
1975). And for the greatest part this has misunderstood the implicarions and
theoretical context of a melding of determinist and stochastic events. The
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underlying fact of the matter is that the distinction between stochastic and
deterministic forces is a necessary consequence of the field absraction.

For instance, a most fundamental resull in mathematical economics is the
existence proof of a general equilibrium, which makes use of a topological
argument known as Brouwer's fixed-pomt theorem (for example, see Mas-
Colell 1985}, This result has absolutely nothing to do with dynamics, concerning
only the topology of nitial conditions. The existence proof is that given a field
of all possible initial conditions, if we treat this as a topological space then
somewhere in that space is an equilibrium vector. Dynamics have been
developed along a mathematically somewhat separate path (Smale 1980;
Goodwin 1982, 1990; Day and Chen 1993). This distinction is important. The
ncowalrasian analysis involving several time periods is not dynamics, but
topological analysis of imtial conditions. All states are in a topological sense
equal (afl of the same homeomorphic group, as all points in the space can be
continuously transformed into one another) and hence there is no distinction
betweer ordered and disordered states.

Moreaver, because of this equivalence, there is no meaningful conception of
time; continuous transformations are reversible transformations. Because all
states are in this sense equal, all modes of disturbance or propagating forces or
whutever must necessarily be located outside the system. Outside of the system
menns outside of the theory, and therefore to be treated as stochastic exogenous
shocks. The system itself is presumed orderly and coordinated. But order and
coordination have eéntirely empty meamngs in this setting. “For decades,
coordination has been identified with general equilibrium’ observes Lougl
{1997: 352) and 'soon coordination became just a logical game for orthodox
economics’. Coordination is read in its mathemancal meaning, that is, a vector
co-ordinate, and not In its verb sense, which as defined in the Collins Dictionary
is “to bring into order as parts of a whole'. This latter conception was what the
issue of coordination meant to Hayek (1933: 129-31), and his notion of a
‘spontanecus order’, as also 1o Richardson (1960, 1972) in recognition of the
coordination problem of both competitive and complementary investment. The
Austrian and Shacklean notion of coordination, as associoted with the
entreprencur, is also interpreted in this sense (Shackle 1972, Kirzner 1973,
Buchanan and Vanberg 1991},

This issue is wider than economics. There is increasing recognition that a
single principle may be behind the existence and nature of order in many
phenomena of complex organization. This single principle is, essentially, self-
organization and complexity as a critical balance between order and chaos. It is
being recognised that for the domain of the chemical, biological and social
sciences, existence and change cannot be parsed into representation as
equilibrium siatics and exogenous dynamics without destroying the very essence
of what they are irying o represent. In these domains of complex erganization,
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existence and change arc one and the same thing, In other words, what is meant
by coordination is a sclection of connectivity—of which elements are connected
to which others—and that this occurs with respect to the requirements of both
axistence and change at once. The balance is complexity.

Indeed, a contemporary revolution in our understanding of the basic
dynamical principles of natural law is presently emerging & new paradigm of
science, the science of complexity.” This contemporary revolution is oceurring
in most domains of science, from cosmology and particle physics, through
chemistry, geology and biology (see Nicolis and Prigogine 1989, to the study of
socioeconomic processes and cultural dynamics (for example, De Vree [997).
Mirowski (1990: 289) rightly points out that

We are living in the midst of » profound rupture between older and emergent notivns
of scientific explanation, The very meanings of arder and chaos, the deterministic and
ihe stochastic, are being reconceplualized i this decade, and it is Tair o presume that
things will never be the same,

Loued (1997; xi-xii) concurs, observing that

I the recent decades, the scientilic disconten) with iraditional positivism has mounted
1 unprecedented levels, opening o major parndigm shill, New research programmes
have heen developed in the direction of the incarporation of change, cheice,
contradietion and dislectics; cwmsabity could no longer be restricted o deterninistic
processes, nnd the very pretension of natural sciences o be the purest form of
cognition has been weakened in a bronder concept of the plurality of knowledpe

Ihe new paradigm of complexity and self-organization deals squarely with the
question of the nature of order in complex systems, And this is of rudimentary
importance to the methodology and theory of economics, which, perhaps more
than any other subject (and despite the field-theory foundations of neowalrasian
microtheory), is phenomenally concerned with the dynamics and emergent order
ol complex systems,

In sum, cquilibrium and order are not the same phenomenon, Equilibrium and
coordination are not the same phenomenon. Disequilibrium processes can
senerate order, and coordination can be the result of scl-organization and
complex feedback. Coordination means order enly when both are interpreted to
mean equilibrium. It is true that equilibrium is equilibrium, but nort much clse
fullows from that. As indicated, there is currently something of a contemporary
scientific revolution in the making, and its centre is to reinvest coordination and
arder with analytical meaning. This is achieved by inerpreting both concepls
with respect to complexity, Complexity is not equilibrium, but in cerlain
contexts complexity does mean coordination, The upshot is that order and
coordination are meaningless and dead concepts in relation to equilibrium.
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However, with respect to the concept of complexity, these notions are reinvested
with meaning and analytical significance.

4.6 Complex Economic Behaviour and Efficiency

Qur treatment of first principles is almost done, but there is one final concept to
consider. If the cconomic system is a complex hyperstructure of systems of
connected clements, what does this then imply about the nature of economic
behaviour within such systems, and what, then, is the economics of such
behaviour? Presently, | shall only cut a somewhat impressionistic outline, yet
this nevertheless indicates the basic principle. It 15 this in the context of a
changing vr otherwise complex environment, efficiency is complexity.

Immediately, we must circumscribe and qualify this statement. Efficiency, in
both the pedestrian and technical meaning of the word, denotes a quality of a
behavioursl outcome that minimizes waste or lost opportunities. More broadly,
cfliciency is often atributed 1o be a quality of markets, in the sense that a market
can, under certain conditions, be said to effect an efficient allocation of
resources. It must of course be stressed that it is the allocation that receives the
metric of efficiency, not the market. The reason is simple, there are no markets
in the theory that defines such outcomes (Clower 1995)." This claim 1o the effect
that an allocation is efficient is known as the Pareto efficiency condition. We
need not go into the subtleties and profundities of this matter, we simply note
that the allocation and the Pareto condition both apply to a single state interior to
i very high-dimensional manifold of possible states. Of the many, only one is
efficient.

The logic of complexity challenges this presumption, a presumption that is &
direct consequence of the analytical scheme of a field. Dynamic efficiency,
however, is not a single point but a region of space. | discussed this above and
talked about ‘the smudge of efficiency” and praised ‘incompleteness’, but still, |
left unanswered the issue of what actually constitutes efficiency.

Above | claimed that *Complexity is a dynamic optimum in the sense that
departures from complexity, towards either the extremes of order or chaos, are
in general to be associated with a loss of dynamic efficiency’. The implication is
that a system can achieve complexity or not be complex, just as a system can
achieve equilibrium or be in & state of disequilibrium. Ye: these respective
concepts are defined over different domains. Equilibriam is defined in terms of
an allocation, which may be represented by a set of vectors; for example, the set
V¥ in an integral space. Equilibrium is a special vector ¥ in the space of V.
Complexity, however, is defined with respect 1o the set £ The choice problem
for the orthodox framework is the selection of a bundle of poods, or some such,
with the set of all bundles defining the allocation. The choice problem for the
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evolutionary microeconomics s the selection of a set of connections, in &, and it
is suggested that an efficient set of connections will be a complex set of
conmections,

The reason for this suggestion, or hypothesis, is ¢conceplually the same as that
advanced by Kauffman (1993: 279-81). In essence, the requirements for
sugcessful behaviour by agents in both the biological and the economic
emvironment involve two mutually conflicting constraints: order and change.
(hder means efficiency at a point in time, which in the biological realm means
heing well adapted to the conditions of the given environment, and in economics
means an optimal allocation. Change means efficiency at fiture points in time,
and in the biological realm means the ability to adapt to changes in the
cnvironment, and in the economic realm it means much the same thing, The
ficld construct in economics in fact defines this change to be, effectively,
mstantancous and frictionless. The plain Fact, however, is that change is not
casy, This observation is all too apparent in coology. Panda bears, for instance,
need not become extinet, they simply must substitute 1o other food sources and
nther living conditions. But for Panda bears this is not so simple; they are very
muteh locked in 1o a particular environmental circumstance. They cannot change
11 short order, The economic world is, in significant part, very much of the same
niture.

Cirder and change must be traded of 1 against each other, we cannol have both
ingain, pace Debrey 1959) The more we adapt ourselves 1o @ given
circumstance, the less we are suited to chimpged circomstances. The more we
prepare for all possible contingencies, the less we have devoted ourselves 1o the
extant circumstance, This (8 a fundamental economic problem, and one that does
ot exist in the orthodax framework. The question is how do we decide what the
balance between the known present and the set of all possible futures is when it
15 impossible to know the set of all possible futures? Nature itself has answered
this question: complexity. Overconnection, when the sinte of our lives is a
function of almost everything causes chaos, literally, Underconnection, when
aur being is a funetion of only a few things locks us in too much; unexpected
changes leave us stranded, frozen. Meither extreme is a universally viable
strategy.,

The underlying principle is that each agent, each semi-autonomous sysiem,
will be dynamically efficient if its connective structure is complex. It remains
for us to reline what this means in empirical terms; certainly it will be
somewhers intermediate between the null state and the complete state, burt ivwill
require comprehensive investigation to shed light on the approximate position of
this regime of efficiency along the spectrum of state-space, and upon what
factors, if any, it crucially depends. All | have endeavoured to do at this point is
to suggest the nature of the problem, and the scheme of the solution. 1 have
asked “what is dynamic efficiency?” and answered ‘vomplexity’. We now pass
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this concept forward from first principles into the ressarch programme of an
evolutionary economics, and to the study of the phenomenal nature of
complexity,

4.7 Conclusion

Equilibrium |5 a fascinating intelleciual (oy. But it is irelovant to the real problems of
economics, and shoold be dropped from our vocabulary.

(Jack Wiseman 194834 23)

In Chapter 2, Targued for a fundamental distinction between economic theory in
terms of an integral and a non-integral space. This cstablished the necessary

framework to define a system as a geometric object in non-integral space. In this

chapter I have been concerned with a basic guestion. where within the total
domain of n non-integral space would we expect to find economic systems? The
first point was that we would not expect to find them at the extremes (a null or
complete system), Bul this is not to say that the extreme points are not withoul
identifiable qualities. Extreme order, the null system, is absolutely stable, and a
system thus composed will not be affected in any surprising ways by point
changes in any of the partieular elements within the system. If it is at an
optimum in the neighbourhood of state-space, it will not easily be displaced
from it. Extreme chaos, the complete system, is a full-blown search of the set of
possible states, 1f there is a global optimum in the neighbourhood of state-space,
the complete system will find it. Yet these qualities are only part of the story, If
the null system is not at an optimum, it will not be able to get to one, If the
complete system finds an optimum, it will not be able to lock onto it. Each
extreme sinte can be improved by tending towards the other extreme. The
working expression of this is the hypothesis of evolution towards complexity.
Abstractly considered, a system will require propertics of both extremes if it is
to be able to adapt to a changing environment, but yet make use of the good
adaptations found along the way, This balance is achieved within or near the
regime of complexity, and thus, as a working hypothesis, we may then associate
this regime with the concept of dynamic efficiency.

The hypothesis of evolution towards complexity is a connecting principle that
pathers topether prima facie separate and disparate investization of systems in
the context of the economic process nto the same analytical framework. Firms
are systems, as are markets, agent’s heuristics, technologies and nstitutions, and
the principle by which order, as coordination, arises in all is the same; low
connective structure. We expect, by hypothesis, that the specific connective
structure will tend towards the regime of complexity as the svsiem adapis itself
ta bring stability and flexihility into halance. This process occurs entirely within
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the non-integral domain of the set £, The hypothesis., then, gives us a basis from
which to reason how changes in the structure of one system may impact upon
nther systems in a web of interactions. The hypothesis of evolution towards
complexity therefore suggests that the lotal economic process will, in time,
attain some kind of overall critical state balanced between extremes.

The ideas sketched above are first principles. There is an enormous amount
of work yet to be done, but the outlines of how we are to proceed can, | think,
now be discerned. This, 1 suggest, makes up a subsel ol the positive heuristics
iderived from first principles) of the evolutionary microeconomics research
programme thus;

Some Heuristics of Evolutionary Microcconomics

PHI: Recognize economic problems as involving both allocation and
coordination dimensions, but sepurate these dimensions with respect to the
set Vand the set £ Focus on the set F,

PH2: Attempl to locate the system under investigation within a
hyperstructure, Ildentify the systems nature of the clements and the
clementary nature of the system. Extract, then, the three different levels of
connections.

PH3: Locate the system, in terms ol ils connective structure, on the axis of
coordination. Furnish rensons for its sceming location in terms of the
requirements of stability or flexibility. Attempt to find exceptions that
would refute the hypothesis of evolution towards complexity,

PH4: Focus upon discontinuities in the behaviour of the system that seem
indicative of phase transitions. ldentify the direction of the transition.
Search for simultaneous points of flexibility and stability in different
dimensions of a system’s behaviour. Hypothesize that these will be in
balance.

PHS: Identify dynamic efficiency with complexity. Search for cases where
allocative efficiency implied dynamic inefficiency, Search for cases when
allocative inefficiency implied dynamic efficiency. Investigate the
linkages berween dvnamic efficiency and change, broadly defined, in
different species of system. Link dynamic efficiency 1o bounded
rationality. uncertainty and knowledge.
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MNotes

'The mumber ol ‘complexity measires™ is quite staggening, w5 it seems every other reszarch scientist
or theoretician whiv enlers this ficld produces their own definition md measure. For phiysical
systerns; st Crutchficld (1994) and Gell-Man and [Joyd (1996). For “human systems’, Diggiem
{1998} identifics three main classes of complexity: logical complexity. pnosiological complexity and
computational complexity, Horgan (1997 303) chronicles over 60 measures. Edmonds (1999)
contains o detailed discussion ol 48 different fpes of measures, and mcludes a biblingraphy listing
hundreds of papers on this topic. In economics, there has also been o surfeit of classifications.
Andersen (19943, for instance. distinguishes between data complextiy, problem complexity and
syulem complexity, which. be regards, can cqualty be distinguished as entropic complexity. logical
depth and orpanizational complexity. And still there &s no end n sight

! Entropy is n concept that applics to both energy snd information. According to the classical
stitlistical nlerpretation (of Bolzmann, Gibbs and Shahnen. see for example, Georgescu-Rocgen
1972), entropy i laken o be a measure of disorder. In this sense, information is @ decrease in
entropy 30 thil maximom entropy 15 associated with zero information when the system is completely
ratdorm o maximally disordered, In this way order and disorder are laid out along 2 spoctrum,
Erm!uul:cd by the mensore of entropy (where entropy is of the stmdard form 5 = g Ingx),

Mote that in the werminology of graph theary a complele system (graph) and a connected system
{enph) are different concepis. For o system to be connected. it s suificient that from any clement
there is o paadh 1o any other element, irespeetive of how many edges make up this path. In 8
complete system, every element |s eonnected L every other by one and only ene edge
! For discussion of the relation o economics, see Scheinloman and Woodford (1994)

* For nosociologlenl ke on this phenomenon. see the very tnferesting book by Bun (1992)

* & further, and much overlooked, point we might recognize is thal i all resources are allocated
efficiently in o neowalmsisn cquilibrium. with zero pmnsaction cts, then no resourced will be
nlfocnled o the mondgement of change.

T Compare Coben and Axelrod (1984) with Stigler and Begker {1977),

' Key references tracking the development of complexity theory can be found in: Dertalantfy (1942),
Simon (19623, Lorenz (1963), Emery (1949), Nicolis and Prigogine (1977), Eigen and Schuster
(1979, Junasch {19800, Prigogine and Stengers (1984), Clarke and Crosslend (1985), Mandelbrot
(19875, Andersom et al. (1988), Ebeling and Lilbricht {1989), Kaulfman (1993), Stonler and Yu
(1964), Bak (1996), Mainzer (1996), Stocker ot ol (1906), Arthur et ol (1997}, Schiweitzer (1997,
Hosscomuoier et al. (1598), Rosser (15999),

" Fur an evolutionary appronch 10 markets s comples compuintional systems, see Mirowski and
Soamefun (199E).

5. The Microeconomic Agent

1 Tntroduction

L

The woverarching [lailure of orhodox microcconomics is that it has not
cngendered a plausible and scientifically interesting model of economic agency.
Homo economicus, otherwise ‘rational economic man’, is an entirely one-
dimensional, purely hedonistic stimulus-response function." Homo cconomicus
i« nat the result of the study of human behaviour but a derived mathematical
artifact, with every compass point of its being dictated by the requirements of
the axiomatic ramework in which it is embedded. There are literally scores of
critics and volumes of criticism directed a1 the unreality of the neownlrasian
model of economic agency, but despite this there has not yet emerged a general
alternative model that satisfies both an account of the main dimensions of
human economic behaviour and then locates this within a general framework. In
this chaprer [ construet un alternative model: hetero ceononmicns

The conception of human agency | shall assume derives from Voltaire, who,
in the context of introducing the concept of ‘civilization® (in The Universal
Histary, 1752) postulated an irrepressible drive to creativity and search i the
amthit of human behaviour. In short, Voltaire argued that civilization was the
product of individual human imagination. This was a radical idea, and although
ar accord with a number ol contemporaries of the Enlightenment—such as the
cnevelopaedist Deridot, the travelling Scot. Adam Smith, and fully presaging the
French Revolution—this notion ran directly counter to the ecclesiastical and
palitical forces af the day, which insisted that sociely was the product of
vhedience and submission to the power of authoritics. (Delightfully satirized in
Valmire's 1739 novel Candide) So the concept of the power of human
imagination to create higher-level social order (that is, civilizution) presaged and
deeply influenced the writings of Adam Smith, who then developed a particular
mechanism—specialization and the division of labour—as the starting puint of
hiz theory of The Wealth of Natiang (1776). This basic motive force sits very
deep within economics, vet the development of axiomatic economic theory has
now effectively buried it. Yet it has not been easily buried. Veblen forcefully
arzued that this quality was fundameéntal to the nature of the economic process,
as also did Kevnes in the Generad Dheory (with his seat of psychological
variahles underpinning the defermination of the level of ourpur) and

4y
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Schumpeter, in his vision of the natre of the capialist process l_5irr|'i|a.r1|.}_ bur as
4 basic motive of the entrepreneurial agent to prefer action to maction).”

The static basis of the mode] is a graph-theoretic conception of the agsnt as a
set of clements and & set of connections-as a system S = (V. £). These elemenls
will be the basic reseurces and the connections will be the technologies that can
lie made with these resources. T construct the general model of an agent in the
comtext of a multiagent model, The economic problem, then, becomes the choice
ol technology (compare, an input, output or consumption bundle aggregated into
an allocation). In a non-integral framewaork, it is technologies thal are scarce. not
resources. The model develops as we consider the mechanisms by which these
choices are made, This takes us from statics (graph theory) to dynamics (string
theory). Thus 1 shall frame ‘the economic problem’ as a chuice problem over the
set E. In the neowalrasian framework, choice occurs over a set V. Our starting
point, then, is to conceive of the human agent as an inguisitive being prone to
experimentation over the domain of connections. 1 shall term this agent hetero
seonontions, active ina non-integral space, and in contrast 10 Aomto economicus,
who operates in the integral space of the real field.”

This chapter is set oul in two parts. In Section 3.2, | construet a model to
deseribe the economics of a single agent alone on the planet, as it were. The key
idea is that u single agent’s economic problem is the choice of technology, and
1o cope with the complexity inherent in this choice the agent evolves what | term
schematic preferences. These are high-level rules that make use of abstraction,
und form the basis of a model of agent nteraction. In Section 5.3, a general
model of an agent is constructed as a sel of resources, technology and control
function, all of which emerge in the process of the choice of technology, and
also o set of tags enabling the agent 1o exchange resources and build complex
mullingents to form higher-level technologies. This general model emphasizes
that the fundamental ¢cconomic problem is not the allocation of resources but the
choice of technolopy in the comtext of imperfect information, The choice of
technology, in the abstract graph-theoretic expression, is an equivalent firm and
consumer problem. Section 5.4 concludes.

5.2 The Agent: Hetero Economicus

The sentiments of human behaviour engaged in economic action are. of course,
wider than rational self-intercst. For Adam Smith, the principle of self-interest
as the behavioural mechanism behind the “invisible hand” was perforce only one
aspect of human economic behaviour and functioning in parallel with mural,
tribal. emotional and ethical sentiments. Such concem, however, has been
marginalized (compare, Fizioni 1988, Ben-Ner and Puttermann 19987, A
Jifferant tack was taken by Herbert Simon, who instead of attempring to locate
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the various motive forces underlving economic behaviour {the Bentham/Mill/
Marshall strategy) inguired of the processes by which any such force must work.
Simon thus exposed the cognitive and heuristic dimension of the cconomic
agent, and by implication the theoretical impossibility ol the feats of
maximization attributed in the axiomatic conception of honio economicus. Whal
Simon achieved, along with the many economists who have followed his line of
inquiry. broadly or narrowly (Conlisk 1996) was a theoretical dislocation of the
cconomic agent from the ficld context, Those orthodox economists who have
responded to Simon’s concept of bounded rationality have oflen attempied to
restore the field context by rezarding this as an additional constrainl interior to
the general model (for example, Sargent 1993), But this misses the main point.
The rationality constraint is not & purameler, as such, but a wholly different way
of Tooking at the economic problem faced by agents. Agents must, effectively,
clioose how to choose. | aim 1o generalize this problem, linking choice heuristics
and ather such cognitive lechnologies with the Tull domain of consumer and
household technologies, |do this by generalizing Simon's hearistic model of the
ceonomic agent, whom 1 shall eall feters coomomions.

220 From Homoe Economicus to Heterd Economicus

Scarcity, opportunity cost and consumer choice are three absolute rudiments in
the logic of a microcconomic model, In this section, | offer a reconstruction of
microeconomic first principles whergin these ure not the main conceptual
building blocks, bul derived boundary conditions from a model of an cconomic
agent following simple rules of search and experimentation. In the process of
these rules becoming more complex we then witness the emergence of scarcily
15 a boundary condition, and choice and opportunity cost us the set of pathways
between points. Further, we shall witness that technology and preferences are
cquivalent intermal constructs thal emerge as separate phenomena in the course
of an increase in system complexity. This dynamic process is driven primarily
by the feedback and cemstruction of the rules of search and experimentation in
statc-space. Homo economicus is a set of elements in a preference and
technology figld, Hetero economicns is 4 set of elements plus a specific set of
connections berween them, These differinces are prafiled in Table 5.1

Tahle 3.1 Two models of the economic agent

et eh O CrahEiees Hetero ECTTIE WS
Ko b r
Iarighis Comemudity bussdle (17 Preferences, Fechnolopy (D)
Parameters Preferences, Technology Rules of Search
Limits Serreity in B Scarcily/Complexity in £
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We begin with just a single agent in an environment stocked with resources
{a Robinsen Crusee formulation, as such). The medel 15 then mitially of two
sets—an environment state set ¥ and an agent resource set F—where we shall
initially define V7" as an infinite set of elements in the cnvironment from which
we draw a subset as the resource elements held by an agent (see Figure 3.1). The
assumption of infinite resources may perhaps seem dubious, a5 it would surely
negate the economic problem (the allocation of scarce resources) at the outset.
But this is not the case ift we then add a further assumption, namely that none of
the resources can he used directly and all must be tmnsformed in some way to
obtain value in use (see Georgescu-Roegen 1970, 1975). Strictly speaking, we
di not actually require for the purposes of the theory an mfinite abundance of
primary resources, as 17 =2 I is sufficient. The presumption of an infinite set in
tle initinl instance is o highlight the methodological shift in emphasis, from the
domain of searcity in the set I (an axiom in the neowalrasian framework) and
townrds scarcity in the set £, The shift is from scarcity of resources to scarcity of
knowledge. This shift reveals that the solution to the allocation problem (as a
vector in P=0) space) is not in fact a complete solution to 'the economic
problem’. Rather, there is a further dimension, an aspect of which is the
coordination problem. The special concerns of coordination as elaborated by
Conse (1937) and Richardson (1960) on the nature of the firm and the industry
¢in now be further generalized. Loasby (1991) has circumscribed the full extent
al this in terms of the growth of knowledge, which we now define as a general
microcconomic problem. The primitive economic question is, what are the
principles of choice that continually allocate the set of resources in an optimal
way? From the evolutionary perspective, the primitive economic question is,
what nre the principles of choice that allow the continual growth of knowledge?

The set F' is our absiracted environment, and we may understand the
elements {u, b, ¢, ...} as nature’s endowments. For Robinson Crusoe these might
répresent clams, rocks, frewood, coconuts and suchlike, but the assumption
must be that nope are of any use in themselves, but must be combined with other
elements to obtain value. For instance, Crusor cannot eat raw unopened clams,
but he can open them with rocks and cook them with fire. Supermarkets are
somewhat Tike this, in that much of what is sold cannot be consumed directly
{for example, flour, cges, tinned food) but requires further processing in order to
obtain value (for example, see Bianchi 1998, 15999 on this point). For the sake uf
the argument, let there be such an abandoned supermarket tor Robinson Crusoe.*
Let us call it Friday's, and denote it b,

Fr=lph tdebabaoshebhcrnehhogeeddd o)
R R A
Vo= [;t.hn:‘d'j

Fimire 3.1  Epvironment and azent resourcs se18
Eu 2
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Robinson picks {4, b, ¢, d} from the shelves at Friday’s and returns 1o his camp
to ponder what (o do next. * Generally, we represent the agent thus as a resource
subset <resource=. The sel of resources (or endowment, if you prefer} is.a set of
clements, so we define these as the ser I such that

agent; <Nz (5.1}

While we assume that none ol these elements are immediately useful to the
avent, we ullow that speciﬁ: combinations possibly will be. This is what Crusoe
1= pondering.” The agent’s problem is to find the good Lumblnatmns. so that a
<ingle agent is charged with the creation of 'value in use’ " by the discovery of
<pecific combinations of primary resources. The agent must therefore engage in
experimentation by combination, searching through the space of possibilities for
wselul combinations. This is a search in slale-space (compare, a technology
field, see Mirowski 1989), Robinson would thus map the set of possible pairwise
combinations as in Figure 5.2,

ab ac

T i
bd « |abcd}— be
)l

de da
Fignre 5.2, Adjacent technologies

All of these combinations are adjucent in state-space to the initial endowmeni
set, such that by a single step (as a single connection) the agent can attain any
pairwise combination, The set of possible combinations is the state-space of the
set &, and thus the agent is ngﬂbtrd in the process of selecting o particular
conneelion or sef of connections in £." or instance @ might be canned beans, b a
can-opener, ¢ soap and  razor blades, 1t is evident, | trust, that only one of these
combinations will produce food, and despite the fact that there are three
comhbinations that contain an clement of food. So iT Crusoe is concemed with
food technologies we might represent his situation as a set of ingredients and o
viahle” technology thus:

Robinson Crusng<a, h, e, d = <ab >

Gienerally, this is the framework of an agent as a resource endowment (1) and a
zet of connections as technology (£) us represented in (5.2

guenti = V=< £= (523
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So far, owr model is not unorthodox. just differently expressed. Elements are
endowments and technology refers to the different combinations the agent can
make with the endowment set. We may also then suppose that the agent's
rankings of these technologies Is an expression of the agent’s preferences. The
agent's preferences. of course, are engaged only after all technologies have been
sampled, There is a subtlety amidst this. however, that 15 crucial to all that
follows. In ranking the combinatorial possibilities. for example. {ab, ac. be, ..},
Robinson has selected two things: a commedity system (the compound element,
wb) and a technology system (the connection, ab). In this fully defined and
therefore effectively integral space. these are identical. However, once we move
mto non-inkegral space (where not all connections are made, and thus the sample
is incomplete) it will become apparent that these are not the same.

In a framework where the agent cannol utilize the fruits of the environment
directly but must transform them to obtain value, we model the logic of a
technology-using and knowledge-creating agent." The component of choice in a
single-ngent model 15 choice of technology, where by technology we mean the
set of possible connections (useful or not. which is o say that a poorly ranked
techinology is s0ll a technology). This establishes the basic ontological platform
of agent stutics; un agent exists as resources and technology, as clements and the
connections between them, Our dynamic concern is with how this choice
process is made, which we model by constructing a simple set of rules that
would penerate such an outcome

5.2.2 Herero Economicus: Algorithmic Muan

The process by which foma economicus enacts the behaviour of choice
{expresses preferences) is lormally defined over a field. Typically, there are
tales told 1o supgest how this ficld equilibrium may be enacted, (for example,
Walras's ‘tatonnement’, Edgeworth's ‘recontracting’, or the neowalrasian
‘auctioneer’) bur these stories which accompany the theory are not part of the
theory. There is no such thing as a theory ol a choice process in the
neowalrasian microeconomics, but instead there are equilibrium configurations
of resources in commadity space that under a change in the parameter seitings
produce a different equilibdum confisuration. No choice actually takes place,
and thus there is no theoretical need 10 account for how this might aclually
occur. In the evolurionary microeconomics, the phenomenon of choice pocurs as
the outcorne of an algorithmic process. This is defined as a set of sequential and
conditional opsrations, such that we reler to a decision algorithm or & choice
heuristic {see Simon 1959, Holland [995). As a first approximation, and as a
theoretical expression of the sequential heuristic concept af & ‘decision cytle’,
we break the sel of operations describine the choice of technology mio four
separate components: LIST, CONSTRUCT. RANK, sELECT.
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The first operation, LIST, consists ol the identification of all adjacent
combinatorial possibilities from the set V. The LIST operation defines the set of
theoretical possibilities for the next iteration, which Crusoe then maps in his
mind {soap—can-opener, soap—canned beans, and so on}. Following from this
conjectured mapping the agent would proceed to CONSTRUCT the possihilitics.
Crusoe tries these possibilities. From the set defined by 15T a fraction will be
worthless or grosshy inhpl,” and so from these two operations will emerge a sel
of viable technologies. The agent is now in a position to engage in-a selection
process that begins with the assignment of RANK to all viable technolomes, anl
< ordered, a SELECTION operator then identifies the technology to be chosen.
Crusoe ranks these sets and then chooses the {cannmed heans—can-opener]
product and thus the technology pathway {ab}.!' The exhaustive set of search
operations as the heuristic process of the agent is reprosented below. For the
sake of later formalization we deline this alporithm (which we may suppose to
he an innate property of an autonemous agent) as < ¥ =

o F o= ST CONSTRUCT RANK U SELECT =

Ihese four sequential operations are the algorithmic components thut construct
Ui behaviour of choice, In this way, an ugent is defined us a sel ol resources, o
wet of hehavioural algorithms governing search of adjscent possibilities, and a
<e of chosen technology or technologies. We gather this set of heunistic rules as
e CONTROL sef, The set of resources, the set of technology and the heuristic set
Uien represent the analytical scheme of Aetera cconomicus, such that:

et < =< Ex< Yo (5:3)
5.2.1 Hyperstructured Technology: Capital

Capital 15 hyperstructered technalogy, 1 s elements connected in particular
ways 1o make « system that then becomes an element in a higher-level set'! For
the sake of the argument, allow that there ulso exists an abandoned hordware
«tore on the island (Saturday's?).'” The set of connections is now part of the
agent's endowment. In this sense Robinson now possesses the can-opening
wchnology, which is a connection between elemenis, In the language of the
theary, the control algorithm ) acled on the resource set 1 o produce a
technology n £,

The sct-theoretic foundations of graph theory allow us to formulate the
concepl of a system—as § = (F, E}—as a nested hicrarchy (see Simon 1962).
For this we combine the notions of emergence and hierarchy into a single
construct—hypetstruciure by tecopnizing the principle of syslem-element
duality. System-glement duality is the principle that a system can itself be an



118 The new evolutionary microeconomics

elemnent for a higher-level system and symmetrically, an element may itself be a
system at a lower level. In this way routines build skills, skills build
competence, competence builds firms, firms build industries, industries build
economies and so on. Following Baas (1994, 1997), and as ontlined in Chapter
3, this geometric conception s a h\?-ersm:cruﬁ The formalisms are
straightforward. For examnh. it 8" = (V. E") then, § = (§', E). System-element
duality then is: 8" = |7 ' This defincs that connections between elements build
systerns which may then become clements: in higher-level systems. The
technology made by the emergent connection, (ab, in the above) may then be
treated as a system §° and equivalently #°"', which may then feed back into the
algorithm 1. It is the emergence of a connection between two elements that
transforms the two elements plus the connection into a system. Technology
huilds capital as @ higher-level system, which may then act as inputs for further
technologies and thus higher-level systems still. In this way, thr.- iterations (in 1)
proceed as these new elements {ab, aa, m.l which are §' systems or ¥°
elements, then feed back into the same process.' By this process, Crusoe builds
ever more complex technologies.'”

The awent so far is a set of resources (1), a set of echnologics (£) and a
control function (the behavioural axiom of hetero economicus). However a
single set £ s not sufficient to represent the analytical scheme of the evolution
al technologies, and so we shall represent £ as an adjacency matrix, 5(4), which
we cun then express in hyperstructured form. The technology set begins, then,
with a single iteration which results in $(4)". This then becomes 1, and enters a
second round of iterations to produce 5(4)', and so forth, Thus, for cach iteration
there exists a matrix S(4) the size of which grows proportional to the feedback
at cach iteration.”™ A set of these we shall describe as the technology string,
which is of the form:

< E==<8A), S(4Y, .., 4), . Sy = =<Z 5A)> (5.4)

Reading the siring from the lefi to the night, the first entry deseribes the
wransformations from the initial state, then the second entry the transformations
from the second state which now includes as elements the product of the first
transformations, and so on to the j-th iterstion. The constraint we shall impose,
as above, is that the string is finite of length i, For new technologies to enter, as
the transformation #+1 (") the agent must remove another technology. Given
the necessary ordering, the only way the agent can include S(A ¥ is 10 drop
5(4)". It seems fair to ask how this could be done without undermining the
logical integrity of the svstem. A simple answer | suggest is thal this becomes
our dafinition of capital.

Capital emeraes when an element of the technology st is able to be pushed
oulside the agent to become an external clemeént. A single agent thus evolves
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capital as a way of allowing the te:chnning)r sl lo lncorporate new tev:hnmni.:e;s_
We imagine. then, that technology is like a pool, with an inlet SCAYT (new
knowledze) and an outlet S(4)” (capital). Capital, in this model, is the derivative
of knowledge when knowledge can be wholly constructed as an autonomous
system independent of any particular agent.

Hew connsctions that ey be connected in new ways

as knowleadge T
Oo—0O
creates a more T
complex system craniing a new system

T
thego may then connect
to other syrtems

-

which mtroducaes now
syslems ag capital

—

Figure 5.3 The circular flow from knowledge to capital

s model of capital is sill very much conceptual. But s key logle | hope is
clear: capital is the byproduct of the growth of L:mwtﬁdy. but, insofar as capital
catt be relensed as an autonomaous system— §iA)" above—then it is able w feed
back into the process of the prowth ol knowledge. This feedback process, |
hypothesize, is the underlying dynamical principle accounting for the
plicnomenon we may lerm supercritical economic growth (for example,
Raulfman 1993: 397 Romer 1994), as underscorcd by, say, the industrial
tevolution or the microclectronie revolution (Mokyr 1990), In both cases an
initial knowledge breakthrough (in £') fed into the development of particular
mnachines (as &', for example, a steam engine or a transistor) and thesc then
enabled further leaps in knowledge, as these systems were combined with other
clements. A good cxample of this phenomenon (bootstrapping, or the production
of commodities by means of commadities) is that computers are now used o
hiake computers, and the development of new geénerations of compurers (ol
svslems) makes use of §-level system o discover the particular connections
sought at the E°' leval,
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5.2.4 Schematic Preferences

Previously, we treated the conirol function in terms of a small state-space. where
the agent can effectively undertake all operations in ¥ on all adjacent states. This
was the topographical equivalent of an integral space (R"). We now depart from
this model, and enter non-integral space.

A non-mtegral space presents two overarchmg problems. The first is the
problem of bounded rationality, where the set of possible combinatonal
technologies s too large for the agent to search exhaustively (Simon 1959,
1982). The apent simply does not know the extent of technological possibility
{compare, a technology field). The second problem concerns how the apent
ranks and evaluates novel technologies. The agent is faced with the problem of
reducing the process of actually constructing, testing and evaluating all adjacent
technologies. This becomes increasmgly costly as the number of possibilities
escalates (1Tey 1982). These two prablems, as it tums out, have the same general
form of solution: the use of schematic preferences.

We formulmte the problem with respect to the choice of new technologies
[combinations in slale-space adjacent to a current technologv), We also presume
that the number of adjacent states is far greater than the agent ean hope (o
explore (in finite time, Velupillni 1993a). This is both o consumer and producer
prablem (for example, Earl 1986, Swann 1999). Equivalently, and without a
bounded rationality constraint, we may argue that it will simply be inefficient
for apénts 1o engage in an exploration of all states if they can find some way of
forming a theory of which states are more likely to contain pood solutions.

Following Loasby (1991), we assume the agent will amempt to form
conjectures as a solution. These may be thought of as rules of thumb, o
subroutines, or any such way of shaping the phenomenon of choice with
cognitive Lools. Such conjectures or theories (cognitive lools) are not logical
relationships, which is only a sensible proposition when the analysis has no
temporal context, but are conjectural relationships. The eritical synthesis that |
add o this is thar these conjectures are the agent's preferences, When
preferences are placed within the smrenm of time then they must cease to be
logical relationships and reassert themselves as conjecrural relationships thar are,
maorcaver, capable of being falsified It also follows that hvpotheses, by
definition, are necessarily incomplele. Hence these schematic preferences cannot
be neowalrasian preferences which are by definition complete. But the
neowalrasian scheme of preferences, by this same token, cannol cope with
novelty. Thus the general cas2 of preferences are hypatheses which contain the
standard model of preferences as a special case m the absence of novelty. The
neopwalrasian model of preferences is thus a special case of what 1 shall term
schematic preferences,
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Schematic preferences: address the problem of the choice of technology
where it would be cither impossible or highly mefficient to ConsTRUCT all
adjacent possibilities. To reduce the cost of the CONTRUCT : RANK phasi, which
i3 the phase of information gathering, testing and evaluating components up 1o
the moment of cheoice (SELECT), the agent will form higher-level search rules."
It 15 these [ 1dentify as the substance of an agent’s preferences, and they are
living, adaptive things that can never be photographed as Cdgeworth insisted of
the classical type. Schematic preferences are the general form which collapse to
neowalrasian preferences when we assume an integral spuce.

Schematic preferences are high-level rules goverming cheice when complete
mformation is not available, which in most non-trivial situations 1s always. The
madel follows from original work done by John Holland (1975, 1995) wwards
an algorithmic approach to machine learning (see also Scarf 1989), He defines o
method of search he calls sefiemara (hence schematic preferences), which are
rules for conditional occeptance of the 1 < ab# = THEN < . = [orm,
Dbviously, these rules are components in a production svstem (see, for example,
Cialbert and Troitesch 1999 164),

These rules form a set ol schematie preferences, which 1 denote £, where an
mdividual rule is P, The symbol 11" cssentially means "don’t care’, such that
this rule will aceepl a pathway beginning with ab but it does not matter what
comes after that. Schematic preferences are o set of incomplete rules that enable
the agent to deal with either novel situations, by searching for partial matches,”
or to deal more efficiently with Tamiliar situations by making use of abstraction,
Schematic prelerences collupie (o neowalrasion preferences when there are no
#7 symbols unywhere in the preference set. In this case the agent has thus cither
vbtalned omniseience (o partieular Siring 2, for every conceivable situation) or is
constrained (o function in o world without change,

In this way, a schematic preference is like u hypothesis, in that it contains a
necessary amount of abstraction (the “#" places). The complexity of an agent's
preference set increases as ‘# symbols are dropped, which occurs as the agent
learns more distinctions and recognizes, or experiments with, new rules. New
rules evolve by moditying existing rules, and for this we define a further
operator in the conrrol set, as X, The set of operators X are endopenous rules that
function to change other rules, that is, the set of schematic preferences. We
denate the set of operators & and the sel ol schematic preferences P such that,

X=X, X5, . Xy, e X ) {Operators defining change in sirings)
P={Pi B, by i) (Schematic preferences as strings)
Y= LIST  CONSTRUCT - RANK : SELECT = (Platform of search algorithms)

< Controf > = <X, P, Y= {5.5)
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Several points may now be further clarified. First, the standard modsl of a
preference function is fully & preference field (Mrowski 1989), and not & set-
string, as in P. The ficld axioms (mansitivity, reflexivity, contmuity,
completeness and monetonicity) define neowalrasian preferences as singular (a
preference function) which has no holes in it. as it were (Etziom 1985)."
Preferences in P are both multiple (there are ¢ schematic preference strings) and
they are full of gaps, as the # positions. This is a more intricate formulation but
it allows a fimdamental advance. Individual preference strings within an agent
can then compete with one another; they are like a set-of competing hypotheses
concerning which procedure, strategy or choice will best produce atility or some
such. These strings F, make a population /” and the members of the population
compete with one another for application and evolve by the effect of the
operators, By this inlemal process, an agent can evolve good preferences that
work well in most situations and can adapt to new information (see Darley and
Kauffman 1997), Morcover, the parallelism implicit in this formulation enables
the agent to held inconsistent (intransitive) preferences in different strings and
draw upon these different strings in different contexts (as a complex system).

Second, the number of different preference schemata in the set P oand the
number of # places in the schemata F, provide us with a relative metric of the
sophistication of the agent. In the course of experience and experiment, the
agent will fill out the set P by the process of leaming (see Velupillai 1994).
Specialization, skill or commercial expertise, for instance, can be represented by
the significant filling out of a particular set-string. Two internal possibilities
follow. Lither this is achieved at the expense of other strings, which would
suggest the application of equimarginal principles of optimality to define the
active length of strings (or the application of a constraint that copnitive
psycholagists call ‘chunking'), or there is the possibility of transferal effects. In
ather words, il agents cormit all their learing resources to a single string then
they may neglect other strings on the basis that principles can be mransferred.

As such, evalving schematic preferences is, in terms of this framework, the
phenomencn of leaming. And from this perspective, it is the set of operators X
which enable the process of leaming to occur by generating changes in the set of
schematic preferences. These preferences enable the agent to search through
high-dimensional space.™

According to Romer (1992 69),

The potential for continucd cconomic growth comes from the vast search space thal
we can explore. The curse of dimensionality is, for economic purposes, a remarkable
blessing: To appreciare the potential for discovery, ons need only consider the
possibility that an cxtremely small fraction of the large number of possible mixtures
my b valuabie.

And towhich Velupillai (1995b: T} counters,
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But the problem is that no eflective procedure can be constructed 1o know which
“extremely small fraction to search’. It is as if the space is Tull ol hills and valleys and
there {5 no way net orly of knowing whether there is a global oplimum or eptime, but
also ane has no way of knowing which little, local hill 1o start the search from. The
use of local scouts, sherpas and the like will be the paly hope, There will he lots of
seope for the Tontos and Tensings of this warld, without whom the Lone Rangers and
Hillarys might s well stay home,

5.2.5 Dynamic Operators: The sel X

A preference schema, then, is like @ chromesome, in that the dynamics of
schemata can be constructed in terms of a small set of fransformation functions.
Mhese we term dynamic operators (as genctic algorithms), which are functions
{strings) which are not subject to evolution—they are hard-wired into the control
set —but rather are the mechanisms governing the process of evolution. The
aperators X act on the sirings £. In biology, the classical genetic operstors are
mutation and crossover, Mutation is simple and random, operating on o single
sring to produce a variont that is adjacent in state-space 1o the original.
Crossover works on two strings, allowing the possibility of a jump in state-spice
o a state that is not adjacent to the initial state. In evolutionary computation,
mutation and crossover are the fundamental search operators, as operators that
cenerate new candidate solutions. For an excellent introduction to genetic
alzarithms and evolutionary computation, see Mitchell (1998). Below | sketch
cight ways (compare, Holland 1995, Dosi et ul. 1999) in which the schematic
preference strings may evolve *genetically’ B

X={Xp, Xaooy Xy e %o} (forr=8)
%, Palnt-mutation: A single string ‘mutates’ at s point 0 produce o duughier siring
< aagh = - < o >

¥ar Crosssover: Two stnngs “sphice’ wking part of one and part of the other
produce & daughter string. The consumption bisker of a married couple is an example

<-pabi = <bbee = — <aacc =

Ny loversion! Hetween two poinls the opertor inverts the ordering, This operator
applics 1o o single siring and would deseribe a ‘rethink” of preference orderings. We
may imaginc that adverlising or other such peer reletences would be the “cause™ of
this pparator.

= pben > — <acha™
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X.: Slide: A shift up or down the string. as may describe a sudden large change in
income, forexample, a lottery win or a significant wninsured loss by theft or taxes, as
well as 2 marginal chenge.

< #iaahhccE > —» < ppanbhIERY >

Heo Reclustering: A tecluslering operdtor would shifi commodity sites into new
clusters as the working out of u change in lechnologies or [ollowing consumer
innovation. This makes sensc of the distinction betwesn core amd  peripheral
technolopies. such thm o change in 8 manor lechnology (& now ioothbrush design)
would hove an cffcct perhaps best described by 2 point-mutation. but a core
technelogy (s, the imtmoduchion of the celiphone) would have a reclustering effect. as
a preal many other commandities are affected,

< abcabcabe = —» < amabhbéoc =

Xt Emergence/Closure: This opemtor makes more dimect sense in the production
papect, ws the formalion of o closed loop that we may recognize as a competence
Hewever, Swann (1999) has illustrated that consumer hehaviour such as collecting
exhubits this quality, where & complele collection has on emergent the-whole-is-more-
than-the-sum-nf-the-parts property. This operator may provide the hasic logic for
decomposition

= EMnH Y 2o~ < i
Xy Higher or Lower Specification: In many respects this will be the most commaon
operation on schemmae preferences. | ligher specification replaces a don't care symbol
with o specilic requirement, ns occurs i the process of leaming Lower specification
mecurs in the process of simplification, which mayv also be a product of leaming, or
reflect o decreased imporiance of the decision or an aitemp! o isolate which are the
key clements in the g

< pphbiin = —» < anhheg =
< aahhifE = — < aahdds >

Xa: Birth or Desth: Simply. an operalion thal ¢ither deletes o complele stning or brings
into existence o ngw string. Forgeming and imagination suitahly describe this context,

< —3 <aphbes >
< pabbFw > — = =

5.2.6 Recapitulation

The model so far is represented in (3.6) below.

agenn < V= <ES(A)=<X:P:F= (5.6])

LA
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[he resource set is orthodox. and ought not to be problematic, The technology
(and capital) scl involves a hyperstructured analytical representation, which is an
altermative concept to the orthodox representation of lechnology ina ficld The
et of dynamic operators ¥ and the platform of search algorithms ¥ are simple
rudiments of, respectively, the theory ol genclic algorithms and heoristic
decision-cyele theory recast into the scheme of the present framework, These
rwo concepts are well-founded components of research into complex systems.”
Amidst this, it is the concept of schematic preferences that is the innovation,

Schemalic preferences are the preferences of an (automata) agent m a lattice
space. They are a scheme for coping with what is otherwise termed bounded
rutionality, they are the locus of learning, and the defining characteristic of
apents, Apents differ in their resource and technology sels certainly, but they
also differ in their set of schematic preferences. Schematic preferences, as such,
are a product of experience and experimentation (the locus of history and
mmagination) and are structurally complex lor reasons ol expediency, They are
the expression of adaptive rationality,

I develop this: concept with a specific intention: schematic preferences
pravide the essential apalytical logic to bridpe us from o model of an sdaptive
agent o a model of agent interaction, Agent interaction, then, 15 defined with
respect W the active or inactive sttes over sets of schematic preferences, which
provide, as such, the points of contact, We proceed to model sgent interaction by
venerilizing the unction of schematic preferences, That is, for the single agent,
schematic preferences evolved for the purposes of choosing interior technology
over a very large state-space. This same scheme is generally applicable to
mteraction with other agents as well, For in the process ol learning and dealing
with internal complexity the agent has attained the ability 1o be affected by
diserete chunks of information, that is, the agent has evolved a set of condition-
action rules (schematie preferences) where the conditional part can be defined
with respect o another agent. Mulual schematic preferences make possible the
phunomena of agent interaction,

3.3 Agent Interaction

How do agenrs interact with other agents? The problem that apents now [sce 15
the decision of which other agenis 1o interact with, It seems reasonable 1o
presume that jnteraction hetween aeents will be engaged according to the same
lozic by which the agent ipterscts with the environment [ propose, then, tha
agents mutually decide whom to interact with by utilizing their schemaric
preferences, and therefore interacting locally with partial information. ™

A schemaric preference of the form < ab##., . > is a condirional for action
intermial to the agent (a component of a production system) such that the SELEC]
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function may be operating IF < abs=.. > THEN : engage SELECT rufe. The
matching of the active sites, the *ab’ in the first two places, triggers the rule 1o
action. Without this matching, in the space of the agent’s own technological
possibilities, the rule would remain inactive. However, this same rule may be
trigeered by a technology in another agenl This is simply to sav that the agent's
envirnmment consists of the respurce and technology sets of other agents. Agents
may variously display these sets, such that they act as triggers for interaction.
When there is a symmetrical and respective triggering of a conditional for action
betwesan two agents we suppose that the necessary condition for agent
interaction has been made sufficient, Unless this happens. interaction does nol
oCour,

Following Holland (1995: 12-5), | propose to call the active sites in a set of
schematic preferences “tags’. Tags are combinatorial sequences that when
matched with a rule (as a string in the set P) activate that rule ™ As Holland
explains,

Tugs are o pervisive leature of complex adaplive svstems because they facifilate
seleetive mternction, They allow agents to select among agents or objects that would
otherwise be indistinguishable, Well-estoblished lag-based interactions provide a
sound basis for Mienng, specialization and cooperation. This, in wm, leads 1o the
emergence of méta-agents and organizations that persist even though their component
parts are continually changing. Ultimately, tags are the mechanism behind hicrarchical
Orgindzaion.

A rule is activated by a tag, and thus a tag is a conditional for sction.” An sgent
thus interacts with another agent by proposing a tag that is then aceepted by the
other agent, so that the g in one agent acls us the conditional for action in the
other apent. Without this matching of 1ags, then, no interaction takes place, and,
indeed, all interactions in an economic sysiem necessarily occur by the marching
of tugs, Tags are mode by the agent from resources in the set F

I assume that interaction takes place for only two reasons. First, for the
exchange of resources, and second for the creation of new technologies, In the
first mode of interaction, fwo pgents come together for the purposes of a
reciprocal exchange of elements from their respective seis 1, then dizengage In
the second mode of interaction, agents come together to combine their resource
and technology sets V oand 8{4). The first form of interaction modifies each
agent, the second form of interaction creates a new agent (a multiazent, such as
a firm or a household). In both cases it is the set of schematic preferences P that
poverns interaction. In each case, we assume thar the ser of agenis makes a
population within & bounded space.
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5.3.1 Exchange

A model ol exchange requires that each agent employ two tags, a proposal tag
and an acceptance lag, which [ shall denote respectively by the syvmbols =
(propasal) and m (acceptance). For two agents, then, the proposal tag of one
azent is matched to the acceplance tag of the other agent and vice versa, wherein
an exchange will take place only if both pairs of tags match. If only one set of
razs is matched or neither set of tags is matched then no exchange will take
place, When a bilaternl matching of proposal and acceptance tags occurs, an
exchange of resources will then take place, with a reciprocal switching of a
guantity of an element in wg P for a quantity of an element in u;i ¥, The crux of
this model, and thergin the nature of its departure from the field logic, is that
sxchange occurs as intermediated by the matching of tags.™

n this simple model of exchange, the proposal and aceeplance tags (77 and
7 ) oare strings such as < abbiil = Exchange. then, involves reciprocal
proposals, each of which is checked against acceptance conditions. Agent ;)
proposes to agent /v, who then vets the proposal, and vice versa;

wiw =y oandu ot —eun

A proposal i : n' us say < abbdil >, is aceepted by wy: w iff there is pairwise
nrapping of the active sites in the proposal 1ag map to either exact maiches or #
sites in the acceptance tag. Thus, uj: a7 < abbfiill = obviously accepts, bul so 1o
would < ab##E® = However, < abbaitt = would not sccept, because it has an
extrin conditional (in the fourth site) that bas not been satished, In this case, u,
would seek further information, given that this site is inactive in the proposal
and may potentially be satisfactory, The same mapping must occur for u;; 1’ —»
TR i

Three logicul implications follow. First, it is apparent that exchanges are
more likely to occur, the less specific the seceplance strings. In the extreme
cuse, the acceptance tag < ##wi# = accepts every proposal. Similarly,
exchanges are also more likely, the mote specific the proposal string. This was
illustrated i the aboye instance of the agent who required more information.
Thus we would expect, according to this model, the prowth of exchange
interaction to cffeel two emergent patterns: (1) generalized acceprance criteria,
and (2) the tendency lowards ever more detailed proposals. Both facilimte
exchange interaction.

An obvious generalized aceeplance criterion is a common currency. Money
eilers as @ universal acceptance condition, whereby 77 is in terms of a metric
known 1o all agents, Money then becomes a further class of element in 1 (in the
sense of Wicksell's iriangle) with the unique property that when advanced as a
proposal tag 77 it will be universally accepted by all 77 tags, subject only 10
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quantity conditions, More detailed proposals obviously incorporate such aspects
as more detailed product information, in the sense of, say, a categorical list of
inpredients; this trend is plainly evident in modemn consumables. Other
important aspects include the relation of the element to other elements in the
context of a system,” and the domain of input substitution.

The acceplance condition will be the set of elements that will satisfy the
réquirements of input into the technology. This set, then, is a set of substitutes.
An agenl may search for a set of mputs using a schematic process, whereby a
schema, say < abba#f# > specifies the acceptance condition, and will accepl, for
mstance, both < abbabb > and < abbaan > These are therefore substitutes
according to the schematic preference function, they are equally acceptable. The
agent will discover other substitutes by expenmentation with the form of the
schemi, For example, a wider schema could be applied as < abb##8 >, or a
narrower one as < abbasfl = These schema are modified by the same function
thut modifies the technology schemata, the set of operators X

Second, the agent commits resources from the set 1 to produce these tags. As
such, there are ‘transaction costs’ associated with the interaction of exchange
nnd these costs are individually met by each agent. The more resources the agent
devotes to the facilitation of exchange,”” the more likely that the agent would be
party to optimal exchange. But such optimal exchange may, by the same token,
be very costly to the agent. This s an arca thal, despite the apparent orthodoxy
of the guestion, has been afforded little treatment in the economic literature.

Third, a population of agents will differ in their tags, and this differentiation
is the busis of competition for the exchunge of resources, Competition arises, as
such, when the same tags are present so that the mechanism of competition
becumes tug differentistion, This model, then, suggests an evolutionary theory
of monopohstic competition in which tag differentiation is effectively a process
of adding more information o the interaction conditionals, This notion of
compefition is thus based upon an incentive siructure 1o credle more
information, and accords broadly with Austrian accounts of the nature of the
market process.” The basic mechanism, then, is 2 growth of knowledge by
increascd delinition of the proposal tag n'

This string theory model of exchange js non-compensatory, representing the
general form of an algorithmic choice process. Higher-level rules may modify
this in many ways, for instance constraining it to a lexicographic process, or, by
adding further rules for comparability, a compensatory form may be derived.
The compensatory model is, however, very much a special case ol the
generalized non-compensatory scheme presented here. We make sense of this by
recognizing that the motive for exchange is to obtain specified inputs {as an
element 75 in ) into the technology system (household or firm) described by
Z8(A). Only in the limiting case that ¥ is represented by the string < #4488 = in

Fhe microcconomic agent el

£, such that effectively anything will be accepted as an input, will the purc
compensatory model over » goods be applicable.

Exchange occurs for the pumnses of abfaining particular resources that are in
some other agent’s resource set F, and we augment our model of the agent so as
1o incorporate this interaction as m (3.7) below,

agent, <@ iR SV ENA) =< X P Y (3.7}
5,132 Combination

Combination ogeurs, however, for the purposes of obtaining other technologics

that are in another agent’s technology set £S5(4). While resources are separable,
capable of being moved between agents, technologies are not. It is only the Hmit
of technology, as capital S(4)°, that is capable of moving from one agent set to
anuther, So to oblain the technolopy set of another agent, corhmation must
vechr, such that two or more agents form a composite agent. Following Holland
Crans: 126), we shall call this a medtiagent in the context of string theory,

Combination occurs as the product of interaction, and we shall again presume
thist this is mediated by tag matching, We shall term these tags combination tags,
and like exchange tags they have two forms, which we shall term offence and
defence denoted by €' and €, respectively, The mechanism of tag matching in
the case of combination is conceptually identical to the case of exchange. If
there is reciprocal tag matching, then the agents will combine into & multingent,
I onot, they will proceed as free agents, The same three logical implications
apply, regarding the specification of the 1ag sequence, the cost of the tag
sequence and the nature of competition,

In a mulliagent, interaction occurs such that the resource sets 1) and V| are
Mmerged into @ single set Vi A firm, for instance, is such a thing, drawing the
shills of employees and elements of capital into a single multiagent, The
technology sets cannot merge directly, but they ean enable the formation of
ligher-level technology. It is this possihility of emergent technology that |
Wdentify as the analyrical form of the phenomenon of ‘competence’, where
competence 15 a phenomenon unigue to multiagents. Competence, as such, can
cruerge 0 the household or the firm, as both are phenomena of production
svsterns made by combining lower-level systems. Competence, then, is the
connections that form between the resource sets of two or more agents. They are
conceptually the same as the technology pathways that form within the agent (as
Robinson Crusoe learned Lo connect canned beans and can-opener), but these
technologies, as compelence, occur between complete agent systems. For the
competence to exist, the agenls must be part of a higher-level system, &
multiagent. Multiagents form by a process of tag matching, whereln the tags
display the resources and skills or technologies that can be contribured 1o a
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multiagent. The multiagent combines resources o build higher-level
lechnologies, which we term competence.

The boundary of & multiagent, therefore, is determined by the competence
that emerges from the multiagent. Thus a multiagent that does not advance the
technology system brought by the union of the sets (u;:Z8(4)") into some new
region of state-space, which is to establish new connections at the £ level
(thus building a ‘competence’ as a system at ') will be unstable as a
multiagent. A firm where the combination of agents produces no more than each
could produce individually will not be stable as a firm; and similarly so for a
househaold. In such instances, the combined resource set F; will be the only basis
for the multiagent boundary.

When a multiagent forms, so combining resource and technology sets, then
50 too would the schematic preferences—P; and Pj—combine, This may well
conslitute a significant proporiion of the gains of specialization afforded interior
1o 8 multiggent. The mechanics of this is an issue to be confronted at the level of
the constructed model, yet the basic principle would be that they do not
aperegate, but merge. That 15, a single schematic preference would result.
Obviously for firms, this is associated with the function of operational and
representative management (see Kollman et al. 1997). In a household this
process does nol typically occur, but rather there may exist consensus or
spucialized decision making. These are difficult issues that will require much
further theoretical and applied investigation, Needless to say, when schematic
preferences fail to merge into either a single schematic preference or a
systematically partitioned schematic preference, the multiagent will be unstable
due 1o the live possibility of internal contradiction and/or decision conflict,

We may thus add the set of combination tags to our general model of agency,
us i (5.8) below

agent < Y ><x’iw ><V ESA)><X:P:¥> (5.8)

5.4 Conclusion: The Agent as a Complex System

To summarize. Our agent hetera econamicus is @ complex system compased of
three subsyatems:

s A set of resources and iechnology, < ) ES(4) =
e aset of control algorithms and schemata, <X P e
 andaset of tags for interaction <Y QD F=moiEe
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Hetera economicus - makes use of abstraction to live in a changing environment
populated by other agents. This agent does, effectively, three things. It scarches
through the adjacency structure of state-space [or technologies that can be made
with its resource endowment. It then atlempts to select and effect new or betier
technologies. It engages in exchange interaction with other agents for the
purposes of obtaining inputs inlo extant technologics. And it engages in
combination interaction with other agents for the purposes of building higher-
evel technologies than it could obtain by itself. It 15 evident that it s the
dynamies of lechnology (the growth of kKnowledge) that is the key and driving
aspect of this model.

The maim aspect of the evolutionary microgconomic model of economic
agency is to elevate technology, broadly defined, 1o be the pivot of the economic
problem. Technology is a general abstract term encompassing the connections
made by consumers and producers, houscholds and lirms. The agent’s problem
i5 the discovery of good combinations of resources, as those combinations that
produced value to the agent, In this respect, preferences emerge as o mechanism
fur learning. In this way, preferences emerpe as a special case ol technology and
in the general form of schematic prelerences, These, essentially, are a heuristic
technology for finding further technologies (both heuristic and phenomenal),
Preferences, then, are incomplete evolving rules that con be modelled as a
number of schemntn operating in parallel. As strings, these begin initially as
very approximate and in the course of expericnce and experiment become more
complex and specific.

Uhe twe key compenents of this synthetic model are, (1) parallel architecture,
s the set Pooan internnl mechanism for adaptation, as the set of operators A, and
aninnate algorithm For discovery, ¥, md (2, the use of abstraction as the way of
caping with information overlond, Agents will form aetion rules riggered not by
ciery piece of information but by particular tags which appear as the active sites
i the schemata. The operators X experimentally modify these as # evolves,
Uonsequentially, the dynamics of an economic system then turn on the nature of
these tags. As such, agenl interaction occurs with respeet o and in the context of
these tags, This reinstares the coordination problem, signalling problems and
information problems generally at the centre of microcconomic analysis, A clear
consequence is that the analysis of the microeconomics of a dynamic economic
svstem requires far more accord with other behavioural and organizational
selenees than has previously been extended.
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Notes

! For exarnple, Vehlen (1898, 1899), Geoteescu-Roezen (1971), Hollis and Nell (1975), Seitoveky
(1986}, Cowan (|98}, Frey (1OUT),

* See also Foster's (L1987 economic agent home creatnmr,

! The L.atin sense of fome ceonomicus is of the genus “homingid”. which s prosamably the quasi-
anthropological posturing of the concept Anthmopologicaliy speaking. the ee= of tols (Homo
Flabilus), andd the application of reason 1o the development of mch tools. defines the arrival of Homo
Sopienr. famn economices is-a restricied version of Homo Sapiens, noglecting the imaginative
compantent thal makes new tools. From this perspective hefero acomomicas, then, it @ economie
agent that bath usey touls and makes now tools. Dut in the Greek, foma means “same’, which seems
10 aecord more with Murshall's mepresentative apemt and the neowalrsian social stom *Herero', in
the gense T oge il abive, s 0 align with the Latin and 1o contrast with the Greek prefix. sugeesting an
agent that bol mukes sd uses tools, and which is not the same as all other agents,

* Then it occurred 1) me ngain, how well | was furnished for my subsistence, and what would have
been my case i had pol bappened that the ship flomed from the place where she fist struck, and
was driven sopear the shere that | had time to get all things out of ber . " (Defoc 1719 44}, See
Wisemnn and Litlechild (1996) for a further reading of Defoc’s novel in terms of the ceonomics of
production.

P But what need | have been concerned a1 the tediousness of anything 1 had o do, sccing | had
time enivugh o de it in? Nor had 1 any other employment if that had been over, at least that | could
Tnresee, excepl the ranging the istand 1o seek Tor finod, which | more or less did every duy | now
b iy serfously consider my conditlon, . . ' (Thefoe 1719 45-6)

U0, have plrendy observed how | boupht 2l my posds inl this pale, snd into the cave which | had
e hehind me; bui 1 muost also obscrve too, that w first this was o eonfused heap of goods, which
iy they luy inom oeder, <o they took up all my place " (Defie 1719 47)

" Note we are sl conslering a single apent and not vel apen! interactinn, s that we may deline
vilue in use prior tiaed independent of exchange value: Value in wse thus means cardinal riliny.

1n the abwive the brder of the prirs does not matter (that is, 2b= ha), [f the order docs maner (that ks,
i = ba) we defing the groph os o df-greph (0 ditected  grapl) in which the comnections are drawn in
with drrows poantmg from o o b, or vice versa

" See Georpeseu-Rocgen (19843 on this pasieit

M And now, in the monaging of my houschald affsirs, | found myself wanting @ many things,
which | theught at fiest it wis impossible (or me W make, 5 indeed 16 some of them il was,
{Defoe [T19449)

" The peson | insist upon four scparmte operators mther then, sy, a8 singular <CHOOSE BEST
TECHNOLOGY > dperator is that all four operators sre themselves decomposable and guatie
Auronomous, and, bs such, may themselves be subject 10 specific adaptation and experimentation

% 1 had no plough 1o tum up the earth, no spade or thovel o dig it Weld, this | conguered, by
miking & wooden spade; bul this did my work in but 3 woodon manner, and theuzh it cost e 4 great
many deys 1o make i, vet for want of iron i not only wore oun the sooner, bt made my work the
harder, and made it be performed much worse " (Defos 1719 75)

B¢ 1 hepan 1o apply myself 1o make e things = | found § most wanted, . So | went 6 work: and
here | must peeds phserve, that &5 resson 15 the sohstance and ongin of the mathemarics. so by
stoting und squuring everything by reason, and by making the most rationsd fudsement of things,
every miw may be in Ume master of every mechanieal an .7 (Defoe 1719:47)

¥ Thijs i¢ filly in sccardunce, | suzpest, with the Austrian Structuralist definition of capital, which
emphasizes the syucture of complementarity rather than an aspregative conception of eniversal
substinmion. In paticulior, see Mongtovi { 19949: 268711 and Lewin (19944 241} wha discuss this in
terms of Lachmann™s theory of capital, and for o more geneml exposition. sce Endres {1097)

154 amung the many thimgs which T brought out of e ship in e several vovages: [ oot several
thinge of less valog, butl mit &t all less usefind to me, which | omited 5 221 down before: as in
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Lad
Ll

particular, pens, ok, and piper, several parcels an e caplain®s, mate's. unner's and carpenter’s
koepine, three or four compasses. . " (Defoe 1719 45
" This iz generally a Markov chain process {see Nelson and Winter 1982, Andersen 1994). In one of
the maost Iucid presentations of the alporithmic logic of evelution, Danicl Dennett (1995 ch 3) his
desoribed this peneral evofutionory pringiple with the meuphor of o crane litting #sclf through
‘design space’ fmy hypemstructured stulg-space). A crine canbuild platfirms upon which fiirther o
farper crines can be buill, ever upwards:
¥ these two whole days 1 took up i gnnding: my wols, my machine for tuming my grndstone
crforming very well " (Detog 1719 54),
! According to this logic the pathwuy lirward expesiences exponential geowth, os at cach round the
combiniorial TIST is ougmented by the products of the previowd round adding o the set 1 This
pheninerin s keowe as hotstrapping, aod is tee must Tundamental expedient of all evolutionary
processcs. Uncheoked, this idealized process would proceed to an explosion of infinite technologiss
and complex msources. We must thenefore constrain this cquation somechow o produce mon
wensible dynamies. Three constraining fanetions are obviouws: (1) the st of resources in 17 s in fact
finite, (2) the lenpth of the technology string will be Fmite, this constraining the grossth function,
and {33 the fredback parameter i likely 10 he very smnll. ‘There are two reasons for (3). First, it is
well ke from tapography that fiar each improvement siep, the numher of further improvemem
iteps deerenses by half (Ranfman 1993 710, Second, there will be o fraction of the prodis
canstmed ut each roumd, s not all il is produeed will food back nio the algonthm
" The problem is overlaad, or bounded tbonality o the othodos sense of time being s constinn
ftut the orhodox maiming is - deeply cisnlised hese, hecause o ratliengd choedee s Lechnically
imperssible unbess nends o in et sarvey olf pilhways so that fhey len know otionally which anes
et bt survey!
" A sl schematie preferencsd oot denl with completely novel sliumtions, whete so active site
cin find @ mateh. Tt Ben completely novel situations of this sort ane extremely rue
oWell (199 204 facetiously explaing thal agents ‘can raok overy concelvable combinntion of
gonds, for example, they know whether or nob they prefer 23 living room sofas and TG light balby
tie |8 soilag and 4562 Hght bulbs 7
© Hew s (19420 experimentil findings sugpest that o relatively low nimber of peneral seirch nifes
ey b sufTieient Tor mest normal econemic hebmyiours, Fpstein aml Axtedl (1996 51-2) conclude
it whike menge of colleclive structures and collective puttémy ol belivlour cin emerpe (rom the
apativ-emporsl internction 0 aeems operating, imdividunlly, wnder cimple local neles” Thies
crphosize thot although the emergence of fumilior mocrostrociones grown from the bottom up, a8 0
webe, In certuinly interesting, the surprising aspecl is the " penertive stmplicity of simple local roles’,
“ e wlyo Ricchmann'y {1999) discussion of genctic algorithms as madels for economic leaming
¥ Cor jndtance, see Goldherg (1989, Arthur (1990), Dolland wsd Miller (1991), Loy (1592)
Adifovie (1994), Epstein and Axtell {1996), Arhor of ol {1997, Dirchenball ¢tal (1997), Holland
(1995, 199E), Gilbert and Troitzsch (1999) for discussion of mltiapent-based approsches o
veonomic mdelling and the ele of dynamic operafors and search algorithms therein
= Am aliernative, and in s wiys mare direct appropch o mindelling sgent intersctiom, i 1o use
statistical mechonics technigues (see Durlual 9993, 1908, Bk wnd Durnsf 19595 Howeser, 1L
must be recognized that such techoigues. oithowph well developed and rgorous, do oot model
interactions s much &s interdependencies. and s therefore pramarily of econometne rather than
microeconamic concern. Which is 1o say that sueh approaches are modelling lechniquees that cschen
wlial 15 actunlly pcurring o the lgvel nf the agent
* 1n Cpstein and Axtell's (1998: 71-2) Sugarscape, they define coltursl tags as hinery sfrings o
represcnt the agent’s proferesces. Prefergices chimpe s asents mierncl This is achieved m their
cellilar auiomaln frmewnrk by Tandom eomparative matehing of tags. Changes in tastes and beliefs
{preferences ) are then modedled ns an endogenous oulcome of interectinn with other agenta
T Tags mre really schemnn thae pppear in both the condition and action parts of roles” (Lobiasd
1905 Gy
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™ This is not the swne as the iniemal mechenism of Edgewonh’s scheme of moontracting. in the
sense that the scheme of tag matching prmceeds entirely by the criterion of sufficicnoy rather than
optimality, 1f an exchange is ngreeshle 1o both seents then il will oocur, and imespective of the
genera] optimuolity of the exchange. We would further have 0 add 1o tis Famework the presumption
that each agenl infemocts with all agents (0 afford equivalencs. Simukation models of this mechanksm
arc termed “nomealing models” (Kirkpatrick et @, 1983: Aldrich and MoMclvey 19910 Kauffman
19%3; Kollman e al, |997); These are also related 1o “spin-giass’ models (Edwards and Anderson
1975)

® For example, the underdying goal of many markeling strafegics: is 1o suggest this sont of
amssocittion, af the peneric form “product X is to be associated with 1 (Y being & well-known other
phenomentm) o produce Z (o desired outcomed’ In this, the crucial and: specific information is on
the complermentarily of the product in the context of various production systems

" For instance, Kiamer and McCloskoy (1995) have imvestigmied and anrued that one quarter of
GIIP consigls of persuasion. Sec alsp Kiamer ot al. { 198K)

"1t particular, Mises (19493, Hayck (1945, 1978), Shackle (1983), Duchinan and Vanberg (1991)
ol Kirener {1997, 1990)

R Note thst hetero eeomamious oollapses (0 the special case of homo economicnr when (1] the
combination and exchanpe tags ane abstracied into & ficld contest, (2) the search platform ¥ and
dvnamic. operators U are abstracted into a ficld comtext; (3) the lechnology svalem L5(4) s
ithstraeted o o technology ficld; and (4) the schematic preference sel P consists of @ complete
ordering, and is absteacted ot a prefercnce ficld. Smilarty, Velupifla (1F5h. 13) nrgues that “the
rationil economic agent is a Turing Machine’

6. Production Systems and Competence

f.1 Introduction

The theory of the firm has always been the most oversiretched and crudely
developed component of the neoclassical analysis, The reason for this is clear: a
firm is in essence a combinatorial phenomenon, but coherent expression within
the orthodox framework requires that this very aspect be suppressed. The result
is a theory of production functions rather than a theory of production systems. In
this chapter, | cut some first steps towards a general theory of production
systems by introducing an analytical expression of the concept of complex
competence.

The theary of the firm is rather disjointed and still professedly struggling
with basic questions and standards, There remains much disagreement about
husic questions such as why firms exist, where their boundaries are, and what
they actually do. The neoclassical unalysis has been little concerned with such
matters because it is essentially a theory of market coordination, and does not
actually requirc a theory of firms at all. What are referred 1o as firms are merely
placeholders in the theory of markels, and thus a production function serves its
purpose by linking the two sides of the equation (inputs and outputs) together.'
Yet these abstractions have been sufficient and served a remarkably wide
domain of application. In particular, Gary Becker (1965) showed that this
framework could be applied to the study of households. This was an important
moment for cconomics, because what Becker effectively revealed was that
production functions can mean the production of anything, Becker also showed
that the concept of a market was just as malleable as he wrote of the market for
ctime and marriage and other demographic phenomena. The genius of what
Becker did was to reframe the question. He exposed clearly what the essential
nature of the orthodox framewaork aclually is.

The evelutionary economics framewaork is largely focused about the nature of
the *supply side' of the economic process, and in particular w:th the theory of
the firm and the theory of technological and Instimtional change * But, like the
orthodoxy before Recker's arrival, it has nevertheless remained somewhat
hesitant to state what the essence of the theory actually is. There is as yet no
clear counterpart o Becker's illustration of the overriding context of exchange
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as the essence of “the economic approach™. The evolulionary theory 15 of course
being shaped by the logic of evolutionary processes, but also by the specifics of
its subject matter. It is difficult to separate these out. 1t would be fair to say that
the evolutionary framework is more about production {(compare, exchange) but
the problem is that unlike exchange. which maps directly to markets and the
theory of markets, a generalized concept of production is not so well supported.’
Firms are enormousty protean things.

A tecent development is the gathering of all resource-based theories of the
firm (as sceded by Penrose 1959) under the rubric of a competence theory of the
firm (Foss and Knudsen 1996). This is a most promising development, rich in
synthesis and empirical avenues, but it still has some acute problems. Arguably
the main one is that it has clevated to the centre of analysis an undefinable
quantity. Competence is something that is intuitively easy to comprehend, but
seemingly impossible to fix into an analytical framework. It is not clear what
competence actually is and how such a concept connects to analytical tools and
a microcconomic framewaork in general,

In this chapter | offer some suggestions on these matters. To do this, | follow
Becker's strategy and lift the question to a higher frame. If what we are
considering is production systems, then that entails production of anything, not
just market goods, In Section 62, | develop from the evolutionary
microcconomics a theory of production systems in terms of competence. In
Section 6.3, this is applied 1o marringe, which 1 suggest is a production svstem. |
search for the meaning of competence in this context, and also discuss the
sources of complexity in the household system. In Section 6.4, | suggest that this
seheme of analysis can carry over to knowledge production in general, whether
Innovating firms or scientific research programmes. | conclude that the
evolutionary  microeconomics can give an  analytical  interpretation  of
competence and that this concept is the centre of a general theory of production
systems,

6.2 On the Theory of the Firm and the Theory of Production
6.2.1 What is The Theory of the Firm?

Let us begin with Marshall, and then move quickly through the subsequent
developments. It is imporant to note that the theory of the firm anributed to
Marshall {mostly by Samuelson, see Moss 1984) 15 not that which he discusses
in Book 1V in Chapters V1 through XII1, but the principle of substitution defined
hetween factors of production (Marshall 1949: 285-4) leading to the conespt of
a supply curve (note 2, p. 286). Marshall conceived this abstraction entirely in
mechanistic terms, defining an equilibrium berween supply and demand as

e e — e e = e I e R e e
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smhle, such that *the price, if displaced a little from it, will tend to return, s a
pendulum oscillates about its lowest point’ (ibid.: 287). There arc two theories
of the firm in Marshall, one of which has become the ncoclassical production
function underpinning the logic of a supply function, and a second more opaque
conception of a productive enterprise.

Subsequently, there remained an open guestion: what and why is a firm?
Ronald Coase (1937) arpued that the *why' of a firm lay in its supersession of
market coordination, internalizing the transaction costs of using the market
mechanism. Williamson (1975) rekindled this idea, as did Alchian and Demsetz
(1972}, conceptualizing a firm as a governance structure. Edith Penrose (1959)
probed the *what is' question, theorizing that a firm is a pool of resources.
Nelson and Winter (1982) deepencd this idea, regarding these resources 1o be
quasi-genetic  skills and routines thal build organizational capabilities.
According ta Foss (1993, 1996), these concepts are the foundation of the nascent
competence perspective. George Richardson (1959, 1972) combined the what
and why questions, arguing that firms and markets are both coordinating
mechanisms, and that for firms (o function as coordinating mechanisms there
must exist markel imperfections, Richardson recognized that connections
between firms matter, Penrose recognized that connections within lirms matter.
At about the same time, Simon (1959, 1965) and Cyert and March (1963)
argued that the sorts of decisions made by firms depend on the connections
within firms. So they all recognized that a general theory of the what and why of
a firm will effectively be a theory of the what and why of connections,

However threanded through the formal issues of the existence, boundaries and
structre of the firm is a deeper issue, on the relation between the firm and the
phenamenon of knowledge, This has been a major theme in the works of Brian
Loashy (1976, 1986, 1996, 1998, 1998b, 2000), in which he has spectfically
enguired of the firm in relation to the coordination of the growth of knowledpe.
A firm uses knowledge, a concept captured by the logic of a production function
for a given technology, but firms also coordinate and create knowledge.

From this hasis, we can distinguish two theoretical frameworks of the firm in
terms of the treatment of knowledpe. These broadly align with the two images in
Marshall. The first is a production function, which is defined for a given stock of
knowledge and therefore amenable to a field representation. The second is a
production system, which acts to coordinate a flow of knowledge (informarion)
and to create knowledge. Knowledge in this last sense must be interpreted very
broadly, encompassing a spectrum of meaning spanning tacit knowledge
(Polanyi 1967), skills and routines (Nelson and Winter 1982), Schumpeterian
creative-destruction (Metcalfe 1998) and the phenomenon of competence (Foss
and Knudsen 1996). Competence here is pivotal, standing for all knowledge that
exists by specific combination between agents. In this respecl, competsnce
encompasses issues such as the organizational structure and boundaries of firms
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and also the nalure of their existence. Competence is iself composed of lower-
level systems such as skills. routines and habits. It is the theoretical crux of a
production system.

6.2.2 Production Systems and Production Funetions
The neoclassical theory of the firm, which is a component of the theory of

market distribution, can be abstractly represented as below. In the evolutionary
microeconomics, the theory of the firm 15 schematically different.

Elements — Transformation Function - Elements
or  Inputs —* Production Function - Output

(K L) A ¥
oV - Technology Field -3 v

Figure 6.1 The neoclassical theory of the firm

Elements + Connections (V, E) — Production System (S)
[

Competence: —  Outputs (V, E)
T
Inputs (1)

Figure 6.2 The evolutionary theory of the firm

The fundamenial distinction between the two frameworks, then, lies in the
treatment of the geometry of economic space,‘ In the neoclassical theory, the
firm exists as a mapping between dimensions. Technology or knowledge is
embedded in the field, and thus is not a component of the firm. In the
evolutionary theory, the firm exists as a production system that, by ils particular
siruciure or geomelry, produces competence, Competence is then the ability 1o
make further connections, an aspect of which may be the transformation of
inputs [nto outpurs.
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6.2.3 Competence
Bur what, then, is competence? Foss (1996; 1) explains it thus,

By ‘competence’, we understand @ typically idiosyncratic knowlcdge capital that
nllows its holder o perform activitics—in parlicular, 1o solve problems—in certain
wiys, and typically do this more efficiently than others. Because of s skill-like
charmcter, campetence has ¢ large tocit component, and is asymmetrically distributed.
1t may reside im ndividuals, but s in the context of the theory of the firm and strategic
manugement perhaps best seen ns & property of organisations rather than of
individuals (und {herefore hard to imitate and transfer). . . . [Flitms are seen
essentinlly os repositorics of competence. And o, it is firms’ ability to acoumulate,
proteet and eventually deploy compelences o product markets that is seen as
determinative of their long-rin competilive advantage. Moreover, firms’ competence
endowments co-determine their boundarics, nulibly therr degree of diversification, |

|ni this sense, competencies are the key assets of firms, as knowledge capital, and
this asset is acquired and utilized strategically. And as such, firms
conceptualized in terms of productive stocks of knowledge capital, as the ability
1o do things with varying degrees of efliciency, are then clearly the basic unit of
analvsis.

It is thus clear that the competence perspective does not proceed according to
the Jogical format of a production lunction, but regards the nature of a firm to be
explicable in terms of the emergent and essentially dynamic resources that are
acquired as competence, [t is this competence that enables a firm to transform
mputs into outputs with varying degrees of efficiency, and it is the nature of this
competence that determines the sort of activities the firm can diversify into or
imternalize, Competence, thus, is the working (self-)expression of knowledge; it
s knowledge that has acted upon itself to reproduce itself.” Knowledge builds
competence and competence builds further knowledge, Brian Loashy calls this
wiral process ‘the growth of knowledge’.

I'he nature of the competence determines what docs and can occur internal o
the firm, distinguishing this from what must either necessarily, or is maore
cificiently, brought in from outside the firm, This is in part determined by the
resources the firm has acquired, as specific capital and the individual skills of
labour resources, but also, and arguably more importantly (Wemnerfelt 1984,
lL.oasby 1996) by the learning processes that have occurred within the firm, For
these leaming processes to oceur, and be effective as a strategic asset of the
firm, it is necessary that there be sufficient stability of the elements involved
(specific technologies, markets, employees, as such) for the compestence Lo
develop at the level of the [irm rather than the individual, Fixed-term contracts,
the ereation of seml-autenpmous teams, a commitment to certain technologies or
markets, and other such strategic devices may provide the necessary stabiliny to
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enable compelence o emerge, evolve and embed iself as an enduring asset for
the firm.

The point is that competence is @ phenomenon that exisis as stable or semi-
stable .connections between elements. It is dependent upon those elements but
does not reduce to them. Competence, thus, can only be analytically represented
in a non-integral space.

6.2.4 Production Functions and Systems in the Theory of the Household

Gary Becker (1976) conceived of a model of mamage as formally equivalent to
the neoclassical theory of the firm. This was expressed as the household
production function which represented the set of inputs employed to produce the
outputs, such as children, status, health and so forth. Yet in the same way thata
{market) production function is not a firm, a houschold production function is
not a marrige.

A household production function 15 a wvector field, as is any production
function. However in respect of those who have looked mside the black box and
then argued that a firm is in fact a system, the corollary is that a household is
also a system. We owe to Gary Becker the metaphor that gave leverage into this
territory. But that done, the next step is to follow through and re-interpret all of
the arguments that apply to the neoclassical production function as a model of
the firm to Becker's household production function as a model of marriage.
Which is to say that the same basic theoretical questions arise, and we can
peneralize the concerns of Coase et al. to the phenomenon of a household.
Excepting occasional prescient but ultimately passing heterodox comment (for
example, Casson 1982, Earl 1986), this has not previously been undertaken from
first principles, at least not in the sense by which Becker generalizes the logic of
a production function,

In other respects, this can perhaps be thought of as a second wave of
imperialism. The model of the houschold in the evolutionary microeconomics s
based upon an abstract equivalence with the competence-based theory of the
firm. The evolutionary theory of the firm (for example, Nelson and Winter
1982) end the competence-based theory of the firm both derive from the notion
of a firm as a knowledge-creating entity. And it is this basis, of an abstract
knowledge-creating system, that | sugpest fully generalizes to the non-market
contexit—that is, the houschold as & knowledge-creating sysiem—and provides
the keysione to an evolutionary microtheory of a production system. Which is to
say that the theory of the firm and the theory of the household are both
derivatives of a general theory of production, In this respect, competence is part
of the peneral theory (of production) and is then manifest in both the special
theories of the firm and the household. And as such, a theory of competence can
be constructed from the framework of an evolutionary microeconomics.
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6.3 The Evolutionary Microeconomics of the Houschold

Surrigge s popllar bocause i1 combines the maximum of temptiion with the

maximum of opporlunity.
{ George Bernard Shaw Man and Supersar, 1903)

6.3.1 On Agents, Marriages and Houscholds

mhe housshold can be modelled within the framework of an evolutionary
microcconamics. Bul 1o de so, we musl begin by conceptualizing the household
1 a combinatorial phenomenon. As a (irst approximation, consider Figure 6.3,
which describes two agents (M and F, generally V) forming & connection, The
resultant system of elements plus the connection we infer as a marriage.

M

Figure 6.3 A marriage as a system

Ll us suppose that agents enter into such a system by choice, and do so with
lung term strategic intentions. These intentions relate fo the expectation of a
stream of benefits associated with the system. These benefits can in part be
dlitained by other menns (for example, sexual or domestic services, equally for
hath males and females) but not generally {for example, males cannot typically
abitain children without such union). The questions of interest are: (1) how do
azents choose whom to marry; (2) how does the svstem then evolve, or, with
what specifically is competence associuted; and (3) in whal sense can we
describe the system as efficient? [ shall sharpen these questions in conclusion.

We represent each agent in terms of the general model developed in chapter
five, in which:

agent; < Q" (X ><qatin =<V IV T W S

Lach agent will bring 1o the union his or her resource and technology set, the
control algorithms and schemata as < 1 ZS(4) =< X P V' = The matching of
cooperation and exchange tags will be discussed in the following secnon. The
marriage, as such, is a multiagent (w0, + ). The basic principles of combination
are as such.
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The control sets of search algorithms (1) and the set of dynamic operators (X)
are such that the multiagent only requires one set of cach. If we presume that
these are approximately the same across all agents, then duplications of either
string will be redundant. As such,

A+ X =either X, or X} {6.1)
Yo+ ¥y =either ¥, or Iy

The set of schemata, P, can combine in three broadiy different ways. The first
way would be when one of the strings is dominant and becomes directly the
schematic preference of the multiagent. Such a case might be imaged where one
partner to a union contrals all judgments and decisions, with the other string
effectively redundant. Strictly interpreted, this is the neoclassical presumption;
like transfinite numbers (X' + ®' = N'), two agents with perfect information
and perfect rationality combined makes a multiagent with the same perfect
rationality and information (for example, see Samuelson 1956), However, with
schematic preferences such that each string is either specialised or incomplete
there will be substantial scope for gains in terms of the number of active
specialized sites by the operation of crossover, where parts of each string
combine into o new string (it will be a situation of a division of labour under
ncreasing returns, compure, Young 1928). This situation is represented in
equation 6.2.2, where the lirst half of string P.. plus the second half of string Py
combine to make a new string P In such a situation, the behaviour of the
multiagent is partly determined by cach agent, with this division according to
specialization. A compromise is made, us such, once and for all. A third
possibility is that the strings do not combine into a single string at all (as in 6.2a
and 6.2b), but remain in parallel. In this case, at each application both strings
would engage off-line and the ane that was by some criteria more successful at
that time would be engaped on-line without modification. Here, everything is
argued out, and if a compromise is an outcome (as in equation 6.2b) then it is for
that moment only.

P+ Pr = either P or Py (6.2a)
Pm+P|=Pj {621"‘]
P.+ Py = both P, and ¢ (6.2c)

The optimality of each strategy depends uvpon the context. In the first two
cases, the equivalent of one string is made redundant (an entire sring in the first,
two half strings in the second) and thus information is discarded. In the third
case all information is used, but this will be the most costly in terms of
[processing requirements, as twice as much information is being carried mto each
application. In a stable environment with low demands on information we would
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expect the first case to arise, with the best string operating entirely on behalf of
the multiagent. Cultural factors would be presumed to be significant in
determining which string was selected Lo represent the multiagent. Tn a more
information-rich, but still mastly unchanging environment we would expect
specialization to occur as in the second case, and with the division remaining
stuble over time, In an information-rich and turbulent environment, the third
situation would be more likely to arise due to the need to preserve as much
variety and potentially useful information as possible.

The resource sets of each agent will make a simple agpregate such that the
multiagent will have a combined resource pool (material assets, liquid assets,
children, etc.). This is represented in equation (6.3) below,

Vo b ¥r= Vi (6.3)

S0 far, marriage consists of a combined resource set and the possibility of
improvement in the agent’s schemata. While obviously significant factors, the
main  variable of interest from the perspective of an evolutionary
microeconomies will be the conjunction of the technology sets ES(A), and

YS5(A)y. The key point is that these do not combine in cither an aggregative or
partial manner, but enable the possibility of higher-level technologies that are
not decomposable into contributions of either agent but are a property only of
the multiagent. Such emergent combinations we term competence.

If the technologies of each agent are n-level systems then the competence of
the multingent, represented below by S{A), is an (0 + 1)-level system. From this
knowledge-based  perspective, a marriage is essentinlly 8 phenomenon of
combination, as & commilment to the mutual development of competence at the
level of the system.

S + S(AYr =[S + S(AY] + (), (6.4)

I'he multingent can be represented as such below.

a1 2 Vot B8 X Pa = (6.5)
ug 1 <Fp: ES(AY > < Xp: P Yy
e by = 1

Iy = me: ES{A}M.|-+ S{A]I g .rw[: .Fmﬂ': I'rn-u[}

T'he term S{A); is the emergent property of the multiagent, attainable only to the
multiagent, not decomposable to either of the agents, and thus lost when the
multiagent disaggrepates. Thus S{4); is a specifically comhbinatorial property,
and associated with connections that can only be made between agent systems.,
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Tt has been suggested that love is such & connection, in that it is not a property of
a free agent but minimally requires a bonded pair. Perhaps. But what | mean to
encompass by this term are all technologies (in the sense of abilities to produce
outcomes) that are attained by both agents cojointly but not possible to either
agent individually. Sex is a good example, as 1s emotional and physical security.
So too, in this respect, is emotional or physical violence (a3 negative
competence). However 1 would not include, for example, domestic services, as
such things are not emergent to the multiagent. In sum, the logic of the theory of
the household in an evolutionary microcconomics is to hypothesize that
multiagents form so as to build higher-level connections than attainable to any
free agent. These connections—S(4)—are the basis of expectation formation
regarding the decision to enter into marriage (generally, to enter a houschold
arrangement), and, equally, the failure of these to materialize. or to materialize
with negative value, would be the basis of the decision to annul a mamage. In
the evolutionary microeconomics, a marriage as & household is a specific
comhbinatorial product: a complex system.

The neoclassical theory of the household is different. Becker (1965, 1976,

1981) did not model marriage in such a combinatorial sense but rather in terms

of exchange. In Becker's theory, cach agent specializes in one form of

production (market or non-market) and each then exchanges the services of one

for the other as inputs into the joint houschold production function. The

household production function is a given technology. There is nothing emergent
to the union. As such, specialization can only be explained in terms of natural
propensities. For instance, Becker suggests that women are naturally endowed
for maternal care and thus would tend to specialize in non-market production.
The point then is that the market mechanism, as it were, would tend to reinforce
initia] differences—whatever their origin, biclogical or otherwise—producing
under optimal conditions complete specinlization, Thus the crux of the logic is
exchange and the gains from trade resulting from such exchange (Ben-Porath
1982: 61), The agents are otherwise fully independent (there is no joint product)
but nevertheless contracted 1o exchange their services only with each other. It
follows then thar-a marriage 15 explicable only in so far as it produces outcomes
that cannort be achieved by any other means. So if the rason d’etre of marriage
is to produce children, this is achieved by spectalized production and bilateral
exchange; which is of course equivalent in all salient respects to the orthodox
theory of the market process.

For Becker, then, the distinction between a household and & firm is the
production of, respectively, non-market and market goods. Thus a production
function that produces market goods is nominally referred to as 2 firm, and a
production function that produces non-market goods is referred to as a
household. Becker's emphasis, however, is not on the concept of 2 generalized
production system, but falls back entirely to the generalized concept of markets.
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Houscholds produce non-market goods, but the analysis treats these as if they
were market goods, That is the purpose of the generalized production function,
1o set the context for the generalized application of market analysis.

Biecker provides a theory of the choices made by a household, which Iz
nderstood to be a preference function and a production function in one. The
only act of choice, however, is the decision to form a household, It is this choice
that Becker infers as marriage, and not the resultant system. Household
formation is reparded as an expression of utility maximization, an act of rational
chaice in the context of a supposed market for mates. In the outcome of an
aptimal sorting, which invokes the usual field-theory assumplions, everyone
maximizes their utility functions by marrying their umiquely perfect mate.
Bilrgenmeier (1992: 115) notes that, *according o this interpretation, divorce is
simply the result of imperfect market information”. Two further abstractions
must also then be recognized: (1) there is no wncertainty, only potentially
mperfect information, and (2) de gustibus non est disputandum (Stigler and
Recker 19773, which in this case means that marriage changes nothing about the
pehaviour of the agents. These assumptions clearly spell out the nature of the
rousehold in the theory. For although Becker advances a model of what exists
matde the black box, the integral assumption is still immutably retained. The
umilateral rational decision to marry is a cost-benefit analysis to calculate the
optimal allocation of resources into a set of all possible (non-market) production
funstions. The equilibrium owtcome is this set of production functions, which, in
the instance of perfect information, is what Becker calls an optimal sorting, The
production functions are then presumably cenucted. The houschold is a
production function in the context of a field.

Becker prefixes his analysis of the household ‘the economic approach’. 1
supgest that there are two ‘economic approaches’; the neoclassical analysis of
household production functions in the context of a field; and the evolutionary
analysis of production systems in the context of a non-integral space. These
consider different aspects. The neoclassical framework s geared 10 study
choices in terms of exchange relations in a timeless environment. The
evolutionary framework is geared to study choices in terms of combinatorial
relations in o murbulent environment.” However this model does not produce
deductive conclusions that can be dircetly fitted against data. 1t is designed as a
simulation model, intended to reveal dynamic properties associated with
different settings on string values and sets of populations. Nevertheless we can
attempt to rough fit the mode! to a set of stylized facts to close in upon the sorts
of 1ssues that may be illuminated.
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6.3.2 Stylized Facts

There are a number of stylized facts and trends evident in marriage statistics in
Western nations. Although the evolutionary microeconomics is not primarily
intended to work with demographic data sets, or with ageregate data sets in
peneral, we can nevertheless discern the key aspects that the model (as a
simulation model) will need to explam.

First, there is a typically higher average age of marriage for those agents that
have a higher educational component. For 1980 New Zealand data, which in this
instance of differential is typical of Western demographic profiles, the mean age
of marriage for males engaged in production, transport and labouring
(accounting for 49 per cent of the total of first marriages) is 263 years, and is.
significantly lower than for professional, technical, administrative and
managerial at 30.2 years (accounting for 31 per cent of first marmages). This.
differential is clearly evident in demographic statistics of New Zealand over the
period 1881-1995 for both male and female,

Second, people now marry later and divorce more frequently. Furstenberg
(1996: 35) explains (for US Census data)

The medinn age of marriage has nsen from a low of 20.3 for women and 22.8 for men
in 1960, 1o 24.5 for women and 26,7 for men in 1994, The proportion of women never,
marticd by their late 2008 tripled from a historical low of 1% in 1960 (o a high of
33 in 1993, The divoree ratc among ever-marricd women mare than doubled
hetween the early 1960"s and the late 1980°s,

Again, this trend is typical of Western nations.

Third, the middle-class nuclear family that is presently conceived as being
under threat by the various social trends away from the formal institution of
marriage has not always been the norm and is presently evolving. It became the
norm in the developed nations in the 19503 as a stripped-down version of the
extended families of previous decades. The incidence of extended families in the
modern world is mostly confined to economic regions that have not followed the
pace of Western economic development, for example, Polynesia, South-East
Asia, China, India and suchlike. The extended family of past epochs has become
the nuclear family, and while this is still the modal household type in the
Western nations these marriages are typically starting later, finishing earlier, and
less likely to be formally contracied,

Fourth, most people marry eventusally. For American Censos Bureay data
and in the case of women, Furstenberg (1996: 35) writes ‘|iln 1960 594 percent
of women had been married at least once by age 45. The share in 1994 was 91
percent. In other words, the vast majority of Americans are stll willing to by
marriage al some point.” For Mew Zealand, much the same demographic profile
emerges with variations in the percentage over the course of the twentieth
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genmury but not beyond the 9093 per cent range (NZ Census data), So it is clear
from these demographic profiles that agents who actively choose not to marry or
cohabit, at some stage in their lives, actually constitute only a small percentage
of the population.

Fifth, a significant proportion of first marriages ends in divorce. In all
Western demographic data, there is a high rate of remarriage lor divorced
persons, and greatest for the 25-34-year cohort. This suggests a change in the
pattern of marital behayviour, in the direction of serial monogamy it would seem,
rather than a rejection of the institution of marriage per se,

Sisth, there is an mereasing proportion of ex-nuptial births in all Western
nations. In the United States, for instance, the proportion of births occurring ex-
nuptially has jumped from 5 per cent in 1960 to 31 per cent in 1993, The same
Census Bureau data indicates that the number of children living with single
parents has risen from 4 per cent in 1960 to 17 per cent in 1994, The standard
cconomic explanation for this change has most often focused upon the rise in the
market wage rate of women's labour, and therefore a fall in the quasi-wages for
spousal labour, inducing a substitution from non-market to market work (for
example, Grossbard-Shechtman 1995),

Seventh, there has been a large increase in the participation rate of women in
the labour market (for New Zealand statistics, see Maorrison 1995; for United
Ringdom statistics, see Rees 1992). There has been an associated narrowing of
the market wage differential between men und women (Lam 1997). And in
consequence, the dual-carcer marriage is now approaching the modal form of
the houschold (Sckaran 1986). According to 1996 US Bureau of Lubor
Statistics, the percentage of married couples in which both spouses work is now
& per cent, and at the same time dual-career couples represent 45 per cent of the
libour market.

Eighth, there has been 4 marked decline in what is known as ‘the marriage
prenvium’, which is the statistical fuet that married men éarn higher wages than
single men do (Daniel 1995), Married men are typically older, better educated
and have more stable employment histories than single men, but these factors
culy partially explain the difference. It is argoed that married men are more
productive than single men; ergo, marrinpe raises men’s productivity. But this
premium Is declining. Gray (1997: 487) explains, ‘the [ull in the marriage
premium coincides with the apparent decline in  specialization within
households, as the mean labour market hours [of working American women]
nearly doubled from 15 hours per week in 1976 to 28 hours per week in 1989",
He surmises that (ibid.: 501-2) ‘studies attempting to explain the existence of
the marriage premium argue that a state of marriage is associated with higher-
levels of unobservable skills’, so deducing that “the fall in the marriage wage
premium is attributable to declining productivity effects of marriage’, This is an
impaortant inference [or our present theary.
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50 there are a number of definite demographic trends OCCUIming
simultaneously, all impacting on the nature of the houschold. Women are
increasingly participating in the market sector; dual-career marriages are now
approaching the norm; the household division of labour is far less dichotomous
{and readily stereotyped); marriages occur later and dissolve more fluidly; the
wage-rate differential between marmed and single men is narrowing; de facto
relationships and single parenting accounts for an increasing proportion of
households,

6.3.3 An Evolutionary Economic Reading of the Facts
Furstenberg (1996: 36) argues that

Thi higgest stress on marrmge in the late 20th century is # transition from a clear-cul
gender based division of labour 1o o much less Tocussed one. The traditional bargain
struck between men and women—financial support i exchange for domestic
services—is no longer valid

Reciprocal exchange and the division of labour no longer seem to be the
dominant factors in the economic explanation of marriage. As such, | suggest
that Becker's exchange and field-based theory does not provide a suitable
onpoing basis for the analysis of the dynamies of the marriage institution. Given
its foundation in combinatorial dynamics, the evolutionary framework is more
appropriale,

But 1o make sense of such trends from this perspective we must recognize the
context in which they are embedded. Broadly speaking, the cconomic
cnvironment over this same perind has become more complex and more
turbulent (Pryor 1996). Which 15 to say thar the web of cconomic interactions
and activities hus become more densely connected. A marmiage as a household is
a complex system. The basic principle by which systems cope with an increase
in the complexity of the environment 1s by structural decomposition: that is, by a
reduction in internal connectedness. The evolutionary model locates these
connections in the set S(A), which are the high-level connections that define
competence, The competence theory of marriage argues that these connections
arc the principal explication for the phenomenon of marriage. Agents enter into
marrigge to share in the benefits afforded by marriage. These benefits are
synthesized by competence. Without this concept, theoretical explanation for
any documentsd instability of marmage must ultimately reduce to information
imperfections (Becker et al. 1977; 1143). The explanation is purely
microfounded in integral space; the environment is not an explanatory factor.

Competence, so defined, is the locus of effect between the interior intentions
of the agents and the conditions of the exterior environment. In a perfect world,
the agents might construct within the marriage system & complete set of
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connections at the S{A); level, They would fully become parts of a greater whole,
sharing m the surplus of gams from trade and aspectls emergent to the union.
This perfect world is easy to define. We simply must disallow informational
uncertainty and uninsurable risks. Becker et al. (1977) do this. and write as if
these factors were mere lechmical problems, with solutions vet 1o be fumished
by the market. But this misunderstands the cause and context of such
phenomena, Uncertainty, mformation imperfections, uninsurable nisks and
suchlike are all necessarily defined in a non-integral space. Compelence also can
only be defined in a non-integral space, Environmental wrbulence, in contrast to
random  exogenous shocks, is only defined in @ non-integral space. The
competence connections within a marriage are subject o the effects of such
environmental turbulence, And it scoms thal with changing environmental
conditions, the nalure of competence has also changed. [ cannot offer irrefutable
conclusions, but anly a way of making sense of these stylized facts in werms of a
lramewark that deseribes what is netually changing and to suppest some reasons
for why this change is occurring,

The hypothesis is o restatement of the general principles of complex systems
theory. Systems adapt to environmental turbulence by weak connectivity, which
is o reduce the causal connections between a subsystem and all other higher-
level systems. Simon (1981) called this “structural  decomposition’. The
exchange-based model of market und non-market specialization is 8 model of a
rigid structure. A marringe, as oo system, and like all adaptive systems in
changing environments, needs to be flexible to survive. It must be capable of
adaptation to a range of unforeseen comtingencies.” Weak conncetivity, or
structural (topographic) complexity, is the general principle that enubles this to
oweur most efficiently, Yet there are o number of dimensions (o this, which we
may relate back to our stylized Facts,

One, it is o well-known prineiple of design that svstems operating in parallel
are much more robust to environmental contingencies than systems operating in
series, which exhibit extreme sensitivity to disruption of eritical connections.
This is the primary 1isk associated with complete specialization and locked-in
bilateral exchange: if one partmer becomes unemployed, or is rendered unable to
perform his or her contracted duty, the entire system is threatened. Dual-carcer
marringes are instances of 4 system organized in parallel, such that in the event
that one partner becomes unemployed he or she is effectively insured by the
uther partner, and the system as a whole is not threatened. The faster the pace of
technological change and economic evolution in general, the greater the
incidence of career volatility and thus the more likely we would be to witmess
dual-career marriages,

In a related manner, critical connections interior to the marriage, as
assoctated with things such as sex, devotion and emotional intimacy, are
connections that can be broken with catastrophic effect, As connections berween
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the elements of the syvstem that vicld veturns, these are identified as
competencies. The competence will be lost if critical connections are either not
made within the system (for example. lack of devotion or intcrest, emotional
coldness) or are expressly made outside the system (for example, infidelity),
When these relatively critical connections either fail to materizlize or materialize
in the wrong place, all other connections are threatened. Strategies to minimize
such risks might involve prolonged search and periods of de facto living
arrangements, as evidenced by the trend to later marriage and the increasing
propertion of ex-nuptial births, but also stratcgies that effectively make such
connections less critical. It is almost impossible to get reliable demographic
profiles (celebrity profiles are another matter) on the extent of extra-marital
affairs that do not end in divorce, of the incidence of open marriages, wife-
swapping and such phenomena. The hypothesis would be that for lifestyles
where both partners regularly come into contact with many other people (typical
of affluent urban lifestyles) then the marriage system would adapt by making
such connections relatively less critical and in doing so increasing the flexibility
of the overall system.

Two, competence in relation to the non-market sector has been significantly
uffected by changes in the technology of consumer goods and services, and
particularly since the 1950s. In cffect, domestic or non-market production does
not really require full-time specialization and is more akin to a luxury good, or
perhaps even an article of conspicuous consumption. It is unclear, however,

whether this implies resources freed up for the development of a specific other

competence, or, on the other hand, whether the form of competence itself has
evolved towards the manngement (rather than the labour) of a houschold system,
In this respect, the stylized nuclear family was itself an adaptation made possible
by the growth of wealth and technology, and there is no reason 1o suppose that
the full effect is spent. The structural form of the houschold will be in significant
part determined by available technologies, the techno-cultural milieu as it were,
with the trend towards smaller more mobile household systems a reflection of
the extant value of the flexibility afforded. These developments make possible
different forms of competence, which is not the same thing as the loss of
competence aliogether,

Three, in the cvolutionary microeconomics the process of selecting a mate is
a mapping of schematic preferences to cooperation tag sequences. Each agent
will display a set of characteristics in the £ tag, and these will be mapped to £~
of another agent, which, as defined in Chapter 3, is actually a siring in the set P.
Most people eventually mamy or cohabit, and therefore most will be engaging
search routines with the aim of selecting a marte.

Consider the search problem. It is reasonable to suppose that each agent can
only commit to & limited scarch for computational reasens and scarcity of
resources that can be devoted 1o search. A trade-off, thus, is forced berwesn a
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wide and shallow search (over many potential mates but superficially) and a
parrow but deep search (undertaken over fewer parmers, but revealing more
characteristics). Figure 6.4 illustrates this distinction.

A wide and shallow search A narrow and deep search
= iR = < abeditfiti =
< bidiiig = = nhotelild >
= D =
< icletiig >

= iftthiiroh =

Frgure 6.4 Alternative learning strategies for schematic preferences

In hoth instances the agent acquires ten active sites, but in the first case the
agent has searched through the space of variety, and thus may have acquired
mformation on which characteristics are imporant, but he or she has |ess
mformation about how these characteristics combine, The other strategy his less
information about the varicly of characteristics but more information about the
depth of combinations, Eaeh strategy reveals difTerent kinds of information. The
wide shallow search reveals the range of eritical elements but nothing about how
they combine. The second strategy revenls the opposite. In practice, we would
cxpect agents 1o begin with wide shallow searches, then, once critical elements
are identified, to experiment with more in-depth scarches based about such
characteristics, However, within this adaptive learning model it will not be
nhvious when proficiency has acloally been attained to make the decision,
Furthermore, if agents switch to the deep and narrow search too soon they may
be exeluding many potential mates because they huve not sufficiently learned to
recognize cerain desirable characteristics, The problem here is not only tag
matching, but also tag interpretation. The same tag may be interpreted in many
different ways, For example, a Rolex watch may be a tag signalling u large
resource set, but then fakes are dilficult to detect, and indeed others may well
interpret it as a tag for the characteristics of arrogance and self-indulgence. As
such, it is a plausible hypothesis to associate Jonger periods of search and the
ingreasing incidence of marriage smnulment with the increasing difficulty of
interpreting the signs in 4 more heterogenzous population of rapidly changing
sigmals. For a more general consideration of search and leamming m evolutionary
environments, see, for example, Dosi et al. (1997},

Such considerations of tag construction, marching and interpretation are not
unique to the ‘marringe market’, and are equally applicable more highly liquid
realms of interaction such as Blue-Chip stock markets. Indeed, it may well be
that it is the extent to which such markets have developed efficient and waorkable
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tag construction, matching and interpretation mstitutions that is the essential

feature that accounts for the liquidity (and therefore the function) of these
markets.®

6.3.4 The Household System and the Complexity Constraint

The framework of evelutionary microeconomics allows us to confront new
guestions. An obvious one concerns the changes m the average size of the
farnily in the context of technological change. The question is this. Why, givena
vast increase in material wealth over the course of the twentieth century by the
cumulative effect of the growth of technology, and thus by assumption
increasing resources for the production of children, has fertility actually fallen?
Why are familics with more than five or six children so rare? This cannot be
explained biologically. For although the sometimes expectation of annual birihs
for many successive years is now mercifully, in most developed countries at
least, a vestige of past centuries, this lowering of fertility is not a biological
consequence but an exercise of choice. It is & choice, and therefore within the
province of economics,

In the theory of markets, choice is constrained by scarcity such that for
narmal goads a shill outwards in the resource constraint monotonically increases
the quantity of goods chosen. If children are just like durable goods, as Becker
supposes, this theory does not make sense of the overarching fall in fertility over
the twentieth century. 1 suggest that the prime determinant is not the material
resource constraint (or a shift in preferences) but what we mav term the
‘complexity constraint’,

The complexity constraint is a hypothesis to the effect that beyond a certam
point the complexity of the resultant system becomes too much to be viable, The
evolutionary microcconomics suggests that the opposing (and in this domain, by
implication, stronger) effect of wealth-creating technological progress is 1o shift
the complexity constraint (threshold) 1o lower levels of fertility. The precise
nature of the complexity constraint will of course vary according 1o
circumstance. But the underlying topographic principle is clear. If we initially
suppose that clements are family members, then as the number of elements (#)
increases with the arrival of children the number of potennial connections (k)
within the system increases as a combinatonal function (ses equation 3.4) and
the number of distinct systems rises according 1o the equation s = 2" In simple
terms, and ignoring for the moment issues of synergy and increasing returns,
each extra dependant increases the potential complexity of the family sysiem.
This is in addition to the increase in elements brought by technological progress
such as domestic appliances, vehicles, finance, leisure and health services, and
so on. Technolopical chanpe and the subsequent increase in per capita wealth
has increased the number of elements that comprise the honsehold system. Other
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things equal, the complexity of the household system has increased m its
combinatorial aspect. It thus scems reasonable to hypothesize that the reduction
in fertility in developed nations is a consequence of technological progress so as
0 maintain the household system within viable limits of internal complexity.

The difticulties of coordinating a large houschold are readily apparent. The
logistics of child-care, shopping, health maintenance, ferrving to and from
<chools and extracurricular activities and suchlike are all made more
complicated both by extra children and by a vastly increased range of services in
this domain, Technological progress has certainly increased the quality of such
services and support but at the same lime it has, by increasing the number of
clements in the houschold system, also increased the number of potential
connections by a much greater factor, This increase in complexity must be paid
for somewhere, and the immediate choice available to us is to reduce the number
of clements in the system (sce also Akerlof 1998). | suggest that this makes
sense of two stylized facts; both the fall in the fertility rate (reduction in number
ol children), and the increasing proportion of single-parent families (reduction in
the number of adults),

A curious counterpoint is that we do not often witness a reduction in the
number of material elements, which would also be a strategy to reduce the
complexity of the system. Why is this? 1t would seem that to do so effectively
requires a mass coordinution effort, something undertaken at the community or
higher-level, due to the largely network nature of most goods. Communication
services, media, health, education and so forth are all organized and coordinated
on a scale that does not easily decompose. Laws prevent parents from opting out
af the education or health systems, and media effects prevent parents from
apling out of mass-marketed phenomena (think of the mass influences affecting
choice of Christmas or Birthday presents), If you own a house or car, you are
mvariably locked into finance and insurance webs, In essence, il s ulmn:,:l
impossible to individually pull out of the economic system's web and is
seemingly only possible if done as a community movement (for exnmiz-lc.
communes of the late 1960s, for instance), The individual chuices are in effect
limited to a reduction in the number of people, either children or adults.

To explain the decline in the marriage premium, one need simply urn the
argument around, 1t is single households that have become more efMcient, in
consequence of the fact that they are not usually near the face of the l:nmplt?iit}-‘
vonstraint, and thus can often add new {productivity-enhancing) connections
without overloading the system, o

A microceonomic explanation of population dynamics and demographics s a
patentially highly fraitful area for evolutionary microeconomics, and | believe
there is much interesting work to be done in this area. In particular, connections
are like investments over time, in that unlike normal goods (glements) for a
connection to cxist it must be continually reinvested in. This occurs in time, as
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for example, maintenance of connections within an extended family, or business
community. When we commit time to the development and maintenance of such
connections we forgo the oppormunity to develop comnections elsewhere
(opportunity cost). Questions of interest anse regarding the competition between
business and family connections and the formation of sub-culture affiliations
{tor example, gangs or clubs and suchlike), Such questions can be relatively
easily posed in the language of an evolutionary microeconomics and are
investigated by simulation techniques with differing initial distributions of
connections and parameter settings on the entropy of connections.

6.3.5 Conclusion: The Competent Household?

The microeconomic framework of en evolutionary theory of the houschold is
principally based about the existence of competence as system-level connections
and the nature of the choice process leading to marriage is based about heuristic
search and tag matching, The extent of environmental turbulence is a key
parameter determining the structural form of the household system.

I suggest that we can define a research programme on the cconomics of the
household in terms of the framework of an evolutionary microeconomics. The
subject malter certamly overlaps with sociology. But so too with psychology,
anthropology, law, heuristic decision processes, complex systems theory and the
theory of the firm. We are interested in the same basic questions that motivated
Becker to enter this domain: that is, 1o explain the choice process that leads to
marriage and to explain phenomena connected to the gains from marriage, These
are rightfully economic questions, but they can be approached with different
economic framewarks, We can study the phenomenon of marriage from either
an integral or a non-integral perspective. Becker's ficld-theory framework draws
explicitly upon the theory of preferences and the presumption that a market for
murriages exists. It is therefore geared to study questions relating to the
allocation of the surplus from marriage and optimal pairings of agents (optimal
sorting, gua market equilibrium) in the context of an integral space. By
definitian, it can tell us nothing about structure, emergent properties, the effects
of different environments and the sipnificance of uncertainty. This is the domain
of evolutionary microeconomics, and in this section 1 have endeavoured to take
some first steps towards n theoretical analysis.

This task will properly require simulation modelling of a population of agents
as defined. with a variery of settings in the resource, technology and schemata
strings. Such & model would be geared to understanding the relative range of
flexibility of various systems, and the factors which are most likely 1o induce the
formation of competence, and the conditions under which this is stable. Such
models will flow most naturally from elabomstion of the competence-based
theory of the firm.
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6.4 The Evolutionary Microeconomics of Knowledge Production

There is a certain abstract sense in which we can speak ol a production function
for knowledge. We may suppose that a guantity of researchers and equipment
ilabour and capital) will be expeeted to produce a certain output quantity of
knowledge (inventions, design concepts, journal articles, patents and so forth).
BBut those who have actually investigated the economics of corporate research
and development (R&D) and the economics of innovation processes, rather than
simply modelling it as a patent race, generally argue that things are much more
complicated and subtle than that. In the study of technological change the black-
box model of a firm as a production function has very little serious application.
Such studies typically tend nstead towards case-study methodology, or, more
recently, evolutionary-based theory.

The reason why investigation into this production activity cannot make much
use ol preduction functions is simply that production functions exist in an
mitegral space. In such a scheme, there lies before the agent a field of potential
knowledge and the agent must decide upon the quantity of resources to spend
upon its excavation, Expected benelits are balanced against expected costs and
an optimal quantity of knowledge is produced. The irony is that research into
such research is regarded as research. What must be realized instead is that both
the 1ools or inputs of research (such as theories, paradigms, collaborations, data
analysis) und the owtputs of research ure essentinlly objects in non-integral
space.” A production function, and the muorginal analysis it entails, is simply the
wrong tool for elucidation of the dynamics of the process which, as Robert
Sulow alighted upon, is argunbly the very seat of the material development of
our economies, | suppest that the evolutionary microeconomics, with its
conception of a production system, i§ o more appropriste framework under
which to organize research on such questions,

Such research is already well under way, and there seem to have emerged
three overarching issues: (1) that relating to the nature of the knowledge
product; (2) that reluting to scale and scope; and (3) that relating to strategic
behaviour of the firm with respect to this product. The first issue turns on the
tact that such knowledge is often cither facit or easy to replicate once
discovered, both of which make property rights difficult fo attach and enforce.
Further to this, there arc oflen major coordination issues associated with the
establishment of standards (Hawkins et al. 1995), These issues largely relate to
policy (Hall 1986). The second issue concems the geometry of production,
which is a characteristic concemn of the Neo- and Post-Schumpeterian schools.
The issue here is essentinlly whether size matters in terms of both the
capabilities to produce new knowledge and also the incentive to do so. The third
line is more directly concemned with how firms actually behave, and confronts
issues such as [irst-mover advantages (compare, free-riding). leaming curves,
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management and strategic alliances. I there is 2 major conclusion across such
studies it is that the production of knowledgze is conditional upon the firm
building specific capabilities, or competence as it is now mors commonly
referred to, to handle that knowledge. This involves many faciors, such as the
gathering of complementary assets, the establishment of inter- and Intrafirm
coordination, appropriate management systems and generally things that m
abstract amount to making the right connections. What we are referring to then
is @ knowledge production system. As such, if we frame the issue at this higher
abstract level, then the evolutionary microeconomics can be applied. To make
effective new connections (the output) the firm must first have in place a set of
connections which we term competence. In other words, higher-level
connections guide the development of lower-level connections. At this level of
abstraction, the innovating firm is in the same class of dynamical objects as
scientific research programmes,

Philosopliers of science have drawn from the history of science theories about
the nature of knowledge production in terms of high-level frameworks. The
works o Thomas Kuhn (1962), Imre Lakatos (1978) and Paul Feyerabend
{I978), i prme instance, are all essentially evolutionary theories that
emphasize that the primary organization of the production of knowledge is in
parallel. The overarching image herfe is of a set of productive enterprises
(porndigms, research programmes), each wsing different technologies (theories,
frameworks) o produce knowledge in the form of models that variously predict
or explain, These are high-level connections guiding and constraining lower-
level connections.

The connection between the growth of scientific knowledge and the
behaviours of innovating and knowledge-creating firms has been made clear by
Brian Loasby (1991). Lousby links these realms with the concept of connécting
principles. He argues that knowledge production in general requires that
knowledpe be able to be coordinated, that it be commensurable, which is the
function played by high-level theoretical frameworks in academic research. In
so doing, Loashy is drawing emphasis to the crucial importance of coordinating
webs or nerwarks that are the necessary condition for the growth of knowledge
to oceur. Researchers studying innovating firms have recognized this in specific,
The philosophers of seience have argued this point in general. But as of ver there
is seemingly no general theoretical framework with analytical bearing that can
link all such understanding  together. The framework of an evolutionary
microsconomics is precisely adapied 1o represent these connéctions analytically,
connecting, principles or competence, and 1o examme the consequences of
changes at the higher-level an the lower level ar vice versa

Consider the production of scientific knowledee. et us suppose that the
agents or elements in this process are individual researchers described by the
general modeal below,

=l
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I represents the resource set, which in this case is the models and concepts and
suchlike that the agent can access. Formal training would supply such stocks.

L5(A) is the technology of the scholar, his or her ability to make connections
hetween these elements and also other clements (such as data). It is the making
af these connections that constitutes knowledge and the discovery of new
connections is the principal goal of the researcher. X and ¥ are the methods for
cenerating new C‘candidate solutions’, by which dgents search for such
knowledee. The agents evaluate these with their schemata, P.

Agents can do one of two things to produce new knowledge. They can search
the space mterior to their own set F, seeking to make new connections between
concepts, theories and data that they already possess, or they can seek to make
connections between elements that they hold and elements in other agents’
resource or technology sets." The lormer is called the deductive method and
proceeds by logically following the consequences of axioms (primitives in the
set 19, This produces knowledge, However secking connéctions outside the set
I' poses a major problem not faced by the deductive method, namely the
problem of commensurability, The problem is: how do we know that we all
mean the same thing when we refer o the same thing? 11 s here that the concept
af a research programme or parsdigm comes nlive. A research programme is
cysentially a statement of the sorts of connections that can and cannot be made.
It establishes the conduits, as it were, between elements and protects these by
refusing entry 1o the network to any ngent who does not agree o the prineiples
by which the network is structured, These are the hard-core propositions. In
terms of an evolutionary microeconomics, they are the competence connections,
and neeur at the S(4)™" level of the production system. Scientific revolutions, or
parudigm shills, are abstractly o change in such connections; a reconfiguration
ol the geometry of research space, if you will.

There are many other aspects of such a model thit may be considered, for
instapce we may inquire into the processes by which connections ossify or
frugment (how does the hard core harden?) and the consequent affects on the
dynamics of the growth of knowledge (what is the opographical nature of the
attractor basins associated with different hard cores?). These are unanswered
questions, but the point | make is that they can at least be posed within the
framework of an evolutionary microeconomics in consequence of the key issues
buing essentially statements about the existence, structure, suitability or
flexibility of connections. 1f there is ever to be a general theory of technological
innovation or the production of scientific knowledge (or more ambitiously, a
zeneral theory of the growth ol knowledpe, corporate and academic) then we
must first comprehend the systems nature of such an evolufionary process,
which is essentially an interplay between distinct levels of connections.
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6.5 Conclusion

This chapter has cut some first steps towards a general theory of production
systems in terms of an evolulionary microeconomics. In this respect, it is
parallel with and ultimately complementary to orthodox microeconomics, which
defines a general theory of market exchange. [ have endeavoured to emphasize
the division of labour between the two general frameworks of microeconomics.
And although [ have not provided a definitive analysis that might demonstrate
the theory, as the means of this is something that is still in the process of
development, what T have outlined are the principles by which such simulation
madels will be constructed.

The main point | hope to have made clear is that at the centre of a general
theory of production systems is the concept of complex competence. The
analytical concept and mathematical framework of complexity are very new, as
is the concept of compelence in relation to the theory of the firm. In order to link
these key theoretical concepts together we must define competence in a non-
integral space. | have defined competence as the connections that can be realized
and stabilized between the elements of a production system, For a production
system to be efficient in terms of evolutionary dynamics the competence
synthesized will be, by hypothesis, complex,

There remains much to be done before we have rigorous theory and useful
models, There is little use here for aggregate data normally employed in
gconametric investigations, The data requirements for this programme are dis-
aggregated micro studies of the units of analysis (for example, firms,
households, research progrummes) with particular antention to the nature of
compelence,

MNotes

' Demsetr {1997; 426) explains it thus “Neoclessical theory’s ohjective is o understand price
guided, nol management guided, resource wllocation, The firm docs not play & central fole in the
theory. It is that well known *‘black-box"’ intn which resources g and oot of which 2oods come,
with little attention paid o how this transformation is accomplished’. Which is 1o say that such
theorists of the firm do nor actually siudy firmie—as Marchall spsseced (1949 21 §p—bul mmther a
set of comtinuous and often lincar mathemarical forme called “the theary of the firm”

* For instance, in Wint's (1993a) edited volume Evolurionany Econdnilcs, of the 25 papers gathered,
Wl but thres e focused either directly. or by leading examples and spplications. ahout firms,
technolegy, nnovoetion, entrepreneurship or institutions.  Hodgson's (1998) Foundaobions of
Evehutionnry Economics 18- 1973 has simalar statistice with only onie of the 22 fexts addressed w
consumer or distributionaf conecms.
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" Compure Young (1928) on the effect of increasing retums (on the demand side) working through
the division of [shour simultinecusly as  indestrial cvolution and economic growth  {ses
Gmenawegen 14999),
1y will also be noied that a distinclion bélween inputs as capital and inputs 25 commodities {5 also
realized in the evolutionary theory ol the firm,
' (On the foundations of the compelence porspoctive, sce Lippman and Ramell [1982). Demsele
(1GRE. 199TY. Elinsson (19900, Praliad and Hamel (1990, Lunglois (1992, 1996}, Dosi and Malerba
RE

11 % perhaps prescient to note an this stage that the sludy of acquisition and merger in firms can be
seefirlly thought of as a kind of marringe, and one that might proceed or not and subsequently
speceedd or Tall o atherwise for cssentinlly The sume reasons s indicated here.
T As Hecker et ol {1977 1144) concede, “the majority of divorces results from uncertmnty s
untavorabie outcomes and, therefire, would not occur inon waorkd where ootcomes could be
anticipated
v l-_-.u:;a it be thar efficient markels have more (o do with well-defined wd institutionalized tag
mateling than the mwch losded bor lele woderstood principle of universal free competition” See
1 achmann {198GY, Hodigon (1988), Bort (1992) and Callon (1997),

A contorence or discussion group, for instinee, oo nelwirk object, connesting many researchens
about w specific locus, By construlning the generation of varicty to n specific subject matler or
e, o even @ spectite vy of Tooklng ol o prablem, a steady focus is thereby schieved 1t is
fmpartnd L kizep i dnd that scienee does ol work by simultaneously connecting everyiing with
cvorvthing else, but mthee by quile deliberate and sometimes strenuous restriclion To gllow only a
fzw things 1o be connoeted ot onee,

Ui this way, and using the scademie comext, we can distinguish between joumnal articles as
krledae elements which can be nequired by agents for the cost of teme and ellort from the market,
ay it were, and phenomens such as conlerences and collaborations, which are more akin o
tempoesry mTinges, Agents meet i sueh clecomstonees with the blealized purpose of forming
putentially valunble igher-level conneclions tat cannot be obtaiaed otherwlse, David Ladge’s
acidemic romanee” Seuel! Workd caplures this e clegantly.
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7. The Theory of Expectations

We must discontinue the practice of treating cxpectalions as if they were ultimate data
wndl treat therm as what they are—variubles which it is our task lo expluin.
{Joseph Schurnpeter 1939, Vol 1: 55)

7.1 Introduction

Two elemental propositions now underpin the evolutionary microeconomics: (1)
thit the economic system is a complex open adaptive system; and (2) that the
essentinl behaviour of this svstem is endogenous change and sell~transformation
{in historical time). For the greatest part, self-styled evolutionary cconomists
have concentrated their attentions upon representation and analysis of the
svolutionary dynamic, an approach complicit with the core Schumpeterian
aotion that in market-based eapitalistic economic systems, change is the normal
state of affoirs. Given this, it is perhaps curious that the question of how agent
behaviour then reacts to the possibility and indeed inevitability of such change
fias remained an issue mostly peripheral to the theoretical scheme. There 15 a
conspicuous gap in the rescarch programme—there is no definitive evolutionary
theary of expectations. This chapter attempts to construet the first principles of
an eyvolutionary theory of expectations, and one that will then link to an
cvilutionary macroeconomics.

The basic idea is twolold. From the perspective of the individual agent, we
recognize that agents use internal models to process environmental signals into
expectations, These production systems are represented in a multiagent
simulution framewark as schemata (Holland 1995, Epstein and Axtell 1896),
which are sets of strings that operate as a kind of algorithmic suite. Agents are
heterogeneous and capable of leaming (Arthur 1993, Lentau and Uhlig 1999,
Ricchmann 1999). But an evelutionary theory of expeéctations involves more
than just a refinement on the theory of agent learning to incorporate expertise. It
must ultimately make sense of two deep but related insights, namely that
preferences are themselves expectations and that expectation formation 1s 2
distributed process. (In this sense, the theory of knowledge production in the
previous chapter leads into a theary of cxpectations as conjectural knowledge )
An evolutionary theory of expectations will also, when fully developsd, become
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a theory of endogenous conjectural preferences. T do not achieve that ultimate
synthesis here. Wevertheless, we can proceed with the initial notion that
cxpeclations form over a network ensemble as agents incorporate the expertise
of selected other agents. The dynamics of expectations (and of preferences) are
the dynamics of a complex distributed network process. Alan Kirman (1997¢:
346-T7) recently expressed the following view;

What seems to me fo be the most important factor o consider whan studying
¢conomics in terms of networks is, not only how behaviour changes as apents interact
through o nelwork, but also how networks themselves eviolve. What one wants is that
links should be reinforced by good experience and weakened by bad, Very little has
been done in s are In economics.

Expectations are an instance of a network structure par ercellence. The
attitudes, beliels, hypotheses and comjectures. our world-views (or WORLD
sonEL, as 1 will denote them here) and other such knowledge structures are
products of local, discrete interactions. The standard approach is of course to
conjure an information set with carcfully defined set-theoretic and topological
properties before endowing it upon the agent, It usually passes without remark
that this imparts a degree of epistemic precision to expectations that is simply
untenable. A major problem with the standard abstraction is that it fails to
account for the fact that information always has a discrete and local origin: when
we have information it is because someone or something communicated it to us
(deliberately or otherwise). It is a small step from there to note that this process
may well be highly complex, with many intermediate layers of filtering and
amplification, all intermedisted by schematic representation. The cognitive
seientists assure us that this is indeed so.

An evolunonary microeconomic theory of expectations must therefore aim to
synthesize this notion of complex heuristically defined, partially specialized
apents situated in a variable network context. The crux of the framework that [
propose is the notion that agents build intemal models of the external
environment. That much is orthodox. The heterodox spin is that these models
are autonomous production systems that undertake many functions besides
expectztion generation. But to explore the implications of this, we need to first
build & multiagent simulation medel; 1 do not do this. The objective of this
chapter is simply to consider some of Lthe main issués in building such models
with epistemic componentry. In Section 7.2, | shall consider the epistemic nature
of expectations. Sections 7.3 and 74 will examine the relation between
expectations and probahility and between expectations and plans. In Section 7.5
the connection is made between expectations and expertise. In Sections 7.6 and
7.7, a proposal for modelling expectations as the distributed interaction of
intermal agent models is sketched. Section 7.8 concludes,
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7.2 'What arc Expcctations?

Expectations are of course a Swedish invention, and crucial to any
understanding of the nature of money.! However there is more to expectations
than the theory of Swedish money. Keynes (1936/1971. 1937) thought
expectations imporant to explain mass movements in consumption and
investment expenditure. Much of what Kewvnes said was subsequently
gssimilated into the mainstream (see Hicks 1939 but not his theory of
expectations, which was doggedly misunderstood (sce Townshend 1939 on this
point). George Shackle (1958, 1972, 1979) thought that expectations presented a
deep theoretical and epistemic challenge. But Shackle was always rather too
much for many economists. who by and large preferred not to be challenged
cpistemically. And so his writings were largely ignored, excepl for the other
oceasions upon when they were misread (see Earl 1998 on this matter).
Georgeseu-Roegen's (1958, 1971) obligue study of expectotions  suffered
siilarly. Both clearly saw that the Tramework of positivism was ill-equipped to
handle the epistemie and evolutionary-dyramic implications of expectitions as
ciignitive byproduct. Katona (1951, 1960) thought expectations’ might be
mueasured, but others quickly recognized that it would involve a lot of empirical
survey work, and, nefariously, smelled a bit too much like sociology. Debreu
{1959) had elegantly solved the problem anyway by assuming markets all the
way to the end of the universe. Lucas (1972) saw that éxpectations are a
property of agents, and thus argued that all macrocconomics must incorporate
this: he lolded macroeconomics back into microcconomics along the seam of
expectations,

The problem with expectations is trying to figure what they are and where to
put them in a scheme of annlysis. There are a number of options; all perverse. If
expectations are ignored completely, then economic analysis becomes
hopelessly static, If they are treated os unambipuous dota, then analysis becomes
woefully deterministic. If they are [ixed o ratlonal apents, then macroeconomics
collapses. IF they are trcated as conjectural inference, then optimization
collapses. 11 they are supposed to be measurable, then positivism collapses, If
they are permitted, then imagination, leaming and novelty must also be
permitted, 1f they exist, then a mechanism for penerating them must also exist. If
they exist en musse, then this implies some distributed network or field through
which they are coordinated. This imphes interdependence, which suggests self-
organization and reflexivity, The point is this: the way in which expectations are
reated is not an addendum to an otherwise well-defined analytical framewaork,
but effectively determines the ultimate nature of that framework. For this reason,
expectations are a subject matter deserving a much deeper consideration of their
oniological and epistemic basis than is usually afforded. In other words, rather
than beginning with a macrosconomics and then grafling a theory of
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expectations on to it, we shall instead begin with a theory of expectations and
attempt to grow a macroeconomics from it

The way that agent expectations have generally come to be treated in the
standard conceptions of economic theory and modelling is stmply to fit a further
vector to the mformation set. Mathematically, this is @ conventional and
relatively unsophisticated treatment that does not affect the hard core of the
research programme, or alter the formal perception of the geometry of economic
space, which remains in £". This treatment is prima facie acceptable, as it takes
the aspect we are sure of, namely that expectations are an input into the moment
of choice, and suitably abstracts from the aspects we are not so sure of, which
encompass the nature of the production system that constructs expectations, the
inputs into this process, and the geometry of the total network of interactions,

In the standard mathematical treatment, an expeclation is 2 construction built
from elements of the theory of probability. The mathematical expectation of
some variable X, denoted E(Y), is a weighted average of »n possible siates of X'
with probabilities /' used as weights, such that:

E(X1=ZF.Xn

At least three operations are required 1o map the concept of an expectation into
cconomic theory, First, agents must construct a list space (X), which defines the
set of all possibilitics. Second, each of these possibilitics must be weighted (P).
Third, the array £ = PLY) must then be interpreted. From s computational
perspective, this implies the existence of some creative/search operator that
constructs X, a rational/mathematical operator that subsequently constructs P,
and a cognitive/heuristic operator that translates their product (£) into the space
of behaviour via some framework of interpretation

The construction of X' is in an important sense unconstrained. For reasons of
both bounded rationality and inductive insufficiency, it is impossible 1o ever
know whether X' is a complete list, In consequence, the individual elements in Y
need not actually have any formal relation o one another. However, some
necessary logical structure 1s imposed upon P: (1) there must be as many
elements in P as there are in X} and (2) if expressed numerically, such that the
weights are interpreted as probabilities, the elements in P must sum to unity.
When this occurs, the outcome s an expectational armay that can enter into
decision making (for example, as in subjective expected utility theory). Prior to
this, we may delimit the various expectational schools of thought with respect 1o
their definition of the two rudimentary constructs P and X

The standard approach is of course the New Classical theory of rational
expectations, which 1s properly considerad a development over the necclassical
theory of expectations, which originally orientated expectation formation with
the assumption that the funure value of a variaklz will be some function of past
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values of the variable in question. Fisher (1930} defined an expected inflation
proxy as a distributed lag from past values. Cagan {1256} introduced the concept
of adaptive expectations using an exponentially declining lag structure. This sort
of approach was refined to account for such things as emor comection
iMeischelman 1962), and a varigble lag structure (Friedman |959). Muth
{(1961), and later Lucas {1972}, introduced the concept of agents using current
models to make projections about future variables. In this scheme, future values
nf a vanable were now related not to past values of the variable, but to
contemporanenas values of other economic variables within a closed-form
model, The orientation changed but the basic presumptions have remained the
same. The agent as such was assumed o use an ecconomettic model to form
expectations rather than merely using some technique of extrapolation. For the
subjectivists (for example, Savage 1954) the weights are not actually attached to
evenly or varinbles but rather to ‘states of the world® (see Lawson 1988: 47),
Mevertheless, in all such cases the list can be exhaustively constructed and
weights (as probabilities) attached to something.

The rational  expectations  (RE)  fromework  makes a  number  of
simplifications. The essential assumption is that the construction of bath X and 7
is a simple, costless, timeless, computable calculntion of £, Furthermore, it is
supposed that in the apgregate (and in the long run) ull agents converge upon the
same set of expectations. It is implicitly assumed that there is nothing
fundamentally interesting to be said about how agents actually caleulate
expectations, (Many centuries ago, physicists made the same sort of
presumption whowt how particles experience forces.) By this presumption, then,
the nature of these constructive methods and cognitive computational operations
remain entirely within the so-called black box (compare, Leibenstein 19749). RE
15 nat a theory of how expectations are formed, but rather is the theoretical
conjecturing of an ex gmfe dala set consistent with the assumption of an
exhaustive list of possible outcomes, cach, ultimately, correctly weighted. The
Austrian school and other Subjectivists deny that these weights are probabilities
in the formal sense (for example, se¢ Lachmann 1976) but instead something
more closely corresponding lo anticipation or subjective belief (because it is
impossible to know the probability distributions). The Post-Keynesians,
following Keynes (1937) directly on this matter, agree that these weights are nol
objective probability measures and also doubt whether an exhaustive list can
ever be constructed (for example, Davidson 1982-3, 1991). For the Behavioural
economists (see Earl 1990b), the impossibility of list construction is a direct
consequence of bounded rationality. The extreme position on this is taken by
Shackle (1949, 1972), who argues both that the list cannot be constructed and
that weights cannot be meaningfully attached (also Loasby 1991), The theory of
cxpectations thus ranges from the initial presumption that all possibilities can be
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defined (X) and weighted (P, to the suggestion that only P can be constucted,
to the Shacklean argument that neither of these can be meaningfully constructed.

The evolutionary theory of expectations takes the Shacklean position with
respect to list construction and weighting, The Shacklean posture is not a denial
of the meaningfulness of forming expectations, but rather of the incorrectness of
conceptualizing them in terms of well-defined (exhaustive, finite, linear)
concepts of X and I (see Potts 2000). There is a simple reason for this. The real
world, as that which agents are attempting te form expectations about, is
informationally complex (see Collier and Hooker 1999) and continually
changing, and consequently we should not presume that the formation of
expectations s a trivial task.”

There 15 not, at present, a plausible and functionally defined theory of the
way in which agents adapt their expectations to a continually changing
ervironment. 1t is a mistaken view to suppose that either the RE theory {a theory
of information updating, Muth 1961) or the Behavioural arguments (various
theories of individual cognitive learning) provide, in themselves, 4 satisfactory
theory of the evolutionary dynamics of expectations. The RE framework does
not expluin how expectations are formed or how this process may evolve with
time. It is o framework that does nothing more than examine the consequences
of functionally complete information (by assuming the expectation is an
unbiased predictor). It does not consider how this might come to be, or whether
it his any correspondence to the actual processes of information coordination,
The Behavioural theories, while providing plausible accounts of processes, still
luck a population perspective or account of how all expectations ultimately
interact, The Post-Keynesian and Austrian treatments of expectations, with their
mutual emphasis on fundamental uncertainty, realized as the impossibility of
completing .V, and problems of mass coordination do address the 1ssues missing
in the Behavioural analysis. Bul at the same lime they lack an explicil reatment
ol whal is sctually going on inside the black box. An evolutionary theory of
expectations i5 in this respect a highly synthetic approach, but one that
ultimately ends up with an emergent product that is different from its
components,

The essential point to recognize is that complex evolutionary systems
(dynamical systems) of the sons under consideration (agents, firms,
governments and so forth) are autonomous anlicipative adaptive systems (see
Holland and Miller 1921), For Holland (1993), anticipative behaviour implies
the existence of internal models of the external environment. These medels form
the basis and mechanism by which agents look ahead, and thus seek 1o adapt
their behaviour 1o fit with the expecled funire environment. It is imporant,
therefore, to distinguish berween such things as shor-term versus long-term
adaptation (and by implication, short- versus long-term internal models), as well
as 1o identify anticipations that are comman to the population of agents and the
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level at which difference oceurs. Yet in all such thinking one overarching point
15 clear: ugents use models as the basis for anticipation or expeclation. 1t follows
that a general theory of expectations i necessarily a peneral theory of the nature
of these internal models: ol the way in which they are constructed; the
heterogeneity and complexity of their population; and the way in which they
change both individually and collectively. Tt is these models that we seek to
understand, and the key point is that these models are complex eévelving
systems.

To summarize, the prime dimension of a theory of expeclations is the
construction of an array. This consists first of defining the set of possible events
iconstructed as either @ finite set or on a continuum} and second, of weighting
each of the possible events. The primary concerns that differentiate the different
theoretical approaches  to  the theory of expectations (Neowalrasian,
Neoclassical, Post-Keynesian, Austrian and Behavioural) are whether or not the
arruy can be meaningfully defined as a closed set, and then cither way, whether
or not it can then be weighted in such a way that probahilities can be defined,
The evolutionary theory of expectations takes the extreme view on this, and
supposes that the set of possible events conmot be meaningfully delined as a
closed set, and that it cannot be weighted in a way congruent with conventional
probability measures, | shall defend this position in the subsequent section,

From an evolutionary perspective of alporithmically  defined  agents
cmbedded in n variable lattice (abowt which they construct internal models), it 1s
spparent that there are severnl dimensions missing from the theory of
cxpectations. In my view, there are three: (1) time horizons: (2) the importance
lor otherwise) of heing carrect; and (3) the geometry of the network of
expectations.

First, how far ahead do agenis look ahead o the future? Much stedy hus
heen devoted to the measurement of lag structures and to analysis of the
consequence of infinite horizons, but there has been seemingly litle concem
with the functional structure of horizons. The reason Tor this oversight is
obvious: numerical data are not naturally generated by this hypothetical process.
[T it 15 sought it must be measured by the probing of mtentions, which has no
plice in axiomatic models, The simplest canception of look-ahead horizons 1s 1o
suppose that there are two different populations of expectations: short and long
period. Short-period expectations are focused about the direction of movement
of a single variable, and computationally involves solving a closed-form model.
Long-period expectations are those that invelve factoring into accounl changes
in the constituents or nature of the economic system. Keynes warmed against the
treatment of these sorts of expectations in the same way as those ol the shorn
period, and preferred instead to think of them in a Jungian manner. Minsky
(1975, 1982) developed this mass psychological posture as the locus of his
{inancial instability hypothesis. However in the evololionary framework, the



168 The new evoluiionary’ microecongmics

functional difference between expectstion homzons twms on whether
expectations refer to either the elements or the connections of a system. That is,
we distinguish between expectations sbout the movement of variables such as
prices, and cxpeetations about possible changes in the set of connections within
the system.

A further consideration 15 the relative importance of being comrect in forming
expectations. 1t is apparent that the measure of this is the degree to which the
behaviour (for example, the investment or contract) is reversible. Expectations
matict most when decisions based upon them are irreversible in consequence of
irrecoverable expenditure. Trreversibility calls forth strategic behaviours to deal
with the possibility of expectations being confounded (for example, to increase
the lquidity of the asset portfolio or to diversify the portfolio). However,
another way of viewing this phenomenon is to consider the way in which
different decisions (about the holding of assets, say) fit within the particular
lattice structure of an economic lifestyle, which we define as a coordinated set of
behaviours. This is an important issue for both consumers and firms (see Earl
1990), Again, this conception focuses concern on the existence of key elements,
and in this sense is congruent with the lexicographic models of consumer choice
(Ear] 1986), The evolutionary microeconomic framework develops this one step
further in abstraction, and considers the graphical structure of these complex
systems. It becomes apparent that irreversibility, and hence the importance of
the expectation decision, has a microeconomic explanation in addition to the
degree of imperféction of the second-hand assel market or contingent
contracting. This is the measure of centrality of the specific element in the
system {or the graph, in the language of the theory).

To continue in this vein, we recognize that the density of connections in &
network of expectations may vary over time, and, furthermore, that there may be
frictions or costs associoted with changing network connections. We generally
conceive of activity in terms of measured output, So that during & recession there
i less (growth in) economic activity, Does it follow that the connective
geometry of the economic system, as the density of connections, changes during
the course of flucuations in economic output? | think this a reasonable
hypothesis. 1t is suggestive of threshold effects, such that as growth rates of the
economy accelerate (or decelerate) then existing activity is simply speeded up
(slowed down) along the same lines, but beyvond some threshold changes in the
connective peometry of the system occur. The estimate of this threshold will be
a function of the frictions involved in changing existing connections or the costs
involved in establishing new ones. If so, this will presumably have significant
implications for the swucture of the web of expectations, The gquestion is
whether there is anything imporiant to discover about the path and the dynamic
properties of some measure of this density. This mayv be useful in understanding
the interlinkage berween phenomena such as prowih and business cycles. We
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may suppose that recessions induce relatively low conncetivity and prolonged
hooms have relatively high connectivity, then the implication would be that
hoom periods would be characterized by relatively more unstable expectational
dynamics than periods of recession.

In sum then, what are expectations? If one is willing to accep! the closure and
transparency of all sct concepts involved in the description of an cconomic
system, then expectations are an array that may be appended to the information
set possessed by each and all agents. If this total closure is not acceptable, due to
problems of epistemic reflexivity and incompleteness, then cxpectations must be
seen as the product of internal generative models of external networks which are
themselves the product of these schematic models, and 5o on. And if it comes to
pass that this is the essential structure of distributed expectations, then we must
admit that classical probability theory has liltle to say on these matlers

7.3 Probability and Expectations

here |5 no more common error than Lo assume that, beeause prolonged and accurate
minthematical calelations have been made, the applications ol the nesult to same fact
of rmuture |5 absalutely cerlain,

(Allred Morth Whitchead As fareoduciion fo Mahemarties. 19112 27)

In an excellent study of the prehistory of the modern probability concept, which
arrives with Blaise Pascal and Pierre-Simon de Laplace, Hacking (19753)
recounts how prior to around 1660 the meaning of the words probable and
probability were associated with best opinion rather than best evidence. In this
sense, the opinions of a good or approved authority (such as those of the
Monarehy or the Church for instance) were more ‘probable’ to be correct than
that of lesser opinion, Probability was a concept associated with “who said what”
rather than with what was actually said or presented. Modern probability
emerged, according to Hacking (1975: 35), when the concept of internal
evidence replaced that of situated opinion. Evidence, in this sense, was a product
of the ‘low sciences’ of medicine, alchemy and suchlike, which could not by
their natre furnish demonstrative proof, but instead appealed to ‘signs’ that
signified evidence. In this respect, David Hume's 1739 A Treatise of Humem
Nature, which defined the problem of induction with reference to sequences of
evidence, would not have been possible without this prior shift in the meaning of
probability (degree of belief) from opinion to evidence. Similarly. the vanants of
the standard framework of mathematical expectations can be organized with
respect to the different meanings atributed to the nature of the probability

concept.
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First, how does the concept of probability relate to knowledge? Tt is notable
that there is no definitive taxonomy of forms of relation. Tony Lawson (1988:
40), for instance. makes two overarching categorizations—(1) probability as a
property of an objective external reality; and (2) probability as a property of an
agent’s knowledge of this realityv—by asking whether probabilities are to be
understood as objects of knowledge, or merely as a form of knowledze. This
distinguishes the subjectivists (for example, Bruno de Finetti, Leonard Savage,

Frank Ramsey). who locate probability as a property of internal knowledge,

from the objectivists (for example, Ludwiz von Miscs, proponents of the RE
hypothesis), who locate probability as a property of extemal reality. This duality
between an epistemological and an aleatory meaning has been long recognized
by historians and philosophers of probability (Hacking 1975 [1iT). Rudolf
Carnap (1950: ch. 2) distinguished between what he termed prohahility;, which
refers to a logical relation between two sentences (hyvpothesis and evidence)
interpreted as degree of confirmation, and probabiling which is the relative
frequency in the long run of one property of some thing with respect (o another.
For Carnap, as for Keynes (1921), the first probability concept appeals to a
logical analysis, the second probability concept appeals to an empirical analysis.
The distinction tums upon whether probability is ulumately a logical or a
mathematical relation.*

Both such interpretations are generally regarded as conforming to the formal
laws of modem probability theory, which derives {from the axiomatization of
probability theory with measure theory (Kolmogoroy 1933}, (In all cases,
probability refers to n measure over the unit interval.) Kolmogorov's treatment
is based upon an abstract space of elementary events (€2, the probability space)
and & a-alpebra of subsets of £ (for example, see von Plato 1994: 211F).
However, because both interpretations are consistent, the axiomatic approach
effectively circumvents rather than addresses the question of the ontological
nature of the probability concept. This issue is perhaps somewhat esoteric in the
context of, say, quantum physics or swmtistical mechanics, whereby it is
ultimately immaterial whether the probability measures be attached to the events
themselves or the investigator’s claim 1o knowledge of them. However, it is of
more immediate relevance when we address the status of agent expectations in
the economic context, where the subjectivist epistemic interpretation finds itself
broadly consistent with introspection. Indeed, in the writings of George Shackle
(particularly Shackle 1972) we find staked out 2 radical subjectivist position that
effectively denies the logic of any form of objective probability concept that has
any relevance to the economic context of expectation formation. This radical
subjectivist position, ascribed o by both the Auvstrian and Post-Keynesian
schools of thought, is based upon the notion that empirical knowledze of the
external environment is incomplete (there exisis fmdamental uncertainty). It
follows thart if the probebility space itself i5 undefined (unbounded) then it is

The theary of expectations 171

meaningless (compare, impossible) to attach prior probabilities to imagined
events. Shackle rejects the concept of probability and instates the concept of
potential surprise, which is a non-additive and purely subjective measure that
dues mot Tequire the otherwise eritical notion of closure that is imposed in any
axiomatized scheme.

Micolas Georgescu-Roegen (1971 526F) argues that the various doctrines of
probability “all in fact have the same objective: to order expectations with the
a1d of some numerical coefficient which each doctrine calls **probability”™". He
kroadly distinguishes between the Subjectivistic, of which he is dismissive, and
the Objectivistic, which defines the probability measure ndependent of the
individual. 1e then insists, detailing the Frequentist and Classical formulations,
that ‘objective probability is basically a dialectical notion” of which the
dinlectical root is randomness, A dialectical coneept is one which is *surrounded
b @ penumbra within which they overlap with their opposites” (p. 45)
Probability, as such, is not a discretely distinet coneept but ranges continuously
aver the space between randomness and order,

This leads us to concern with the relation between probability and the nature
ul the (supposedly objective) world to which the concept refers. In this the
crucial distinetion is between an ergodic and a non-ergodic system. This moves
s from concern with the ev ante nature of the space over which n system is
defined to the ex post nature of a system’s behaviour within that space. A
collection of systems forms an erpodic ensemble i the moies of behaviour
found in any one system [rom lime to time resemble Hs behaviour at other
temparal periods and if the behaviour of any other system chosen at random also
15 Hke the one system, (In statistics, ergodicity is called stationarity.) In contrast,
o non-ergodic system (one whose hehaviour is non-ergodic) is one that 15 in
certain crucial respects Incomprehensible through observation either for lack ol
repetition or for lack of stability. The Web Dictionary of Cybernetic and Systems
defines that ‘Fvolution and socinl processes Involving structural changes are
inherently non-evgodic’. Paul Davidson (1982-3) distinguishes between ergodic
atd non-ergodie decision-making environments, This classifies environments
into those in which the objective rules of probahility do apply (a8 necessary
condition is stationarity) and those in which they do not {a sufficient condition is
Nonestationarty). In s non-ergodic  environment  decisions  are  unique,
irreversible, and potentially of erucial significance (Shackle 1972, Davidson
19813, In such circumstances, the crgodic laws of probability simply do not
apply.

The Austrian and Behavioural schools dispense with a direct sccount of
probability and proceed to expectations with uncertainty and bounded rationaliry
lzading to role-governed behaviour. Expectations are then an application of
such. The Austrian theory of expectations derives from the radical cpistemic
subjecrivism of Hayek and Lachmann. For Dow (1985: 139-42)_ the Austrian
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theory of expectations is synonymous with Shackle (see also Lachmann 1976),
However, Dow points out that while the Austian conception contains an
implicit argument in convergence and stability of expectaiions, Shackle's
Kaleidic framewaork invokes no such presumption. Tt 15 also noteworthy that the
Austrian economists did not distinguish a theory of expectations from a theory
of knowledge (for example, Hayek 1945} untl the 1970s. O Driscoll and Rizzo
(1985, 1986) distinguish between neoclassical spatialized Time and Subjectivist
‘real” Time, a concept they associate with the thinking of Henri Bergson. The
existence of unceriainty makes optimizing behaviour impossible, and thus
agenis standardize therr behaviour in terms of rules (see Bausor 1983, Heiner
1983},

In consequence of the existence of fundamental unceriainty, the concept of
probability is not 4 necessary corollary to the concepl of an expectation. As
O'Driscoll and Rizzo (1986: 258) note:

The iden of genune uncertainty implies both the endogeneity of the source of
uncertuinty and the pereerved unlistubility of oll the potentinl vuicomes of o course of
action, Hach of these features of uncertainty provides a hasis for the adoption of niles.

Such rule-bosed (that is, algorithmic, heuristic) approaches to decision making
have been simmering in the economics literature for some time now (Tversky
and Kahneman 1974, Simon 1982) and have recently begun to flourish in the
more mainstream literature (for example, Campbell and Mankiw 1990,
Rosenthal 1993, Lettau and Uhlig 1999). This is cenainly a welcome advance,
in that it moves towards furnishing economic models with plausible {observable
und testable) psycho-foundations. But if decision making can be comfortably
and usclully perecived as heuristically generated (without reference to complete
information sets or well-defined probability density  functions), it seems
reasonable to suppose that other internal cognitive actions can also be afforded
such representation, In the following sections | submit that plans, expertise and
expectation are all viably understood as the outcomes of censrained generating
procedures (Holland 1998),

The economic agent in the multiagent setting is defined as an alporithmic
suite of such functions, Some of these muoke decisions, others construct plans or
embody expertise, and others still generate expectations. All such functions can
be grouped together as a class and defined within an object-onentated design of
an economic agent, In this setting expectations, decisions and other behavipurs
are generated rather than deduced, and so mfer a procedural rather than
substantiative rationality (Simon 1576}, Within this scHing, expeclations are not
necessarily related to an underlying probability construct
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7.4 Expectations and Plans

What do agents form expectations about, and for what purpose? The standard
answer is that they form expectations about the probability distributions of
future asset prices, and they use these to maximize subjective expected utility.
gut this misunderstands an impertant relationship, which George Richardson
(1959: 224) has pointed out (see also Richardson 1953, 1960, 1971, 1972

It is abvious that mo direel connection can exisl belween abjective conditions and
purpasive aclivity; the immediate relationship is between belrefs about reicvant
conditions and plamned activities which it muy or may net prove possible o
implement,

in the evolutionary microeconomics, we suppose thal agents also form
cxpectations over the space of connections in the economic system, and that
they order these in relation to coordinated plans, which are of course proposals
fur future activity, The formation of cxpectations and the construction and
coordination of plans are, in this way, two sides of the same coin. Hence, there
are two reasons for constructing expectations, The first reason is as inpul data
mto caleulation of optimal choice. Expectations of future prices serve this
function, and serve to puide immediate actual activity, The other reason for
lorming expectations is to guide the coordination of plans for fulure actual or
contimgent activity. It is important to note that we (as economic sgents) do not
fonm expectations about everything. Equivalently, we do not make plans about
everything. The demand for expectations comes from the need to construct plans
(they are a derived demand), and in so far as plans are circumseribed, so oo will
be expectations,

Expectations and plans are interrelated constructs (they are both mental
models), and each supposes the existence of the other. When the plans of
ndividual agents are stable and widely known (or not), then it follows that
=xpectations will also be stable (or not). Darley and Kaufiman (1997 discuss
this in the context of optimally complex (adaptively rational) models of other
agent’s behaviours. Similarly, when an agent is not able to form suitable
expectations of other agents' behaviours, then he or she will likely restrict his or
hier own planning horizon as a means of protection. This will feed back into the
system of expectations engendering even further instability. Why do agents form
plans? Several answers might be given. An important one that we cught not to
dismiss is their psychological value. To have a plan (or a goal) is to be acting
with purpose, which, to some degree, is an end in itself. When businesses do
this, it is called strategic planning (for cxample, writing mission statements and
suchlike) and arguably serves much the same function. In general, though, a
plan is a sequence of sieps (conditionals) supposed sufTicient to reach a targel or
zpal or some such. These may be explicit and definite, as n contracls, or
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indefinite and unobscrvable as they exist in the minds of agents.” Expectations
derive from plans, and plans are formalized as contracts. If we will move
expeciations to the centre of an evolutionary macroeconomics, then we must
also centre contracts there as well (see Okun 1981 ),

Foster (1987, 2000) has argued at length that the foundations of an
evolutionary macroeconomics mandate an explicit rejection of the notion of
auction-markets as coordinating devices in favour of contracts, le further
llustrates how this requires a reconception of the economic agent from hameo
econonticus, who underpins the demand curve in auction markets, to homo
creatives, who is a contracting unit. Home creativies and hetere economicus are
obviously close relatives (both exist in non-integral space), and point clearly
towards Post-Keynesian, Institutional and  self-organizational schools of
macroeconamic thought to find a common ground in an algorithmic conception
of agency within the evolutionary microcconomics. Much important work
remains o be done here,

Expectations, plans and contracts are the threads of coordination that extend
from @ basis of agents having intemnal models of the world within which they
structure internal goals and construct heuristic procedures for realizing these,
This implies the existence of plans in the individual instance and contracts in the
collective instance. The conjunction is a framework for action, which creates the
demand for expectations over the space of the connections to which these refer,

7.5 Expectations and Experts

Expectations wre o species of knowledge, which, in the evolutionary
microeconomics, implies several things. First, there is the issue of the cognitive
(Simon 1959) and epistemic (Shackle 1972) nature of this form of knowledge as
an internal construct of the agent. Second, there is the issue of the distributed
processing of a netwark of expectations (see Kirman 1997¢). Third, we must
recognize that the construetion of expectations is an activity that involves, 10
some greater oc lesser degree, skill or expertise. This realizes an important point.
In many instances, when apents form expeclations under conditions of
informational complexity or uncertainty, they do so by looking to others (for
example, Keynes 1937, Fleith and Foster 1999), In the case that the set of others
is not chosen at random, and that there is some discrimination at work, we might
suppose that the ‘others’ that apents look to are experts. But who are these so-
called experts? From a Schumpeterian perspective, expertise defines the domain
of the professional classes as those practising skills that are (o some extent the
product of reason (compare, Saul 1993). The expert, then, is an asent with
specialized knowledge,
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So what form does this take, and how might we hope to represent this within
an abstract model? In the applied psychological litersture on expertise (for
example, Bédard and Chi 1992), the distinction is made between the expert and
the novice, For instance: experls know more about their subject domain than
novices; experts” knowledge is better prganized (Einhom 1973); they perform
tasks better than novices in domaim-related skills; and these skills often do not
transltate into unrclated domains (Wright and Bolger 1992). In the artificial
intelligence literature, the eponymous instance is the expert-system, which is an
application program that makes decisions or solves problems in a particular field
by using knowledge and analytical rules defined by experts in the field An
expert-system is a program that combines databases, retmeval, interpretation and
perception systems, knowledge representation schemes and inferénce engines,
Expert-systems highlight the fuct that expertise is not just data, but the sclective
mterpretation and processing of it. Combining these two notions, | suggest that
hit-atrings can be employed as an abstract representation of expertise. Strings are
also an easily computable and functionally transformable data structure, The
agent will have a set of internal strings (' schemata’, Holland 1995) that are the
product of experience and learning,

Supposing, then, that expertise can be represented as a set of strings with
specific functional definition, how does this relate 10 expectation”? Expectation is
the output of internal schemata (models), but we must recognize that some of the
imputs are the outpuls of other agents” schemata. 1 is a construction of
expectations by means of expectations problem, i you will, But agents
specinlize, and as such while it may be uselul o be an expert, it s equally useful
w know how 1o find and ddentify one. Supposmg this can be done, the
computation of expectations involves the compiling of these distributed expen
programs. In the multingent simulation environment, such as. Swarm, agents
interact by sending messages 1o cach other. This domain of message space
defines the domuin of internctions. The messapes interact with what John
Lelland {1995) calls “tags’. Tags are the external representation of the internal
schemarta.

To summarize. Expertise is represented as o bit-string that is developed by
learning, These will be specisbized, and hence require coordination. Agents
signal to others their expertise via tags, which are also represented as bit-strings.
Network structures of interaction will emerpe, over which mass expectations
tow. In this way, the structure of expectations in the evolutionary
microeconomics consists of the distributed computation of subroutines of
expertisa.
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7.6  On Populations of Model-Using Agents

The necwalrasian framework 15 of course based upon the implicit presumption
that agenis vse internal models {(and specifically ergodic econometric models) to
form expectations. This is an idea carried over from the neoclassical theory of
expectations, in which agents use some function of lagged variables as a
generating mechanism. However there is no cssential recognition that there
exists a population of such agents. where each may differ in the model they use.
By making use of the representative agent fiction, the issue of where this model
actually exists (for example, within agents or between them or both) is cleverly
evaded (sec Davidson 1982-83, Kirman 1992). From this perspective, there is
little to be said on such otherwise fundamentally important questions as, for
instamce, where the internal model came from, the processes by which it
changes, and whether we indeed all have the same one. Similarly, the crucial
importance of skill in forming expectations has no place in the framework.” At
the other extreme is Shackle, who supposes that the process of expectation
formation is a conjecture wrought by the faculty of imagination (compare, of
deduction), Shackle recognizes that it is the ability and propensity of agents to
actually build internal models that must be the fundamental basis of any theory
of expectations. This same point is fully consonant with contemporary artificial
imelligence research, in which it i1s widely agreed that autonomous artificial
intelligence agents will of necessity have the capacity to create intemal models
of their environment. For instance, Herbert Simon (1959) makes much use of the
distingtion between the inner and outer environments. A population of such
agents is naturally heterogencous in respect of their internal models due to
differences in experience.

In so far as expectations enter into the decision process, it must be recognized
that there is a ecrucial difference berween the informaton requirements of
individual and collective decisions.” Loasby (1976) argues that the individual
decision-making process employs expectations in 8 manner more analogous (o
Simon's collective coordination example rather than the expectad utility
arguments Tavoured by the orthodox theorists. In this, Loasby follows the
psychologist George Kelly (1963), who frames cognition and behaviour as a
systems process involving internal models as mental constructs or interpretive
frameworks. From this perspective, expectations emerge as conjectured
hypotheses that have the same form of relationship te the set of thought
constructs as scientific hypotheses have to scientific research paradigms.

It is I think seriously misleading to conceive in this case of & representative
agent with a representative intemnal model. For if we allow that agents have
different intemal models, this provides the sufficient conditions for a diversity of
expectations irrespective of whether they have different input data or not. As
such, it seems most reasonable to base our theorizing on the presumption that
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rhere will be a heterogengons population of agents, each with different internal
models. The key difference betwesn such systems resides in their internal (and
external) connectivity.

7.7 A Multiagent Framework

What is the relationship between the expectation, and the process by which the
expectation is generated? Typically, expectations are defined as a class of
information; specifically they are ex amfe cognitive data. This of course
presumes that there exists a method by which these are generated, but no explicit
account is ever given (or required) in the theory. In the evolutionary
microcconomics we bse ohject-oriemtated programming techniques to shift our
artention to the process that generates expectations, An expectation is defined as
an ohject, which is a way of encapsulating both data and the functions (or
methois) that operate on the data. The agent, hetero economicuy, is 4 complex
system composed of three sub-systems:

a set of resources and technology < P ESA) >
a set of control algorithms and schemata <X P2 Y=
a set of wags for internction =0 =<n’ine = BN

agent: < B =<V ZS8A)=<X: P: V=

Ihis agent does, effectively, three things: (1) it explores the set of possible
combinations that can be made with its current resource set; (2) it selects good
combinations that can become building blocks in higher-level systems. It mukes
extensive use of abstraction to do so, and (3) it engages in exchange and
combination interactions with ather agents for the dual purposes of obtaining
inputs into its current process system, and to integrate itself into higher-level
systems. In other words, the agent identifies itsell as an ensemble of resources

(1), Specilic combinations of these are technologies—L8(A), The rules for
making these structures become the fundamental dynamical operators in £ The
system comes to life when £ is capable of internal self-adaptation (X). The
algorithmic basis for interaction is furnished in ¥, and with the set of tags
serving as the conditionals that intermediate interaction. The same suite of
algorithms that generates plans, expertise and other intermal models generates
expectations. This is a function of the internal control set < X @ P : ¥ > which
consists of three operators:

X=X, o L - ) {iCperators defining change in strings
TN . .1 {f Schematic preferences as strings
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¥={LIST ; CONSTRUCT : RANK : SELECT} /f Platform of szarch algorithms

The static and operational basis of the control function is the set of schematic
preferences &, which 1s the set (or populaiion) of rules that are active m
behaviour. The set X is an internal svstem for modifying these rules. ¥ is the set
of processes engaped in ssarch and evaluation. The set of schematic preferences
isa population of high-level search rules (theories, as such) that enable the
boundedly rational agent to cope with very large information sets {that contain
redundancy) and/or novelty (see Holland 1973, 1995, 1998; Scarf 1989),
Schematic preferences: are made of schemata, which are rules for conditional
acceptance of the (- 1HEN] form. The individual rules (for example, P, in P) are
symbol strings with combinations of specific and/or null sites. The symbol #
represents the null sites, and thus enables agents to choose on the basis of partial
mappings (as with mcompletely specified, highly complex or novel situations),
They enable agents 1o act in a changing. evolving world. (The extent to which
schemata contain specific rather than null sites represents a measure of the
expertise of the agent) These rules are intemally modified by a set of
biotnemetic (genelic) operators X, Learning occurs as .V acts on P,

The evolutionary microeconomic theory of expectations can be stated thus.
Expectutions are generated from o woRLD MODEL, which 15 constructed within
the set P. Twao classes of expectations are generated. The standard treatment is
to presume that expectations are estimates of the probability distributions of a
clased set of possible events, This is not the perspective taken here. Instead,
expectations are estimates of the set of elements in the system, and the
connections between them. Expectations are estimates (predictions) of the
network geometry of the system. In this way, expectations are effectively
statements about the stability, robustness, exhaustiveness and generality of the
wortDp sMopel, and hence are epistemic objects thar amempl to penetrate
uncertainty. So 1t is not quite correct to say thot expeciations are generated with
the worip sopgr, but, rather, the WoRLH mongl is the expectation.
Furthermore, depénding upon the performance of the WORLH AIDEL, expertise is
penerated. How do we measure performance? Obviously, entrepreneurs test
their own WORLD MaDEL apainst reality, However, the problem is that they also
need 1o evaluate other agents’ models so as to value the output of those models.
We can deal with this problem by supposing that agents signal their WORLD
MODEL (expertise, expectations, plans) with representative tags:

7.8 Conclusion

In this chapter, 1 have proposed a theory of expectations as generated from the
evolutionary microeconomics, The namre of the argument is this, First, we
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account for two primitive notions: (1) that economic agents build internal
models with which they analyse and structure their economic actions; and (2)
that agents are ndividually nodes in a network of information flows and
interactions. Second, we recognize that the internal cognilive-processing
systems and the external network systems are both complex systems, which
invites us to rethink the cconomic meaning of the probability concept at the
interface of these two systems. The classical probability framework is rejected
ins {5 the Payesian approach), and instead we suppose that decision making
under uncertainty (including expectation formation) is achieved with rule-based
production systems. Third, it is recognized that a theory of expectations must
include the actions of the spents and the network, as well as the interactions
hetween both levels,

The evolutionary microeconomic theory of expectations is framed within a
multisgent simulation platform (for example, Swarm), Each agent consists of a
set of behavioural heuristics plus a system for modifying these as a rule-
soverned production system (an algorithmic rationality, for example, Darley and
Fauffiman 1997}, The agent uses this hiomimetic algorithmic suite to perform
such actions as production, trading, search, making plans, sending signals,
monitoring and processing  information, forming alliances and generating
expectations. In the object-orientated programming environment, agents are self-
contained objects that can transform themselves and interact with other agents.
Iie environment is a partially connected lattice. Resources (in this case
cxpertise and plans) are distributed over this network. Expectations then have
three aspects. The first is the expert, which is a specinlized agent that has
developed highly effective subrontiney for processing information relating 1o
some dimension of the economic system. All agents face the task of either
hecoming themselves an expert, or of finding and connecting themselves to one.
e second aspect is the construction of gouls and plans, as the structure of
hehaviour, Expectations act 1o mark out the dimensionality of this behaviour.
Ihe superstructure that contains this process is termed s WORLD MODEL, The
third aspect of expectations was the dynamic structure of the environment. Many
of these ideas have their origins deep in heterodox thought. The purpose of this
chapter has simply been to view these notions afresh through the lens of a
multizgent simulation platform, which is a most expedient mode of analytical
sxpression for the study of distributed emergent evolutionary processes. The
task remaining to be done is to link this to an evelutionary macroeconomics.
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Notes

' See Wicksell [1898/1936), Cassel {1928), Myrdal (1930/1965) and 1 indahl (1238)

? Faster’s {1987) model of agency Tor evolofionary macneconomics, home cretivg, explicitly
recognizes the imporiance of this aspect

T Consider Hicks's (1938, 124-3) qualifications to the trestment of expectations within his formal
system: "W genorally intorpret thesc cxpectations [of Riure prices] in-a sirict and rgd waoy,
pssuming that cvery individual has a definite idea of what he cxpocts anv price which concermns him
to be i any future week, This method is of course oxcessively nigid, and acweally emrs in two
different wavs. For onc thing. people’s expectations are offen not cxpecirtions of prices given to
them from outside, but of market conditions, demand schedules for example. Second, and perhaps
more importantly, people rarcly have precise expectations at all’

' “There are of cowrse other ways of parsing the probability concepl. Pollock (198%9), for Mstance,
distimguishes between ‘cpistemic probability” (@ measure of how goad our reasons are for vaniows
helicfs, amnd Is mssaciated with subjective probahility) and “phisical probabality” (which concerns the
structure of the physical world independent of knowledge of opiion, and i maocialed with
phjcetive probahility )

* Flirschmun (19700 has wrgued that the expression, by volez, of these unobservables ploys an
important mle i market coordination. We might also suppose that local clusters within networks
{clubs, trode associntons, families, peer groups and so forth) play a similarly important role, Sec
Hazledine (1998) and Fukioyama (199%8) on the “social capital” mmderpinnings of such In the same
sonse, woomust rocognize that these local clustcrs will also be important forces: in shaping
exprectntions, as we devw upon the fdeas and world views of athers in forming our own expectithong,
As the other side of this cotn, prelerences will be interdependent thout e same Jocal clusters. Very
lintke weork has been done on this in econoemics

" Frank Kaight (1921 [dentificd the cotecprencur 25 an sgent whi can cope with uncertainty when
there is no procedure {os there slways i in the neowalrssian fremework) for expeclation formation, 8
theme farther purssed by Richardson (1953)

" Herbert Simon (1958 57} points out that *Stability of Expechations can be so ewsential for decision
making that it may be more important in some cirgumstences o0 have agreement on the facts than (o
be certpin thul what s spreed upin i really ool Henge, we oflen find that the procedures for fact
fimcling aml for legitimuting focts are themiselves institutionalized A creciel dep in the innovative
privess i 1o secure legitimacy for the facts ond expectatinns that justify the nnovation'

e e

8. Conclusions

Complesily amd change cinnol be captured by that science dediciied
to the metaphor of the clockwork in the universe. If time s 1o be
considercd, nol os o simple parameter. f space coordinile or yel
another variabie, bul s real evolution, then o paradigmatic shift is
Tully qustified

Francisco Lough (1997 102)

8.1 Amidst the shadows of cconomic theory

[homas Kuahn (1962) once made a very Kuntin claim abowt the nature of the
scientific enterprise: he argued that a puradigm caonnot be seen from within
because a paradigm, rather, is how we see. This book has offered a fundamental
crique of the neowalresin puradigm by showing, in effect, what it is not
seeing, The parndigm is exposed only by that which it is hiding, and what lics
lidden in the shadews of microeconomic theory, under the Tagade of integral
space and the analytics of a field, is specific loeal interactions and dynamic
microstruciure—connections, in a word.

Lnstead, it is broadly the heterodox schools of economie thought—Austrian,
Behavioural, Evolutionary,  Institutional, Post-Keynesian, Schumpeterian,
Hesource-based theories of the fiom, and in certain aspects of Game Theory—
thut have recognized the existence of connections. Bul they have done so in a
rather disjointed manner, each finding their own species of connections, of
dynamic microstructure, but yet failing to notice that these may be paricular
furms of something more general. In the same way, none of these schools has
vol furmished a coherent and general syslem of microeconomics, as a new
paradigm, for the study ol the cconmmy a5 an open complex adaptive sysiem. In
this book | have argued that if we view each of these heterodox schools from the
more abstract perspective provided by a graph-theoretic ontology, we shall find
that they all rest upon a common foundation and thereby define a new paradigm
which | suggest we call the Evolutionary Microeconomics.

Ihe evolutionary micrpeconomics is based upon an ontology of connections,
and squarely addresses the most fundamental criricism of the neowalrasian
paradigm: namely, il5 fnability o account for the dvnamics of such: things as
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imstitutions, technological chanpe. and generally the concept of emergent
systems. The overarching criticism has been that the paradizm is too narmrow and
that it could not be broadened without undermining its verv essence. The
propoments of the erthedox paradigm, however, did not seek teo broaden the
theoretical basis in order to account for such things but mstead favoured the
method of either outrightly denyving their existence or cutting them to fit within
the framework. They favoured a strong defence of the paradigm, and did so by
supposedly integrating such concepts as knowledge (human capital theory),

structure (industrial organization theory), coordination (the theory of the:

market), uncertainty {ratioral ¢xpectations theorv), and history (neoclassical

growth theory), among other things, inte the framework. These were undeniably’

feats of technical and scholarly brilliance; they sharpened. flexed and displayed
the power of the paradigm.

But criticism remained; indeed, intensificd. It dawned that it was not so much
that the neowalmsion paradigm could not consider such factors, but that the wiy
it considered them abstracted from the very properties that were most of inlerest
from a dynumic, evolutionary perspective, When organizational structure,
knowledpe, unterainly, institutions and suchlike were read into an integral
space, these concepts were denied their nature ss complex webs of interactions,
that is, as svstems

This was what the heterodox economics has revealed, in many different
contexts and at many different levels. Heterodox economics comes together
about a single point, that systems exist and that the crucial fact of their existence
s arrpetural incompleteness; that not every element is connected to every other.
All the specific criticisms of method, abstractions and assumptions that have
been volleyed against the neowalrasian paradigm ultimately reduce to a single
criticism of the concept of an intepral space, The ontological meaning of an
integral space is that there exists connegtions between all elements and therefore

any latent variation is of no conceptual significance. Furthermore, no energy 15

required to make these connections or to destroy them, snd no local effects come

of them. In short, there is no explanatory content in the connective structure, at

any level, of the cconomic system. The acceprance of this hypathesis defines the
neowalrasian  microeconomics and s rejection defines the evolutionary
microeconomics and is the ambit of the collective schools of heterodoxy. The
heated methodological controversy that has erupted during the past few decades,
the mremors of the so-called crisis in economic theory, can be plainly understood,
| suggest, as the fractionation of economics along this ontological fault line.

Mounting dissatisfaction with the seeming lack of anvthing but heuristic
progress in the theory project has been apparent for several decades now and
drawn considerable energy into the tasks of disgnosis and reformulation. The
avenues thar have been sugzested to “bring life back into economics’ (4 la
Hodgson 1993) display a remarkable consistency of prognosis:

5
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Firsi, the evolutionary metaphor, once carefully reconstructed. provides the
pasts for the study of economic change and prnl:.ess.' The interior detail is still
=ngaged in debate, yet the metaphor is well established as a clear altemative to
the equilibrium doctring of mechanism,

Second, it is recogmzed that the mechanistic paradigm hid from view a
fundamental question: what is the nature of order and coordination in & complex
ystem? This question introduces concepts of complexity and sclf-organization
into the fray, and, moreover, establishes the evolutionary metaphor as the heart
of the analytical framewaork.

Third, and following from this. it is recognized that time is not simply
anther spatial dimension but fully un irreversible process. It is recognized. then,
that the sequence of events matters to the course of events—history matlers,
[ s, fourthly, lends recommendation to a reinvestment in empirical-based work
focused at the micro level, that is, gathering data about the actunl behaviour of
coonotmie agents. This endeavour is being led by the Behavioural, Institutional,
Crame-theoretic and Post-Schumpeterian schools of thought.

Broadly speaking, the endeavour to reconstruct economics accerding 1o a
new paradigm is indeed contemporaneously procecding under the rubric of an
evoltionary research programme. But the problem is and has been that this
programme is not well defined, at least not so from first principles.

The objective ol this book has been to reconstruct a framework of
evolutionary microeconomics from [rst principles. The first cut was to
distinguish the heterodoxy from the orthodoxy in terms of an analytical and
untolugical rudiment which 1 termed the geomerry of cconomic space. This
construct  distinguishes  between  different primary  forms of  relationship
attributed to a set of elements in terms of an integral and @ non-integral space,
Lhis cstablishes the antological foundations—the nature of existence of the
sotnomic system—unecessary for the study of complex systems. Proceeding
trom this foundation, it is evident that the basic unit of analysis in all helerodox
conceplions is & syslem,

A systemn is o osel ol elements and a osel ol connections berween these
clements, and is defined over a non-integral space. By definition, then, there are
no systems interior to the neowalrasian framework, consisting only of a single
system with each element connected to every other. In Chapter 3, | discussed the
antological and algebraic aspects of a graph-theory model of a system, and in
Chapter 4 the domain of this geometry was delined over the regimes of state-
space; order, complexiry and chaos. This made a reinterpretation of the concept
af efliciency, Dynamic efficiency is a properly of a system realized by the

‘ediexistence of stability and Nexikility, as a stale of coordination achieved within

a regime ol state-space, Efficiency was thus recognized to have dillerent
meanings in integral and non-integral space. In Chapter 5, a model of the
cconomic agent in the evolutionary microeconomics—fetero economicus—was
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outlined. This concluded the scheme of first primciples. Chapter 6 then
considercd an application of the evolutionary microcconomics to the study of
production systems in general. Chapter 7 considered the theory of expectations
in the evolulionary microeconomics.

The cconomic process has two primary ontological dimensions, one ol which
has been systematically neglected. When we enter the domain of non-integral
space we recover the concept of a connection, and with it the concept of a
system, We may then bridge from microevolution to macroevolution by way of
hyperstructure; Evolutionary dynamics are then equated with the dynamics of
complex systems, and this may proceed at multiple levels of analysis. But the
critical point is that complexity exists predomimnantly m the ontological
dimension of connections, The cognitive dimension of the economic process
exists as conncctions, The organization and coordination dimension exists as
connections, The knowledge and institutional dimension exists as connesctions.
The dimensions of ignorance, uncertainty and imagination are ¢xplicable only in
the space of connections. The interface to the subjects of managemeni,
marketing, psychology, sociology, anthropology and geography requires an
cconomics of connections. The evolutionary dimension of the economic process
is changes in these connections. And the heart of the matter is that none of these
concepls make any analytical sense until we can first establish that their building
hlocks exist. They exist only in non-integral space, which requires a paradigm
shift at the foondation of microeconomic theory.

8.2 Prospects for evolutionary microcconomics

Some general conclusions are now in order,

This study has | hope made clear that the neowalrasian microeconomits
mvolved rwo conceptual advances. The first was associated with the marginal
revolution and inspired by positivist physics; the second was the entrenchment
of axiomatic formalism and nspired by positivist mathematics. The first
mtroduced the analytical technique of field theory. The second secured this with
the mathematical formalisms of an integral space. We associate these steps with
the neoclassical and the neowalrasian microeconomics, respectively, and from
this we can observe twao corresponding waves of heterodox dissension.

The first wave of American institutional economics and the theoretical
concerns of Frank Knight, Ronald Coase. John Maynard Keynes, loseph
Schumpeter, Ludwip von Mises and suchlike were a clear response fo the
neoclassical microtheory, and sought te recognize that the fisld-theory
framework excluded a number of dimensions, such as incompleteness (for
example, uncertainty and bounded rationality), feedback and interdependence
(for example, Keynesian cxpectations). These issues. however, were masterfully
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sidestepped by Hicks (1948) and Samuelson (19248} and then buried by Arrow
and Debreu (1934) and Debreu (1939) in an appeal to the formal powers of
integral space. And so it became that *modem economic theory is mathematical,
1t has been described as a branch of pure mathemiatics, distinguished only by its
origins.” as Rackhouse (1997: 125) observes.”

This gave the neowalrasian paradigm axiomatic foundations and induced a
second wave of heterodoxy {as first associated with Alchian, Hayek, Penrose,
Simon and Georgescu-Roegen). The ncowalrasian revolution was thus the
tormal setting of the integral space, and in consequence secured a victory for
deductivism over empiricism, The nascent Austrian, Behavioural, Institutional,
Schumpeterian, Post-Keynesian and Evolutionary schools were and remain,
however, firmly based on empirical observation.” Yet such observations had no
place in a framework committed o axiomatic formalism by way of an inlegral
spiace because these observations were all ullimalely ¢laims that the geometry of
ceonomic space is not integral but composed of systems of specific connections.
The conclusion we draw from this is that an evolutionary microcconomics can
nnderpin the collective heterodoxy only by eschewing axiomalic foundations in
an integril space. This s the principal methodological character of an
evolutionary microeconomics. The ontological expression is the existence of this
partial set of connections.

It does not follow, however, that beeavse it is not mathematical in the
deductive  sense  that it s nol o microcconomics.  An evolutionary
microecanomics is i famework of conmecting principles that interlink theory
and cmpiricism, just a5 the neoclussical and neowalrusian microcconomics are
also  frameworks of connecting  principles.’ As such, the evolutionary
microeconomics 15 o microeconomics in the sense thiat it exprosses the concept
of complexity and the model of a complex system formally us unifying
connecting principles. Among evolutionary economists, such a singular point of
focus has been difficult to discern, For instance, Wit (1993h: Y1) remarks that,
‘although there is o large variety of contributions now lo what has come to be
labelled evolutionary economics little agreement has been achicved as to what
the hasic features of this approach are’. [nevitably, an evolutionary economics is
defined with respect to a definition of cvolution. Witt suggests ‘evolution can be
detined as the self-transformation over time of a system under investigation’
Nelson (1995 54) elaborates: “the focus of attention is on a variable or set of
them that is changing over time and the theoretical quest is for an understanding
of the dynamic process behind the observed change; a special case would be a
quest for understanding of the current slate of a variable or a system in terms of
how it got there”. But as Andersen (1994: 13) observes, ‘the difficulties of
evolutionary-cconomic theories are, not least, due to their anempt to account for
the endogenous mransformation of the knowledge applied in economic systems’.
Tt is indeed the solution to this problem that is the busis of an evolutionary
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economics, which was that an evolutionary scheme of endogenous dynamics can
be represemted n terms of the dynamics of connections underpinning the
emergence of the dynamics of systems.

A general theoretical framework requires a singular general principle. This is
what the evolutionary framework lacks. and the comcept of complexity is
arguably the only serious candidate at this pomt. Other major candidates arc the
concepts of bounded rationality, disequilibrium and the growth of knowledae,
Bounded rationality, however, is loo narrow of focus, and can be interpreted as
on aspect of complexity. The concept of disequilibrium has received much
theoretical consideration but we must recognize that disequilibrium is the dual
of equilibrivm (Day 1999}, both of which are m mntegral space. Disequilibrium
frees theorizing from the implications of assuming contmuous equilibnia, but not
[rom the assumption of integral space. Tt does not, as such, go far enough.
Loashy (1991) has suggested ‘the growth of knowledge’ as a general connecting
principle, but, as | have arpued, this is too vague a concept in its ontological
aspect and can be derived anvway as a special case within the hypothesis of
evolution towards complexity. So | suggest that the concept of complexity can
ultimately contain within its meaning a number of other high-level connecting
principles that are prominent in heterodox theories.”

Furthermore, evolutionary cconomics sulTers from an association with
evalutionary biology that is largely mislending, The essence of the problem is
that this draws too narrow o circumscription, as modern evolutionary economics
is [ully & synthesis of biological ideas plus non-equilibrium thermodynamics and
systems theory, [rm oand organizational theory and theéories of information
processing and bounded rationality (Saviotti 1996). Evolutionary ¢conomics is
an eclectic rubrie centred aboul the paradigm of the complexity of open-system
processes, and its basic substance is both more encompassing and more protean
than a simple transferral of metaphor (Thoben 1982). The shift in metaphor is of
course imporfant {n defining the namre of an evolutionary economics. Yel
although it is well known that Alfred Marshall (1949: 637) defined economics as
‘a branch of biology broadly interpreted’ and somewhatr surprising that Frank
Hahn (1991: 48) recently predicted that in the next hundred years ‘the subject
will retwrn 1o its Marshallian affinities 1o biology’ we ought also to allow that
affinities with biology may not necessarily mean that an evolutionary economics
will be expressly of biology in its ransmuted form,

The second conclusion of methodological soris 15 that an evolutionary
microeconomics de-emphasizes the subject domain demarcations forged by the
respective schools of heterodoxy, and draws emphasis to a rescarch programme
dirmensioned in lerms of complex systems theory. The lines of this were
sketched in Chapler 2, yet & clear expression of a unified rescarch programme
remains to be formuolated. Towards this, 1 have gathered seven key areas of
future research: (1) heterogeneity; (2) processes of adaptation; (3)
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incompletensss; (4) complexity, eriticality and turbulence; (5) complementarity
and substitution; {6) the artifactual nature of choice; and (7}, game theory and
svolutionary cconomics.

8.2.1 Heterogeneity

Homogeneily ol agents is-a rudimentary assumption in the orthodox analysis,
which does not regquire extant variely lor the posited forces 1o work. Tn contrast,
all evolutionary models require variation within the population of agents, or
some such units, upon which the Torce of selection acts. In addition 1o this mital
varety, ‘there wre also forces that continue to introduce new variety, which 1s
Nirther grist for the selection mill" (Nelson 1995: 54). Heterogeneity, thus, is the
range of variation of a variable within a given selection environment at a
purticular time. Alchian (1950) and Friedman (1953) argoed that although such
variety is readily apparent, it could nevertheless be neplected far theoretical
murposes because ultimately non-optimal variants will eventually be selected
ot The problem with this argument is that it misunderstands the purpose of
viriely, as it were, Variely 18 necessary as conlingency for environmenial
change. I plimutely nothing else changes, then eventoally the sub-optimal
varants will be selected oul. Bul evolutionary theory does not presume other
things equal, and regords varicty and diversily ss essential resources of a
population.

Still, a number ol basic issues remain cloudy. First, there have been no
svstematic studies of the range of diversity within populations of economic
systems (commaodities, agents, firms and 5o on) that attempts to correlate extant
diversity with some index of the force of selection. Which is to say that we have
no strong empirical basis for theorizing about the relsionship  between
hieterngeneity and the force of selection, Concomitantly, there does nol exist
lheoretical explonarion for the bandwidth of diversity, Second, there does not
currently exist o satisfactory theory of the origins of diversity other than the
standard presumption of random variation.” Third, and perhaps most impaortant,
there is no accord about what actually counts as diversity.

The framework of an evelutionary microcconomics ghves anulyvtical form o
all three [ssues. Diversity is read from the set £, in which variables are hinary (a
connection does or does not exist), rather than the set V., in which they are
continuous, This makes diversity at Jeast in principle identifiable. Further, the
origing ol diversity can be understood from a perspective of changes in the set of
connectlons, which can be modelled in a systematic manner from any paint in
state-space (a5 discussed in Chapters 4 and 5). In a related manner, the range of
diversily can be theoretically related to the rate of change in the environment as
& funcrion of the relatlve position in statesspace. Densely connccled systems
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contain mere varicly but winnow it at a much faster rate than less densely
connected systems.

Kesearch investigating heterogeneity or mode] building that proceads from
the assumption of heterogensity has been mostly concemed with vanety in
terms of technology and firms. There has also been imporant work dene in
terms of the diversitv-driven evelution of sociocultural institutions (Boyd and
Richerson 1980). The major area vet to be cultivated (or integrated) is in
consumer theory, and on the diversity within a population of parallel decision
fules. The scheme of this approach was defined in terms of schematic
preferences and genetic algorithms in chapter five.

¥.2.2 Processes of Adaptation

In contrast with convergence to equilibrium, an evolutionary microcconomics
studies processes ol adaptation. Both such schemes begin with some exogenous
environmental disturbance, but the evolutionary theory then proceeds to track
the actunl processes by which a response occurs. The orthodox microtheory
proceeds dircetly fo the outcome (as comparative statics). An evolutionary
investigation typically furnishes reasons why the erstwhile convergence might
not oceur of might be driven 1o other outcomes in terms of a series of processes,
each af which depends upon the previous outcome as a kind of programme. This
might be broken down, for instance, mto recogmition that something has
changed, interpretation of that change, search for possible responses, execution
af the triggered response, assessment of the outcome, and so forth sequentinlly.
This applies 1o the behaviour of firms und consumers, both as agents. The
modelling of such heuristic structure is well founded in the Behavioural research
programme and largely ignored by the orthodox research programme, which
cannot accommodate the necessary departures from an atemporal format, global
ritiomality and unambiguous interpretation of events,

The study of adaptive processes s centrel to an  evolutionary
microeconomics, which further contributes a theoretical explunation for why
some systems are more inherently capable of adaptation than others (see Dosi et
al. 1999}, Systems ut or near the regime of complexity are structurally poised
ready 1o adapt far more easily than those further in the ordered regime, in which
change may not in fact even be possible. The research questions that remain
open concern the way in which such systems actually achieve this poised slate,
the actual mechanisms of adaptation, and the implications this may have for
prescriptions of dynamic efficiency. Furthermore, once free of the integral
framework., it is reasonable to ask—adaptation to what? For instance, adaptation
need not nccessarily be entirely conceived in terms of gquantity or price
disturbances, but may be spurmed by a perccived change in thé scope of
possibilitics, broadly conceived. This, for instance, is whal Kirzner's (1973)
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entreprenaur reacts ta, characterized by alermess to such vpportunity, This also
secms key to the Post-Keynesian reading of expectation formation, which posits
a kind of collective sclt-adaptation that is not necessarily hinged to any ohjective
anvironmental circumstance. This is also known as self-organization (Foster
1997, Witt 1997). This research dimension, as such, overlaps significantly with
management and organizational sciences and also psychology and the nascent
tield of cxperimental economics.

8.2.3 Incompleteness

A non-integral space is, with respect to the set of all possible connections,
meomplete. A system within this space is not connected 1o all other systems, nor
15 it completely connected internally. Lvolutionary microtheory suggests that
this incompletencss is the very hasis of the dynamic efficiency of any such
system. This argument was presented in Chapter 4 and linked to theories of
macroeconomic coordination (Lejjonhulvad 1993, 1997), industry coordinution
(Richardson 1960, 1972} compelence within the firm (Foss and Knudsen 1906}
anid, among other things, to bounded rationality (see Conlisk 1996),

| have shown how all heterodox ceonomics is defined over a non-integral
space, which means the space of incomplete connections. This makes sense of
the characteristic heterodox concerns, variously with incomplete information,
bounded rationality, uncertainty, organizational structure and suchlike. Research
in this dimension has two main tasks. The first 15 a kind of empirical mapping,
for instance addressing Herbert Simon's long-standing question: how bounded is
hounded rationality? Such issues that relate to parameter settings have not been
hitherto crucial because these parameters only figure usefully in algorithmic
amulation models, few of which have been buill, In Chapter 5 | introduced the
theoretical scheme of o gencral class of such models, which are designed 1o
represent this incompleteness in a computational way. A major research Lusk is
10 provide some empirical mapping of this space.

e second task is oy interpret these results. What we should be looking out
for are characteristic structures, identifiable systems that are themsclves
composed of microinstitutions. Under cxamination is 4 wholesale test of
complexity as a structural hypothesis, and it will be useful to first know where it
plausibly fits and where it definitely does not. Hayek and Richardson suggested
markets and industries, respectively. Schumpeter indicated the microeconomy
and Keynes the macroeconomy. Cicorgescu-Roegen suggests that it applies
everywhere. Herbert Simon suguested people and Brian Loashy, knowledae.
still, we need 1o refins these insights somewhat,
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8.2.4 Complexity, Criticality, and Turbulence

The orthodox microcconomics presupposes a timeless world m which change
does not oocur to any significant degree. Tt 15 a mode| of 2 world several hundred
years past in which uncertainty is for the greatest part a distant horizon and
technological change was mostly negligible. The post-industrial world s
different. It is n world of driving, incessant change. This is what Schumpeter;
Hayck, Marx, Kevnes and Georgescu-Roegen all understood: market capitalism
is a system which is most crucially understoad in terms of its dynamic properties
rather than its static propertics. The neoclassical analysis is of its static
propertics, and thus at best a partial explanation. Lougd (1997) has suggested
that turbulence, as the metaphor for complexity. is a far more appropriate meta-
theoretical basis than mechanism, which captures only the static aspect. The
point is that the laws of motion of 8 complex dynamic self-transforming system
embedded in a continuously changing environment (& complex system, for
short) are very different from those descriptive of a lincar determinant system
superimposed upon an essentially static environment. There are several
rudimentary principles, each of which forms a quasi-independent stream of
research,

From the technical viewpoint, the strongest thread in the evolutionary
microeconomics is its basis in non-lincar dynamics (which has given rise to
complexity theory, see Agliardi 1998, Rosser 1999). Richard Goodwin (1982,
1990) extracted such arguments from Schumpeter’s analytical system,
translating this into the language of dynamical attractors. These mathematical
abjects represent convergence of state trajectories but are not the same as an
equilibrium. Small, and perhaps unmeasurably small, disturbances can escalate
inta wildly divergent trajectories. This is known as chaos, and is inherent in
most systems of dynamically coupled varinbles. Such systems, curiously, are
sometimes only mildly aflfected by (parametrically) large disturbances. In
essence, the linear correlation between cause and effect is decoupled and the
actual cumulation of causation depends critically upon the structure of feedbacks
and structurs| decompositions within the svstem in guestion. This is a relatively
new discovery to science (see Lorenz |963) and has spurred investigation into
punctuated equilibria, phase-transitions, path dependency and, broadly speaking,
the imporience of histurical citcumstance.

A major implication of these findings is the suggestion that much
ceonometric work may be systematically flawed, Mandelbrot (1972) pointed this
out a long time ago, but no one seemingly noticed. The crux of the mattes relates
to the meaning of the error term in any regression. As Lougd (1997: 201)
indicates, complex mathematics

__implies u whole reconcepralisation ol rndom cvents, no longer defined &s errors
or unexploinable perurbations. bul as being gencrated by Ihe very SVSIEM &= UMIQUe
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and unpredictable chamges as well as by external influences. in such conditions that
both arigins are virually imlistinguishable: contingeney and necessity are Inseparable.

This point is wider than economics, as the physicist Laureate Philip Anderson
(1997: 366} explains:

Much ol the real world is controlled as muoeh by the “tails’ of distributions as by
means or averages: by the eéxceptional, nol the mesn, by the catasiraphe, not the
steady drip; by the very rich, not the ‘middle-class’. We need to free ourselves of
"averape’ thinking.

Average thinking is that which neglects the importance of small events subject
v feedback, which is to say, of the mportance of initial conditions and
liistorical circumstance. Research in this direction aims to re-establish cavsality
i tetms more fitting o a complex adaptive system, where local microdynamics
are superimposed over aggregate macrodynamics and vice versa (Delorme
[999).

Another seam of research relates 1o the concept of self-organized criticality
and phase transitions between sub- and supereriticality. Although these issues
provide less immediate scope for theoretical rescarch in o well-defined sense, |
nevertheless believe that this is the mnin research question in an evolutionary
microcconomics, The question applies to the basic unit of analysis in an
cvolutionary microcconomics —a system—and asks where s this system i
ste-space? This is an empirical question that would estblish a basis for
mference about the sort of dynamics that we may expect to observe. There 15 a
definite analogue between this concept and Keynes’s schema, wherein the
behaviour of the macrosystem, and thus the strategy of intervention, depends
upon the position of the gystem relative to the benchmark of full employment. In
other words, initial conditions matter, The samc logic applies to a system in
state-space, bul here the benchmark is complexity. 1T the system is imitally
supposed to be more on the chaotic side (for whatever reason) then measures
which increase the density of connections and interdependence will have
Lompletely different effects on the dynamics of the system than the same
measures applied te a system on the ordered side of complexity. In short,
reasonable intervention (the adding or removing of connections, thus including
express non-intervetion) must proceed from a knowledge of where that system
I5 n a scheme of hyperstructure, The task of the evalutionary economist, then, is
to make this identifcation.

A further application is to what we might call the microeconomics of
macroeconomic reform or fransition, There are contemporaneously accuming a
number of real world experiments in intensive programmes of neoliberal market
reform or as certain nations allempl the direct transition from central planning 1o
market-based coordination, What is Interesting here, from the scientific
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perspective, is that these experiments afford an excellent oppormnity o stdy
the structural, institutional and social underpinnings of how the marker process
works and what circumstances are conducive to it working well. There are large
gaps in our understanding of such sociological factors as the importance of trust,
reciprocity, empathy and forbearance in both the process of coordination and
self-organization and in the transaction costs of market structures. Although it
remains to be seen what can be done, the graph-theoretic ework and the
string-theory inodel of interactions are certamly tools cumt for the study of
macrocconomic re-engineering on the premise that connections matter.

B.2.5 Complementarity and Substitution

In the orthodox scheme of microeconomics the principle of substitution is
effectively universal. When change occurs the agent can, from the theoretical
perspective at least, substitute one thing for another to achieve some comparable
utility or profit outcome, This principle manifests in a number of ways, and in
particular with respect to choice theory. Universal substitution implies a
compensatory decision heuristic, where an agent can always compensate for less
of one thing by having more of another. But this principle is not universal and in
marty cases provides o misleading abstraction for theorizing aboul system
dynamies.

The evolutionary microtheory draws far more attention to the importance and
structure of complements, and of the sensitivity ol dynamical processes 1o
changes in critical inputs (as elemenis). There are obvious linkages back to
Sraffa's (1960} notion of a basic commodity. The scheme of hyperstructure may
help to frame sueh issues.

Yet perhaps the most fertile research programme addressing this issue is
coalescing under the rubric of the resource-based theory of the firm, and which
is now being recast us the competence perspective. In this, the firm is modelled
as a set of knowledpe resources, implying that the connections within the firm
are tlso resources of the firm. In other words, what is being investigated is the
complementarity structure hetween the elements of production (compare,
substitution in the neoclassical production function). In this way, managerial
questions of strategy can enter naturally into economic concern with production
efficiency.

8.2.6 The Artifactual Nature of Choice

The evolutionary microcconomics is in important ways a postmodemn science, It
proceeds from the basis that economic reality dees not divide neatly berween the
abjective world of quantities and prices and the subjective world of preferences
defined over these objects. Instead, it is recognized that agents both construct
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their perceptions of the world sbout them, and thus the choice situation they
perceive, and also the value the consequences attributed to potential aclions (see
Tamborini 1997). This is a much stronger meaning of subjectivity than that
usually loaded onto preferences, in which case the meanimg is that the theorist
need mot ask why, Tndeed, it implies that there is a laver of investigation into the
algorithmic basis of rationality, of event perception and nther cognitive factors
shat contribute to the endogeneity of preferences and thereby the artifactuality of
choige,

A crucial point too oflen overlooked is that agents learn by doing. That is,
agents construct their models of the world, and gather the information they need
to act within it, precisely by acting within it. Lane et al. (1996) have suggested
that networks of such interactions, which they call generative relationships, will
emerge and it is this structure that becomes the context for cconomic action.

In other respects, questions of this nature are sometimes considered the
province of hermeneutics, and variously composed by the Austrian, Behavioural
or Institutional economics. But such issues, far from being rarefied concerns of
philosophy, are in fact pivotal to a multiagent framework. The basic rescarch
tjuestion concerns the way m which agents construct WORLD MODELS 1o mierpret
signals from the environment, and the role of interactions with other agents in
this process. The evolutionary microcconomics is appropriately geared to this
realm of investigation, in which an interpretive framework of constructs can be
represented in praph-theoretical terms with signals and anterfaces may be
modelled using tags (see Stefansson {1997) on such applications in Swarnr).

A fiirther aspect of this is the question of how agents choose which other
agents to interact with. This question relates not so much o the explanation of
one-off interactions, but rather to the phenomenon of repeated semi-stable sorts
al interactions, and of the type that characterize much of economic life. It is now
heing recognised that apart [rom generating benefits (or costs) capiurable by the
spents explicitly involved in the interaction, such stability acts to build what is
termied “social capital’ (Bowles 1999) but of course 15 not “capital” at all but self-
rganizing institutions, Again, there is much interesting and important territory
here to explare.

8.2.7 Game Theory and Evolutionary Economics

| have in this book set the evolutionary microeconomics squarely and distinetly
against the neowalrasian microeconomics, but what of game theory? s
theoretical basis is arguably more representative of the modem orthodoxy, and
does game theory not deal with connections anyway? The quick answer to this is
that it aims to. but so [ar t does mot Game theory and the neowalrasian
framework were forged in effectively the same crucible (see Mirowski 2000)
and have been alloyed ever since. In line with this partnership, game theory has
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more or less acquiesced and adapted itself to the same mathematical spaces thal
are a strict necessity for the neowalrasian framework.

Game theory is of course 2 method of studying strategics as actions. The
space, or the substrate, over which the game is defined invariably assumes one
of the two most analytically tractable forms: (1) games in which cach agent
interacts with all other agents under conditions of a cooperative game, or each
agent interacts with all under non-cooperative conditions;” and (2) stochastic
pames, in which agents interact with a random set of others. These are
respectively, the ficld model and the statistical mechanical model of actions. An
evolutionary version of game theory, despite the name given to one such branch
of the theory,” is still in fact yet to come, When this arrives, it will have two
characteristics, First, it will be concerned with intermediatc substrates involving
interactions mostly with ncighbourhood sites on a lattice but irregularly with
other agents an a global scale (such as games on graphs in “small worlds’, Watls
1999}, And sccond, the rules of the game will be endogenous and temporally
irreversible (no refinement strategies permitted). This second condition 1s an
essential requirement to define an ‘evolutionary game’ that encapsulates the
Darwinian mechanisms of selection over a time-varying population (as in the
extant so-called evolutionary game theory) but also the algorithmic logic of
cumulative causation as an emergent hierarchy or hyperstruciure (see Simon
1962, Dennett 1995,

In this way, game theary is in fact perfectly compatible with both systems of
microcconamics—neowalrasian  and  evolutionary —because  its  potential
substrate definition spans the integral and non-integral domains. My point here
is to invite game theorists to consider the implications of exploring repeated
sames over non-integral spaces in imeversible time with hyperstructure If that
challenge can be met, then game theory may well wsurp the evolutionary
microeconomics 100.”

8.3 Conclusion

When speaking of ‘the continuous market, which is perpetually rending towards
equilibrium withour ever actually attaining it", Walras (1954: IR0y sugpested an
analogy: *For just as a lake is, al limes, stirred 1o 15 very depths by a storm, so
also the markel is sometimes thrown into violent confusion by erises, which are
sudden and general disturbances of the equilibrium’. In this metaphor, the lake is
the market and the storm—the crisis—is an external and ultimately transitory
cvent unrelated to the lake itself. When all transitory events have passed, the
secking and attainment of equilibrium is the basic character of the behaviour of
the luke. It is a powerful and clear metaphor about market equilibrium,
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Yet anyone who knows anything about lakes will know that they come from
<omewhers and they go somewhere, A lake is a stage in the namral cycle of
water, which transforms between liquid, gas and crystal, variously manifesting
lakes, rivers, precipitation, snow, clouds and suchlike. The lake stage is the mosl
stable and tranquil of the cycle, all other stages being predominantly
characterized by turbulence. Walras's lake and Walras's storm, which he s0
pointedly separates, are in fact different stages of the same process: the cycle of
water transformation driven by solar flux, The lake docs not of ilself expenience
turhulence because itis not a driven system, 1ts state may bie characterized by its
equilibrium level, which 15 determined entirely by static parameters such as the
contour of the valley in which it rests. The turbulence thal Walras inferred is a
completely transient and surface phenomenon that does not in the final analysis
iffect the position of the cquilibrium, All other stages of the process, howeyer,
are substantially more turbulent because, principally, they are substantially more
driven.

The evolutionary microceonomics is to the neowalrasian microeconomics
what the river, say, is to the lake. In Heracletiun terms the river is never the
<ume, of, in the modern nomenclature, it is non-creodic and time irreversible
The most immediate observation we can make, in distinetion, is that the river
Hows. For much of the economic process the luke {s the wrong metaphor
Technology, learning, institutional adaplation, resource depletion and discovery,
innovation and entreprencurship, imagination and conjecture, strategy, skills and
compelence, satintion and experimentation, and other such phenomena, these
things drive the system. They are ils gradient, the cause of its fow and
inseparable from its being. A river, in this sensc, is o far more appropriate
metaphor,

From the lmost imperceptible motion of a lake, the flow bepins Lt quicken
with the narrowing of the tiver and the phenomenon of wirbulence then emerges
Without gradient, equilibrium is the basie character of a system; gradient arises
a5 the system becomes driven, and as it is increasingly driven turbulence will be
expressed and take over as the hasic character of the system. For the greatest
part of the history ol cconomic sysiems the lake was indecd the appropriate
metaphor because the flow of new information, structural and institutional
reformation, technology and novelty was insufficiently stecp to engender
turbulence. The gradient existed, but it was the mild imperceptible gradient of a
lake and could be elffectively ignored (as in Marshall's Frinciples). One could
speak of change, yet it was not an incessant, ubiquitous and driving change, but
samething mare benign, less furceful. 1t could be reasonably abstracted from.
Modern economic svstems, and particularly the period since the Second World
War, have, so 1o speak, catered the narrows,

['conomic systems are driven from within to constant change: someimes
sinanthly, sometimes more chaotically, but constantly to change. Radical
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uncertainty is fully an endemic feature of the contemporary cconomic decision.
Is it no longer reasonably the case that other things will be equal. The most
pressing fact of economic life is that other things, gencrally speaking, will not be
equal. And hence what is now required. in the sense of what is clearly missing
from the analylical and conceptual framework of microcconomic theory, are
principles of abstraction cut to fiL the supposition that there is always
uncertainty, that change will always occur, that stability must be constructad,
and that internal transformation is the natural state of an economic system

In other words. dynamics in an integral space is simply statics plus another
dimension: it is nothing more than higher-dimensional statics, The germane
distinction is not between abstraction or inclusion of a temporal dimension (that
is, statics and dynamics), but rather between abstraction or inclusion of the
effects of time. Uncertainty, novelty, surprise, mformation, structure,
coordination, organization and suchlike, these are the effects of time. The real
effeet of time, n the sense of a Realist framework, is to make space non-
integral. The mathematical effect of time, in the sense of a Deduetivist
framework, is to add another dimension to integral space. Statics and Dynamics
are not the fundamental categorizations of time's ontology, at least not in the
context of an open system. Rather, the conceptual distinetion occurs with respect
to whether the subject of investigation 15 to be perceived as systematically
dealing with the effects of time, or not. If uncertainty and suchlike exert
systematic effects on the behaviour of the subject of investigation, then our
framework transcends time as dimensional oblivien and apprehends s
manifestation in the geometric properties of the subject of investigation. If our
subjects are systems, then the effect of time is to push these systems into non-
integral state-space. The presence of the effect of time is manifest in variety, in
surprise, in contingency, but most generally as complexity. Time does not
manifest in a dunlistic way, either absent (statics) or present (dynamics) as is the
nature of its Cartesian expression. Time 15 dizlectic; n cemain environments it
may be suitably ignored und in others it presses much more forcefully and 15
veritably impossible to ignore. This distinction is important Our mherited
theoretical apparatus extends to include dynamics, but it does not yet extend to
incorporate the effects of time. Morcover. it never can.

Consequentially, we must um ow investigation now io the swdy of
turbulence, emergence and self-organization. and away from the smudy of
equilibrium as the exclusive concern of analysis. From a metatheoretical
perspective, our first reference point is that we nzed to free our thinking from
the mathematically convenient but ontologically misleading domain of field-
theory abstractions. And when our aucntion shifts to the smdy of local
interactions rather than generalized actions. of distributed agents operating in
parallel without centralized coordination, and of emergent strucmire and self-
organization, then we will find that the mtegral or differential methods are not
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necessarily the most appropriate basis for microeconomic models. Instead, it
would scem that graph theory, and combinatorics generally, provide & more
appropriate mathematical foundation, and one that feeds directly inlo the
turgenning field of multiagent (and artificial life} simulation technigues.

Our second refercnce point is thal the economic investigation is rightly
concemed with the study of systems, and gencrally with the principles of the
balance hetween stability and Aexibility, which, in the non-integral context, 1=
interpreted as the principles of dynamic efficiency. When the flow quickens,
when the environment becomes more turbulent, the fundamental nature of
aptimization changes. Optimization means more than simply making the best
use of current finite resources, expressed and solved purely as an allocation
problem. In the midst of turbulence, our concern extends beyond the immediate
hedonic moment to encompass scenarios of possible outcomes. These arc within
the domain of unknowledge, and cannot be apprehended in probabilistic terms,
and therefore cannot (even in theory) be callapsed into the present. Turbulence
is denlt with in the economic system in the same way it is dealt with in all other
system domains, by structural complexity: order and chiaos are melded, and this
complex coexistence is the best that can be achicved given the effects of time; it
15, 1n @ word, efficient,

Our third point of reference is that systems are building blocks lor building
more systems. Systems are sets of things connected such that the combination
synthesizes the emergence of a coherent whele, and which may then hecome
part of another system. The Mux and evelutionary processes within an cconomic
system are those of the interaction, emergence and decomposition of systems,

The many species of system within an cconomic system can all be abstractly
represented with the same analytical [ramework. This, | think, affords a much-
needed clarity to the distingtion between such phenomens as, for instance,
knowledpe, technology and capital, The Cartesian legacy has forced a strict
conceptual distinction between materinl factors (capital as ‘putty’) and factors
such as human skills, cognitive faculties or imagination. The former exists
because itcan be mensurcd unambiguously, whereas the latter does nut. Yet, as
Simon (1982, 2: 144 has argued, ‘a technology exists largely in the minds of its
lubour foree', an insight similarly shared by the nascent competence-based
theory of the firm (Penrose 1959, Foss and Knudsen 1996). The insight is that
technology and competence are both systems. Nelson and Winter (1982)
sparked what we may perhaps consider a renaissance of evolutionary economics
by conceiving habits, routines and skills, as microinstitutions. or more eenerally
as systems that are the building blocks of an evolutionary theory of the
economic process. The common siream of heterodox thowght, which | argue
establishes the ontological and epistemological basis for a  synthetic
microeconomic coherence, is that all recognize systems. Equivalently, the
commuon demain of heterodox econumics 1s non-integral space.
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Systems are the building blocks of the economic process and the Tudimentary
analytical abstraction of heterodox microcconomics. The different streams of
heterodox thought come together about the ontological acknowledgement that
systems exist, with each bringing a different understanding of how systems exist
and knowledge of the properties of such systems. Tt is the reign of mrbulence
that has brought these latent systems nto view. In equilibrium, these systems
would not be readily apparent but in the boil of modern economic history the
systems aspect has revealed itsclf to those who will care 1o look directly at the
economic object as it occurs in real time. A number of economists of somewhat
more arthodox stripes have arrived at much the same conclusion (for example,
Arrow 1974, Hahn 1983, North 1990, Romer 1994, Sughtz 1994).

My argument summarizes thus. Our economic actions are inseparable from
their embeddedness in webs of systems. These systems are both intemal o the
agent, as for instance heuristic systems; and external, as say competence
systerns, Systems are characterized m their diversity nol so much by what they
are made of but by how they are connected together. A system is a set of
connected elements. The evolutionary dynamics of the cconomic process,
however, are lo be mostly associated with the set £, the set of connections, and it
is changes in these that explain changes in the set V¥, the set of things. From this
perspective, it is the process of search, discovery, experimentation, investment,
or, in general, choice over the set of connections that is descriptive of the
evolutionary  dynamics of the cconomic system.  An evolulionary
microeconomics, as the basis of o synthesis of heterodox thought, and which we
may | supuest reasonably refer o as the evolutionary synthesis, is focused about
the study of the set of connections that exist in an cconomic system. In essence,
connections must be created —some elements are connected, some are nol.
Moreover, whether a connection exists or not, it marers. The evolutionary
filcroeconumics is thus 8 new methodalogical paradipm and snalytical
framework for the study of the dynumics of connections 10 an econpmic systenl,

Motes

|+ Ax interdiseiplinary work mnd collsboration: hecome increasingly commaon-place, cconamists af
necessily must seck to extend their expeticnces outside of the preconcesved confines af "the
econamsy” . And of course when evolution itself became recast =s the plaving oot of the "genetic
code’” tmd biology captured the lions share of sciemific funding, was the reappeamnce of an
evplutionasy ceonomics really such a bolr from the blue™ (Miraski 1998 555-9)

* An alicmative sonceplion. and onc that | have given msufficient stiention to in this book, is
Nirowski's (2MI0) notion of Cybarg seonomics, which be identifies with the rise of siralegic
sponsorship of economic rescarch driving the ascendancy of game thewry, opemtions rescarch, and
computational econamics from the 19305 onwards

" Qee Hodgson (forthoommng),

£ The most ubiguitoss such connccting principle, for mstance, is equilibrium. Redsr (1982), for
instanie, arewes that such a coneept {as Aol prioe equilibrium) i he key 1o the Chicago Schoal of

‘ceonomics. In this way, it 5 axiomatics plus a high-level connccting pringiple (thit 15, cquilibrium)

shat defings the orlhodox system of miceconomics, Hausmen (1992) mekes preciscly this
Arrumeit.

" “The wse of fommal cvolutionary theory in economics is siill new, and the propoments of
evolitionary thenry are struggling with bt techiniques and stondards” (Nelson 1995 83—} Melson
then eencludes his survey of recent evolutionary theorising thus, ‘Inmy view coonomics would be a
stromger [eld 3F its theorstical framewnrk wore expressly evolutionary. Such o frameworks would
help us sec and nnderstand beller e complexity af the economic reality. That, | think. is its greatest
advantane, But it witl not mike the complesity go awiy ", Here complesity s the problim (“make the
complexity go awiy'), Wic analytical focus (‘the complexity of the ecommic reality™), and, Ty
implication, the solution {'expressly evislutinniry ).

AR interesting aspect of this is the mle of the producers in shaping perceptions of diversity throogh
market medin. This distinguisties, Think, two very different wpproaches to marketing. Che the one
b, there is the Teld-theary medel, which expresses product coardingtes of the form ‘s X a1
nrice p and located in the market of (x, ¥, ) coordinudes,” This appronch was typheal of wn edier
schoul of marketing, and 0 il information fnetion i congeuent with the field ceonomics. O the
vthgt hand i3 somatbing we tend o see more of in recenl Gmes, but §s by oo mess @reeent
jmovakion: less emphasis on price, quantity and spatial coordinates, bt e emphiess on
wesntciations, The message in many. consumer-gond advertisements b that product X is connected o
e sel (A B, O ) of athier products or siiribites or some such This is more compruent with the
Inpographic evalutionary micrieconommies, as the lmation disseminigd i shout the conneetions
aerrotnding the element rather than the connlinates descriptive of the elemen Tt may be nrgued thin
commectiong are far more subject 1o manipalilion than elements.

"Siranpely, pame theorists refer o this simtion, when agents cannot by delinition know the moves
shust ther agents will moke, w5 one of doimdve rasignafin, Evidently, they have never made sense of
the distinction between thstontintve wod proccdural rabomality. They shoold read Heebhen Simon
i1a74),

' mamely, evolulionary game theory (Welhall 1D95),

"o, for inslenee, Weisbuch et al, (20009, Morris (20000 and Sok-Yoaung Chwe (20000,
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