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The problem ts how we
predict economic
behavior. Are purely
economic analyses
sufficient?

1. C. Marchett and N, Nukicenovic.
The Dymaumics of Energy Systemi anid
the Logiste Substitution Model,
RR-T9-13 (Laxenburg. Austria: Inter-
national Institute for Applred Sysrems
Analysis. December 1979).

2V Peterka. Macrodynamicy of

Technofogical Change: Market
Penceration by New Technologres,
BR-"7.22 (Laxenburg, Austria: [nter-
nationa! Institute for Applied Systems
Analysis, November 1977),

3 F Fleck, "Regelmissigkeien bei
Marktdurchdringungsprozessen als
Folge des individuellen
Nachfrageverhaltens'™ (Diss., Univer-
sitae Fridericiana Karlsruhe,
Technische Hochschule, Fakultic fiir
Wirschaftswissenschafien, 1980).

No, something else is at
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Cesare Marchett:
The problem

ogistic* market-penetration analysis has been successful in describ-
ing long-term behavior of energy markets and submarkets. This
success has stimulated theoretical attempts to reduce the em-
pirically efficient logistic relationship to more basic and already-accepted
scientific axioms.! A remarkable effort was made by Peterka, who
demonstrated that, under constant productivity differentials, competing
industries win and lose the marker following logistic paths.2
Fleck considers market penetration as a diffusion process in which
the buyer is a scattering element in a Markov chain. From the proper-
ties of this microelement, Fleck can reconstruct the macroscopic
behavior.’ This is an interesting form of reduction, although the propet-
ties of the microelemnent cannot yet be established a priori—nor, con-
sequently, can the parameters of the logistic equation be calculated
before the penetration process starts. Fleck still limits his consideration
t0 man as an economic animal.

The hypothesis: Socety learns

I would like to go one step furthet, in abstraction and simplicity,
and assume that society is @ learning system, that learning is basically
a random search with filters; and that random searches are character-
ized by logistic functions.4 The most natural way to proceed is through
examples of increasing complexity from which some abstractions and
deductions can be drawn.

*A logintic curve s a logarithmic relation of a given quaniity 10 its growth over time.
In this paper a logisiic curve represents an exponential growth within a limited context,
e.g.. a product market.

tA Markov chain refers to a process whoie states succeed each other according to fixed
probabilities. The probabilities do not tell us the details of the process, but they do per.
it us to know the basic *‘laws"’ governing what is going on. From the gross observable
mantfestations of the chaim we may infer an overview of the process, even if the details
are unknown 10 4.
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The fitst and most important link in all human chains and feedback
loops* i1s man. [e 15 interesting to see him at work—for example, as
a child trying to master an intricate structure like a language. To monitor
the progress | examined the extension of vocabulaty under the child’s
control. The result ts given ¢n Figure 1,
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Figure 1. Evolution of a child's vocabulary. The set of words currently used is about 2,500.
The curve 15 a logistic written in the form of log (F/1-F) = ar + & (where Fis the frac-
tion of the final vocabutary. £ 15 time, and 7 and & are constants). Data from T.G. Whiston,
"“Life Is Logarithmic." in ). Rose. ed., Advances in Cybernetics and Systems (London:

Gordon & Breach, 1974).

My second example of learning calls for a group of men intercon-
nected by informational links (e.g.. learned journals) and working on
the common task of pounding molecules to picces in order to separate
the unbreakable components, the stable atoms. That game drove the
chemists crazy in the period about 1750-1850, when some 50 stable
clements were discovered. In Figure 2 the glorious progress in this task
is reported. The child and the learned guild seem to behave the same
way, or at least the same functional relationship takes cate of the two
cases.

The third example {(see Fig. 3) beats some similatity to the second;
however, the objects indicated on the graph do not have 2 physical ex-
istence in the sense of words or chemical elements but belong to con-
ceptual sets, as those in the Platonic world, where all ideas sit. Figure
*A feedback loop is a process in which a given quantity changes in response to informa-

tion about tis earlier states. A thermostatically controfled heating system, for example,
15 2 feedback loop.
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Learning by trial and er-
ror is a social equivalent

of biological evolution..,
L]

Frgure 1

Log F/1-Fis a general logarithmic equa-
tion. It is used (o standardize one ser of
data so that the set may be related 1o
other sets of data taken from seemingly
disparate sources of information. For ex-
ample, in this essay the logarithmic ex-
ptession F/1-F is used to relace world
energy production, vocabulary acquisi-
tion, and theoretical advances in
chemiscry.

...and a professional
phenomenon. It deals
with the processes of
discovery, application,
and refinement.
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Soctal learning is the ag-
gregate response of many

indidual learning
experiences.

Learning rates are stable
over time. They are not
perturbed by economic
factors such as price and
supply. Learning is more
z'n/izentz'cz/ than economic
Jactors in affecting the
dynamics of social
systems.

5. Marchetti and Nakicenovic,
Dynamies of Energy Systems.
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Figure 2. Discovery of the stable elements. ca. 1750-1850, as a learning process. The
set conststs of about 50 stable chemical elements accessible with chen-current chemical
wechnology: and F (£} is the cumulative fraction of elements already discovered at time
t. Data from The World Afmanac (New York: Doubleday, 1971).

3 repotts the evolutionary trends of three technologies (steam, artificial
illuminavon, and ammonia production), embodied in machines of
evolving performance. In a sense, inventors, wandering in the world
of all possible machines. picked those which seemed best, and they were
ready to throw them away for better machines, like Alice in Wonderland
with her flowers. Here only one parameter was taken as an indicator
of performance, but it was based on a very important and subtle no-
tion: thermodynamic efficiency.

Inventors are not organized in a guild, and their sttmulus and finane-
ing come from a wide variety of sources. They are, however, intercon-
nected through literature and inspection of competing products. And
they seem to behave like a single structure, operating toward a pur-
pose, Insensitive to historical trivialities like wars, pestilences, and
€Conomic crises.

The fourth example of learning (see Fig. 4) refers to large industries
capillarily interconnected with many strata of society—technical,
economic, financial, political—which draw stimult and constraints from
these strata. Being processing industries, they may take thermodynamic
efficiency as an indicator. As the statistical data show, the evolutionary
pattern is exactly the same as before. Here, however, due to the visibility
and strong coupling of these industries, the effects of war may be felt,
perhaps through bombing ot shortage of new equipment, as in the case
of Great Britain's steel industry. It 1s remarkable, however, that some
kind of internal clock keeps ticking, and finally the time lost is recovered
in a well-adjusted dash. This elastic reabsorption of perturbations is a
general and surprising feature of practically all the systems studied.

The last example of the series (Fig. 5) involves humanity as a whole
and its behavior with respect to a very important item, the use of
primary-energy sources during the last century or s0.°> As can be scen,
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