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FOREWORD

Early in its work the Energy Systems Program at the International Institute for
Applied Systems Analysis recognized that one of the important controlling factors in
changing the mix of technologies in the world’s energy system was the rate at which a
new technology substitutes for older ones, or, to put it differently, how long it will take a
new technology to achieve a significant market penetration.

In a series of important papers, Cesare Marchetti showed that over the last century
energy technologies had exhibited remarkably stable market-penetration properties, a fact
that became an important building block in the IIASA analysis of the world’s energy future
over the next 50 years.

These results suggested that the form of stability exhibited by energy technologics
could also be found elsewhere, and this paper explores this possibility for discovery, inven-
tion. and innovation cycles. Its findings show us that we have much to learn about these
social processes that will be important to our efforts to shape our future effectively.

WOLF HAFELE
Leader
Energy Systems Program
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Society as a Learning System: Discovery,
Invention, and Innovation Cycles Revisited

CESARE MARCHETTI

ABSTRACT

The very simple heuristic suggestion that society as a whole and its numerous subsets operate like leaming
systems, basically governed by Volterra-Lotka equations, has been extremely valuable in OTganizing a most
variegated collection of statistical sets of time series, ranging from the structure of energy markets 1o the
efficiency of machinery and the expansion of empires. In this paper an anempt is made 1o treat invention and
entrepreneurship. generally perceived as the most *“free’* of human activities but actually subject to wron rules.
Invention and innovation during the last 250 years appear in precisely structured waves thar lend themselves 1o
robust prediction. The present wave will reach its maximum momentum around 1990. Furthermore, the intro-
duction, maximum market penetrations, and prices of new primary energies show a very strong link to these
innovation waves. This stresses once more that economic features may be the expression of deeper **physicai™’
phenomena retated 1o the basic working of society and thus become predictable up 10 a point through a very
abstract and noneconomic analysis.

This work has been done in the frame of 1IASA's Energy Systems Program and can be considered as an
outgrowth of and complement to the research on the evolution of energy sysiems described in HIASA Research
Reports 79-12, 79-13, and 77-22. There it was found that & new primary energy coming into the market must be
observed for 10 or 20 years if one is 10 extract the basic features necessary to predict its long-term market
behavior. Specifically, it was concluded that the dates at which new primary energies come into play cannot be
predicted. In this paper innovations are considered not one by one but as an abstract set. whose behavior is
analyzed. In ths frame possible birth dates for new energy sources can be identified, thus enhancing the quality
of very long-1erm forecasting in the energy field. Also. prices appear predictable, at least in their gross features.

Introduction

The success of logistic market penetration analysis in describing the long-term be-
havior of energy markets and submarkets [ 1] stimulated an effort in theoretical research in
order to reduce the empirically efficient logistic relationship to more basic and already
accepted scientific axioms. A remarkable effort was made by Peterka [2], who was abie to
demonstrate that under constant productivity differentials competing industries win and
lose the market following logistic paths.

Fleck 3] considers market penetration as a diffusion process in which the buyer is a
scartering element in a Markov chain. From the properties of this microelement Fleck
reconstructs the macroscopic behavior. This is an interesting reduction, although the
properties of the microelement cannot yet be established a priori, and consequently the
parameters of the logistic equation cannot be calculated before the penetration process
starts. Fleck still limits his consideration to man as an economic animal.

CESARE MARCHETTI is associated with the International Institute for Applied System Analysis (IIASA),
Laxenburg, Austria. Thispaper was invited for presentation ata meeting on Marketing and Product Innovation Facing
Socialand Technological Change organizedby the lalian Association for Marketing Studies { ALSM)in Turin, 18-19
April, 1980.

© C. Marcheni, 1981

www . fastio.com



ClibPD

268 CESARE MARCHETTI

I would like 1o go one step further toward abstraction and simplicity and assume that
societry is a learning svstem, that learning is basically a random search with filters, and
that random searches are characterized by logistic functions [4, 5]. The most natural way
to proceed is through examples of increasing complexity. Abstraction is then possible and
some deductions can be drawn.

The first and most important link in all human chains and feedback loops is man. It
can be interesting 1o see him at work, for example, as a child trying to appropriate and get
command of an intricate structure like that of a language. As a monitor of progress [ chose
the growth of the child's vocabulary. The result is given in Figure 1, where the curve is fit
to a function of the form log(F/1—F )=ar+& and F is a measure of the number of words
the child can command: the fraction of a vocabulary for current use of about 2500 words.

My second example concerns a group of people interconnected by informational
links, much as scholarly journals, and working on a common task, say pounding
molecules to pieces in order to separate the unbreakable components, the stable atoms.
That game drove the chemists crazy in the period 1750-1850, roughly, when about 50
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Fig. 1. Evolution of the vocabulary of a child. The final set of words used in current ianguage is about
2500 words. F(?) is the fraction of that set under control at time 1. Source: Whiston [6].
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stable elements were discovered. In Figure 2 the glorious progress is reported. The child
and the leamed guild seem to behave the same way, or at least the same functional
relationship takes care of the two cases.

The third example bears some similarity to the second, except that the objects 10 be
reached do not have a physical existence in the sense of words or chemical elements but
belong to conceptual sets, like the set of ideas in the Platonic scheme. In Figure 3 the
evolutionary trends of three technologies, embodied in machines of evolving perfor-
mance, are reported. In a sense inventors, wandering in the world of all possible
machines, picked those that looked best, ready to throw them away for the better ones as
they appear, like Alice in Wonderland with her flowers. Here only one parameter, but
very important and subtle one, was taken as an indicator of performance: thermodynamic
efficiency. This efficiency € is plotted as ratio of ¢/1-¢, efficiency over inefficiency, and
the data are fitted with a logistic equation.

Inventors are not organized in a guild, and their stimulus and financing come from a
wide variety of sources. They are, however, interconnected by a literature and through
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Fig. 2. The set of about 50 stable chemical clements that were discovered in the period under scrutiny
can be defined as the elements accessible with current chemical technology. This defines the task and the
mesns. F(f) is the fraction of this set already discovered st time ¢, Sowurce: The Warld Abmanic 17).
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Fig. 3. The evolution of efficiency here given by reporting the efficiency of the best commercial
machine at a given time. This efficiency is referred to the maximum possible thermodynamically. Con-
sequently steamn engines efMiciency refers not to Carnot but to free energy in the fuel. The time constant At
represents the slope given as the time 10 go from 1077 to 10" (1% to 50% efficiency). This figure, reporting
efficiency/inefficiency, I christened *‘the Yang-Ying plot.*” Source: Marchetti [8],

inspection of competing products, and they seem to behave like a single structure. operat-
ing toward its purpose and insensitive 1o historical trivialities, like wars, pestilences, and
€CONOMIC CTISES.

The fourth example is of large industries capillarily interconnected to many strata of
society—technical, economic, financial, and political—and drawing stimuli and con-
straints from them. Because the elements are industries, ] again took thermodynamic
efficiency as an indicator. As the statistical data show (Figure 4), the evolutionary patiern
is exactly the same as before. Here, however, because of the visibility of the objects and
their strong coupling, a war may be felt, perhaps bombing or a shortage of new equip-
ment, as in the case of the British steel industry. It is 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 (Figure 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 so [1]. As can be seen, the fit of the statistical data and to the logistic
curve is very snug over this very long period of time. Humanity, 100, seems 1o behave like
an interconnected system leaming toward an objective at an extremely stable rate. Inciden-



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



