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Preface

In Economics most empirical models of decision-making assume that the economic
agents act with rationality when making choices and that their choices are aimed at
optimizing their utility or profit. What is taken as “rational” is of chief importance
because rationality is used either to decide which course of action would be the best
to take, or to predict which course of action actually will be taken.

In a more formal sense the economic agents are said to have transitive and con-
sistent preferences and seek to maximize the utility that they derive from those
preferences, subject to various constraints. They operate according to the choice
imperative: given a set of alternatives, choose the best.

This process of choice postulates utility values associated with possible states of
the world perfectly foreseen in which situations with higher utilities are preferred
to those with lower ones. Those preferences are defined over outcomes, known and
fixed, so that decision makers maximize their net benefits by ordering and choosing
the alternative that yields the highest level of benefits. Choices among competing
goals are handled by indifference curves — generally postulated to be smooth (twice
differentiable) — that specify substitutability among goals.

But, more important, this long and complicated decision process is realized with
perfect foresight in the time agent acts. Agent rationality and homogeneity, non-
interactiveness and equilibrium are some of the basic assumptions of the so-called
Rational Choice Theory.

The Rational Choice Theory plays a central role in Economic Theory. It just
considers that “explanations are regarded as economic to the extent that they ex-
plain the relevant phenomena in terms of the rational choice of individual economic
agents” (Sugden, 1991). Any other theory which doesn’t have the same structure is
not considered.

But is the Theory of Rational Choice adequate to describe a world in which
agents use inductive rules of thumb to make decisions, have incomplete information,
are subject to errors and biases, learn to adapt over time, are heterogeneous, interact
with one another, in a few words are not rational in a conventional sense? That is, are
the basic tenets of Rational Choice Theory a good description of economic agents’
real behavior?
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These questions arise because in this theory some rather unrealistic assumptions
are made about the world: an individual has precise information about what will
occur under any choice made; an individual has time and ability to weigh every
choice against every other choice and finally an individual is fully aware of all pos-
sible choices. Further, individual preferences are taken to be given a priori, rather
than constructed and revised through ongoing social processes: they are primitive,
consistent, and immutable.

In most rational-choice models social phenomena are decomposed into se-
quences of individual actions set aside culture, psychology, class, group dynam-
ics, or other variables that suggest the heterogeneity of human behavior. Economic
actors are treated as equivalent or the differences among them are presented as at-
tributes of individuals. The regularities not the differences are considered. Of course,
these could be incorporated into analyses, but much of the power and elegance of
rational-choice models depends on these simplifying assumptions.

The hypothesis are totally unrealistic because they don’t reflect real individual
behavior (Robles, 2007), nor does it reflect the complexity of human decision mak-
ing (Shapiro and Green, 1994).

It is clear that the foundations of Rational Choice Theory are less secure than we
thought, so they need to be re-examined and perhaps rebuilt (Sugden, 1991).

Many researchers have put forward the idea that consumer choice behavior can be
affected by environment complexity. Human behavior in this context can show many
effects which are contrary to predictions of the standard economic framework. Such
effects include those arising from social preferences (how people deal with each
other), individual bounded rationality (how people make mistakes in decisions) and
uncertainty (Kahneman & Tversky, 1979).

Consequently economists have been forced to choose between an elegant but
incorrect theory and an inelegant collection of empirical observations.

In 1944, von Neumann and Morgenstern made a first step in this direction; they
provided a variant of rational choice formalizing the Expected Utility Hypothesis.
They integrated risk and uncertainty into the model by associating a probability
distribution, estimated by the decision maker but again the agent maximizes not
more utility but expected utility. Further the individual actors are conceptualized as
decision makers whose choice depend directly on the decisions of others.

This conceptualization is quite different from the mainstream of Rational Choice
models in which individuals only interact via market clearing prices. Nevertheless
in this game (interactions between individuals) the players, affected by well-defined
(and not changing) preferences over outcomes of decision, choose strategies that
will maximize their individual expected utilities.

Later on the decision making process was seriously questioned from another
viewpoint and context: that of the ability to make rational calculations. We are mov-
ing now from economic models of decision making in which an anonymous ra-
tional agent performs omniscient probability calculations with unlimited cognitive
resources to models with agents who have limited processing capabilities. In more
formal words their rationality is bounded (Simon, 1982, 1997).
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The focal point of Bounded Rationality Theory is not that economic agents might
decide differently if they had more or different information, or differently with dif-
ferent items in the utility function. Rather it is that they can’t process all the infor-
mation even if they had it. In this case the agents choose optimally, from their set of
strategic alternatives, taking into account only a subset of the set of possible future
contingencies.

These cognitive limitations can lead people to make suboptimal choices (Newell
and Simon, 1972). Such choices can arise for a variety of reasons, including simply
not understanding or being aware of the options, mistakes in evaluating the out-
comes, and various biases based on how the choices are described (Kahneman and
Tversky, 1979).

But this further step is not yet enough to analyze the behavior of economic agents
in a world complicated not only by actions of other ever changing agents but also by
the actions of environment on them. Decision-models based on bounded rationality
are still inefficient under conditions of Complexity Theory because rather than an
alternative concept it is a weaker formulation of the rationality postulate.

The view of Complexity Theory focuses on uncertainty, limited cognitive, het-
erogeneity and processes. Decision makers have to face diversity, unpredictability,
self-reference, change and Knightian uncertainty (Fontana, 2008). While it could be
the case that the assumption of rational behavior is credible for a small subset of
people, it is certainly the case that not all agents are equally rational, as is implicit
in conventional theoretical models.

The assumptions of mainstream economics are totally changing. No longer the
Olympic rationality but processes in which the interacting economic agents adapt
themselves in reaction to environment and, by innovating, contribute to its change.
The aim is to improve the performance of actions updating the information so that
new options are generated.

In this ever changing environment, it is almost impossible to prefigure the out-
come of decisions to a satisfactory degree of precision and use constrained opti-
mization models to capture the behavior of these complex adaptive systems.

In mainstream of traditional economic theory agents interact only by impersonal
markets and not with one another, so that the interaction structures are very simple.
From the complexity point of view all economic actions involve interactions among
agents. Not more aggregate reduced to the analysis of a single, representative, indi-
vidual, ignoring by construction any form of heterogeneity and interaction, but the
aggregate emerging from the local interactions of agents.

In this book there are no general surveys of the decision making problem, rather
each contribution discusses a very specific aspect of how complexity affects human
decisions and which tools have to be used to model the decision-making process
in a complex scenario. The thirteen chapters reflect this end from various modeling
perspectives such as agent-based models, fuzzy theory, neural networks, societal
networks, and thermodynamic cycles.

They are divided in five sections: General Issue, Agent based model, Techniques
and Tools, Modeling from Physics and Related Issues.
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In the General Issues, the first three papers by Arecchi, Velupillai and Bruno em-
phasize that the agents don’t choose in the standard sense. Arecchi describes the
processing and the cognition of visual events when complexity, in terms of deter-
ministic chaos, occurs. Velupillai reformulates bounded rationality and satisficing in
a computable framework so that their intrinsic complex dynamics are made explicit
in as straightforward a way as possible. Bruno highlights how the optimization in the
standard sense is unsuitable for complex choices, where the identification of mea-
surable objectives and their relative weights cannot be objective and stable through
time.

In the next set of papers by Terna, Biggiero and Chiarella et al., the application
of Agent Based Models are proposed. Terna proposes a simplified application of the
original Swarm Protocol denominated Swarm Like Agent Protocol in Python to the
actual important issue of interbank payment and liquidity. Biggiero uses the agent-
based simulation model for analyzing the effects on industry profitability of the two
exploration modes for choosing the best suppliers. Starting from the consideration
that the complexity of economic cycles is the result of the impact of individual de-
cisions on macro variables of the economy Chiarella et alt. provide micro-economic
foundations to the model of the financial fragility designed as an heterogeneous
agent model.

Part I1I is focused on Techniques and Tools from the Complexity Theory. The La-
fuente and Di Tollo and Lyra papers describe how decision process characterized by
limited information, limited in situations of uncertainty computational skills, adap-
tation and induction can be modeled using tools like fuzzy systems and neural nets.
In Lafuente’s paper the uncertainty in which the financial operators move could be
manage using fuzzy systems. Di Tollo and Lyra show that Neural Nets can be very
successful in order to forecast the credit risk assessment.

Part IV is about Modeling from Physics to explain decision process. The acquisi-
tion of information by the methods of chemical kinetics are described in Monaco’s
contribution while in Khrennikov the financial markets dynamics are discussed from
the point of view of phenomenological thermodynamics. In Meucci et al. how deci-
sion maker could control a complex system is shown.

The final three papers are about related issues to Complexity Theory springing
from the networks pervasive in the study of complex systems to the building in-
equality indices. Abatemarco investigates the relationships between deprivation and
complaint-based inequality orderings highlighting that the intensity of inequality is
defined as an aggregation of individual perceptions of inequality. In the paper by
Bimonte new models and techniques that deal with social networks characterized
by self-organized criticality are presented. The risk assessment based on the defini-
tion of risk ontologies is investigated by Nota et alt. in the network of interacting
systems.
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Coherence, Complexity and Creativity:
the Dynamics of Decision Making

Fortunato Tito Arecchi

Abstract. Coherence is a long range order (either in space or time ) which stim-
ulates our curiosity and drives the scientific investigation. To build non-trivial cor-
relations, a system must be away from thermal equilibrium; this implies entering
a nonlinear dynamical regime, where coherence is just one aspect. The coupling of
many partners leads to a multiplicity of equilibrium states, the number of which
increases exponentially with the number of partners; we call complexity such a sit-
uation. Complete exploration of complexity would require a very large amount of
time. On the contrary, in cognitive tasks, one reaches a decision within a short time.
Indeed, any conscious perception requires a few hundred milliseconds. It is charac-
terized by a collective neuron synchronization. However, the loss of information in
the chaotic spike train of a single neuron takes a few msec; thus perception implies
a control of chaos, whereby the information survives for a time sufficient to elicit
a decision.

Control of chaos is achieved by the combination of a bottom-up sensorial stimu-
lus with a fop-down perturbation induced by the semantic memory. Control of chaos
has an optimality: indeed if too short no decisions emerge, if too long it blocks the
availability to sequential cognitive tasks. We call creativity this optimal control . We
extrapolate the same behaviour from perceptual tasks (sensorial input) to cognitive
tasks (conceptual input), going beyond the Bayesian inference, which is the way
a computer operates.

Control of chaos in a cognitive dynamics overtakes the limitation of Newton-
Laplace determinism, since the cognitive agent re-codes its dynamical space . Such
are-coding is a very individual free endeavour; it is the basis of creativity.

Fortunato Tito Arecchi
University of Firenze and INO (Istituto Nazionale di Ottica), Italy,
e-mail: tito.arecchi @ino.it

M. Faggini, C.P. Vinci (Eds.), Decision Theory and Choices: a Complexity Approach 3
© Springer-Verlag Italia 2010



4 E. T. Arecchi

1 Introduction

As already delineated in the Summary, the three terms in the title are defined as
follows:

Coherence = long range order (in space [vision] or time [music]);
Complexity = display of different coherences;
Creativity = jump from one coherence regime to another.

What are the relations among the three concepts? A detailed analysis has been given
elsewhere (Arecchi, 2007) and here we recall the main points. Coherence is associ-
ated with long range correlations, in space or time; complexity arises whenever an
array of coupled dynamical systems displays multiple paths of coherence. Creativity
corresponds to a selection of a coherence path within a complex nest. As we will
see soon, it seems dynamically related to control of chaos.

Exploration of a complex situation would require a very large amount of time,
in order to classify all possible coherences, i.e. long range correlations. In cognitive
tasks facing a complex scenario, our strategy consists in attaining a decision within
a finite short time. Any conscious perception (we define conscious as that eliciting
a decision) requires a few hundred milliseconds, whereas the loss of information in
the chaotic spike train of a single neuron takes a few msec.

The interaction of a bottom-up signal (external stimulus) with a top-down modi-
fication of the control parameters (induced by the semantic memory) leads to a col-
lective synchronization lasting a sizable fraction of a second: this is the indicator of
a conscious perception. The operation is a control of chaos, and it has an optimal-
ity; if it lasts less than 200 msec, no decisions emerge, if it lasts much longer, there
is no room for sequential cognitive tasks. We call creativity this optimal control of
neuronal chaos. It amounts to selecting one among a large number of possible co-
herences all present in a complex situation. The selected coherence is the meaning
of the object under study.

In Section 2 we survey the main steps of a perceptual process, with reference
to vision. In Section 3 we discuss the cognitive process, starting from the most
fundamental inference based on Bayes theorem; we show that it is limited to a sin-
gle model (or likelihood) whereas complex situations require changes of model.
This is the creative step peculiar of human decisions and impossible to a Turing
machine. In Section 4 we compare two pairs of conflicting categories relevant for
decision making, namely, partial truth versus global truth and hermeneutic circle
versus hermeneutic spiral.

2 How We See: Processing Visual Events

Figure 1 shows a brain section with the path of the visual information. A given light
signal impinging on the eye’s retina stimulates the production of electrical pulses
(spikes) high about 100 millivolt and lasting about 1 millisecond. The time sequence
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Visual perception: paths and times

Motor and language areas
PFC = prefrontal

cortex
100 ms
200-800 ms reflexes
t=0

Primary visual

emotions DYNAMICS cortex V1

memory

Fig. 1 Time sequence of brain events following a visual stimulus on the retina at time ¢ = 0. After
200 msec, the signal coded as a train of electrical pulses of 1 msec duration (spikes) traveling on
neurons’ axons, arrives at the primary visual cortex V1; the dynamics of spikes (interspike inter-
val) depends on the sensory stimuli and on the receptive cell (Fig. 2). The signal from V1 is then
elaborated in two distinct areas, V4 or WHAT area which recognizes shapes and color, and V5
or WHERE area, which recognizes motion and space relations. The separate information is com-
bined in the PFC (prefrontal cortex) together with top-down signals coming from the inner brain
(emotions, memory). This mixing takes about half a second starting from 200 msec; at 800 msec
after the sensitization of the retina, a decision emerges activating the motor and language areas.
The elaboration in PFC takes so long because the input is compared with previous memories and
hence re-coded. Instead vital responses arrive directly to the motor area in even less than 100 msec
(reflexes: heavy dotted line)

of these standard pulses represents a neural code, this means that different inputs are
coded in different spike sequences. Spikes travel on the neuron axons, like on trans-
mission lines At the axon end (synapse) the electrical signal releases some amount
of neurotransmitters, that is, specialized chemicals which diffuse in the inter-neuron
space and arrive to a next neuron, where they again stimulate electrical spikes and so
on. The brain has a huge number of neurons tangled by a web of mutual couplings.
A detailed account of all couplings is out of reach at the present state of neurosci-
entific investigation. It would require resolving each neuron separately; this can be
done in laboratory animals by inserting a sparse number of microelectrodes each
one probing a single neuron. Coarse grained information is captured by EEG (elec-
tro encephalo-gram) whereby we measure the electrical activity probed by some
electrodes glued on the scalp. At variance with the microelectrodes probing the sin-
gle neuron, the technique is non invasive; however an external electrode sums up
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[T
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L Rl

Stimulus on oft

Fig. 2 Sensitive cell detecting light. If light impinges on the + area, the number of output spikes
(vertical bars plotted versus time) gets large. If light impinges on the — area or is spread over both
areas, then the no output emerges

the activity of many neurons, with a poor space resolution. The fMRI (functional
magnetic resonance imaging) is sensitive to the magnetic properties of oxygenated
blood; thus it records the blood intake to a brain area which is in operation and hence
requires energy; again, the space resolution is poor.

Let us consider the visual system; the role of elementary feature detectors has
been extensively studied (Hubel, 1995). In Fig. 2 we show how various stimulus
geometries evoke different responses in a cell with receptive field +/—. The bright
slit is turned on and, 1 second later, turned off.

Top record: response to a slit of optimum size, position, and orientation. Second
line, the slit covers only part of an inhibitory area. Third, the slit is oriented so as to
cover only a small part of the excitatory region. Fourth, the whole receptive field is
illuminated; again, no response.

Thus, through experiments like these we know that some neurons are specialized
in detecting exclusively vertical or horizontal or tilted bars, or a specific luminance
contrast, etc.

However the problem arises: how elementary detectors contribute to a holistic
(Gestalt) perception? A hint is provided by (Singer et al., 1995). Suppose we are
exposed to a visual field containing two separate objects. Both objects are made
of the same visual elements, horizontal and vertical contour bars, different degrees
of luminance, etc. What are then the neural correlates of the identification of the
two objects? We have one million fibers connecting the retina to the visual cortex.
Each fiber results from the merging of approximately 100 retinal detectors (rods
and cones) and as a result it has its own receptive field. Each receptive field isolates
a specific detail of an object. We thus split an image into a mosaic of adjacent re-
ceptive fields. Now the “feature binding” hypothesis consists of assuming that all
the cortical neurons whose receptive fields are pointing to a specific object synchro-
nize the corresponding spikes, and as a consequence the visual cortex organizes into
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Feature binding (W. Singer)

Each circle represents a respective field which detects an
elementary detail (e.g. a vertical bar)

Fig. 3 Feature binding: the lady and the cat are respectively represented by the mosaic of empty
and filled circles, each one representing the receptive field of a neuron group in the visual cortex.
Within each circle the processing refers to a specific detail (e.g. contour orientation). The relations
between details are coded by the temporal correlation among neurons, as shown by the same se-
quences of electrical pulses for two filled circles or two empty circles. Neurons referring to the
same individual (e.g. the cat) have synchronous discharges, whereas their spikes are uncorrelated
with those referring to another individual (the lady) from (Singer et al., 1995)

separate neuron groups oscillating on two distinct spike trains for the two objects.
Direct experimental evidence of this synchronization is obtained by insertion of mi-
croelectrodes in the cortical tissue of animals just sensing the single neuron (Fig. 3).

The interaction of a bottom-up signal (external stimulus) with a fop-down change
of the control parameters (induced by the semantic memory) leads to a collective
synchronization lasting 200 msec: this is the indicator of a conscious perception.
The operation is a control of chaos, and it has an optimality; if it lasts less than
200 msec, no decisions emerge, on the contrary, if it lasts much longer, there is no
room for sequential cognitive tasks.

The addition of extra degrees of freedom implies a change of code, thus it can be
seen as a new level of description of the same physical system.

Based on the neurodynamical facts reported above, we can understand how this
occurs (Grossberg, 1995). The higher cortical stages from where decision emerge
have two inputs. One (bottom-up) comes from the sensory detectors via the early
stages which classify elementary features. This single input is insufficient, because
it would provide the same signal for e.g. horizontal bars belonging indifferently to
either one of the two objects. However, as we said already, each neuron is a nonlin-
ear system passing close to a saddle point, and the application of a suitable pertur-
bation can stretch or shrink the interval of time spent around the saddle, and thus
lengthen or shorten the interspike interval. The perturbation consists of top-down
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ART = Adaptive Resonance Theory

(cooperation between input and pasl memories)

Sene%g\aemory
SR

\ Higher Cortical
Stages

PEETEE Yo

First Cortical
Stages

Fig. 4 ART = Adaptive Resonance Theory. Role of bottom-up stimuli from the early visual stages
an top-down signals due to expectations formulated by the semantic memory. The focal attention
assures the matching (resonance) between the two streams

signals corresponding to conjectures made by the semantic memory (Fig. 4). ART
(adaptive resonance theory) refers to a re-coding of bottom up stimuli based on
previous learning.

For simple stimuli which require a fast reaction, there is a direct access from V1
to the motor areas as shown in Fig. 1.

On the other hand, exploration of a complex situation would require a very large
amount of time. In cognitive tasks facing a complex scenario, the cognitive strategy
consists in converging to a decision within a finite time. Various experiments (Libet,
1979; Rodriguez et al., 1999) prove that a decision is taken after a few hundred
milliseconds of exposure to a sensory stimulus Thus, any conscious perception (we
define conscious as that eliciting a decision) requires a few hundred msec, whereas
the loss of information in a chaotic train of neural spikes takes a few msec.

There must be a mechanism of chaos control which holds a given information
for the time necessary to decide about.

Synchronization of a chain of chaotic lasers provides a promising model for
a physics of cognition. Indeed, a peculiar type of chaos, consisting of sequences
of identical spikes erratically occurring in time, has been discovered in lasers and
called HC (Arecchi and Meucci, 2008). The chaotic train can be regularized by
synchronization actions. An array of weakly coupled HC systems represents the
simplest model for a physical realization of feature binding. The array can achieve
a collective synchronized state lasting for a finite time (corresponding to the physi-
ological 200 ms!) if there is a sparse (non global) coupling, if the input (bottom-up)
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is applied to just a few neurons and if the inter-neuron coupling is suitably adjusted
(top-down control of chaos) (Ciszak et al., 2008, 2009).
This approach is discussed in the next section.

3 The Scientific Insight

As Galileo was saying in a letter to Marc Welser, in 1610, a sound scientific ap-
proach means avoiding philosophical considerations on the nature of objects, and
limiting oneself to measurable data coded in numbers, then connecting these num-
bers by a mathematical formalism The scientific method of Galileo is based on two
pillars:

¢ Sensate esperienze = experiments performed through our senses: if the case
helped by equipment, e.g. the telescope and the clock;

* Necessarie dimostrazioni = compelling proofs: in a theorem, if one agrees on
the premises and understands the proof, than he must necessarily accept the con-
clusions.

Thus, in science meaning appears irrelevant and only measurable details and repeat-
able phenomena make sense.

The Galileian innovation was to replace words with numbers. Some time later,
Newton discovered that assignment of position and velocity of a particle at a given
time (the initial condition) determines univocally its future trajectory. All objects in
nature are made of elementary particles endowed of this Newtonian property. Thus
the future of the whole object can be predicted once we know its initial condition.
This was the basis of Laplace determinism (1812) disproved a few decades later by
Poincaré.

3.1 Deterministic Chaos and Its Control

For a Newtonian particle, once we know the forces, the trajectory emerging from
a given initial condition, as the star in Fig. 5, is unique. The coordinates of the
initial point are in general real numbers truncated to a finite number of digits, thus
the initial condition is spread over a small patch. Points of the patch converge toward
the calculated trajectory or diverge from it, depending on whether the transverse
stability yields a landscape like a valley (left) or the ridge of a hill (right). Poincaré
proved that from 3 coupled dynamical degrees of freedom on, the right situation is
generic. Nowadays we call it deterministic chaos. It is a sensitive dependence on
initial conditions and implies a loss of information of the initial preparation. The
loss rate K is called Kolmogorov entropy. We can adjust its value by adding extra
variables which change the slope of the downhill fall without practically perturbing
the longitudinal trajectory (control of chaos), as shown in Fig. 6. Control of chaos
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Nonlinear dynamics with 3 or more bodies (Poincaré,1890)

(DETERMINISTIC CHAOS)

4

*

Transverse stability of trajectory (=) .

Left regular motion; right chaotic motion with information loss
(,s#**: trajectories from initial conditions distinct from ¥ ).

Rate of information loss = K (from Kolmogorov).

Fig. 5 Deterministic chaos-the trajectory emerging from a precise initial condition, as the star, is
unique. However, in general the initial condition is spread over a small patch. Points of the patch
converge toward the calculated trajectory or diverge from it, depending on whether the transverse
stability landscape is a valley (left) or a hill (right). From 3 coupled dynamical degrees of freedom
on, the right situation is generic. we call it deterministic chaos. The information loss rate K is
called Kolmogorov entropy

occurs everywhere in interacting systems and it is essential to establish coherent
features.

Suppose we have a N-dimensional chaotic system: adding a few, say p, extra
variables we embed the dynamical problem in a (N + p)-dimensional space. By
careful choice of the control, we can keep the longitudinal trajectory of the original
dynamics, modifying however its transverse stability. In the example of Fig. 6, we
consider a perceptual feature encoded by a chaotic dynamics which loses informa-
tion over 2 msec. This time is insufficient to elicit a decision; thus a mechanism of
chaos control must stabilize chaos for about 200 msec. The chaos control was ini-
tially devised for complete stabilization (as shown on the left of Fig. 6). this strategy
however is unfit for perceptual purposes, since the agent should be able to react to
a sequence of stimuli, thus it has to fix a given input just for the time necessary to
decide about, and then be ready for the next input.

We thus hypothesize that transient control of chaos is the strategy whereby
a cognitive agent exploits previously learned resources in order to re-code the in-
put arriving from the early sensory stages. Re-coding over a transient interval can
be done in multiple ways. The selected way is the one that best fits the interaction
of the agent with its environment. We elaborate this hypothesis in the following
sub-sections.
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Chaotic dynamics : control

transverse instability reduced or
reversed by external controls

New descriptive level =

Code change

PERCEPTION : RELIABLE IF LONG,
BUT NOT INFINITE , LIFETIME !!

Fig. 6 Chaos is controlled by adding extra-dynamic variables, which change the transverse insta-
bility without affecting the longitudinal trajectory. In the perceptual case, the most suitable top-
down signals are those which provide a synchronized neuron array with an information lifetime
sufficient to activate successive decisional areas (e.g. 200 ms), whereas the single HC neuron has
a chaotic lifetime of 2 ms. If our attentional-emotional system is excessively cautious, it provides
a top-down correction which may stabilize the transverse instability for ever, but then the percep-
tual area is blocked to further perceptions

3.2 Stabilizing a Perception (Sensorial Input)

From a dynamical point of view, the single neuron is a chaotic system. Even though
the electrical spikes are all equal to each other, their time separation is chaotic. As
a general consideration, a living being is a semiotic agent; by this we mean that
the agent, embedded in an environment, changes the descriptive code in order to
stabilize the cognitive dynamics and compensate for unavoidable information loss
associated with the chaotic dynamics of its neurons. We have already stated that
any conscious perception (we define conscious as that eliciting a decision) requires
about 200 msec, whereas the loss of information in a chaotic train of neural spikes
takes a few msec.

We have already seen Singer experiment (Fig. 3) on feature binding.

An array of weakly coupled HC systems represents the simplest model for
a physical realization of feature binding. The array can achieve a collective syn-
chronized state lasting for a finite time (corresponding to the physiological 200 ms!)
if there is a sparse (non global) coupling, if the input (bottom-up) is applied to just
a few neurons and if the inter-neuron coupling is suitably adjusted (top-down control
of chaos) (Arecchi, 2004; Ciszak et al., 2009).
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The operation is a control of chaos, and it has an optimality; if it lasts less than
200 msec, no decisions emerge, on the contrary, if it lasts much longer, there is no
room for sequential cognitive tasks.

The addition of extra degrees of freedom implies a change of code, thus it can be
seen as a new level of description of the same input.

3.3 From Perception to Cognition — Creativity

Considerations analogous to those developed for perception (elaboration of a sen-
sorial input) can be made for cognition (conceptual input).

We distinguish two types of cognitive task. In type I, we work within a prefixed
framework and readjust the hypotheses at each new cognitive session, by a Bayes
strategy. Bayes theorem [Bayes] consists of the relation:

P(h|data) = P(h)[P(data|h)/P(data)] (1)

That is: the probability P (k|data) of an hypothesis £, conditioned by the observed
data (this is the meaning of the bar |), called a-posteriori probability of h, is the
product of the a-priori probability P (k) of that hypothesis (we assume to have
guessed a package of convenient hypotheses with different probabilities), times the
ratio of the probability P(datalh) that data is generated by an hypothesis /, (this
is the model) to the probabilty P (data) of the effectively occurred data. When this
ratio is largest, the a-posteriori probability is maximum. As shown in Fig. 7, starting
from an initial observation and formulating a large number of different hypothe-
ses, the one supported by the experiment suggests the most appropriate dynamical
explanation. Going a step forward and repeating the Bayes procedure amounts to
climbing a probability mountain along a steepest gradient line.

Recent neurological studies (Beck, 2008) explain the readiness of reflexes in
terms of a fast coding done by a Bayesian strategy which operates very fast, in
about 100 msec.

Thus fast reactions are NOT the result of an interplay with previous semantic
memories at the PCF level (Fig. 1) as modeled in ART (Fig. 4).

Fast indeed,but: how accurate? What confidence is provided by a Bayesian pro-
cedure?

To answer the question, we must consider a new feature, namely complexity.

A complex problem is characterized by a probability landscape with many peaks,
insofar as it can not be described by a single model (Fig. 8). Jumping from a proba-
bility hill to another is non-Bayesian; let us call it fype II cognition.

In human cognition, type II is driven by hints suggested by the context (semio-
sis) yet not included in the model. Type II task is a creativity act because it implies
a change of code, at variance with fype I, which operates within a fixed code. The
ascent to a single peak can be automatized in a steepest gradient program; once
the peak has been reached, the program stops, any further step would be a down-
fall.
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BAYES

Fitness= probability

) s{inal condition
mountain

INFORMATION

.A-posterion prob.

. a-priori prob.

Darwin = Bayesian strategy condition

Fig. 7 Successive applications of the Bayes theorem to the experiments. The procedure is an ascent
of the Probability Mountain through a steepest gradient line. Each point of the line carries an
information related to the local probability by Shannon formula. Notice that Darwinian evolution
by mutation and successive selection of the best fit mutant is a sequential implementation of Bayes
theorem

Question: can the changes of hill in Fig. 8 be handled by a computer? Answer:
No; indeed, as the computer behavior is perturbed by some added noise (as done
in Montecarlo simulations or in genetic algorithms) it explores the immediate sur-
rounding of a Bayes uphill path. A finite step away from it would require a guideline,
otherwise it would be whimsical. Thus, a non-deterministic computer can not per-
form the jumps of type II, since it intrinsically lacks semiotic abilities. In order to
do that, the computer must be assisted by a human operator. We call “meaning” the
multi-peak landscape and “semantic complexity” the number of peaks.

This intrinsic limitation of a formalism was stated in two famous theorems,
namely, the first incompleteness theorem for a consistent theory (Goedel, 1931)
and its computer version (Turing, halting problem, 1936) (Fig. 9). Goedel theo-
rem, stating that there are propositions which appear true to the intuition (semiotic
appreciation) of a mathematician endowed with the body of axioms, yet they can
not be deduced via the syntax of the formalism, signed a sharp end to the for-
malistic dream of David Hilbert (1900), to explain all mathematics in terms of
logic. Since a universal computer is a syntactical machine which grinds the input
data via its inner instructions, a similar limitation applies to a computational pro-
cedure (Turing). In the space in which we represent Bayesian procedures (Fig. 9),
the Goedel-Turing theorems are visualized as true propositions (peaks of left-ward
hills), accessible from the axioms by a creative jump but not by via the formal-
ism.
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Semantic complexity MEANING

.
.92
0y

INFORMATION

complication

Bayes without semiosis

creativity (change model to stabilize chaotic

agent-environment dynamics)

Fig. 8 Semantic complexity — A complex system is one with a many-peak probability landscape.
The ascent to a single peak can be automatized by a steepest gradient program. On the contrary, to
jump to other peaks, and thus continue the Bayes strategy elsewhere, is a creativity act, implying
a holistic comprehension of the surrounding world (semiosis). We call “meaning” the multi-peak
landscape and “semantic complexity” the number of peaks. It has been guessed that semiosis is
the property that discriminates living beings from Turing machines [Sebeok]; here we show that
a non-algorithmic procedure, that is, a non-Bayesian jump from one model to another is what we
have called creativity. Semiosis is then equivalent to creativity. The difference between Bayesian
strategy and creative jump is the same as the difference between normal science and paradigm shift
(Kuhn, 1962)

Let us discuss in detail the difference between a type I cognitive task, which
implies changing hypothesis / within a model, that is, climbing a single mountain,
and a type II cognitive task, which implies changing model, that is, jumping over to
another mountain.

We formalize a model as a set of dynamical variables x; (i = 1,2,...,N),
N being the number of degrees of freedom, with the equations of motion

Xi=Fi(xi,....,XN (15 .o M) ()

Where F; are the force laws and the M numbers u; represent the control parame-
ters. The set {F, x, p} is the model.

Changing hypotheses within a model means varying the control parameters {u },
as we do when exploring the transition from regular to chaotic motion within some
model dynamics.

Instead, changing code, or model, means selecting different sets of degrees of
freedom y, control parameters v and equations of motion G as follows:

Vi =Gi(y1,..., YR V1,..., VL) 3)
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From BAYES to GOEDEL-TURING

Formal inference
“axioms-to-
_ theorems”;
" computational
procedure

Theorems decidable

axioms

Non formal jump ,
violates formal deduction;
task impossible to a computer

Fig. 9 Godel’s first incompleteness theorem (1931): For any consistent formal, computably enu-
merable theory that proves basic arithmetical truths, an arithmetical statement that is true, but not
provable in the theory, can be constructed. “Provable in the theory” means “derivable from the
axioms and primitive notions of the theory, using standard first-order logic”. Computer equivalent
(Turing1936 = Halting problem): a universal computer, for a generic input, cannot decide to stop

Where R and L are different respectively from N and M. The set {G, y, v} is the
new model.

While changing hypotheses within a model is an a-semiotic procedure that can be
automatized in a computerized expert system, changing model implies catching the
meaning of the observed world, and this requires what is called embodied cognition
(Varela et al., 1991). Embodied cognition has been developed over thousands of
generations of evolutionary adaptation, and we are unable so far to formalize it as
an algorithm.

This no-go statement seems to be violated by a class of complex systems, which
has been dealt with successfully by recursive algorithms. Let us consider a space lat-
tice of spins, with couplings that can be either ferromagnetic or anti-ferromagnetic
in a disordered, yet frozen way (spin glass at zero temperature, with quenched dis-
order). It will be impossible to find a unique ground state. For instance having three
spins A, B, and C in a triangular lattice, if all of them have ferromagnetic interac-
tion, then the ground state will consist of parallel spins, but if instead one (and only
one) of the mutual coupling is anti-ferromagnetic, then there will be no satisfactory
spin orientation compatible with the coupling (try with: A-up, B-up, C-up; it does
not work; then try to reverse a single spin, it does not work either).

This model has a cognitive flavor, since a brain region can be modeled as a lat-
tice of coupled neurons with coupling either excitatory or inhibitory, thus resem-
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bling a spin glass, (Hopfield, 1982; Amit et al., 1985; Toulouse et al., 1965). We
have a large number of possible ground states, all including some frustration. Try-
ing to classify all possible configurations is a task whose computational difficulty
(either, program length or execution time) diverges exponentially with the size of
the system. Sequentially related changes of code have been successfully introduced
to arrive at finite-time solutions. (Mezard et al., 1987; Solomon, 1995).

Can we say that the mentioned solutions realize the reductionistic dream of find-
ing a suitable computer program that not only climbs the single probability hill, but
also is able to chose the best hill? If so, the optimization problem would correspond

to understanding the meaning of the object under scrutiny.

We should realize however that spin glasses are frozen objects, given once for
ever. A clever search of symmetries has produced a spin glass theory (Mezard et
al., 1987) that, like the Renormalization Group (RG) for critical phenomena (Wil-

CHANGE OF
¢ CODE = CREATIVITY

1
! Partial chaos control

1

’:' (additional variables suggested
1 .

COMPUTATION 1 by environment)

1
I
i  SEMIOSIS

1
1
1
1
1
v

QSCIENTIFIC THEORY
C/epler-Newton
K

BACON programme by H. Simon

Fig. 10 C-K diagram (C = computational complexity; K = information loss rate in chaotic
motion): Comparison between the procedure of a computer and a semiotic cognitive agent (say:
a scientist). The computer operates within a single code and C increases linearly with K. A scien-
tist explores how adding different degrees of freedom one can reduce the high K of the single-code
description. This is equivalent to the control operation of Fig. 6; it corresponds to a new model with
reduced C and K. The BACON program (Simon, 1980) could retrieve automatically Kepler’s laws
from astronomical data just because the solar system, approximated by Newton two-body interac-

tions, is chaos-free

Table 1 Reduction of complexity by code change

Maxwell equations

Quantum atom (Bohr, Pauli)

SU(3) — quarks (M Gell Mann)
Renormalization group (K. Wilson)

Electricity; magnetism; optics
Mendeleev table

Zoo of 100 elementary particles
Scaling laws in phase transitions

RO I S
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son, 1983) discovers a recursive procedure for changing codes in an optimized way.
Even though the problem has a large number of potential minima, and hence of
probability peaks, a suitable insight in the topology of the abstract space embedding
the dynamical system has led to an optimized trajectory across the peaks. In other
words, the correlated clusters can be ordered in a hierarchical way and a formalism
analogous to RG applied.

It must be stressed that this has been possible because the system under scrutiny
has a structure assigned once for ever. In everyday tasks, we face a system em-
bedded in an environment, which induces unpredictable changes in course of time.
This rules out the nice symmetries of hierarchical approaches, and rather requires
an adaptive approach. Furthermore, a real life context sensitive system has to be
understood within a reasonably short time, in order to take vital decisions about it.

We find again a role of control of chaos in cognitive strategies, whenever we
go beyond the limit of a Bayes strategy. We call creativity this optimal control of
neuronal chaos.

Figure 10 sketches the reduction of complexity and chaos which results from
a creative scientific step. Some examples of scientific creativity are listed in Table 1.

4 Conclusions

From what we have discussed, the search for meaning, i.e. a creative decision, is
NON-Bayesian,

The world is complex, that is, not grasped by a unique model. How to choose
among alternative models? There are two ways:

i) arbitrarily (kind of oracle), this amounts to relativism,
or

ii) along some guidelines (fertility and latitude of the new explanation; useful out-
comes); since any cognitive decision modifies (through our actions) the environ-
ment, we perform several trials with the aim of stabilizing the chaotic agent-
environment dynamics. Thus, a semiotic approach to cognition discloses hard
facts, it is a hint of an ontology.

The same re-coding freedom inherent in the transient stabilization of chaos holds for
ethical decisions. But behold, our freedom is CONDITIONAL on the environmental
features in which we are embedded. Let me quote two philosophers:

— Aristotle: thought and desire play a coordinate role (Nicomachean Ethics),
— Vico: poetic wisdom is the result of perception, memory and imagination (The
New Science).

Our freedom is by NO means ABSOLUTE as instead stated by

— Kant: freedom = independency from cause-effect chains = not-caused cause (Cri-
tique of Practical Reason).
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The creative jump is not arbitrary, but guided by the situation in which we are em-
bedded. We re-adjust the code until we find a satisfactory reading of the world
around us.

Let us return to Fig. 9 but with a large number of peaks, to depict a complex situa-
tion (Fig. 11). The ascent to a single Bayes peak yields certainty, i.e. fidelity to a pro-
tocol, NOT truth but PAC (probably approximately correct) knowledge (Vidyasagar,
1987).

As we look for meaning, we jump non-algorithmically across several peaks, ex-
ploring a sizable region of a complex space; we speak of partial truth, “from a cer-
tain point of view” (Agazzi, 1974).

This is the only truth accessible to a scientific program; it is a modern formula-
tion of the old definition of truth as adaequatio intellectus et rei (Aquinas, 1992).
Global truth is not accessible to us, as a complex universe is beyond our investiga-
tion power.

Would this mean a relativistic attitude? Not al all, since any starting point X has
a pre-scientific motivation.

. ALL PEAKS (global truth):
What ’S U'Ufh ? NOT ACCESSIBLE

. t.... AFEW PEAKS (partial truth,
s From point of view X ):
ACCESSIBLE

" "SINGLE BAYES PEAK =

PAC (probably approximately
Preliminary : where X (point of view) correct) KNOWLEDGE

Fig. 11 Comparsison of three procedures: i) Climbing the single Bayes peak, leading to PAC
Knowledge (what a computer does); ii) Different creative endeavors, starting from different X
and exploring separate regions of a complex space = partial truth (what a creative mind does);
iii) Exhausting all peaks of a complex problem, thus reaching a global truth (what nobody can do)
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It corresponds to a different choice of an investigation area, thus it corresponds to
an ethical, better to say, ethological motivation, depending on personal motivations.
For instance, in selecting an area of physics, I have devoted my efforts to quantum
optics and chaotic phenomena, staying away from elementary particles and cosmol-
ogy. Once made clear my X, I can compare my results (my partial truth) with that
of other colleagues.

As a final remark, we compare the hermeneutic circle, peculiar of cognitive
agents (animals or robots) with a limited repertoire, with what I call the hermeneu-
tic spiral (Fig. 12), which corresponds to the human language ability to make an
infinite use (in course of time) of finite resources. The words’ polysemy implies that
we in general attribute several meanings or connotations to the same word. If these
connotations are frozen once for ever, as in a historical dictionary, then we are in the
upper case.

.O Hermeneutic circle

(closed lexicon):
as Turing machine

Limited repertoire- No information loss

e.g. locust (G. Laurent)

ETtime

Hermeneutic spiral
(adjustable lexicon)

beyond Turing

Unlimited repertoire - Information swapping)

e.g. rabbit (W. Freeman)

Infinite use (in course of time) of finite resources

Fig. 12 Difference between hermeneutic circle and hermeneutic spiral. Let us consider an algo-
rithm which takes from an item A to an item B. It the items are words of an ordinary language,
they are polysemic, that is both A and B do not have a unique connotation. Selecting a specific
connotation of A the algorithm arrives at a specific connotation of B. By reversing the algorithmic
procedure, one returns at the original connotation of A either in one loop (uppermost figure) or in
a finite number of loops (central figure).These cases correspond to a cognitive agent with a limited
repertoire and no information loss. If, as decribed in non-Bayesian cases, there information swap-
ping, i.e. re-coding, the number of connotations of the words A and B is for all purposes unlimited.
As time flows, there is a semiotic re-adjustment between cognitive agent and environment which
yields new connotations for the same lexical terms, as it occurs in poetry and music
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Suppose a grammatical operator takes from a sub-meaning of the word A to
a sub-meaning of B; applying the inverse operator we recover the initial connotation
of A, either in one or several steps. A neurobiological example is offered by the
olfactory system of the locust (Laurent et al., 1996). Exposed to a “cherry “ odour,
it responds with a specific sequence of neuronal spikes ; re-exposing the locust to
the same odour at a later time, the odour is encoded by the same sequence.

If instead we do the experiment with a more sophisticated animal as a rabbit
(Freeman, 1991), any successive exposure to the same odour is encoded in differ-
ent spike patterns. The rabbit “feels” that some time has passed by and that it is
experiencing the same perception but not for the first time. This spiral along time,
whereby we never repeat exactly the same connotation, is peculiar of human cre-
ativity, in language (we make new poetry with the same lexicon) or music (we make
new pieces with the same notes). Indeed, it is our common experience that revisit-
ing after a while a piece dear to us, e.g. a Bach Cantata, we discover new meanings,
since our inner universe has grown in the meantime.
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Massimo Salzano — Friend and Scholar:

We are all tenants of time —

its arrow mercilessly cruel.

Your tenancy was needlessly cut short —
not your generous legacy.

We try to ride that cruel arrow —

a part of the way,

softening it with your rich intellectual legacy.
It cushions the pointed arrow —

and blunts its pointless cruelty.

I hope our softened tenancy

lights an intellectual candle — or even two,
to celebrate your rich heritage.

Vela Velupillai, 4 January, 2009

1 Homage to Salzano — A Preamble

“It is ... well-known that: (a) economic systems are characterised by complex dynamics
and ... (b) when the system is complex it is not always describable in an analytical form,
or, at least, such a description proves of little use.”

Salzano (cf., [4], p. 45; italics added).

In this concise, pungent, assertion, Massimo Salzano, with admirable directness
got to the point of many of the conundrums posed by complex systems, however
characterized. The care with which Massimo Salzano qualified the loose descrip-
tion of a complex system — ‘not always describable in an analytical form’ (ital-
ics added) — shows that he had a fine, honed, intuition for what might be required
to make the characterization rigorous. The immediate question one might pose is
whether it is possible to specify, in an effective way, those complex dynamic systems
that are characterizable in an analytical form. Equally importantly, Massimo Salzano
conflates, correctly in my view, ‘structure’ and ‘dynamics’ when he refers to ‘eco-
nomic systems’ being ’characterized by ‘complex dynamics’. This is a vision I first
learned to appreciate as a student of Richard Goodwin’s lifelong attempts to analyze
structure, linearly formulated, with its implied dynamics, nonlinearly formalized.

The theme of this conference — in honour of Massimo Salzano — is, however,
‘Decision Theory and Choice: a Complexity Approach’. No one person com-
bined and encapsulated better, in an intrinsically complex dynamic framework,
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a computationally founded' theoretical system of choice and decision, both entirely
rational in a broad sense, than Herbert Simon. In this contribution I try, therefore,
to pay homage to Massimo Salzano, by standing on the shoulders of Herbert Si-
mon, in fairly precise and formal ways. In a nutshell, the aim is to reformulate, with
textual support from Herbert Simon’s characterizations and suggestions, bounded
rationality and satisficing in a computable framework so that their intrinsic complex
dynamics is made explicit in as a straightforward way as possible. To achieve this
aim, in the tradition of Simon, I start from orthodox underpinnings of rational choice
theory and extract its inherent procedural content, which is usually submerged in the
inappropriate mathematics of standard real analysis.

In the next section, some substantiation for ‘standing on Simon’s shoulders’ will
be outlined. On the basis of Simon suggestions given in §2, I go on, in §3, to outline
the kind of formalism that provides computable foundations for a complexity ap-
proach to decision theory and choice, both rationally conceived. In §4, suggestions
on the formal machinery that can be built, to make explicit the kind of dynamic and
computational complexities intrinsic to the computable foundations of decision and
choice, are given. A brief concluding section 5, summarizes the results and ends
with brief signposts towards the care that must be taken in assertions about bounded
rationality and satisficing as special cases of, or constrained versions of, the ortho-
dox formalisms.

Several important background caveats on the mathematical underpinnings of the
computable methodology with which I approach the issues tackled in this paper
must be pointed out, at the very outset — lest the unwary or un-honed (in algorith-
mic mathematics) reader concentrates on inessentials. The main complexity concept
I shall ultimately be interested in, for rationally conceived decisions and choices,
is computational complexity (although the kind of dynamic complexity, associated
with formal dynamical systems, that also will be discussed, can be ‘reduced’ to
formal computational complexity).

Computational complexity theory is doubly related to mathematical economics
and economic theory: first, as a theory of the efficiency of computations it is best
viewed as the economic theory of computations; secondly, in having at its central
core the paradigmatic combinatorial, intractable, NP-Complete, Travelling Sales-
person’s Problem (TSP). In the former case, it must first be remembered that the
pure theory of computations abstracts away from all kinds of resource constraints.
Computational complexity theory, the ‘applied’ theory of computation, is its finess-
ing, taking explicit account of resource constraints, typically time and space con-

! ‘Computational’ has always meant ‘computable’ in the Turing sense, at least in my reading of
Simon’s magisterial writings. In particular, in the context of bounded rationality, satisficing and
their underpinnings in the architecture of human thinking, it was the path broached by Turing that
guided Simon’s pathbreaking contributions. In a volume celebrating ‘The Legacy of Turing’ ([11],
p- 81 & p. 101), Simon’s essay, Machine as Mind, began and ended as follows:

“The title of my talk is broad enough to cover nearly anything that might be relevant to
a collection memorializing A.M. Turing. ... If we hurry, we can catch up to Turing on the
path he pointed out to us so many years ago.”
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straints. One of the modern pioneers of computational complexity theory, Richard
Karp, perceptively noted, [1], p. 464, italics added:

“[1] do think there are some very worthwhile and interesting analogies between complexity
issues in computer science and in economics. For example, economics traditionally as-
sumes that the agents within an economy have universal computing power and instanta-
neous knowledge of what’s going on throughout the rest of the economy. Computer scien-
tists deny that an algorithm can have infinite computing power. They're in fact studying the
limitations that have arisen because of computational complexity. So, there’s a clear link
with economics.”

Unfortunately, where even this generous analogy is misleading is in assuming
that ‘economics traditionally assumes that the agents within an economy have uni-
versal computing power.” In fact, not even this fantastic assumption is explicitly
made ‘in economics’ (unless it is of the Simonian variety of behavioural economics).
This is why it is important to be aware that in computational complexity theory, the
characterizing framework is one of problem solving, with a model of computation
explicitly underpinning it, as decision problems.

Now, a decision problem asks whether there exists an algorithm to decide
whether a mathematical assertion does or does not have a proof; or a formal problem
does or does not have a solution. Thus the characterization makes clear the crucial
role of an underpinning model of computation; secondly, the answer is in the form
of a yes/no response. Of course, there is the third alternative of ‘undecidable’, too,
but that is a vast issue outside the scope of this paper. It is in this sense of decision
problems that I shall interpret the word ‘decisions’ in the conference title.

As for ‘problem solving’, I shall assume that this is to be interpreted in the sense
in which it is defined and used in the monumental classic by Newell and Simon ([2]).

Decisions, in the computational and problem solving tradition of Herbert Simon,
have a more general and fundamentally different characterization in computable
economics.

Finally, the model of computation, in the above senses and contexts, is the Turing
model, subject to the Church-Turing Thesis. 1 shall adhere to this tradition, but — at
least for my results and propositions — this is only for convenience; I believe all
my formal results can also be derived without assuming the ChurchTuring Thesis,
hence within the formalism of constructive mathematics.

2 Standing on Simon’s Shoulders?

“The standard theoretical approach used in economics is one loosely based on a vision
of rational agents optimizing, and is a consideration of how a system composed of such
optimizing agents would operate. . ..

2 My first attempts at trying to make the case for boundedly rational, adaptive behaviour and
satisficing, in solving decision problems in a computable framework, were made in Chapter 4 of
Computable Economics ([12]). To the best of my knowledge, no other work makes this point —
whether in a computable framework, or not.
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The complexity approach does not accept that, and proposes a different vision, which is
a generalization of the traditional analysis.”

Salzano and Colander (cf., [5], p. IX; italics added)

In this section I shall try to provide a ‘Simonian context’ for the way I aim to
tackle the problem of a ‘complexity approach’ to ‘decisions and choice’. This is
provided by means of two extensive ‘quotations’ — one, from a long letter Herbert
Simon wrote me, in May, 2000; and the other, from one of his classic pieces. They
make explicit his visions of complexity, based on the Turing model of computation
and the nature of the way internal and external constraints determine satisficing
in a boundedly rational context. I proceed in this unconventional way simply to
make it clear, from the outset, that my own vision is that a boundedly rational agent
satisficing by implementing (rational) decisions is the general case; the Olympian
model of rational choice is the special case.

On May 25th, 2000, Herbert Simon wrote me as follows (referring to having read
my book on Computable Economics, [12]; emphases added):

I want to share some first impressions on my reading of “Computable Economics.” ...
I was delighted and impressed by the mileage you could make with Turing Computability
in showing how nonsensical the Arrow/Debreu formulation, and others like it, are as bases
for notions of human rationality. Perhaps this will persuade some of the formalists, where
empirical evidence has not persuaded them, of what kinds of thinking humans can and can’t
do — especially when dealing with the normative aspects of rationality.

As the book makes clear, my own journey through bounded rationality has taken a some-
what different path. Let me put it this way. There are many levels of complexity in problems,
and corresponding boundaries between them. Turing computability is an outer boundary,
and as you show, any theory that requires more power than that surely is irrelevant to any
useful definition of human rationality. A slightly stricter boundary is posed by computa-
tional complexity, especially in its common “worst case” form. We cannot expect people
(and/or computers) to find exact solutions for large problems in computationally complex
domains. This still leaves us far beyond what people and computers actually can do. The
next boundary, but one for which we have few results except some of Rabin’s work, is
computational complexity for the “average case”, sometimes with an “almost everywhere”
loophole. That begins to bring us closer to the realities of real-world and real-time compu-
tation. Finally, we get to the empirical boundary, measured by laboratory experiments on
humans and by observation, of the level of complexity that humans actually can handle,
with and without their computers, and — perhaps more important — what they actually do to
solve problems that lie beyond this strict boundary even though they are within some of the
broader limits.

The latter is an important point for economics, because we humans spend most of our
lives making decisions that are far beyond any of the levels of complexity we can handle
exactly; and this is where satisficing, floating aspiration levels, recognition and heuristic
search, and similar devices for arriving at good-enough decisions® take over. A parsimo-
nious economic theory, and an empirically verifiable one, shows how human beings, using
very simple procedures, reach decisions that lie far beyond their capacity for finding exact
solutions by the usual maximizing criteria

3 The famous Voltaire precept comes to mind: ‘The perfect is the enemy of the good’!
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So I think we will continue to proceed on parallel, but somewhat distinct, paths for
examining the implications of computational limits for rationality — you the path of math-
ematical theories of computation, I the path of learning how people in fact cope with their
computational limits. I will not be disappointed however if, in the part of your lives that you
devote to experimental economics, you observe phenomena that seduce you into incorporat-
ing in your theories some of these less general but very real departures from the rationality
of computational theory. This seems to me especially important if we are to deal with the
mutual outguessing phenomena (shall we call them the Cournot effects?) that are the core
of game theory.

I am sure that you will be able to interpret these very sketchy remarks, and I hope you
will find reflected in them my pleasure in your book. While I am fighting on a somewhat
different front, I find it greatly comforting that these outer ramparts of Turing computability
are strongly manned, greatly cushioning the assault on the inner lines of empirical com-
putability.

Several important issues are clarified by Simon in these elegant observations.
First of all, the defining — and decisive — role played by the Turing model of com-
putation as the benchmark for his own fundamental work on computationally un-
derpinned work on rationality — i.e., bounded rationality — and satisficing decisions.
Secondly, it is also unambiguously clear that the various boundaries delineated and
defined by computational complexity theory — based, of course, on the Turing model
of computation — are with reference to the problems that boundedly rational agents
try to solve —i.e., the level of complexity is that which is defined by the nature of the
problem to be solved, not determined solely by the complexity of the computational
architecture of the boundedly rational agent. Thirdly, boundedly rational agents ac-
tually do solve ‘problems that lie beyond the strict boundary’ of formally feasible,
computationally solvable, problems. The hint may well be that boundedly rational
agents do discover, by heuristic means, methods to satisfactorily solve problems that
computational complexity theory places beyond the empirically feasible range. To
the extent that computational complexity theory is underpinned by a model of com-
putation, formal complexity boundaries are defined for the degrees of solvability
of computable problems; uncomputable problems are beyond the ‘outer boundary’.
Fourthly, and perhaps most importantly, boundedly rational agents actually solve
decision problems, in a satisficing framework, that lie beyond the orthodox domains
of solvability — perhaps the best way to state this is that Olympian means and aims
are not capable of solving the problems framed within the Olympian model of ratio-
nal choice. The key to interpret this important observation by Simon is to note that
the traditional, half-naked, framework of ‘optimization’ is replaced by the fully-
clothed one of decision problems. The half-naked nature of the Olympian frame-
work is due to the absence of a ‘model of computation’ to underpin its formaliza-
tion — and that, in turn, is almost entirely due to the unfortunate reliance of the
mathematics of real analysis of a very truncated sort. This is the sort that is founded
on set theory, with its uncomputable and non-constructive handmaiden, the axiom
of choice.

The above characterisations and comments are further strengthened by the fol-
lowing, even more explicit, commentaries by Simon, on the distinction between the
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internal and external constraints going into the definition of a boundedly rational
agent’s confrontation with a decision problem in a satisficing framework:

“Now if an organisms is confronted with the problem of behaving approximately rationally,
or adaptively, in a particular environment, the kinds of simplifications that are suitable may
depend not only on the characteristics — sensory, neural, and other — of the organism, but
equally upon the structure of the environment. Hence, we might hope to discover, by a care-
ful examination of some of the fundamental structural characteristics of the environment,
some further clues as to the nature of the approximating mechanisms used in decision mak-

ing.

[T]he term environment is ambiguous. I am not interested in describing some physically
objective world in its totality, but only those aspects of the totality that have relevance as the
‘life space’ of the organism considered. Hence, what I call the ‘environment’” will depend
upon the ‘needs,” ‘drives,’” or ‘goals’ of the organism and upon its perceptual apparatus.”

[81,p. 21

The point, again, is not that the theoretical analyst is concerned with ‘absolute’
constraints — either of the internal structure of the decision making entity, or of the
external environment of which a problem is a part — and in which it is embedded. The
relevant architecture of the decision making entity, in this case that of a computation-
ally conceived rational economic agent, solves a decision problem embedded, and
emerging from, an environment, also computationally underpinned. The approxi-
mations are two-pronged: one, on the architecture of the computationally conceived
rational agent — i.e., the boundedly rational agent; the other, on the computationally
underpinned environment, now conceived within the satisficing framework of a de-
cision problem. This does not entail, in any way at all, that the approximations of
a computationally conceived agent is a special case of the orthodox rational agent
in the Olympian mode of choice. Nor does it imply at all that the approximation of
the decision problem in the satisficing framework is a special case of the Olympian
model of indiscriminate optimization. The numerous attempts, claiming to be within
a behavioural economics setting, because, for example, the agents are supposed to
be boundedly rational fail in the former sense; i.e., assuming that the agent in such
allegedly behavioural settings are boudedly rational because they are assumed to
be constrained — for example by having only ‘limited” memory, modelled as finite
automata, rather than as Turing machines — versions of the Olympian agent. As for
an example of the failure from the point of view of the second ‘vision’ — regarding
the approximations on, and of, the environment, the canonical example is, of course
the folly of considering an integer linear programming problem as a special case of
the standard linear programming problem.

In fact, this will be the illustrative example I shall choose for my formal descrip-
tion and discussion of these distinctions, so as to find a way to state and define the
case for the vision that places the boundedly rational agent in a satisficing setting to
solve a decision problem as the general one — and the Olympian model as a special,
and uninteresting, case.
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3 Bounded Rationality as a Superset of Olympian Rationality

[Linear Programming problems are] solvable in polynomial time. In ‘Integer Linear Pro-
gramming’ we come to a field where the problems in general are less tractable, and are
NP-Complete. 1t is a general belief that these problems are not solvable in polynomial time.
The problems in question are:

* solving systems of linear diophantine inequalities, i.e. solving linear inequalities in in-
tegers;

¢ solving systems of linear equations in nonnegative integer variables;

¢ solving integer linear programming problems.

[T]hese three problems are equivalent in the sense that any method for one of them yields
also methods for the other two. Geometrically, the problems correspond to the intersection
of a lattice and a polyhedron.”

Schrijver ([7], pp. 2-3; italics in the original)

The simple analogy I wish to appeal to, for substantiating the case that the Bound-
edly Rational Agent is the general case and the Olympian Agent is the special case,
is in terms of the classic difference between Integer Linear Programming and Linear
Programming. From the point of view of problem solving, underpinned by a model
of computation, the former is unambiguously the more general and the more com-
plex case; the latter is the less general, simple case. It must also be emphasized that
‘more complex’ refers to the precise sense of computational complexity — as made
clear by reference to NP-Complete in the above quote.

Consider the following abstract version of a formalization of what may be called
the standard economic optimization problem (SEP):

Minimize f'(x)
subject to: gi (x) >0, i=1,2,....m
and: hj(x)=0, h;j=12,....p

[Naturally, with standard — i.e., ‘convenient but irrelevant’ — assumptions on f,
g and h].
Now, consider the following variant of SEP:

Definition 1 SEP*:

An optimization problem is a pair {F, c}, where:

F': the set — the domain — of possible alternatives;

c¢: F — 9 (e.g., the criterion function);

Then the problem to solve, associated with SEP* is: Find f € F such that
c(f)<c(g),VgeF.

Now, make explicit the computational content of an SEPx as:

Definition 2 SEP™

* Given a combinatorial object (i.e., a number-theoretically specified object) f
and a set of parameters, S, decide whether f € F (where F is characterized
by §).
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* Assume that this decision procedure is executed by algorithm Ty (standing for
the Turing Machine indexed by f, which has been effectively encoded, number-
theoretically).

* After the decision implemented by T’y use another (algorithmic) decision proce-
dure to compute the value c( f), where ¢ is characterised by the set of parame-
ters Q. Call this latter decision procedure 7.

* Note that S and Q are to be represented number-theoretically — for example,
Godel-numbered.

Remark 3 Firstly, to start with a ‘given combinatorial object’ ab initio is part
of the claim to generality of the decision problem approach to problem solving in
the satisficing, boundedly rational, vision. Secondly, the combinatorial object is en-
coded number theoretically to be processed by a model of computation. Simon does
not always assume that the human problem solver is endowed with the full facilities
of the most powerful model of computation (subject to the Church-Turing Thesis),
but limited by various psychological and neurologically determined and informed
factors. It is in this step that the qualification limited or bounded gets its full signif-
icance in a problem solving context. Satisficing, however, comes together with the
decision problem approach to problem solving, i.e., in the third of the above four
step scheme. Finally, approximating the combinatorial object suitably, by the agent
or the problem solver, is the step where the structure of the environment [8] comes
into play.

Now, consider the standard integer linear programming problem (SL/ P) as an
example of SEP™ :

Minimize ¢’'x such that Ax = b and x > 0 & (possibly also ¢,b and A) € N
(the variables are, naturally, vectorial of suitable dimensions).

According to the SEP™ interpretation this means:

 The parameters S, for the decision procedure 7'y are given by A4, b.

* Given any integer (vector) x, Ty decides whether Ax = b and x > 0 are simul-
taneously satisfied.

e ‘Then’, T, is implemented, which has ¢ for Q to evaluate ¢’x for each x decided
by Ty.

Remark 4 ‘Then’, in the third step above, does not necessarily imply sequential
actions by TMs. More complex decision tasks, employing richer varieties of SEP™
could imply a set of TMs operating on a parallel architecture and executing deci-
sions both synchronously and asynchronously. However, Simon almost invariably
worked within a sequential, synchronous, framework — although he was, of course,
quite familiar with the richer relative possibilities of parallel architectures.

The two main conclusions of this section are the following. Firstly, given the
computational underpinning of a problem solving approach to rational decision
making and, therefore, the necessity of a model of computation to implement a de-
cision problem, every such process has an intrinsic complexity measure in terms
of computational complexity theory — in general in the form of NP-Completeness.
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Secondly, the whole set up is naturally more general than the setting in which the
Olympian Model is framed and formalized.

4

Computable Rational Agents and Satisficing

“The theory proclaims man to be an information processing system, at least when he is
solving problems. . ..

An information processing theory is dynamic, ..., in the sense of describing the change
in a system through time. Such a theory describes the time course of behavior, characterizing
each new act as a function of the immediately preceding state of the organism and of its
environment.

The natural formalism of the theory is the program, which plays a role directly analogous
to systems of differential equations in theories with continuous state spaces ...

All dynamic theories pose problems of similar sorts for the theorist. Fundamentally,
he wants to infer the behavior of the system over long periods of time, given only the
differential laws of motion. Several strategies of analysis are used, in the scientific work on
dynamic theory. The most basic is taking a completely specific initial state and tracing out
the time course of the system by applying iteratively the given laws that say what happens
in the next instant of time. This is often, but not always, called simulation, and is one of the
chief uses of computers throughout engineering and science. It is also the mainstay of the
present work.”

Newell & Simon ([2], pp. 9-12; italics added)

The point here is that a (rational) problem solving entity is considered to be an

information processing system, which is intrinsically dynamic, encapsulated in the
‘program’ and, hence, naturally analogous to the role played by, say, ‘differential
equations’, in classical dynamics*. With this in mind, and against the backdrop pro-
vided by the discussion in the previous section, the strategy for my formalization
exercise can be summarized in the following sequence of steps:

Extract the procedural content of orthodox rational choices (in theory).
Formalize such a procedural content as a process of computation.

Given the formalized procedural content as a process of computation, to be able
to discuss its computational complexity.

Show the equivalence between a process of computation and a suitable dynamical
system.

To, then, show the possibility of non-maximum rational choice.

Then, to show that such behaviour is that which is manifested by a boundedly
rational, satisficing, agent.

4.1 Rational Choice as a Computation by a Universal

Turing Machine

“In situations that are complex and in which information is very incomplete (i.e, virtually
all real world situations), the behavioral theories deny that there is any magic for producing

“ Indeed, even more so in modern dynamical systems theory, particularly in its post-Smale vari-
eties.
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behavior even approximating an objective maximizing of profits and utilities. They therefore
seek to determine what the actual frame of the decision is, how that frame arises from the
decision situation, and how, within that frame, reason operates.

In this kind of complexity, there is no single sovereign principle for deductive prediction.
The emerging laws of procedural rationality have much more the complexity of molecular
biology that the simplicity of classical mechanics.”

Simon ([10], p. S223, italics added)

The following result encapsulates, formally, the content of the first three steps of
the above six-step scheme:

Theorem 5 The process of rational choice by an economic agent is formally equiv-
alent to the computing activity of a suitably programmed (Universal) Turing ma-
chine.

Proof. By construction. See §3.2, pp. 29-36, Computable Economics [12] [ |

Remark 6 The important caveat is ‘process’ of rational choice, which Simon —
more than anyone else — tirelessly emphasized by characterizing the difference be-
tween ‘procedural’ and ‘substantive’ rationality; the latter being the defining basis
for Olympian rationality, the former that of the computationally underpinned prob-
lem solver facing decision problems. Any decision — rational or not — has a time
dimension and, hence, a content in terms of some process. In the Olympian model
the ‘process’ aspect is submerged and dominated by the static optimization operator,
By transforming the agent into a problem solver, constrained by computational for-
malisms to determine a decision problem, Simon was able to extract the procedural
content in any rational choice. The above result is a summary of such an approach.

Definition 7 Computation Universality of a Dynamical System

A dynamical system — discrete or continuous — is said to be capable of computa-
tion universality if, using its initial conditions, it can be programmed to simulate the
activities of any arbitrary Turing Machine, in particular, the activities of a Universal
Turing Machine.

Lemma 8 Dynamical Systems capable of Computation Universality can be con-
structed from Turing Machines

Proof. See [12] and [15] [ |

Theorem 9 Only dynamical systems capable of computation universality are con-
sistent with rationality in the sense that economists use that term in the Olympian
Model.

Proof. See pp. 49-50, [12]. [

Remark 10 This result, and its proof, depend on the first theorem in this sub-section
and, therefore, its background basis, as explained in the Remark following it, given
above. In this way, following Simon’s vision as outlined in the opening quote of
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this section, the definition of rationality is divorced from optimization and coupled
to the decision problems of an information processing problem solver, emphasizing
the procedural acts of choice.

Theorem 11 Non-Maximum Rational Choice

No trajectory of a dynamical system capable of universal computation can, in any
‘useful sense’ (see Samuelson’s Nobel Prize lecture, [6]), be related to optimization
in the Olympian model of rationality.

Proof. See [13]

Theorem 12 Boundedly rational choice by an information processing agent within
the framework of a decision problem is capable of computation universaltiy. [

Proof. An immediate consequence of the definitions and theorems of this sub-
section. ]

Remark 13 From this result, in particular, it is clear that the Boundedly Rational
Agent, satisficing in the context of a decision problem, encapsualtes the only notion
of rationality that can ‘in any useful sense’ be defined procedurally.

The above definitions, theorems and lemma give formal content to the six-point
formalization strategy outlined at the beginning of this section.

5 Concluding Notes

“In your opening chapter, you are very generous in crediting me with a major role in the
attention of the economics profession to the need to introduce limits on human knowledge

and computational ability into their models of rationality. ... But you seem to think that
little has happened beyond the issuance of a manifesto, in the best tradition of a Mexican
revolution.”

Herbert Simon to Ariel Rubinstein [[3], p. 189].

To give a complexity theoretic basis for bounded rationality and satisficing it is
necessary to underpin them in a dynamic model of choice in a computable frame-
work. This I believe has been achieved in this paper, in a setting that is entirely
faithful to Herbert Simon’s precepts and lifelong decision-theoretic research pro-
gram. A by-product of the results in this paper is the exploitation of the duality
between dynamical systems and computability. With this duality it was possible to
show in what sense bounded rationality is the more general case, in the case of an
information processing problem solver, set in the context of a decision problem, and
the Olympian model is the special case.

A rational choice framework that is entirely underpinned by computability and
dynamical systems theory is naturally amenable to complexity theoretic analysis —
both in terms of standard computational complexity theories and the more vague
dynamic complexity theories. In other, companion writings (see [14] & [15]), I have
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developed these two themes in much greater detail and, due to the natural limitations
of space in a publication of this kind, I shall have to refer the interested reader to
them for further developments and the many felicitous connections.

Most importantly, I hope the message in this paper disabuses unscholarly as-
sertions about bounded rational behaviour being a case of approximations to, of
constrained versions of, the Olympian Model and satisficing, concomitantly, a case
of sub-optimal decision process. These kinds of unscholarly assertions permeate ev-
ery strand of experimental economics and game theory. For example, in the case of
games played by automata, bounded rationality is modelled in terms of finite au-
tomata, ostensibly to take into account ‘limited” memory as one case of constrained
Olympian rationality. Nothing in the Olympian model has anything to do with any
kind of model of computation. How, then, can a special case of that become a model
for computation by a finite anutomaton? Aimilar series of misguided examples can
be cited from standard experimental economics — i.e., non-Game Theoretic experi-
mental economics, not to mention orthodox choice theory.

Massimo Salzano’s intuitive perception of the importance of complexity theo-
retic underpinnings for choice theory had dynamic orgins. In this essay paying,
homage to an original and generous scholar, who shared my fidelity to Simon’s
research program on decision theoretic modelling or problem solvers, I have tried
to expand that dynamic vision with its dual: the computable one. Together — the dy-
namic and the computable — combine to produce a ferociously complex framework,
when implemented purely theoretically. But, mercifully, serious empirical investi-
gations — of the kind Simon routinely practised all his life — entails judicious sim-
plifications, as indicated in that letter from Simon to me, from which I quoted at the
beginning of this essay.
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Optimisation and “Thoughtful Conjecturing”
as Principles of Analytical Guidance in Social
Decision Making*

Sergio Bruno

Abstract. The XXth can be considered the Century of the culture of optimisation,
that has been outstandingly improved and applied. There is a difference, however,
between applying it to complicate technical problems, such as the war logistics, or to
complex social choices, where the identification of measurable objectives and their
relative weights cannot be objective and stable through time. Ex ante evaluation of
actions cannot be considered as a task having an objective or scientific nature, since
a part of it depends on forecasting future events, the effectiveness of which depends
only on elements of systemic inertia. Despite its non-scientific basis, the use of eval-
uation criteria may improve, in a probabilistic sense, the quality of decisions, since,
as a procedure, it contributes to confer order to the imagination of the decision mak-
ers, to reflect in qualitative terms about possible futures, to communicate, to reach
consensus. Its wide use tends to produce routines, that on the one side contribute to
stabilise the environment and to make it forecastable but, on the other side, tend to
hinder innovative projects. Still it remains basically an art, while often it disguises
itself as being objective. The associated risks are analysed in detail.

1 Introduction

Today any important organisational decision has, in principle, evaluation and opti-
misation as its pre-requisites. The XXth could be labelled as the “Century of Optimi-
sation”. Starting from prior sparse seeds, the “culture of optimisation” had become
pervasive within the end of the Century. Terms such as “efficiency” and “effec-
tiveness” sound good almost everywhere in the world, enjoy a high degree of social
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acceptance, independently of specific domains of application. Techniques of optimi-
sation are applied universally, from war and peace logistics to engineering projects,
from telecommunication to space activities, from environmental evaluations to so-
cial and economic choices.

It makes a substantial difference, however, whether optimisation involves actions
affecting human beings and their interrelations, or instead problems in which sim-
ply material events, effects and interactions prevail. In the latter sphere complication
prevails on complexity, laboratory experiments and tests can be made in most cir-
cumstances, knowledge about involved phenomena is more robust, it is easier to
single out the objectives that are pursued and obtain agreement about them and their
relative importance (the determination of what is usually identified as the “objec-
tive(s) function”, OF). In the former one, instead, human aspirations and actions
and their changing relationships are involved, and are involved not only in the act of
a single choice, but also in the preparation and in the implementation of sequences
of choices; the roles of the subjects involved in the choices, the quality and quantity
of their knowledge are highly differentiated; those who make the choice are often
different from those who are affected by it; the identification of the goals is highly
problematical and the goals are not necessarily stable through time; experiments can
be seldom performed; ideologies and interests play an important role, often spilling
over theoretical models.

These important differences should have suggested very prudent attitudes in the
attempts to extrapolate the rationale and the methods of optimisation to the sphere
of social and economic problems, while not necessarily rejecting them, at least as
a purely logical frame of reference. Quite on the contrary, by adopting a sort of “im-
perialistic” attitude, scientific communities have pushed for the generalisation of the
optimisation techniques (and their “collaterals”, such as the evaluation techniques)
to most problems in the economic and social domain. At the same time these tech-
niques have become widely accepted in our societies. The implied puzzle is thus
twofold: is this diffusion acceptable and, if or when it is not, why is it accepted?

The community of economists has important responsibilities in this diffusion, not
only because it has been the first community to aim at constructing for itself a sci-
entific statute comparable to that of physicists, extending the logics of mechanical
“laws” to the treatment of human affairs, but because of the very same “imperi-
alism” embodied in the definition of economic “science”. According to Robbins’
definition, indeed, all the manifestations of what I called “culture of optimisation”
are economic applications. If in fact economics is regarded as the scientific disci-
pline which studies the relationship between goals and scarce means, independently
of the nature of the ends and the means, any type of constrained maximisation be-
longs to it. Independently of the acceptance of this hyper-comprehensive definition
and despite the important differences! between the different approaches to the prob-
lems of decision concerning social sub-sets, the “economical” halo is likely to have

! No doubts that the marginalist approach, since its first founding steps, relied on the tools of
constrained maximisation. The economists, however, were interested in the interactions among ra-
tional individual optimisers and on their resulting equilibriums. Because of this, economists did not
pay attention on how individuals determine their objectives, which they are and how are they or-
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contributed to the way our modern societies perceive the messages stemming from
the optimisation culture. They are perceived, broadly speaking, as being “scientific”,
at the worst as being “technical”, in any case as being “rational”?, “neutral”, “ob-
jective”.

Such perceptions, widely shared in both, the scientific communities and among
actual choice-makers, are in my view wrong; they are wrong for many reasons but
mainly because they underestimate the role of time in the decision-making pro-
cesses. The “decision” is an act in an instant of time which cuts off (this is the
etymology the word) at the same time a “process in time” (a long lasting phase
during which alternatives and their likely outcomes are conceptually structured, in
other words the choice problem is gradually defined and framed) and the neglected
alternatives. The outcomes follow the decision in historical time and depend on the
relationships between the specific decision which is supposedly undertaken and the
features of the environment. Therefore the ex ante representation of the choice prob-
lem reflects two components: (a) a forecasting of the future state of the environment
and (b) a model which maps each alternative to specific consequences in that future
state. The optimisation of the choice adds to all this a third component, consisting
in (c) a logical algorithm, able to select the best one among a set of available al-
ternatives. Each of the three components is very fragile from a cognitive point of
view. Too fragile, indeed, to allow to consider the application of some optimisation
algorithm to a choice set as some objective form of rational decision’.

I shall explore, in the present work, only some particular aspects, though crucial
ones, of this fragility; the key of the exploration will be based on the comparison
between ex ante and ex post concepts of evaluation. For this purpose the evaluation
algorithms, often complicated, will be reduced to their essential constituent ele-
ments, and shown to depend always, at least in one of their chain-links, on a purely
mechanical extrapolation of past events; that is, on the correlation of the values of
relevant variables with a series of pure numbers representing the flowing of time.
This implies that any evaluation act, no matter how elaborated, is contingent to
a (non rational) stake about the stability of such a correlation, that is, of at least
one element of dull systemic inertia. Such correlation is widely acceptable, though
always with caution, for most material events belonging to the physical sphere; it is
not for most of evolutionary systems, such as the social systems.

ganised; actually, on what decision theorists call “objectives function” (OF). They limit themselves
to define the shape of the individual preferences. Decision theorists, instead, focus their attention
on the modelling of the decision environment in terms of technical relations and constraints, and
are obliged, in order to solve the decision problems, to specify the OF in each single application.

2 Montesano (2005) clarifies the confusions arising from the different meanings that are attributed
to the term “rational” in economics.

3 In the present work I shall not make reference to the kind of fragilities that affect choices and
judgements considered by Kahneman (2002) and Tversky & Kahneman (in plenty of works, but see
in particular 1981, 1983, 1986, 1989), although the fragilities considered by them are continuously
spilling over. I shall refer, rather, to a particular subset of what Stanovich & West (2000) call
“system 2" processes (those based on reasoning and opposed to “system 1” processes, which are
those based on intuition). The subset I refer to occurs when structured reasoning about choices is
performed by high level teams with the best available differentiated/complementary competences.
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This result induces to enquire about why evaluation based on optimisation has
become so popular in our societies and among scientific communities and to reflect
on whether and how it contributes or may contribute to the improvement of choices.
This, however, should be done starting from a quite hard type of consciousness: the
effects of the decisions depend on the features of the environment. The environment
however, on its turn, is strongly shaped by the decisions undertaken by the single
agents that belong to it, by their content, quality and degree of homogeneity, or by
the distribution of different types of decisions. In such an uncertain, mobile and in-
terdependent environment, to define, from a purely logical viewpoint, a “correct”
decision is an impossible task, since its success depends not only on the inner prop-
erties of the variables which are under the control of the decision-maker, but also on
the possibly changing shape of the environment as the result of the simultaneous and
of the sequential decisions of other agents*. The very same action can succeed or
fail as a consequence of the decisions of other agents’. An incidental corollary of the
above proposition is that whenever I shall talk of “better”, or of “improvements”,
this ought to be perceived as a probabilistic proposition, a “likelihood”, based on
the value judgement that “more and/or more diffuse knowledge is on average better
than less and/or less diffuse knowledge”.

The results of the enquiry are rich and someway contradictory, as it is sum-
marised below.

1. The need to attach values to activities and to rely upon choice criteria that can-
not be considered as objective, but are simply regarded to be so, is far from
being useless. It stems from the inter-subjective need of establishing a fair con-
sensus about the soundness of a proposed choice through the communication of
summarised information concerning it. In this sense evaluation is today, like the
new-born forms of accountancy were in the first half of last millennium, a way to
communicate, by the means of an appropriate semantic format, among potential
complementary partners in economic and social affairs; in brief, an institutional
convention. Modern evaluation differs from old accountancy techniques in so
far as it aggregates the relevant facts concerning the devised action according to
weighting methods based on optimisation, instead of relying upon simple sum-
mation. Furthermore, since evaluation is a specific form of synthesis, it responds
to the communication needs within and between the complex organisations that
characterize our modern societies; eventually, since its elaboration is delegated
to staffs, the functioning of the organisations is eased. It remains to be estimated
whether the prevailing formats are adequate and, in particular, whether would it
be better to give up a certain degree of synthesis and shift to more articulated
arguments.

4 This derives, in general, from what we know about game theory. I refer mainly, in any case, to
Axelrod-type of games, where heterogeneous strategies compete each against the other ones, rather
than to standard theory, where rationality and strategies are considered as homogeneous (Axelrod,
1984).

3 This is put in clear evidence by the analysis of the performances of different strategies in different
phases of Axelrod’s tournament.
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2. Since the evaluation requires the construction of a cognitive frame, it has a worth
by itself as a procedure, which is partly independent of the particular criteria
that are actually used. Evaluation has the nature of an institutional construct in
a given moment of time, and that of a process of institutional construction in
the course of time. Such construction is useful because it induces processes of
decision making, and often reiterations of such processes, along which cognitive
frames -and thus learning- are build-up.

This applies to single organisations as well as to the systems resulting from their
interactions.

From the point of view of a single organisation, the need to perform an eval-
uation exercise compels the decision-maker to put order into its imagination.
From a systemic point of view the evaluation creates a set of conventional rules
whose function is that of conferring order, coordination and stability to the
socio-economic system, through the establishment and the diffusion of routines,
habits and beliefs.

3. While the need to evaluate may be originated by difficulties or by external con-
straints, as when a firm wants to share its property or obtain a loan, usually the
performing of an evaluation exercise ends up in improving the thoughtfulness
of the decision-making process. This is because, though a specific evaluation
criterion may be deceptive, the fact of attempting to evaluate — that is, the eval-
uation as a procedure — is likely to improve someway the quality of the choice
process. This amounts to say that it is not the evaluation in itself which is a good
thing, but the fact that it compels people to conjecture about possible futures.
This obliges them to gather, organise and exploit information, to select, develop
or adapt causal models, to lay down the sequence of possible events that are
likely to ensue certain decisions, to single out crucial conditional events and at-
tribute probabilities to their occurrence. These cognitive tasks are shown better
by statistical decisions analysis (SDA) than by standard economic analyses. At
the same time it is easier to see the elements of weakness of any type of deci-
sion frameworks based on optimisation by using SDA as a descriptive bench-
mark.

In all approaches based on optimisation too much attention is devoted to al-
gorithms and criteria, too little to the appropriateness of the problem mod-
elling. It would be likely better to consider the choice criteria in strict con-
nection with the patterns of the environment specificities; that is, together
with the study of the subjects who undertake relevant decisions and of their
institutional links on the one side, and, on the other one, with the investi-
gation about the specific domain of problems that the choice process is set
up to solving®. The “art of conjecturing” about alternative futures, in other
words, will be likely improved by considering together the criteria, the in-

6 In many senses this proposition is opposite to the main implications of Paretian welfare eco-
nomics. According to such an approach, the optimality features of a system made of perfect mar-
kets are sufficient to propose their equilibrium conditions as a rule-for-action to be pursued, inde-
pendently of any further specific investigation.
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volved subjects, the problem domain and the models which organise these pieces
of knowledge, because all of them must enter appropriately in the structur-
ing of the choice set and, at the meanwhile, because the weakness of a cog-
nitive system always depends on the degree of weakness of its weakest compo-
nent’.

4. The likely improvements do not depend only on the fertility of conjecturing,

but also on how the communication about it is conveyed, on the identity of the
agents, on how the distribution of information and decisions affect the environ-
ment. The economic evaluations tend to summarise exceedingly the transmis-
sion of relevant information about the process, since they typically end up in
a ranking of the available alternatives, with “numbers” associated to each of
them. In such a way they tend to limit the cognitive participation to the process
of choice (above all by hiding the role of the assumptions which are embodied
in the used models, and often disguised behind their technicalities) and to hinder
the control concerning its soundness®.
As for the identity of the agents, it should be acknowledged that the information
is usually accepted in a weighted way: the information provided by those who
have more reputation is more worthy, independently of the relevance of reputa-
tion for the evaluation of the proposed initiative. On the other hand, the success
of inertial forecasting depends on the stability of the environment. The diffusion
of decisions based on inertial forecasting, on its turn, reverberates on the stabil-
ity of the environment. On the whole these features, together with other factors
of distortion, risk to hamper innovative choices.

The conclusion of my survey of issues and problems concerning social decision
making is that a honest optimisation exercise is seldom feasible when dealing with
choices concerning human social interactions. This notwithstanding optimisation
remains a very important intellectual benchmark, dense of suggestions about where
to address our conjectures. This is, may be, because it is the only decision framework
that is wholly “closed”; in other words we know perfectly the components that we
should “know for sure” in order to perform the optimisation.

The problem is that we do not have such a firm knowledge. We should therefore
address our efforts to deepening our knowledge where it is more shaky and doubtful,
and we should be advantaged, in doing so, by the fact of knowing which is the more
fragile component. But we should also, for this purpose, be courageous enough to
accept our degree of ignorance and do our best to react, instead of cheating ourselves
with comfortable assumptions.

7 This statement is analogous to Morgenstern’s propositions about approximation. When this prin-
ciple of caution is overlooked, many damages and waste are likely to be produced. Think for exam-
ples at the evil induced by actions chosen on the basis of perfectly well done economic cost-benefit
analyses which did not pay enough attention to the anthropological features of the environment
where the projects had to be realised.

8 This applies above all to economic cost benefit analysis. It applies in a much lesser degree to seri-
ous applied efforts in multi-criteria analyses. Here the need to explore how different stake-holders
relate to the choices elicits pertinent information gathering and allows more informed framing of
the attitudes and values involved in the final choice.
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“Thoughtful conjecturing” about possible and probable futures appears to me
as a better, though extremely uncomfortable analytical guidance®. The reason why
it is uncomfortable is clear: it is an open framework, resembling more to an “art”
than to a scientific approach, more to an un-bordered path, that only strong and self-
confident investigators can walk through, than to a well-closed labyrinth, getting out
of which is only matter of method and perseverance.

This section summarises well the essence of what I think. The remaining part of
the article argues my statements, or around them, not necessarily in the same order.

2 Naive Evaluations and Forecasting

A firm is considered to be well performing, according to most people involved in
economic activities, if it has shown, in the past, to have on average a good profitabil-
ity, as measured by indicators such as the cash-flow, the rate of profit, etc., although,
as we will see, this way of evaluating may be regarded as rather naive. The implied
goal is unique and has someway to do with profit. In the case of a single firm the per-
formance P is usually evaluated according to different measures, or formats, each
of them being a different function (a different expression), Py = Py, P, Ps,...,
of the same set of dated variables, expressing the results (R) of the action as some
function of the ratio between inflows from sales and outflows for producing what is
sold:

Py = pu(R) ey

where Py indicates the value of the performance of the firm according to the specific
algorithm “#” and py is the corresponding symbol of function (more broadly, of
“relation”). The important issue to point out is that the different algorithms apply to
the same set of data, although any algorithm will usually weight differently each of
its elements; that is, it will attribute different meanings and importance to the same
pieces of information.

To this ex post evaluation criterion corresponds an ex ante one. Such a criterion
has exactly the same shape of (1), but instead of the set of variables R, it is function
of the expected values of R, E(R):

EPy = py[E(R)] (2)

where EP is the indicator of expected performance (of the firm or of one of its
investments or activities); pj is any of the specific algorithms according to which
the evaluation is made. The p’ of (2) correspond to the p of (1), except that in (2)
the logically corresponding functions are reformulated as different algorithms in
order to apply to future variables'” . E(R) is the set of variables R such as they are
expected in the future.

9 I use here the term “analytical” in the same sense philosophers use it.
10 For example because it takes the form of a present value computation.
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The central issue is: how is the set E(R) obtained? In this approach the value of
variables R for the future, R; 4+, (where 7 is the time corresponding to the moment
of the decision and x = 1,2,...), are determined as an extrapolation of the past
values of R, R;_y. The statistical algorithms used for the extrapolation may be very
different. The way which is considered the more naive (but which, once again, is the
more diffused in practice), is the following:

E(Ri4x) = f* (Rl—xy S*) (3)

where f* stays for different statistical algorithms, ranging from a simple average to
the application of the linear regression parameters connecting R;_, and the numbers
(t — x). S* is a stochastic factor of deviation, whose positive or negative values are
assumed to be sampled by a known distribution (whose average is usually assumed
to be equal to zero); in particular f* is the statistical operator according to which
past and future variables are correlated.

In less naive cases, the estimate has the following shape:

Rix=r" (At—x, S*) (4a)
E (Ritx) =" [E (Ar4x) . S*] (4b)
E(Ai4x) = f" (Atfxa S*) (4c)

where A is a set of dated variables belonging to the environment which are cor-
related with R, r* is any of the correlation algorithms in use, r’* are the algo-
rithms which imply the use of the parameters estimated with the corresponding al-
gorithm r*. Usually variables A are chosen in such a way as the estimate of their
future values is considered as more reliable than that of the variables R. The fact of
establishing a correlation among different (more or less simultaneous) variables, as
in (4a), is considered as implying a better understanding of real phenomena (since
the observation of correlations is usually enhanced by the specification of hypothe-
ses about causal links).

This notwithstanding, the method (4) does not differ substantially from
method (3) for forecasting purposes, so long as a moment of pure time extrapolation
of past trends — here (4¢) — is unavoidable, as it is easy to observe once one acknowl-
edges that both, (3) and (4c¢), belong to the class of relationships summarised by the
following expression:

F(Z)=H(S"); 1=12,... (5)
where Z; is any set of dated variables, F their possible transformations, and

H a symbol of function. What (5) clearly shows is that the variable Z; are put
into correlation with the pure series of numbers ¢!!.

! There are cases in which this does not apply. Suppose that R;_x = r(A;—(x+),S). Given
the lag y, the actual observation of A in ¢ allows a forecast for R in (¢ 4+ y) which does not
depend on the correlation with pure numbers reflected by (5). The point is that this case is not of
a great practical importance, because of three reasons: 1) the evaluation needs to be extended over
a relatively long time span and this is limited by the magnitude of y; 2) the higher is y, the more
the time series for estimating the parameters of (4a) have to be long, and good long time series are
seldom available; 3) the higher is y, the higher is the probability that structural changes occur.
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The reliability of the approaches summarized above is therefore subject to a fun-
damental assumption: that the identified parameters of correlation remain stable,
which amounts to saying that the underlying structure of links between real phe-
nomena will be unvarying through the relevant time span'?. Its operational validity
does not depend so much on the acceptability of its theoretical foundations, but on
its success in forecasting which, on its turn, depends on the features of the envi-
ronment. If the latter is stable, the forecasting is good, and its use is reinforced,
contributing to stability.

When we come to innovative decisions, therefore, the above approaches do not
apply by definition, since the aim of an innovative decision is that on inducing
a structural rupture with respect to the given environment, with the likely effect
of changing its features'>. In such a case, that may be conveniently called as of
fundamental uncertainty, the instruments of classical statistical analysis do not ap-
pear as being very useful, at least in themselves, and one cannot avoid facing the
real nature of choices which have impacts upon, or depend on, future events: that
of conjecturing about possible futures. Let us deepen, now, the different aspects of
what I said.

3 Forecasting and Opportunity Values

A non-naive evaluation criterion, ex ante and ex post, must be based on the concept
of opportunity cost (more in general opportunity values), that may be regarded as
a case of counterfactual “thought experiments”'*. Let us consider the ex post case
first. In such a case we can put:

Gy = g# (Ry — Rx) (6)

where Gy and g4 have a meaning corresponding to that of Py and ps, Ry is the set of
ex post observed variables, given the choices made in the past by the decision-maker
(and therefore Ry amounts to R of previous formulas), while Ry is an estimate of
the values that the same set of variables would have taken if other possible choices
had been made instead of the one actually made. In other words the problem is to
evaluate a choice comparing the situation deriving from it with the virtual situation
that would have occurred as a consequence of other possible alternative choices.
What is compared is the situation with, or without the choice; if the choice has been
made (the subscript Y stays for “yes”) or if it has not (N) been made'>.

12 This also explains why we can trace back these ways of performing the evaluation to the evalua-
tion of risk based on the extrapolation to the future of the frequency distribution actually observed
for past events.

13 Amendola and Bruno (1990).

14 Mach, E., 1905, In particular “On Thought Experiments”, pp. 134—147 in Mach, E., Knowledge
and Error: Sketches on the Psychology of Enquiry, D. Reidel Publishing Co., (Dordrecht), 1976.
15 Most recent benefit cost analyses actually consist of the comparison between two states of the
world, one with, and one without, the adoption of the proposed project.
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Formula (6) above does not convey the same information conveyed by (1). It has
anon negative value if the choice has been good, and a negative one for a bad choice.
Although this way of structuring the evaluation appears to be logically more correct
than that conveyed by (1), the value G would be hardly understandable by common
decision-makers, since it does not correspond to the prevailing culture. In fact, the
evaluation according to (6) may be negative, despite the fact that the evaluation
made according to (1) might be positive and very high; this would simply imply
that an even more profitable option could have (but was not) chosen.

For such an ex-post evaluation a certain amount of conjecturing is needed in order
to estimate Ry. The difficulty arises because, although historical facts are known,
a part of them are strictly dependent on the fact that a certain choice has been made
in a certain moment. Of the choices and events occurred since that moment, part
of them would have occurred anyway, while other ones strictly depend on, and are
consequential to, the first one. The analyst should thus face the not easy task of
separating the two sets according to plausible analytical arguments.

When we turn to the case of ex ante evaluation, we face the same problem of
conjecturing about what would happen if a given project is not adopted — but now
without the help of historical information — plus the problem, that does not exist in
the ex post perspective, of forecasting what might happen if the project is adopted.
A proper expression of the problem of ex ante evaluation is the following one:

EGy = g} [E (Ry) — E (Ry) . 5] @

where the meaning of the variables should be clear by now.

The task of double forecasting outlined above not only poses the same prob-
lems that we considered in the previous section, but raises new problems concern-
ing the way of conceptualising the conditional course of future events'®. The es-
timate of E(Ry) implies an estimate of the kind captured by Eq. (5) above. Ex-
pression (7), however, raises further problems. While looking at the problem from
an ex post perspective we have the information concerning the historical sequence
of choice-options associated to the time path generating (Ry), and these may be
used as a benchmark for conjecturing about Ry , from an ex ante perspective the
reconstruction by conjecture of the sequence of choice options associated with the
adopting or not adopting the project would be not only really difficult, but such as
to oblige the analyst to imagine and consider too many alternatives.

Thus, when the opportunity values approach is adopted, in order to avoid the
combinatorial explosion of alternatives to be considered, the conjectures about pos-
sible futures are usually truncated. This is extremely evident when the techniques
of scenario analyses are adopted, but occurs also with other techniques. Trunca-
tions occur in every decision process; they are unavoidable'”. Decision-makers and

16 In some sense the difference could be depicted by saying that the ex post evaluation resembles
to a semifactual thought experiment, which can use plenty of inductive information, while the ex
ante one resembles to a real counterfactual thought experiment, which can rely only upon logical
conjecturing.

17 As Simon puts it (e.g. Simon, 1955), no chess player would, or could, explore the whole range
of possible combinations of sequences of moves.
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their supporting analysts tend to reduce complexity by eliminating the exploration
of events, or sequences of events, which are considered, on the basis of intuition
and experience, likely to be less relevant and/or less likely to occur. However, the
fact of using truncations along the investigative efforts is a further logical element
which rules out the possibility that evaluation might be considered as an objective
standard.

4 The Case of Multiple Goals

When we come to public decision-making and to the evaluation for public activities,
the problem appears more complex. This higher complexity is partly apparent, and
depends on the fact that the actual complexity of the decision-making processes in
private organizations is usually underestimated and hidden by the someway artificial
reduction of the goals of the firm to profit maximization. Expression (1) reflects the
fact that a single objective is attributed to the firm. On the contrary, to the public
decision-maker many goals are attributed. The value of a public action, or activity,
will thus depend on how it contributes to the achievement of the many different
goals attributed to the decision-maker. The value-meaning of the activity will thus
depend on the results, expressed as the contribution that such results have in terms
of each of the specified objectives.

If we agree to call R the results, as we did for the single firm, the evaluation
function will depend on the “meaning”, v, of such set R, in terms of each of the
i =1,2,...,n specified objectives: v{(R), v2(R), ..., v,(R) = v;(R). Therefore,
we will have

Wy = wy [vi (R)] ®)

where Wy and ws have basically the same meaning of Py and ps of (1). In particular
wy implies that different evaluation algorithms are used by different analysts and/or
environments.

The ex post evaluation function (8) differs from that (1) on many grounds. In
a certain sense wy reflects different ways (algorithms) for mapping the different
value-meanings v; (R) in the synthetic measure Wi, as it happened for py in (1)
above. However, there is something more to it. In fact, v; (R) reflects the value-
meaning of the result for each of the objectives pursued by the policy maker. But
in order to obtain a single value, the different value-meanings have to be somehow
added to each other since the different objectives are non homogeneous and their
attainment is measured according to different arbitrary scales; in order to perform
the sum, the single values v; have therefore to be previously weighted. In order to
do so, the worth of a given objective for the policy-maker in terms of all of the other
objectives must be known in advance. In other words, both the n objectives and the
(n — 1) relative trade-offs among them (the whole objective function OF) have to be
known in advance.
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It should be noted that the values of such relative weights, or trade-offs, have no
reason to be constant, neither with respect to time nor with respect to the absolute
values of R and v; (R). Quite on the contrary, the weights will be likely to vary
according to the absolute size of the degree of attainment of different objectives,
and through time as a consequence of learning and of changing values'®.

Despite the fact that in the context of various disciplines dealing with the opti-
mization of choices (such as linear programming, operation research, multi-criteria
analyses, etc.) it is usually assumed that the decision- maker exhaustively knows,
and therefore is able to communicate his/her complete OF, practical experience sug-
gests a contrary evidence. Decision-makers are either not able to communicate their
preferences in such a way as to allow reliable operative calculations, or they have
distorted intuitions about them, and/or actually build up and structure such prefer-
ences along a process of learning activated by their interactions with the analysts.
Concrete experience, in other words, suggests that the problematical aspects of the
choice lay in the process of construction of a proper frame for involving the par-
ticipating subjects; it is in the context generated by such a process that the subjects
verify their understanding and feeling about the situation and what ought to be done,
gather information and organise it, learn about the options and about their own pref-
erences, transforming intuitive concerns into objectives specified in a way which is
suited to be used operationally'.

If we now shift to consider, for the decision-maker with multiple objectives, the
ex ante evaluation problem, it is easy to see that everything we said about the con-
jectural nature of ex ante evaluation in the case of private companies applies here
as well. In fact, if we suppose a relative stability of the value-meanings, in terms of
each of the objectives, of the set R, we can put:

EWy = wy [vi{ E(R)}] )
or
EWy = wj [vi {E (Ry)} — vi {E (RN)}] (10)

according to whether a naive, or instead an opportunity cost, concept of evaluation,
is used. The values of E(R) have to be estimated according to one of the several
methods considered earlier. Such estimates have to rely — at least in one of the

'8 Bruno (1986) argues that values are not independent of the evolution of technical information
about the ways to attain the goals. See also Bruno (1984). In multi-criteria analyses the trade-offs
are assumed to be linear, which means that they are assumed to be unvarying with the degrees of
attainment of any single goal.

19 Such a context for decision is, again, consistent with the hypothesis of bounded rationality as
defined by Simon. Once the situation has been outlined in this way, most of the differences between
the case of a private firm and that of a public decision-maker tend to fade away. The observation of
the real behaviour of private companies, above all of large companies, tends to demonstrate that it is
extremely hard to maintain that they have as their unique operational goal that of profit-standards.
Modern companies, in fact, are observed as having multiple concerns, profitability being only one
of them. From this point of view, at least, they appear to be more similar to public decision-makers
than it is usually held.
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steps — on a relationship such as (5) above, and thus meet the very same criticisms
that we presented earlier.

5 Multiple Goals and the Flaw of Cost Benefit Economists

In the case of multiple goals there is a further problem, which has historically led to
a heavy distortion in which the community of economic analysts has incurred.

Any intentional action may be regarded as producing (more properly “implying”)
a set of results R which is made by two distinct sets: on the one side there are
results (subset R,) that can be directly mapped onto goals (they are real “objects
of desire” in themselves), on the other one there are “things” (a subset Ry) that are
not important in themselves but only because their availability is instrumental to the
attainment of the “objects of desire”.

The evaluation of the elements of the subset of R within the logical frame of op-
timisation analysis is meaningful only in correspondence to the optimal solution of
the underlying choice set (within this frame the instrumental variables are called re-
sources and their values “shadow” values, or prices). This is perfectly sensible from
a purely logical point of view, as it is the correlated proposition that the resources
that are not saturated in the optimal solution have a zero shadow value while the sat-
urated ones have a value which represents the contribution that a marginal increase
in their availability would induce in the attainment of the objectives, measured in
terms of a numeraire objective®.

These concepts, however, have resulted hard to be digested not only in the ev-
eryday social life, but, surprisingly enough, by the majority of economic evaluators’
communities and institutions, which are presumed to have a much more sophisti-
cated ability. The confusion arises because of the un-resolved inconsistency between
two different OF that the economic cost benefit analysts want to use together.

The economists believe that correct values are provided by the prices which clear
perfectly competitive markets (ex general equilibrium theory, GET); they are con-
sidered as correct because they correspond to a Pareto optimum (ex the first theorem
of welfare economics)?'. Even abstracting from the possible criticisms of the Pare-
tian way of aggregating individual utilities and from the severe limiting assumptions
under which the GET properties hold, such equilibrium corresponds to the optimisa-
tion of individual preferences (with respect to market goods, as I shall explain later
on). However this does not imply, if not apparently, an OF with multiple goals. The

20 The shadow prices would not make sense in relation to non-optimal states, where an increase in
the attainment of goals might be obtained by a simple rearrangement of the very same resources.
21 According to Pareto the utilities of different individuals are not comparable. Therefore the only
way of defining scientifically a better social alternative is to see if in such an alternative there
is at least one individual who is better off and no one worse off. A situation where there is no
Pareto-better alternative is a social optimum. The Pareto improvements require consensus among
interacting partners.
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market equilibrium amounts in fact to the maximisation of the total system’s pro-
duction of consumption goods, evaluated at their equilibrium prices. In particular it
has been very precociously argued in the economists’ community that perfect mar-
kets generate the same outcome that would be reached by a central planner having
as its OF the maximisation of national product, that is, a single goal??.

The cost benefit analysts, on the other hand, felt the need to add to this single
objective also other types of objectives of social or environmental nature, overlook-
ing the fact that any change introduced in the OF implies a possibly different op-
timisation outcome and possibly different systems of equilibrium relative values,
for both, trade-offs between objectives (equivalent to relative prices of only con-
sumption goods in the GET framework) and relative shadow prices for resources
(equivalent to relative prices for inputs in the GET framework).

This error resembles to a Pandora pot; once it has been committed, no obstacle
remains, and so one can find in the Operational Statements of the World Bank indi-
cations about two different and coexistent sets of shadow prices: the social and the
economic ones!

6 Statistical Decision Analysis (SDA), the Framing
of Conjectures and Inter-subjective Communication

We have only scattered hypotheses about how new models and ideas derive from old
ones. For the moment, therefore, it is safer to attribute the mental activity of con-
jecturing to the domain of the art?® and to consider it as belonging to the sphere of
the imagination. Being an art, its patterns and quality strictly depend on, and inter-
act with, a contingent system of referees?*. The reference system is made of codes,
ranging from techniques to aesthetical patterns. The codes bind the artist, but also
help him/her in framing his/her imagination, in giving substance to it, in rendering
its results communicable to the environment. At the same time it is clear that the
innovative variances in the way of elaborating the codes may cause, if they gather
enough consensus, an evolution of the accepted codes, i.e., of the reference system.

In a similar fashion the way the conjectures about the effects of an action are
developed in a project is thus unlikely to be free, but likely to be framed by a sys-
tem of rules and procedures? which are contingent to the environment, but at the
same time likely to evolve, in the same way and according to the same complex
interactions, encompassing invention and learning, considered for art codes.

The evaluation that we considered at length earlier is one of the possible ways
to frame a choice-set. A much more explicit way of doing it is that suggested by
the SDA, which I regard as one of the great achievements of past century, through

22 Barone (1908); Lange (1936, 1937); Samuelson (1948).

23 Feyerabend (1984).

24 Perelman-Olbrechts Tyteca (1958); Kahneman (2002); Berger (1999).
25 Tverski et al. (1989).
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the so called “decision tree”?. SDA offers a framework for organising the way we
conceive our possible futures, made in such a way as to exploit some logical hints
of probability theory?’.

The value of each alternative depends simultaneously on the pay-offs associated
to any conceived result and on the structure of subjective probabilities attributed to
uncertain events. In this framework, the double “relativity” of the evaluation process
is extremely evident. Although nothing forestalls that the pay-offs be given in money
terms, their actual use is that of a consistent ordering of any kind of “objects”, that
admits transformations as long as the transformation criterion maintains its consis-
tency through the pay-off matrix. The evaluation is thus contingent — that is, relative
to — the specific object, or collection of objects, that the decision-maker has de-
cided is important and worthy to be considered. Furthermore (and this is the second
“relativity”), the attribution of probabilities to the uncertain events that condition
the outcome is treated as dependent on the subjective sensitivity and experience of
the decision-maker. However this experience may change, in the course of choice-
framing, on the basis of impulses endogenous to this process, and this is something
completely new: starting from a given structure of attributed probabilities, a tar-
geted acquisition of further information is found to redistribute the probabilities of
the events in a non-ambiguous direction in such a way as to improve the efficiency
of the final choice. The very same process of decision framing performs as an engine
of search.

These features unveil the essence of the process of conjecturing about the future
more clearly than in the case of evaluation based on economic optimisation. As we
saw, the latter one usually epitomises its evaluative function by reducing information
to a set of synthetic economic magnitudes, offered as if they were the only relevant
“pieces of information” about the future, and not simple “guesses’ about it. This is
because the future is usually forecasted in a deterministic way, and not represented
as an articulated conjecturing about possible states of the world. Furthermore, in
the classical evaluation analysis, the factual magnitudes, or “events”, are usually
not separated by their value implications. The decision tree, instead, separates the
events and their value-attributes, and distinguishes, among the latter ones, between
probabilities and utilities (or value equivalents). The role of the decision tree may be
regarded thus as that of making things clear to the decision-maker and to shape them
in such a way as to render it possible to communicate them to third parties. Finally,
the SDA is able to suggest the direction and the opportunity of further enquiries,
though they cost and take time, and allows a better potential control upon each of the

26 The origin of such a cognitive tool-box may be traced back to von Neumann-Morgenstern
(1944). But see also, for a simple explanation, Raiffa (1968).

27 The first step is that of identifying the consequences of given “alternative” actions, should certain
events occur with certainty. A preference ordering of such consequences has then to be stipulated
(the so called pay-off matrix). The events, however, are usually uncertain; the next step is therefore
that of attributing a subjective probability to such events. In this phase of the exercise, all of the
existing information (and thus also that which is made available by classical statistical analysis)
may be utilised.
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steps of the decision process, either made by the same decision-maker or performed
by third parties.

7 Probabilities of Error in Models’ Selection

SDA too, unfortunately, hides an essential part of the cognitive chain which is at the
heart of conjecturing about alternative states of the world; namely, how do we design
the structure of the decision tree, and why do we do it in a certain way. We can attach
certain probabilities to certain events and certain pay-offs to other ones only because
we have previously established someway that exactly those events, and exactly that
particular set of connections among them, are relevant with respect to our particular
problems. In brief, the meaning of probabilities and pay-offs is contingent to the
fact of having selected a specific “model”, that is, a particular structured system of
hypotheses, for representing the problem?.

The problematical aspects associated to the choice of a particular model (why
the selected model is regarded as being “good” or “more appropriate”) are usually
ignored or overlooked. What is usually hidden under the straightforward choice of
a particular model is that the decision maker or his/her supporting analysts rule out
the probability that their particular selected model may be wrong or anyway inap-
propriate, while they exclude that other alternative models might have probabilities
substantially larger than zero to be appropriate?®. This is a wrong attitude.

Given a problem, there are usually several models which are possible candidates
for dealing with it (in my definition the “models” are defined as the lenses through
which we observe the real world®®). According to modern epistemology, none of
them may be stated as correct, or true, though each of them might be considered as
being differently corroborated. The choice of a model for dealing with a problem
should thus be regarded in itself as a decision under conditions of uncertainty.

In a more complete analytical treatment, a third relativity should thus be explic-
itly considered, concerning the selection of the cognitive model which carries us to
outline in a certain way the choice-nodes and the uncertain events which condition
the future. More than one alternative models can be selected, attributing to each of
them a probability of being appropriate.

28 See Bruno (1984, 1986).

29 See the last chapters of Hacking (1975), above all the two chapters pivoting around Jacques
Bernoulli’s Ars conjectandi and the correspondence between Bernoulli and Leibniz, and Hack-
ing’s positioning of Humes’ contribution to induction. Kahneman & Frederick (2002) offer plenty
of evidence about how and why relevant knowledge is eliminated, not only when intuition but
also when structured reasoning are involved; in other words when people shift from system 1 to
system 2 cognitive processes.

30 Notice that the way the term “model” is used here highly differs from the way it is used by most
statisticians and many economists. The difference may be gathered considering that, when my
concept of model is used, the emergence of new information concerning the events may improve
the estimates of what is forecasted by the model, but does not, by itself and necessarily, improve the
model. The model may change (and thus also possibly “improve”) only in so far as new information
leads to a reshaping of the set of hypotheses and/or of their structuring connections.
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The information concern the shapes of the real world, and do not affect how
the lenses are made. It might happen, though, that the experience in observing new
shapes of the real world may lead occasionally to design new and apparently better
performing lenses. The epistemological problems involved in the construction of
the decision tree (as well as of any choice-set) are thus immense, though usually
overlooked: actions have to be selected from an open cognitive inventory space,
their consequences have to be derived through the use (sometimes the creation) of
one or more models drawn from an equally open space, the objectives and their
metrics have to be defined unambiguously, etc.

8 Evaluation as a Rhetorical Device

If we consider the issue from the this vantage point, namely that of fundamental
uncertainty, a further important element becomes clear. While the more traditional
ex post evaluations have an informational background made of facts and of their
observation, the dependence of ex ante evaluation on the system of hypotheses and
conjectures about an uncertain future defined according to counterfactual reasoning
confers to it an essentially qualitative nature.

Evaluation, in other words, is nothing else than a quantitative specification of cer-
tain conjectural aspects of the process of constructing and analysing a choice-set?!.
The numbers associated to an ex ante evaluation should be taken as saying that the
preferred option lies in a range which is below or over certain critical values®?; fur-
thermore, it has such quantitative properties only because of the interplay between
the arbitrary values attributed to the pay-offs and the equally arbitrary values at-
tributed to the probabilities associated to uncertain events; events which are, in their
turn, arbitrarily identified through the use of arbitrarily selected causal models. “Ar-
bitrary”, however, does not mean “stupid” or “meaningless”. It simply implies that
we are not able to establish a benchmark for objectivity, if not based on conventions.
But conventions require sharing of beliefs, and/through communication®3.

This proposition puts, from an epistemic point of view, the socially relevant deci-
sions stemming from technical procedures and (apparently) objective rational meth-
ods at par with those based on political procedures and stemming from political

31 This is an aspect of the ambiguous nature of the concept of probability, which sometimes appears
to account mainly as an epistemic attribute and in other occasions as a quantitative standard of
likelihood (Hacking, 1975).

32 1t is not by chance that this reasoning reminds closely the argument of Simon (1955) about the
thresholds for satisfycing; but it has also to do with the dual nature of probability, considered as
a measure or as an indicator of degrees of belief.

33 Feyerabend (1984); Kuhn (1970); Hacking (1975) argues that the original meaning of “probable”
had little to do with induction, but meant “approvable”. In the late middle-aged propositions were
considered “approvable” as long as they were corroborated by one or more scholars endowed with
a conventionally agreed degree of reputation. Probability then, as well as evaluation in my present
argument, have thus the common feature of depending on social conventions.
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processes. They both share a basically rhetorical nature’*, although differ in the
way of inflecting it. Such differences have to do — among other elements — with the
range of application, with the methods and semantic formats that are used, with the
nature of involved agents and environments.

The political decisions stem from complex processes in the course of which what
matters (at least where what we usually regard as democratic systems prevail) is, on
the one side, the constitutional/institutional frame that binds the decisions in terms
of procedures and constraints, and, on the other side, the “style” of the political
debates and negotiations which affect the content of the decisions. On the whole
this amounts to a very important but relatively vague system of boundaries for what
can be decided and how, at least if one compares it with the set of methodologies
and rules that bind “technical” decisions®>.

The rhetorical component emerges in a completely different way in the two types
of decision processes. In the political processes such component is relatively evi-
dent, since the goal of the involved parties is usually more that of persuading the
majority of other ones that its pre-conceived solutions should be adopted than to
search the best solution through dialogue. At the same time and quite consistently
the existence of conflicts, and of the interests and the ideologies that feed them,
are not only evident, but indeed central. In technical decisions, instead, the rhetor-
ical component is hidden, while conflict is variously expunged. It is interesting to
deepen how, since there are important differences between different technical ap-
proaches.

In most multi-criteria analyses (and more in general in operation research) the ob-
jective functions (OF) are taken as exogenous and referred to a single and sovereign
decision maker. Therefore the conflict aspects can be considered to be solved or
settled in the upstream phases of the process of decision making, that is, before the
moment in which the analysts are involved.

Occasional enquiries, made in many multi-criteria analyses, about what further
stake-holders want may be regarded in most cases as a corroboration or a qualifi-
cation of already sufficiently defined OF or, though more rarely, as investigations
to be placed at the service of the decision maker in a phase in which he/she has
still to make up his/her mind about his/her goals. Otherwise they are inconsistent.
These considerations, on the whole, apply also to SDA’s. The rhetorical component
is completely embodied in the very same operation of hiding or understate the fac-
tors of weaknesses, from the point of view of rationality and objectivity, that have
been analysed earlier, and the role that has on the one side the identification of the
problem that the analysis is set up to solve at best and, on the other one, the role of
the assumptions embodied in the whole process.

The latter considerations about the rhetorical component apply to economic eval-
uations too.

34 In the modern sense of Perelman-Olbrechts Tyteca (1958).

33 This contributes to explain why “technical” decisions are more homogeneous across countries
than political ones.
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For what concern conflict, instead, the cheating apparatus is much more sophis-
ticated and lies in the very same roots of the welfare implications of the General
Equilibrium (GE) paradigm. It requires a deeper analysis, that can be only outlined
here.

9 Why the Use of Market Values is Deceptive

In my view conflict is expunged by surreptitiously eliminating either the objects of
desire that can be controversial, with the remarkable exception of the distribution of
wealth (the individual endowments)®®, or the subjects who evaluate in an opposite
way the same “things”.

The origin of the deception can be traced back to the fact that the founding fathers
of the so called “marginalistic” (or neoclassical) revolution that originated the GE
approach, namely scholars such as Walras, Jevons, Menger, Edgeworth, considered
marketable commodities as being the arguments of the individual utility functions
(namely, as the only considered “objects of desire”). Given such a domain of as-
sumed useful “things” for all interacting individuals, and by assuming further that
any of these things may at worst be simply “non useful” for some of them, it was
ruled out or regarded as an exception the possibility that a very same event might
be desired by certain individuals and, at the same time, disliked by other ones. Once
given for granted that all individuals share a positive or null appreciation for any
produced thing, but not a negative one, the same attitude has been extended to the
case of public goods considered by Lindahl and Samuelson, that were regarded (al-
ways) as “goods”, that is, goods that, once existing, positively affected everybody.

Notice that not only the first mentioned scholars, but, later on, also the scholars
of the following generation, such as Pareto and Pigou, were perfectly conscious that
they were someway forcing the utilitarian premises, that implied that most human
beings draw happiness from many more events than only by riches and commodities,
such as beauty, freedom, affective relations, ethical behaviours, etc. . However, they
were restricting their attention to commodities and riches only because they were
attempting to construct an autonomous “science” for analysing economic events,
but were perfectly conscious of such a distortion, that they attributed to the still im-
mature stage of evolution of science. The limit case was Pigou, who went so far, in
his Economics of Welfare, as to accepting for himself a statute of “non-scientist”,
or scientist in a week sense, in order to make normative propositions in the eco-
nomic domain?’. Unfortunately, this consciousness faded away later on, when most
welfare economists on the one side adopted the Pareto principle for defining social

36 That is the only case of conflict that is considered by the economists.

37 He did so by assimilating himself more to Marconi, the inventor, than to Hertz, the scientist
on whose ideas Marconi worked out his inventions. Pigou, indeed, spent his whole first chapter to
discuss the distinction between “economic” welfare and welfare in general.
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optima’®, but, on the other one, inconsistently adopted such a principle for norma-
tive purposes’’.

The end-result of such a chain of distortions is the first theorem of welfare: any
equilibrium occurring as the result of interactions in perfectly competitive markets
is a Pareto optimum. Actually this outcome is perfectly logical but only in the ab-
stract and artificial environment deriving from the distortions considered above,
since a market equilibrium is generated by the exhaustive exploitation of the existing
agreement options in a word where such options are restricted to market interactions
and where individuals optimise only in the domain of marketable commodities*’.

The point, however, is that such an environment does not resemble to any existing
world, where cases of conflict, well beyond that of distributional justice, are likely
to be frequent. These are the cases when individual actions or agreements between
a subset of partners are disliked by other subjects (negative externalities).

Furthermore, there are important options of consensual agreements that can be
captured only outside the market, mainly through political interactions; think for
example to the collective pursuing of ethical or aesthetical goals shared by many
but not necessarily all the individuals*'.

One can plainly hold that in any world where the latter cases, as well as cases
of conflict, are relevant, the frontier of results generated by market interactions is
systematically dominated, from the collective welfare point of view, by a Pareto-
like frontier, generated by taking into account negative externalities (by restricting
or regulating the market trades) and by systematically exploiting the non-market
options of agreement, performed in such a way as to take into account (in some way
to be specified) the desires of those who oppose them.

This implies that, outside the Arrow-Debreu axiomatic world, market values are
far from constituting a benchmark for evaluation, as the wide majority of economists
perseverate in holding, despite the unambiguous arguments of Arrow Debreu. Their
position, to say it in even clearer words, implies that the values which are generated
by a subset of individuals who stipulate contracts having as their object a subset of
the objects of desire are asserted as being the appropriate benchmark for evaluating
everything for everybody, in the market or outside it; a benchmark, in particular, that
can and must be used as a neutral “technique” for deciding.

38 See footnote 21.

3 Pareto was extremely clear in excluding any normative implication from his scientific consider-
ations.

40 This is extremely clear in the axiomatic treatment by Arrow-Debreu (1954), that ultimately
demonstrated the existence of the equilibrium solution but, at the same time, illustrated the strict
conditions under which such a solution exist.

41 Should all the individuals share the goals we would be in the public goods case considered
by Samuelson. In other cases we would fall in a further case of possible conflict, as it would be,
for example, when all agree on a defensive armament but a part of the individuals oppose more
armament than that which is strictly needed for defensive purposes, even in the case in which they
have not to pay for it.



Optimisation and “Thoughtful Conjecturing” 57

10 Asymmetric Information and the Reputation
of the Decision-maker

Despite the limits put forward in the last two sections and the risks that will be
illustrated in this and in the next one, the evaluation techniques are a way to push
individuals, organisations and governments towards conjectural thinking and to set
out more precise formats for communicating and ease the attainment of consensus
among complementary agents.

The formal decision criteria adopted in each evaluation approach may be better
or worse, may be more or less appropriate to the choice at stake, may improve;
however the fact of using some criterion, that is, the fact of adopting a procedure
for controlling, is likely to have effects, socially regarded as positive, on the decision
making process, on the quality of its results and on the consensus upon the choice.

When labelling evaluation as a rhetorical device, I raised an issue which can
concern also the inter-subjective transmission of the knowledge-content embodied
in the evaluative conjectures. The need to transmit the information, both within an
organisation and towards agents external to it, presupposes an initial state of asym-
metric information among the involved agents and that the aim of communication is
that of reducing (or often simply “moulding”) the pre-existing patterns of asymme-
try, as a condition to reach the threshold of consensus which is necessary to adopt
a given proposed action. The acceptance of a proposed choice is always thus a ques-
tion of shared beliefs.

Common experience suggests, however, that an action is rarely considered inde-
pendently of the specific agent who is proposing it. In other words there is always
an implicit issue concerning the trust towards the agent, or the agents, who take
the ultimate responsibility for the conception and the implementation of the action.
This statement is important since it stresses that there is a trade-off between the
information concerning the object of the decision and that concerning the subject
who proposes the choice and takes responsibility for it. Also the information about
the subject, in any case, is a conjecture taking the form of an extrapolation: if sub-
ject z has shown to be fairly reliable and successful in the past, he/she can be safely
regarded as likely to be equally performing in the future*?.

However, when dealing with the information concerning the object of the choice,
what matters is the apparent robustness of the conjectures communicated through
the project; that is, the structure and the width of the arguments of which it consists,
the persuasiveness of the used models, the pertinence and relevance of the inductive
evidence, etc. Instead, as far as the information about the proposing subject is used,
what is evaluated is the degree of reliability of the subject. The likelihood of the
acceptance of a project and of the support to it depends thus on the curriculum of
his/her proponent, and this explains why new firms, or firms not having a curricu-
lum of successful actions, have a disadvantage in obtaining trust and cooperation.
Coeteris paribus, they must then show better projects, and, even so, they are likely

42 This is again a logical flaw well explained in the tradition of framing (Kahneman, 2002).
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to remain disadvantaged. Curricula holders, on the contrary, can afford to rely upon
more intuitive and/or more reticent projects.

Such considerations have far reaching implications from a systemic point of view,
since on the one hand many interesting innovative options risk to be overlooked
only because their proponents do not have sufficient reputation, while, on the other
one, the innovative options which run more the risk to be imitated tend to be more
advantageously managed by firms which have more reputation, because of their
larger margins for being reticent about the features of the option. Furthermore, since
reputation is by definition a cumulative phenomenon, it is likely to be unevenly
distributed among agents, without any guarantee that the distribution of reputation
corresponds to the distribution of innovative abilities*’.

11 The Case of Innovative Decisions

Although procedures do not coincide with routines, often they are strictly associated
to them or, more exactly, they are among the rules which structure a routine. Rou-
tines help in running smoothly organisational tasks, through the establishment of
rules and mechanisms able to connect a system of situational patterns to an appro-
priate set of behavioural responses. Such rules and mechanisms, however, tend to
acquire a momentum of their own, which may become a factor of resistance against
the adoption of innovative decisions. This applies, in particular, to the prevailing
evaluation procedures.

The habit to what I argued to be “pseudo-objective” criteria for evaluation, al-
though contributing to the efficiency of private concerns in normal circumstances,
has thus drawbacks as long as it plays against innovative decisions. As I noticed
earlier, in fact, innovative decisions are not easy to be evaluated in terms of standard
criteria; they are nothing else than “sound stakes”; they cannot but be based quite
explicitly on structured conjectures. However, the people who, within the firm, deal
with the budget, or the share-holders to whom it is demanded to risk their money, or
the banks, often do not accept as convincing the proposals that cannot be evaluated
according to standard routine criteria. This may create a difficult and unfavourable
situation for innovative decisions. If an action is really innovative, nobody can ac-
tually tell which, for example, is the prospective rate of return on investing in the
project concerning such an action, although many people pretend to**.

Four factors matter in the success of an innovation. One of them — chance — is out
of the grip of any innovative organisation; however such an organisation can estab-

43 This may be regarded as a case of externalities that may produce bad allocation of resources,
that should require public intervention. This might be done through the creation of a public agency
which should consider innovative projects using a degree of perceptiveness and of sensitivity in-
versely correlated to the reputation of the applicants.

4 The reason they pretend is obviously rhetorical: there is someone who wants to carry on the
project, the validity and interest of which appears clear to them, but he/she must convince other
parties, within or outside his/her organisation, that it is worthwhile to finance the project.
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lish some, though never complete, control on the other three of them — 1earning45,
feasibility*® and liquidity. The probability of success depends thus on the control
that an innovative organisation, let’s say a firm, is able to establish upon them. The
ex ante “evaluation” of an innovative project, i.e. the conjectural elements that will
cause its adoption or refusal, depends on the confidence that the firm itself, or its
prospective partners (the shareholders, the lenders, the cooperating firms or even the
state, when it acts promoting innovation), have upon the ability to exert such con-
trol. From the point of view of inter-subjective relationships, liquidity is the more
important and the more binding of the factors considered above*’. The performing
of innovation usually requires an increase in the ratio between financial outflows
and inflows. Such an increase in the rate of financial needs may be fed by internal
and/or external sources. In the first case the rate of innovation cannot exceed certain
values, which depend on the ratio between traditional activities, which provide the
liquidity, and the innovative ones. In the second case, those who are requested to risk
their money have to be convinced to share the stake, and here cultural and informa-
tional asymmetries are likely to constitute the limiting factors. In this framework the
fact that those who sponsor the innovative choice pretend to know its rate of return

45 There are different types of innovations: a firm may simply substitute the technology with which
to produce the same commodities it was already producing, or decide to produce new goods and
services with proved technologies, or finally to build up by its own an entirely new innovation.
Each of these alternatives implies some form and some degree of learning. The process of learning
and its complex patterns are more evident in the latter case.

According to Amendola-Gaffard (1988), a genuine innovation implies the choice to take a path
whose end-result is only vaguely defined when the choice is initially made. The innovation takes an
increasingly definite shape along the process of its construction, essentially regarded as a learning
process. Labourers work to building something new, and in so doing they learn, changing them-
selves (their knowledge and abilities) while further defining the features of the new technology to
come. Furthermore, since the quality structure of the labour input in any given period strictly de-
pends on what labour has been set to do in the previous ones, the range of things which are possible
from a given period onward is someway limited by the actions which have been undertaken in the
previous periods.

46 Here again the more extreme case of innovation may help in clarifying the problems involved by
the undertaking of an innovative path. Amendola-Gaffard (1988) insist particularly on the problems
of intertemporal complementarity that characterise the innovation considered as a sequential pro-
cess (see also the previous footnote). Other contributions have stressed, instead, what we may call
in general “horizontal” complementarities, i.e. the set of complementarities that the innovating firm
has to set with its surrounding environment (other firms, the labour markets, public agencies and in-
stitutions, the clientele, etc.), and/or to exploit, in order to successfully develop the innovative fact
(Kline-Rosenberg, 1986; Freeman, 1987; Lundvall, 1988; Silverberg-Dosi-Orsenigo, 1988; Torrisi,
1988; Mariotti, 1989; Teece, 1989; Vacca’-Zanfei, 1989; David, 1990; Nelson, 1990; Amendola-
Bruno, 1990; David, 1991). Also the setting up of such complementarities has a dynamic sequential
nature.

The first concern of the innovative agent should thus be that the envisaged process might be
viable.
47 Since the building of something new or additional requires that labour be devoted to its creation,
this implies a lengthening of the average period which elapses from the beginning to the end of the
production processes, and thus of the lag between the moment when labour begins to be paid and
moment when the output may be sold. This corresponds to larger financial needs.
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amounts to little more than adopting a sort of what in the military jargon is called
a “counter-device”.

12 The Importance of the Problematical Environment

I have already argued about the substantially qualitative nature of the variables con-
stituting the object of conjecturing which is associated to the choice process. What
is essential in the construction of a good project is, first of all, the identification of
the possible consequences of the devised actions and of the events which condition
them. Such a step is preliminary to any economic consideration, and requires the
selection of models which are appropriate to the type of problems which are faced
by the decision-maker. The choice requires thus a deep knowledge of the technical
and/or social problems involved and of their context, the availability of good analyt-
ical tools and of reliable information specific to the environment. The same elements
confer strength to the attribution of subjective probabilities to the uncertain events
which condition the results.

The economic aspects may emerge in a later phase, when dealing with the eco-
nomic results (more in general with the pay-off matrix). However it is quite clear
that a correct identification of the pay-offs is somehow secondary with respect to
the correct identification of the structure of the decision-tree (the outcomes and their
conditioning events), i.e. the choice of an appropriate model or set of models.

Once again, reflecting upon innovative actions may contribute to the deepening of
the cognitive problems involved. According to Amendola and Gaffard an innovative
choice is one which gives start to a constructive sequence along which an innova-
tion may take shape. What the initial decision opens is thus a path which not only
has many bifurcations, but in which any further decision opens, or simply makes it
possible to perceive, further bifurcations. Suppose to represent, in ¢ = 0, the initial
choice-set by the means of a decision-tree. Given a represented set of possible out-
comes in ¢ 4 1, some, or all of them may be regarded as a sketchy description, or as
an intuitive summary, of further decision-trees, the contours of which will become
more definite not only as the time elapses (as it is obvious), but as a consequence
of having undertaken, in previous periods, certain specific actions (instead of other
ones). In other words, the actions (the very fact of acting) contribute to reshape the
decision-tree and enlarge the set of available information, doing it in a way which is
contingent to the specific action actually undertaken.

On the other hand, this neither implies that sound conjectures could not be made,
nor that it is impossible to improve the scope, the structure and the width of such
conjectures, nor, finally, that such conjectures are useless. Quite on the contrary,
there are wide options for utilising the increasingly powerful instruments that differ-
ent scientific branches are elaborating. Models of numerical simulation are among
them, since the setting up of innovation depends, for its success, on a set of in-
tertemporal and inter-subjective complementarities, the setting up of which, too,
has a dynamic sequential nature that can be captured in an easier way by numerical
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simulation*®. The sequential nature of innovative processes implies that one has to
perform certain activities in ¢ if he/she wants to have certain results in # + x, where
x is the time of construction of the relevant results. The environment, however,
will be somehow modified in the time interval between ¢ and ¢ + x by the indirect
feed-backs generated either by the actions undertaken in ¢ — x or even by those un-
dertaken in ¢. Furthermore, for the inter-subjective complementarities, the relevant
decisions are not only those undertaken by the firm that begins and leads the inno-
vative process, but also those undertaken by other agents acting in the environment,
that can be either independent or, instead, such as to be affected by prior influences
exerted by the former innovative agent. In this case there is a complex problem of
time scheduling and of coordination (Richardson, 1960; Bruno-De Lellis, 1993).

The minimal condition for success is that the process be feasible at least for one
of the possible sequences. On the other hand, the larger the set of likely feasible
sequences and/or the looser the time-path conditions, the more promising the envis-
aged innovation would be. This proposition should be taken as having a likely nor-
mative value. In conditions of fundamental uncertainty and for actions whose imple-
mentation is characterised by a complex web of inter-subjective and inter-temporal
complementarities, the tests conceivable on the basis of the above proposition would
be likely to result of greater strategic importance, and anyway preliminary, with re-
spect to more traditional evaluation tests*.
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A New Agent-based Tool to Build Artificial
Worlds

Pietro Terna

Abstract. We propose SLAPP, or Swarm-Like Agent Protocol in Python, as a sim-
plified application of the original Swarm protocol, choosing Python as a simulta-
neously simple and complete object-oriented framework. With SLAPP we develop
two test models in the Agent-Based Models (ABM) perspective, building both an
artificial world related to an imaginary situation with stylized chameleons and an
artificial world related to the actual important issue of interbank payment and lig-
uidity.

1 A few Notes on Agents and Complexity

Following Ostrom [12], and to some extent, Gilbert and Terna [7], in social science,
we traditionally build models as simplified representations of reality in two ways:
(i) verbal argumentation and (ii) mathematical equations, typically with statistics
and econometrics. The first way (i) is absolutely flexible and adaptable, as in the
case of a historical book reporting an analysis of past events, but mere descriptions
and discussion, by their nature, preclude tests and verifications of hypotheses. In
contrast, the second way (ii) allows for computations and verifications, but suffers
from severe limitations in flexibility and adaptation, especially with respect to how
agents are expected to operate in the model and when accounting for their hetero-
geneity and interactions.

There is a third way to build models, (iii) computer simulation, mainly if agent-
based. Computer simulation can combine the extreme flexibility of a computer code
where we can create agents who act, make choices, and react to the choices of other
agents and to modification of their environment — and its intrinsic computability.
This allows us to use the descriptive capabilities of verbal argumentation and the
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ability to calculate the effects of different situations and hypotheses together. From
this perspective, the computer program is a form of mathematics. In addition, we
can generate time series from our models and analyze them employing statistics and
econometrics.

However, reality is intrinsically agent-based, not equation-based (for a short, but
illuminating discussion of this consideration, see Weinberg [18] in his review of
Wolfram’s book, A New Kind of Science). At first glance, this is a strong criti-
cism. Why reproduce social structures in an agent-based way, following (iii), when
science applies (ii) to describe, explain, and forecast reality, which is, per se, too
complicated to be understood? The first reply is that we can, with agent-based mod-
els and simulation, produce artifacts of actual systems and “play” with them, i.e.,
showing consequences of perfectly known ex-ante hypotheses and agent behavioral
designs and interactions; then we can apply statistics and econometrics to the out-
comes of the simulation and compare the results with those obtained by applying
the same tests to actual data. In this view, simulation models act as a sort of mag-
nifying glass that may be used to better understand reality. Considering the analysis
of agent-based simulation model as a source of knowledge, there is another “third
way view” of these kinds of tools. Consider Axelrod and Tesfatsion [3]:

Simulation in general, and ABM in particular, is a third way of doing science in addition to
deduction and induction. Scientists use deduction to derive theorems from assumptions, and
induction to find patterns in empirical data. Simulation, like deduction, starts with a set of
explicit assumptions. But unlike deduction, simulation does not prove theorems with gen-
erality. Instead, simulation generates data suitable for analysis by induction. Nevertheless,
unlike typical induction, the simulated data come from a rigorously specified set of assump-
tions regarding an actual or proposed system of interest rather than direct measurements of
the real world. Consequently, simulation differs from standard deduction and induction in
both its implementation and its goals. Simulation permits increased understanding of sys-
tems through controlled computational experiments.

The considerations above act in a way similar to abduction, or inference to the
best explanation, where one chooses the hypotheses that, if true, give the best expla-
nation of the actual evidence. Note that in the ABM perspective, the hypotheses are
also related to the rule that determines the behavior of the agent.

The second reply is that, relying on Anderson [1], we know that complexity arises
when agents or parts of a whole act and interact and the quantity of involved agent
is relevant. Furthermore, following Villani [17, p. 51], “Complex systems are sys-
tems whose complete characterization involves more than one level of description.”
To manage complexity, one needs to build models of agents. As a stylized example,
consider ants and an ant-hill: Two levels need to be studied simultaneously to un-
derstand the (emergent) dynamic of the ant-hill based on the (simple) behaviors of
the ants.

We can also imagine building models based on multiple layers of agents!, with
the agents of each layer composing in a collective sense the more complicated agents
of the upper stratum.

! Being each layer a swarm, which is also the name of the first standardized tool used to build this
kind of models, i.e., Swarm, from Santa Fe Institute, in Minar et al. ([11]).
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This interpretation of the agent-based paradigm, which is consistent with the way
this kind of model is used in this work, corresponds to the “second use - partially
soluble models: Artificial agents as complementary to mathematical theorizing” and
to the “third use - models ostensibly intractable or provably insoluble: Agent com-
puting as a substitute for analysis” considered in Axtell [4]. The Axtell’s first use
occurs “when models can be formulated and completely solved: Agent models as
classical simulation.”

The first use quoted above is mainly related to Monte Carlo simulations and the
verification of numerical solutions to equation models. The second use relates to the
cases of existing equilibria which can be incomputable, not attainable by bounded
rational agents, known only for simple network configurations, or less interesting
than transition phases, fluctuations, and extreme events. The third use is related to
intractable models (my addendum to Axtell’s considerations) when we believe that
agents should be able to develop self-generated behavioral rules. This is the case
here.

However, agent-based simulation models have severe weaknesses, primarily aris-
ing from:

(a) The difficulty of fully understand them without studying the program used to
run the simulation;

(b) The necessity of carefully checking computer code to prevent generation of
inaccurate results from mere coding errors. Epstein and Axtell [6] pointed out,
in their seminal paper, that it is necessary to develop new ways to control soft-
ware and avoid bugs. In addition, due to the object-oriented structure that is
intrinsic to agent-based programs, it is also possible to create a class of internal
agents charged with observing the behavior of the actual agents of the simula-
tion and reporting anomalies. Anomalies can be interesting to analyze and do
not necessarily always arise from errors, but it is necessary to carefully explore
this possibility. For example, if an accounting procedure produces strange re-
sults, the users search for an error in the procedure; if a simulation program
produces anomalous results, the user may have discovered an interesting find-
ing; however, in this case, it is also necessary to determine whether the finding
is actually valid, and not the product of a coding error;

(c) The difficulty of systematically exploring the entire set of possible hypotheses
in order to infer the best explanation, in accordance with the previously dis-
cussed practice of abductive reasoning. This is mainly due to the inclusion of
behavioral rules for the agents within the hypotheses, which produces a space
of possibilities that is difficult if not impossible to explore completely.

The difficulty of communicating the results, which is described in (a), can be
overcome by the diffusion of standardized tools to develop agent simulation models
and by the introduction of a protocol to be applied to those tools. The first exam-
ple, introduced in the mid-1990s, is Swarm (www.swarm.org), a project that started
within the Santa Fe Institute, but then grew independently. Swarm is not a program
in the classic sense, but a library of functions to build agent-based computer models.
More specifically, it is a library of particular functions that are useful in the handling
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of a collection of agents, populating spaces with agents, or organizing events in time.
Swarm is appropriately a milestone in simulation, thanks to the protocol suggested
for using those functions, initially combining them with codes written in Objec-
tive C (a language combining C and a subset of SmallTalk) and, subsequently, in
Java. The Swarm development team’s original purpose, which was to create a lin-
gua franca for agent-based model development, has only been partially achieved if
one considers only the library of functions. With modern languages such as Python,
a large part of the Swarm library is now unnecessary due to the facilities offered
by the language itself. On the contrary, when considering the protocol aspect of the
project, Swarm has been highly successful, being that protocol intrinsically the ba-
sis of several recent tools. For interesting considerations for the use of Python in
agent-based programming, refer to Isaac [8] and for an application of the Swarm
protocol to Python, see SLAPP, which is introduced here.

Many other tools have been built upon the Swarm legacy, such as Repast, As-
cape, JAS, and now SLAPP. Different protocols are used by important tools, such
as NetLogo and StarLogo. StarLogo TNG, a recent innovative version of StarLogo,
is programmed by moving small shaped cards which fit together to build a running
code. A second important innovation of StarLogo TNG was the production of ani-
mations that are very similar to animations in video games. This was done because
video games are typically easily understood.

We can deal with the second weakness introduced in (b), i.e., the risk of using
code with “bugs” that corrupt the results, both when employing the standard tools
reported here (but this is in some way insufficient) and duplicating the code using
two independent tools programmed by two different scholars. The result is never
the same, due mainly to the use of random numbers when determining sequences.
However, if the emergent phenomena are substantially similar in both constructions,
we can be reasonably sure that the results are not the product of coding errors. This
significant amount of work is suggested mainly for important and critical applica-
tions.

The third weakness described in (c), i.e., the difficulty of exploring the whole set
of possible hypotheses (including the behavioral rules of the agents, where the full
rationality and perfect information hypotheses are only one of the possible choices
and not plausible) is determined by the uncontrolled dimension of the space of pos-
sibilities. This space of possibilities, when analyzed in a detailed way, is necessary
for computations where no black box is allowed, although it generates an unman-
ageable set of possible paths. This is precisely why this paper proposes the use of
neural networks to generate behavioral rules in an automatic way, or, in other words,
the reinforcement of learning to extract the same rules from experience. In effect,
this paper seeks to introduce strategies for going from the wide search of hypotheses
about behavior to a procedure to calculate artificially generated, but plausible, rules.

Generating behavioral rules to achieve the capability of emulating cognition is
a step that is both highly difficult and challenging. Consider Sun [14, p. 17]:

What makes computational social simulation, especially computational cognitive social
simulation (based on detailed models of cognitive agents), different from the long line of
social theories and models (such as utility theory and game theory) includes the fact that
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it enables us to engage with observations and data more directly and test various factors
more thoroughly. In analogy with the physical sciences (... ), good social theories may be
produced on the basis of matching theories with good observations and data. Cognitive
agent based computational social simulation enables us to gather, organize, and interpret
such observations and data with cognition in mind. Thus, it appears to be a solid means of
developing social-cognitive theories.

Finally, with regard to the presentation of the results, the interaction between
artificial agents and actual people, and the tools quoted above, it is useful to consider
use of artificial on line worlds, such as Second Life (Bainbridge [5]).

The motivation for using ABM techniques with learning capabilities in this work
is to explore and discover the consequences of self-generated behavioral schemes
applied to an actual case of complex interaction (like the case of the diffusion of in-
novation and ideas in which many counterintuitive consequences of planned action
occur in reality).

Let us conclude with Lave and March [10, p. 10]: “The best way to learn about
model building is to do it.” This applies to the metaphoric chameleons’ model of
innovation.

2 From a ““Classical” Protocol to a New Tool
2.1 The Swarm Protocol

As seen above, the Swarm protocol is a “classical” reference in the relatively young
world of the agent-based simulation, mainly for social sciences. The Swarm project,
born at Santa Fe Institute, has been developed with an emphasis on three key points
(Minar et al. [11]): (i) Swarm defines a structure for simulations, a framework within
which models are built; (ii) the core commitment is to a discrete-event simulation of
multiple agents using an object-oriented representation; (iii) to these basic choices
Swarm adds the concept of the “swarm,” a collection of agents with a schedule of
activity.

The “swarm” proposal was the main innovation coming from the Swarm project,
diffused as a library of function together with a protocol to use them. Building the
(iii) item required a significant effort and time in code development by the Swarm
team; now using Python we can attain the same result quite easily and quickly.

To approach the SWARM protocol via a clear and rigorous presentation it is pos-
sible refer to the original SimpleBug tutorial (Langton, 19967?), developed using the
Objective-C programming tool (built on C and Smalltalk, www.smalltalk.org) by
Chris Langton and the Swarm development team; the tutorial also has explanatory
texts in the README files of the main folder and of the internal subfolders). The same
contents have also been adapted by Staelin [13], to the Java version of Swarm, and by
myself (Terna [16]), to create a Python implementation, exclusively related to the pro-
tocol and not to the libraries. Note that the Swarm original libraries are less important,
anyway, using a modern object-oriented language. The SWARM protocol can be con-
sidered as a meta-/ingua franca to be used in agent-based simulation models.
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2.2 The Swarm-like Agent Protocol in Python (SLAPP)

The SLAPP project? has the goal of offering to scholars interested in agent-based
models a set of programming examples that can be easily understood in all its details
and adapted to other applications.

Why Python? Quoting from its main web page: “Python is a dynamic object-
oriented programming language that can be used for many kinds of software de-
velopment. It offers strong support for integration with other languages and tools,
comes with extensive standard libraries, and can be learned in a few days.”

Python can be valuably used to build models with a transparent code; Python
does not hide parts, have “magic” features nor have obscure libraries. Finally,
we want to use the openness of Python to: (i) connect it to the R statistical sys-
tem (R is at http://cran.r-project.org/; Python is connected to R via the rpy li-
brary, at http://rpy.sourceforge.net/); (ii) go from OpenOffice (Calc, Writer, ...)
to Python and vice versa (via the Python-UNO bridge, incorporated in OQOo);
(iii) do symbolic calculations in Python (via http://code.google.com/p/sympy/); and
(iv) use Social Network Analysis from Python, with tools like the Igraph library
(http://cneurocvs.rmki.kfki.hu/igraph/), the libsna library (http://www.libsna.org/),
and the pySNA code (http://www.menslibera.com.tr/pysna/).

The main characteristics of the code reproducing the Swarm protocol in Python
are introduced step by step via the on line tutorial referenced above. Summarizing:

¢ SimpleBug — We use a unique agent, running the time by the way of a for cycle,
without object-oriented programming.

» SimpleClassBug — We run the time by the way of a for cycle, now with object-
oriented programming to create and to use a unique agent as an instance of
a class; in this way, it is quite simple to add other agents as instances of the
same class.

* SimpleClassManyBugs — We run the time by the way of a for cycle, with object-
oriented programming to create many agents as instances of a class; all the agents
are included in a collection; we can interact with the collection as a whole.

*  SimpleSwarmModelBugs — We run the time following a schedule of events based
on a simulated clock; the schedule can be managed in a dynamic way (events
can change sequences of events). With object-oriented programming we create
families of agents as instances of classes, within a special class, the model class,
that can be considered as a the experimental layer of our program.

* SimpleSwarmObserverBugs — As above, but we now have the model and all its
items (agents, schedule, clock) included in a top layer of the application, that we
name “observer”. The observer runs the model and uses a schedule to apply tools
like graphical representations, report generations, etc. The clock of the observer
can be different from that of the model, which allow us to watch the simulation
results with a granularity different from that of the simulated events.

2 Python is at www.python.org. You can obtain the SLAPP tutorial files and the related examples
at: http://eco83.econ.unito.it/terna/slapp.
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In the object-oriented programming perspective the starting module generates the
observer as an instance of the observer class. The observer creates: (i) the reporting
tools, (ii) one or more models as instances of the class model and (iii) finally the
schedule coordinating the top-level actions. Each model creates (iv) the instances of
the agents and (v) the schedule controlling their behavior.

3 Creating an Imaginary Artificial World:
the Surprising Behavior of Learning Chameleons

3.1 The Structure of the Chameleon World

A test model created with SLAPP involves intelligent chameleons. We have chame-
leons of three colors: red, green and blue. When two chameleons of different colors
meet, they both change their color, assuming the third one. If all chameleons change
to be the same color, we have a steady-state situation. This case is possible, although
rare. Even so, what if the chameleons of a given color want to conserve their iden-
tity? On the other hand, what if they strongly want to change it?

With the on-line version of the chameleon model®, we can see the chameleons
moving randomly in their space. The chameleons can (i) move in a random way or
(ii) refer to a runner mind (nine neural networks able to evaluate the moves from the
point of view of the runners, used together) to avoid changing their color, or (iii) re-
fer to a chaser mind (nine neural networks able to evaluate the moves from the point
of view of the chasers) to look for contacts and so to change their color, if they want
to change their color. As an example, if we tell a specific type of chameleons (i.e.,
the red ones) to be conservative, adopting the rules generated by a reinforcement
learning process to avoid contacts, they become capable of increasing in number
with the strategy of decreasing their movement when staying in zones free from
chameleons of other colors, and getting close to subjects with their own color.

3.2 Reinforcement Learning

We use reinforcement learning Sutton and Barto [15] to develop intelligent behavior
in our chameleons. Rewards and punishments come from the experience made in the
past by chameleons while acting.

3 The project, built in SLAPP, has been implemented also in NetLogo, relatively to the on-
line visual representation of the results: with NetLogo you can easily produce an applet to be
directly run in a browser; NetLogo is at http://ccl.northwestern.edu/netlogo/. The model is at
http://eco83.econ.unito.it/terna/chameleons/chameleons.html, where you can find also an anima-
tion with voice explanations. I thank Riccardo Taormina, a former student of mine, for developing
this kind of application with great involvement and creativity. Many thanks also to Marco Lamieri,
a former Ph.D. student of mine, for introducing the powerful chameleon idea.
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The evaluation of the rewards is quite simple. We consider here only a 3 x 3
space, as in Fig. 1, with nine potential moves, accounting also for staying in the
initial patch. The red chameleon in the central position of the internal 3 x 3 square
in Fig. 2 has three enemies around it; moving to the north in the center of the green
square, it would have only two (visible) enemies, with a +1 reward; the reward
can also be negative. Here we always consider two steps jointly and sum up their
rewards, without the use of a discount rate. The double-step analysis compensates
for the highly bounded rationality strategy applied both to the knowledge of the
world (limited in each step to a 5 x 5 space) and the evaluation of the rewards, in
a3 x 3 area.

Fig. 1 The nine possible
moves of the agent (staying
in place and moving to one of
the eight adjacent squares)

We have nine neural networks, one for each of the potential moves in the 3 x 3
space, with 25 input elements (the 5 x 5 space), ten hidden elements and a unique
output, which is a guess of the reward that can be gained by choosing each one of the
nine valid moves in the presence of each specific situation in the 5 x 5 space. Neural
networks are used to summarize the results of the described trial and error process,
avoiding the requirement of dealing with huge tables reporting the data upon the
reward of each potential choice in each potential situation.

R

{8

Fig. 2 Two subsequent spatial
situations, always considered
from the center of the two
internal 3 X 3 squares

% | %

The dimension of the observed space, 5 x 5, obeys the bounded rationality prin-
ciple. We could also consider a 7 x 7 space, but the number of potential situations
increases enormously: in the case of the 5 x 5 space, omitting the central square, we
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have 224 potential situations. With a 7 x 7 space, we have 248 possibilities, a num-
ber on the order of 3 times 10'*. In the 5 x 5 case, we are able to explore a simplified
space like that of Fig. 3, with about 17 million of possible states, with symmetric in-
puts not mandatory to produce symmetric outcomes (the decision system attributed
to our agents is intrinsically imperfect).

&
& olo|o|0]1
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Fig. 3 The chameleon in the center of the grid (a red one) creates the matrix corresponding to its
observed world. Values of 1 identify the places of the chameleons of colors other than red

3.3 Results in Chameleon Behavior

The chameleons can (i) move in a random way, or (ii) refer to a runner mind (the
nine neural networks able to evaluate the moves from the point of view of the run-
ners, used together) both to avoid contacts and to avoid changing their color, or
(iii) refer to a chaser mind (the nine neural networks able to evaluate the moves
from the point of view of the chasers, used together) to look for contacts and to
change their color.

The running model can be found at the address reported in the note introducing
the section, with and animation with voice instruction to train users in interacting
with the simulation interface. It is possible to reproduce the different behavior of
both the running and of the chasing chameleons, remembering that the actions of
the chameleons are arising from an automatic learning process.

The model can also be metaphorically interpreted in the following way: an agent
diffusing innovation (or political ideas or financial innovative behaviors) can change
itself through interaction with other agents. As an example, think about an academic
scholar working in a completely isolated context or, on the contrary, interacting with
other scholars or with private entrepreneurs to apply the results of her work. On the
opposite side, an agent diffusing epidemics modifies the others without changing
itself.
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4 Recreating an Actual World in an Artificial Way:
Interbank Payments

4.1 The Payment Problem

From the imaginary world of the chameleons, always using SLAPP, we shift to focus
on the concrete aspects of an actual banking system, recreating the interaction of two
institutions (a payment system and a market for short-term liquidity) to investigate
interest rate dynamics in the presence of delays in interbank movements.*

The problem is a crucial one because delays in payments can generate liquid-
ity shortages that, in the presence of unexpected negative operational or financial
shocks, can produce huge domino effects (Arciero et al. [2]). Here, we use agent-
based simulation as a magnifying glass to understand reality.

4.2 Two Parallel Systems

We have two parallel and highly connected institutions: the RTGS (Real Time Gross
Settlement payment system) and the eMID (electronic Market of Interbank De-
posit). Considering the flow of interbank payments settled via the first institution,
we simulate delays in payments and examine the emergent interest rate dynamics in
the eMID. In this kind of market the interest rate is the price. A few microstructures
of the market should be investigated and understood.

In Fig. 4 we present a modified representation of the standard sequence diagram
of the UML (Unified Modeling Language, www.uml.org) formalism, introducing
time as the first actor or user in the sequence. Events come from a time schedule to
our simulated environment; the treasurers of the banks, acting via the RTGS system,
with given probabilities bid prices, to buy liquidity in the eMID, or ask prices, to sell
liquidity in the same market. Bid and ask probabilities can be different. The simple
mechanism of bidding or asking on a probabilistic basis (if and only if a payment
has to be done or has been received, as in Fig. 4), will be integrated — in future
developments — with an evaluation of the balance of the movements in a given time
period.

The different sequences of the events (with their parallel or immediate diffusion,
as in Fig. 4) generate different lists of proposals into the double-action market we
are studying. Proposals are reported in logs: the log of the bid proposals, accord-
ing to decreasing prices (first listed: bid with the highest price); and the log of the

4T am deeply grateful to Claudia Biancotti and Leandro D’ Aurizio, of the Economic and Financial
Statistics Department of the Bank of Italy, and to Luca Arciero and Claudio Impenna, of the Pay-
ment System Oversight Office of the Bank of Italy, for having involved me in considering this im-
portant problem. The model is a contribution that I hope can be useful in identifying some aspects
of the problem in a complexity perspective. You can obtain the code of the model by e-mailing the
author.
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time RTGS eMID

parallel

gl
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Fig. 4 Events to RTGS and
from RTGS to eMid, in
two different ways: a “quasi |
UML” representation of a se- !
quence diagram

ask proposals, according to increasing prices (first listed: ask with the lowest price).
“Parallel” means that we are considering an actual situation in which all the treasur-
ers are making the same choice at practically the same time.

In Fig. 5 we discuss how a new price is proposed to the market when we look
at the last executed price as a reference point, placing a price below it to get a ask
position easily matched. In this case, both the case of parallel proposal and that of

parallel payment diffusion, looking
@ask @bid 54 ihe last executed price

®---p--- New price
® °
L L t
last executed price

®® % pidsin log (sorted)

immediate payment diffusion, leoking

® sk @bid gt the last executed price
. .- ------- new price
Fig. 5 Looking at the last ex- : t
last executed price

ecuted price, both in a parallel
and in an immediate diffusion °
scheme ® bids in log (sorted)
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immediate diffusion are figuring out close expected situations. On the other hand:
(1) this is not the case in the logs of the unmatched proposals, with ask prices greater
than bid prices; (ii) the behavior of a market maker, not present here, is based on
positive ask minus bid price differences. Other potential microstructures have to be
investigated.

In Fig. 6, a new price is proposed to the market looking at the best proposal in
the opposite log as a reference point, placing a price below it to get an ask position
easily matched. The cases of parallel proposal and that of immediate diffusion are
now producing quite different effects.

i} parallel payment diffusion, looking
@ e bid at the best price in opposite log

@---3------new price
L] e®
o o t

ast executed price

0@
2 o ®
® ® 7 pids in log (sorted)

immediate payment diffusion, looking

. @59 Lt the best price in opposite log
T R new price
Fig. 6 Looking at the best e ° t
. . last executed price
proposal in the opposite mar-
ket log, both in a parallel and -
in an immediate diffusion o bids in log (sorted)

scheme

4.3 A Case of Simulated Behavior

We show here an interesting case of the dynamics emerging from this simulation
environment, that occurs when the diffusion of the payment into the RTGS system
is parallel and the operators look at the last executed price in the eMID. The run
reported in Fig. 7 shows a non-trivial behavior of the interest rate. The dynamic is
here magnified due to the dimension chosen for micro-movement in bids and asks.
In these five days, we have a huge movement of this time series, as a consequence
of significant delays in interbank payments. The simulation runs step by step, but
we account for breaks in the time to reproduce the end of each day (i.e., cleaning all
the positions, etc.).

Elaborating the interest rate series with the standard AR (autoregressive) and MA
(moving average) technique, directly connecting SLAPP to R as seen above, we find
in the graphs of the second row in Fig. 8 a typical AR(1) model.

On the contrary, in a situation like that of Fig. 9, with data coming from a simu-
lation run in which no payment delays occur, we find a random-walk dynamic in the
interest rate first differences (first graph of the second row), without any correlation
evidence.
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Fig. 7 Interest price dynamic
(upper line), stock of due
payments (intermediate line)
and flow of the received
payments (lower line) in
case of relevant delay in
payments (with a uniform
random distribution between
0 and the 90% of the available
time until the time break).
Time breaks at 20, 40, ... (end
of a day)
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Fig. 8 The autocorrelation analysis of the interest rate data of Fig. 7 (with the presence of delays
in interbank payments). First row: raw data; lagged correlations among data; the same, but as
partial correlations. Second row: data first differences with lag 1; their lagged correlations; their

lagged partial correlations
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This analysis suggests that the strong difference between these two situations is
the direct consequence of the presence/absence of the payment delays.

Future Developments

There are three promising lines for future developments:

* In terms of SLAPP, the development of the capability of directly probing each
agent, the graphical representation of spatial dynamics and of social networks
links, and the simplification of the schedule code for event dynamic.

* In terms of chameleons, the introduction of communication capabilities, mainly
via information left in the space, to search for the emergence of social coordina-
tion and of social capital.
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In terms of the payment system, applying also in this case the reinforcement
learning technique, the introduction of a market maker, i.e., a subject continu-
ously asking and bidding a price for selling and buying money, with a spread,
assuring liquidity to the market and developing a pricing capability aimed at the
containment of liquidity crisis.

References

DO

10.

11.

12.

13.

14.

15.

16.

17.

18.

Anderson, P.W. (1972), More is different. Science, 177, 4047, pp. 393-396

. Arciero L., Biancotti C., D’ Aurizio L. and Impenna C. (2009), Exploring agent-based methods

for the analysis of payment systems: a crisis model for StarLogo TNG. Journal of Artificial
Societies and Social Simulation, http://jasss.soc.surrey.ac.uk/12/1/2.html

Axelrod R. and Tesfatsion L. (2005), A guide for newcomers to agent-based modeling in the
social sciences. In K.L. Judd and L. Tesfatsion (eds.), Handbook of Computational Economics,
Vol. 2: Agent-Based Computational Economics, pp. 1647-1658, Amsterdam, North-Holland.
On line at http://www.econ.iastate.edu/tesfatsi/GuidetoABM.pdf

Axtell R. (2000), Why Agents? On the Varied Motivations for Agent Computing in the Social
Sciences. In Proceedings of the Workshop on Agent Simulation: Applications, Models and
Tools, Chicago, Argonne National Laboratory. On line at http://www.brookings.edu/~/media/
Files/rc/reports/2000/1 1technology_axtell/agents.pdf

Bainbridge W.S. (2007), The Scientific Research Potential of Virtual Worlds. Science, 317,
pp. 472476

Epstein J. and Axtell R. (1994), Agent-Based Modeling: Understanding Our Creations, The
Bulletin of The Santa Fe Institute, (Winter, 1994)

Gilbert N. and Terna P. (2000), How to build and use agent-based models in social science,
Mind & Society, 1, 1, pp. 57-72

Isaac A.G. (2008), Simulating Evolutionary Games: A Python-Based Introduction. Journal of
Artificial Societies and Social Simulation, 11, 3. http://jasss.soc.surrey.ac.uk/11/3/8.html
Langton C. and Swarm development team (19967?), Santa Fe Institute, SimpleBug tutorial, on
line at http://ftp.swarm.org/pub/swarm/apps/objc/sdg/swarmapps-objc-2.2-3.tar.gz

Lave C.A. and March J.G. (1975), An introduction to models in the social sciences. New York,
Harper & Row.

Minar N., Burkhart R., Langton C. and Askenazi M. (1996), The Swarm simulation system:
A toolkit for building multi-agent simulations. Working Paper 96-06-042, Santa Fe Institute,
http://www.swarm.org/images/b/bb/MinarEtA196.pdf

Ostrom, T. (1988), Computer simulation: the third symbol system. Journal of Experimental
Social Psychology, n. 24, pp. 381-392

C. J. Staelin (2000), jSIMPLEBUG, a Swarm tutorial for Java, (2000), at http://www.cse.nd.
edu/courses/cse498j/www/Resources/jsimplebug11.pdf, only text, or http://eco83.econ.unito.
it/swarm/materiale/jtutorial/JavaTutorial.zip, text and code

Sun R. (ed.) (2006), Prolegomena to Integrating Cognitive Modeling and Social Simulation.
In R. Sun, Cognition and Multi-Agent Interaction — From Cognitive Modeling to Social Sim-
ulation, Cambridge, Cambridge University Press

Sutton R.S., Barto A.G. (1998), Reinforcement Learning: An Introduction. Cambridge MA,
MIT Press

Terna P. (2007), implementation of the SWARM protocol using Python, at http://eco83.econ.
unito.it/terna/slapp

Villani M. (2006), Networks and Complex Systems. In M. Villani (ed.) (2006), Educating
managers in complexity, pp. 41-119, Roma, Aracne

Weinberg S. (2002), Is the Universe a Computer? The New York Review of Books, 49, 16.
http://www.nybooks.com/articles/15762






Exploration Modes and Its Impact
on Industry Profitability

The Differentiated Effects of Internal and External
Ways to Access Market Knowledge

Lucio Biggiero

Abstract. In the behavioural and evolutionary perspectives it is usually supposed
that firms’ performance depends significantly on their exploration activities, because
they enlarge firms’ knowledge base. The analysis has been here focused on access-
ing external knowledge, that is acquiring and managing others’ experience, and on
developing internal knowledge, that is accumulating and using the own direct expe-
rience. The effects of these two exploration modes on profitability at industry and
segment level with honest and dishonest agents has been investigated through an
agent-based model of industry, whose firms, in order to achieve competitive advan-
tages, look for the best suppliers. Firms are characterized by bounded rationality in
terms of absorptive capacity and organizational memory. By testing six groups of
hypotheses it is shown that indirect experience has the main positive impact, espe-
cially in contexts of opportunist behaviours. It also improves performance in terms
of the speed to reach the maximum profitability, but conditionally to the presence of
high degree of access and management of direct experience, and at the price of high
instability of the collective outcomes. Even more interestingly, it clearly emerges
that, even if submitted to almost the same rules and size, the industry segments of fi-
nal producers and first tiers perform quite differently. Moreover, the two exploration
modes and opportunism impact very differently on each industry segment. Conse-
quently, their effects on single firms’ or collective profitability cannot be understood
if it is not specified the specific segment where such firms are located. Moreover,
the outcome at industry level strictly depends on industry structure and on the com-
petitive pressure among suppliers and on the ratio of transactions occurring between
each supplier-buyer pair.
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1 Introduction

During eighties and nineties knowledge and learning have been posed at the core
of reflections in organization science and evolutionary economics. The resource-
based view and its development into the knowledge-based view collect the most
relevant literature. Though not clearly and conclusively demonstrated by empirical
research, it is argued that organizational performance strictly depends on organiza-
tional knowledge and learning. In particular, it is highlighted that out of the main-
stream economics heaven, where agents have unbounded or extremely high rational-
ity (and thus, unbounded knowledge), industry and firms competitiveness depends
also on exploration capacities (Cyert and March, 1963; March, 1988, 1991; Simon,
1991). Instead of matching the ideal requirements of Bayesian probability updat-
ing and regression estimation, agents’ learning likely occurs by means of rule or
routines following, represented by their (more or less intentional) decision making
processes (March, 1988, 1997).

Among the many forms of organizational learning, after March’s seminal paper
(1991) the attention has been focused largely on the characteristics and the difficult
balance between exploration and exploitation. Exploration includes search, flexibil-
ity, innovation, experimentation, variety, etc., while exploitation concerns decisions,
replication, repetition, routines, etc. Though these lists contain a broad set of activ-
ities, instead of analyzing its differential contributions to firm’s performance the
academic debate proceeded mostly by applying the original labels and contents to
a vast set of fields.

Here it is proposed to modify this approach because of two reasons. Firstly, the
broadness of the two categories of exploration and exploitation favoured a certain
confusion and ambiguity (Gupta et al., 2006; Li et al., 2008), far beyond the nat-
ural transformations of a fertile approach as that triggered by March’s paper. For
instance, functional, firm or industry level of analysis can lead to quite different the-
oretical definitions and operationalizations for empirical research. Therefore, a first
problem is that the two categories of exploration and exploitation are so broad that
its various components could behave in a so different manner that it would be hard
to discern its specific contributions. Secondly, in March’s approach and most of the
following contributions it is not clear why decision making should be placed only
in the exploitation side, because both sets of activities require it. Do we explore in
this or that direction? Do we test (engage, experiment) this or that supplier?

This paper innovates current literature in a number of ways. Firstly, the focus
is put only on exploration, which is investigated by distinguishing and analyzing
two of its main activities: the enlargement of knowledge base through indirect and
direct experience. Hence exploration is distinguished in two modes: 1) searching,
acquiring (and using) new knowledge residing by competitors; and 2) building new
knowledge by engaging a larger number of suppliers. Secondly, decision making
works in both the exploration modes and it entails the simplest learning mechanism
of comparing current alternatives with the present memory of suppliers’ quality
and informers’ reliability. This memory generates also agents’ cognitive mapping
(Daniels and Johnson, 2002; Eden, 1992; Fiol and Huff, 1992; Swan, 1997).
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Thirdly, instead of considering only technological knowledge (be it patents,
R&D, innovations, etc.), as it is usually done in almost all literature (Dosi et al.,
2000; Foss and Robertson, 2000; Howells et al., 2003), the focus is on market
knowledge (Li et al., 2008; Morgan et al., 2003), namely that referred to suppli-
ers’ characteristics in terms of product quality.

Fourthly, the knowledge about suppliers’ quality is distinguished between that
acquired through external and internal knowledge, that is through indirect and di-
rect experience. Therefore, the use of the concept of external knowledge is quite
different from that used in current literature (Bierly III et al., 2009). Likely, it would
be better reformulated as a distinction between external and internal ways to ac-
cess the knowledge about the others. In fact, one of the points here underlined is
that future studies had to distinguish the knowledge on the interacting party from
the knowledge that the interacting party brings or transfer. In other words, know-
ing something about a certain supplier is different than accessing what that supplier
knows. The same holds respect to a potential partner for strategic alliances: know-
ing who possesses valuable knowledge is different information than knowing what
knowledge she possessed. This difference is even more accentuated and relevant if
the type of knowledge under scrutiny concerns relational behaviours, like being re-
liable or not. The ambiguity rests on the fact that, from the point of view of current
literature, the acquisition of others’ knowledge is considered external knowledge
regardless of the ways it is accessed. Conversely, it should be noted that informa-
tion about the possessors of knowledge (and limitedly also about their knowledge)
is usually obtained through the transmission of others’ own experience and repu-
tation. In this sense, this type of information should be considered truly external
knowledge. Conversely, the access of someone’s knowledge requires usually and
mostly a direct experience (relationship) with that one, and in this sense this can
be considered a type of internal knowledge. In sum, even maintaining that others’
knowledge is external knowledge, others’ knowledge should be kept distinguished
from the knowledge of the others. Both can be accessed by both external (indirect
experience and reputation) and internal (direct experience) knowledge.

Moreover, and this is the last original aspect of the paper, the impact of knowl-
edge is distinguished according to the cases in which information accessed and
transferred were true or false, depending respectively on informers’ honesty or dis-
honesty. This is due to the fact that false information can damage more than no
information (Carley and Lin, 1997). However, again differently from current liter-
ature on exploitation-exploration, information is not exchanged because of some
form of strategic alliance but just by asking competitors about what they know or
learnt from their or others’ past experience. This reflects a lighter mechanism of
knowledge transfer respect to what is generally supposed to hold in strategic al-
liances (Gulati, 1998; Hagedoorn and Schakenraad, 1994; Mowery et al., 1996).
This is plausible just because it is not involved a large amount of complex tacit
or explicit knowledge, but rather a simple and synthetic judgment about suppliers’
quality.

This type of knowledge circulation is recently addressed by the studies on indus-
trial clusters and knowledge networks, which claim the role played by trade asso-
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ciations, buzz, pipelines, etc. (Gertler, 1995; Malmberg and Power, 2005; Maskell,
2001a, b; Storper and Venables, 2004; Tallman et al., 2004; Zook, 2004). It is un-
derlined that besides formal or someway highly committing forms of knowledge
transfer there are many “light” forms of information circulation. Being one of these,
corporate reputation and the related literature extensively deals with the creation
and transmission of more or less reliable judgments (Barnett et al., 2006; Bromley,
1993, 2002; Caruana, 1997; Fombrun, 1996, 2006; Fombrun and Shanley, 1990;
Fombrun and Van Riel, 1997). Actually, indirect experience circulates in the forms
of individuals’ own experience or collective opinions collected by a single agent.
The meaningful difference between the two is that in the former case the informer
takes the responsibility of what she says, while in the latter case she does not.

By means of an agent-based simulation model (Carley and Prietula, 1994;
Gilbert, 2008; Lomi and Larsen, 2001), the effects on industry profitability of the
two exploration modes for choosing the best suppliers are analyzed in a three
segments industry structure. Therefore, the level of analysis is not intra- but in-
stead inter-organizational, namely the buyer—buyer and supplier—buyer ones (Hsuan
Mikkola, 2003; Imrie and Morris, 1992; Lane, 2001; Webster, 2002). Four basic
and some intermediate situations are compared by varying low and high dosages of
internal and external knowledge. Moreover, the moderating role of agents’ cheating
attitude is considered too.

The paper proceeds as follows. In next section six groups of hypotheses are raised
as concerning the effects of enlarging a firm’s knowledge base on the level and sta-
bility of industry profitability in terms of average profit. These effects are further
distinguished in a context of honest and opportunistic behaviors. In section three the
simulation model is described and the parameters of the 32 virtual experiments are
summarized. Then, in the next section results are discussed and hypotheses tested
in terms of final outcomes after 400 simulation steps, and in terms of dynamic pat-
terns.

2 The Hypotheses

It is commonly acknowledged that trust is a crucial competitive factor at both firm
and industry level (Bachmann and Zaheer, 2006; Lane and Bachmann, 1996, 1998),
and on the opposite that lying is one of the main forms of opportunism (Williamson,
1996). A huge theoretical literature suggests that opportunism or lack of trust, which
indeed are far from being univocally defined, damage collective performance (Child,
2001; De Jong and Nooteboom, 2000; Gambetta, 1988; Hall, 1992; Humphrey,
1998; Kramer and Tyler, 1996; Lane, 1995; Lane and Bachmann, 1996, 1998; Sako,
1998). These theoretical claims are usually confirmed by a number of empirical
researches, though its methodological and conceptual differences make them quite
incomparable. Recently, some simulation models added new insights on this issue
(Biggiero and Sevi, 2009; Giardini et al., 2008; Klos and Nooteboom, 2001; Lin and
Li, 2003; Prietula, 2001; Tychonov et al., 2008), but again with a certain difficulty
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in comparing results. One of these models (Biggiero and Sevi, 2009) demonstrates
that agents’ cheating behaviour severely damages industry profitability, and that this
outcome holds for different industry sizes, though the extent of the profit loss in-
creases less than proportionally with the increase of industry size. However, in that
model agents’ capacity to access others’ information and to make experience into
their own decision space were kept fixed, leaving unexplored whether these two fac-
tors could affect industry performance. Using the CIOPS model (Biggiero and Sevi,
2009) this is just the aim of this paper, which takes industry size fixed and leaves
the two exploration modes varying.

According to most management literature (March, 1997; Simon, 1997), and be-
havioural, cognitive (Dosi and Marengo, 2007; Rizzello, 2003) and evolutionary
economics (Langlois and Everett, 1994; Witt, 1993), agents’ abilities are bounded.
They have no complete knowledge of the environment, whose exploration depends
just on those abilities. The difficult balance between exploration and exploitation
(Levinthal and March, 1993; March, 1991; Gupta et al., 2006) affect agents’ and
industry competitiveness. However, both the categories of exploration and exploita-
tion are very broad. Exploration, on which this paper is focused, includes activities
like search, variation, risk taking, experimentation, play, flexibility, discovery, in-
novation (March, 1991:71). If all components moved towards the same direction,
this crowded set would be just a useful approximation, but if, instead, these ac-
tivities determined very different outcomes, then it would be necessary to make
distinctions. Actually, they identify very different tasks and routines, located into
different positions and functions within organizations (Mintzberg, 1973). Plausi-
bly, a firm can have good capabilities in one of these activities and not in the
others. Moreover, its costs and effects could combine in unexpected and nonlinear
ways.

In a competitive environment where suppliers’ quality is important (Olhager and
Selldin, 2004) and it is unevenly distributed, clients’ ability to find good suppliers
represents a key factor of success. Information becomes a strategic resource not
only for the final producer but for the whole supply chain (Chen, 1999; Chen et
al., 2000; Lee et al., 1997). The own experience is of course an important source
of information, which is realized over time through subcontracting. However, when
the number of potential subcontractors is high, a single buyer cannot experience di-
rectly most of them. Moreover, if the average number of subcontractors per buyer,
that is the individual supplier—buyer ratio were high, this mode of exploration would
be very risky. Actually, buyers have also the possibility to exploit others’ experience
in the form of two types of information: 1) that related to others’ direct experience,
for which they take the responsibility as reliable informers; 2) that stemming from
others’ information, which is transmitted as such and for whose truth it is not as-
sumed any responsibility. This latter is defined as reputation (Conte and Paolucci,
2002).

Though the two types of information differ as respect to the assumption of re-
sponsibility by the informer, from the point of view of the questioner they are both
forms of indirect experience. Therefore, in order to explore that part of compet-
itive environment represented by suppliers, clients can activate two basic explo-
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ration modes: direct and indirect experience, which is further distinguished into re-
sponsible information and reputation'. This latter is passed as such, and thus, it
is a pure form of indirect experience-based information (Mason-Jones and Towill,
1998, 1999). The two exploration modes enhance two corresponding types of learn-
ing processes (Argote, 1999), respectively based on internal and external knowl-
edge.

Now, a key issue is that asking judgements to somebody is usually far less costly
than engaging into subcontracting and eventually coping with bad suppliers. More-
over, firms could have very different social capital, and thus very different absorptive
capacity (Cohen and Levinthal, 1990): for instance not all of them can have a pur-
chasing office. This problem holds in supply chain management too (Arnulf et al.,
2005; Tan, 2001). Therefore, if there is no sound reason to argue that the enlarge-
ment of knowledge base through direct and indirect experience has the same effects
on performance, it is quite reasonable to suppose that its effects are different, and
eventually combined in a nonlinear way. Hence, the first group of hypotheses sounds
as follows:

Hypothesis 1a Internal and external knowledge contribute differently to improve
performance.

Hypothesis 1b Internal and external knowledge combine its effects in a nonlinear
way.

Due to information asymmetry (Akerlof, 1970; Mas-Colell et al., 1995; Stigler,
1961) and their economic (Williamson, 1975, 1981, 1985, 1994, 1996) and so-
cial nature (Carley and Newell, 1994), under some circumstances agents cheat or
betray previous agreements. An extant literature highlights the negative effects of
these forms of opportunism in general (Child, 2001; Gambetta, 1988; Hall, 1992;
Humphrey, 1998; Kramer and Tyler, 1996) and for the supplier—buyer relationships
(Bessant et al., 1994; Doney and Cannon, 1997; Lane, 1995, 2001; Lane and Bach-
mann, 1996, 1998; Webster, 2002; Zaheer et al., 1998). Hence, it is plausible to
argue that cheating damages industry profitability regardless of the specific mode of
exploration used by agents to find the best suppliers. Therefore, it can be suggested
that:

Hypothesis 2a In industries characterized by cheating agents performance is sig-
nificantly lower than in industries with honest agents, even if their knowledge base
built on indirect experience enlarges considerably.

Hypothesis 2b In industries characterized by cheating agents performance is sig-
nificantly lower than in industries with honest agents, even if their knowledge base
built on direct experience enlarges considerably.

In most economics and management literature it is generally acknowledged that
more knowledge leads to better performance. Indeed, the strict connection between

! This distinction is not so important in this paper, but it would be critical once the simulation
model included also agents’ retaliation strategies against unreliable informers, because it would be
plausible to react only to responsible and not irresponsible information.
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knowledge and performance has not been clearly and conclusively demonstrated
(Carlucci and Schiuma, 2006), if not for partial types of knowledge and perfor-
mance indicators, like those concerning patents and R&D accumulation and access
(Antonelli, 1999; Bierly and Chakrabarti, 1996; Henderson and Cockburn, 1994;
Pavitt, 1987; Powell et al., 1996; Stiglitz, 1987). However, bearing in mind the lim-
its of learning (Levinthal and March, 1993), it is quite plausible to believe that
learning depends on knowledge growth (Dosi et al., 2000; Grant, 1996; Nonaka,
1994).

Knowledge is here not meant just as a set of meaningful information, but it in-
volves also its management and use for decision making. In fact, our agents: i) gather
information from others by asking them who are the best suppliers according to their
own experience or to the reputation they have accessed; ii) compare this informa-
tion with their own experience; and iii) choose the highest values taking into account
informers’ reliability and suppliers’ availability. Though all these abilities are prac-
tically indicated by the number of questions agents can handle, its role is much
more important. These abilities are a crucial part of agents’ rationality, because the
knowledge they allow to access, its use through decision making processes, and
its verification through suppliers’ engagement contribute to build agents’ cognitive
maps and to define their learning capabilities.

In this specific model such capabilities are constrained by the number of ques-
tions agents can ask and by the forgetfulness effects (see next section). Moreover,
the exploration of the competitive environment is limited to identify suppliers’ qual-
ity and informers’ (competitors’) reliability, which is an important part of market
knowledge. The extent to which agents access that knowledge represents their ab-
sorptive capacity (Cohen and Levinthal, 1990). In fact, though the concept of ab-
sorptive capacity has been investigated only with reference to technological issues,
there is no reason to keep such a limitation (Zahra and George, 2002). For it con-
cerns indeed all the types of knowledge firms can access and use, it can be measured
here in terms of the number of questions agents can ask, manage and use for their
decision making processes.

Since all the literature streams on organizational knowledge, learning and ab-
sorptive capacity underlie the fundamental positive role played by the access and
use of external knowledge, it can be raised the following:

Hypothesis 3a A substantial increase of external knowledge improves industry
profitability.

Cognitive agents (Carley, 1986, 1989; Carley and Newell, 1994; Sun, 2005) have
not only the property of bounded rationality, but also that of manipulating informa-
tion according to their convenience or social habit. Therefore, they can have dif-
ferent inclination to trust and lie (Child, 2001; Prietula, 2001), and these inclina-
tions are especially crucial for supplier—buyer relations (Bessant et al., 1994; Lane,
2001). If cheating is intended as a gap of true information, then more knowledge
should help more in presence of cheating rather than with honest agents, because
it is supposed to reduce the lack of true information. This disclosure occurs indeed
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through the discovery of dishonest informers (agents). This leads to suggest the fol-
lowing:

Hypothesis 3b Performance improvement due to external knowledge is more rele-
vant in industries characterized by cheating rather than honest agents.

However, managing knowledge could improve agents’ learning. They can build bet-
ter cognitive maps (Daniels and Johnson, 2002; Eden, 1992; Fiol and Huff, 1992;
Swan, 1997) about their competitive environment, and such maps should lead to
more effective actions, which, in turn, become “experiments” into the real world. It
is therefore reasonable to suppose that, ceteris paribus, more experiments improve
the likelihood of agents’ cognitive maps, and this way also their collective perfor-
mance. Hence agents’ performance improves because direct experience implicitly
tests the expectations created through the various forms of decision making. Di-
rect experience in exploring the set of suppliers is here operationalized in terms
of outsourcing degree (Espino-Rodriguez and Padron-Robaina, 2006). If the same
volume of purchase is split among many suppliers, clients, access more knowledge
concerning suppliers’ quality, and this in turn allows them improving the new selec-
tions. The degree of outsourcing indirectly acts as a test of clients’ cognitive maps
likelihood, and so it helps addressing their future choices. Further, and analogously
to what supposed for the exploration through indirect experience-based information,
if cheating is intended as a gap of true information, then more subcontracting should
help more in presence of cheating rather than honest agents, because it is supposed
to reduce the lack of true information. This leads to suggest the following:

Hypothesis 4a A substantial increase of internal knowledge improves industry prof-
itability.

Hypothesis 4b Performance improvement due to internal knowledge is more rele-
vant in industries characterized by cheating rather than honest agents.

Let’s now wonder whether the effects on profitability distributes equally — or at least
similarly — between industry segments. In the present model they are indeed con-
stituted by the same type of agents, who are governed by the same selection and
behavioral rules, decision-making patterns and cognitive capacity and boundaries.
However, there are two differences. The first one refers to the place where the selec-
tion process starts up: from downstream (final producers) to selecting and proposing
orders to intermediate firms. Consequently, it could happen that, when the selection
of the best suppliers is more difficult, the performance of the two segments will
differ, likely disadvantaging the intermediate agents.

The second difference is represented by the number of agents in the two seg-
ments, because first tiers are double of final producers, and therefore there are po-
tentially twice suppliers respect to clients that could be selected and activated by
these latter. The same mechanism holds between activated first tiers and the poten-
tial second tiers, that is the agents operating into the upstream segment of raw ma-
terials. Moreover, when direct experience exploration occurs by splitting purchases
among 2, 4 and 8 suppliers though, then the number of activated suppliers grows
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from 40 to 80 to 160 to 320, the number of potential suppliers does not change, re-
maining fixed to 80. And likely, if the clients’ learning process works well, it should
lead over time to select the best suppliers, that is at least no more than half of the
potential ones. What actually dramatically grows is the number of transactions, that
is of actual experience through subcontracting occurring between the segment of fi-
nal producers (FPs) and first tiers (FTs) (and as well between first and second tiers).
It happens that progressively the best suppliers will work for more than one client
moving up FPs profitability. Plausibly, ceteris paribus this outcome had to be more
accentuated as the number of subcontractors per client grows from 2 to 4 and 8. That
is, as the exploration through direct experience increases, segments’ performance is
expected to differentiate. Finally, it is reasonable that segments’ performance differ-
ences are less marked with dishonest agents, because in this case the positive effects
of clients’ learning processes cannot impact effectively. From all these considera-
tions, the following hypotheses can be advanced:

Hypothesis 5a As the knowledge base extension occurs through direct experi-
ence, that is by increasing the number of subcontractors per client, FPs profitability
markedly differs from that of FTs.

Hypothesis 5b As the knowledge base extension occurs through direct experience,
FPs profitability becomes significantly superior of that of FTs.

Hypothesis 5c With dishonest agents FPs profitability is still superior to that of FTs,
but with a reduced gap respect to what happens with honest agents.

If the analysis of profitability is moved to the dynamics instead of the final average
value, it is plausible to expect that in a context of honest agents the maximum level
is reached earlier than in a context of dishonest agents, because it is not necessary
to discover false informers and to face with false information. Secondly, ceteris
paribus a growth of knowledge base, regardless whether obtained through direct or
indirect experience, had to speed that time. Thirdly, the difference between the two
types of knowledge growth should play in terms of the stability of trends, because
more direct experience amplifies the effects of possible errors, while more indirect
experience had to smooth such wide oscillations. In fact, it allows firms to improve
their knowledge of suppliers and informers without risk, that is without concretely
experiencing suppliers’ quality and informers’ reliability. Hence, it is plausible to
suppose that:

Hypothesis 6a The maximum level of profitability is reached earlier with honest
rather than with dishonest agents.

Hypothesis 6b The growth of knowledge base, regardless whether obtained through
direct or indirect experience, speeds the time required to reach the maximum level
of profitability.

Hypothesis 6c When the knowledge base enlargement is obtained through direct
experience, average industry profitability becomes much more unstable.
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3 The Model Structure

A general overview. This study exploits the architecture of the CIOPS model (Big-
giero and Sevi, 2009), which is a network of agents representing firms that interact
through structural and cognitive links. The structural network is a productive system
constituted by agents connected each other by (vertical) economic relationships, and
interacting through orders and products. Conversely, information flows horizontally
among agents of the same filiere segment. The industry is composed by 200 firms:
40 FPs, 80 potential FTs, and 80 potential second tiers. Sales and profits of FPs
depend on the quality of FTs, which in turn depends on that of their suppliers (the
segment of raw materials). It is supposed that clients always can sell products on the
final market, and select subcontractors but not vice versa.

The cognitive links are related to: the type and amount of information available
to agents, their rationality (computational capacity, forgetfulness effects, and levels
of aspiration), their types of decision making processes, and their attitude to cheat.
Agents’ decision making process is constituted by four types of choices that are
compared each other in each step: random choice, direct and indirect experience-
based, and reputation-based. Clients ask other agents, information concerning sup-
pliers’ quality, and compare it with that existing in their memory, but since decisions
take into account both present and past knowledge, agents learn and eventually im-
prove their performance. This way they move within the information space, while
their learning is undermined by some forgetfulness effects. Moreover, their rational-
ity is bounded also by the limited number of information they can ask.

In sum, in the CIOPS model agents interact through structural and cognitive dy-
namic networks. Each agent develops his own cognitive map of both networks, and
such representations are updated at every step according with the new knowledge
acquired through direct and indirect experience, and through reputation.

A general view of the model (Fig. 1) shows its logical structure: FPs profits de-
pend on the quality of their purchases, which in turn depends on suppliers’ quality.
Thus, FPs goal is to choose the best suppliers, but since FPs don’t know suppli-
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Fig. 1 The general structure
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ers’ quality, they have to select them through one of the four selection mechanisms:
random choice, direct experience, indirect experience, or reputation. The latter two
imply information transfer between competitors, who play also the role of inform-
ers.

Knowledge transfer mechanisms. Suppliers are selected according to their quality,
which is verified only after transactions, because clients either could not know it
in advance or could have correct or incorrect expectation, based on their memory
information. Information reliability is not evaluated as such, but instead it depends
on its source, that is informers’ reliability. Actual suppliers’ selection depends on
clients’ experience and cognitive characteristics: knowledge, computational capac-
ity, expectations, and decision making processes.

Questioners’ analysis of informers’ trustworthiness leads to set up a list includ-
ing only full reliable informers. If the number of informers entering the list is minor
than the number of questions that the questioner is able to ask, the questioner asks
also some unknown informer randomly chosen. The number of questions that the
questioner is able to ask represents his absorptive capacity and enhances his knowl-
edge access, which is examined at various levels: 4, 8, 16, and 39 questions asked
and used. Into the segment of FPs they correspond respectively to accessing and
managing 10%, 20%, 40%, and 100% of all the available information that competi-
tors can transfer. Conversely, being FTs potentially double of FPs and being almost
all of them activated through subcontracting, when FTs play the role of clients re-
spect to their suppliers segment (that of second tiers), the corresponding levels of
knowledge actually transferred represent only half of that potentially transferable.

Informers’ trustworthiness depends on the truth of information that they previ-
ously passed. Unknown informers are assigned maximum trustworthiness value, as
it is also for the required level of informers’ reliability. Informers can tell the truth
or falseness depending on their inclination toward cheating. True informers indicate
the best supplier among the ones directly experienced, and the ones of which they
know reputation. Conversely, false informers indicate the worst supplier as if it were
their best. Regardless whether true or false, informers always specify the nature of
their information, whether from direct experience or reputation. Moreover, there is
no answer when informers have none of the two sources of information, that is, in-
formers do not lie as concerning the possess or the natur of their information; that
is, iformers do not lie as concerning the possess or the nature of their information.

As concerning reputation, it is acknowledged as such by a given questioner when
his informers’ evaluation of a given supplier converges on a strict range of values.
Such an acknowledgement can be either contingent or implying questioners’ or in-
formers’ memory. Therefore, reputation is formed by reaching a critical mass of
converging judgments on a certain supplier, and so it is also transmitted as such
from informers to questioners.

Direct experience comes from engaging subcontractors, and it also gives a feed-
back on informers’ reliability and suppliers’ quality. By collecting direct and in-
direct experience and reputation agents know suppliers and informers. The total
knowledge residing into the industry and unevenly distributed among its agents is
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given by the four forms of memories about suppliers’ quality through direct and
indirect experience, and reputation, and about informers’ reliability. This latter also
help to choose reliable informers to be asked, and their answers feed the first three
types of memory. It is noteworthy that, whereas decision space grows linearly with
the number of suppliers, information space grows squarely with the number of in-
formers. In fact, though not all potential informers are activated and consequently
not all information are gathered in each step, potential informers are equal to n(n—1)
at each step, where n is the number of informers. Moreover, this information cumu-
lates and in each step it is integrated by the information concerning direct experi-
ence, reputation autonomously created — that is not acquired as such from inform-
ers — and informers’ memory.

However, all the types of memory are weakened by some forms of forgetfulness,
which concerns information inactivated for long time: after 100 intervals of inacti-
vated direct experience, 40 steps of inactivated indirect experience, and 60 of repu-
tation the corresponding information dissolves. Similarly, informers non consulted
for more than 60 steps disappear from questioners’ memory.

Agents’ characteristics and learning processes. Agents are boundedly rational, in
that they have computational limits: they recognize only a limited number of agents,
can ask only a limited number of questions, and suffer of forgetfulness effects. They
are satisfiers and not maximizers, and exchange information only within and not
between segmentsz. In order to choose their subcontractors, clients: i) scan their own
memory on past direct and indirect experience with suppliers, ii) ask other agents as
informers, iii) check the existence of any reputation built on the information passed
by informers.

Agents are all equal in cognitive terms, and respect to goal seeking and expec-
tations, and are provided with the same opportunities. They are equal also under
structural respects, with the exception that first and second (source) tiers are ran-
domly assigned a given quality, and that to FPs and FT's certain initial opportunities
are randomly offered.

Agents differ over time on which type, how much and how reliable is their knowl-
edge. Knowledge at industry level is just the sum of agents’ knowledge, but not all
knowledge circulates. For instance, in those configurations in which direct experi-
ence is prevalent, transferred knowledge is only a small portion. Noticeably, agents
store and transfer different types and amount of knowledge, develop different cog-
nitive maps of the others, and enact different cognitive networks.

As concerning trust and opportunistic behaviors, agents’ attitude could be defined
as “prudent trust” in the sense that they trust others but check their information and
keep track of the corresponding result. Though they do not react through pure forms
of retaliation, once an informer has been recognized as unreliable, they cancel him
from the list of future potential informers. Hence, even if their reactions to cheat-
ing are “soft” and only passive, agents are not “blind trustees”, because they check
information and learn consequently. Moreover, it should be noticed that agents ac-

2 For a detailed discussion of the decision making processes adopted in this model, see Biggiero
and Sevi (2009).
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quire free information, because it has no price and informers cannot refuse to give
it. Finally, it should be taken into account that in this model all these cognitive oper-
ations are costless. In short, there are no direct costs of misplacing trust or checking
information coming from indirect experience or reputation.

However, though there are no such direct costs, “prudent trust” has an indirect
cost, that turns to produce effects on performance: at least in consequence of the first
lie received from a cheating informer, the questioner is addressed to a bad supplier,
and thus, his own performance is damaged. Being industry performance simply the
sum of that of individual agents, industry profitability is negatively affected too. In
this model reputation-based trust is more “insidious” and dangerous, because, for it
does not imply informers’ responsibility, the recognition of its eventual falsity does
not lead to reject the informer who passed it. Therefore, a certain informer can again
produce damages to the questioner.

By building and managing internal and external knowledge agents learn how to
improve suppliers’ selection and know unreliable informers. They learn by con-
stantly confronting their current information with what they already know, but their
rationality is bounded not only by the limited number of information they can ask,
but also by the forgetfulness effects. These mechanisms make this model fully path-
dependent and truly learning-based (Argote, 1999). However, agents’ learning is
always contingent, because it is not fixed into a specific state, but instead left to
a continuous recalculation confronting current and stored knowledge. Agents do not
“draw general findings” from their existing knowledge, but just use it for seeking
their goals moment-by-moment.

Configurations of virtual experiments. Parameters and initial conditions used in
these virtual experiments® are shown in Table 1. In each step a whole cycle
choice/order/production/payment takes place. Supposing that it can represent a re-
ality in which it lasts 5 working days, 400 steps describe 10 years of industry evo-
lution from the very beginning. This could approximate a simple-product industry,
whose production cycle is very short and can be realized completely in one week,
but whose quality represents a competitive advantage. Medium-high quality seg-
ments of some consumer goods markets like clothing, footwear, leather, etc. could
satisfy these characteristics. The time span consideration is very important to give
sense to the results of dynamic patterns, because while in some cases performance
stabilizes already before 50 steps, in many other situations it still remains uncer-
tain after 400 steps. Sometimes performance becomes definitely unpredictable in
the short run, while in the long run rounds on a mean value.

Indeed, complex products would better match the crucial role assigned suppliers’
quality, as it is characteristic of biotechnology, aerospace, biomedicals, and most
high-tech industries. However, they have production cycles extending far beyond
two weeks and sometimes even beyond six months, and they require even long time

3 The program running the model will be available on the URL of Knownetlab Research Center
(www.knownetlab.it). To run the program is needed the platform and language LSD (Laboratory
on Simulation Development), placed at www.business.auc.dk/Isd. The author is available to give
any support to use it.
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Table 1 Virtual experiments parameters

Structural parameters with constant values

Filiere segments 3
Industry size 200 firms
Ratio FP/FT =172 40 downstream firms, 80 suppliers in in-

termediate segment and 80 suppliers in
upstream segment

Quality Randomly uniform distribution between
0.5 and 1

Cognitive parameters with constant and uniform values

Quality threshold 0.75
Clients’ requirement of informers’ reliability 1
Number of convergent information to form reputa- 4
tion

Number of intervals to forget inactivated direct ex- 100
perience

Number of intervals to forget inactivated indirect ex- 40
perience

Number of intervals to forget inactivated reputation 60
Number of intervals to forget inactivated informer 60

Varied structural parameters

Outsourcing degree 1, 2, 4, 8, subcontractors for each client

Varied but uniform (among agents) cognitive parameters

Number of questions 4,8, 16, 39
Inclination to cheat Oorl

to define product and contractual characteristics. If such a real correspondence were
given each step, it is clear that even 50 intervals would represent a very significant
time span.

Since in sequential technology FPs are client of intermediate firms that on their
own buy products from upstream suppliers, it is possible and interesting to keep
distinguished FPs and FTs average profit. It is important to point out that: i) when
required to deliver their products, FTs previously check whether they can find a sat-
isfying and available supplier (second tiers) on their own. If not, they do not accept
any engagement and stay inactive in that interval; ii) the rules to grow the two types
of knowledge base hold for FTs too, because they act as clients respect to the seg-
ment of second tiers.

Experiments are executed varying: i) indirect experience, that is external knowl-
edge or absorptive capacity, which is measured by the number of questions asked
to informers (4, 8, 16, 39); ii) direct experience, that is internal knowledge, mea-
sured by agents’ outsourcing degree (1, 2, 4 or 8 subcontractors for each client); and
iii) agents’ inclination to cheat (0 or 1), while keeping constant other parameters.
Due to the high number of variables and the value that each variable may assume
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for each agent, within each virtual experiment suppliers differ only in quality while
keeping constant other parameters, and clients (competitors) have the same qual-
ity threshold, and the same inclination to cheat. Other parameters not specifically
discussed before are the following:

e quality threshold: this refers to agents’ aspiration levels (Simon, 1982, 1997),
who consider a supplier satisfying only if his quality is not lower than 0.75;

e clients’ requirement of informers’ reliability, which here it is supposed to be
maximum, that is an informer is supposed to be credible only if he is completely
reliable;

* reputation threshold, which indicates the number of convergent information to
form reputation, which is fixed at 4 agents (including the questioner).

4 The Main Results

The first two hypotheses suggest that at industry level: (Hla) external and internal
knowledge growths contribute differently to improve performance; and (H1b) they
combine its effects in a nonlinear way. In order to test the first hypothesis we should
look at the first column of the left side, and first and six row of Tables 2 and 3 re-
spectively for the effects of varying only the external or the internal knowledge. As
can be seen, any increasing of external knowledge does improve performance in the
context of honest agents, and slightly reduces it in presence of opportunism. If we
move at single segment level, we see (Tables 6 and 7) that this hypothesis is con-
firmed too, but, quite interestingly, the type of knowledge improving performance
is the internal one, while the growth of external knowledge produces losses. Being
the industry level just the pure mean of the two segments, the role played by the two
types of knowledge in each segment results sharply opposite.

On the other hand the growth of internal knowledge lowers performance signif-
icantly and dramatically according to a context with honest and dishonest agents.
Here the number of subcontractors per clients produces an opposite effect respect
to what happens increasing external knowledge. A positive outcome occurs indeed
moving from 1 to 2 suppliers per dishonest buyer. Performance improves sharply
because agents know soon all false informers and bad suppliers, but at the same
time clients’ mistake are not so heavy as when there are 4 or 8 subcontractors per
buyer. Therefore the first hypothesis is confirmed.

The other cells of Table 2 help testing the second hypothesis, because if we look
at the performance variation due to the many combinations of external and internal
knowledge growth it is evident that they occur in nonlinear ways. Neither the sign
(positive or negative) nor the amount (respect to that of the two variables) of the
variation show any proportional or even ordered rule. Hence, the second hypothesis
is confirmed too, and this holds also at segment level.

The third and fourth hypotheses suggest respectively that in industries character-
ized by cheating agents performance is significantly lower than in industries with
honest agents, even if their knowledge base enlarges considerably and regardless if
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Table 2 Effects of knowledge enlargement on industry profitability

Percentage increments respect to the default value

External knowledge growth Internal knowledge growth

Honest agents

n of subcontractors n of subcontractors
Questions 1 2 4 8 Questions 2to 1 4to 1l 8tol
8to4 0% 1% 3% 0% 4 —1% —4% -12%
16 to 4 0% 2% 6% 7% 8 0% 2% -12%
39to4 1% 2% 5% 7% 16 1% 1% —6%
39 0% 0% —6%

Dishonest agents

1 2 4 8 2to 1 4101 8tol

8to4 1% | -1% 2% 22% 4 4% -11% -29%
16to4 2% 0% 3% 20% 8 4% —8% —12%
39t04 —4% 7% 4% 21% 16 6% 7% —28%
39 16% -17% ~7%

Table 3 Effects of knowledge enlargement on industry profitability

Percentage increments respect to the previous value

External knowledge growth Internal knowledge growth

Honest agents

n of subcontractors n of subcontractors
Questions 1 2 4 8 Questions 2to 1 4t02 8to4
8to4 0% 1% 3% 0% 4 —1% —4% —-8%
16to 8 0% 2% 3% 6% 8 0% 2% -10%
39to 16 0% 0% 0% 0% 16 1% -1% —-6%
39 0% 0% -6%

Dishonest agents

1 2 4 8 2to1 4t02 8to4

8to4 1% | -1% | 2% | 22% 4 4% -15% —20%
16t0 8 -1% 1% 1% | 20% 8 4% -12% —4%
3910 16 —2% 7% 1% | 21% 16 6% -12% —23%
39 16% -17% —1%

it is built on indirect (H2a) or direct (H2b) experience. Data show (Tables 4 and 5)
that at industry level both the hypotheses are confirmed, because any configura-
tion produces average profit losses, which ranges from 81 to 143, corresponding to
27% and 47% of the respective configuration. Hence, even if agents accessed all the
knowledge that they are available to exchange reciprocally, in a context of oppor-
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Table 4 Average profit at industry level

Honest agents Dishonest agents

Outsourcing degree (7 of suppliers per single client)

Questions 1 2 4 8 1 2 4 8
4 300 298 287 265 199 207 177 141
8 301 300 295 266 197 204 180 173
16 301 305 303 284 195 207 182 141
39 302 303 303 284 192 222 184 171

Table 5 Profit losses due to cheating behaviours

Questions 1 2 4 8

4 101 91 111 124
8 105 96 115 94
16 105 98 121 143
39 110 81 119 113

tunism such knowledge would be not enough to compensate the damage of cheating.
Further, sometimes a larger amount of this false information worsens the outcome.
On the other hand, excepted for the increasing between 1 and 2 subcontractors per
client, further increases systematically worsen the performance.

At segment level (Table 10), FPs are much more damaged by cheating behaviours
than FTs: the average loss among all configurations is 143 against 98 average profit.
The other remarkable difference between the two segments is that FTs’ losses are
almost insensitive to the outsourcing degree, while FPs’ losses increase almost 80%
from 1 up to 8 subcontractors per client. Hence, cheating behaviours impacts very
differently between the two segments and in relation to the degree of outsourcing.

Previous data allow testing also the third and fourth groups of hypotheses, which
propose that both external (H3a) and internal (H4a) knowledge growth improves
performance, and that the increments are more accentuated in opportunistic contexts
(H3b and H4b). Before proceeding with the detailed comment, it should be noticed
that the default value, that is the value corresponding to the configuration with only
1 subcontractor and 4 questions per client, is very near (95%) to the maximum.
Here the surprising result is that even a substantial increase of external knowledge
until all potential 39 informers are reached leaves industry profitability substantially
unchanged. Moreover, it seems that significant increases of the internal knowledge
almost always damages performance. Finally, it appears that both these effects oc-
cur regardless of agents’ cheating attitude. These results would be inexplicable and
definitely contrasting all theoretical and empirical literature if we didn’t disaggre-
gate the analysis at segment level, because the supposed advantages of acquiring
more knowledge should be actually referred to single segments. In fact, buyers—
clients (that is members—competitors of each segment, who at the same time are
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also questioners—informers) are the ones who directly benefit from enlarging their
knowledge base. Now, the crucial issue is that what happens at industry level is so
surprisingly because the performance of the two segments differs substantially and
indeed diverge.

As shown by Table 5, in the default situation with honest agents the two segments
perform in the same way, and they remain aligned and substantially unchanged
even by merely increasing external knowledge. However, if the outsourcing degree
grows, and even more if also absorptive capacity increases too, FPs perform much
better while FTs much worst. While this difference is discussed below in more de-
tail to test the fifth group of hypotheses, here it is necessary to move the level of
analysis from the whole industry to the FPs segment (Tables 6 and 7), because we
see that no any substantial increase of external knowledge improves profitability.
On the contrary, it reduces performance in most configurations and especially (and
markedly) with high degrees of outsourcing and when agents cheat. This is due
to the double effects of higher impacts of eventual wrong choices and false infor-
mation. When these effects are combined, the average profit loss can reach 24%
respect to the default value. Hence, both the hypotheses H3a and H3b should be
rejected.

On the contrary, the growth of internal knowledge through outsourcing improves
profitability between 19 and 41% (Table 7), with the exception of two negative val-
ues occurring in the extreme cases of 8 subcontractors per client and the highest
numbers of cheating informers. In these cases the effects of many casual wrong
choices and a large amount of false information destroy performance. In fact, in
the context of cheating agents profitability is lower than with honest agents, and
anyway even in this context the contribution given by internal knowledge growth
to profitability growth is decreasing (Table 6). Hence, while the hypothesis H4a is
confirmed, the H4b should be rejected.

The discussion of the fifth group of hypotheses further develops the analysis at
segment level. It was supposed that (H5a) as the knowledge base extension occurs
by increasing the number of subcontractors per client, FPs profitability markedly
differs from that of FTs. Data (Tables 8 and 9) confirm this hypothesis, because,
for any supplier—buyer ratio higher than one-to-one, FPs profitability grows always
upper 14% than that of FTs (with only one exception) regardless of agents’ cheating
attitude. Moreover, the gap enlarges when moving to higher ratios, and this confirms
the next hypothesis too (H5b). Conversely, within a same ratio, that is by keeping
constant the outsourcing degree, the growth of external knowledge does not improve
significantly performance, and on the opposite very often depresses it, especially in
contexts with dishonest agents. Finally, data confirm also the further hypothesis
(HS5c) that with dishonest agents FPs profitability is still superior to that of FTs, but
with a reduced gap respect to what happens with honest agents.

Thus, FPs gain more by exploring through internal rather than external knowl-
edge. Consequently, the modes of exploration matter for segment profitability, be-
cause the extension of profitability to many agents due to higher FP/FT ratios re-
verses the impact of the two modes. It makes at industry level exploration by direct
experience less important than that by indirect experience, because FTs, who do not
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Table 6 Effects of knowledge enlargement on FPs profitability

Percentage increments respect to the previous value

External knowledge growth Internal knowledge growth

Honest agents

n of subcontractors n of subcontractors
Questions 1 2 4 8 Questions 2to 1 4tol 8tol
8to4 0% 0% -1% 3% 4 19% 6% 2%
16 to 4 —1% 0% 5% 6% 8 19% 4% 0%
39to4 1% 0% -5% 9% 16 20% 9% 2%
39 20% 3% -3%

Dishonest agents

1 2 4 8 2to 1 4to1 8to 1l

8to4 2% 2% 0% 4% 4 25% 9% —4%
16to 4 -1% 3% | 9% | -17% 8 25% 7% 0%
39to4 —2% 13% | 3% | -11% 16 22% —13% 9%

39 41% -25% -17%

Table 7 Effects of knowledge enlargement on FPs profitability

Percentage increments respect to the default value

External knowledge growth Internal knowledge growth

Honest agents

n of subcontractors n of subcontractors
Questions 1 2 4 8 Questions 2to 1l 4t02 8to4
8to4 0% 0% -1% 3% 4 19% 26% 28%
16t0 8 -1% 1% 3% 3% 8 19% 24% 24%
39to 16 0% 1% 2% —6% 16 20% 31% 33%
39 20% 23% 20%

Dishonest agents

1 2 4 8 2to1 4t02 8to4

8to4 2% | 2% 0% 4% 4 25% 13% 9%
16to 8 3% | 5% —9% -14% 8 25% 16% 16%
39to 16 —5% 8% -12% | -24% 16 22% 6% —4%
39 41% 5% -12%

gain from the former mode, are many more than FPs. Bearing in mind that FTs play
both roles, and that actually first and second suppliers do not exceed 80 agents in any
configuration, the right way to describe this phenomenon is that, as the profitability
of higher quantity of transactions per single client grows up, suppliers’ performance
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Fig. 2 Interaction processes between segments

becomes more important than clients’ performance. Consequently, the mode of ex-
ploration more convenient for them decides for the whole industry.

What is further noteworthy is that high outsourcing degrees bring the average
profit far beyond the maximum level corresponding to the default case, which can
be assumed as that of just one subcontractor per client. It means that proportionally
more exchanges do occur with good quality suppliers, but this is obtained at the price
of reducing the quantity of active agents (Fig. 2). In fact, though FPs are half FTs,
and therefore activate only half FTs, once FPs have more than one subcontractor
they try to order products to all FTs. Before accepting, these latter check whether
they can find satisfying and available suppliers. However, since second tiers are
given the same quality distribution between 0.5 and 1.0, half of them are not good.
Consequently, half FTs cannot work, and over time this tend to be the bad quality
suppliers, because in the long run, if the selective process works well, only the good
ones will be required to supply products. In conclusion, many FPs and FTs over
time will not realize all their transactions, but the successful FPs will have a higher
quality. In the case of two subcontractors per client, the final result of the complex
feedback processes between agents with the pivotal role of FTs, who are at the same
time single transaction suppliers and double transactions clients, is the following: 20
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Table 8 Profitabilty at segment level (in absolute values)
Final Producers First Tiers
n of subcontractors
1 2 4 8 1 2 4 8
Questions Honest agents
4 301 358 379 386 299 268 257 248
8 302 359 375 376 301 271 269 251
16 299 360 391 397 302 277 274 267
39 302 361 373 361 302 274 279 273
Dishonest agents
4 197 246 224 216 201 188 161 131
8 193 242 224 224 200 186 166 166
16 192 233 203 185 199 193 175 135
39 188 265 198 165 196 201 179 172
Table 9 Comparisons of segments profitability
FP-FT FP/FT
n of subcontractors
1 2 4 8 1 2 4 8
Questions Honest agents
4 3 89 123 138 1% 25% 32% 36%
8 1 89 106 125 0% 25% 28% 33%
16 -3 83 118 130 -1% 23% 30% 33%
39 0 87 94 88 0% 24% 25% 24%
Dishonest agents

4 -4 58 63 85 2% 24% 28% 39%
8 =7 56 58 58 —4% 23% 26% 26%
16 =7 40 28 50 3% 17% 14% 27%
39 -8 63 19 -7 —4% 24% 10% —4%

Table 10 Profit losses due to cheating behaviours

Final Producers First Tiers

n of subcontractors

Questions 1 2 4 8 1 2 4 8
4 104 112 155 171 97 80 96 118
8 109 118 151 152 101 85 103 85
16 107 127 188 213 104 84 98 133
39 114 97 175 197 106 73 100 102




104 L. Biggiero

a 350
2 NTIRROP N8 [
® 300 Wi i TR [ u\l 5% i
5 i | ——1sub
o 250 -
= 200 ——2sub
o o y T t
& 150 hMM’\m { | U u 4 sub
g VTRV T ——8sub
& 100
]
& 50
1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 353 375 397
steps

Fig. 3 Dynamics of average profit of honest agents at industry level with low indirect experience-
based knowledge

o 350
2 ATV AT ATV NN | A LR YA ANV A EA VT MO =l
» 300 L PE— witk 4 TRy BTl 4 alt ; i
] f ! { ——1sub
o 250 I T 1 ‘ ] ] 9
] ——2sub
e 200 t
5 4 sub
o 190 ; ; . 8 sub
& 100
[
s 50

1 23 45 67 89 111133 155 177 199 221 243 265 287 309 331 353 375 397

steps

Fig. 4 Dynamics of average profit of honest agents at industry level with high indirect experience-
based knowledge

350
300 i Siiinid s 7
250 iﬂh ——4 ques
——8 ques
200 N
16 ques
150 ——39 ques
100
50
1 23 45 67 89 111133 155 177 199 221 243 265 287 309 331 353 375 397

Fig. 5 Dynamics of average profit at industry level of honest agents with low direct experience-
based knowledge

FPs and 60 FTs fail; FTs average quality keeps constant and that of FPs substantially
increases.

The sixth group of hypotheses concerns the dynamics of industry profitability,
which can be very different, even when the average quality at the 400th interval is
very similar. Eight dynamic patterns have been distinguished (Figs. 3—10), four for
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the context with honest and four for that of dishonest agents: low and high external
knowledge with variable numbers of subcontractors, and the symmetrical combina-
tions. The first supposition (H6a) states that the maximum level of profitability is
reached earlier with honest rather than with dishonest agents. Figures confirm this
hypothesis, because in each combination between the two modes of exploration the
context with honest agents records an earlier time to reach its maximum level of
profitability.

The second hypothesis concerning dynamics patterns (H6b) suggests that
a knowledge growth, regardless whether obtained through direct or indirect experi-
ence, had to speed the time required to reach the maximum level of profitability. This
hypothesis is only partially confirmed, namely when at least one of the two modes of
exploration is high. In other words it does not work if the knowledge growth occurs
when agents have the lowest level of both internal and external knowledge.

The final hypothesis (H6c) proposes that when the knowledge growth is ob-
tained through direct experience the average industry profitability becomes much
more unstable. Figures fully confirm this hypothesis, which actually explains also
the very different performance between FPs and FTs, and the wide difference
between honest and dishonest agents. In fact, the effects of chaotic dynamics is
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emphasized by the larger number of agents, as it happens when FTs play with
their suppliers, and by the forgetfulness effects, which heavily impact only with
dishonest agents. This can be seen clearly by comparing Figs. 6 and 10: de-
spite the perfectly stable pattern of honest agents, with full cheaters performance
grows until forgetfulness effects (partially) destroy agents’ memory. Though such
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deletion concerns only inactivated suppliers and informers, it is enough to bring
performance near the starting point (that corresponding to the random choice).
And this cycle replicates periodically with the occurrence of forgetfulness mech-
anisms. Consequently, when this uncertainty applies to agents (clients) that en-
gage many subcontractors at once, and moreover when potential agents are many,
the impact of their errors are heavier, and thus, the dynamics becomes more
chaotic.

5 Discussion and Conclusion

The following conclusions underline the main findings obtained from the present
virtual experiments. Then they are compared with those of theoretical and empir-
ical literature, and finally with those obtained with other simulation models. Five
general conclusions can be drawn from this study. The first one is that opportunistic
behaviours in the form of cheating severely damage industry competitiveness. The
second one is that the exploration modes through direct and indirect experience have
different effects on performance, and that its combination can have rather surprising
outcomes, depending on structural and cognitive characteristics. In particular, at in-
dustry level a growth of internal knowledge does not improve performance, because
it is heavily damaged by the forgetfulness mechanisms, which have a more accentu-
ated impact on FTs. This happens especially with dishonest agents, because buyers
spend an enormous time to control false information and to identify unreliable in-
formers. Conversely, more external knowledge helps agents better and fast knowing
the best suppliers. The size of the “mistake damage” is of primary importance for
explaining the differentiated impact of external and internal knowledge growth on
industry profitability. When it occurs through direct experience by engaging many
subcontractors, clients’ performance become very sensitive to mistakes, especially
in a context of opportunistic behaviors.

The third main finding regards another important differentiation, namely that oc-
curring between segments. The virtual experiments demonstrate that, even if they
are submitted to the same rules and composed by almost identical size, they per-
form in a quite different way, and react in opposite direction to the growth of the
two types of knowledge. Hence, the impact at the whole industry level depends on
the combination of the two, and so what happens in real cases is quite unpredictable
until a model does supply such disaggragated results. The major implication is that
it cannot be taken for granted that an increase of a certain type of knowledge im-
proves industry performance. This effect depends on the industry structure and on
the exploration modes. This is a very original and interesting result, because cur-
rent literature on the effects of knowledge growth and transfer on firms or industry
profitability does not take into account this phenomenon.

There are two further implications of this analysis. The first one refers to the key-
role played by FTs in a context of honest agents. If their competition increases, then
their average quality keeps constant, while that of FPs grows significantly. Hence, to
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the extent that profit depends on quality, it means that industry quality competitive-
ness and profitability substantially improve. However, the side effect — eventually
wishful, in a perspective of increasing industrial efficiency by pushing competi-
tion — is that the major part of FTs and a large part of FPs do not work any more
in the long run. Conversely, if agents cheat, the same increasing of FT's competition
implies a similar sacrifice in terms of firms’ failures, which however is not compen-
sated by any performance improvement at industry level.

The second implication is that the ratio of suppliers/buyers transactions is very
important to determine the level and the sign of profitability in each segment. Such
a ratio depends on the population size of buyers and suppliers and on both the num-
ber of suppliers per buyer (the outsourcing degree) and the number of clients per
supplier (which here was kept fixed at 1). Further and specific research will say if
the ratio of suppliers/buyers transactions is able to synthesize the effect of the com-
petitive forces between suppliers and buyers (Porter, 1985) in all aspects or only for
the issues investigated in this paper.

Finally, virtual experiments demonstrate that once the number of transactions
exceeds that of suppliers, the marginal benefit of internal knowledge decreases, and
uncertainty and instability sharply increase because of the high competitive pres-
sure. Moreover, since the agents lack forms of advanced learning processes, perfor-
mance improvements reached through direct experience are achieved at the price
of higher instability. In such a context and with dishonest agents higher external
knowledge produces further instability instead of performance improvements.

Despite the huge number of papers arguing that both knowledge growth and
inter-firm non-opportunist behaviours increase collective performance at segment,
industry or territory level, the empirical evidence is quite scarce and far from being
conclusive. In particular, while there is a plenty of works concerning single firms’
or industry competitive advantages due to patents, R&D expenses or other forms
of possessed or accessed technological knowledge, there are no studies consider-
ing at once market knowledge in terms of information about competitors’ reliability
and suppliers’ quality. In fact, there are few studies on the effects on single firms’
or industry competitive advantages of these two variables taken separately, but not
considered jointly. Moreover, they do not separate the effects of internal and ex-
ternal knowledge, which is the focus of this paper. Further, they consider forms of
external knowledge much more reliable and structured than that analyzed in this
work, because knowledge accessed through R&D or other forms of formal or infor-
mal agreements is more or less experienced directly. Thus, it could be considered as
a type of internal knowledge.

Finally, in almost all these contributions opportunism is defined (more tradition-
ally) as the betrayal of previous (formal or informal) trade agreements rather than
in terms of giving false information, as it is done in this paper. Therefore, it is not
possible to strictly confront the results of this model with the findings of empirical
research or simulation models. In general terms, the present results confirm that op-
portunism damages industry profitability, as it was already argued by most authors.
In comparing the supplier—buyer relationships in the automotive industry of Japan,
US, and EU Sako (1998) found a positive relationship between trust and economic
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performance. His results have been further confirmed in a successive study by De
Jong and Noteboom (2000).

The literature on supply chain is sharply divided between general-theoretical and
operational works. In the modern approach to supply chain management partner-
ing, integrating, collaborating and long-tern orientation are considered key factors
of success (Tan et al., 1999). For its achievement trust (Doney and Cannon, 1997,
Lee et al., 1997; Mason-Jones and Towill, 1998, 1999; Mohr and Speckman, 1994)
and information exchange (Chen et al., 2000) are indicated as essential conditions.
By collecting data from 125 North American manufacturing firms Zhou and Ben-
ton (2007) show that effective information sharing enhances effective supply chain
practices.

Operational works recently employ simulation models extensively, but they are
finalized to manage large and differentiated stocks in supply networks (Chatfield et
al., 2006; Chen and Chen, 2009; Huang et al., 2005; Longo and Mirabelli, 2008) and
to face with demand variability (Germain et al., 2008; Swafford et al., 2006). These
models do not deal with the main problems addressed in this paper, and moreover
they often overlook theoretical issues and non-technical market features.

However, when comparing the results of this work with those coming from other
simulation models we can see quite strong consistency, although the originality of
this analysis makes it quite incomparable regarding the main issues, that is the differ-
entiated role played by internal and external knowledge growth. Besides this limit,
a plenty of recent studies in supply-chain management underlines that low levels of
trust can increase total supply chain costs considerably in promoting periods (Rid-
dalls et al., 2002). Through a multi-agent simulation study Lin et al. (2005) find that
trust mechanisms reduce the average cycle time, the in-time order fulfilment rate,
and improve the selection of the best suppliers.

Of course, since this model derives from CIOPS, the highest comparability is
between these two, even though the present model develops that one in a specific
direction. In fact, though Biggiero and Sevi (2009) considers both internal and ex-
ternal knowledge, they do not analyze separately its effects, for instance when the
growth of external knowledge is obtained by increasing only agents’ absorptive ca-
pacity while keeping constant direct experience. Among the combinations analyzed
in this work they consider only the default one, that is that with outsourcing degree
of one subcontractor and absorptive capacity of four questions. Therefore, the com-
parison is limited to the fact that actually full dishonest behaviours severely dam-
ages industry profitability. It was implicitly suggested by most literature to expect
that a growth of agents’ knowledge base would have limited or even compensated
the negative impact of opportunism. What this work adds more is the discovery of
the sharp difference of the effects of increasing internal or external knowledge sepa-
rately and in combination, and the evidence of the crucial role played by segments’
performance.

With a quite similar model, Giardini et al., (2008) found as well that opportunism
damages industry profitability. As Biggiero and Sevi (2009) they also confirm that,
compared to a context with only direct experience, the use of indirect experience
substantially increases industry profitability. However, they also do not deal with
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the effects of variations of internal and external knowledge. The negative impact of
opportunism and cheating is confirmed also by Tykhonov et al., (2008) in a model of
food supply chain with asymmetric information, and by Prietula (2001) in a model
dealing with group effectiveness and efficiency. The comparability with the model
of Klos and Noteboom (2001), which later on has been developed by Gorobets and
Noteboom (2004), is high respect to the issue of supplier—buyer relationships and
opportunism, but it is almost absent respect to the other issues, because agents are
supposed to decide only according to direct experience and opportunism is intended
only as betraying previous or current agreements.

The major limitations of this work concern parameters setting and architectural
features of the model, because some of them increase and others decrease the stabil-
ity or the level of profitability. Among the former there is the invariance of agents’
behavior in terms of cheating, because if behavior could change agents’ strategies
would be subjected to much more uncertainty, and hence the whole industry would
likely attain lower and later average profits. The model would be refined by intro-
ducing differentiated costs of the two modes of exploration: transaction costs asso-
ciated to the various levels of outsourcing degree, and costs to acquire and manage
information from others. Further, advanced forms of learning processes would cer-
tainly add interesting aspects to this analysis. Moreover, it is not implemented any
strategy of building inter-firm networks, which also had to stabilize and maybe im-
prove industry performance. Among the factors decreasing the stability or the level
of profitability there is likely the introduction of mortality and natality mechanisms,
which indeed would also substantially enrich the model, making it more useful for
predictions and empirical validation, and would add room for more complex evolu-
tionary patterns.
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Financial Fragility and Interacting Units:
an Exercise

Carl Chiarella, Simone Giansante, Serena Sordi and Alessandro Vercelli

Abstract. This paper assumes that financial fluctuations are the result of the dy-
namic interaction between liquidity and solvency conditions of individual financial
units. The framework is designed as a heterogeneous agent model which proceeds
through discrete time steps within a finite time horizon. The interaction at the micro-
level between financial units and the market maker, who is in charge of clearing the
market, produces interesting complex dynamics. The model is analyzed by means of
numerical simulations and agent-based computational economics (ACE) approach.
The behaviour and evolution of financial units are studied for different parameter
regimes in order to show the importance of the parameter setting in the emergence
of complex dynamics. Monetary policy implications for the banking sector are also
discussed.

1 Introduction

The complexity of economic cycles is the result of the impact of individual decisions
on the macro variables of the economy. The interaction between the liquidity and
solvency conditions of the individual financial units seems to play a crucial role in
the emergence of complex financial fluctuations. The aim of the exercise presented
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here is to extend the financial fragility analysis initiated by Vercelli (2000) and fur-
ther developed by Sordi & Vercelli (2006) and Dieci, Sordi & Vercelli (2006).

This work aims to provide micro-economic foundations to the model mentioned
above. The framework is designed as a heterogeneous agent model which proceeds
through discrete time steps within a finite time horizon. Financial units decide how
many shares to buy or sell on the basis of supply and demand curves (linear and hy-
perbolic respectively). A market maker clears the market by aggregating the individ-
ual financial positions and taking an offsetting position. It also computes the price
for the next period by means of a simple rule based on excess demand. Once the
price is announced, financial units compute their current and intertemporal financial
ratios to assess their liquidity and solvency conditions on the basis of their individual
perceptions of the expected inflation rate and their financial fragility parameters. Fi-
nancial units can also borrow money from the banking sector at the nominal interest
rate announced at every time step by the Central Bank. More precisely, the nominal
interest rate is determined by maintaining a relationship of equality between the to-
tal borrowing requirements of financial units, and the total supply of loans provided
to the economy by the banking sector.

The paper is organized as follows. Section 2 presents the microfoundations of
the framework by modelling the behaviour of financial units, and the reaction func-
tions of the market maker and the Central Bank. Section 3 presents two exercises
in which the model is capable of mimicking both stable and unstable equilibria as
the consequence of individual behaviour. Section 4 concludes. Some mathematical
results are contained in the Appendix.

2 The Model

The model proceeds through discrete timesteps. A set of N financial units (each
labelled by a roman index i = 1,..., N) interacts at each timestep ¢.

2.1 Price Dynamics

Financial units are heterogeneous in terms of their exchange strategies for the only
risky asset in the economy. They decide how many shares to sell or to buy on the
basis of supply and demand curves given by

p = f@®), (1)

and
p=f(q"). )

respectively.
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Accordingly, when, at time ¢, the market maker announces the price p;, finan-
cial units choose their supplies, th , and demands, q,D , so as to satisfy (1) and (2),
as shown in Fig. 1. Assuming, for simplicity, linear supply curves and hyperbolic
demand curves for all N units, we can represent them according to the relations'

P = aigqly, 3)
and 5
pe= "5 @
i
which, in terms of quantities may be written as
S Pt
. = _, 5
qz,t C(i’[ ( )
and 5
qft = bt (6)
Dt
Thus, the individual current inflow (y;) and outflow (e;) at time ¢ are given by
2
14
Yie = pegt, = -, @)
it
and
e = pigly = Bis. ®)

respectively. Therefore, the current realized financial ratio of the financial unit i
(ci,r) attime ¢ is given by

eir  itPis

ci,l = — = 2 (9)
Vit Pt
q ! Supply
I
i
D 1
(8
I
1
1
:
I
Fig. 1 Announcement of qf -~ —
price p; by the market- |
maker determines quantity |
demanded q,D and quantity : Demand
g . P
supplied g;, in period ¢ by P,
a typical agent

! We assume that agents determine their demand and supply schedules by solving an optimisation
problem subject to their budget constraints. As the budget will evolve over time, the coefficients
a; ; and B; s (dependent on it) will also be vary with time.
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The individual demand and supply quantities of the N units are aggregated ac-
cording to

N
D, =Y "aqb (10)
i=l1
and
N
Si=Y aq (11)
i=1

Once D; and S; have been computed, the market maker clears the market by
taking an offsetting long or short position and computes the price for the next period

by using the rule
D; — S
pHp=mP+wM(’D 0} (12)

t

where Ay is the market maker’s speed of adjustment of the price to excess demand.
The adjustment rule (12) shows the market maker adjusting the price in reaction to
the (relative) excess aggregate demand.

2.1.1 Desired Financial Ratio, Intertemporal Financial Ratio
and Inflation Rate

Each financial unit i, at each time ¢, computes its desired current financial ratio
(ki ¢), on the basis of the recursive relationship:

ki1 = max (ki — A, [k — (1= p')].0} . (13)

where the intertemporal financial ratio of unit i (k,) at time 7 is given by

T; i
k¥ = Zs:O Egl) [ei,t+s] / (l + pi,l)s (14)
it — T; i ’
S B Diasal / (1 i)’

with p; ; being the discount factor for the financial unit i at time ¢ and 7; is its time

horizon. We use Egi) to denote expectations formed by unit i at time 7. The expec-
tations about inflows and outflows in future periods vary through time according to
the following formula (see the Appendix for derivation):

¥ (14r)lit —1 =T
kE, = ey . ——— . as)
t ATt = (14 77,4)

After the market maker announces p; 41, each financial unit updates its expected
inflation for the next period according to the simple adaptive rule

i i i [Pt — DPt—1 i
Typp1 = T+ A% ( — i1t

Pt—1

= i (PP () a
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Let B;; be the budget constraint of financial unit i at time ¢, z; ; the amount
borrowed in period ¢ and A; ; the accumulated debt position at time ¢.
The budget constraint evolves according to

Bisy1 =max(Bi; + (i —eir) — 1Ay, 0). (16)

To determine the amount of borrowing desired in the next period the unit consid-
ers the difference between the outflow and inflow in the current period, adjusts this
by the desired financial ratio and subtracts from this the budget available in period
t + 1. Thus the borrowing in period ¢ 4 1 is given by

Vi,
Zig41 = (ei,tki,t+1 7 S ) — Bit+1, (17)
i+l
which upon use of (7) and (8) becomes
»?
Zig+1 = (ﬁi,tki,t+1 - —t) — Bit+1. (18)
i okis 1

If the desired inflows and outflows in (18) are to equal the actual inflows and
outflows in period (¢ + 1) then we must have

Bit+1 = kit+1Bi, 19)
and
Pr+1 ?
Cir1 = Kip1i ( ) . (20)
)43
Thus the accumulated debt position of the unit evolves according to
Aiprr = L+ r)Aig + Zier. (21)

Summing over all financial units we obtain the total borrowing in period ¢ + 1,
namely

N N 2 N 2
Z =) Zign =) (ﬂi,zki,t+1 - Bi,t) => (ﬂi,z+1 - [—H> :

o ki o
i=1 i=1 it r+1 i=1 i,t+1
(22)

Note that z;; will depend on r; through its impact on ki*,t and hence on k; ;4.

Let L;be the total supply of loans provided to the economy by the banking sector.
For the moment we assume the policy for L, is set via Central Bank policies.

The interest rate r; will be determined by the equality of z; and L;, that is

zr = Ly, (23)

will implicitly determine ;. However the explicit relation between z; and r; is very
difficult to calculate. It may be simpler to assume that the Central Bank sets the
interest rate according to the rule

— L
T (Z’ ’), (24)

Zt

with A, > 0. Of course as A, — oo we would obtain (23).
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3 Simulation Results: Endogenous Fluctuations and Bankrupcy

We now explore the dynamics of the model under different parameter settings in
order to mimic both stable endogenous fluctuations and bankruptcy scenarios. Even
if the model is capable of dealing with heterogeneous behaviours, for the sake of
simplicity we restrict the analysis in this work to the interaction between a set of
homogeneous financial units, the market maker and the private banking sector that
provides liquidity to the units at the price r, which is set up at every step by the
Central Bank?. In particular, we focus the analysis on two crucial parameters of
individual behaviour, namely, the financial fragility threshold 1 — u and the speed
of adjustment of expected inflation A .
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Fig. 2 Qualitative effect of decreasing the financial fragility threshold 1 — u

2 This simplification is carried out in order to facilitate calibration of the parameters. A more
incisive analysis of the dynamics of interacting heterogeneous financial units will be carried out in

a further work.
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The remaining parameters are initialized as follows:
Ar = 0.00005, L =0, A = 0.01
and simulations are initialized with
po=1,10=0.05, 1o =0.05, g® =12and ¢5 =0.8.

We start the analysis with relatively low levels of the parameters A, and w. In-
deed, the parameter A, is set at the level A, = 0.06 and the financial fragility
threshold varies in the range 0.8 < 1 — u < 1.

Interesting results derive from simulations where financial units operate with the
maximum financial threshold 1 — u = 1. It represents the case in which very risk
prone units compete with the market maker in driving the market price to very
low levels and produce a locally asymptotically stable steady state (Fig. 2(a) and
Fig. 2(b)). As u increases, a stable closed curve exists (Fig. 2(c) and Fig. 2(d)) and
the amplitude of the fluctuation becomes wider (Fig. 2(e) and Fig. 2(f)). The model
exhibits more stable equilibria when financial units are more risk prone, which is
a quite counterintuitive result in terms of real financial systems. This is due to the
lack of any contagion effect among units and it represents an important limitation of
this simplified version of the model. Indeed, the insolvency of highly exposed units
should affect other units and bring more instability to the system by spreading losses
around the financial network. However, results of this first exercise show a higher
bargaining power of very exposed financial units.
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A second run of tests deals with simulations where the speed of adjustment of
expected inflation A, is set up beyond its safe level as reported in the previous
section.

Figure 3 shows an example where financial units react strongly to changes in
market price (A = 0.1). They overreact on price movements taking more and
more exposed positions (Fig. 3(d)). As a consequence, financial units are likely to
go bankrupt (level of k* much beyond 1 in Fig. 3(a) and Fig. 3(b)), forcing the
Central Bank to intervene by increasing the interest rate r (Fig. 3(c)). Note that
bankruptcy events happen on a regular basis along the business cycle, which could
give interesting insights to policy makers.

4 Conclusions

The financial fragility model presented in this paper extends the analysis of financial
fluctuations initiated by Vercelli (2000) and further developed by Sordi & Vercelli
(2006) and Dieci et al. (2006) where the driving factor of financial fluctuations is the
feedback between current and intertemporal financial ratios. The model investigates
the market microfoundations of the system by modelling the behaviour of a market
maker (whose actions provide a market clearing mechanism) and a private bank-
ing sector (whose actions provide liquidity to the financial units at an endogenous
interest rate controlled by the Central Bank). Following analysis of the dynamic
fluctuations reported in Dieci et al. (2006), the model is able to produce an interest-
ing range of dynamic scenarios according to the value of the parameters. Like the
results reported in Dieci et al. (2006), regular convergence to a steady state and regu-
lar fluctuations on attracting closed curves can be found in scenarios where financial
units react slowly to price movements. As the reactivity of financial units increases,
the market becomes more unstable driving units to bankruptcy. The intervention of
the Central Bank in increasing the interest rate as a consequence of the rebalance of
exposure in the money market is crucial to the restoration of stability to the market.

The results also show the importance of modelling mechanisms of financial con-
tagion of virtually bankrupt units through their financial networks. This is a missing
component in the version of the model presented here. It will be the focus of further
investigation within the framework of this research programme.

Appendix

When units come to form expectations about inflows and outflows in future periods
we assume that they expect these to grow by the accumulation of their expectation
of inflation over the next period. Thus unit i’s expectation of its outflow s periods
ahead is given by

B fesss] = B Biwsl = i (14 7 1)
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where nti ;41 1s unit i’s expected inflation rate from 7 to ¢ + 1. We can then rewrite
the expected total outflow in the numerator of (14) as

E(Z) Ti 1 + 7Ti S

Z el t-’rS] _ ﬁj’[ Z t,t+1 ) (25)

(1 +pis) =\ L+ pie

We assume that for each unit the relation between discount factors, nominal in-

terest rate 7, and the individual expected inflation rate from ¢ to ¢ + 1 has the form
L+ pig = 4r)(1+ ”ti,t+1)’

from which )
I+m 1
1+ Pi.t - 1+ Iy ’
Thus, inserting the last equation into (25) we obtain

(26)

T;

[ezt+s] ) 1 s
Z (1 + pio)° ﬂ”’g(wn)

— B |:1 -1+ rt)_(Ti+1)i| _ Bix [(1 + )Tt — 1]

I—(1+r)! re(14r)Ti
(27
With regard to the denominator of (14), we can similarly compute

]Egi) [ie+s] = o E(l) [ t+s] (28)

i,
I, i 2 i 2 i 2

= % tl’t (1 + T[tlt,tJrl) (1 + ”t|t+1,t+2) (1 + ”z\t+s—1,z+s) )

L,

(29)
where (see Fig. 4)

the expectation formed by
i j — ~1 o . .
Tl ds—tits = E [M} = qunit 7 at time ¢ of inflation
’ Di+s—1 .
: over the period (t +s— 1,1+ 5)

t t+1 t+s—1 t+s
® ® ® ®
—_

T -

E,(i) |:pt+sl — Pt+s

Dresi } = Tlps—1,0+s

Fig. 4 Agenti assumes 7r;|;4s—1.14+5 = ”tllt.t-i-l =7,
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Using Homogeneous Groupings
in Portfolio Management

Jaime Gil-Aluja, Anna M. Gil-Lafuente and Jaime Gil-Lafuente

Abstract. Often, in situations of uncertainty in portfolio management, it is difficult
to apply the numerical methods based on the linearity principle. When this happens
it is possible to use nonnumeric techniques to assess the situations with a non linear
attitude. One of the concepts that can be used in these situations is the concept of
grouping.

In the last thirty years, several studies have tried to give good solutions to the
problems of homogeneous groupings. For example, we could mention the Pichat
algorithm, the affinities algorithms and several studies developed by the authors of
this work.

In this paper, we use some topological axioms in order to develop an algorithm
that is able to reduce the number of elements of the power sets of the related sets by
connecting them to the sets that form the topologies. We will apply this algorithm
in the grouping of titles listed in the Stock Exchange or in its dual perspective.

1 The Two Perspectives for Topological Fuzzification in Economy

It is well known that a topology E in uncertainty can be defined by the subset 7'(E)
of the opened that accomplishes the following axioms (Chang, 1968). Note that for
further reading on fuzzy topology and pretopology, we recommend, for example
(Badard, 1981; Bayoumi, 2005; Du et. al., 2005; Fang and Chen, 2007; Fang and
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Yue, 2004; Gil-Aluja, 2003; Gil-Aluja and Gil-Lafuente, 2007; Saadati and Park,
2006; Yan and Wu, 2007; Yue, 2007):

1. @ e T(E)
2. E e T(E)

3. (Aj € T(E). Ay € T(E)) — (A, N Ay € T(E))
4. (A, € T(E), Ax € T(E)) — (4, U Ax € T(E))

where 4 ;, Ay may have a different meaning depending on the criteria used for the
fuzzification. In the first case, they are fuzzy subsets of the referential set £ that
accomplishes the previous axioms, and in the other case, they are elements of the
power set established from a referential set £ of fuzzy subsets. In the first case, the
referential set E is formed initially by the elements of the referential set of the fuzzy
subsets. In the second case, their elements are the fuzzy subsets theirselves. As it
has been pointed out in other works (Gil-Aluja, 2003; Gil-Aluja and Gil-Lafuente,
2007) the selection of one of these perspectives depends mainly on the objectives of
the analysis.

In an economical and financial context, we consider that it is relevant to think
about the meaning of the components of both cases. For doing this, we will use
the representability of the notion of fuzzy subset. The reason is because for an
economist, a fuzzy subset is a descriptor of a physical or mental object; and this
description is developed by putting different levels to the elements of the referential
set formed by the attributes of the objects that we want to describe. Then, in the eco-
nomic environment it is possible to accept that in the first case, the referential set E
is formed by the set of attributes that describe each object while in the second case,
the referential set E is formed by the fuzzy subsets, where each of them describe an
object.

If we consider financial products such as titles listed in the Stock Exchange, the
description of each of them will take place by a certain number of attributes such
as the expected rentability, the liquidity capacity without loses, etc., all of them
classified at certain level. In this assumption, the referential set £ will be formed
in the first case by the expected rentability, the liquidity capacity, etc., and in the
second case, by the different titles listed in the Stock Exchange.

With this approach, the A;, Ay € T(E), the elements of the open set T'(E),
are in the first case, fuzzy subsets with the referential of their attributes and in the
second case, fuzzy subsets or groupings of fuzzy subsets with the same referential.

It is obvious that the concept of economic representability is different in each
case. Then, the Axioms 1 and 2 acquire the following meaning:

* In the first case, Axiom 1 shows that the fuzzy subset (title listed in the Stock
Exchange) with a null level in all its attributes is an open set and so is (Axiom 2)
the fuzzy subset (title listed in the Stock Exchange) with level one (maximum)
in all its attributes.

* In the second case, Axiom 1 shows that in a situation without fuzzy subsets we
have an open set. In this case, the set of all the fuzzy sets (all the titles listed in
the Stock Exchange) is also an open set (Axiom 2).
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In Axiom 3, we also find different meanings depending on the case analyzed:

* In the first one, Axiom 3 requires that if a fuzzy subset with certain levels for
each attribute is an open set and so is another fuzzy subset with its own levels,
then, there exists a third one that it is also an open set with a membership level
for each attribute that is equal to the lowest of the other two.

* In the second one, we can see that if a group of fuzzy subsets is an open set
and so is another group of fuzzy subsets, then, the group of fuzzy subsets that is
contained in both groups, is also an open set.

Finally, Axiom 4 expresses the following for each case:

 In the first one, if we have a fuzzy subset with certain levels for each attribute and
another one with its own levels, and both are open sets, then, there exists another
fuzzy subset that it is also an open set. The membership level of the attributes of
this fuzzy subset is given by the maximum between the other two fuzzy subsets.

* Inthe second one, if we have two groups of fuzzy subsets that are open sets, then,
there exists a third one that is also an open set and it comprises the fuzzy subsets
of the first and/or the second group.

Sometimes, it can be useful to use as open sets, the complementary of any open set.
This implies the necessity of considering another axiom as follows:

5. (4, € T(E)) — (4, € T(E))

In this axiom, the representativity also acquires a different meaning depending on
the case used. Then:

* In the first case, it is necessary that if a fuzzy set is an open set, then, the fuzzy
subset which has a complimentary level to the first one in all the attributes has
also to be an open set. Then, if for a certain attribute an open set has a level « the
complimentary fuzzy subset will have 1 — o, where « € [0, 1].

* In the second case, when a grouping of fuzzy subsets is an open set, then, the
group formed by the rest of fuzzy subsets is also an open set.

Focusing in this important context, we believe that it is interesting to note that it
is not necessary to establish the existence of the five axioms presented above for
arriving to the same result. This happens because if three of the axioms are accom-
plished, then, the other two will be accomplished automatically. These three axioms
are:

1. E € T(E)
2. (A4j € T(E)) - (4, € T(E))
3. (4 € T(E). Ax € T(E)) — (4, U Ak € T(E))

As we can see, with the first and the second axiom, it is satisfied: @ € T (FE)
And, dueto: A; U Ax € T(E)

Isalso: 4; U Ay € T(E)
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By using De Morgan theorem: 4; U 4 = E N E
Then: E n E e T(E)

Now, it is interesting to establish these two general cases in the financial environ-
ment and its representativity in a real problem of the financial operations. Note that
in this paper we will only focus on the first case.

2 The Hypothesis of a Referential Set of Referentials

We will assume a set of attributes of titles listed in the Stock Exchange that are
significant for the potential investors.

Assume a referential set E of attributes of titles listed in the Stock Exchange, as
follows:

E={x;/j=12...m

where the x; represent, for example, the expected rentability, the liquidity capacity,
etc.

Now, we describe each title by using a fuzzy subset of the referential of its at-
tributes that we designate as Ag, k = 1,2,...,n, where n indicates the total number
of titles considered. Then, each of these titles will be described as follows:

(E,Mék(xj)), Mék €[0,1]

Then, we establish a relation between title and attribute, such that if x; € E possess
a value of the membership function for 4 with a level u, we write it as:

pAg(xj) =p, pel0,1]
Lets see an example. Assume 5 attributes:

x| = expected rentability. x4 = appearance of a public offering.
X, = liquity level. Xxs = prestige of the quoted society.
X3 = sustainability in the quotation.

And four titles that can be described as follows:

X1 X2 X3 X4 X5
A= 9 | 2| 8 | 4 | 71 |
X1 X X3 X4 X5
=1 8 | 5 | 9 [ 9o | 1 |
X1 X2 X3 X4 X5
As=1 4 | 9 | 9o | 71 | 38 |
X1 X2 X3 X4 X5

A4=|.6|.8|.9|.8|.9|
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The description of these titles by its attributes permit us to know the expected level
of each attribute x; /j = 1,2, 3, 4 that has been assigned for each title.

However, the investor of the titles often establishes, for each attribute, a mini-
mum level or threshold, where he assumes that a level below the threshold can be
considered as zero. Then, it is necessary to establish a fuzzy subset of thresholds
that we will designate as U where:

pu(x;) =A; €[0,1]
This means that we establish «;-cuts such that:

<a; —>0
Z Clj — 1
We continue the example creating the fuzzy subset of thresholds:

X1 X2 X3 X4 X5
U= .8 i 8 i .8

Then, the fuzzy subsets A, k = 1,2, 3,4 become the following Boolean subsets:

X1 X2 X3 X4 X5

A= 1 [ 1 [ 1] I | = (x5}
X1 X2 X3 X4 X5

AW = [ 1 | [ + | 1 | 1 |={x 5
X1 X2 X3 X4 X5

A= "1 [ 1 T 1t T 1 T 1 ]=txxxxs
X1 X2 X3 X4 Xs

Aff‘) = | | 1 | 1 | 1 | 1 | = {x2, X3, X4, X5}

Now, we are able to form the family F' that comprises the group of attributes that
are possessed, at certain level, by the four titles:

F = {{x1, x2, x3}, {x1, X3, X4, X5}, {X2, X3, X4,X5}, {x2, X3, X4,X5}}

Note that a key aspect in this process is the assignment of valuations to the subset of
thresholds, because depending on these valuations, the family F will be different.

In the following, we present each of the elements that form the family and also
its complementaries:

FIAL) = ) FIA®) = txoxg)
F{Ag"‘)} = {x1, X3, X, X5} F{Ag")} = {x)
F{Ag"‘)} = {X2, X3, X4, X5} F{A§“)} = ()
F{Az(ta)} = {X2, X3, X4, X5} F{Ag‘”)} = (x)
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With this, we have shown in the first column the attributes possessed by each title
and in the second column the attributes that are not possessed by them.
For simplifying the notation, we will assume:

F(A®) = . F(A®) = By F(A®) = F(A®) =

Next, we analyze the attributes in order to know if one or more of them are pos-
sessed by all the titles or not. This analysis can be done by using all the available
intersections between F; and F;. Then:

FINFENFgy={x} FINFKNFy = {%}
FiNF,N Fsy = {x3} FiNFN Fiy = {x4, X5}
FNENF,=0 FNENF, =0
FFNFHNFy,=0 FFNFHNFy,=0

Then, we get the following nonnull intersections:

1) {xad, {xa ), 1xa, x5}

As we can see, the attributes can be separated, according to the number of titles that
possess them. In this case, we have four groups where three of them are constituted
only by one element and the last group by two elements.

By using the largest number of titles for each attribute, we get an optimization.
Then, if we unify all these attributes in all the different ways and we add the empty
set, we get:

T(Ey) ={@{x1}, {x2}, {x3}, {x4, x5}, {x1, X2}, {x1, X3}, {x1, x4, x5}, {x2, X3},
{x2, x4, x5}, {x3, X4, X5}, {xX1, X2, X3}, {X1, X2, X4, X5}, {X1, X3, X4, X5},
{x2, X3, X4, x5}, En}

that is a topology.

As it is well known, a topology can be represented by using a Boolean lattice that
in our example is:

Fig. 1 A Boole lattice that
represents a topology

It is clear that all the axioms commented above are accomplished. Note that this
is obvious because it is a Boolean lattice.
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3 The Dual Approach

Following with the same problem, it is interesting to consider the topology if in-
stead of describing each of the tittles by using fuzzy subsets of the referencial of
the attributes, we describe each attribute by using the levels they get in the titles.
Then, in our example, we get the following, after having considered the threshold
subset:

AEO{) A;a) Aga) Aé(;x)

S I I B P VO
Aga) Aga) Aga) Aé(;x)

o= T T T 1 = (4.4 49)
Aga) Agoz) Aga) Aé(loz)

= T T T 1= (a9, 4@, )
AEO[) Aga) Agoz) Aé(la)

= [T T T 1= (a4, 4
Aga) Aga) Aga) Aga)

e [T T T 1 = (a4

Following the same way than before, we find the family of titles, formed by the
subset of the ones that possess the attribute x|, the attribute x,, etc., until the attri-
bute x5:

F—{A9 4D}, (4D 4D AL}, (4P, 4D, 4D, 4D (4D, 49, 4D},
(49, A©, A

Next, we present each of the elements of this new family F' and its complimenta-
ries:

F(xp) = {A', A1) F(xi) = {4, 4}
Fla) = {417, 457, 45 Fl) = (A7)
F(x3) = {A®, 49, 4@ 4@ F(x;3) =@

F(xg) = {49, 4 4@} F(xy) = {4}
F(xs) = {AD, 4D 4@\ F(xs) = {4

The coincidence of two elements of the family, as it happens in this case, permits
that we only need to consider one representative grouping of the fuzzy subsets that
possess the attributes x4 and xs.

Now, we will develop all the possible intersections. In order to use an easier
presentation, we will use F| = F(x;), Fo = F(x2), F3 = F(x3), Fu5 = F(x4) =
F(xs). We get the following:
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FFNIhNFBNEs=9, FlﬂFzﬂF3ﬂF4,5=A§a)
FlﬂFzﬂF3ﬂF4,5=®, FlﬂFzﬂF3ﬂF4,5=A§a)
FNFBNFNFs={AY 4", FNFHBNEBNFs=0
F10F20F3HF4,5=®, FlanﬁF3mF4,5=®
F10F20F30F4,5=®, F_'lanmF3ﬂF4’5=®
F10F20F30F4,5=®, Flﬂﬁzﬂiéﬂ}aj:@
F10F20F3HF4,5=®, F10F20F30F4,5=®
F10F20F30F4,5=®, F_'lnizmibﬂfa’s:@

The non empty intersections are:
(A7) {47}, (a5, a8)

We get the desired topology considering these elements and all their possible unions,
and adding the empty set. Then:

T(E) = [ (A9} (AL}, (49 4@}, (49 A9, (49, 4D D),
(A0, 4@ 49} 5]

We can represent with a circle this topology inside a Boolean lattice of the power
set:

{A(I‘X)’A(Za)’
(A9, A, A
A,
(03 (43
{A(la) A7 ALY
(A}

Fig. 2 A Boole lattice of the power set

As it is well known, a topology forms a Boolean lattice. In this example, it is as
follows:

(A, a5 (A9, 450,49

1A% (a%,49)

Fig. 3 A topology that forms
a Boole lattice

In this case, it is also straightforward to prove the axiomatic requirements.
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4 Relation Between the Two Topologies

Now, we go back to the beginning to present the information related to the descrip-
tors of the titles, once developed the adjustment with thresholds. Note that now we
will develop the analysis using the matrix form.

X1 X2 X3 X4 X5
A@ 1 1 1
A@ 1 1 1 1
A® 1 1 1 1
A@ 1 1 1 1

Next, we relate each of the elements of the topology 7' (E,) with those elements of
the power set of E, the titles that all of them possess and the attributes that each
element of the topology 7' (E,) establishes. In the following, we present the results
obtained in the example:

%] — E,

) - {44

{2} > {44, 4
{x3} — E,

{x4, x5} — {Aga), Aga), Aia)}
{x1,%)} — {AEO‘)}

{x1,x3} — {AE“), Aga)}

{x1, x4, x5} - {Aga)}

{x2, x3) - A AP, AP
{x2, x4, X5} — {Aga), Aia)}

{x3, x4, X5} — {Aga), Aga), Aia)}
{x1, x2, x3} - AE"‘)}

{x1, X2, X4, X5} — %)

{x1, X3, X4, X5} — {Aga)}

{x2, X3, X4, X5} — Aga), Aga)}

E, — %)

As we can see, all the groups of titles found are part of the topology T'(E).
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Now, we will present the correspondences represented in the two lattices formed
by the topologies T(E;) and T(E):

Fig. 4 Correspondences rep-
resented with two lattices

As we can see, in each vertex of the lattice corresponding to the topology T (E1)
it arrives two lines that come from two vertexes of the lattice of the topology T'(E>).

In the other hand, when it has been established the correspondence between the
elements of the topology 7T (E») it has been selected the group of elements of the
power set of E», that is to say, the group with a larger number of attributes, excluding
those groups formed by a smaller quantity. What it has been previously developed
visually, now it can be found automatically by choosing in each vertex of the lat-
tice of the topology T (E1), the line that conducts to the vertex of the lattice of the
topology T (E,) with a larger number of elements, that is, attributes.

Perhaps, this can be seen more clearly with the following graph:

&

{x,}
{x;}
{x} *
{xy, X5}
{x0 %5}
{x,, %3} *
{x1, %4, X}
{%5, %3} *
{x5 x4, Xs}
{X5 Xy X5} *
{Xl; XZJ XE} * l ‘
{X1, X Xy, X5}
{X1, %3, %q xs}*

%
{A,}

{A{a)z}

Fig. 5 Correspondence be- E
tween the two topologies 2
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From another perspective, if we consider all the elements of the topology T (E}),
that is, titles and groups of titles, and the subsets of attributes possessed by all of
them are found visually in the matrix, then, we get:

%] — E,
{Aga)} — {x1,x2,x3}
{Ag‘x)} — {x1,x3,X4,X5}
{Aga), Ai”‘)} — {X2,X3,X4, X5}
{Aga), A;a)} — {x1,%3}
e
(A 4D A S (s xaxs)
E, — {x3}
where the attribute x3 and the groups of attributes found form part of the topology

T(E»).

We observe that due to the fact that the topology 7'(E) has a lower number of el-
ements than the topology T (E>) the correspondence of each element of 7' (E) goes
to only one element of T'(E5). This is interesting in order to develop an algorithm
for groupings.

At least, we have shown that there exists a correspondence between both topolo-
gies. In the business and in the economic environment, it becomes interesting to
analyze this type of correspondence, especially when we want to establish homoge-
neous groupings or segmentation processes.

Finally, lets see the groupings found by using a lattice:

{AS. A%, X5, X3, X4, X5}

{AS. A%, AG. X3.X 4. X5}

Fig. 6 Groupings by using
a lattice

The same result is found by using one of the algorithms used for obtaining affini-
ties (Kaufmann and Gil-Aluja, 1991). But then, it is necessary to consider, in the
relation between the set of titles and the set of attributes, all the elements of the
power set of both sets.

Then, starting from the same matrix:

X1 X2 X3 X4 X5
A® 1 1 1
AW 1 1 1 1
AW 1 1 1 1
A® 1 1 1 1
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and using the algorithm of the maximum inverse correspondence (Gil-Aluja, 1999)

we find the right connection:

1]

A

A

A»

AP
Aga)’Aga)
AEa)ﬁAgoz)
Aga)’A‘(‘a)
Agoz)’Aga)
4@ 4@
Aga)’Aga)
Aga)’Aga)’Aga)
Aga),Aga),Aga)
Agoc)’Agoz),A‘(‘oc)
Aga),Aga)’Aga)
E;

R R N N N 2R 2R 2 2 2 2

E2 <
X1, X2, X3 <
X1, X3, X4, X5 <
X2, X3, X4, X5

X2, X3, X4, X5

X1, X3 <
X2, X3

X2, X3

X3, X4, X5

X3, X4, X5

X2, X3, X4, X5 <
X3

X3

X2, X3 <
X3, X4, X5 <
X3 <

By choosing for all the elements of the power set E; the element of the power set of
E | with the largest number of components, we get:

E,
Aga)’Aga)’Aga)
Aga)’Aga)’Aia)
4@ 4@
4@ 4@
A

A

%]

A

X3

X2, X3

X3, X4, X5
X1, X3

X2, X3, X4, X5
X1, X2, X3

X1, X3, X4, X5
E,

As we can see, the result is the same as the one found with the new algorithm.
Sometimes, the topologies T (E;) and T (E,) are the same than the power set of
both sets £ and E,, as it happens in the following problem (Gil-Aluja and Gil-

Lafuente, 2007):
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X1 X2 X3 X4

A 1 1 1

A@ 1 1
A® 1 1

We find the topology 7' (E»):

FA = {{x2, x3}, {2, x4}, {x1, X2, X3}}

FA = {{x1xa}, {1, x5} {xa})

FiNF,N F;={x} FiNFNF;={x;)}
FNEHRNFE=0 FFNENF =02
FinFNF={x} FFNEHBNF =0
FinFN Fy = {x;) FNENF =02

T(EZ) = {{.X]}, {XZ}’ {X3}, {)C4}, {.X], XZ}’ {-xl s X3}, {X] ’ X4}, {Xz, X3}, {XZ’ X4},
{23, Xa}, {1, X2, X3}, {X1, X2, X4}, {X1, X3, Xa}, {X2, X3, X4}, Ez}

Now, we get the topology 7' (E)):
F* = [{AR} 44, 480, 480} {4, 40, {40}

P = (A9, 49}, 2, {49}, {40, 40))

FINENFEBNF =0 FFNFHNFENE =A
FNEHBENEBNE = FINFNFNE, =

FFNFHENENF =92 FFNENEBENF =0
FINFNFNE = FINFNFNE, =

FFNFBNFENFE =A FINFBNFENF = A
FNENENE =2 FNENFENFE =2
FNENENFE =92 FFNEBENFENFE =9

FFNENENF

FNFENFENF

T(E) ={. (A} (AR} AL (AL, A, 1. 457}

(A, 49

5|
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Lets see the relation between the two topologies, that in this case is the two power
sets:

@ o
e A
[
e o)
[Aie | At} {%2 %5}

{Xg; 7(4}
[x3r xa}
{4 %5, 35}
® (%), 1, %}
® {x1, X5, %}
® (3, x5, %,}

Ex

(A, A}
{At o Alod .}

Fig. 7 Relation between the E,
two topologies

The relations cannot be expressed, in this case, by using a Boolean lattice, but
it is possible to represent them by using a Galois lattice (if we add to the relation
{E, xy} the {E|, @}), as follows:

(Ey.X3)

(AY,A%, X1, X4

(A}, X1, X5, X3) (A3, X5, X4}

Fig. 8 Galois lattice (2.E3)

Note that this result is the same than the result that appears in the work (Gil-Aluja
and Gil-Lafuente, 2007) that uses an assignment algorithm.

5 Algorithm for the Maximum Relations Between the Titles
and the Attributes

Once it has been shown the relation between the two topologies 7(E;) and T (E>),
and the maximizing character of their construction, we will now develop an algo-
rithm that permits to solve the problems of relation between the titles and the at-
tributes. Then, this algorithm will be also able to solve the problem of homogeneous
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groupings between them with an optimizing character. For doing so, we suggest the
following steps:

A Obtention of the topology T(E>)

1.
2.

We describe the titles with fuzzy subsets of the referential of its attributes.
We establish a threshold subset of the same referential set of attributes, from
where we can obtain the description of the titles by using fuzzy subsets.

. We form the family F of sets of attributes, where each one of these elements

comprises the attributes possessed by each title. This family will comprise as
much elements as titles it has.

For each element of the family F we get its complementary. We will also
find as much complimentaries as titles, that will form the family F.

. We develop all the possible intersections between the elements of the fam-

ily F and the elements of the family F. We select the non empty intersec-
tions.

These non empty intersections, (each one of them contains one or more at-
tributes) are connected in all the possible ways and we add the empty set.
Then, we get a topology T (E>).

B Obtention of the topology 7(E;)

7.

8.

0.

10.

The attributes are described by using fuzzy subsets of the referential set of
the titles.

Using the same threshold subset, we get the description of each attribute by
using Boolean subsets.

We form the family of subsets of tittles, the family of complimentaries and
we develop all the possible intersections between them in a similar way as
described in Steps 3, 4 and 5.

We select the non empty intersections (each of them contain at least one title),
we develop all the possible unions and we add the empty set, obtaining the
topology T'(E1).

C Establishment of relations between two topologies

11.

12.

13.

14.

We go back to the beginning to establish the Boolean relations between titles
and attributes, by using a graph in order to obtain a better visualization.

We select between the two topologies the one with a lowest number of ele-
ments in the topology T'(E1). Each element of this topology will be related
with the elements of the power set of the other set, in our case E, (the at-
tributes), that are possessed by all the titles. We can prove that each of the
groups of attributes found are part of the topology 7 (E»).

In the case that one element of the topology 7'(E)) is related with more than
one element of the topology T (E>), then, we select the element with a largest
number of attributes.

The relation obtained constitutes an optimal that, moreover, permits the
grouping of titles with the highest number of shared attributes. It also permits
the grouping of attributes that are possessed together by the highest number
of titles.
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6 Conclusions

The operators that work in the financial markets usually try to form groups of titles
that permit to obtain some qualities such as rentability, stability, risk limitation, etc.,
in order to be prepared against an unexpected volatility.

It is obvious that there exist a wide range of methods for selecting the titles of
a portfolio. In this paper, we have considered a scenario where we form in a first
stage, subsets of titles, where each one of them is constituted by elements that pos-
sess certain homogeneity according to some attributes previously established. Note
that the objective is to extract one or several titles of each subset in order to get the
desired properties.

The theoretical solution of an approach as the one described here, has generalized
other previous algorithms that were not so complete as this one such as the Pichat
algorithm or the Kaufmann and Gil-Aluja algorithm.

We believe that the presented algorithm solves the problems of the Pichat and
the Kaufmann and Gil-Aluja algorithms. Note that in some exceptional situations
the algorithm presented here can become the Kaufmann and Gil-Aluja algorithm.
This happens when the two topologies used in the relation are equal to the power
sets of the sets of titles and its attributes.

In the beginning of this work we have shown two methods for fuzzifying the
topologies. The approach developed in this paper is based on one of these meth-
ods. Note that in future research, we will consider the possibility of using the other
method in the problem.

Finally, we want to mention the usefulness in the operations of our algorithm that
has been tested with satisfactory results twice with the examples shown in the paper.
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Elman Nets for Credit Risk Assessment

Giacomo di Tollo and Marianna Lyra

Abstract. Nowadays the correct assessment of credit risk is of particular impor-
tance for all financial institutions to ensure their stability. Thus, Basel II Accord
on Banking Supervision legislates the framework for credit risk assessment. Lin-
ear scoring models have been developed for this assessment, which are functions
of systematic and idiosyncratic factors. Among statistical techniques that have been
applied for factor and weight selection, Neural Networks (NN) have shown supe-
rior performance as they are able to learn non linear relationships among factors
and they are more efficient in the presence of noisy or incorrect data. In particu-
lar, Recurrent Neural Networks (RNN) are useful when we have at hand historical
series as they are able to grasp the data’s temporal dynamics. In this work, we de-
scribe an application of RNN to credit risk assessment. RNN (specifically, Elman
networks) are compared with two former Neural Network systems, one with a stan-
dard feed-forward network, while the other with a special purpose architecture. The
application is tested on real-world data, related to Italian small firms. We show that
NN can be very successful in credit risk assessment if used jointly with a careful
data analysis, pre-processing and training.

1 Introduction

In banks’ and other financial institutions’ daily work, credit risk is the likelihood
that a debtor will not fulfil his/her obligation, and thus credit risk management is
essential for all banking institutions. The assessment of insolvency risk plays an
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important role since it helps banks decide whether to grant the requested loan or
not. Several methods and techniques can be used to tackle this decision, the most
common being linear scoring models. Among them, nowadays, Neural Networks
(NN) are gaining more and more success and importance mainly because of their
capability to learn non-linear relationships amongst variables; moreover, they show
good performances when data are noisy or incorrect.

In this work we apply neural nets' to the insolvency prediction, in order to clas-
sify firms in two distinct sets: default firms (the ones that are not expected to repay
the loan at the end of the period) and in bonis firms (that are supposed to fulfil their
obligation). We use real-world data, after operating a series of pre-processing oper-
ations in order to make it suitable for our purposes. The neural nets parameters are
set using an optimisation procedure analogous to the gradient descent (Angelini et
al., 2008).

In our experiments, we use Recurrent Neural Networks (RNN). The basic feature
of this topology is that it allows connections between units forming directed cycles.
This allows the net to exhibit dynamic temporal behaviour, and it has shown good
results when applied to difficult prediction tasks, such as the one at hand.

The paper is organized as follows. Section 2 reports on banks’ credit risk as-
sessment according to Basel II Capital Accord. The legal framework of Basel II is
summarized. Section 3 introduces NN learning techniques and their basic properties.
Previous academic results on the application of NN in economic/financial areas are
presented as well as the major contribution of the paper. Section 4 describes the data
and addresses the data pre-processing techniques. Section 5 reports on the experi-
mental procedures, while Section 6 discusses the major results. Finally, Section 7
concludes.

2 Credit Risk

Credit risk refers to the likelihood that a borrower will not fulfil his/her lending
obligations. Banking institutions are interested in forecasting the insolvency risk
(default likelihood) of a potential borrower so as to better allocate financial resources
in a portfolio and to better assign the appropriate lending interest rates to borrowers.
On one hand, if the riskiness of a borrower is overstated the interest rate offered by
the bank might not be as attractive as the one offered by a competitive bank. On the
other hand, if the riskiness of a borrower is understated the bank will soon come
across unexpected losses in excess of its provisions.

The development of a credit model is vital for forecasting borrowers’ insol-
vency risk. The aforementioned model is a function of observable and unobservable
weighted risk factors. Its derivation is subject to a diverse range of risk factors and
their weights. Hamerle et al. (2003) report a generalized factor model for credit risk

! Neural Networks (NN).
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composed by firm specific financial factors, economic factors and their lags, sys-
tematic and idiosyncratic factors. For credit risk modeling and weight selection, sta-
tistical techniques vary among linear discriminant analysis (Altman, 1968; Altman
et al., 1994), conventional stepwise analysis (Butera and Faff, 2006), logit analysis,
NN (Angelini et al., 2008) and genetic algorithms (Back et al., 1996).

Technical instruments, like NN, have been widely applied for credit risk assess-
ment. They rather serve as default advisors (default—non default) rather than tools
for the exact estimation of default likelihood. Furthermore, they are recognised as
appropriate tools linked to the Basel II’s legislation framework for banks credit risk
assessment.

2.1 Basel Committee on Banking Supervision

The Basel II Capital Accord on Banking Supervision legislates the framework under
which the stability of financial institutions is ensured (Basel Committee on Banking
Supervision, 2006). Three supplementary parts build up the pyramid of Basel II's
framework, minimum capital requirements, authorities’ supervision of capital ade-
quacy and bank’s disclosures for market supervision. On the base of the pyramid
there is the adequate calculation of bank’s minimum required capital to account for
credit, operational and market risk. We emphasise on credit risk.

There are two alternative approaches that a bank can apply to determine the ad-
equate capital level for credit risk, namely standard approach and internal rating-
based approach (IRB). A general requirement for both methods is that the minimum
solvency ratio should be greater than 8%. The solvency ratio is the capital require-
ment for assets’ credit risk divided by ‘risk-weighted assets’.

capital requirement

> 8% . (1

Solvency ratio = — - >
risk-weighted assets

Under the standard approach, in order to compute the capital requirement, credit
risk ratings or risk weights for asset values are determined by an external credit
rating agency. However, under the IRB approach capital requirement for credit risk
is estimated internally by the bank. The IRB approach, Basel Committee on Banking
Supervision (2006), § 258, classifies bank’s assets to sovereign, bank, corporate,
retail and equity. For each asset class a different capital is required.

Banks are required to detain a minimum capital level to cover, with confidence
99.9%, unexpected losses from defaulted borrowers. Unexpected losses (UL) might
occur from economic depression. While banks can cover expected losses through
provisions, losses from unexpected economic depression are covered with capital
requirements.

Expected loss amount (EL) equals the product of the exposure at default (EAD),
the loss given default (LGD) and the likelihood that a borrower’s default will occur
in the subsequent year (PD). Basel II requires banks to hold a regulatory capital to
cover total realised losses from extraordinary events (TL) that might exceed provi-
sions (EL).
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That is,

UL =1.06-(TL—EL), (2)
-1 . -1
TL—a (@ (PD) — VR - ®~1(0.001)

N

Asset correlation (R) determines the extent to which the assets of a portfolio
are exposed to systematic risk factors such as macroeconomic risk factors. For
sovereign, corporate, and bank asset classes the asset correlation is given by

)-EAD-LGD. 3)

R=0.12- (M) 024 (1 1 —exp(—SO-PD))
1 = exp(=50) = exp(—50)
004 (1-522 4
o ( T4 ) @

Equation 4 introduces a firm-size adjustment to asset correlation (R) for expo-
sures of small and medium size (SME) firms (exposures between EUR 5 million and
EUR 50 million). The total amount of yearly sales (S) measures firm size and ranges
between EUR 5 million and EUR 50 million. For large firms (total sales higher than
EUR 50 million) the last part of the equation is eliminated. In our experiments we
neglect the low correlation between SME (see Section 4). Hence, exposures below
EUR 1 million are treated as retail exposures, as stated in Paragraph 232 of the
Basel 1I.

Banks can either estimate only the PD, ‘Foundation IRB’, or estimate inter-
nally all the above risk components, ‘Advanced IRB’. In Eq. 2 the multiplier 1.06
controls for the possible underestimation of UL because of the advanced IRB ap-
proach. A qualifying IRB approach requires the design of a risk rating system for
credit risk assignment, quantification and validation, that fulfils specific minimum
requirements. On one hand, banks’ borrowers should be assigned to homogenous
grades according to their risk exposures (PD). Then, for retail, all borrowers in each
grade are assigned the same PD, LGD and EAD. On the other hand, certain bor-
rower and transaction factors, i.e., collateral, seniority and type, must be consid-
ered.

In order for a bank to adequately calculate its capital requirements a reliable
credit risk quantification technique should be applied. The design of a risk rating
system for credit risk quantification can be done with one (or a combination) of the
following techniques; historical default experience from identical risk borrowers,
alignment to an agency’s credit rating scales and statistical credit scoring model. Of
particular importance is the last technique where the model is borrower oriented:
its derivation is subject to a diverse range of risk factors and their weights. For
credit scoring model and weight selection, statistical techniques or machine-driven
techniques, like NN, together with human judgment and IT systems shall be applied.
NN serve as default advisors (default—non default) rather than tools for the exact
estimation of default likelihood.
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3 Neural Networks

NN are learning strategies designed and implemented in order to grasp relationships
between input and output variables, assuming these relationships to be non-linear.
They are considered to be black-boxes since it is not possible to extract symbolical
knowledge neither from their current state, nor from their dynamic behaviour over
time: the network solves the problem without explaining which procedure has been
used. In this section, NN are introduced to define the background needed to discuss
the proposed model and the experimental phase.

3.1 An Introduction to Neural Networks

The Artificial Neural Networks’ (NN) behaviour is inspired by Biological Neural
Networks (BNN). They are composed of elements working in parallel (neurons)
which, taken as single units, are only able to perform just simple tasks: they process
information coming from other neurons via an activation function and they com-
municate the outcome of this function to other connected elements. The integration
of these simple tasks via distributed computing makes them suitable to execute de-

manding tasks.
inputs\

P

Fig. 1 Aurtificial neuron basic / output
structure

Without entering into BNN details, we can say that NN are composed of ele-
mental units (neurons, see Fig. 1) and of weighted and oriented links between them
(synapses). A value (a;) is assigned to each neuron which is later transferred to con-
nected elements. This value is determined w.r.t. the input values received from other
neurons (Zini) via synapses, the activation and the output functions. Each synapsis
is also associated a value, being either a positive or negative one, which determines
the magnitude of the transmission that is subject to learning over time.

Depending to their functions, artificial neurons can be classified as

 Inputs neurons, meaning neurons whose activation values represent the instance
inputs.

e OQOutput neurons, meaning neurons whose activation values represent the instance
output (solution).

* Hidden neurons, that are not visible outside the network, the task of which is just
a computational one.
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The network’s behaviour is determined by

* Activation Function, which determines the neuron’s output value starting from
connected neurons’ activation values.

* Synapses, which determine the activation quantity to be transferred to connected
neurons.

» Topology, which is the way neurons are connected to each other.

» Temporal Dynamics, which determine when to update neurons’ activation values
and the criterion to use to this extent (i.e., whether to update all neurons at a time
or to update just a subset: in the latter case, a criterion must be introduced to
formalise the choice of the subset).

These factors can either be determined by the user or learnt by the network itself.
Generally, a hybrid approach is applied, as some features are determined a priori by
the user and others by the learning procedure. Historically, synapsis’ weights have
always been subject to learning procedures leading to the development of learning
algorithms which became more and more popular ever since, i.e., Backpropagation.
Lately, learning paradigms have also been applied to other parameters, also due
to new Aurtificial Intelligence techniques allowing, for example, to determine the
best net architecture. Furthermore, it should be stressed out that generally learning
algorithms are developed for a specific net architecture: this means that generally
the architecture choice greatly influences the algorithm to be used.

Basic neurons may be organised in several architectures to build a Neural Net-
work. A first architecture proposes neurons completely connected to each other, so
as to determine a completely connected structure, as in Fig. 2a. Another architecture
proposes neurons to be grouped in several layers, conceived as disjoints and ordered
subsets, depending on their functions: we have an input layer, one or more hidden
layers and an output layer. Each layer is connected to neurons belonging to adjacent

layers.
i O O Q O O O
(a) completely connected (b) feedforward (c) recurrent

Fig. 2a,b,c Examples of network topologies

In the most common model, every neuron of one layer is connected to all neu-
rons of an adjacent layer, while there are no connections between neurons of the
same layer. Input neurons have no ingoing connections, whereas their activations
are the input data of the problem. A function transfers these activations (without
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any computation) to neurons belonging to the first hidden layer. Neurons compute
their activation function and they transfer it either to the next hidden layer, or to the
output layer. The information flow is feed-forward, as neurons receive information
from the previous layer and transfer their activation only to the next layer. Because
of this feature, nets of this kind are referred to as feed-forward (Fig. 2b).

RNN represent a variant of the layered structure introduced previously in which
a loop can be identified in the information flow. The most common are Jordan and
Elmans nets. In Jordan nets, there exist state units which act as input units (with self-
connections), receiving inputs directly from the output units; in Elman nets instead,
in top of a feed-forward network, we add a further layer composed of context units,
which receive input from the hidden layer and transfer their output to the very same
layer (Fig. 2¢). Also these units may have self-connections.

3.2 Learning Algorithms

To apply NN to the problem, a first phase consists in tuning its synapsis’ weights.
This task is accomplished by a learning algorithm, which trains the network by
iteratively modifying the synapsis’ weights until a termination condition is met.
In most applications, the learning algorithm stops as soon as the discrepancy (er-
ror) between the desired output and the output produced by the network falls be-
low a predefined threshold. There are three typologies of learning mechanisms
for NN:

* Supervised learning.
e Unsupervised learning.
* Reinforced learning.

Supervised learning is characterised by a training set of correct examples used to
train the network. The training set is composed of pairs of inputs and corresponding
desired outputs. The error produced by the network is used to change the weights.
Generally, the error is evaluated on a latter set, the zest set, and the algorithm stops
when the error produced on this latter set falls below a given threshold. This kind of
learning is applied in cases where the network has to generalise the given examples.
A typical application is the classification of inputs: A given input has to be inserted
in one of the defined categories.

In unsupervised learning algorithms, the network is only provided with a set of
inputs and no desired output is given. The algorithm guides the network to self-
organise and to adapt its weights. This kind of learning is used for tasks such as data
mining and clustering, where some regularities in a large amount of data have to be
found.

Finally, reinforced learning trains the network by introducing prizes and penal-
ties as a function of the network response. Prizes and penalties are then used to
modify the weights. Reinforced learning algorithms are applied, for instance, to
train adaptive systems which perform a task composed of a sequence of actions.
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The final outcome is the result of this sequence, therefore the contribution of each
action has to be evaluated in the context of the action chain produced.?

Diverse algorithms to train NN have been presented in the literature. There are al-
gorithms specifically designed for a particular kind of NN, such as the backpropaga-
tion algorithm (Rumelhart et al., 1986), which has become the most widely used al-
gorithm, or general purpose algorithms, such as genetic algorithms (Mitchell, 1996)
and simulated annealing (Kirkpatrick et al., 1983).

It is of particular importance to remark the main advantages and limitations of
NN systems. The main advantages are on the one hand their learning capabilities and
on the other hand the fact that the derived model does not make any assumptions
about the relationship amongst input variables. Conversely, a theoretical limitation
of NN is that they are black-box systems and the extraction of symbolic knowledge
is awkward. Moreover, the design and the optimisation of NN methodologies are
mainly empirical. Thus, the experience and sensibility of the designer have a strong
contribution to the final success of the application. Nevertheless, this work con-
tributes to the literature by showing that there exist some useful general design and
parameters optimisation guidelines.

3.3 Related Works

After their introduction in the 1940s (McCulloch and Pitts, 1943), NN have been
applied in several fields: weather forecasting, pattern recognition, robotics, data
smoothing, etc. Their application to the economical-financial area is more recent,
as it was pursued starting from the 1980s. It is possible to classify problems arising
in this area as follows:

1. Classification.
2. Temporal series forecasting.
3. Function approximation.

Credit risk assessment belongs to the second class,> and NN have been widely ap-
plied to this problem (Hamid and Igbal, 2004; Rong-Zhou et al., 2002; Pang et al.,
2002; Wu and Wang, 2000; Piramuthu, 1999) in order to be compared with stan-
dard econometric tools (Altman, 1968), generally showing better performances. To
measure performance, the percentage of wrongly classified firms, meaning the over-
all errors, over the test set is calculated.* The overall error is not a good estimator
of the net’s generalization capabilities. In fact, as stated in Section 1, errors can be
partitioned in two classes:

2 In these cases it is difficult, if not impossible, to produce an effective training set, hence the need
of the use of prizes and penalties, instead of the definition of an explicit error as in the case of
supervised learning.

3 The main example of the first class is asset prices prediction, whilst the third class represents
a residual class for problems neither in the first class nor in the second, i.g., pricing exotic options.
4 Results are reported in Atiya, 2001.
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1. misbo, indicating that the net wrongly classifies firms as in default when actually
they are in bonis.

2. misdef indicating that the net wrongly classifies firms as in bonis when actually
they are in default.

The second class of errors is the most important for banks as its presence means
granting the loan to an unsafe firm. For this reason, it is important to distinguish
between these two classes when measuring the NN performance. Yet, there is only
limited work Zone in this area. Table 1 illustrates previous results for this binary
classification reporting, for each work, the percentage of wrongly classified in bonis
and default firms (misbo and misdef) as a percentage over the test set.

Table 1 Statum of the art

Test set Test set

misbo misdef

% %

‘Wu and Wang, 2000 0 57.01
Jagielska and Jaworski, 1996 29.86 32.38
Pang et al., 2002 2.33 0
Angelini et al., 2008 13.3 0
Angelini et al., 2008 0 12.5

It is prevalent that NN exhibit difficulties in learning the concept of default, as
shown by the high percentage of misdef. This inefficiency has been the key assump-
tion in the previous work of Angelini et al. (2008), which used two net topologies
obtaining better (or comparable) results than the competitors’ ones reported in Ta-
ble 1 (for this reason this work is cited in two entries in Table 1, and it is worthwhile
to notice that the two nets are complimentary, as the first correctly classifies default
firms, whilst the second correctly classifies bonis firms).

Specifically, results reported in Table 1 (with the notable exception of Angelini et
al., 2008) must be taken cum grano salis, as they are obtained just by using a single
partition of data between training test and test set. In our work instead, we want to
take into account the general robustness of the devised NN, so we introduce several
partitions of data at hand and we devise statistical measures in order to directly
assess NNs’ behavior.’ The current work aims at introducing RNN to obtain even
better results than that of the outstanding literature.

Itis worthwhile noticing that there are several studies that compare NN with more
accredited linear models, but the final verdict of this comparison is far from being
univoque: NN outperform linear methods such as Logistic and Probit in (Fan and
Palaniswami, 2000; Galindo and Tamayo, 2000; Salchenberger et al., 1992; Odon
and Sharda, 1990). Some studies claim the superiority of linear methods (Yang et
al., 1999; Altman et al., 1994), while others still lead to un-unique results (Boritz
and Kennedy, 1995; Coats and Fant, 1993).

3 The same approach has been followed by Angelini et al. (2008).
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What is interesting is that assessing the superiority of a method over another one
is usually based on several non-homogeneous criteria: in such a case it is difficult, if
not meaningless, to try to assess the general superiority of a technique over another
one.

4 Data Set

For our experiments we used data of 76 small firms, clients of an Italian bank. The
sample is rather diversified and distributed across industries. Small firms are an
important feature of the Italian economy. Therefore, we apply the NN method for
banks’ lending decisions to the small size firms.

Generally, it is difficult to collect data from small firms, and even when available
it is often noisy. For this reason, banks have turned to NN for assistance in making
lending decisions more accurate, faster and cheaper. For each firm we have annual
data across three years (2001-2003)°, so that the sample period covers three years.
For each firm there are 15 indices: 8 of them are financial ratios drawn from all ratio
classes (Liquidity ratios, Asset Turnover ratios, Leverage ratios, Profitability ratios)

¢ (Cash flow/Total debt.

* Net working capital/Total assets.

e Turnover/Inventory.

¢ Trade accounts receivables/Turnover.
e Current Liability/Turnover.

» Equity/Total assets.

¢ Financial costs/Total debts.

¢ Value added/Total assets.

The remaining 7 are credit-positions-history ratios calculated by analysing the
credit positions with the supplying bank (‘Andamentale’ ratios):

o Utilized credit line/Accorded credit line,
* Unsolved effects (quantity (q))/Under usual reserve effects (q),
¢ Unsolved effects (value (v))/Under usual reserve effects (v),

and with the overall Italian Banking System (‘Centrale dei Rischi’ ratios):

» Transpassing short (s) term/Accorded credit line s term,

» Transpassing medium-long (m-1) term/Accorded credit line m-1 term,
e Utilised credit line s term/Accorded credit line s term,

e Utilised credit line m-1 term/Accorded credit line m-1 term.

Up to our knowledge the ratios of the latter group (credit-positions-history ratios)
have not been used in the previous literature (see Atiya, 2001). Statistical features
of the data set at hand can be found in Table 2.

6 This period may happen to be a down turn (or up turn) in a cycle. External factors such as business
effects and the macroeconomic environment can be neglected for the low correlation between small
and medium exposures (SME) and the economic cycle.
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Table 2 Ratios’ statistical features before pre-processing operations

Index Min Max Avg  Correct

entries
Cash flow/Total debt -1.07 0.52 0.04 315
Turnover/Inventory 0 1877.00 77.95 233
Current Liability/Turnover 0 127750 11.35 312
Equity/Total assets -10.69 1.60 0.03 305
Financial costs/Total debts 0 0.72 0.05 315
Net working capital/Total assets —78.75 1.01 -0.82 305
Trade accounts receivables/Turnover 0 13.84 0.51 312
Value added/Total assets -0.22 1.13 0.24 305
Utilized credit line/ Accorded credit line 0 14.54 0.81 219
Unsolved effects (q)/Under usual reserve effects (q) 0 4.48 0.48 39
Unsolved effects (v)/Under usual reserve effects (v) 0 5.15 0.52 39
Transpassing s/Accorded credit line s -2.74 18.95 0.21 156
Transpassing m-1/Accorded credit line m-1 0 3.99 0.11 207
Utilized credit line s/ Accorded credit line s —0.06 19.95 0.80 157
Utilized credit line m-1/Accorded credit line m-1 0 4.99 0.85 208

The sample firms are split in two groups: The in bonis group (firms repaying
their loan obligations at the end of the analysing period) and the default group (con-
versely, firms not repaying their loans at the end of the period).

4.1 Data Pre-Processing

A crucial phase in the deployment of a NN-based application is data pre-processing,
which is often performed without a systematic methodology (despite the several
issues that have been already discussed by Bishop, 2005). Therefore, in our work
we apply a simple, yet complete, data pre-processing procedure, that is explained in
more detail in what follows. This aspect is proven to be an important parameter for
NN’s performance.

4.1.1 Missing and Wrong Values

Some values were missing or were incorrect in the database. The most common
way to overcome this situation is to eliminate from the dataset all entries of the cor-
responding firm, but this would lead to a significant loss of information. In order
to preserve as much information as we could, we replaced the missing values with
‘meaningful’ ones: If a value was missing or was clearly wrong we decided to sub-
stitute the empty space with the arithmetical mean of the whole index. It is the mean
of all firms’ values over the collecting period corresponding to the particular index.
Otherwise, if the value was missing because of a computational error (i.e. variables
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are mathematical ratios, and in our sample some ratios can derive by a division by
zero) we decided to replace the missing value with the upper limit of the normalised
interval (see Section 4.1.3).

This choice can be understood by what follows: as the computational error occurs
when dividing the ratio by zero, we can imagine the result of this ratio being oo (in-
finitive). If we normalise the corresponding index, this occurrence will be replaced
by the maximum value in the range (we will see, this value being 1). Objections
about this approach can raise if both the numerator and the denominator in the ratio
were equal to 0, but no firms present such kind of property and indeed, due to the
nature of the indices, the likelihood of both the numerator and the denominator be-
ing 0 is negligible. For the sake of completeness, we point out that the eight Balance
Sheet ratios are the most ‘clean’: They present a tiny portion of wrong values and
no missing data. Credit-positions-history ratios are conversely more noisy, as they
present more missing and wrong data. Interestingly, wrong observations in Balance
ratios are due to both inconsitency and computational errors, whilst Credit-history
ratios suffer only from computational errors.

4.1.2 Erasing Useless Indices

Replacing missing and wrong values can lead to learning inconsistencies when the
observed attribute contains many missing or wrong values: in this case the net would
not be able to generalise starting from data at hand, as they are few and far between.

Furthermore, as we will see, the sample is split into training and fest set (see
Section 3.2) using some percentage ratios (we will use [70% 30%]). In the worst
case scenario, if a specific index has more than 30% of missing and wrong values
over the total number of observations, they are all included in the test set. This will
result in a tremendous loss in net’s generalisation skill. For this reason we decided
to erase from our analysis indices containing more than 30% of missing and wrong
values which are reported in what follows. These indices belong to ‘Andamentale’
and ‘Centrale dei Rischi’ ratios:

1. Unsolved effects (quantity)/Under usual reserve effects (quantity).
2. Unsolved effects (value)/Under usual reserve effects (value).

3. Transpassing s term/Accorded credit line s term.

4. Utilized credit line s term/Accorded credit line s term.

4.1.3 Data Normalisation

Normalisation is required to feed the net with homogeneously ranged data for each
input node. We used the interval [0, 1] for each node. Please note that by using stan-
dard normalisation techniques useful information might be lost due to the deviation
from the index mean (Table 2). Further, the average value of some indices is very
close to their minimum or maximum value, i.e, Turnover/Inventory, Current Liabil-
ity/Turnover, Utilized credit line s term/Accorded credit line s term, Utilized credit
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line m-1 term/Accorded credit line m-1 term or Net working capital/Total assets, re-
spectively. However, these ratios cannot be said to be incorrect and have important
financial meaning, so we decided to use a logarithmic formula to normalise them.
This formula is user-defined, thus it is very flexible:

X = log,(x +1). (5)

In the formula, X represents the normalised value, x is the value before normalisa-
tion and u is chosen by adding the value 1 to the maximum value belonging to the
index. For the formula to be valid, X must be always > 1, so we add 1 to the index
value, assuming its lower bound being 0 without loss of generality.

4.1.4 Correlation Analysis

Lastly, a Pearson correlation analysis was performed to identify the most strongly
correlated variables and remove them from later experiments. The analysis resulted
in no strong correlation between pairs of variables, so we feed the NN with the 11 in-
dices examined after erasing useless indices (see Section 4.1.2). Statistical features
of the dataset after the pre-processing phase can be found in Table 3.

Table 3 Ratios’ statistical features after pre-processing operations

Index Min Max Avg Total

entries
Cash flow/Total debt 0 0.76 0.52 318
Turnover/Inventory 0 1 0.58 318
Current Liability/Turnover 0 1 0.13 318
Equity/Total assets 0 1 0.27 318
Financial costs/Total debts 0 0.72 0.05 318
Net working capital /Total assets 0 1 0.42 318
Trade accounts receivables /Turnover 0 1 0.11 318
Value added/Total assets 0.14 1 0.40 318
Utilized credit line/ Accorded credit line 0 1 0.44 318
Transpassing ml/Accorded credit line ml 0 1 0.14 318
Utilized credit line ml/Accorded credit line ml 0 1 0.39 318

5 Experimental Analysis

In the experiments we used two topologies of Elman’s RNN: The first is obtained
just by adding a context layer to a standard three layered feed-forward network. For
this reason it is called Standard Elman (see Fig. 3).

The second topology of RNN is called Ad-hoc Elman and is obtained by adding
a context layer to a four layered feed-forward in which input neurons are first



160 G. di Tollo, M. Lyra

grouped by three, while the next layer connections are feed-forward. Each input
group is connected to one neuron of the following layer. For the analysis two ver-
sions of this network are used: in the first the context layer is connected with the
first hidden layer (see Fig. 4), whereas in the second the context layer is connected
with the second hidden layer (see Fig. 5).

Fig. 3 Standard Elman net-
work. Context units are shown
in circles

Fig. 4 First Ad-hoc Elman
network. Context units are
shown in circles
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Fig. 5 Second Ad-hoc Elman
network. Context units are
shown in circles

Please note that these networks are straightforward extensions of the two basic
architectures introduced in Angelini et al. (2008) obtained by adding a context layer
to define a recurrent architecture. Both networks are trained by using a backpropa-
gation algorithm, a supervised algorithm that performs an optimisation of the net-
work’s weights by minimising the error between the desired and the actual output.
This learning schema is characterized by a training set (the set of correct examples
used to train the network, composed of pairs of inputs and corresponding desired
outputs) and a fest set (used to test and evaluate the performance of the network).
The training set is composed of 70% of the overall sample, and the remaining 30%
composes the test set (this partition is widely used, see Atiya, 2001).

The inputs of the network are the eleven normalised attributes. In the Standard
Elman network, they are simply given as an ordered array, while in the Ad-hoc
Elman network they are first grouped in triads, where each group corresponds to the
values of an attribute over 3 years.

The output y of the network is a real value in the range [0, 1] interpreted as
follows:

* If y < 0.5 then the firm is classified as bonis;
» otherwise, the input is classified as default.

To ensure the consistency of the results we run 30 experiments for different
analogies between training and test sets. Each network has been trained and tested
with every possible combination of training and test set. Results for each partition
of data have been pooled together to draw statistical inference.

Tables 4 and 5 report results based on the previous work of Angelini et al. (2008)
who used a standard feed-forward net and an ad-hoc network with input neurons
grouped in triads. The tables report the misclassification error, in percentage points,
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Table 4 Feedforward networks: statistics over 30 different analogies between training and fest sets
set

Hidden Mean Std Mean Std Mean Std
neurons Misbo Misbo Misdef Misdef Overall Overall
% % % % % % %
25 10.53 11.59 14.00 11.19 11.74 8.96
26 12.13 11.87 13.00 11.83 12.43 9.50
27 12.80 12.83 14.00 11.47 13.22 9.89
28 10.27 9.84 14.00 9.98 11.57 7.93
29 10.93 10.41 12.75 9.61 11.57 8.58
30 12.13 11.87 13.25 11.68 12.52 8.94
31 13.20 10.89 14.75 11.76 13.74 8.84
32 11.60 12.03 12.25 11.14 11.83 9.58
33 13.60 12.34 16.00 11.58 14.43 9.43

Table 5 Ad hoc networks: statistics over 30 different analogies between training and fest sets set

Hidden Mean Std Mean Std Mean Std
neurons Misbo Misbo Misdef Misdef Overall Overall
11 + 11 (2 layers) 6.13 7.59 9.50 10.58 7.30 6.59

Table 6 Statistics for Ad-Hoc Elman Nets

Context Mean Std Max  Mean Std Max Mean Std Max
neurons Misbo Misbo Misbo Misdef Misdef Misdef Overall Overall Overall

1:1 6.27  7.43 33.33 8.61 8.05 37.50 7.48 6.09  30.44
1:22 573 6.74 33.33 .77 775 30.44 6.78 590  30.40
2:1 587 721 33.33 8.65 839  50.00 7.30 6.05  26.09
22 547 6.56 33.33 6.84 813  37.50 6.17 6.09 3044
3:1 4.93 6.14  26.67 7.84 835 37.50 6.44 543 2174
32 5.3 7.38 40.00 7.60 7.88  30.44 6.70 6.16  30.44
4:1 5.73 8.19 33.33 7.94 8.41  37.50 6.87 7.14  30.44
42 640  8.08 40.00 8.15 836  37.50 7.30 6.11 26.09
5:1 6.00 822 40.00 8.70 9.09  50.00 7.39 6.99  30.44
52  6.13 772 40.00 9.08 797  37.50 7.65 573 26.09
6:1 6.13 8.39  40.00 958 11.36  75.00 791 827 4348
6:2 680 802 3333 9.13 936  37.50 8.00 742 34778
7:1 4.93 6.43 33.33 7.84 7.86  37.50 6.44 5.71 30.44
72 5.87 597  20.00 7.47 731  37.50 6.70 514 21.74
8:1 5.33 6.87 33.33 8.31 6.18  25.00 6.87 449  21.74
82 6.00 741 3333 9.20 8.03  37.50 7.65 546  21.74
9:1 5.87 6.55 33.33 8.15 695  37.50 7.04 5.11 26.09
9:2 533 6.46 33.33 7.30 7.57  37.50 6.35 521 2174
10:1 547  7.82  40.00 8.19 8.84  37.50 6.87 698 3478
10:2  6.80 7.44 33.33 8.62 8.04  26.09 1.74 6.53  26.09
11:1 6.80  7.56 40.00 8.11 8.60  50.00 7.48 6.21 30.44
11:2  6.13 7.11 3333 8.07 754  26.09 7.13 547  26.09
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over the test set. The mean and the standard deviation of misbonis, misdefault and
overall sample classification are reported.

The results for the feed-forward network are very robust with respect to the num-
ber of hidden neurons. The average total errors are between 11% and 14%. The ad
hoc network has a total average error of about 7%.

Tables 6 and 7 show results for the two new RNN approaches. It is obvious that
these approaches perform better than the standard feed-forward ones, in both mis-
bonis and misdefault terms. These nets are not much robust with regard to neurons
in the context layer’ but the ad-hoc Elman network performs better than its ancestor

Table 7 Statistics for Standard Elman Nets

Context Mean Std Max Mean Std Max Mean Std Max
neurons Misbo Misbo Misbo Misdef Misdef Misdef Overall Overall Overall

971 1021 46.67 1223 10.04 62.50 11.01 824 4348

9.08 10.06 46.67 11.80 996  62.50 10.48 826 4348

8.72 931 40.00 12.08 1023 62.50 10.48 826  43.48

9.47 1070 40.00 11.85 9.64  37.50 10.70 839 3478
1120 11.62 46.67 12.75 9.82 4348 12.00 9.28 4348

8.53 9.62 3333 9.52 1030 62.50 9.04 8.19  30.44

9.60 10.00 40.00 11.55 1132 62.50 10.61 922 4348

9.60 11.28 40.00 11.89 939 37.50 10.78 820 3478

9.20 9.32 40.00 1294 10.81  50.00 11.13 8.48  43.48
10 8.27 9.58 40.00 10.61 991 39.13 9.48 7.69  39.13
11 11.33 9.55 40.00 14.65 9.87 39.13 13.04 791 39.13
12 11.87 1020 40.00 13.98 9.94  50.00 12.96 798 3478
13 933 10.78 40.00  12.65 9.53  37.50 11.04 834 3478
14 9.07 11.17 46.67 11.72 10.07 43.48 10.44 8.61 43.48
15 973 10.01 3333 11.77 10.40  50.00 10.78 893  39.13
16 9.87 1129 46.67 1232 1055 62.50 11.13 875  39.13
17 9.07 997 40.00 11.89 1047  50.00 10.52 8.66  43.48
18 7.87 9.40 40.00 13.04 10.68 50.00 9.48 779 30.44
19 1053 9.72 40.00 13.04 10.68  50.00 11.83 824  39.13
20 9.60 11.28 40.00 10.54 9.73  39.13 10.09 8.49  39.13
21 1093 9.69 40.00 1435 10.14 50.00 12.70 7.85 4348
22 827 1022 40.00 10.28 9.88  39.13 9.30 852  39.13
23 10.13 1145 46.67 1459 10.83  50.00 14.59 10.83 50.00
24 8.27 9.95 40.00 10.95 834  37.50 9.65 7.57 3478
25 8.40 9.88 46.67 11.50 1049  50.00 10.00 8.44  39.13
26 8.80 877 3333 11.63 9.56  50.00 10.26 775 39.13
27 1027 1036 40.00 1346 11.61 62.50 11.91 9.08 4348
28 9.60 10.00 40.00 11.89 9.60 37.50 10.78 792 3478
29 6.93 851 40.00 1035 8.69 39.13 8.70 7.19  39.13
30 8.67 9.64 40.00 11.08 10.56  50.00 9.91 852 4348
31 8.13 8.66 40.00 1242 10.74  62.50 10.35 790  39.13
32 8.53 943 3333 1222 10.16 50.00 10.44 8.00 3044
33 8.40 9.02 3333 13.02 10.67 50.00 10.78 8.06  39.13

O 01O N AW =

7 In Tables 6 and 7, the first number (before the colon) represents the number of context units and
the second (after the colon) represents the hidden connected layer.
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ad-hoc network, for almost every context setting. The average error is between 6.1%
and 7.9%, which is only in four cases worse than the 7.5% shown by the ad hoc net-
work. There is no perceivable relationship between the errors and the decision to
connect the context layer with the first or the second hidden layer.

Furthermore, there is an improvement in the percentage of misdefault prediction,
as in almost all cases the misdefault percentage is lower than 9.5%, which is the
advantage of the ad-hoc network. This is important as it gives further reduction to
the misdefault errors, an error class that is of particular interest for banks.

The same result holds when comparing the standard Elman net with the standard
Backpropagation, previously shown. Here the overall error ranges between 8.7%
and 13.04%, which is better than the [11.57% 14.43%] attained by the former stan-
dard net.

6 Discussion of Results

A first consideration that comes to the reader’s attention when comparing Tables 6
and 7 with Tables 4 and 5 is that, for the instance at hand, feed-forward networks
(both standard and ad-hoc used in Angelini et al. (2008)) are out-performed by El-
man nets built just adding a context layer to their feed-forward ancestors (also re-
ferred to as their old counterparts).

Considering first the differences arising in the two ad-hoc networks, we can see
that the EIman net shows better bonis and default classifications. Of course, a fair
comparison is not possible, as Angelini et al. (2008) uses just one topology for this
network structure. Nonetheless, numbers reported are useful to give a hint about
the performance of both feed-forward and recurrent networks. The Elman-ad-hoc
network attains lower valued in misbonis errors than for misdefault errors, but com-
pared with the ad-hoc network, the mean default-mis-classification is always lower
(except in 6:1 case), and the same holds for the Standard deviation (Std), which
means that results are more stable. Misbonis classifications are always better than
Angelini et al. (2008), except for 4 cases, and the mean overall errors are com-
parable. Please notice that in Tables 6 and 7 we did not insert columns about the
minimum achieved error over misbonis, misdefault and overall. This is due to the
fact that we found a configuration with null error over the test set for each case,
that means better results than the ones reported in Table 1. Furthermore, the results
report the superiority, in terms of stability, when compared to Angelini et al. (2008),
and a first proof in this direction is shown observing differences between maximum
misbo and maximum misdef over the Elman ad-hoc network: for each configuration
the maximum achieved value is not as high as one would have expected, given that
defaults are notoriously more difficult to classify (with the exception of case 6:1,
where the difference is 45%).® This also holds for Elman standard networks, and

8 Indeed, in 8 cases out of 22, that the maximum misbonis is greater than the maximum misdef.
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clearly demonstrates the good networks’ generalisation capability. Besides, we no-
tice that, in 5 out of 22 cases, the Elman ad Hoc’s misbonis mean is greater than the
old’s one, in just one case its misbonis mean is greater than the old’s and, eventually,
in 8 cases the old overall value outperforms the new one.’

Regarding the standard network, we must consider that Angelini et al. (2008) take
into account several network topologies. For this reason, when comparing our cur-
rent results with theirs, we take into account their best results over the object of com-
parison. Firstly, just in 7 cases (out of 22) the overall performances are worse than
their best configuration: this means that we have global performances that are gen-
erally better than their old counterparts, with Std of comparable magnitude. Then, in
17 cases we have better misbonis performances, while in 13 cases misbonis perfor-
mances are worse than their old counterparts: about misdefault, Elman nets improve
performances, but not as much as the Ad-hoc networks (or the standard’s misbo-
nis). With respect to misdefault, old and new performances are comparable, but also
here, as seen for the Ad-hoc network, the discrepancy between maximum misde-
fault and misbonis values is reasonable, witnessing the robustness of the approach.
Eventually, one should consider that we are targeting against the best performances
attained by Angelini et al. (2008), meaning that this analysis must be seen as an
upper bound over mean differences: Elman’s nets always perform better than their
ancestors.

It is of particular interest that, for recurrent networks, the Ad Hoc Elman performs
always better than the Standard Elman over both error classes. Thus, there is no need
to jointly use the two techniques to tackle one of the two classes of the problem (mis-
bonis or misdef). So, the Ad Hoc Elman can be used as a stand-alone method for
credit-risk assessment. This is important as Angelini et al. (2008) thought of the two
feed-forward counterparts as complimentary (specifically, Ad-hoc had very good
overall performances but it did not manage to correctly classify default firms, while
the Standard one had worse overall performances but it succeded in correctly classi-
fying default firms); in our experiments we see both approaches provide us with null
test set error as their best performances, but the Ad Hoc Elman net overperforms the
Standard Elman. Summarising, both of them overperform their ancestors, showing
that RNN are suitable for credit risk classification.

7 Conclusions

The Basel II Accord on Banking Supervision legislates the framework for banks
credit risk assessment. Under this framework banks are required to detain sufficient
capital to ensured with 99.9% confidence that losses from unexpected defaults will
be covered. Unexpected Loss (UL) is a function of several parameters including
probability of default (PD), the likelihood that borrowers will not fulfil their lending

° For this comparison, we did not account for tiny differences due to the diverse machine precision.
Furthermore, on our rather small sample, these discrepancies are negligible.
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obligations in the next 12 months. Banks are required under both the ‘Foundation
IRB’ and the ‘Advanced IRB’ approach to internally estimate their borrowers’ PD.

A number of techniques can be applied to calculate the PD of a borrower. Among
them is the statistical credit scoring model. Its derivation is subject to a diverse
range of risk factors and their weights. For credit scoring model and weight selec-
tion machine-driven techniques, like Neural Networks(NN), can be applied. NN can
serve more as default advisors (default-non default) rather than tools for the exact
estimation of default likelihood.

In this work we have shown that Recurrent Neural Networks are an effective tool
to support lending decisions: their performances can be viewed as state-of-the-art
in terms of both best results and robustness. Furthermore, they are able to learn the
concept of default and correctly classify default firms: this is of the utmost impor-
tance as false negatives (in our case, misdefaults) are usually much more important
in real world cases. We have furthermore shown that feed-forward NN’s perfor-
mances can be improved by adding a context layer, so modifying the topology of
the net without much effort. It is not clear if this assertion can be taken as a general
rule or if it depends on the features of the instance at hand. Further research will
concentrate this issue.
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From Chemical Kinetics to Models

of Acquisition of Information: On the
Importance of the Rate of Acquisition
of Information

Guglielmo Monaco

Abstract. We propose to describe the acquistion of information by the methods
of chemical kinetics, with information and knowledge likened to concentrations
of chemical species. The Verhulst-like model proposed is characterized by a lim-
iting knowledge which is specific for a given student. The assumption that time
and amount of knowledge are continuous variables is more questionable than in
chemical kinetics. Consideration of discrete time intervals lead to a quadratic map,
showing bifurcation and chaos. The case of two interacting students is also briefly
considered. The examples presented show that manageable teaching should be per-
formed at a sufficiently small rate.

1 Introduction

Education systems are typical complex systems, showing many levels of complex-
ity, from the interaction of national councils with educative institutions, to the in-
teractions of school administrators with teachers and students, to the interactions
teachers-students, down to the fundamental interaction student-subject to learn.!
Different levels are strongly interacting, due to the exchange of information and peo-
ple. A part from the obvious teaching process, information are exchanged through
the many channels of either formal or informal evaluation. The exchange of peo-
ple, in turn, is realized by the students which enter society and by the entry of new
personnel in the educative institutions. Educational policies are generally intended

Guglielmo Monaco
Chemistry Department, University of Salerno, Fisciano, Italy, e-mail: gmonaco@unisa.it

! An introduction to the complex approach in education can be found in Reigeluth CM (1993), Int.
J. Ed. Res. 19:117-131; See also http://ccaerasig.com/papers/04/Reigeluth-Chaos2004.pdf. Many
more information can be found in the journal Complicity: An International Journal of Complexity
and Education.
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to increase the quality or also the number of trained people keeping the public ex-
pense as small as possible. These policies are object of major social and political
concern and this is not surprising if one considers the difficulty of foretelling the
behaviour of these complex systems. Optimal choices are here a challenge as the
systems are pulled in different directions by the many internal and external forces
acting on them. A typical case is autonomy, which is beneficial as far as central
evaluation prevents any opportunistic behaviour of local institutions (Woessmann,
2006). Agent based modelling could be a useful tool in this field (Gross and Strand,
2000), but great care must be taken when defining the behaviour of agents. Agents
are human beings and could themselves have a complex behaviour. The intrinsic
complexity of man can play a role in many social system, and this is why the in-
clusion of cognitive architectures in social modeling is expected to be very helpful
in social modeling (Sun, 2007). The complexity of agents should be particularly
relevant in learning, which is often associated to a high emotional involvement.
Models of learning must face the following two hard problems.

1. The process of learning is very subtle and complex. As a familiar example,
one can consider that after thousands of years writing has been discovered by
mankind, pupils learn writing following different educative styles around the
world. It is not obvious whether an optimal educative style can exist, though it
seems more reasonable that any given style can be optimized. Different fields
are involved in this optimization, from the traditional pedagogy, to the somewhat
newer psychology, up to many more fields often grouped as cognitive sciences.
Despite the many efforts of the researchers of the different fields, to date, we are
certainly very far from a mechanistic description of learning in man, not to say
of the positive and negative interactions educatees can have among themselves.

2. It is mandatory to evaluate learning, because the lack of a proper evaluation
prevents the validation of any model of learning. Refined statistical techniques
have been developed to render the evaluation as objective as possible.> How-
ever, not all mind features can be evaluated with the same ease. Specifically,
the assessment of creativity is far more complicated than the evaluation of basic
knowledge.

Here, we intend to discuss models for the acquisition of information, which,
though a fundamental step of learning, does not require the involvement of cre-
ativity, which is harder to understand and evaluate. We will assume that both the
information / and the amount of information acquired (hereafter knowledge K) can
be quantified unambiguously, and we will only be concerned with problem 1.

A proper understanding of the mechanisms of acquisition of information would
be of great social and economical relevance, as it could lead to optimal designs
of syllabi and tracks. In effect the scheduling of the course is a major concern of
teacher’s work. Not less important are the implications for lifelong learning. The
dramatic reduction of the time needed to get information on a given topic thanks

2 The theory of specific objectivity is generally considered the prime tool for quantitative evalua-
tion. A rich source of information is www.rasch.org.
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to the benefits of communication technology could lead the reader to the illusion
of a linear scaling of the learning time: if the information is well organized, its
storage is ultimately limited only by the time devoted to the matter. The current
success of internet hyperpages, which offer the possibility to deepen this or that on
a given page according to the will of the reader, probably follows that idea. However,
the greed of information and the resulting overwhelming amount of information
are probably the best enemies of information itself. People speaking very fast and
saying too many (even interesting) things are not necessarily more communicative
than people speaking more slowly. Everyday experience clearly tells that learning is
limited in the amount of information that can be acquired in a given time. Learning
models must include appropriate mechanisms for this limitation. This point will be
addressed in the following.

2 The Evolution of Student’s State with Learning

As a dynamical process, learning must change the state of the student. In the non-
trivial attempt to define such a state, we will first consider what happens in physics.

In classical physics the state of a system of elementary particles is defined by the
properties of the isolated particles: masses, charges, positions and velocities. The
time evolution of the system, consisting in the the variation of some particle prop-
erties, is determined by the potential of interaction of the particles. Depending on
the limitations of the observation time and on the size of the system, the descrip-
tion of the system in terms of all the properties of all of its elementary particles can
become impossible. This is the case of strongly interacting particles which undergo
a complex individual movement in a much shorter timescale than observation; these
interacting particles can be described as novel bigger particles moving at observable
speeds. This happens in chemistry where, the rapid motion of subnuclear particles
is irrelevant for the comparatively slow chemical reactions, characterized by rear-
reangements of nuclear positions. Similarly the diffusive properties of low pressure
molecular gases can be understood in terms of movements of point masses, irrespec-
tive of the movement the atoms undergo in the molecule, and more examples could
easily be given. In a system with an irresolvable complexity (a true system accord-
ing to its veritable ethymological meaning), no bigger particles can be defined and
one is forced to consider the system as a whole. This is the case of thermodynamics,
where states are defined by a few properties, which are averages over all of their
many particles.

Thus, whenever a group of particles cannot be followed individually, positions
and velocities cannot be measured, and in the definition of state they are substi-
tuted by the smallest set of collective properties. On the other hand, the limited
observation time can even simplify the description of the evolution of the system.
Indeed, during the observation, the time variation of certain properties can be neg-
ligible within desired precision. The slow varying properties can be considered as
parameters when considering the evolution of the fast varying properties. This is
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the situation in electronic spectroscopy. Due to their heavier mass, nuclei are much
slower than electrons and, on the time scale of some spectroscopic measurements,
nuclei can be considered fixed and act as parameters in determining the proper-
ties of the electrons which behave as a whole (the electronic state). Interestingly,
albeit a molecule is clearly a true system, where a change in the position of any
particle is fundamentally linked to a variation of the positions of all the other par-
ticles, the different timescales enable to consider the evolution of the properties of
a subset of particles (the electrons), while other particles are kept as parameters (the
nuclei).

The student is certainly a complex system, which must be treated as a whole,
and the question arises: can a set {P} of relevant properties (for the education pro-
cess) be identified for him (and the teachers)? To have an operative definition, the
properties must be accessible: they should be susceptible of evaluation. This suggest
to consider the objectives of learning, which have been thouroughly considered by
Bloom (Bloom, 1956), and successively widely applied (Anderson and Krathwohl,
2001).

The idea that the whole student can be defined by a set of relevant properties is
no more than an assumption and we think that the mental state (S) of the student
must also be considered: the same student can perform very differently depending
on his mental state and a better performance can stem not only from his superior
knowledge or capabilities, but also from a more frequent occupation of a positive
mental state. Although such a mental state cannot be determined in any easy way,
its very existence is routinely assumed in teacher’s work. In this framework we can
indicate as |S, P) a student in mental state S with properties P. A model of learn-
ing should follow the time evolution of the valuable properties, considering that this
evolution depend on the mental state of the student. Preliminary explorations of the
possibility to model acquisition of knowledge and maturity considering two differ-
ent mental states have been reported elsewhere (Monaco, 2008). The demanding
requirement of considering the time evolution of the mental state can be simplified
if one considers the overall perfomance of a large set of non-interacting students,
where some averaged mental state matters, or a single student which has a constant
mental state during learning. The latter limiting case is probably more likely for low
level of education, focused on acquisition of knowledge, rather than critical think-
ing. This is the case of the present paper, which is focused on the acquisition of
knowledge K.

How to describe the time evolution of K? Cognitive sciences are revealing the
complex processes that occur in our brain during learning. The current opinion is
that all brain processes are ultimately electric discharges between neurons, pos-
sibly mediated by neurotransmitters. The electric discharges are consequences of
a change of concentration of positive and negative ions inside and outside neurons.
Novel stimuli — such as the incoming information during learning — are a cause of
the change of the distribution of ions. The temporary changes in the concentration of
ions can lead to permanent signatures in the brain. Experiments on mussels (Bayley
and Kandel, 2008) and mice (Dobrossy et al., 2008) have shown that memory — the
retention of information — is connected to synaptic remodeling and synaptic growth
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(Bayley and Kandel, 2008), and to neurogenesis (Dobrossy et al., 2008). In practice
changes of the concentration of ions are followed by changes of the concentration of
synapses or even neurons. Therefore, according to this picture, it is well tenable the
attempt of describing both / and K as concentrations and their evolution in terms
of standard processes of chemical kinetics.

3 A Verhulst-like Model

The picture of learning emerging from neuroscience is compatible with the basic
tenets of cognitivism, which assess that in order to learn something it is necessary to
find some correspondence between former knowledge and the new information. The
requirement of this correspondence will generally differentiate correlated pieces of
information, when they are acquired successively, even if they bear the same amount
of technical information. From classroom practice, one often has that a good knowl-
edge of first topics of a basic course speeds up considerably the acquisition of suc-
cessive ones. On this ground one can imagine to describe the process of acquisition
of information / as a typical autocatalytic chemical process:

k
K+1232K, )]

where k is a rate constant. If process 1 is assumed as an elementary chemical pro-
cess, the rate of change of K would be simply

dK

P kiKI. (2)
This Malthusian-like increase will be certainly limited for high amount of informa-
tion acquired. One can try to account for this limitation including the possibility that
different pieces of knowledge annihilate as a result of confusion. Confusion, in turn
can be generated either by information not related to the information to be acquired
I, or by that same information /:

ko

K+ K= 3)
ks I

K+K= . “4)

If processes 1, 3 and 4 are considered together as standard kinetic equations, one

ends up with

dK
r =k KI —2 (ks +k3I) K>, (5)

For a constant amount of information, Eq. 5 has a limit non-zero knowledge

kil

Koo=———"—.
7 2(ka + ksl)
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Rewritten in terms of K, Eq. 5 becomes

dx
i rx(l—x), (6)
where x = K /K is a normalized knowledge and r = k17 is the initial rate of ac-
quisition of knowledge. Eq. 6 is the Verhulst logistic equation, originally developed
to describe a population growth limited by a death process and ending in a finite
limiting population, in contrast with the unbound Malthusian growth.
From the solution of Eq. 5,

Ko Ko

K(l,t) = )
( ) KQ + (Koo — KQ) e "t

one obtains that knowledge increases or decreases with both amount of information
and time, depending on whether the starting knowledge K is either lower or greater
than the limit knowledge K. Thus, provided that the limiting knowledge is not yet
achieved (Ky < K ) the educatee will benefit from more time devoted to learn as
well as from a higher amount of information. Nevertheless a beneficial effect of an
increase of information can also occur for Ky > Koo, if the increase is substantial
as shown in Fig. 1.
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Fig. 1 The curve of limiting knowledge Ko as a function of the information to be acquired 1.
Starting from a knowledge K above (or below) the curve, knowledge decreases (increases) in
time (arrows with continuous line). In the upper region both partial derivatives (0K /d¢); and
(0K /dI), are less than zero. However a finite increase of information (arrow with dashed line)
can lead to a substantial increase of limiting knowledge
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3.1 Some Limitations of the Model

The Verhulst-like model is certainly more realistic than the Malthusian exponen-
tial growth. Moreover it differs considerably from the linear scaling of the learning
time, which assumes that all students can achieve the same results, albeit in different
times. Indeed in the Verhulst-like model students with different personal kinetic pa-
rameters k1, k, and k3 will have a different limiting knowledge. Clearly the personal
kinetic parameters can be expected to evolve together with the person; nevertheless,
if this evolution is slow with respect to the teaching process — as often happens —,
less talented students cannot be expected to perform as the more talented ones even
if they study for a longer time.

Personal evolution, resulting in time-dependent kinetic parameters, is only one
of the limitations of the above model. A stronger limitation is the assumption that
the acquisition of knowledge can be likened to an elementary chemical process. In
an elementary chemical process reactants interact to lead the products directly. Most
chemical processes are instead complex: the transformation of reactants into prod-
ucts occurs by many elementary processes, which sometimes are unaccessible by
experiments and can only be hypothesized as possible interpretations of the overall
rate. If process 1 is likened to a complex chemical reaction, its rate is expected to
show different behaviours in different intervals of K and /. Following the custom-
ary approach of chemical kinetics, the rate in a given interval can be approximated
by

Kkt

dr
where k| and the exponents k ands i (the orders of reaction) depend on the interval
of K and /. Acquisition of knowledge is better described by a complex reaction
than by an elementary process. Indeed man has a limited capability of perception
of stimuli: the reading rate of a sentence is not influenced from the following one.
Therefore, for a sufficient amount of information the rate of acquisition of knowl-
edge is expected to be independent of the information itself: i = 0. In this case
the curve of the limiting knowledge will be a decreasing function of information
amount. Finally, if the information-driven confusion is also neglected the curve of
limiting knowledge would reduce to a horizontal line. Probably none of these very
different behaviours is totally unsound and each of them could be valid for different
sets of personal parameters and teaching environments.

Last but not least limitation concerns the timescale. A single reaction has its own
dynamics and cannot occur in a time shorter than a given A¢, generally less than
107"25. Chemical kinetics deals with very large numbers of molecules, tipically of
the order of 10%*. In typical slow reactions billions of billions of molecules react in
a second and the kinetic constants are averages over this enormous amount of events.
It is therefore not suprising that the timing of the single chemical reaction and the
discrete amount of molecules are irrelevant on the whole. Indeed classical chemical
kinetics are determined by differential equations, defined in terms of infinitesimal
increments of concentrations and time.
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The situation of learning is substantially different for three concurrent changes:

1. the timescale of human perception is limited by the duration of the electric
spikes occurring in synapses, of the duration of roughly 1073 s;

2. in a couple of seconds no more than roughly 7 elements of information can be
acquired by man in the short-term memory (Miller, 1956);

3. the numbers of neurons and synapses in a human brain, roughly 10'! and 10'*
(Braitenberg V and Schiiz, 1998, Tang et al., 2001), are smaller by many order
of magnitude than the typical number of molecules in a chemical reaction.

Clearly the assumption that K, I and ¢ can be considered as continuous variables
is less founded than the analogous assumption made in chemical kinetics.

4 Finite Time Intervals

As a first step in the direction of accounting for the limitations of the continuous
Verhulst-like model, we will consider the effect of a finite At.

4.1 A Discrete-time Verhulst-like Model for a Single Student

For a finite At equation 6 can be approached by finite differences:
Xp = Xp—1(l +a—axp—1), (M

where the parameter a = k;/ At is the amount of information supplied in a time
At, weighted by a student-dependent kinetic parameter k1: a rate of acquisition of
information. Equation 7 is a quadratic map, and is very close to the well known
logistic map (May, 1976).

The value of x, cannot be negative, as this would indicate an unacceptable neg-
ative knowledge. According to Eq. 7 this situation happens if x,_; > 1 +a~!. On
the occurrence of this situation we set x,, = 0. The limiting values for x, (n > 500)
starting from xo = 0.01 are reported in Fig. 2.

For a < 2, the knowledge approaches its Verhulst like limit (xo, = 1), although
with different times (for small a the approach of the limiting value is extremely
slow). For higher values of a successive x; values can oscillate between two ore
more different values, either higher or lower than the Verhulst-like limit. Moreover
for certain values of the amount of information, the variation of x,’s has no period-
icity at all (deterministic chaos). Above a = 3 the limiting normalized knowledge
vanishes.

Thus, according to this model, the system student-information has a rate of ac-
quisition of information, a = 2, that should not be overcome in order to pre-
vent a chaotic and thus unmanageable behaviour. If bistability occurs supplying an
amount of information /™ in a time ¢*, a 150% increase of the amount of informa-
tion (1.571*) results in complete loss of learning capability.
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Fig. 2 Limiting values x,, of normalized knowledge as a function of the rate of acquisition of
information a. xo was set to 0.01

4.2 A Discrete-time Verhulst-like Model for Two Students

As a final example of the complex pattern that can be expected for the acquisition of
knowledge we will consider two interacting students with same personal kinetic pa-
rameters, grouped in parameter a. The interaction is a further source of uncertainty
because neither the functional form of the interaction nor its parameters can be as-
sessed a priori. We will consider a model in which the knowledge of a student can
act like a source of information for the other one. In these case the two normalized
knowledges will be given by

2
Xn = (1 4+ a)xp—1 —ax,_; + CintXn—1Yn—1,

Yn CintXn—1Yn—1 + (L + a)yn—1 — ayﬁ—l >

which are simplified forms of the equations used to study strange attractors. Fig-
ures 3 and 4 report two different cases for the interacting students. In Fig. 3 we see
that small interaction parameters (cj,y = 0.1 or cj = —0.1) for students starting
from the same prior knowledge (x; = y; = 0.01) results in a limiting normalized
knowledge either higher or lower than the one expecxted in absence of interaction,
but the overall behaviour of the x, /a map is substantially unchanged.

A different situation is obtained if the two students have a different prior knowl-
edge (5x; = y; = 0.05). In this case we get that i) for small rates the limiting
knowledge is increased, ii) the onset of the unmanageable regime occurs earlier
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Fig. 3 Limiting values of normalized knowledge x,, (n > 500) for two interacting students with
the same value of the parameter a = kI At. Starting knowledge and interaction parameters have
been chosen as indicated on the graphs. In these cases, the normalized knowledge y,’s of the
seconds student are equal to the x;,’s
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Fig. 4 Limiting values of normalized knowledge x,, and y,, (n > 500) for two interacting students
with the same value of the parameter @ = kI At. Starting knowledge and interaction parameters
have been chosen as indicated on the graphs

than in the case of the single student, iii) the worse starting student goes earlier to
zero knowledge, iv) both sudents have two zones of bistability, v) the better start-
ing student has rates leading to zero knowledge inside the unmanageable region.
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The modifications occurred are a clear example that the learning maps can become
considerably more complicated on account of interaction.

5 Conclusions

Agent based modeling has been applied successfully to a variety of social systems.
Can it be applied to education as well? Can agent-based modeling help in designing
sillabi and tracks for a class of interacting students? A positive answer would mean
that, given certain rules for the acquisition of knowledge and for the interactions
among students, one can recover the best set of teaching parameters, among which
there is the rate of acquisition of information. For too much complicated rules, mod-
els would soon become useless as it would be difficult to separate the effect of the
performance of a single student from the rules of interaction among students.

Here, we have investigated a learning model based on the analogy of knowledge
with the concentration of a chemical reactant, as suggested by recent insights of
cognitive sciences. The Verhulst-like model proposed is characterized by a limit-
ing knowledge which is specific for a given student. The assumption that time and
amount of knowledge are continuous variables is more questionable than in chemi-
cal kinetics. This consideration has led us to consider discrete time intervals, which
lead to a quadratic map, showing bifurcation and chaos. This complex behaviour is
even enhanced upon consideration of two interacting students. According to these
models a teaching process, susceptible of optimization through agent based model-
ing can only be expected when the rate of acquisition of knowledge is sufficiently
low.

Acknowledgements The author dedicates this contribution to the memory of the great man and
thinker Prof. G. Del Re, who first suggested him to consider education in the light of the theory of
complex systems.
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Thermodynamic-like Approach to Complexity
of the Financial Market (in the Light of the
Present Financial Crises)

Andrei Khrennikov

Abstract. We consider dynamics of financial markets as dynamics of expectations
of its agents and discuss such a dynamics from the point of view of phenomeno-
logical thermodynamics. We describe a financial thermodynamic-like cycle and the
financial analogue of a heat machine. We compare complexity of the financial cy-
cles with complexity of analogous thermodynamic cycles. Our thermodynamic-like
model of the financial market induces a rather unusual interpretation of the role of
financial crises. In contrast to the common point of view, financial crises play a cru-
cial role in functioning of the modern financial market. A financial cycle could not
be completed without such a stage as well as any (physical) thermodynamic cycle.
Thus, in spite of its destructive (at the first sight) consequences, the stage of finan-
cial crises is as well important as the stage of “boiling of the financial market”. We
also discuss a possible decision-making strategy for traders induced by our ther-
modynamic model. It is, in fact, a decision strategy at the market with an arbitrage
possibility for a special group of traders.

1 Introduction

Financial market is a gigantic system operating with huge ensembles of securities.
It is natural to expect that its functioning has common features with the function-
ing of physical systems, which operate with enormous statistical ensembles. One
can expect methods of classical statistical physics, together with methods of clas-
sical thermodynamics, to work successfully in financial processes modeling. This
model class is the most important component of econophysics (Mantegna and Stan-
ley, 1999). Chief contribution of the author to econophysics, see Khrennikov (2000,
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2002, 2004), is the realization that a financial market is an information system, op-
erating with information values, cf. Soros', 1987. A similar idea (in various forms)
was present in publications of other authors, Choustova (2002, 2004, 2006, 2008);
Haven (2006); Arouri et al. (2009); Purica (2009); Haven and Khrennikov (2009).
The key part is played not only by market’s internal information media, e.g., shares,
but also by psychological values, for example, expectations of market players, news
and prognoses, that are published in newspapers and announced on TV, politicians’
claims and so on. The latter are immediately transformed into modified expecta-
tions. The expectation variable x will play a fundamental role in our model. The
simplest way to quantify x is to order the degree of optimism vs pessimism and
encode it by real numbers, x € R, where the symbol R denotes the real line.

Thus complexity of the financial market cannot be simply reduced to complexity
of actions of traders and dynamics of real economics. Extremely complex system of
social relations coupled to mass-media and even politics plays an important role in
the dynamics of psychological states of agents of the financial market by influenc-
ing their expectations with respect to future development of stock prices. Consider
possible dynamics for the x-variable, say

d
d—):(t) = f(x.y), where y(r) = (m(1).e(t).n(t)) . (1)

the m-variable describes parameters of market’s activity, i.e, Dow Jones Index, the
e-variable describes the state of real economcs. i.e., GDP real growth rate, the
n-variable describes information provided by mass media and state authorities, Cen-
tral Banks (CBs) or Federal Reserve System. Taking into account the n-variable is
a crucial point of our model. The main problem is that quantification of n is not
a simple task. For example, n contains Federal Funds Rate as one of its coordinates
and this coordinate is easily quantified. However, it is not easy to quantify the infor-
mation impact of say an interview of a politician or a top-level financial expert. In
a mathematical model it is natural to consider n as a random variable, n = n(t, w),
where o is a random parameter. Following tradition of the financial mathematics,
we can consider n is driven by a stochastic differential equation (SDE), say of the
diffusion type:

dn(t,w) =a(t,n(t,w),w)dt + b (t,n(t,w), w) dw(t,w), 2)

where w(z, ) is the Winer process, so dw(#, @) describes informational noise com-
ing (to market’s agents) from mass-media, finanical and state authorities, experts.
The coefficient a(t, n, w) describes the main trend in mentioned information, the
coefficient b(z,n, w) describes “diffusion of information”. In coming model, the
monitoring of a (¢, n, w) provides a possibility of monitoring of the n-variable and,
hence, the x-variable, expectations of market’s agents. In contrast to (2), dynamics
of expectations (1) does not contain a diffusion-type term. In the ideal case (which

! G. Soros was one of the firsts who started to treat (both practically and theoretically) the stock
market as an information system which is sufficiently independent from the dynamics of the real
economics.
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we would like to emphasize in our model), the main source of randomness is the
“news”-variable n(t, w). Of course, the real dynamics of expectations also should
be described by SDE:

dx(t,w) = f(t,x(t,w), y(t, w),w)dt + 0 (t,x(t,w), y(t, 0),w)dw(t, w). (3)

The second term describes randomness of dynamics of expectations. However, in
our model we will pay the main attention to monitoring of x(¢) through monitor-
ing of n(¢). The impact of o (¢, x (¢, ®), y(t, ), w)dw(t, ) can be neglected, not
because it is negligibly small, but because at some stages of the evolution of the
finanical market its contribution can be neglected comparing with the contribution
of the “news”-variable n(t, w).

At the moment (as a consequence of the recent crash) the problem of regulations
at the stock market is a hot topic for debates in financial, state, and academic cir-
cles. However, typically solutions of this problem are reduced to regulations in the
form of more rigid rules for various operations, bonus system and so on. In such
regulatory projects the real complexity of the stock market (which includes psy-
chological states of people involved in operations with financial assets) is not taken
into account. Our model emphasizes a role of psychological behavior of market’s
agents, i.e., the variable x (¢, w). The main message of this model to financial and
state authorities is that practically meaningless to appeal to rigid regulations for fi-
nancial operations, to modifications of the bonus system and so on. It would not
change crucially the basic structure of financial crises — a possibility for arbitrage
for a special group of people. (This point will be clarified little bit later). Only open
recognition of such a possibility of “selected arbitrage” will change crucially mar-
ket’s psychology and it will restrict the rick-oriented behavior of traders. It is clear
that a decision-making strategy under context of arbitrage (even for a special group
of traders) will differ crucially from the present risky strategy. Later we will not use
so to say “individual state” variables, x and y. Therefore it is a good place to com-
pare our approach with traditional financial mathematics. Coming back so far as to
pioneer Bachelier’s model, we get a diffusion-type equation for the price change
variable v:

dv(t,w) = ag (t,v(t,w), w)dt + bg (t,v(t, w), w) dw(t, w) . 4)

This equation has no direct coupling with the expectation variable x and, hence,
no direct coupling with the the “news”-variable n. Thus the idea of a possibility of
monitoring the v-variable through SDEs (2) and (3) is totally foreign to the modern
financial mathematics. The latter is based on the efficient market hypothesis which
implies the total impossibility of permanent arbitrage at the financial market. The
efficient market hypothesis which was formulated in 60th by Samuelson (1965) and
Fama (1970) is a cornerstone of practically all modern approaches to modeling of
financial processes; in particular, so called financial mathematics based on theory
of stochastic processes. Our thermodynamic-like approach rejects the efficient mar-
ket hypothesis (at least this hypothesis should be used under essential restrictions
induced by the real situation at the financial market), (cf. Choustova, 2002, 2004,
2006, 2008).
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The second most important moment in creation of our model is the realization
that for the prediction of the behavior of stock market, one should use collective,
rather than individual, variables. In physics, phase-space coordinates (position and
velocity, or to be more precise momentum: (x, p)) of a single gas particle are
routinely chosen as individual variables. In principle, we can describe the physi-
cal dynamics by means of these variables. Here we have Hamiltonian dynamics
or stochastic dynamics of Brownian motion (or of the more general diffusion pro-
cesses) type. Most financial market models work with this class of variables, ap-
plication of stochastic processes being the most popular technique, see Shiryaev
(1999), or Mantegna and Stanley (1999). Of course, already in physics it has been
fruitless to undertake solving a system of Hamiltonian equations for millions of gas
molecules.” The use of probabilistic description has been proposed. Instead of a sys-
tem of Hamiltonian equations, we shall use Liouville equation. Describing price
fluctuations by means of stochastic processes, one is mostly interested in probabil-
ities dynamics, making use of forward and backward Kolmogorov equations. Yet
there is another approach to the collective variables introduction, that is the ther-
modynamic one. Operating with such variables as gas temperature 7, its energy E,
work A, volume V, pressure P, we can describe the output of the “activity” of big
ensembles of gas molecules. We apply this approach to the financial market. It may
be said, that this paper is about financial thermodynamics, (cf. von Neumann, 1945;
Cimbleris, 1998; McCauley, 2003, 2004; Mimkes, 2006; Smith and Foley, 2009;
Petersen et al. 2009). Handling the terms such as the temperature of the market, the
energy of the market, work of monetary funds, we create the thermodynamic model
of the market. In our model thermodynamic financial variables are defined not only
by “hardware” of the market, but by its “software” as well. Not only real economical
situation, not just stock prices, but psychological factors as well contribute to, e.g.,
the temperature of the market, (cf. Soros, 1987; Khrennikov, 2004; Haven, 2006;
Choustova, 2002, 2004, 2006, 2008; Arouri et al. 2009; Purica, 2009; Haven and
Khrennikov 2009). Thus, our model is informational financial thermodynamics.

Now there is the last important moment. In practically every known econophys-
ical model, financial processes have been considered as objective processes. This
point of view is the most distinct in the models based on the theory of stochastic
processes. Financial randomness has been considered an objective one Mantegna
and Stanley (1999). The simplest form of this postulate, Malkiel (2003), can be
found in the financial market model where stock prices considered to be random
walking. From this point of view, the play strategy better than the one based on coin
flipping (heads — go long, tails — go short) cannot be found. Of course, even the
advocates of stock market objective randomness understand this model to be some-
what primitive. They tried to “improve” on it by considering new and new classes of
stochastic processes: different modifications of Brownian motion, Levy processes,
martingales, submartingales, etc., Shiryaev (1999). For example, geometric Brown-

2 A hundred years ago it was an unsolvable mathematical problem. Nowadays, one can, again in
principle, attempt to compute it; however, visualization of millions of trajectories would be still
impossible.
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ian motion was very popular during a long period. It satisfies the following SDE:
dP(t,w) = uP(t,w)dt + vP(t,w)dw(t, w) (5)

where u (“the percentage drift”) and v (“the percentage volatility”’) are constants.
The equation has an analytic solution:

P(t,0) = P(0,w)exp ((u —v*/2) 1 +vw(t, w)) . (6)
The crucial property of the stochastic process P (¢, w) is that the random variable
log (P(t,w)/P(0,w))

is normally distributed. However, all these exercises in probability theory have been
only meant to confirm the postulate of stock dynamics being akin to the stochas-
tic dynamics of gas flow.? If one wants to explore our approach in the framework
of modern finanical mathematics, then SDE for the price dynamics or price-change
dynamics, cf. (4) or (6), should be modified to include the influece of the psycho-
logical variable x (¢, w) and, hence, the news variable n(z, ®). In the class of SDEs
of the diffusion-type, one should work with SDE of the form:

dP(t,w) = A(t, P(t,w), x(t,w),w)dt+B (t, P(t,w), x(t,w), w) dw(t, w), (7)

where the psychological state x (¢, w) is driven by SDEs (2), (3).

Well-known fact however is that people for long have known how to make ar-
tificial systems to control hot gas flows. A work is performed by these systems;
which, meanwhile, consume fuel. Moreover, as the power of the systems and their
number grow, the negative influence of their activity becomes more and more con-
siderable. Financial market functioning studied through thermodynamic analysis
bears apparent resemblance to the operation of a heat machine. Thereat, the fact
that the machine implementing a financial cycle — which is a direct analogue of
a thermodynamic cycle — is manmade cannot but strike one’s eye. In principle, fi-
nancial specialists have been monitoring financial cycles for long, and the records
can be easily compared to our financial-thermodynamic description, (cf. Malkiel,
2003).* However, econophysics approach makes the structure of financial cycles
particularly simple. The analogue to heat machine is the strongest metaphor render-
ing the shadowy structure given by liberal economics sharp. The main conclusion
of this work is: After (or, possibly, simultaneously with) the invention of physical
heat machines, man contrived “financial heat machines”. Both physical and finan-
cial (informational) machines enable work doing (in the latter case the work has
the meaning of a profit), realizing cycles of the thermodynamic type. Unlike the

3 This means that modern financial mathematics has a clear ideological dimension. Financial pro-
cesses are like natural phenomena. One cannot avert a financial hurricane just as one cannot stop
a hurricane formation in Caribbean Sea. There are only aftereffects to fight with.

4 Though the author of this book promotes random walk model, the book contains amazingly
demonstrative description of a number of thermodynamic-like financial cycles.
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physical heat machine, financial one can break the second law of thermodynamics,
allowing, in principle, for creation of financial perpetuum mobile.> And still, both
engines’ work feature the last stage, that is steam cooling. Financial notion of this
stage is financial crisis. Thus, financial crisis in our model is not generated by the
objective randomness of the market. Just as in physical heat machine, it is a critical
stage of the working cycle. Without it, physical or financial heat machine just cannot
work.

Well, financial crisis is not a financial hurricane of a random nature. It is a man-
designed stage of “financial heat machine” operation. Crises elimination would
wreck the machine and render financial market unattractive to its creators. Appar-
ently, one should not undertake to fight financial crises as such, but rather alleviate
the damage to the “environment”. Trying to suppress the use of thermodynamic cy-
cles in physics is absurd. No wiser would be to try to forbid the use of the financial
thermodynamic-like cycles. Informed people will seek to use the cycle nonetheless.
World-wide Counteragency for Financial Heat Machines is a non-starter. That is
why we should look to lower the “exhaust”, and move to more advanced models.

Besides “justification” of crises as objective stages of market’s development, this
paper opens the door to a new domain of financial engineering — the use of finan-
cial counterparts of thermodynamic theory and improvement of “financial heat ma-
chines” by comparing them with the most effective physical heat machines. It is
easy to see that thermodynamic-like financial cycles considered in this paper do not
matches completely the Carnot cycle (the latter is the most efficient in thermody-
namics). It is an interesting, but complicated project to design Carnot-like financial
cycles. We remark that the analogy between cyclic functioning of physical heat
machines and financial cycles was already explored in Khrennikov (2005). In the
present paper we essentially extend this approach: by performing detailed analysis
of economic and financial consequences of the thermodynamic-like approach to the
financial market and by illustrating our model by the present financial crises. We
also consider more complex financial cycles than in Khrennikov (2005). Moreover,
a deeper analysis performed in this paper demonstrated that, in contrast to the claim
in Khrennikov (2005), thermodynamic-like financial cycles do not coincide with the
Carnot cycle (although they have a lot in common), see Sect. 6 for comparison of
the physical Carnot cycle and financial cycles under consideration. Another impor-
tant new contribution is exploring of temperature-entropy diagram in the financial
framework. It completes essentially the picture of market’s dynamics given by the
(V, P)-diagram, where V is the volume (of shares) and P is the price (of per share).
Since our approach is based on the dynamics of the psychological states of agents of
the market, we define market’s entropy on the basis of the probability distribution of
variety of expectations of future development of the market. We will not take care of
the individual dynamics of the expectation variable, x (¢, @), nor the news dynamics,
n(t,w). To define dynamics of e.g. entropy, S(¢, w), we need only the probability
distribution p(¢, x) of the stochastic process x (¢, w).

> While the Maxwell’s demon does not exist in physics, financial Maxwell’s demons may exist
(and draw good income, too).
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2 Ideal Thermodynamic-like Cycle at the Financial Market

For simplicity, let us consider functioning of the financial heat machine for shares
of one fixed company. Suppose that totally it was issued V' shares. Suppose that
a group of people, say G, “designers of a financial heat machine”, was involved in
the issue of shares and they got AV = V — V] hares which they do not sell (for
a moment) and the rest of shares V] circulates at the market.°

We discuss the dynamics of the market when the number of shares, which do not
belong to G, is equal to V; and the price (at so to say “open market”) is equal to P;.
Thus the starting point is characterized by the pair 1 = (V1, Py).

Then we consider the market dynamics when the expectations of the price grow
to P > P, but (for simplicity) no new shares sold (so people from G just wait
and do not sell their shares) and the market arrives at the point 2 = (V}, P). At the
moment we do not discuss the method how this rise of expectations is achieved, see
Sect. 3.

Then the group G starts to sell shares at the fixed price P, and the aim is to sell
all their shares, so that, finally, the total volume of shares at the financial market will
be equal to V. For simplicity we assume that the price of shares during this process
will be fixed. Suppose that the G-group sold all its shares. The market arrived at the
point 3 = (V, P).

Then a market crash occurs: the price of shares falls from P to P;. The market
arrives at the point 4 = (V, Py).

Then G-people buy again AV shares at the price P reducing volume (at, so
to say, “open market”) to Vj. Thus the market arrives back at our starting point
1 = (P, N1).

What will be the result of all these four processes? Namely, the result of the
cycle:

1. Rise of the price 1 = (Vi, P1) — 2 = (V1, P).

2. Then G-people sell their shares at the high price 2 = (V}, P) — 3 = (V, P).

3. Then market crash 3 = (V, P) — 4 = (V, Py).

4. Finally, G-people buy again shares, but at the low price 4 = (V, P;) — 1 =
N, Pr).

The result will be the profit:
A= APAV,

where AP = P — P,AV =V — 1.

The above described picture is obviously an analog of a cycle in thermodynamics,
e.g., the Carnot cycle. The price P is the analog of pressure, and the volume of
the market (the number of shares) V' is the analog of volume of gas. The profit A
is the analog of work (or energy). If we will continue these physical analogies,
expectations will be the analog of vapor. We mention that Malkiel (2003) compared
expectations of people at the financial market with Castles-in-the-Air.

6 There are other ways to collect shares at sufficiently low price, see considerations below.
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Fig. 1 (V, P)-diagram for A
the ideal financial cycle
2 . 3
p A Y
1 = 4
Vv >

By my model if one would be able to influence the expectations of the people
operating at the financial market, then one would be able to make profits using the
described financial thermodynamic-liked cycle. We remark that the profit produced
by the financial Carnot cycle is given by the area of the circuit 1234 (as for the
physical Carnot cycle).

Remark. (On the structure of G-group) The group of people who “design” the
concrete financial cycle has quite complicated social structure. Only in the simplest
case it can be sharply defined, e.g., John, Bill, Emmanuel. In general it is a diffuse
social group and the measure of involvement in the financial thermodynamic-like
cycle varies essentially in this group; moreover, it can vary essentially with time.
Besides more or less well defined kernel Gy consisting of people having money, ex-
perience, and contacts, at some stages G includes a large group, say G, of financial
speculators who know that a new cycle has been started. The latter can buy respec-
tive financial asset(s) during the stage (1 — 2) when the price is not yet too high.
They can actively participate in heating of the financial market and then in its cool-
ing. They can obtain essential profits from a cycle, but their profits are very small
comparing with profits of the Gy-group. In contrast with the Gy-group, G;-people
can be considered as speculators, since they take some risks. However, their risks
are very low. They know more or less precisely when this cycle starts and when it
will come to crash; if not, they secure their profits by a well developed system of
bonuses a nd other similar instruments. Of course, Go-people cannot be treated as
speculators. They take practically no risks, their activity is based on a possibility of
arbitrage. The latter is incorporated in the structure of a cycle.

3 A Role of Mass-media, a Financial Perpetuum Mobile

To get a better understanding of this concept let us discuss the standard steam en-
gine’ from a thermodynamic point of view. In a steam engine we have a boiler,

7 Functioning of the steam engine matches better with financial cycles of former times, modern
financial cycles are closer to the Carnot cycle.
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a cooler, and the cylinder, where the thermodynamic cycle (in the idealized case)
takes place.

The cylinder in our language is the analog of a financial market. What are the
analogues of the boiler and the cooler (without which the steam engine will not
work)? The boiler is a component which is used to “heat the expectations” of par-
ticipants of the market and to increase the price. We propose to use mass media
and other sources of financial influence as the analogue of a boiler. If one will be
able to manipulate the expectations of market agents independently of the real sit-
uation which corresponds to the activities of the company (to cheat market agents),
then this will be the analog of a perpetuum mobile. We see, that while in physics
a perpetuum mobile is absolutely impossible, in economics such mobile may oc-
cur. The role of a cooler will be again played by mass media, which in this case
will distribute negative information. The important point here is the possibility of
an economic perpetuum mobile for those who can control communications (or for
those who control the ones who control communications). While in real economy,
of course, one has to put some fuel into the engine (to produce some real goods and
services), the reaction of the stock market and the increase of prices of shares can be
considerable higher than changes in real productivity. This shows that the financial
market in reality works as an economic perpetuum mobile, where capital is created
and destroyed without considerable changes in productivity. This again shows that
thermodynamic analogies in economics are incomplete.

Our thermodynamic model for the financial market induces a rather unusual in-
terpretation of the role of financial crises. In contrast to the common point of view,
in our model financial crises play the crucial role in the functioning of the modern
financial market. This is an important (concluding) stage of a financial cycle that
is analogous to the stage of cooling in the ordinary thermodynamic cycles. A fi-
nancial cycle could not be completed without such a stage as well as the ordinary
thermodynamic (e.g., Carnot) cycle.

4 Maxwell Demon, Financial Version

Since in the situation we mentioned above profit is obtained due to using the differ-
ence in prices during the market cycle, which means that one sells and buys exactly
when it will be profitable. Such an agent works as the Maxwell demon. The men-
tioned perpetuum mobile will be the perpetuum mobile of the second type (which
violates the second law of thermodynamics). The standard objection against the
Maxwell demon is that this demon should be in thermal equilibrium with the en-
vironment, and therefore it can not use thermal fluctuations of the environment in
order to extract energy from the environment: it will itself have thermal fluctuations,
and due to these fluctuations the demon will make mistakes, which will equilibrate
with a possible gain of energy. But in an economy the Maxwell’s demon looks quite
possible. If the demon will have a temperature which is sufficiently lower than the
temperature of the environment, then a number of mistakes which it makes will be
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low and the demon will be able to organize a flow of energy from the system. In an
economy “temperature”’, which describes fluctuations, or noise in the system, cor-
responds to information about the market situation. It is quite possible, that some
market agents will be more informed than the others. In this case these agents will
be able to use their information to reduce fluctuations in their shares and act as
Maxwell demons — to extract profit from the market.

We insist that this shows the way to extract a systematic profit which will not
vanish after time averaging. From a physical point of view this corresponds to the
fact that each new important information decreases the effective temperature of the
market agent, and if one is able to perform the mentioned above thermodynamic-
like cycle (or, at least, a considerable part of the cycle) before this new information
will become common, this market agent will be able to work as a demon of Maxwell
and extract systematic profit from the market. Moreover, since the financial market
is a complicated nonlinear system, some market players will be able to organize the
above mentioned thermodynamic-like cycles as a financial market. In this case they
will have the needed information about these cycles and therefore will be able to
extract profit from the cycles (if the price of organization of the cycle is less than
the possible gain in the cycle. Or in other words, if the effectiveness of the financial
heat machine is higher than the dissipation).

5 More Complicated Financial Thermodynamic-like Cycle

A primitive financial thermodynamic-like cycle presented in Section 2 can be modi-
fied to exhibit a more complicated behavior (which makes, in particular, less evident
its presence at the financial market).

Consider following parameters: volumes of shares

V1<V4<V2<V3=V

and prices
P4<P1<P2<P3.

Fig. 2 (V,P)-diagram for >
a complex financial cycle \Y
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We assume that
V-V KLVs—=1;

(the first difference is essentially less than the second), and
Vs—Via g Vy—Vp,

and that
Ps—P LK Ph—-P, PP-—P, <K P—P.

We now consider a financial thermodynamic-like cycle having the same starting
point as in Section 2. Thus there was totally issued V' = V3 shares, at the open
market there were sold V) shares, G-people (designers) got V' — V; shares. (The use
of index 3 for V' will become clear from coming considerations). At the beginning
of the process of heating, the price is equal P;.

Cycle:

1. Rise of quickly the price and slowly volume at the “open market”: 1 =
V1, P1) — 2 = (V,, P,). [Designers of this financial cycle start to sell their
shares, the original volume V/; at the open market increases, little bit.] The price
curve Pi,(V) increases very quickly from Pj to P;. It is defined on rather small
interval [V, V).

2. Then very active sale of shares belonging to the financial group G at slowly
increasing price 2 = (Va, P,) — 3 = (V3, P3). Thus the price curve Pp3(V)
increases slowly from P, to P; on sufficiently large interval [V5, V3].

3. Then market crash 3 = (V3, P3) — 4 = (V4, P4). Thus the price curve Ps4(V)
decreases rapidly from P; to Py. It is defined on relatively small interval, which
is better to denote by [V3, V4] (by taking into account cycle’s direction). So,
G-people even buy little bit at such a crashing market, but it is crucial that
V3 — V4 < V4 — V), ie., this activity does not change essentially their profit.

4. Finally, G-people start to buy again shares at the very low price Py : 4 =
(Va, Py) — 1 = (P1, V1). Here the price curve Py, (V') increases slowly from
P, to P,. It is defined on relatively large interval, which is better to denote by
[V4, V1](by taking into account cycle’s direction). Now they buy a lot! However,
it is crucial the difference of the prices: Py is essentially less than P, and the
price increases to P;. [We remark, see Section 6, that real cycles are rarely based
on shares of a single firm; typically a large part of the market is involved in such
a cycle, G-people can choose what kind of shares to buy during this period, to
prepare a new financial cycle.]

Curves P;; (V') form a closed graph in the (V, P)-plane, the financial cycle. At
the first step of the cycle G-group gets the profit

Ay = [area under the graph of Py (V)],

then
A, = [area under the graph of P3(V)].
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After this G-people spent some money to buy shares for a new cycle:

A3 = —[area under the graph of Ps34(V)],
A4 = —[area under the graph of Py (V)].

Thus their profit in this more complicated financial cycle is given by a
A = [area of the figure of the cycle] .

Thus, as work in usual thermodynamics, the profit produced by this financial cycle
is given by the area of the circuit 1234.

We will make a comment on the form of the graph. Unfortunately, we do not
know the functional relation between the price P and the volume of shares (involved
in a thermodynamic-like cycle) at the “open market”, i.e., P = f(V). In principle,
such a relation can be founded on the basis of statistics, e.g., for the biotechnology
or dot-com thermodynamic-like cycles. Nevertheless, we know that during the tran-
sition 1 — 2, heating the market, the price P increases essentially more rapidly than
the volume V': during 2 — 3 (the constant temperature 7 = T5) increase of V is es-
sentially more rapid than the growth of P; during 3 — 4, P falls extremely rapidly
and the volume decreases rather slowly (or even does not change at all as on the
graph of Fig. 1; finally, during 4 — 1 transition (7 = T}), P increases very slowly
with decreasing of V' These general features of the process imply the form of the
picture presented on Fig. 2.

Considered financial cycle is still an analog of an ideal thermodynamic cycle.
In financial reality the situation is more complicated. At the real financial market
designers of a heat machine need not try to come back to initial point 1, i.e., to
prepare a new cycle by buying an essential volume of the same shares. They can
escape expenses related to the part 3-4-1 of the cycle. First of all, as it was done in
Section 2, they can stop any activity during crash. Thus they would not buy shares in
the period 3-4. They can even escape costs of the period 4-1, by, e.g., reemission of
shares.® Instead of reemission, which is profitable in the case of such “respectable
corporations” as Eriksson, designers can just start creation of a new financial heat
machine and to use profit from the completed cycle with say X -shares to start a new
thermodynamic-like cycle with say Y -shares. In principle, designers need not be
directly involved in the process of emission of shares. They can buy their portion
of shares before to start creation of a cycle. In such a case their profits will be less.
However, the cost of such an initial operation can be minimized by getting money
from banks.

6 Complex Financial Heat Machines

The main deviation of the ideal financial thermodynamic-like model from the fi-
nancial reality is consideration of shares of one fixed firm. A powerful financial

8 T have a personal experience, very negative, with Eriksson’s shares, reemission was the last step
of Eriksson’s cycle.
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heat machine (intelligent designers are able to create such machines!) is based on
shares of a large group of firms. Creation of large financial heat machines saves
a lot of resources. To heat a group of shares is cheaper and sometimes easier than
shares of a single firm. Among the most powerful financial heat machines we can
mention e.g. Biotechnology-machine or dot.com-machine, see Malkiel 2003 for de-
tails. In the case of multi-shares financial heat machine designers buy shares (or
participate in issues) of a large number of e.g. biotechnology-firms. Some of these
firms have solid grounds, but some of them (if not majority) present really fake
projects. Nevertheless, prices of all (at least of majority) biotechnology-shares go
up as a result of “fruitful collaboration” with mass-media. After a cycle is done and
profits are collected, designers need not to buy (even at very cheap prices) shares
of biotechnology-firms. They can start to create e.g. the Information-technology-
machine by using a part of profits from the previous heat machine. At the same time
it may be profitable to buy shares of selected biotechnology-firms, which seem to
do well in future. Of course, bankruptcy is the best way to decrease the volume of
shares at the “open market”. However, nowadays the use of this financial technol-
ogy is restricted. Although bankruptcy provides quicker completion of a financial
cycle, it is ineffective from the viewpoint of financial thermodynamics. Comple-
tion of a cycle through a huge wave of bankruptcies can be compared with func-
tioning of the steam engine having a primitive exhaust system — directly to atmo-
sphere.

The greatest financial heat machines have been created at American financial
market. The state (by the way it often prosecutes creation of small heat machines)
may actively participate in creation of huge heat machines, (cf. Malkiel, 2003).

The recent financial crises induced extended studies of the impact of interven-
tions of respective Central Banks (CBs) to the financial market. The question of
whether shifts in monetary policy affect the stock markets has been widely exam-
ined in both academic and policy circles, e.g., Petersen et al. (2009); Arouri et al.
(2009). (The latter contains an extended review on this subject). It was shown that
monetary policy innovations induce strong and significant responses by stock mar-
kets. This indicates that the investor community is keeping a close watch on CB
intervention policies to make trading decisions. Relation between monetary stocks
and stocks market is very complicated, see, e.g., for models. It depends on various
parameters and it can vary from one market to another. For example, in Arouri et
al. (2009) it was shown (by using nonlinear regression-type models) that reactions
of the stock markets of USA and UK are similar, but different from France. For the
UK, an interest rate increase immediately implies an increase of stock returns, but
this will be absorbed after three days and become negative over four days. US stock
market reactions after a shock affecting the US monetary market are similar to the
UK. Phase durations and sizes are more significant in the USA. In Petersen et al.
(2009), perturbations of the stocks market due to FED announcements were com-
pared with (of course, of smaller scale) perturbations induced by crises. However,
authors of all these papers were interested in short term effects of the monetary pol-
icy. Time scales considered in these works are too short to play a significant role in
financial Carnot cycles. Now we perform simple behavioral analysis of FED-activity
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and the dynamics of Dow Jones Index in the period preceding the present crises as
well during the crises, see http://www.federalreserve.gov/fomc/fundsrate.htm.

Between 03.01.01 and 25.06.03 the Federal Funds Rate was changed (by decreas-
ing) 11 times. During this period Dow Jones Index was fluctuating demonstrating
the tendency to go down. After this period it started to grow up. By our model it was
the first stage — heating of the financial market.

Then FED started to increase the Federal Funds Rate. Nevertheless, as was al-
ready mentioned, Dow Jones Index grew up until the middle of 2008. Such a be-
havior contradicts the purely monetary model. However, it matches our socio-
psychological model. At the hot market, each increasing of the Federal Funds Rate
was considered (by agents of the market) as a confirmation that the hot stage was
not yet over. Roughly speaking each of 17 announcements of FED during the pe-
riod 30.01.04-29.06.06 was considered as a signal to buy financial assets. Thus the
psychological consequence of FED’s actions was opposite to its natural monetarist
consequence.

Thus the period 03.01.01-29.06.06 and even until the middle of 2007 covered the
stages (1,2,3) of the financial thermodynamic-like cycle at the market of the USA.
FED’s policy played an important role in forming of these stages of the present
financial cycle. The constant temperature of the financial market was essentially
based on FED announcements.’

Of course, the presented statistics can be interpreted in various ways. As was
pointed by Petersen et al. (2009), and Arouri et al. (2009), FED’s activity in-
duces complex reactions of the financial market. Our main message is that one
should sharply distinguish the purely monetarist model of these reactions from the
behavioral-monetarist model. The first one implies that FED’s activity in the period
30.01.04-29.06.06 did not induce any reaction from the financial market. In spite of
permanent increase of the Federal Funds Rate, the stocks prices increased perma-
nently. This was used as a critical argument against the regression model of Arouri
et al. (2009), during the discussion on this paper at 68th Atlantic Economic Soci-
ety Conference (Boston, October, 2009). However, as we shown, this FED’s actions
(which were practically meaningless form the viewpoint of the monetarist model,
since they did not decrease stocks prices) might play an important informational
role in the dynamics of expectations of agents operating at the market.

The role of state regulations in the financial cycles is a complicated problem.
There is even the opinion that all crashes at the financial market of the USA were
induced by financial regulation measures performed by the state, round table of 68th
Atlantic Economic Society Conference (Boston, October, 2009).

 We remark that Dow Jones was very high even in fall of 2007 approaching 14.000 in October.
Thus it cannot be used as a direct measure of the psychological state of the financial market. It
is clear that at that time the process of cooling had been already started. The Federal Funds Rate
approached the level at which it started to play its real monetarist role: 5.25% was high enough to
start real cooling of the market. Psychological states of agents of the market were in the process of
dynamical change, entropy of the market increased drastically approaching its maximal value, see
Section 7.
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Finally, we stress once again a role which finance rating corporations and ex-
perts play in financial cycles. Although they claim that they present independent
opinion and refer to numerous scientific methodologies, in majority of cases they
are deeply involved in boiling and cooling of the financial market (at the respec-
tive phases). Coming financial regulations should take such an activity into account.
Rating structures should take a part of risks which clients meet because of really
unfair recommendations of these structures.

7 Comparison of Thermodynamic (Carnot) and Financial Cycles

In spite of similarity between the thermodynamic Carnot cycle and the financial
cycles which were considered in Sections. 2 and 5, it is important to remark that
these cycles have different shapes. Deeper analysis of the differences of shapes is
up to readers. In any event, the explored analogy between price and pressure is not
complete. The financial heat machine does its cycle, but coupling between price and
volume differs essentially from coupling between pressure and volume.

Nevertheless, we can try to continue to explore econophysical metaphor and con-
sider curves (2 — 3) and (4 — 1) as corresponding to fixed financial temperatures.
Here T = T during (4 — 1) stage and 7" = T, during (2 — 3) stage, and 77 < T>.
The financial temperature increases drastically during period 1 — 2 of development
of the market, then it is constant 7 = 75 (at least in the ideal model) during period
2 — 3 (here the market is very hot, sufficiently hot, there is no need to increase its
temperature). Then the temperature goes down drastically during period 3 — 4, and
finally, it is constant again, but it is very low 7" = T;.

We now compare the physical (Carnot) and financial cycles of Sections. 2, 5 step
by step. It is convenient to start with point 2. On the one hand, it is always done in
thermodynamics. On the other hand, the part 1 — 2 is the main distinguishing part in
comparison of physical and financial cycles. Therefore we prefer to discuss this part
of the cycle later. The a) and b) sections refer to physics and finances, respectively.

Fig. 3 (V, P)-diagram for ,
thermodynamic Carnot cycle \
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2-3):

a) Reversible isothermal expansion of the gas at the “hot temperature”, T = T,
(isothermal heat addition). During this step the expanding gas makes the pis-
ton work on the surroundings. The gas expansion is propelled by absorption of
quantity Q of heat from the high temperature reservoir.

b) The market is already hot enough, 7' = T5. It is isothermal expansion of the
volume of shares at the “open part of the market”. The “heat” in the form of
information from the mass media, experts, FED, CBs, and often even state au-
thorities is needed to support the constant financial temperature and to do work
for the G-group (financial Maxwell demons). Here the main work is done — the
main profit is received:

V3
Axp = / P(V)dv.
Va

(B3—>4):

a) Isentropic (reversible adiabatic) expansion of the gas (isentropic work output).
For this step the piston and cylinder are assumed to be thermally insulated, thus
they neither gain or lose heat. The gas continues to expand, working on the sur-
roundings. The gas expansion causes it to cool to the “cold” temperature, 7T;.

b) The G-group starts cooling of the financial market. The financial temperature
drops drastically approaching the isotherm 7" = 7 at point 4. In contrast to, e.g.,
the Carnot cycle, no work on surrounding (the G-group in our case) done. The
process is not adiabatic. The financial market is actively cooled.

4-=1):

a) Reversible isothermal compression of the gas at the “cold” temperature T = T
(isothermal heat rejection). Now the surroundings do work on the gas, causing
quantity Q- of heat to flow out of the gas to the low temperature reservoir.

b) The market is cold 7" = T;. The process is adiabatic. The price P increases (not
essentially) as a consequence of decreasing (drastic) of the volume V. Now the
surroundings (the G-group) do work on the financial market. Its work compress
the volume of shares at the “open market.”

(1-=2):

a) Isentropic compression of the gas (isentropic work input). Once again the piston
and cylinder are assumed to be thermally insulated. During this step, the sur-
roundings do work on the gas, compressing it and causing the temperature to rise
to T,. At this point the gas is in the same state as at the start of Step 2.

b) This is the time to use a lot of fuel and to increase the financial temperature, from
T = T, to T = T,. During this step, the surroundings (designers of the cycle)
do work on the financial market.

Thus, in contrast to the physical Carnot cycle, in the cycles considered in this
paper the financial heat machine can not come back to the temperature T = T,
without additional fuel. It is impossible to heat the financial market up to very high
temperature only by decreasing the volume of shares at the “open market”. The later
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strategy worked at (4 — 1) stage, it provides some increase of the price, but it could
not change market’s temperature essentially.

The main difference between two cycles is exhibited during (2 — 3)-stage. In
both cycles V increases, but P (pressure) decreases in the physical world and
P (price) increases in the financial world.

In the later case it is possible to increase both V' and P. Moreover, P should go
up, as at Fig. 2 or at least be approximately constant, as at Fig. 1. Any tendency of P
to go down would induce decrease in sells of “hot financial assets.”

It seems that the efficiency of the financial thermodynamic-like cycle is less than
of the thermodynamic Carnot cycle. Of course, comparison of efficiencies of these
two cycles is merely a metaphor. The main problem is to define properly a financial
analog of heat Q, the basic quantity of thermodynamics. It would be natural to try to
couple QO with money needed for “stimulation” of the mass media and financial ex-
perts as well as politicians (it can be shares, job appointment and so on). However,
O should also include activity of financial Maxwell demons who put tremendous
efforts in each cycle. Thus Q-financial is not easy to measure. The situation is even
more complicated. The Q which has been discussed is so to say G-related financial
heat. The main quantity of total financial heat used during a cycle is produced by
actors of the financial market, “simple people” buying and selling financial assets,
traders and so on. Heat supplied to the financial market by the G-group plays an
important role only during (1 — 2)-transition. Functioning of the financial heat ma-
chine during (2 — 3)-transition is covered merely by heat which self-induced, i.e.,
by actors of the market.

8 Entropy-temperature Diagram

We remind that in physical engineering the use of the entropy-temperature diagram
provides a new insight to the Carnot cycle. It may be useful even in financial engi-
neering. To analyze (S, T')-diagram (where S and T denotes financial entropy and

2 . 3
T A 4
1 D 4

Fig.4 (S, T)-diagram for the
Carnot cycle and the financial
cycles S

v
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temperature, respectively), it is useful to start with point 2. Corresponding (S, T)-
dynamics for physical Carnot cycle can be found in thermodynamic literature. We
remark that shapes of (S, T')-diagrams for the Carnot cycle for physical heat ma-
chines and the financial cycles considered in this paper coincide! Thus, in spite of
essential difference in (V, P)-diagrams, these cycles coincide on the (S, T')-plane.'?

However, the content of these diagrams is different (at least at some stages).

The basic variable under consideration is expectation of future dynamics of mar-
ket. We quantify expectations, in the simplest case: negative, neutral, positive; in
the general case of discrete quatification x = xj,..., xy. Then we find probability
distribution of the expectation-variable, p(¢, x;),i = 1,..., N, and, finally, define
entropy of this probability distribution:

S@t) == p(t.xi)log p(t,x;).

i=1

As always, the highest value of entropy corresponds to the uniform probability dis-
tribution, but concentration at one of points, e.g., positive expectation, minimize
entropy.

(2= 3): Itis the period of isothermal expansion of the volume of shares at “open
market”. Entropy which was low at the beginning of this transition, S(t) = S|
(see below (1 — 2)-step for explanation) :increases during this stage. It approaches
it maximal value, S(#3) = S, just before point 3, the starting point of the financial
crash.

(3 —4): The crash occurs, market’s temperature falls down, 7, — T;. However,
market’s entropy does not change (at least essentially and at least in the ideal model),
S(t) = const.

(4 — 1): This is the isothermal compression. Entropy decreases reflecting improve-
ment of the positive attitude in expectations — under a clever supervision of mass-
media, FED, CBs, state interventions. Of course, the process of improvement can
be rather slow. In any event, entropy S(¢) decreases monotonicaly, approaching its
minimal value at point 1, S(¢1) = S;.

We now make a few additional comments on these steps in the financial cycle.

(2= 3): There are two main sources of the increase of market’s entropy. On the one
hand, it increases because of internal evolution of expectations of individual traders.
At point 2 common positive expectation of flowering of the financial market splits in
a wide spectrum of expectations. On the other hand, the last stage of this transition
is the stage of preparation of coming crash. CBs, FED, and mass-media start to send
signals to prepare coming cooling of the market. It has not yet reacted properly to

10 Surprisingly (V, P)-diagram for the ideal financial cycle of Section 2 coincides with its (S, T')-
diagram (and consequently with (S, 7")-diagram of the thermodynamic Carnot cycle). We cannot
provide a reasonable explanation of this coincidence.
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these signals. Therefore the prices of shares are still high, e.g., Dow Jones is still
high (it may start to fluctuate little bit stronger). The main changes are done in ex-
pectations of agents of the financial market. Their psychological states are changed
(in spite of stability of market’s functioning). At point 2 their psychological states
were sharply distributed around the state of strong optimism, say Xoptimism — highly
positive expectations of future development of the market. One of the simplest mod-
els can be based on Gaussian distribution dopgimism (Which is continuous) with the
mean value Xopimism and very small dispersion:

exp

(X - xoptimism)2 }
- < A, bl

2
2ooptimism

Aoptimism (X) = Tro
optimism

where o4ptimism <K 1.

Due to mentioned factors, dispersion of the Gaussian distribution increases; later
even the form of distribution is changed, to camel-like distributions. Hence, entropy
increases. Opinions and expectations become more diverse (they vary from expec-
tation of a few more years of financial flowering to thoughts of a possible crash).

(3 —4): During the crash the spread in expectations is still very large, since esti-
mations of a possible character of the crises vary essentially depending on available
information, measure of internal belief in mass-media, FED, CBs and state.

(4 — 1): The spread in expectation decreases slowly (again under careful treatment
by mass-media, FED, CBs, and state). Hence, entropy decreases. At the same time
market’s temperature does not change (at least essentially). People arrive to point 1
with the feeling that the market will soon start its recovery. We remark that this
happens only in their brains. The market considered as purely monetary machine
does not exhibit signs of this preparation. Only the decrease of entropy shows that
something happens (in spite of low value of e.g. Dow Jones). By using the Gaussian
model we can say that the distribution of expectations approaches again dopimism-

Remark. (Experimental research?) The previous analysis showed that market’s en-
tropy can be used as an additional important factor in estimation of market’s state.
Can entropy of expectations be found experimentally? Can it be monitored? It seems
that it can be done. It needs sociological studies on expectations of agents of the mar-
ket. Of course, the problem of quantification of expectation is quite complicated.
However, it can be done. Monitoring market’s entropy will provide a possibility to
predict crashes and recoveries.

Conclusion

The use of thermodynamic-like models of the dynamics of the financial market
demonstrated that financial heat machines can be designed in a similar way to the de-
sign of physical heat machines. The main difference is that functioning of financial
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heat machines is based on informational quantities, instead of physical quantities.
Expectations of agents of the financial market play a crucial role. One can easily
design financial heat machines which cycles are, in fact, cycles of expectations of
future development of the market. Such machines provide a possibility of arbitrage.
From the thermodynamic-like viewpoint complexity of the financial market includes
complexity of complicated social relations which are used to design a financial heat
machine. Market’s strategies of decision-making induced by our model are strate-
gies of decision making at the markets violating the efficient market hypothesis.
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A Physicist’s Approach to Phase Controlling
Chaotic Economic Models

Fortunato Tito Arecchi, Riccardo Meucci, Francesco Salvadori, Dario Acampora,
and Kais Al Naimee

Abstract. We present a multi-frequency phase control able to preserve a periodic
behaviour within a chaotic window as well as to re-excite chaotic behaviour when
it is destroyed. The validity of this non feedback method has been shown in the
cobweb model with adaptive price expectations as well as in the quadratic map
near an interior crisis. A crucial role is played by the phase of the applied periodic
perturbations

1 Introduction

Control of chaos represents one of the most interesting and stimulating ideas in the
field of nonlinear dynamics. The original idea was to stabilize the dynamics over one
of the different unstable periodic orbits visited during the chaotic motion with small
periodic perturbations to the system. On the other side, one may wish to maintain
chaos in regions where it is destroyed.

Here, we present a multi-frequency phase control method applied to a discrete
economic model. The method is able to preserve periodic behaviour as well as to
re-excite chaos previously destroyed as a consequence of tangent crises. The con-
sidered model is the “ cobweb model ” with adaptive price expectations [1-4] using
parameter values where chaos and periodic windows appear.
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2 The Cobweb Model with Adaptive Price Expectations

Let q,‘f = D(py) and g, = S(m,) denote the demand and supply of a given com-
modity. The cobweb model assumes for each n the conditionq,‘f = g, , representing
a so called temporary equilibrium. Moreover the expected price 7, is assumed to be
a weighted average of previous year’s expected price 7,, and price pp:

Tn1 = (1 —w)mn + wpp (D

where 0 < w < 1.

This model will be reduced to one recurrence relation containing a single vari-
able. Solving Eq. 1 for p,, substituting in the equation D(p,) = S(;,), and subse-
quently solving for 4+ yields

T = (I —w)m, + U)D_IS(ﬂn) 2)

Assuming a linear function for the demand D as D(p) = a — bp and a nonlinear
function for the supply function S as

S(my) = arctan(A((7r, — 1),
we obtain the following recurrence equation [4]:
nt1 = (1 —w)mw, + wa/b — w/barctan(A(w, — 1)) 3)

The bifurcation diagram as a function of the parameter A clearly shows chaotic be-
haviour and periodic windows originated by tangent bifurcations (fold bifurcations).
Here we focus the attention on the periodic window emerging at A = 5.35.

An expanded view of this region shows that as the control parameter increases ,
the stable fixed points undergo a period doubling sequence. A further increase of the
control parameter the unstable fixed points come into contact with the chaotic bands
and the chaotic attractor suddenly increases in size (see Fig. 2). The interior crisis,
characterized by the merging of the five chaotic bands into a wider one is evident at
the right end of window.

Fig. 1 Bifurcation diagram of
the recursive relation in Eq. 1
a=1b=0.landw =0.3
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Fig. 2 Expansion of the bi-
furcation diagram shown in
Fig. 1. A tangent bifurcation
at A = 5.4 gives rise to a sta-
ble and unstable (not shown) 3
period five orbits. Successive s
period doubling bifurcations '
create five chaotic bands and
finally their expansion in

a broad chaotic attractor (inte-
rior crisis)

Control and sustaining chaos are obtained by slight modulation of the parame-
ter A. Such a perturbation consists of a sinusoidal signal of the following kind:

An=A(1+ecosQmrn + ¢)), “

where ¢ is the strength of the periodic perturbation occurring at frequency ratio
r = 1/3 and 1/5 with respect to the intrinsic one. The advantage of this control
approach, is that it is easy to implement in many time forced experiment, indepen-
dently from time scales. Control of the period five solution, well inside the chaotic
regions, is given through this method, for ¢ = and r = 1/5 (see Fig. 3a).

The stability domain of the five-period orbit is greatly extended with respect to
the unperturbed case except for isolated values of A.

The effect of this harmonic perturbation is shown by plotting the bifurcation
diagram as a function of the phase ¢ (see Fig. 3b).

The proposed method is also able to re-excite the chaotic attractor when it is
destroyed by the appearance of a tangent bifurcation on the left edge of the periodic
window.

By choosing r = 1/3, & = 0.9% and ¢ = 1.5 the chaotic behaviour is sustained
within all the periodic window (see Fig. 4a and 4b).

, 5 56 v

Fig. 3 a) Perturbed bifurcation diagram with r = 1/5, ¢ = 7 /5 and ¢ = 2.5%. b) Perturbed
bifurcation diagram vs ¢/ at A = 5.4 whenr = 1/5and ¢ = 2.5%
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Fig. 4 a) Perturbed bifurcation diagram with r = 1/3, ¢ = m/2 and ¢ = 2.5%. b) Perturbed
bifurcation diagram vs ¢/ at A = 5.4 whenr = 1/3 and ¢ = 0.9%

3 Phase Control in the Quadratic Map

In order to gain a deeper insight of the role of ¢ in nonlinear systems, we study phase
control in a paradigmatic nonlinear map close to an interior crisis. We consider the
unperturbed quadratic map given by

Xn41 = C —x2 = F(C, xp) (5)

a paradigmatic system which is conjugate to the well known logistic map [5]. For
this system, C = Cs &~ 1.76, a stable period three orbit is born. If we increase
the parameter C , there is a period doubling bifurcation giving rise to three chaotic
bands , but after a critical value, C* a~ 1.79, the bands touch the unstable period
that lies in its basin of attraction and they disappear (see Fig. 5a).

We are interested in the form of F3(C, x) = F(C, F(C, F(C, x))) close to cri-
sis. This form is depicted in Fig. 5b for C ~ C*, together with the three points of
the unstable period-3 orbit involved in the crisis x;, which verify F3(C,x;) = x;,
where the subindex i will be a, b, or ¢. The key idea that we want to illustrate is that
the existence of the three bands for C < C* and their disappearance at C > C* can
be interpreted in terms of the evolution of the three unimodal maps that are present
in F3(C, x;). The conditions for these maps to be * trapping” or not, can be given
by the three following ratios:

| F3(C. xmi) — xi |

|x; —xL.i |

R;(C) = ,iefla,b,c} (6)

We can see that the bands will exist if R; < 1 and they will disappear for R; >1.
Now we focus on the role of the phase ¢ when applying a harmonic perturbation
to the quadratic map (Eq. 5). The perturbed map is

Xnt1 = Cp — X2 = F(Cp, Xn) (7)

where C, = C(1 + esin(nrn + ¢)).
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2

FC.x)

Ficx

1.76 1.78 1.8 182 1.84 1.86

Fig. 5 a) Bifurcation diagram showing the interior crisis for the quadratic map. b) Plot of
F3(C, x) as a function of x for C ~ C*, where the unstable orbit X, , Xp, Xp is marked.
c) Scheme of each of the three copies of a unimodal map present in F3(C, x), responsible for the
three bands observed in the bifurcation diagram. d) Plot of the numerical calculations of the three
ratios R}, i € {a, b, ¢} which are smaller than one for C < C* and bigger than one for C > C*

Fig. 6 Bifurcation diagram of G(x) for C = 1.8, & = 0.005 as a function of ¢, showing that
the value of the phase influences greatly in whether there is or not intermittency. b) Graphs of our
approximation of the perturbed ratios R} as a function of ¢: the ¢ interval where the intermittency
is observed corresponds roughly R;. to the interval for which le > 1, as claimed

We will assume ¢ <<1. The case r = 1 is quite trivial , because, by varying the
phase we are just moving in C in the interval [C(1 — ¢), C(1 + ¢&)].

Instead, in the r = 1/3 case the role of ¢ is far from being trivial. In this situation,
the global dynamics will be governed by the autonomous map

Xn43 = F(Ca, F(Cy, F(Co,xp))) = G(xp). (®)
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The approximated values of the parameters R are now functions of C, € and ¢ as
R, = R}(C,¢,9).

The bifurcation diagram and a plot of our approximations of R;(¢) are shown in
Fig. 10 for C = 1.8 (the unperturbed system displays intermittency) and ¢ = 0.005.

Summarizing, we have seen that varying the phase ¢ modulates both the geom-
etry of the system and the position of the periodic orbit responsible for the interior
crisis.

4 Conclusions

The phase control of chaos is applied to the cobweb model with adaptive price ex-
pectation for parameter values displaying chaotic behaviour. The desired dynamics
(control or sustaining chaos) is obtained by small periodic perturbations of the con-
trol parameter of the order of few percent with respect to the unperturbed value. The
perturbation is applied to the ”S-shaped *“ supply function. Both the amplitude and
phase of the applied perturbation play a crucial role in selecting the goal dynamics.
Such results are in agreement with those obtained in other physical systems [5—8].
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A Note on Complaints and Deprivation

Antonio Abatemarco

Abstract. In the existing literature a separating line is drawn between deprivation-
and complaint-based inequality indices. In this paper we show that deprivation-
based inequality orderings (eg. Gini index) can be replicated through the gener-
alization of complaint-based inequality indices.

1 Introduction

In the existing literature several indices have been proposed in order to evaluate
the allocation of income resources among members of the same society; different
indices imply different orderings, and, as a matter of fact, economic policies might
be strongly affected by the logical as well as analytical foundation behind one or the
other index.

In the recent times two additional proposals have been considered: relative de-
privation and complaints. Yitzhaki (1979) shows that the Gini index is a measure of
deprivation in a society, by which inequality might be thought as the un-weighted
aggregation of deprivation associated to each income position in the society. In-
stead, Cowell and Ebert (2004) formally elaborates Temkin (1986)’s idea by which
inequality might be thought as some aggregation of individual complaints with re-
spect to inequality coming from the sole disadvantaged individuals.

In this paper individual complaints with respect to inequality are defined taking
the whole population as comparative reference group. This approach is found (i) to
support “reference to the average” and (ii) to highlight the strong resemblance be-
tween complaints and net-deprivation. Under specific restrictions, the aggregation
of individual complaints is found to replicate the orderings of some well-known in-
equality indices. In particular, a strong relationship is found between relative com-
plaint orderings and the Gini’s ones.
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2 Basic Framework

Both complaints and relative deprivation involve income gaps among members of
the same society. In addition, both concepts refer to a sort of personalized nature of
inequality, that is, each income unit is expected to observe the allocation of income
resources in front of, not behind, the veil of ignorance.! On the one hand, an indi-
vidual is relatively deprived of income x when s/he does not have income x, s’he
sees some other person or persons having income x, s/he wants income x, and s/he
sees it as feasible that s/he should have income x (Runciman, 1966). On the other
hand, an individual is expected to complain if s/he is disadvantaged within the in-
come distribution. Also, his/her complaint is expected to be decreasing with respect
to his/her own income.

As a matter of fact, an individual is deprived with respect to the sole income units
richer than s/he is. In this sense the comparative reference group consists of some,
not all, members of the same society. In addition, the comparative reference group is
expected to vary depending on the reference individual. Complaints with respect to
inequality, instead, refer to the way each member of the same society evaluates the
allocation of the cake from the standpoint of his/her income position, so that each
individual complaint implicitly involves comparisons with both poorer and richer
income units, i.e. the whole population.

Given an increasingly ordered income vector x € 9", if individual complaints
are defined through the aggregation of pairwise income gaps where the comparative
reference group consists of the whole population, then

1
Ck=;Z(xi—xk)=M—Xk (1)

where p indicates mean-income. Individual complaints might be positive or nega-
tive, meaning that, within the society a clear separating line is drawn between disad-
vantaged and advantaged individuals. Also, each individual complaint is increasing
with respect to incomes held by other members of the same society, that is, advan-
tages and disadvantages are evidently the two sides of the same coin (D _; ¢; = 0).
Finally, (1) supports the first hypothesis proposed in Temkin (1986), by which com-
plaints might be captured implementing “reference to the average”.

The most relevant implication of (1) is probably the intuitive relationship be-
tween individual complaints and relative deprivation. In order to highlight this as-
pect we briefly recall the definitions of relative deprivation and satisfaction.

Yitzhaki (1979) defines relative deprivation observed by income unit k as

1 n
de =~ ) (xi—xk) 2

i=k+1

! In this sense Runciman exploits relative deprivation in order to explain the political behavior of
groups, not social justice.

2 In Temkin (1986), this solution is defended as follows: “In a world of n equally deserving people,
the fairest distribution would be for each person to receive one nth of the total, since among equally
deserving people, a fair share is an equal share.”



A Note on Complaints and Deprivation 215

As it has been clearly highlighted in Hey and Lambert (1980), this definition corre-
sponds to average deprivation as obtained from pairwise income comparisons with
respect to members of the k-th comparative reference group. Following the same
approach, relative satisfaction might be defined as

|k
Sk = ZZ(xk —Xi) 3)

i=1

by which, s is (i) increasing with respect to xi, (ii) decreasing with respect to any
increase of incomes lower than xg, (iii) neutral with respect to rank-preserving rich-
to-poor transfers below x; and (iv) coherent with the null hypothesis, that is, if all
income units poorer than x; had been endowed with xy, then relative satisfaction at
X would have been null.?

Given the two definitions in (2) and (3), it must be the case that

ck = dr — Sk )

In other words, individual complaints with respect to inequality (1) might be equally
re-formulated in terms of net-deprivation. In particular, advantaged and disadvan-
taged individuals correspond respectively to net-deprived (¢ > 0) and net-satisfied
(¢ < 0) individuals.

Once individual complaints have been identified, one may define the complaint-
based inequality index as some aggregation of individual complaints. There are two
immediate alternatives which might be considered. On the one hand, it might be
said that advantaged individuals are altruistic in the sense that they too complain
with respect to the current allocation of the cake.* As a result, in order to measure
inequality, individual complaints would be

e =|de—sk| Yk:=1,...,n (5)

On the other hand and in line with Temkin, since inequality might be thought as the
aggregation of individual complaints from the sole disadvantaged individuals, the
following notation might be preferred

di — s if di > sk,
Ck = ) (6)
0 otherwise.

For our purposes we refer to the more general (5) since a return to Temkin’s view is
always feasible under neutrality of advantaged individuals.

The complaint-based inequality index might be defined as C = @(cy,...,cp)
where @ : R” — N and @’(-) > 0. We assume that @ is additive and separable.
In particular, we impose symmetry since social complaints as well as inequality

3 For additional considerations about (3) see Hey and Lambert (1980).

# In this scenario, very interesting insights might be gained from the recent literature on altruism
and economics (Simon, 1993; Stark, 1999).
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measures can be fairly required to satisfy invariance to permutations of the income
vector.’

Recalling the well-known iso-elastic specification (Atkinson, 1970), the com-
plaint-based inequality index would be

n

C:%Z[a+l"%8|u—x|l_s:| eeN, e#1 (7N

k=1

where B > 0 can be assumed without loss of generality. In particular, we consider
the more convenient and orderly-equivalent money-measure®

1
I—e

1 n
c=|- T e N, 1 8
n};lu x| € & # )

which, indeed, is just the compromise inequality index discussed in Blackorby and
Donaldson (1978) and Ebert (1988). This index (8) is h.d.1, replication and transla-
tion invariant, that is, complaint orderings are both scale and translation invariant.
Mean-crossing’ rank-preserving rich-to-poor income transfers are always inequality
reducing, that is, whatever @"(-) % 0, any income transfer between the two refer-
ence groups in the society (from advantaged to disadvantaged income units) must
necessarily reduce complaints in a society. More in general, rich-to-poor income
transfers are always inequality reducing if and only if ¢ < 0, i.e. if the poorest in-
come units are supposed to matter more than the richest ones at the margin, which
is the standard ethical value judgement invoked within the welfaristic approach.

Obviously, if the sole disadvantaged individuals are involved in the construction
of the complaint-based inequality index (Temkin’s view), main implications of (8)
apply to the sole income units such that x; < p. In particular, rich-to-poor transfers
among advantaged individuals would be inequality neutral.’

3 From Complaints to Inequality

In contrast with the impersonal approach to the measurement of inequality, both
complaints and deprivation rely on the personal evaluation of individual complaints.

3 Temkin (1986) briefly observes that in order to serve as inequality index it might be opportune to
associate larger weights to the poorest income units. In this sense we think that a better framework
might be obtained referring to the relative version of deprivation/satisfaction ((2)—(3)) as suggested
in Chakravarty et al. (2003, 1985), by which individuals differently evaluates the same income gap
depending on their own income level. Indeed, this approach would allow for both (i) larger weights
for poorest income units and (ii) symmetric aggregation of individual complaints.

6 The index is re-formulated in terms of its certainty equivalent.

7 The poor income unit holds less than mean-income, not the rich one.

8 This might be not the case whenever deprivation is not defined as the un-weighted aggregation
of income gaps with respect to richer income units.
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In the previous section we have mostly focused on individual complaints as defined
in terms of un-weighted aggregation of income gaps. However, some additional no-
tations might be introduced in the basic framework above. In particular, it might
be observed that individuals do not usually attach the same weight to all pairwise
income comparisons. Similarly, it might be said that each individual is more or less
likely to get in touch with some members of the same society. In this sense, indi-
vidual complaints might be defined as some weighted aggregation of income gaps.
Then we briefly consider two reasonable hypotheses in order to generalize the basic
framework discussed in the previous section.

The simplest generalization might be the following: individuals are differently
inclined to relative deprivation and satisfaction, or, similarly, they have different
probabilities to get in touch with poorer/richer income units. Then, focusing on the
linear aggregation, individual complaints would be defined as

Ck = Tedg — AkSk )

with 7y, Ay >0V k.

Given the social aggregator discussed in the previous section, @(-), if advantaged
individuals are supposed to be altruistic, then the complaint-based inequality index
would be

n 1—e

C = [1 > ledic — Aese] ' ceM e#1 (10)
n k=1

Once again, the index is h.d.1, replication and translation invariant. Obviously, if

Ar =0V kort =0V k, the index is respectively deprivation- or satisfaction-

based.

More difficulties arise when looking for a generalization of the effects of rank-
preserving rich-to-poor transfers. This issue is not irrelevant, since, at the very least,
an inequality index should be never increasing with respect to rich-to-poor income
transfers. Depending on the parameters ¢, T and A, the following cases might be of
interest:

i e=A, e =1 Vi k.
Implicit orderings are equivalent to the ones obtained through compromise in-
equality indices (Blackorby and Donaldson, 1978; Ebert, 1988). Mean-crossing’
rank-preserving rich-to-poor income transfers are C reducing. In addition, rich-
to-poor transfers are generally C reducing if and only if ¢ < 0.

ii 7, = A V k.
The complaint-based index is just equivalent to the one discussed in Cowell and
Ebert (2004) under reference to the average. Mean-crossing rich-to-poor trans-
fers are always C reducing. In general, rich-to-poor transfers are C reducing if i)
e<Oandi)ty >...27, <... < 1.

9 The poor income units holds less than mean-income and vice versa.
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it + A =const, tpg > A VX < U, e <A VXxg >u,tu>...>17¢
A< <A1
Mean-crossing rich-to-poor transfers are always C reducing. In general, rich-to-
poor transfers are C reducing if ¢ < 0.

Out of these three particular cases, (10) may be well increasing with respect to rich-
to-poor transfers.

A more general definition of individual complaints with respect to both (1) and
(9) might be obtained whenever individuals are supposed to attach different weights
to each pairwise income comparison, i.e.

1
k==Y (xi —x)b; (11)

n

1

Within this framework it can be shown (appendix) that if (i) ¢ = 0, (ii) 6; = ,’l—
with i := {1,...,n} and (iii) advantaged individuals are supposed to be egoistic in
the sense that they support the current (unequal) allocation of the cake (reduce the

social complaint), then the following relation holds

6 =25 (12)
"

where G is the Gini index and C/u might be labelled as a relative measure of
complaints in a society. Then, under these assumptions (linear aggregation, relative
measurement and 6; = ,’1;) relative complaints’ orderings would be just the same as
Gini’s inequality orderings.

4 Conclusive Remarks

In line with Berrebi and Silber (1985); Cowell and Ebert (2004), it has been ob-
served that whenever complaints are exploited as logical foundation behind the
measurement of inequality, several well-known inequality orderings might be repli-
cated depending on the aggregation of pairwise income comparisons. In particular,
the aggregation of income gaps allows for several insights in the field of perceived
inequality, although a separating line should be drawn between personal and imper-
sonal inequality measures.

10 The meaning of (iii) might be clearer if T and A are taken as the probability for each income unit
to get in touch (so compare their own income) with poorer or richer income units. In this context,
the set of assumptions is equivalent to assuming that disadvantaged income units have larger as
well as income-decreasing probabilities to get in touch with richer income units than they are,
and vice versa. Then, under these hypotheses, rich-to-poor transfers reduce inequality. Conversely,
rich-to-poor transfers might be not inequality reducing when poor income units have very low
probabilities to get in touch with rich ones.
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Appendix

Given an increasingly ordered income vector X € ?}ti withi := 1, ..., n, the Gini’s

18
n

2 .
G = mzl(xi—ﬂ)

i=1

From (11), if advantaged individuals are egoist, 6; = % and ¢ = 0, then

1 n
ok =~ (% — xi)0;

i=1

by which, since (x; — ) = % >k (xi — xx), it must be the case that

1 &,
C=— ilx—p

i=1
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Predictability of SOC Systems.
Technological Extreme Events

Giovanna Bimonte

Abstract. The growth of societal networks of every kind (information, communi-
cation, transportation, etc.), the progressive interpenetration of natural and artificial
systems, and the continually increasing complexity! of human organizations and
institutions promises to magnify the impacts and to generate new types and combi-
nations of technological extreme events. Given these observations, extreme events
emerge as a powerful focus for organizing research activities that can advance sci-
entific knowledge and benefit society.

The possibility to develop some new tools, as exploratory model, open new pos-
sibility research to forecast complex adaptive model and to predict Technological
Extreme Events on SOC system.

Whereas complex adaptive systems and agent-based models of them originally
seemed to pose a problem for policy analysis, they may also present an opportunity.
The failure of computerized decision support systems to provide significant help for
most problems is striking when contrasted with the impact of computer technology
in other spheres. Looking back, we can now see that most policy problems involve
complex and adaptive systems, and that for those problems the classical approaches
of predictive modeling and optimization that have been used in decision support
software are not appropriate. The next stage in the development of complexity sci-
ence could well include a reformulation of decision theory and the emergence of the
first really useful computer-assisted reasoning for policy analysis.

1 Introduction

Modeling is always an abstraction from the real world, and will not be perfectly
completed as long as any kind of models. Especially in the social science, the mod-
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els are exposed to the fact that individuals and society, which are targets to be mod-
eled, make changes very often. It is caused by the abstraction at high level in social
science. At the viewpoint of systemics, the rules on the layer would be changed by
the emergence occurred from the lower layer. Thus, the model should be well flex-
ible to change as the target changes. Consequently, the standard tools of analysis
cannot be reliably used for complex systems.

With roots in many disciplines such as evolutionary biology, non-linear dynam-
ical systems, and artificial intelligence, modern theories and models of complex
adaptive system focus on the interplay between a system and its environment and
the co-evolution of both the system and the environment. Subsequently, behavior
in a complex adaptive system is induced not by a single entity but rather by the
simultaneous and parallel actions of agents within the system itself. Thus, a com-
plex adaptive system is self-organizing and undergoes “a process ..., whereby new
emergent structures, patterns, and properties arise without being externally imposed
on the system” (Goldstein, in [19]). In other words, the behavior of a complex
adaptive system is emergent. Emergence, then is “the arising of new, unexpected
structures, patterns, properties, or processes in a self-organizing system. Emergent
phenomena seem to have a life of their own with their own rules, laws and possibil-
ities*“(Goldstein, in [19]).

A complex adaptive system may be described as an aggregate of agents and con-
nections, which suggests that some aspects of the complex adaptive system behav-
ior can be deduced by various network theories, such as social network theory and
graph theory (e.g. [6, 18]). For example, the level of connectivity in the network,
in part, determines the complexity of the network. As connectivity increases, inter-
relationships, represented by chains of agents connected together in a contiguous
fashion, also increase. At low and high levels of connectivity, the number of new
inter-relationships increases slowly as connectivity is increased. At a critical value
of connectivity, inter-relationships change dramatically ([9]). The number of inter-
relationships is significant because it indicates the potential for the network to en-
gage in global communication from within; it also relates to its potential for chain
reactions and effects at a distance.

The dimensionality of a complex adaptive system is defined as the degrees of
freedom that individual agents within the system have to enact behavior in a some-
what autonomous fashion ([8]). Controls act as a form of negative feedback, effec-
tively reducing dimensionality. On the one hand, controls, such as rules and regula-
tions or institutional restrictions, ensure that an individual agent’s behavior is greatly
limited, thus, changing the complexity of aggregate behavior and helping the com-
plex adaptive system to behave more predictably. On the other hand, when dimen-
sionality is enlarged or when a higher degree of autonomy is given to agents to make
decisions locally, outcomes are then allowed to emerge in a deviation-amplifying
way or through positive feedback.

The environment exists external to the complex adaptive system and consists
of agents and their interconnections that are not part of the given complex adap-
tive system. Operationally, the environment of a given complex adaptive system
depends on the chosen scale of analysis. For example, if we identify a computer
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Fig. 1 Complex adaptive systems

network of a department in university as the complex adaptive system and users
on the computer network as agents, then other users not on the computer net-
work would form part of the environment. This environment would also consist
of users in external computer network that they are connected to, as well as the
socio-economic and cultural system in which the computer network is enveloped.
Conversely, if we were to increase the level of scale and view collective bodies of
teams as agents and the organizational boundaries as the boundaries of the com-
plex adaptive system that would lead us to a slightly different identification of the
environment.

In a complex adaptive system, it is often true that the only way to predict how
the system will behave in the future is to wait literally for the future to unfold. Be-
cause behavior in a complex adaptive system stems from the complex interaction of
many loosely coupled variables, the system behaves in a non-linear fashion. Non-
linear relationships are relationships in which a change of given magnitude in the
input to the system is not matched in a linear fashion to a corresponding change in
output. In other words, if systems behave in non-linear ways, these behaviors nat-
urally exhibit a non-linear response to changes. Therefore, in a non-linear system,
large changes in input may lead to small changes in outcome, and small changes in
input may lead to large changes in outcome ([10]). Essentially, a direct correlation
between the size of cause and the size of the corresponding effect is not guaran-
teed. Thus, in practice, a complex system can be hypersensitive to small changes in
its environment. A simple adaptive response, which usually leads to a simple cor-
rective action, can lead to a catastrophic outcome (the so-called “butterfly effect”).
Even if initial conditions and generative mechanisms are exactly specified (which
they cannot be), prediction of the future often becomes fruitless as specification er-
rors grow exponentially as one progresses into the future ([15]). The behavior of
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a complex system cannot be written down in closed form; it is not amenable to pre-
diction via the formulation of a parametric model, such as a statistical forecasting
model.

The inability to determine the future behavior of a complex system in an exact
manner, however, does not imply that the future is random. Complex systems, in
fact, exhibit patterns of behavior. It is true that small changes may lead to dras-
tically different future paths; however, the same characteristic pattern of behavior
emerges despite the change. One finds that systems will tend to be involved in cer-
tain prototypical ways and, thus, our predictive capacity, although limited to the
exact prediction at a future point in time, can benefit from the knowledge of these
patterns.

In this paper, we focus our attention on complex adaptive systems, as computer
networks. In particular, we deal with viruses attack or bug on computer network
as a technological extreme events that can happen in any nodes. The problem of
attacks on complex networks has attracted a great deal of attention in recent years.
The key factor prompting this research is the observation that in many growing
networks some nodes evolve to become much more important than others. From
a global perspective, the important nodes are those whose removal may either cause
the network to fragment or severely limit the communication between the other
nodes.

The paper is so organized: In Section 2, we take a look on Technological Ex-
treme Events on Complex Adaptive Systems. We focus on the definitions of Ex-
treme Events as emergent properties of interactions within or between complex sys-
tems and endogenous characteristics of it. Diverse extreme events may have similar
longer-term consequences, as well. A computer virus and a flood may have nothing
in common in terms of causes, but both might, for example, lead to the shutdown
of a community’s water treatment plant, with identical societal consequences and
demands for response.

Reduced vulnerability can be achieved through predictions of trend-reversals or
changes of regime are the focus of most complex adaptive systems efforts in essen-
tially all domains of applications.

In Section 3, we deal with SOC systems. SOC is typically observed in slowly-
driven non-equilibrium systems with extended degrees of freedom and a high level
of nonlinearity. The main characteristic of nonlinear systems is that they are self-
organizing. What is interesting is that these self-organizing systems have no fo-
cal points: they are mostly decentralized. Recent developments suggest that non-
traditional approaches, can be useful for forecasting the evolution of this kind of
complex systems. In particular, in Section 3.1. we consider social networks as SOC.
They follow power laws and are characterized by many small events and few big
events.

In Section 4, we consider predictability of SOC systems via Exploratory Mod-
els. The central idea behind Exploratory Modeling is to use simulations, statistical
models of data, or other computer models to create a large ensembles of plausible
images of the system of interest. Successful policies for complex adaptive systems
will typically need to be adaptive themselves.
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2 Extreme Events on Complex Adaptive Systems

Policy must act to reduce the human and economic effects of extreme events; re-
search must provide knowledge and tools that can contribute to the effectiveness of
policy. In the past, disasters as discrete phenomena that are external to the social
or environmental systems upon which they impinge. According to this approach,
extreme events and society are related to one another in a linear, cause-and-effect
manner. The reality of rising extreme events impacts points to a different way to
view extreme events: not as isolable phenomena, but as emergent properties of in-
teractions within or between complex, dynamic systems. Extreme events are charac-
terized and created by context. Extreme events was not inherent in any of the three
ingredients of that tragedy: It emerged from their interaction; Every extreme events
is in some way unique, which suggests that research strategies organized around
particular types of extreme event might productively be reconceptualized in terms
of a higher-level organizing principal. As extreme events linked to societal vulnera-
bility via human decision making processes.

Our goal is to take advantage of emerging ideas from numerous disciplines to
think about the linkages between scientific research and policy making relevant to
hazard reduction, and in particular to define a perspective from which policy rel-
evant research questions can be more readily recognized, and societally valuable
knowledge can be more effectively created and used.

Definition 1. We define extreme events as occurrences that, relative to some class
of related occurrences, is either notable, rare, unique, profound, or otherwise signif-
icant in terms of its impacts, effects, or outcomes.

The character of an extreme event is determined not simply by some set of in-
nate attributes, but by the interaction of those attributes with the system that it is
affecting.

Studying an extreme event independent of its context provides at best incomplete
knowledge. In many complex adaptive systems, indeed, the extreme event does not
exist independent of its context.

Extreme events reflect not just actions, but interactions, and the emergent prop-
erties of those interactions. Such complexity adds an even greater challenge to the
scientific understanding and anticipation of extreme events and their consequences.

The threat of the millennium bug, for example, and the massive societal response
to that threat, illustrated the comprehensive vulnerability to complex adaptive sys-
tem. Technological extreme events created by society’s growing dependence on
complex information networks for managing its daily affairs. Yet the millennium
bug problem was of a rare variety in that its cause and solution were rooted in
a single factor the algorithm for embedding calendars into software that was both
recognized and correctable in advance.

The growth of societal networks of every kind (information, communication,
transportation, etc.), the progressive interpenetration of natural and artificial sys-
tems, and the continually increasing complexity of human organizations and insti-
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tutions promises to magnify the impacts and generate new types and combinations
of technological extreme events. Given these observations, extreme events emerge
as a powerful focus for organizing research activities that can advance scientific
knowledge and benefit society.

Diverse extreme events may have similar longer-term consequences, as well.
A computer virus and a flood may have nothing in common in terms of causes,
but both might, for example, lead to the shutdown of a community’s water treatment
plant, with identical societal consequences and demands for response.

Reduced vulnerability can be achieved through many avenues, including evo-
lutionary processes (e.g., increased resistance to disease); preventing the extreme
event (or modifying it to make it less extreme, e.g. Y2K reprogramming); reducing
vulnerability before the event occurs (e.g., developed antiviruses ); responding effec-
tively to the extreme event after it occurs. Predictions of trend-reversals or changes
of regime are the focus of most complex adaptive systems efforts in essentially all
domains of applications. However, it is possibly the most difficult challenge.

Many kinds of approaches have been tentatively considered in the literature;
SEVT (Statistical Extreme Value Theory), its POT variant (Peak Over Threshold)
and the SOC approach, see [17]. The analysis of Extreme Events was traditionally
founded on the assumption that this sort of event is exceptional. New trends of re-
search argue that an extreme event is, in general, notable, rare, unique, profound
and significant in terms of its impacts, effects, or outcomes. In fact, they claim that
many such phenomena follow a power law for which extreme events are as nor-
mal as other kinds of events. This is the consequence of Self-Organizing Criticality
(SOC). In the complex adaptive system of SOC, each extreme events is not charac-
terized by preceding quantitative or statistical events that could allow its complex
adaptive systemying, but by a structural modification of the laws underlining the
system behaviour. Therefore, a complex adaptive system/decision theory based on
“quantitative” past events is not suitable for a SOC systems. If the System is a SOC
other approaches must be used. In [16] is showed that the results of pure statistical
models could be erroneous when the system is a SOC.

3 Complex Adaptive Approaches
in Self-Organised Criticality Systems

The main characteristic of nonlinear systems is that they are self-organizing. What is
interesting is that these self-organizing systems have no focal points: they are mostly
decentralized. For example, there is no central authority in the human brain, one that
is in charge of all others. Accelerating up organic time via computer simulations
of complexity theory, neural nets, and self-organizing evolutionary systems have
been tried. However, most of the models were, understandably, realized using serial
computer processing to simulate parallel behavior, as in the beehive.

Bak et al. [2] introduced first the concept of self-organised criticality (SOC),
long-range spatio-temporal correlations that are signatures of deterministic chaos.
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The power law distribution is:
N(s) ~s~*

where N is the number of observations at scale s and ¢ > 0 is a parameter. The tenet
of this approach is that “events can and do happen on all scales, with no different
mechanism needed to explain the rare large events than that which explains the
smaller, more common ones” ([3]). They can all be described as self-organizing
systems that develop similar patterns over many scales. This is the consequence of
the possible occurrence of coherent large-scale collective behaviors with a very rich
structure, resulting from the repeated nonlinear interactions among its constituents.
For this they “are not amenable to mathematical analytic descriptions and can be
explored only by means of ‘numerical experiments’”, or simulations and often they
are said to be computationally irreducible.

In physics, self-organized criticality (SOC) is a property of (classes of) dynamical
systems which have a critical point as an attractor. Their macroscopic behaviour thus
displays the spatial and/or temporal scale-invariance characteristic of the critical
point of a phase transition, but without the need to tune control parameters to precise
values.

SOC is typically observed in slowly-driven non-equilibrium systems with ex-
tended degrees of freedom and a high level of nonlinearity. A more simple way
of saying it in relation to SOC is that small things happen very frequently and big
things happen very rarely. And not just very rarely, but increasingly very, very rarely,
the bigger they are. Self-organized criticality is one of a number of important dis-
coveries made in statistical physics and related fields over the latter half of the 20th
century, discoveries which relate particularly to the study of complexity in nature.

The recent excitement generated by scale-free networks has raised some inter-
esting new questions for SOC-related research: a number of different SOC models
have been shown to generate such networks as an emergent phenomenon, as op-
posed to the simpler models proposed by network researchers where the network
tends to be assumed to exist independently of any physical space or dynamics.

SOC has been applied within a great number of disciplines, but it seems to remain
a controversial subject for many scientists.

Self-Organized Criticality says basically that there are certain dynamic systems
that have a critical point as an attractor. L.e. that they “by themselves” will move
towards a critical state. There are certain characteristics to such a system, but more
about that in a moment. One of the important discoveries about self-organizing crit-
ical systems is that they can be simulated quite well with cellular automata. Similar
to how fractals can be generated with simple recursive formulas.

Recent developments suggest that non-traditional approaches, based on the con-
cepts and methods of statistical and nonlinear physics, coupled with ideas and tools
from computation intelligence, could provide novel methods in complexity to direct
the numerical resolution of more realistic models and the identification of relevant
signatures of impending catastrophes. Enriching the concept of self-organizing criti-
cality, the predictability of crises would then rely on the fact that they are fundamen-
tally outliers, e.g. viruses attack on computer networks are not scaled-up versions of
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a single computer corruption but the result of specific collective amplifying mecha-
nisms.

3.1 Computer Networks as SOC Complex Systems

There are a few “laws” that typically are brought up when one discusses networks,
particularly online social networks.

Networks such as the Internet have global reach with no central control. This
lack of central control may make life harder for security personnel, but it does help
survivability. In particular, the Internet has no single point of vulnerability that, if
attacked, can bring the system down. The ability of the Internet to survive attack is
strongly dependent on the manner in which its nodes are connected together.

In virus propagation, emergent properties again arise. When a virus is released,
the manner in which it propagates over the Internet is difficult to predict. Simulation
is a key contributor in helping understand or predict the Internet’s response to virus
attack.

The point at which information goes from a state of flowing to jammed is a crit-
ical point, a central topic in statistical physics and self-organizing criticality. The
Internet is a complex adaptive system with many interactions. For example, more
than 90% of its routers must be eliminated to make the structure disconnected. If
less than ten percent of the most connected routers were removed, the infrastruc-
ture would decompose into many small, disconnected networks. Even if links were
not removed, communication traffic jams could bring the Internet to a point of self-
organized criticality affecting transmissions and packet flow.

Social networks seem to self-organize toward criticality. They follow power laws.
There are many small events and few big events. All sorts of frequencies are mixed
together. The network dynamically self-organizes itself into the most efficient state
it could, without anybody being in charge.

Recent academic research in the field of complex systems suggests that the net-
works as well as computer networks or Internet self-organize under the competing
influences of positive and negative feedback mechanisms. The equilibrium derive
from the forces of negative feedback. When positive feedback forces dominate, de-
viations from equilibrium lead to crises. Such instabilities can be seen as intrinsic
endogenous progenies of the dynamical organization of the system. Positive feed-

——{ compromised

(SIR) (immune)

susceptible H infected disinfect | removed

disinfect

(SIS) : o]
i infect other nodes:
Fig. 2 Network survivability S SSIIIITIIIIIIIIIIIEE




Predictability of SOC Systems. Technological Extreme Events 229

backs lead to collective behaviour. This collective behaviour does not require the
coordination of people to take the same action, but results from the convergence of
selfish interests together with the impact of interactions between people through the
complex network of their acquaintances. Complex system theory tells us that such
collective behaviours may be very robust against external intervention, as long as
the selfish individualistic nature of individual so called utility function dominates.
The collective is robust because it derives from a bottom-up mechanism. Similar
resilience is observed for instance in the Internet, due to its delocalised structure
and self-organization. As a consequence, the origin of crashes is much more subtle
than often thought, as it is constructed progressively by the market as a whole, as
a selforganizing process. In this sense, the true cause of a crash could be termed
a systemic instability.

4 Predictability and Exploratory Models

To make a model, the detail of the target model is understood during the process of
making and simulating the behaviors on the computer, because of the complexity of
the target. This incremental approach by trial and error is called constructive method
in the science of complex systems. The researchers should build ad-hoc models for
SOC systems. The researchers would choose some simulation models by exploring
in all possible combinations of the alternative model components, before they make
the simulation for the prediction and the analysis.

The central idea behind Exploratory Modeling [4, 5] is to use simulations, sta-
tistical models of data, or other computer models to create a large ensembles of
plausible images of the system of interest. Search and visualization techniques can
then be used to perform experiments drawn from this ensemble and to use the results
of these experiments to provide information that is useful in distinguishing among
alternative theories or strategies. Once it is realized that rigorous experimental sci-
ence makes wide use of non-deductive arguments researchers are free to innovate
a wide range of credible research strategies using computational experiments. Of
particular significance is the ability, given a sufficiently powerful software environ-
ment, for users to interactively specify and observe the results of experiments, and
to progressively define ever more general and abstract frameworks in which to de-
scribe such experiments. The researcher make assumptions which, together with any
assumptions made in the construction of the model itself, constitutes a specification
for a single computational experiment. Performing this experiment will reveal how
the system being modeled would behave if all these assumptions were correct. By
varying assumptions, the user can conduct a series of computational experiments.
This series can be understood as an exploration through the ensemble of experi-
ments that is defined by the set of all possible combinations of inputs. In such way,
the output of the researcher is a patterns of outcome across the entire ensemble of
possible experiments, and such patterns cannot be seen in the results of any single
experiment.
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Typical ad hoc approaches to research based on computational experimentation
(exploratory modeling) confuses alterations which can be understood as exploring
across the ensemble of models as originally defined and those which are best under-
stood as revising the definition of the ensemble to be explored.

4.1 Ensemble

Best estimate models are constructed by using available knowledge about the sys-
tem of interest. When such a model does not predict the behavior of a system, it is
often true that there is additional information available about the system that was
not used in constructing the model. Often, more information can be captured in an
ensemble of alternative plausible models than can be captured by any individual
model. Indeed, probability distributions are a representation of just such an ensem-
ble. But, the restrictions that are imposed by the mathematical formalisms of proba-
bility theory can in computational modeling be avoided by a combination of explicit
enumeration of finite lists of alternative options and inductive reasoning about the
properties of infinite ensembles represented with generative techniques. qualitative
and tacit knowledge held by humans and their organizations. Exploratory modeling
allows such knowledge to emerge and be used throughout the course of an iterative
analytic process. Consequently, it can provide a bridge for moving from deductive
analysis of closed systems, to interactive analytic support for inductive reasoning
about open systems where the contextual pragmatic knowledge possessed by users
can be integrated with quantitative data residing in the computer.

Successful policies for complex adaptive systems will typically need to be adap-
tive themselves. Considering a unique policy based on the forecasts of single models
results static and unfruitful. To test adaptive policies, a challenge set of possible fu-
ture situations is needed, and the ensembles of alternative models being used for all
of the previous techniques are perfect for this. Similarly, adaptive policies need to
be evaluated on their robustness properties, not on their performance on any single
case.

Further, the computer can be used to find important scenarios by searching
through such ensembles, in particular to find cases that break a proposed policy.
Such worst cases can stimulate users to modify the range of possible policies to
allow for combinations that hedge against these possibilities. This strategy can al-
low users to iterate with the computer to gradually evolve policy schema that have
particular policy instances with desirable properties.

The Exploratory Model is simple in its construction?; It is composed of the fol-
lowing steps:

1. Initial Specification Development, using information available.
2. System Construction or Modification.
3. System Test.

2 See http://www.evolvinglogic.com/
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4. System Implementation, after many interactions of the previous two steps pro-
duce good results, he system is implemented.

Exploratory modeling is the explicit representation of the set of plausible models,
and the process of exploiting the information contained in such a set through a con-
stellation of computational experiments. Exploratory modeling can be viewed as
a means for inference from the constraint information that specifies this set or en-
semble. Selecting a particular model out of an ensemble of plausible ones requires
making suppositions about factors that are uncertain or unknown.

The problem of how to cleverly select the finite sample of models and cases to
examine from the large or infinite set f possibilities is the central problem of any
exploratory modeling methodology.

4.2 Exploratory Model for a Computer Network

A natural problem domain in which to study security externalities is computer
viruses. To determine reasonable and cost-effective solutions to the virus problem,
it is important to clarify the underlying goal. From the point of view of the individ-
ual user, the goal is obviously to avoid becoming victim of a computer virus. At the
network level, however, it seems clear that complete prevention of all viruses is an
unrealistic goal.

Though virus spreading through email is an old technique, it is still effective and
is widely used by current viruses and worms. Sending viruses through email has
some advantages that are attractive to virus writers:

¢ Sending viruses through email does not require any security holes in computer
operating systems or software.

* Almost everyone who uses computers uses email service.

* A large number of users have little knowledge of email viruses and trust most
email they receive, especially email from their friends.

* Email are private properties like post office letters. Thus correspondent laws or
policies are required to permit checking email content for detecting viruses be-
fore end users receive email.

Considerable research has focused on detection and defense against email viruses.
Anti-virus software companies continuously add new techniques into their products
and provide email virus defense software?.

To study this complex adaptive system formally, we must provide a way of pre-
cisely defining the component agents and their interactions. Exploratory modeling
can be understood as search or sampling over a set of models that are plausible given
a priori knowledge or that are otherwise of interest. This set may often be large or

infinite in size. Consequently, the central challenge of exploratory modeling is the

3 See, for example, the McAfee report Mapping the Mal Web — 2008.
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design of search or sampling strategies that support valid conclusions or reliable
insights based on a limited number of computational experiments.

The very huge amount of information available on technological extreme events
on computer network, can be considered the basis for constructing exploratory
model. In effect, data about a computer network serves to constrain the ensemble
of plausible models, and our uncertainty corresponds to the size of that ensemble.
When sufficient information exists to strongly constrain the ensemble of plausible
models, reasoning can be supported by examining the properties of one exemplary
case. As computer power becomes more abundant, we have a new possibility of rea-
soning about systems in which the ensemble of plausible models is less well con-
strained. Such reasoning must involve examining large numbers of examples drawn
from this ensemble. The methodological question of how to select a limited sample
from a large or infinite number of modeling experiments is only now beginning to
be addressed.

Consider, now, the problem of a bug in a computer network. The behaviour of
systems which contain a single bug, or a small number of them, is known to be
governed by Poisson survival statistics [12]. For example, the probability pi that
a particular defect remains undetected after ¢ statistically random tests is given by

per = exp(—E;1) .

The quantity E; is the ‘power’ of the defect, and depends on the proportion of the
input space that it affects. Many systems that adapt to events in their environment
can be described quantitatively in a similar way. The problem is that extensive em-
pirical investigations have shown that in a large and complex adaptive system, the
likelihood that the ¢-th test fails is not proportional to exp(—E;¢) but to k/¢ for
some constant k* The same could be modeled for viruses spread on Internet.

Starting from this kind of model, and following steps of exploratory procedures,
we can reach an ensemble of possible model, as possible states of world, and try
to give some interpretation on the patterns of the computer network’s or Internet
vulnerability.

Note that even for models that are used to predict system behavior, there is al-
ways some residual difference between model prediction and measured outcomes
in validating experiments. How small the residual difference may be and still have
a “validated” model depends on the way the model is to be used. Further, for any
model there are limitations to the range of uses for which the model is validated.
Thus, no model is perfectly validated, and model validation must be assessed in the
context of its intended use.

For exploratory modeling, validation centers on three aspects of the analysis:
the specification of an ensemble of models that will be the basis for exploration,
the strategy for sampling from this ensemble, and the logic used to connect experi-
mental results to study conclusions. The specification of an ensemble of models of

4 This was first measured by [1], who reviewed the bug history of IBM mainframe operating
systems.
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interest can be questioned in terms of the reasonability of the assumptions this spec-
ification embodies, with the biggest errors being those that unfairly exclude models
from consideration. The strategy for sampling from this ensemble must clearly be
rationalized in terms of the logic of the analysis if the results of computational ex-
periments are to be useful. Thus, while individual models are subject to verification,
it is studies that must be validated. To speak of the validation of models in an ex-
ploratory modeling context is incorrect and misleading. This situation is akin to that
of actual experimental science, where the experimental equipment must be thor-
oughly checked to insure that experimental results are as measurement shows them
to be (verification), but the validity of the research conclusions is based on a logic
that connects them to the experiments that were actually conducted.

5 Concluding Remarks

In this paper, following [16], we have attempted to justify the use of modern mod-
eling process, for the forecasting goal of the decision making. In our framework,
complex adaptive systems characterized by self-organized criticality, statistical ap-
proaches for extreme events could fail prediction. Deep uncertainty, that character-
ized such complex systems, is the result of our limitation to use the representation
formalism of statistical decision theory. The possibility to develop some new tools,
as exploratory model, open new possibility research to forecast complex model.
Whereas complex adaptive systems and agent-based models of them originally
seemed to pose a problem for policy analysis, they may also present an opportunity.
The failure of computerized decision support systems to provide significant help for
most problems is striking when contrasted with the impact of computer technology
in other spheres. Looking back, we can now see that most policy problems involve
complex and adaptive systems, and that for those problems the classical approaches
of predictive modeling and optimization that have been used in decision support
software are not appropriate. The next stage in the development of complexity sci-
ence could well include a reformulation of decision theory and the emergence of the
first really useful computer-assisted reasoning for policy analysis.

Finally, we remark that, even if exploratory model are simple in its construc-
tion, they can be used in synergistic way with other classical statistical tools, as
power-law distribution. As showed in [16] and [17], Soc systems forecasting needs
new brand in research coordination between and within different disciplines and
approaches.
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Ontology Based Risk Management

Giancarlo Nota, Rossella Aiello and Maria Pia Di Gregorio

Abstract. Risk management in several application domains is receiving increasing
attention in the last years especially when the risk management must be pursued in
a network made of interacting systems. The motivation is that although risk man-
agement models and techniques are mature enough to handle risk in the context of
a single system, risk evaluation in the setting of a network of systems is much more
difficult to model and manage. Because of the lack of awareness of risk, it is difficult
to perceive risks propagation within the network of systems. On the other hand, the
lack of shared goals and knowledge represents itself a risk, so that we need a good
paradigm to organize and communicate information.

In this paper we first introduce a metamodel able to represent the fundamen-
tal structure from which distributed risk management models can be derived with
respect to several application domains. This abstraction arises from an approach
to risk management based on the definition of risk ontologies. A risk ontology is
specialized to represent and share risk knowledge in a given application domain;
changing the underlying ontology, the metamodel can be adapted to a new applica-
tion domain so that the logic for risk management can be reused with a reasonable
tailoring effort.

Two case studies are discussed in the paper as possible implementation of risk
management systems based on the proposed metamodel.

1 Introduction

The term risk management is used in a wide variety of disciplines, and itself also
combines concepts and techniques from a range of fields like statistics, economics,
operations, research and decision theory [10] that can concern a single organization,
a delimited geographical area or a distributed environment.
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Although there is not an universally accepted definition of risk, an abstract def-
inition such as “the possibility of suffering loss” is general enough to be used in
a wide variety of contexts. It implies the concept of uncertainty (an event may or
may not happen) that combined with the concept of loss (an event has unwanted
consequences or losses) gives rise to the fundamental definition of risk management
known as risk exposure [5]:

Re = p(unwanted event)* loss(unwanted event)

Organizations can chose between many different methodologies and tools to be
used at several abstraction levels for the management of risk exposure. Examples
of widely used methodologies are: “Australian and New Zealand Standard for Risk
Management” [4] that gives some guidelines for general risk management, the PM-
BOK [13] and PRMA that are guides explicitly set in a project management context
while DOD-ISO/IEC standard emphasizes the important role of mitigation action.

Due to the great variety of application domains there exist also several defini-
tion of risk management. If we consider the field of Enterprise Risk Management,
a suitable definition is provided by the business dictionary: “policies, procedures
and practices involved in identification, analysis, assessment, control and avoidance,
minimization, or elimination of unacceptable risks. A firm may use risk assumption,
risk avoidance, risk retention, risk transfer, or any other strategy (or combination of
strategies) in proper management of future events”.

The literature concerning risk management in a single enterprise is mature
enough. However, the research about risk management in a distributed context is
at an early stage even if, in the last few years, the trend towards alliance partnership
is constantly increasing.

Apart from aspects addressed by standard methodologies for risk management
in a single enterprise, we must consider at least three further aspects about risk in
a distributed scenario:

1. due to the shifty nature of risks in a cooperative alliance partnership, risk is dif-
ficult to perceive; for example, if an unwanted event arises in a given enterprise
having a potentially negative impact on other participants, the risk exposure
could remain latent until a loss become manifest;

2. when different organizations need to put in place a link between their infor-
mation systems so they can exchange privileged information, it is necessary to
manage the risks that such a link inevitably introduces [10];

3. each organization has its own manufacturing process, databases, setting and
structure. In a distributed environment a certain number of organizations join
together to perform a common project; the leader organization assigns activities
to each partner together with responsibilities as well. Obviously, each organiza-
tion manages a local risk management that is only a part of the risk management
problem.

Therefore, it is necessary to establish common models, rules and knowledge, what
information to exchange, which processes are relevant and what is the scope and
nature of interaction between entities that participate in an interoperable risk man-
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agement. Interoperability is defined as the ability of a set of communicating enti-
ties to exchange specified information and operate on that information according
to a specified, agreed upon, operational semantics [11]. Interoperable risk manage-
ment is defined in [11] as the subset of interoperable acquisition practices that en-
able acquisition, development, and operational organizations to identify, share, and
mitigate risks that are inherent to a system of systems.

In an interoperable environment the organizations have to be able to share and
quickly communicate about risk, to establish the nature of agreements among the
entities, to detect what risk management information is needed to share and what
operations or behaviours are related to risk management and must be performed in
order to avoid or mitigate risk.

In this paper, we first propose a possible abstraction that will give us the pos-
sibility to reuse a distributed risk management metamodel in several application
domains; then we show two case studies as possible metamodel applications.

The metamodel proposed in this paper arises from the fusion of two models:
one is based on a risk ontology whose aim to capture the fundamental concepts of
risk management together with a formal specification of rules to qualify operational
aspects of risk management; the other is oriented to the assignment of activities and
of the corresponding risk management responsibilities in a distributed environment.

By adopting a formal ontology and specifying the behaviour of a risk manage-
ment system by means of transition rules, we obtain three goals: a deeper under-
standing of distributed risk, the check of the domain and knowledge sharing. This
approach can be exploited in various contexts: adopting a tailoring phase that allows
to qualify specialized ontologies every time the context changes, the metamodel can
be reused. In the following we discuss two case studies concerning the monitoring of
environmental risk and the management of risks about distributed software projects.
We will show how the metamodel can be applied in both cases by conveniently
replacing the ontology.

After some preliminary concepts discussed in Section 2, the metamodel for dis-
tributed risk management is introduced in Section 3 and two case studies, special-
ized as particular instances of the general metamodel, are discussed. The sections
dedicated to case studies show how the general metamodel can be used as a guide-
line to specify a reactive risk management system in the given application context.
The analogies between risk management systems represented in the metamodel can
thus be reused allowing the implementation of a new risk management system with
a reasonable tailoring effort.

2 Preliminary Definitions

The metamodel presented in this work is built on few fundamental concepts and on
the well known risk management methodology, introduced by the Software Engi-
neering Institute, to handle risks in software engineering projects. We first resume
the main characteristics of the SEI paradigm [9], then we discuss the structure of
arisk matrix as well as the structure of a risk ontology. These fundamental concepts
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will be used as building blocks for the definition of the metamodel for the distributed
risk management presented in the next section.

Risk is a continuous process that takes place throughout the life of a project.
Risks have to be continuously identified; therefore, a constant vigilance on the entire
life cycle of project is necessary [12, 13].

The SEI paradigm shown in Fig. 1, illustrates a set of functions that are identified
as continuous activities throughout the life cycle of a software project:

* Identify: consider risks before they become problems

* Analyze: convert data into decision-making information

* Plan: decide what should be done about a risk or a set of related risks.

» Track: monitor risk indicators, acquire risk status and record it.

» Control: decide for the best reaction when the risk probability increases or when
unwanted events happen.

The Communicate activity is a cross one in the sense that data or information han-
dled by a certain activity can be communicated to the involved stakeholders with
the purpose of maintaining risk and loss under control.

Continuous Risk Management is a software engineering practice with processes,
methods, and tools for managing risks in a project. It provides a disciplined envi-
ronment for proactive decision-making to:

a) assess continuously what can go wrong (risks);
b) determine what risks are important to deal with;
¢) implement strategies to deal with those risk.

In order to evaluate risk priority and to put risk under control, usually risk managers
use the model known as risk matrix, where cells representing fuzzy risk exposure
values are grouped in a given number of classes. In this paper we will refer to the
classes shown in Fig. 2: L. means low, negligible risk, M indicates a moderate risk,
H a risk with high impact and probably high loss, and E represents the class of
intolerable, extreme risk with very likely loss. Obviously, when the impact or likeli-
hood grows, or both, the risk consequently grows; so a risk can modify its position
from a lower category to an upper category. For each category of risk exposure,
different actions have to be taken: values E and H involve a necessary attention in
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Fig. 1 The SEI risk management paradigm
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Fig. 2 Building the risk matrix

priority management and a registration in the mitigation plan; a value M requires
to be careful during the whole project management; a value L falls within ordinary
management.

One of the most important problems to solve in a network of cooperating entities
is the possibility of misunderstanding between entities about definitions and actions
to take. The sharing of standard knowledge by all the communicating entities is an
useful tool that allows to alleviate the misunderstanding problem; as shown in the
next section, we propose to use of a risk ontology to share risk management knowl-
edge within a network of cooperating entities (e.g. network enterprises or network
Sensors).

An ontology is a formal representation of a set of concepts within a domain and
the relationships between the concepts. It provides a shared vocabulary to model
a particular domain by means of a set of entities, properties and classes; in this way
the same interpretation of the facts among people and organizations belonging to
a particular context is guaranteed even if there are several distributed sources of
information. Moreover, through a formal ontology, a deeper understanding of dis-
tributed risk is possible to increase the awareness of the systematic interdependen-
cies; therefore, a distributed risk management metamodel based on risk ontologies
is proposed in this paper.

In the following we will show the validity of the metamodel in two cases studies
showing that, changing ontology and the logic transition rules, the metamodel can
be adapted to different scenarios.

3 A Metamodel for Distributed Risk Management

A sensor network can be used in a wide scenario of applications ranging from envi-
ronmental monitoring, climate control, structural monitoring, medical diagnostics,
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disaster management or emergency response [7]. It consists of spatially distributed
autonomous devices using sensors to cooperatively monitor physical or environmen-
tal conditions, such a temperature, sound, vibrations etc. at a different locations.

Indeed, adopting the point of view usually considered in cybernetics, the concept
of sensor can be used in a broader sense indicating an individual unit that inputs
data [15], either an electronic device or an human being, that collects data from the
external environment.

For their own nature, these monitoring applications are devoted to manage in-
trinsic risks that might arise in the systems in which the sensor network operates.
Therefore, an effective and efficient risk modeling phase assumes great relevance
for the prevention and the mitigation of undesirable and/or dangerous events.

We claim that many distributed systems have strong analogies from the risk man-
agement perspectives and that a suitable metamodel can catch the common proper-
ties and behaviour of several risk management systems. These analogies can be
represented in an abstract metamodel.

When the metamodel will be used to approach the risk management in a given
application domain, a tailoring phase will be necessary to handle the peculiar aspects
of the system to put under control.

This point is further discussed in the next sections where two possible instances
of a risk management system, operating in different context, are derived from the
general metamodel through the application of a tailoring phase.

Figure 3 shows the metamodel of a distributed sensor network for the representa-
tion of the risk management problem in a distributed setting. Each Local Monitoring
node LM, LM,, ..., LM of the network is responsible for the risk monitoring of
a specific locations and is connected to the others by a communication infrastruc-
ture. Considering the generic Local Monitoring node L M;, sensors S f ..., Sk cap-
tures data from the environment and send them to the associated node for the data
analysis and risk evaluation.

At a given time instant, a node L M; manages one or more risk lifecycles, ac-
cording to the SEI Paradigm, that are associated to specific risks to be monitored.
A higher level Global Monitoring node GM , is responsible for the global monitor-
ing of the network; apart from the typical functions assigned to local monitoring
nodes, it executes further functions:

* ontology definition

— identify, code and share risk classes;
— analyzes risks and specify the behavioural logic for risk management;

* plans and configures the network of L M;
* assigns responsibilities to LM; in terms of activities and risks to manage
* capture alarms that involve two or more local monitoring nodes.

To specify the behaviour of a risk management system charged to manage events
with a possible negative impact on the correct execution of activities, we will use
a rule based logic language called RSF [1, 8]. With this language a reactive system
can be defined in terms of event-condition-transition rules able to specify systems
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requirements subjected to temporal constraints. The risk specification as defined
in RSF can drive the design and the implementation of distributed system for the
treatment of risk. The system will be able to react within given times to mitigate
risks or to adopt emergency plans before that manifested risks can produce damages
reputed not tolerable.

Below, we show some abstract metarules that specify some common behavior of
many risk management systems. The availability of a set of metarules that qualify
in abstract the reactive behavior of a risk management can be taken as a reference
to implement a risk management system in different application domains.

At each time, the risk management system records a state concerning various
kinds of data about risks. When an unwished event with a negative impact on the
system under control is recognized, the risk management system adjusts its state to
record the occurrence of a risk event and, eventually, it reacts activating a mitigation
action. The metarules shown below are defined for a general entity called “node”
but they could be tailored to monitor, for example, a project activity, a subsystem,
a geographical area etc.

The first one states that when in the system state is present a variable that stores
the risk exposure value of a given kind of risk, according to the matrix, and in the
system, one or more new risk events appear, the transition rule activates itself. First,
it erases from the state the risk exposure and the list of risk events and produces
a new risk exposure value that depends from the old risk exposure and the list of
risk events.
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MRI: increasing the risk exposure value

from riskExposure, riskList

cons riskExposure, riskList

produce riskExposure with newRiskExposure(riskExposure, riskList)

In many cases, when a certain risk value increases, becoming high or extreme, one or
more alerts have to be send. Sometimes, when the risk monitoring involves a single
node, its control must be locally managed; in other cases, when the risk has an
impact on two or more nodes, it is necessary than a higher level role must be alerted
in order to proceed with a mitigation action. MR2a and MR2b handle with these
eventualities.

MR2a: local alert
from riskExposure with riskExposure= “high” or “extreme”
produce alert(responsible role)

MR2b: global alert
from riskExposure with riskExposure= “high” or “extreme”
produce alert(GM)| alert(other global responsible roles)

To acquire more knowledge about risks, a node4 can ask some information to an-
other neighbouring node g. As soon as the request is sent, the node awaits a response
for a certain time AT.

MR3: exchanging information between nodes
from needinfo(riskExposure)
produce requestInfo(riskExposure, node g ), waitResponse(node g, AT)

If no response arrives before the time AT expires, an escalation action will be exe-
cuted [2].

MRA: escalation on incomplete information
from waitResponse(node, T)

not-occur receive(node, T;) with T, < T
produce alert(GM)| alert(other responsible roles)

As the interoperable risk management is one of the most important aspect that
a support system has to assure, the metamodel can address this aspect by means
of appropriate metarules. Assuming that there is a dependency relationship between
node4 and nodep, the example below shows a metarule for the risk propagation
from a node 4 to another nodep. MRS is attached to node 4 and defines part of its be-
haviour with regard to risk propagation. In its turn, the node g handles these events
applying the metarule MR].

MRYS5: risk propagation
from riskExposure, riskList
produce riskList(node p)



Ontology Based Risk Management 243

In the following sections we will show the two steps tailoring of this general model
to the case studies. First we design the class diagram of the shared ontology; then
the metarules are instantiated to the chosen application domain.

4 Case Study 1: Risk Management
in a Distributed Software Projects

The case study presented in this section is a particular instance of the general model
shown in the previous section applied to risk management during the progress of
a software project pursued by a Virtual Enterprise.

A Virtual Enterprise (VE) is a temporary alliance of heterogeneous enterprises
that want to adapt their business to the market changes; they join their specific com-
petences to manage a common project and address a specific business target [14].

Due to the distributed nature of the examined context, a local risk management
must be executed in each participating enterprise; a global activity of risk manage-
ment is also necessary to control and mitigate risks that might negatively affect the
reaching of common goals.

According to the metamodel discussed in the previous section, each enterprise
can be considered as a Local Monitoring node LM, capable of evaluating and han-
dling the different risk typologies under observation.

The Leader Organization has the responsibility of the whole project coordination
and control. In terms of the metamodel, it assumes the role of Global Monitoring
node GM and assigns, to each partner, a set of activities that must be monitored
from the point of view of risk exposure.This scenario is represented in Fig. 4.

In the distributed network for the monitoring of software risks, the role of sensors
is played by human beings that collect risk data gathered from their own organiza-
tion; risk data gathered by a single organization are first analyzed; if the risk has an
impact local to the single enterprise, then the risk data is managed by local business
rule; otherwise, the risk has a global impact and risk data are sent to the project
manager who can pursue the risk resolutions according to a global risk management
plan.

In order to show how the metamodel introduced in the previous section can be
specialized to the problem of risk management in a VE, we first discuss the ontol-
ogy shown in Fig. 5 together with the RSF rules that an ontology based support
system can use to manage risk events. The approach chosen for the management
of risks in a VE is focused on the project activities. To each activity is associated
one or more risk matrix that provides data about the current value of the risk ex-
posure. Such a value can change as an unwanted event becomes manifest with
an impact on the considered activity. For the purposes of this work, we will con-
sider three kinds of risk matrix: schedule, artifact quality and cost of a given activ-
ity.

The formal description shown in Fig. 5 reflects exactly our idea about the central
role of activities and risks to put under control risk and risk exposure.
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Fig. 5 A risk ontology for the project management in a VE

The class Activity represents the activities planned to carry out a Project that, at
a given time, can be only in one status (new, started, etc.); each activity can be
assigned to an Organization belonging to a Virtual Enterprise. Figure 5a puts into
evidence the dependences between activities, risks and between activities and risks.
Indeed, it might happen that an activity can depend by one or more activities as well
as arisk can depend by one or more risks. The risk taxonomy is defined according
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to SEI classification for software project (Riskclass); the Fig. 5b shows an excerpt
of frequently used classification about programmatic risk. The fuzzy classification
provides the qualitative determination of risk exposure (class: Riskexposure that can
assume values 1ow, medium, high or extreme); the class phase is referred
to the SEI functions (identify, analyze, plan, track, control,
communicate). Furthermore, risk responsibilities are established in order to as-
sign the risk management to a person with specific skill (Risk_resp).

The first example shows an RSF rule that deals with the monitoring of a schedule
risk related to an activityA under the responsibility of a participating organiza-
tion to a VE. The rule is written in RSF language. Let us assume that the system
state Sy of the distributed system has the following configuration:

{So = < {<riskExposure, [scheduleRisk, activity 4, low],3>
<riskEvent, [serverCrash, scheduleRisk, activity 4],8> ...], 8>

It represents the presence of a risk exposure value “low” for a schedule risk of
the activityA at time 3 and the happening of a risk event “serverCrash” with
a negative impact on the schedule of activityA starting from time 8.

In the example, the risk is assumed to be local to an organization and does not
propagate to other organizations. The rule R/ states that when in the system state
the riskExposure for the activityA has a certain currentValue at time
Ty, if a risk event happens at time 75 (as described in the from clause in the rule),
the rule is applied; first, data about current risk exposure and risk event are deleted
from the state (cons clause in the rule), then a new state in the system is obtained
immediately (after a null delay) producing a newvValue of riskExposure for
activityaA.

R1) Local Risk Monitoring
from <riskExposure,[scheduleRisk, activityA, currentValue], T >
<riskEvent,[Risk, scheduleRisk, activityA],T, >
cons riskExposure,riskEvent
produce <riskExposure, [scheduleRisk, activityA, New Value],0>
with newRiskExposure(currentValue, Risk, New Value)

Then rule R/ is applicable in Sy because the from clause matches some events struc-
ture present in the state; rule variables will assume the following value:

Value=low
Risk=servercrash
T1=3

T2=8

After the rule application, the risk exposure connected to activityy is evalu-
ated again applying the function newRiskExposure that, starting from the cur-
rent risk exposure and from the type of the risk event (Low and servercrash
respectively in the example), computes the newValue of the risk exposure for
the activity4. The current risk exposure values changes, for example, from
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a low value to a medium value according to risk matrix reported in the Sec-
tion 2. This change is registered in the new state S} derived from the rule application
S| = <{... <riskExposure,[scheduleRisk, activity 4, medium],8>}.

The second example considers how risk dependencies can be handled using RSF
rules. In Fig. 6 a possible assignment of activities to organizations participating to
a VE is shown with activity dependencies that cross the organization boundaries.

R2) Risk dependencies handling
from <riskExposure,[scheduleRisk, activity 4, Value],T; >

<riskEvent,[Risk, scheduleRisk, activity 4],T, >
cons riskExposure,riskEvent
produce <riskExposure, [scheduleRisk, activity 4, Value],0>

<riskEvent g,[Risk, scheduleRisk, activity g ], T>

<riskEventc ,[Risk, scheduleRisk, activityc ], T>

with newRiskExposure(currentValue, Risk, New Value)

The from and cons parts of this rule have already been discussed; the interesting
clause here is stated in the produce part. As in the previous case, the schedule risk
Value for activityy, is incremented but two further actions take place. The
first one, after a delay T, alerts the activityp putting into the local repository
named riskEventp a schedule risk for the activitypg. The same action is
done with respect to activityc. When a risk becomes real for activityy,
the rule “notify” the dependent activityp and activityc. It is worthwile to
observe that activityp and activityc have their own RSF rules able to auto-
matically handle the new situation deriving from the propagation of a risk involving
activityy; in other words, a greater risk for activityy4 has consequences for
both activityp and activityc.
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As soon as the risk ontology is built together with the risk matrix model contain-
ing the risk values associated to activities, the leader organization starts life cycles
for each risk with a potential impact on the VE; each enterprise starts a risk life
cycle too and executes the following steps according to SEI paradigm:

1. Identify: risk type are classified by means of a shared ontologys;

2. Analyze: risk weight upon its own activities are evaluated by means of the risk
matrix;

3. Plan: a mitigation action is planned or a cooperation is started with other orga-
nizations in order to learn more;

4. Track: each organization keeps track on the local risks whilst leader organiza-
tion keeps track on the global risks that affect the entire project;

5. Control: each organization decides to handle the risk locally or to perform an
escalation action. The leader organization has a global overview of all identified
risk types and establishes if there exists correlation between two or more risks;

6. Communicate: the communication is guaranteed through the sending and re-
ceiving of messages (e-mail, etc.)

5 Case Study 2: The Monitoring of Environmental Risks

In this section we present a second instance of the general model applied to a dis-
tributed sensor network where the surveillance of given environmental variables is
required to avoid or mitigate risks [6]. Our reference is a project for the supervising
of environmental risks in specific areas called cluster in the territory of “Regione
Campania” in the south of Italy (Fig. 7). The project, funded by POR Campania

Fig. 7 The five cluster of the project
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2000—2006 Misura 6.2 “Societa dell’Informazione”, has been realized for five clus-
ters in the restricted area named “Comunita Montana degli Alburni”. For each clus-
ter, some hw/sw stations concerning the video sensor network have been installed
including day&nigth and/or infrared cameras together with sensors for meteo sur-
vey, electromagnetism, earthquake, air pollution, etc.

If we consider the general metamodel, in this instance, each cluster is a concrete
context that can be represented by a Local Monitor node L M; collecting data from
physical sensors that obtain information from the environment; one cluster of the
network plays the role of supervisor and can be considered as the Global Monitoring
Node.

In the referred project, the cluster of Ariano Irpino is the supervisor (for its
central geographical and administrative position) and assumes the role of Global
Monitoring node GM ; indeed, in it operates a local governance with management
responsibilities about the monitoring of environmental risks of the connected clus-
ters. Following the tailoring phase of the metamodel, we first structure a specialized
risk ontology as shown in Fig. 8. Each cluster has its own responsibility for risk
management; it has a certain number of stations that are equipped with different
sensor types (meteo multisensor: Unit WS2000, Seismograph, air pollution:Unit
ETL2000, etc) in order to collect the environmental variables (methane, sulphuric
acid, ammonia, ozone, temperature, wind direction, pressure, dissolved oxygen,
etc).

Environmental context

' . .
1is_subvided_in*

¥
Cluster
< owns* lowns*  “~js managed by*
s L Ta
Station risk_responsible Risk_env_rules
I'Ji\_L‘quip])\_‘d_\\ ith* “handle_risk*
y X
sensor risk
1 collect® ,+" belong* 1 has “Fisk_in
¥ » A N
Env_variables risk_class risk_exposure phase

Fig. 8 A risk ontology for the environmental risk management
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LM; are placed in a particular area of the territory to put under control various
types of risk. A preliminary risk analysis phase could establish that the risk of fire
increases when the temperature gets over a certain threshold (e.g. 45 °C) while hu-
midity decreases. In this way, local monitors evaluate at distinct time instants the
information retrieved from the sensor network, estimating in real time the risk level
and making a mitigation action when a fire risk probability increases (for example
sending an alarm to local authorities).

Each Local Monitoring node is devoted to control the assigned risk types cho-
sen among those registered during the identification phase managed by the Global
Monitor node and decides the correct and more efficient action to perform when
risks arise. When a critical situation happens, the Local Monitor node must evaluate
the current state and take a decision in order to resolve the problem or mitigate the
risk. If not enough information are available to decide autonomously, it could re-
quire other information from neighboring node. The behaviour of Local and Global
Monitor are defined by means of RSF rules. Rule R3 tries to prevent the fire exten-
sion in a wider area when the fire risk for a node becomes very high and a fast wind
is blowing. The rule sends an alert to neighbouring nodes in order to activate local
controls in other LM’s.

R3:when the fireRisk is extreme, the rule sends an alert to selected neighbouring clusters

from <windDirection, v, T; ><windSpeed,v,,T; > <riskExposure,[fireRisk, v3],T| >
with v, = “fast”, v; = “extreme”

produce <alert, [nodeList, “fireRisk””], 0> with nodeList= neighbours(LM, vy, v,)

where the function neighbours takes into account the wind direction and the wind
speed to compute the list of LM nodes to alert.

When the risk exposure for fire risk becomes extreme, the local node may
request information from its neighbours in order to evaluate the potential impact of
the fire risk. In this case, it waits a response from other contacted local node and, at
the same time, it alerts the State Forestry Corps for controlling the fire situation in
the area.

R4: LM; requires the fireRisk for its neighbours LM ; e LM

from <riskExposure,[fireRisk, v],T> with v= “extreme”

produce <alert, [stateForestryCorps, [“fireRisk”, LM; ], 0>
<request, [LM ;, “fireRisk”], 0> <wait, [LM, “fireRisk”, v], T
<request, [LMg, “fireRisk”], 0> <wait, [LMy, “fireRisk”, v], T

When an alerted cluster sends back a response and its fire risk is high, the case of
a shared risk happens. So, an alert is sent to the GM that must execute a higher level
control action.

R5 escalation on shared risk

from <wait, [LM, “fireRisk”, v], T; ><receive, [LM, “fireRisk”, v1], T, >
with T2 <=T1, vl= “high”

cons wait

produce <alert, [GM, [“fireRisk”, [LM; ,LM]], 0>
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Once the specialized ontology equipped with risk specification rules have been de-
fined, the risk lifecycle of each Local Monitoring Node and of Global Monitoring
Node performs the following activities:

1. Identify: establishes the risk list and distributes their responsabilty to each Local
Monitoring Node;

2. Analyze: each Local Monitoring Node evaluates the inputs from the sensors
and historical data exploiting the RSF rules to eventually suggest a mitigation
action;

3. Plan: a Local Monitoring Node uses data analysis to decide the better strategy
to follow (e.g. plan a mitigation or a contingency action);

4. Track: risk status data are collected and registered in the historical data reposi-
tory;,

5. Control: each Local Monitoring Node decides to handle the risk locally or to
perform an escalation action;

6. Communicate: the communication is guaranteed through the sending and re-
ceiving of messages.

6 Conclusions

The metamodel proposed in this paper arises from an approach to risk management
based on the definition of risk ontologies. Representing the fundamental concepts
of risk management and specifying the common behavior of risk management sys-
tems allows to obtain several advantages. First of all, existing conceptual analogies
between risk management systems can be exploited when a new risk management
system has to be implemented. Indeed, many risk concepts and rules for risk han-
dling are similar even if the application contexts are different [3]. The metamodel
represents in an abstract setting a sensor network together with transition rule pat-
terns that can be used to specify the reactive behavior of a risk management sys-
tem. Another benefit of our metamodel is the possibility of reuse. In fact, when the
metamodel must be applied to a new application context, a tailoring phase uses the
metamodel as a guideline for the design, with a reasonable effort, of a new risk man-
agement system. Finally, the organizations can receive the support of ICT systems
to identify what risk management information is needed and what operations or be-
haviors are related to risk management and must be performed in order to avoid or
mitigate risks. This can bring a deeper understanding of distributed risk, the check
of the domain and knowledge sharing.

Due to the great number of application context and to their variety and complex-
ity, we are aware that the metamodel do not catch all the possible aspects concerning
the risk management. In some case the tailoring phase could be cumbersome and the
benefit of the metamodel tailoring, that is the use of patterns and analogies, would
be restricted only to a marginal part of the whole system to implement. Nonetheless,
the metamodel has been successfully validated on the class of reactive systems that
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is the class of systems that activate themselves in response events incoming from
the circumscribing environment.
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